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Abstract
Linen �bers were coated with a luminous, �ame-retardant, and hydrophobic smart nanocomposite
utilizing the pad-dry-curing process. Ecologically-friendly ammonium polyphosphate and lanthanide-
activated strontium aluminum oxide (LSAO) nanoparticles were immobilized into linen fabric using the
eco-friendly RTV silicone rubber. Scanning electron microscopy (SEM), energy-dispersive X-ray (EDX), X-
ray �uorescence (XRF) spectroscopy, Fourier-transform infrared (FTIR) spectroscopy, and transmission
electron microscopy (TEM) were employed to examine the morphological characteristics and elemental
compositions of LSAO nanoparticles and treated linen textiles. The self-extinguishing properties of the
treated linen textiles were tested for their �re-resistance. After 24 washing cycles, the coated linen
samples retained their �ame-retardant properties. The treated linen's superhydrophobicity rose in direct
proportion to the LSAO concentration. After being excited at 365 nm, the colorless luminescent �lm that
was coated on linen surface gave out an emission wavelength of 519 nm. The photoluminescent linen
was monitored to create a range of different colors, including off-white in daytime light and green under
UV radiation, according to the CIE Lab colorimetric coordinates and photoluminescence spectra.
Emission, excitation and lifetime spectral analysis of the treated linen revealed persistent
phosphorescence. For mechanical and comfort evaluation, the coated linen textiles' bending length and
air permeability were assessed. Excellent UV protection and enhanced antibacterial properties were found
in the treated linens. Large-scale manufacturing of multipurpose technical fabrics, such as tents, might
bene�t from the current simple technique. 

Highlights
Multiple functional nanocomposite was pad-dry-cured into linen fabrics. 

Glow in the dark emission (>1 hour) with high photostability was achieved. 

Effective ultraviolet protection and superhydrophobicity were explored.

Linen fabrics showed good mechanical and antimicrobial properties. 

Flame-retardant behavior was maintained against 24 washing cycles. 

1. Introduction
When it comes to smart clothes, especially protective technical fabrics, the market is ripe with
opportunity. Functional textiles produced for purposes other than aesthetics include antibacterial,
superhydrophobic, and �ame retardant materials. This kind of material is also known as "smart textiles"
since it may change color or luminescence properties in response to external stimuli. Having long-lasting
phosphorescence in textiles that light up in the dark is desired [1, 2]. Light is absorbed into the crystals of
phosphorescence substances. The trap component in the phosphorescence compound then collects the
light energy. Eventually, the photons of light that were trapped are released from the traps [3]. Strontium
aluminates that are activated by rare earth elements have been employed in a number of applications,
including emergency signs, safety textiles and photochromic ink [4]. Several phosphorescent pigments
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have been described with their ability to develop a wide range of products with various emission colors,
such as the greenish emission from SrAl2O4:Eu2+,Dy3+ [5]; bluish emission from CaAl2O4:Eu2+,Nd3+ [6];

and red emission from Y2O2S:Eu3+,Mg2+,Ti4+ [7]. As a result of its high quantum e�ciency, high
recyclability, nonradioactivity, and good thermal, chemical and photostability, LSAO has long been
considered a key long-lasting phosphor [8–10]. Hydrophobic surfaces could be created using a variety of
techniques, including nano�bers, chemical etching, plasma, sol-gel, and lithography. However, those
techniques have demonstrated di�culties such as slow and hard processing, and the requirements of
trained personnel and sophisticated instruments [11]. Using the pad dry curing procedure to coat fabrics
is a straightforward and cost-effective way to make useful outerwear. In transportation and packing,
textiles' hydrophilicity tends to restrict their utility. Static contact angle of > 150° and sliding angle of < 10°
are required for superhydrophobic materials [12, 13]. As a result, corrosion prevention, maritime industry,
antifouling, and oil-water separation have all pro�ted from the usage of superhydrophobic materials [14].
Using micro/nanoscale hierarchical materials, hydrophobic substrates with high surface roughness have
been developed. Fluorine-based chemicals have been utilized to make hydrophobic materials. These
compounds, on the other hand, have been proved to be costly and dangerous [15–17]. In recent years, the
emphasis of research has shifted to environmentally benign compounds for superhydrophobic materials.
Using a butynorate catalyst to ambient temperature vulcanize silicone rubber is an environmentally
friendly polymerization. Chemical, heat, and age resistance are just a few of the properties of silicone
rubber. Typical properties of silicone rubber include a low viscosity, high hardness, and low shrinking. It is
utilized in aircraft, 3D printing, optics, and electronics [18–21].

Flame retardant treatment could be applied to �ammable materials in order to limit the potential for
damage caused by burning. Fire�ghters could slow and restrict the blazing process to perform rescue
operations and help persons trapped in wild�res escape [22]. Different chemical agents have been
developed to improve the resistance to �ames in various products. Halogen-containing �re-retardant
chemical agents have been demonstrated to emit poisonous gases [23] despite their widespread usage.
Inorganic boron-containing �ame retardants are not producible industrially because their matrices do not
have su�cient binding ability. Phosphorus-bearing �ame retardants, on the other hand, have long been
acknowledged as environmentally friendly. In compliance with environmental regulations, phosphorus-
based �ame retardant chemicals create no toxic substances during the blazing process [24, 25]. The
�ame retardant performance could be improved by loading two or more types of organic-based
phosphorus and nitrogen/phosphorus derived components into a product matrix. Fibers made of linen
are more durable, have lower heat conductivity, are more absorbent, and dry faster than �bers made of
cotton. Towels, napkins, tablecloths, and chair coverings are just some of many linen-based goods on
today’s market. Until recently, linen was a cheap and plentiful commodity [26]. Compared to cotton �bers,
it has a longer staple length. Because of its durable nature and low allergenic potential, linen is now one
of the most popular fabrics for bed linens. Despite this, linen substrates have been limited in their
application due to their intrinsic �ammability, low water resistance, and microbial invasion [27]. When
immobilizing superhydrophobic and photoluminescence agents into textile material, a variety of useful
products for both garments as well as high-performance applications could be produced [28]. According
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to literature, linen goods with photoluminescence, superhydrophobic, and �re-resistant properties have
not been documented yet [29, 30]. It is possible to maintain the �ame-retardant performance of linen for a
longer time periods by imparting hydrophobicity to the treated linen, which allows linen to provide an
improved protection value. Thus, photoluminescence, superhydrophobicity, and �re-resistant properties
could be combined to boost the durability of the treated linen fabrics.

Herein, we describe the production of superhydrophobic, �ame retardant and photoluminescent linen
fabrics using the pad dry curing technology. Ammonium polyphosphate, LSAO nanoparticles, and
silicone rubber were admixed together to provide a nanocomposite coating �lm for linen. Throughout the
burning test, the as-coated linen �bers demonstrated superhydrophobic and photoluminescent properties,
as well as the capacity to form a char layer during the burning period, exhibiting self-extinguishing
qualities. After 24 washing cycles, the treated linen samples retain their self-extinguishing qualities. LSAO
was employed as a photoluminescent agent, silicone rubber was employed as a superhydrophobic and
crosslinking agent, and ammonium polyphosphate was used as the �ame-retardant compound. The
shape and diameter of the nanoscale pigment particles were inspected using TEM. The morphology and
elemental contents of cured linen were studied using XRF, EDX, SEM, and FTIR. Signi�cant differences in
the characteristics of the treated linen substrates could be attributed to the quantity of LSAO
nanoparticles. The water-repellent properties of the phosphor nanopowder were improved by increasing
the quantity of LSAO nanopowder. The luminescence properties of the cured linen were evaluated using
excitation, emission, decaying, and lifetime spectra. Comfort was evaluated by taking measurements of
bend length and air permeability. Textiles could be �nished using the current approach on a large scale
without the need for costly technology, making it suited to mass-produce multiple-purpose clothes.

2. Experimental

2.1. Materials and reagents
The linen sample was supplied from Misr-Helwan for Spinning and Weaving (Egypt). Both bleaching and
scouring of linen were carried out according to previously reported procedures [31]. To remove all waxes
and impurities, the linen samples were scoured for 30 minutes in aqueous medium using 2 g/L of
Na2CO3 and 2 g/L of Hostapal detergent (Clariant, Swiss) at a liquor ratio of 1:50. Afterwards, the
materials were rinsed with water and air-dried. Ammonium polyphosphate (Exolit AP 422) was provided
by Shandong Shi'an for Chemicals (China). Silicone rubber (Decoseal 25–40) was provided by ADMICO
(Egypt). Toluene was provided by Merck (Egypt). Dysprosium oxide (Dy2O3), boric acid (H3BO3),
aluminum oxide (Al2O3), strontium carboxylate (SrCO3), and europium oxide (Eu2O3) were provided from
Aldrich (Egypt). Aluminum strontium oxide activated with alkaline earth (europium and dysprosium
oxide) was synthesized using the already well-proven high temperature solid state synthesis method [32].
Two mol of aluminum oxide, one mol of strontium carbonate, one mol of boric acid, one mol of
dysprosium oxide, and one mol of europium oxide were combined in absolute ethanol (400 mL) to form a
suspension. The admixture was dried at 90°C for 22 hours after being homogenized (25 kHz; 60 min).
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Two hours of milling and three hours of sintering at 1300°C in a reduction carbon atmosphere were
required to sinter the given powder. The generated residue was grinded and sieved to get phosphor
microscale particles. Using the top-down technique [33], the phosphor microscale particles (10 g) were
charged into a stainless steel tube (20 cm) positioned on a vibrating plate, where the LSAO nanoscale
particles were generated using the ES80 Triple Roll Milling system. The stainless steel ball mill tube with
the phosphor microparticles and the vibrating plate were collided for 24 hours with a silicon carbide ball
that was 0.01 cm in diameter to provide the LSAO nanoscale particles.

2.2. Preparation of functional linens
A solution of RTV (10% w/v) in toluene was stirred for 60 minutes. This was followed by 60 minutes of
stirring with 20% (w/v) of ammonium polyphosphate. A variety of LSAO concentrations were then added;
0, 0.5, 1, 2, 4, 6, 8, 10, 12, and 14% w/w, which were abbreviated with LSAO0, LSAO1, LSAO2, LSAO3,
LSAO4, LSAO5, LSAO6, LSAO7, LSAO8, and LSAO9, respectively. Each solution was homogenized (25 kHz)
for 30 minutes, and stirred for 30 min. The linen substrates (15 cm x 15 cm) were exposed to 15 min of
immersion in the produced composites at room temperature. The fabrics were air-dried for an hour in
order to remove the solvent entirely from the treated linen.

2.3. Methods and apparatus

2.3.1. Morphological and structural properties
LSAO's shape and size was determined by JEOL1230 TEM (Japan). An aqueous suspension of the
phosphor powder was homogenized at 35 kHz for 15 minutes before being placed on a copper grid for
TEM analysis. Quanta FEG250 SEM and TEAM EDS (Republic of Czech) were used to analyze the
morphology and chemical contents of both treated and untreated linen textiles. The nanoparticle size on
the linen fabric surface was measured using Image J program set up on SEM. The chemical
compositions of both treated and untreated linen textiles were also determined by using AXIOS XRF.
Nicolet Nexus 670 spectrophotometer (U.S.A.) was used to capture the transmission FT-IR (4000 − 400
cm− 1) spectral pro�les.

2.3.1. Photoluminescence studies
JASCO FP6500 (Japan) was used for linen luminescence spectral analysis. To assess the decay time of
the luminous linen fabric, a 150 W Xenon Arc lamp was utilized for 15 minutes of exposure. In order to
capture the data in full darkness, the UV bulb had to be shut off. An ultraviolet light of 6 W was placed 10
cm above the fabric to evaluate the linen's reversibility. Lights were turned off for 90 minutes so that the
cloth sample could be restored to its original condition. The technique outlined above was repeated
numerous times, and the resulting emission spectrum pro�le was reported.

2.3.2. Colorimetric properties
The pad-dry-cured linen textiles were studied using color strength (K/S) and CIE Lab, where lightness from
white(100) to dark(0), color ratio of green(-)/red(+), and color ratio of blue(-)/yellow(+) were represented
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by L*, a* and b*, respectively [34]. Photographs were taken with the Canon A710IS in three distinct lighting
conditions: daytime light, UV rays, and total darkness.

2.3.3. Hydrophobic properties
The wettability time, and contact and sliding angles were determined by using Dataphysics OCA15EC
(GmbH, Germany) [35]. All measurements were performed in accordance with the ASTM D-7334 standard
technique. A double-sided adhesive tape was used to attach the linen cloth to a glass slide to make a �at
sample.

2.3.4. Flammability and durability evaluation
The standard BS 5438 (1989) [36] technique was used to measure the char length ((mm)) of both
uncoated and coated linen. In accordance with AATCC 61 (1989) [37], the linen textiles (15 cm x 15 cm)
were subjected to washing cycles ranging from 2 to 24. Detergent (66 g; AATCC standard) was used to
wash the samples at 40°C in an accelerated launder-o-meter washing machine. It took 45 minutes to
wash one load of laundry. The durability was assessed by taking a measurement of the char length after
each cycle.

2.3.5. Mechanical behavior
Using the Textest FX3300 and ASTM D737 as a standardized guide, we were able to get an accurate
reading of the air permeability at 100 Pa [38]. Shirley Stiffness device was used to measure the bend
length of uncoated and coated linen in both warp and weft directions [39] in accordance with the British
standard 3356 (1961).

2.3.6. Ultraviolet shielding
UV blocking qualities of linen textiles were tested using the Ultraviolet Protection Factor. Transmittance
183 (2010) UVA standard approach was used to record it [40].

2.3.7. Antimicrobial properties
Escherichia coli, Staphylococcus aureus, and Candida albican were evaluated for antibacterial properties
of the coated linen. The quantitative counting approach was done using the AATCC technique 100 (1999)
[41].

3. Results And Discussion

3.1. Photoluminescence spectra
The LSAO nanoscale particles were applied to linen surface using the pad-dry-cure process. Figure 1
shows images of coated linen sample (LSAO7) taken under daytime light, UV light (365 nm), and
complete darkness. The colorimetric alterations ranging from white in daytime to green under UV rays
and greenish-yellow in complete darkness were caused by these different exposure environmental
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conditions. Organic matrix (RTV) was employed as a bulk material to hold LSAO and Exolit on cloth.
Phosphorescent �lm prepared by trapping LSAO nanoparticles and Exolit in RTV matrix showed identical
photoluminescence activity as a powder of LSAO [32]. Fibers that are hydrophobic, �ame-resistant, and
long-persistent phosphorescent have been developed for the �rst time in this study.

Spectra of excitation and phosphorescence for the coated linen textiles are shown in Figs. 2–3.
Reversible phosphorescence was monitored in all of the UV-irradiated samples. Even after switching off
the ultraviolet supply, the coated linen samples continued to emit light and displayed long-lasting
phosphorescent emission with increasing LSAO concentration (from LSAO3 to LSAO9). LSAO1 and
LSAO2, on the other hand, displayed just �uorescence with no emission peaks apparent directly after the
UV light was turned off. Thus, linen substrates treated with LSAO similar to or higher than LSAO3 were the
best candidates to promote long-lasting phosphorescence. Figure 3 shows a strong and wide emission
band as a consequence of the 519 nm emission wavelength.

Lifetimes ranging from 0.9324 to 21744 ms for the linen fabrics with the lowest and highest LSAO
concentrations were observed, suggesting a proportional relationship between LSAO ratio and lifetime of
the coated sample (Fig. 4). The RTV/Exolit/LSAO nanocomposite was found to extend the lifetime of the
linen photoluminescence with increasing the LSAO concentration. When the LSAO concentration was
raised, the coated linen samples showed an increase in the emission intensity band. The lifetime curve
was not linear as a function of time. Although the �rst stage of the lifetime curve was marked by a rapid
drop, the second stage was marked by slower decline. In long-persistent phosphors, Dy3+ and Eu2+ have
been used as traps to lengthen the phosphorescence time period. The density of traps affects the
phosphorescence emission, whereas the depth of imprisoned photons has an effect on the persistence of
the light emission.

Thus, the luminous linen �bers continue to emit light in the dark. The LSAO phosphorescence is caused
by the Eu(II) 4f65D1↔4f7 transition, which has been previously reported [8]. Dy(III) and Eu(III) did not
show any identi�able emission bands in the spectrum. This indicates that the photons stored by Dy3+

have been transferred to Eu2+, and that the trivalent europium cations have been totally swapped to their
divalent counterparts. The excitation spectroscopy revealed a broad range of spectrum (390–700 nm),
which allows for a broad range of electromagnetic spectrum absorption. The co-doping with Dy(III)
results in the release of hole traps when UV light is turned off. A long-lasting glow could be seen when
Eu(II) receives the discharged holes and returns to the ground state. Using multiple cycles of UV
irradiation/darkness as indicated in Fig. 5, the reversibility of treated linen was investigated. First, it was
irradiated with UV for 10 min, and left in darkness for 1.5 hour to exhaust the energy stored in the pigment
phosphor. Phosphorescence intensity was measured after each cycle to show that the material was
highly photostable.

3.2. Morphological properties
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In order to create �ame- and water-resistant photoluminescent smart linen textiles, a silicone rubber
nanocomposite comprising the ammonium polyphosphate �ame retardant and the luminescent LSAO
nanoparticles was used. Both LSAO nanoparticles and ammonium polyphosphate were attached to linen
fabric by RTV matrix, which introduces a superhydrophobic layer. Nanoscale particles with diameters
between 17 and 29 nm (Fig. 6) were produced by applying the top-down technique on the LSAO
microscale particles synthesized by the solid state high temperature method [32, 33]. In order to produce
a transparent layer onto linen surface, it was necessary to assure the effective dispersion of the phosphor
nanoparticles throughout the RTV matrix before coating onto linen surface. Different concentrations of
the phosphor nanoparticles were then dispersed with a mixture of silicone rubber and ammonium
polyphosphate in toluene. Each composite was pad-dry-cured onto linen at ambient conditions. The
produced linen samples were coated with a nanocomposite of RTV as a crosslinking and hydrophobic
substance, ammonium polyphosphate as a �ame retardant agent, and LSAO nanoparticles as a
photoluminescent agent.

We employed WD-XRF, SEM, EDX, and FTIR to examine the morphologies and elemental structure
properties of coatings on linen �bers. Analysis of linen's morphological features revealed its luminous,
�ame-resistant, and water-repellent capabilities. Figure 7 shows SEM images of LSAO1 and LSAO9. The
functional properties of the coated linen could be attributed to a uniformly distributed layer of nano-
hierarchical structures on linen �bers to result in an increase in surface roughness. As a consequence, the
coated linen �bers were shown to be more water-repellent than LSAO0. EDS was employed to assess the
elemental contents of the treated linen �bers as shown in Table 1. Homogeneous dispersion of
RTV/Exolit/LSAO nanocomposite was con�rmed by the chemical content of the treated linen �bers at
three points on linen surface. In the carbohydrate cellulose polymer that makes up linen, oxygen (O) and
carbon (C) are the major constituents detected by EDX. EDX also detected silicone (Si) and phosphorus
(P) with lower concentrations due to RTV and ammonium polyphosphate, respectively. The presence of
LSAO nanoparticles were the reason for the detection of other elements at lower concentrations, including
Sr, Al, Eu, and Dy. The chemical composition of the treated linen textiles was also determined by XRF, as
indicated in Table 2. EDX is an accurate technique to determine the elemental concentrations at very low
concentration levels. When it comes to WD-XRF, the detection limit is more than 10 mg/kg [42]. WD-XRF
was able to offer a partial identi�cation of the elemental composition, including silicone, strontium, and
aluminum, since some elements (Dy and Eu) on the treated cloth surface are present in very low
amounts. Due to their very low amounts, WD-XRF was unable to make an identi�cation of Dy and Eu.
According to EDX and WD-XRF analysis, the molar ratios employed to prepare the LSAO and
RTV/Exolit/LSAO nanocomposites were similar to those detected by EDX and XRF on the treated linen
�bers.
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Table 1
EDX analysis (wt%) of blank and treated linen at three sites (S1, S2 and S3).

LSAO (wt%) C O Si P Al Sr Eu Dy

LSAO0 62.58 37.42 0 0 0 0 0 0

LSAO1 S1 43.75 23.13 20.80 9.17 1.70 0.98 0.29 0.18

S2 44.41 23.63 21.09 9.50 1.41 0.84 0.21 0.09

S3 44.21 23.33 20.36 9.24 1.60 0.92 0.24 0.10

LSAO7 S1 39.90 30.35 15.71 5.13 4.83 2.99 0.60 0.49

S2 40.54 30.84 15.85 5.54 4.55 2.73 0.65 0.48

S3 40.39 30.51 15.17 5.23 4.75 2.91 0.62 0.42

LSAO9 S1 37.52 33.52 13.81 4.36 5.61 3.71 0.79 0.68

S2 38.15 33.95 14.12 4.67 5.43 3.45 0.85 0.56

S3 38.10 33.32 13.34 4.76 5.53 3.63 0.82 0.50

Table 2
XRF analysis of elemental contents (wt%)

in both blank and treated linen.
Elements LSAO1 LSAO7 LSAO9

Al

Sr

Si

4.60

1.96

93.44

19.72

11.53

68.75

26.38

14.70

57.92

Inspection of the linen fabric functional substituents was carried out using FTIR spectral analysis. Blank
linen showed typical absorbance peaks at 3358 cm− 1 owing to hydroxyl (OH) stretch vibration, 2912 cm− 

1 due to stretching alkyl CH, 1033 cm− 1 attributed to ether (C-O) stretch vibration, and 1462 cm− 1 owing
to alkyl CH bending vibrations. Treatment with the alkyl-rich RTV boosted the aliphatic CH's bending and
stretching band intensities. The peak intensity of the OH stretch vibration was also demonstrated to
decrease. The NH4

+ substituent of the Exolit AP 422 �ame retardant was monitored at 2912 and 1462

cm− 1. The peaks of P-O-P, P-O, and P-OH were detected at 1159, 1322, and 1560 cm− 1, respectively. The
absorbance of 571 cm− 1 was ascribed to Si-O bend vibration. Neither the measured bands nor their
intensities changed much, indicating an entirely effective coating of linen �bers with a thin functional
layer.

3.3. Hydrophobicity screening
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The hydrophobic screening characteristics of the treated linen textiles were evaluated as shown in
Table 3 and Fig. 8. A thin RTV/Exolit/LSAO layer was applied onto the �brous linen surface. The
RTV/Exolit/LSAO nanocomposite was found to create rougher surfaces by �lling in the crevices and gaps
between the linen �brous threads. Due to its great wettability, the contact angle of LSAO0 was unable to
be determined (0°). The LSAO1 treated linen has a considerably improved contact angle of 147.1°. When
the LSAO ratio is increased, the contact angle increases dramatically from 147.1° (LSAO1) to 153.7°
(LSAO7). The static contact angle decreased again from 153.7° (LSAO7) to 152.9° (LSAO9) when the
amount of LSAO was raised further. The surface roughness increases with increasing concentrations of
LSAO nanoparticles on the fabric's surface [43]. This could be countered, however, by decreasing the
distance between the LSAO nanoparticles as their concentration becomes much higher. Thus, the surface
roughness was adversely affected, resulting in reduced static contact angles [44]. LSAO nanoscale
particles were put between �bers to give a smoother surface. Therefore, the surface roughness decreased
by using a higher concentration of LSAO nanoparticles more than LSAO7. Nanocomposites with LSAO7

as their ideal total LSAO content could be deemed optimal in this regard. Fabrics with and without
RTV/Exolit/LSAO treatment were tested for their sliding angles. With an increase in LSAO, linen's
hydrophobicity was shown to rise, resulting to a substantially greater increase in wettability time than
LSAO0 (6 s). Because it doesn't need the use of sophisticated instruments or procedures, the current
technique could be de�ned as a simple and cheap technique to present a hydrophobic surface. Thus, the
current simple technique could be utilized to manufacture glow in the dark linen goods for a range of
purposes, including tents and other protective materials. As a result of their hydrophobic properties,
silicone-coated �bers are also capable of permeating oil while retaining water.

Table 3
Hydrophobicity screening of treated linen.

Fabric Contact angle (°) Sliding angle (°) Wettability time (min.)

LSAO1 147.1 12 45

LSAO2 147.6 12 55

LSAO3 148.3 12 > 60

LSAO4 149.7 11 > 60

LSAO5 151.2 10 > 60

LSAO6 152.8 10 > 60

LSAO7 153.7 9 > 60

LSAO8 153.4 8 > 60

LSAO9 152.9 8 > 60
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3.4. Fire-retardant performance
The untreated linen failed the �ame test because it was entirely burnt (Table 4). The �ame retardant
properties of the coated linen were remarkable, with the course of the �re being monitored and ceasing
immediately when the �re source was relocated away from linen. The char length of the coated linen
dropped little as the LSAO ratio rose. In order to improve the �re resistance, ammonium polyphosphate
was cross-linked with silicone rubber on the fabric surface. The damaged char length was lowered from
48 mm to 41 mm by increasing the LSAO ratio from LSAO0 to LSAO6. However, increasing the LSAO ratio
from LSAO6 to LSAO9 had almost no effect on the char length. As an environmentally benign and
formaldehyde-free alternative to Pyrovatex-based �ame retardants, ammonium polyphosphate has set to
take their place. Thus, it is possible to reduce formaldehyde emissions from Pyrovatex using the current
technology.

Table 4
Effect of LSAO concentration on linen �ammability.

Fabric Char length (mm) Char width (mm)

Untreated linen completely burnt

LSAO0 48 17

LSAO1 48 17

LSAO2 48 17

LSAO3 47 17

LSAO4 45 18

LSAO5 42 18

LSAO6 41 17

LSAO7 41 18

LSAO8 41 18

LSAO9 40 18

The washability of the �ame retardant linen sample (LSAO7) was investigated. RTV was used as a
trapping bulk to attach LSAO nanoparticles and ammonium polyphosphate to the cloth surface.

The char length was recorded after each washing cycle, as shown in Fig. 9. The char length increased
throughout the course of 24 washes. However, the sample was found to be entirely burned after 24
laundry cycle.
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3.5. Antimicrobial and ultraviolet shielding
E. coli, S. aureus, and C. albicans were tested using the plate agar count method [41]. An increase in the
antibacterial activity was detected as a result of the addition of LSAO as summarized in Table 5. As the
concentration of LSAO increased, the antibacterial activity of the treated linen improved, ranging from
poor to fair and excellent. The ultraviolet protection factor (UPF) was used to examine the treated linen's
UV blocking capacity at different LSAO concentrations, as indicated in Table 5. The UV blocking
enhancement of the coated linen textiles with an increased LSAO ratio on the fabric surface was found to
be explained by the increased ultraviolet absorption of the LSAO pigment due to its electronic structure.

Table 5
Antimicrobial (Microbial Reduction %) and ultraviolet

protection of linen fabrics.
LSAO (wt%) E. coli S. aureus C. albicans UPF

LSAO0 ---- ---- ---- 77

LSAO1 21 ± 1.1 19 ± 1.3 ---- 185

LSAO2 23 ± 1.0 20 ± 1.3 ---- 227

LSAO3 28 ± 1.0 25 ± 1.0 ---- 254

LSAO4 35 ± 1.0 31 ± 1.4 ---- 273

LSAO5 41 ± 1.5 36 ± 1.0 9 ± 1.3 338

LSAO6 45 ± 1.0 40 ± 1.0 9 ± 1.1 385

LSAO7 46 ± 1.0 41 ± 1.4 9 ± 1.7 440

LSAO8 48 ± 1.5 41 ± 1.6 9 ± 1.0 471

LSAO9 48 ± 1.1 42 ± 1.0 9 ± 1.5 493

3.6. Mechanical properties
Using the pad dry curing technique, the main purpose is to produce a linen surface that is water-repellent
while yet enabling the fabric to breathe and move freely. The physical characteristics of the fabric were
signi�cantly in�uenced by the application of RTV/Exolit/LSAO nanocomposites utilizing the pad dry cure
process. Bending length and air-permeability screening �ndings are summarized in Table 6. There were
no noticeable changes in air permeability when the LSAO concentration was raised compared to LSAO0.
It was found that the LSAO-treated linen exhibited slightly higher bending lengths compared to the
untreated linen. Using the CIE Lab coordinates, the RTV/Exolit/LSAO layer in�uence on the color of the
coated linen was evaluated as shown in Table 6. With the addition of LSAO, the coated linen exhibited a
little drop in L*. After increasing the amount of LSAO, there was a little change in the a* and b* values,
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which indicated the formation of a transparent nanocomposite �lm on linen. The intrinsic characteristics
of the treated linen were not considerably affected by the deposited superhydrophobic, �ame-retardant
and photoluminescent layer.

Table 6
Mechanical properties of both treated and untreated

linen.
Fabric Bend length (cm) Permeability to air

(cm3.cm− 2.s− 1)weft warp

LSAO0 4.51 5.12 40.63

LSAO1 4.88 5.29 40.21

LSAO2 5.06 5.48 39.83

LSAO3 5.32 5.79 39.29

LSAO4 5.57 5.98 38.89

LSAO5 5.75 6.10 38.63

LSAO6 5.96 6.38 38.24

LSAO7 6.20 6.68 37.89

LSAO8 6.38 6.97 37.55

LSAO9 6.44 7.21 37.32



Page 14/23

Table 6
Colorimetric screening of LSAO0

and coated linen.
Fabric L* a* b*

LSAO0 87.80 -2.04 0.70

LSAO1 86.55 -1.86 0.94

LSAO2 86.06 -1.61 1.17

LSAO3 85.35 -1.34 1.41

LSAO4 84.45 -1.21 1.74

LSAO5 82.42 -1.05 2.07

LSAO6 82.03 -1.09 2.31

LSAO7 81.74 -0.98 2.59

LSAO8 81.63 -0.79 2.82

LSAO9 81.16 -0.65 3.18

4. Conclusion
For the production of multipurpose linen textiles, the pad-dry-cure coating method was used.
Antimicrobial, photoluminescent and UV protective properties were achieved by using rare earth doped
aluminate. As a �re-retardant agent, we turned to the environmentally friendly organic ammonium
polyphosphate. Eco-friendly RTV was used as both a hydrophobic agent and a bulk layer to contain both
of illuminating phosphor and �re-resistant chemical agents on the linen fabric's surface. The
fundamental features of linen, such as air permeability and �exibility, were maintained unaffected when
the lanthanide doped aluminum strontium oxide is immobilized on its surface. In order to study the LSAO
nanoparticles' morphology, TEM was utilized to indicate particle diameters of 17–29 nm. The
morphology, elemental content and emission spectra of the treated linen were all investigated in detail.
SEM, EDX, FT-IR, and XRF were employed to evaluate the surface morphologies of the treated linen. The
�ame retardant activity of the coated linen fabrics was improved as comparing to the uncoated linen
fabric. In the �ammability test, the char length varied from 48 to 41 mm, but the blank linen sample was
completely burned. The organic ammonium polyphosphate �ame retardant demonstrated to be washable
for 24 cycles on linen fabrics. A greater concentration of aluminum strontium oxide nanoparticles doped
with lanthanides enhanced the static contact angle from 147.1° to 153.7°, while reducing the sliding
angle from 12 to 8°. When the density of phosphor nanoparticles on the linen surface was increased, a
comparable increase in wettability time occurred. The air-permeability and bend-length of the treated
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linen were found to be satisfactory and slightly affected by increasing the pigment nanoparticles on the
fabric surface. The luminescent linen displayed a green emission at 519 nm upon excitation at 365 nm.
To demonstrate the treated linen samples' glow in the dark, we left them in the dark for extended periods
of time to show a signi�cant greenish-yellow light emission. The current low-cost preparation strategy for
linen fabrics with superhydrophobicity, ultraviolet protection, antimicrobial activity and �ame-resistance,
as well as long-persistent photoluminescence of high reversibility and photostability, could bene�t high-
performance functional textiles with functional properties.
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Figure 1

Photographs of LSAO7 under daytime light (a), UV rays (b), and complete darkness (c).
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Figure 2

Excitation spectra of LSAO7.

Figure 3

Emission spectra of LSAO7.
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Figure 4

Lifetime spectrum of LSAO7.
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Figure 5

Photostability of LSAO7 linen fabric at 519 nm.
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Figure 6

TEM micrographs of LSAO nanoscale particles.

Figure 7

SEM images of coated linen.

Figure 8

Static Contact angles of treated linen; LSAO1 (a), LSAO9 (b), and LSAO7 (c).

Figure 9

Effect of laundry cycles on �ammability of linen. 


