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ABSTRACT 

In this study, a photocatalytic process was applied as an alternative to conventional hydrogen 

peroxide bleaching on 100% cotton fabric. The effects of ZnO nanoparticles and boric acid as 

catalysts were investigated. Additionally, the synergistic impact of boric acid on the well-known 

bleaching effect of titanium dioxide nanoparticles was explored. Unlike existing literature, the study 

uniquely addressed whether the photocatalytic process, without the use of any catalyst, has a specific 

effect, particularly in whitening, on the color spectrum. All conducted photocatalytic processes on 

cotton fabrics were compared with conventional hydrogen peroxide bleaching in terms of color 

spectra (CIE L*, a*, b*, whiteness indexes) besides the SEM, SEM-EDX, and FTIR-ATR 

characterization tests. Moreover, XRD, SEM, and FTIR-ATR analysis results of ZnO nanoparticles 

were also shared in this study. After the photocatalytic processes, tearing strenght of all cotton fabrics 

were tested. This research is believed to shed light on future studies by evaluating more 

environmentally friendly pre-treatment processes in textile industry. 
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1. INTRODUCTION 
 

Cotton is one of the most widely used and important natural 

fibers in the textile industry. It comes from the fibers 

surrounding the seeds of the cotton plant (Gossypium), and 

it has been used for thousands of years to produce a variety 

of textiles. Even though cotton's versatility, comfort, and 

natural properties (breathability, absorbancy, comfort etc.) 

make it a popular choice for a wide range of textile 

products, including apparel, home furnishings, and 

industrial uses; it also comes with certain disadvantages, 

particularly in its untreated and unprocessed form. Some of 

the drawbacks associated with raw cotton are being 

contaminated with impurities such as dust, dirt, plant 

material, seeds; lack of uniformity which can be varied in 

terms of fiber length, fineness, color; presence of natural 

waxes and oils can affect the wettability, dyeing process 

and the overall quality of the finished product [1,2]. 

Bleaching is a crucial process in the textile industry that 

involves treating raw cotton or cotton fabric with chemicals 

to remove impurities, natural color, and other contaminants. 

The goal is to achieve a clean, white appearance and 

prepare the cotton for dyeing or further processing. 

Common bleaching agents include hydrogen peroxide, 

sodium hypochlorite, or chlorine dioxide [3]. Hydrogen 

peroxide is considered an environmentally friendly 

bleaching agent compared to chlorine-based alternatives. 

However, there are some disadvantages of using hydrogen 

peroxide in the finishing processes such as energy 

consumption because of high temperatures, pH and 

temperature sensitivity (higher temperatures generally 

increase the bleaching rate, but excessive heat may lead to 

fiber damage) and limited bleaching speed besides post-

prossesing such as stabilization which increases the water 

consumption overall [4-6]. Researchers are constantly 

exploring and developing new bleaching agents to improve 

the efficiency, environmental sustainability, and versatility 

of the bleaching process in the textile industry. 

Photocatalysts, such as titanium dioxide, are materials that 

can accelerate chemical reactions under the influence of 

light. They are being investigated for their potential to 

enhance bleaching processes, particularly in the presence of 

ultraviolet (UV) light. When the photocatalyst absorbs 
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light, it creates electron-hole pairs. These charged particles 

can react with water and oxygen in the surrounding 

environment to generate reactive oxygen species (ROS), 

such as hydroxyl radicals (•OH) and superoxide ions (O2
•−). 

The ROS generated by the photocatalyst can break down 

organic contaminants, pigments, and other impurities 

present in the textile fibers. The oxidative reactions lead to 

the degradation of color molecules and the removal of 

undesired substances. The photocatalytic process on textiles 

involves treating textile materials with photocatalysts and 

exposing them to light to achieve various effects, such as 

self-cleaning, antibacterial and antifungal properties [7-9].   

Zinc oxide nanoparticles (n-ZnO) are commonly used in the 

textile industry for various purposes due to its unique 

properties. One of the primary uses of its in textiles is as a 

UV blocker. Finishing textiles with zinc oxide 

nanoparticles provides the fabric with enhanced UV-

blocking properties. This is especially important in outdoor 

clothing, swimwear, and other textiles where protection 

from the sun's harmful ultraviolet (UV) rays is desirable. 

Zinc oxide has inherent antibacterial and antifungal 

properties. Treating textiles with zinc oxide nanoparticles 

can impart these properties to the fabric. This is particularly 

beneficial in applications where maintaining hygiene and 

preventing microbial growth are essential, such as in 

medical textiles or sportswear. In the medical field, zinc 

oxide nanoparticles have been incorporated into textiles to 

aid in wound healing. The antimicrobial properties of zinc 

oxide can help prevent infections in wounds. Zinc oxide 

nanoparticles can be incorporated into textile fibers or 

coatings to create nanocomposites. This integration can 

improve the mechanical, thermal, electroconductive and 

antimicrobial properties of the textiles [10-14]. The ZnO 

photocatalysis mechanism for cotton bleaching shown in 

Eq. (1-7) [15, 16]. 
 

ZnO+hν→e-+h+                       (1) 

e-+h+→heat                       (2)     

h++H2Oads→∙OHads + H+    (3)       

h+ + OHads
− →∙OHads            (4)       

e− +O2 →O2
-                      (5)    

O2∙ − + HO2 ∙ + H+ → H2O2 + O2         (6)  

CnOmH(2n − 2m + 2) + ∙OH + O2
− → → nCO2 + (n − m + 1)H2O        (7)  

 

Boric acid, a weak acid with antifungal and insecticidal 

properties, is sometimes used in the textile industry for 

specific purposes. Boric acid can be used as a flame 

retardant on textiles. When applied to fabrics, it forms a 

protective layer that helps reduce the flammability of the 

material. This is particularly important for textiles used in 

applications where fire safety is a concern. Due to its 

antifungal properties, boric acid can be employed as an 

antimicrobial treatment for textiles. Boric acid is known for 

its insecticidal properties, and it can be used as an insect 

repellent on textiles. In textile conservation, boric acid may 

be used as a preservative to protect historical textiles from 

decay and insect damage [17-21]. Boron doping is known 

to enhance photocatalytic activity under visible light by 

reducing the bandgap between the photogenerator and the 

photocatalyst [22-24]. In accordance with the above data, 

we have used it to whiten cotton material under UV-A light 

to determine whether boric acid has a direct effect. To the 

best of our knowledge and based on the literature, this study 

is the inaugural investigation into the photochemical 

bleaching process on cotton fiber using ZnO nanoparticles 

and boric acid under UV-A source. This study diverges 

from existing literature by exploring an alternative 

approach to the conventional bleaching process for 

untreated cotton fabrics. The focus is on investigating the 

photocatalytic bleaching effects of boric acid and zinc 

oxide nanoparticles on raw cotton fabrics. Additionally, the 

study delves into the synergistic impacts on whiteness 

indexes when boric acid is combined with titanium dioxide 

nanoparticles (n-TiO2), renowned for their nano-sized 

bleaching effects. One distinctive aspect of this article 

compared to many other photocatalytic textile studies in the 

literature is the exploration of the impact of the 

photocatalysis process itself on bleaching, without the use 

of any catalyst.  

 

2. MATERIAL AND METHOD 
 

2.1 Material 
 

Boric acid (99.8%) was supplied from Alfa Aesar.  NaOH 

and HCl were purchased from Sigma Aldrich. ZnO 

(99.99%, 18 nm) and TiO2 (99.99%, 28 nm, anatase) 

supplied from Nanografi, Turkey. The technical 

specifications of the ZnO nanoparticles, TiO2 nanoparticles, 

H3BO3 were detailed in Table 1. In our experimental 

investigations, 100% woven cotton fabrics (weighing 145 

g/m2) consisting of Ne 20/1 fine yarns were sourced from 

Ege Özteks Tekstil, located in Uşak, Turkey. To conduct 

the pre-treatment procedures, we acquired alpha-amylase 

desizing enzyme, NaOH (48 Bé), and a wetting agent from 

Alfa Kimya, Turkey. 

 

2.2 Method 

As part of the pre-treatment phase, following the desizing 

procedure conducted using a pad-batch machine (Babkok) 

with an 80% wet-pick-up ratio employing 2g/L of alpha-

amylase desizing enzyme and 1 g/L of wetting agent, a 

solution of 30 g/L NaOH (48 Bé) was applied to the cotton 

fabrics using the same machine. This step aimed to boost 

the hydrophilicity of the materials, as per the industrial 

standards of the supplier company (Ege Özteks Tekstil). 

The homemade photocatalytic system is shown in Figure 1. 

There are 15 Watt UV-A lamps (Osram L Blue UVA L 

15W/78) each in the system and the system is galvanised. 

The system was previously homemade and its shape was 

shown in the previous publication [25]. 
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Table 1. Technical Properties of  n-ZnO, n-TiO2 and Boric acid 

Technical data of ZnO    

Purity (%) 99.5       

Average Particle Size (nm) 18       

Morphology nearly spherical       

Color white       

Specific Surface Area (m2/g) 20.0-65.0       

Crystal Phase single crystal       

True Density (g/cm3) 5.5       

Elemental Analysis (%) Mn Cu Pb  

  0.0002 0.0004 0.001  

 

Technical data of n-TiO2     

Purity (%) 99.995       

Average Particle Size (nm) 28       

Color white       

Specific Surface Area (m2/g) 55.00       

pH 5.5-6.5       

True Density (g/cm3) 4.1       

Elemental Analysis (%) K Na Fe                Al 

  0.0055 0.0053 0.003 0.0022 

 

Technical Data of Boric acid 

Melting point ca. 185o deg. 

Density 1.435 

Form + 8 mesh granular 

 
 
 

 
 

 

 
 

 
 

Figure 1. The illustration of homemade photocatalytic system [25]. 
 

The fabrics cut in certain sizes were placed in a 250 mL 

beaker and the experimental conditions given in Table 2 

were applied. 

Table 2. Experimental Set-up 

Sample Code Finishing Process 

S1 Untreated fabric 

S2 n-ZnO 1 g/L  pH 10.5 60 C 60 min 

S3 n-ZnO 5 g/L  pH 10.5 60 C 60 min 

S4 n-ZnO 5 g/L  pH 4.5 60 C 60 min 

S5 n-ZnO 5 g/L  pH 7  60 C 60 min 

S6 n-ZnO 5 g/L  pH 4.5 30 C 60 min 

S7 n-ZnO 5 g/L  pH 10.5, 95 C 60 min 

S8 Boric acid/n-TiO2 (2.5+2.5) g/L pH 5.5 60 C 

60 min  

S9 Boric acid 5g/L pH 5.5 60 C 60 min 

S10 Without catalyst 30 C 60 min pH 7 

S11 Without catalyst 60 C 60 min pH 7 

S12 Without catalyst 95 C 60 min pH 7 

S13 Conventional bleaching process  

2.3. Performance and characterization tests 

of the materials 

In order to ascertain the crystallographic phase of the 

specimens, an X-ray diffractometer (Malvern Panalytical, 

Netherlands) employing Cu Kα radiation was utilized. The 

diffraction patterns were scrutinized within a range 

spanning from 10 to 90°. Microstructural variations within 

the materials were examined using a field emission 

scanning electron microscope (SEM) equipped with 

elemental analysis via SEM-EDX, model XL-30 SFEG, 

produced by Philips in Eindhoven, Netherlands. Prior to 

SEM imaging, the specimens were subjected to Au coating 

to enhance conductivity. Fourier Transform Infrared 

Spectroscopy (FTIRS) spectra for cotton specimens were 

acquired using a Spectrum Two FTIR spectrophotometer. 

Alongside the aforementioned characterization tests, color 

spectrum analysis and tearing strength evaluations were 

conducted on the cotton samples. CIELAB color spectrum 

results, incorporating parameters such as L*, a*, b*, 

whiteness and yellowness indexes and ΔE were determined 

using a Konica Minolta CM-3600D Spectrophotometer 

from Japan. Tearing strength assessments on cotton 

samples, in both warp and weft directions, were carried out 

in accordance with Elmendorf ASTM D1424 standards. 

The tear strengths were measured utilizing a D-type 

pendulum with a weight of 64 N. 

3. RESULTS AND DISCUSSION 

3.1 Characterization Results of ZnO nanoparticles, 

H3BO3 and TiO2 nanoparticles 

3.1.1. FTIR of ZnO nanoparticles, H3BO3 and TiO2 
nanoparticles 
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Zinc oxide nanoparticles (ZnO-n) exhibited vibrations in 

the 420-600 cm-1 range, which correspond to Zn-O 

stretching vibrations in the 434 cm-1 range [26], as 

mentioned in our previous publication [27] (Figure 2). The 

distinctive peak of the B–O bond is 1430 cm−1, whereas the 

stretching vibration of the intermolecular hydrogen bond 

(O–H) is 3200 cm−1, whereas the O–H surface curvature at 

699 cm−1 [28]. The transmittance peaks, spanning from 600 

to 850 cm −1, are associated with the Ti-O-Ti links seen in 

TiO2 nanoparticles (n-TiO2) [29]. The unique band 

corresponding to anatase titania was observed at 745 cm−1 

in the FTIR spectra of pure n-TiO2 [30]. In the FTIR 

spectra of the pure n-TiO2, a noticeable stretching peak at 

1640 cm −1 indicates the stretching of Ti-OH [30]. It was 

determined that the big peak at 3305 cm −1 was caused by 

the stretching vibration of the –OH group. 

 
 

Figure 2. FTIR graph of n-ZnO, H3BO3 and n-TiO2 

 

3.1.2 . XRD analysis of  ZnO nanoparticles, H3BO3 and 

TiO2 nanoparticles 

Zinc oxide nanoparticles with 2θ values of 31.71, 34.58, 

36.20, 47.53, 56.65, 62.88, 66.47, 67.96, and 69.34 degrees 

are evident, as previously mentioned in our published paper 

[31]. XRD pattern of ZnO obtained from Nanografi agrees 

with JCPDS Data Card No. 36-1451 (Figure 3). The main 

signal was seen in XRD pattern of boric acid at 28.00° [32]. 

The primary peaks are seen in the XRD patterns of the 

boric acid (H3BO3) card number, ICDD-00-030-0620 [33]. 

The anatase peaks (JCPDS Card no. 21-1272) at 2θ values 

of 25.31, 37.81, 48.05, 53.91, 55.06, and 62.68 are 

displayed in Figure 3 [25, 34]. The anatase structure is 

clearly indicated by these peaks. 

 
Figure 3. XRD patterns of n-ZnO, H3BO3 and n-TiO2 

 

 

3.1.3. SEM analysis of ZnO nanoparticles, H3BO3 and 

TiO2 nanoparticles 

Based on the SEM image (Figure 4), the majority of the 

ZnO nanopowder displayed a spherical morphology with a 

minor rod shape [35]. Boric acid has a surface that is 

essentially flat and roughened by fibrils, according to SEM 

observation [36]. Upon closer examination, the 500 nm 

SEM picture in Figure 4 clearly resembles a cauliflower 

[37]. This study shows that the anatase form of n-TiO2 

adopts a structure with several anatase nanoparticle 

microspheres, like a hierarchical cauliflower.   
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                                                a) n-ZnO X1000                                                              b) n-ZnO X5000 
 

    
c) Boric acid X1000                                             d) Boric acid X5000 

 

     

                                                       e)n-TiO2 X1000                                                                f)n-TiO2 X5000 
 

Figure 4. SEM image of n-ZnO powder, n-TiO2 powder and boric acid. 
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3.2. Characterization Results of Fabric Samples 

3.2.1. SEM Results of Cotton Fabric 

    

a) S1x 2000                             b) S11 X2000 

    

         c) S8 x2000                                      d) S9 X2000 
 

    

                                         e) S3 X2000                 f) S5x2000                            

 

g) S13 X2000 

Figure 5. SEM pictures of untreated and treated cotton fabrics 
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Figure 5 displays SEM images of both untreated and treated 

cotton fabrics. In Figure 5.a, the surface of the untreated 

cotton fabric appears clear and smooth. In Figure 5.b, on 

the other hand, fluctuations and pits are evident on the 

surface of cotton fabric subjected to photocatalytic 

treatment without any catalyst used, as indicated. It is 

presumed that this effect is a result of the impact of UV 

rays used in the photocatalytic process on the surface. The 

SEM micrograph in Figure 5.d depicts a cleaner surface 

compared to Figure 5.c. This can be attributed to the fact 

that in S9, only the cotton surface treated with boric acid is 

present, while the sample in S8 undergoes treatment with 

TiO2 nanoparticles and boric acid. The particles observed in 

S8 belong to n-TiO2. Figs.5.e and 5.f showcase the fiber 

surfaces of cotton fabrics treated with ZnO nanoparticles at 

pH 10.5 and pH 7, respectively. ZnO nanoparticles are 

distinctly visible in both micrographs. In the final figure, 

Fig.5g, the micrograph illustrates a conventionally 

hydrogen peroxide-bleached raw cotton fabric. Unlike all 

other figures, it is apparent that this treatment causes 

abrasions on the fiber surface and damages the fibers.  

 
 

3.2.2. SEM-EDX Results of Cotton Fabric 

 

 
a) SEM–EDX analysis of S1 

 

Element W % Atomic Net Int. Net Int. Error 
   

        ,M 

N 

                     

C K  45.2 52.17 288.41 0.01   

N K  2.74 2.71 3.93 0.11   

O K  52.06 45.12 289.84 0.01   
 

b) SEM-EDX analysis of S11table 2 

 

c) SEM-EDX analysis of S8 
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d) SEM-EDX analysis of S9 

 

e) SEM-EDX analysis of S3 

 

f) SEM-EDX analysis of S13 

Figure 6. SEM-EDX analysis of untreated and treated cotton fabrics  
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Figure 6 showcases the SEM-EDX analysis results for both 

treated and untreated cotton fabrics. In Figure 6a, the 

untreated cotton fabric and Fig. 6b, where no catalyst was 

used, prominently exhibit the presence of C and O 

elements. Moving to Fig. 6c, the photocatalytic process 

with the introduction of titanium dioxide nano particles in 

the process reveals a 18.39% presence of Ti element. Fig. 

6d, on the other hand, depicts a photocatalytic process 

applied solely with boric acid. Since boric acid, unlike nano 

materials, does not increase surface roughness (refer to 

SEM micrographs) and spreads on the surface, it could not 

be captured elementally in SEM-EDX analysis. In addition, 

the inconspicuous appearance of the boron element in 

SEM-EDX analysis is attributed to boron's low atomic 

number, which results in its inability to generate X-ray 

fluorescence signals. Furthermore, the detection is 

complicated by the fact that boron's characteristic X-ray 

spectral lines are weaker compared to other elements. 

However, in Fig. 6e, the SEM-EDX analysis of cotton 

fabric exposed to photocatalytic treatment with 5 g/L ZnO 

nanoparticles at pH 10.5 for 60 minutes at 60 C reveals the 

presence of 10.17% Zn element in addition to the dominant 

C and O elements. The last figure illustrates the SEM-EDX 

analysis of conventionally hydrogen peroxide-treated cotton 

fabric. The hydrogen molecule, because of being very 

small, could not be captured in the elemental analysis, but 

the presence of the other basic elements that make up the 

cotton fibers (carbon and oxygen) has been demonstrated. 

3.2.3.FTIR-ATR Analysis of Cotton Fabric 

In Figure 7, FTIR-ATR spectra of untreated cotton fabric, 

conventionally hydrogen peroxide-bleached fabric, fabric 

subjected to photocatalytic treatment without any catalyst, 

fabric treated with a combination of boric acid and TiO2 

nanoparticles in a photocatalytic process, fabric treated 

solely with boric acid in a photocatalytic process, and fabric 

subjected to photocatalytic treatment with 5 g/L ZnO nano 

particles under the same conditions are sequentially 

presented. The characteristic peaks of cotton are discernible 

in the graph. When the FTIR-ATR analysis of the untreated 

fabric was examined, distinctive peaks associated with 

cotton fibers were observed at the following wavenumbers: 

3300 cm⁻¹ (OH stretching), 1030 cm⁻¹ (CO stretching), 

2900 cm⁻¹ (CH stretching), and 1310 cm⁻¹ (CH vibration). 

However, the FTIR spectras for both untreated and treated 

cotton fabrics are overlapped. This is attributed to the 

inorganic nature of the catalysts and chemical agents, such 

as n-ZnO, n-TiO2, boric acid, and hydrogen peroxide, and 

their usage in relatively low proportions. 

3.3. Color Spectrum Results  

Table 3 provides the whiteness indexes (Berger) and 

yellowness indexes (ASTMD1925) along with CIE L*, a*, 

b* and ΔE values for untreated and treated cotton fabrics. 

According to this table, it is observed that photocatalytic 

processes with zinc oxide nano particles at different pH 

levels and temperatures slightly increased the whiteness 

index values.  Among the processes conducted with nano 

zinc oxide, the best result was achieved with the treatment 

at pH 10.5 and 60C for 60 minutes. Although these values 

are lower compared to bleaching results obtained using 

different catalysts or conventional bleaching process with 

hydrogen peroxide, the results of zinc oxide nano particles 

are in line with the literature [38] In their study, Arık and 

Atmaca [38] utilized various zinc-based nano particles, 

including nano zinc oxide with sizes ranging from 10 to 30 

nm, and found that Stensby whiteness ratings were 

consistently at similar levels (with a 3-unit increase). The 

18 nm zinc oxide used in this study marginally increased 

whiteness values but did not result in effective bleaching. 

Additionally, examining the color spectrum results of 

photocatalytic processes with boric acid showed a slight 

increase in whiteness and decrease in yellowness indexes. 

The combination with n-TiO2 significantly enhanced the 

whiteness index result whereas the yellowness indexes 

decreased; however, it is believed to be attributed to the 

high photocatalytic effect of n-TiO2. No significant 

differences in ΔE values were observed for any samples 

processed, except for those involving the use of titanium 

dioxide. Unlike other photocatalytic textile applications, 

this study explored the impact of photocatalytic processes 

on bleaching without using a catalyst, revealing that the 

treatment conducted at pH 7 and 60 C for 60 minutes, 

excluding n-TiO2, had the highest bleaching effect. In 

catalyst-free photocatalytic processes, the formation of 

whiteness is generally associated with the oxidative 

properties of the mechanism and the nature of the reaction. 

Photocatalytic processes involve catalysts that trigger and 

accelerate chemical reactions using light energy. However, 

catalyst-free photocatalytic processes typically encompass 

conditions where various components are directly exposed 

to light, leading to oxidation-reduction reactions. Whiteness 

often arises from the breakdown or reaction of colored 

pigments or organic substances. Catalyst-free 

photocatalytic processes, especially those involving the 

breakdown or degradation of organic materials and the 

increased solubility of color pigments, can result in the 

appearance of whiteness. This occurs as the impact of 

colored substances diminishes, allowing lighter to be 

reflected. These processes are commonly utilized in 

applications such as the removal of organic pollutants or the 

bleaching of materials. For example, catalyst-free 

photocatalytic reactions under sunlight can lead to the 

breakdown of colored stains or pigments, resulting in the 

material becoming whiter [39]. 

3.4. Tearing Strength Results  

In Figure 8, the results of the tear strength for untreated 

cotton fabric, fabric subjected to conventional bleaching, 

fabric treated with zinc oxide nanoparticles under various 

conditions of photocatalytic treatment, fabric treated with 

boric acid and boric acid with n-TiO2 photocatalytic 
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treatment, and finally, cotton fabric subjected to 

photocatalytic treatment without any catalyst are presented. 

According to Figure 8, it can be observed that the tear 

strength of all fabrics decreased to some extent. While the 

decrease caused by conventional bleaching in cotton fabric 

was 7.62%, this value increased to 12.7% as a result of the 

photocatalytic treatment with zinc oxide nanoparticles. 

When the amount of zinc oxide nanoparticles increased to 5 

g/L, this value was observed to reach the range of 13-14%. 

The further increase in the decrease is thought to be due to 

the accumulation of nanoparticles at the intersections and 

surfaces of fibers, leading to an increase in the coefficient 

of friction between the fibers. Moreover, while a 9.6% 

decrease in tear strength was observed as a result of 

photocatalytic treatment with boric acid alone, this decrease 

reached 13% when nano TiO2 was used as a catalyst 

together with boric acid. It was observed that photocatalytic 

treatments conducted without catalysts resulted in less tear 

strength loss (7.99%) compared to those conducted with 

catalysts.  
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Figure 7. FTIR-ATR analysis of untreated and treated cotton fabrics 

 

Table 3. Color spectrum values 

SAMPLES Whiteness 

Index-

BERGER 

Yellowness 

Index 

ASTMD 

1925 

L* a* b* ΔE 

S1 Untreated fabric 63.15 7.42 92.54 -0.18 4.01 - 

S2 n-ZnO 1 g/L  pH 10.5 60 C 60 min 64.36  7.17 92.98 -0.28 3.98 0.45 

S3 n-ZnO 5 g/L  pH 10.5 60 C 60 min 64.38  7.14 93.54 -0.94 4.48 1.34 

S4 n-ZnO 5 g/L  pH 4.5 60 C 60 min 64.12 7.29 93.73 -0.71 4.52 1.40 

S5 n-ZnO 5 g/L  pH 7  60 C 60 min 63.77 7.39 93.61 -1.06 4.69 1.54 

S6 n-ZnO 5 g/L  pH 4.5 30 C 60 min 63.12 7.38 93.36 -0.61 4.01 1.07 

S7 n-ZnO 5 g/L  pH 10.5 95 C 60 min 61.65 9.14 93.73 -0.94 5.14 1.81 

S8 Boric acid/n-TiO2(2.5+2.5)g/L pH 5.5 60C 60min  73.98  3.36 94.88 -0.18 4.01 2.64 

S9 Boric acid 5g/L pH 5.5 60 C 60 min 64.84  7.20 93.00 -0.23 3.86 0.49 

S10 Without catalyst 30 C 60 min pH 7 66.50 6.60 93.08 -0.21 3.52 0.328 

S11 Without catalyst 60 C 60 min pH 7 66.67 6.15 93.55 -0.27 3.70 0.253 

S12 Without catalyst 95 C 60 min pH 7 65.98 6.02 93.07 -0.20 3.62 0.250 

S13 Conventional bleaching process  70.50 4.87 93.98 -0.36 3.12 0.832 
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Figure 8. Tearing strenght results of cotton samples  

 

3.5. UV intensity results  

The characteristics of the lamp used are given in Table 4.  

Table 4. Electrical and photometrical fata for Osram L Blue UVA L 15W/78 

Electrical Data Photometrical Data 

Nominal Voltage 55 V Luminous Intensity 7800 cd 

Lamp Voltage 55 V Radiated Power 315…400 nm (UVA) 4 W 

Construction Voltage 230 V  

Lamp Current 0.33 A 

Nominal Wattage 15 W 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 

Consider it endless and visualize the source as a cable. 

From then on, it is acknowledged that it only radiates in the 

form of 2πRL from the lateral field. by considering the 

source as an infinitely long cylinder with r near to zero and 

using in Eq (8) as follows; 

 (8) 

 

Where P is radiated power, r is radius and L is cyclinder of 

lenghth.  

  
 

Thus, UV intensity of our lamps are calculated as; 43.53 

W/m2. 

 

4. CONCLUSION 

In this study, due to the disadvantages of conventional 

hydrogen peroxide bleaching for cotton fabrics, a quest for 

a more environmentally friendly method for bleaching was 

initiated. Various catalysts were examined individually or 

in combination, and their effects on whiteness indexes were 

investigated. Characterization studies were also conducted. 

Unlike other textile photocatalytic studies, this research 

addressed the question of whether catalyst-free 

photocatalytic processes would induce any changes in 

cotton fiber surface and color performance. According to 

the results, zinc oxide nano particles did not provide a 

significant bleaching effect; however, they slightly 

increased whiteness indexes, with the best values observed 

under the parameters of a photocatalytic process conducted 

at 60 C, pH 10.5, and for 60 minutes. Additionally, the 

photocatalytic process with boric acid, although marginally, 

increased whiteness indexes. Catalyst-free photocatalytic 

processes, excluding n-TiO2 and conventional methods, 

yielded the highest whiteness index. Characterization tests 

and elemental analyses were conducted to elucidate the 

impact of catalysts. In conclusion, the increase in whiteness 

index without the use of any chemical or catalyst suggests 

that it could be an alternative method to hydrogen peroxide 

bleaching, which involves high water and energy 

consumption and poses a significant environmental burden. 
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