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A B S T R A C T

Fluorescent brightening agent OB-1 (OB-1) is often used in plastic goods because of its non-toxic
nature, chemical stability, remarkable heat resistance, and light stability. Raw OB-1 is challenging
to use in textiles using the exhaustion method. This study used a novel method using raw OB-1
powder to whiten polyester fabric in water and decamethylcyclopentasiloxane (D5). The Tagu-
chi approach investigated the interaction between whitening process parameters such as tem-
perature, OB-1 mass, water: D5 ratio, and treatment time with four levels. The study shows that
the temperature and water: D5 ratio during the whitening process significantly affect the
whiteness of polyester fabric (P < 0.05), with contribution percentages of 74.2 % and 25.2 %.
Subsequently, various analytical techniques were employed, including FTIR, SEM, TGA, and XRD,
to characterise the whitened fabric. The findings imply that using water: D5 medium was effective
in whitening polyester fabric without causing major alterations to the structure of the PET fabric.
The study also examined the fastness of washing and crocking to determine their whitening
stability. Overall, polyester fabric whitened with water and D5 medium exhibited satisfactory
whitening performance and might be a potential scope for use on a larger scale in developing the
sustainable textile industry.
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1. Introduction

Textiles made from polyester (PET) fibre are widely used in various applications due to their versatility, durability, and ease of use
[1]. However, the conventional whitening process for PET fibre involves the use of chemicals that can have harmful effects on the
environment. Chemical bleaching [2], which aims to decolourise the colourants in fibres by oxidising them to smaller chemical groups
or reducing them to saturated factors to progress whiteness, often leads to the degradation of fibres and a decrease in strength. To
address this environmental issue, researchers have explored alternative methods for whitening textiles that avoid the limitations of
chemical bleaching agents. One such alternative is fluorescent whitening treatment, which involves using compounds that absorb
ultraviolet light (330–380 nm) and re-emit it as visible light (400–450 nm) [3,4]. This process effectively increases the whiteness and
brightness of the fabric, providing an eco-friendly and sustainable approach to PET fabric whitening.

Fluorescent brightener whitening agent OB-1 (OB-1, Fig. 1a) is a highly effective oxazole whitening agent. It is non-toxic, chem-
ically stable, heat-resistant, and light-stable, making it a popular choice for use in plastic products [5,6]. In textiles, OB-1 is particularly
suitable for the dope whitening of PET fibre due to its high washing fastness and whitening effect. However, wet processing can be
challenging for PET fibre due to its low solubility and poor dispersion in water. OB-1 molecules are highly planar, which makes them
prone to aggregation through van der Waals interaction forces [7,8]. To apply OB-1 in PET fabric using an exhaust method, the raw
powder is milled with surfactants to reduce the particle size of OB-1, and the treated particles of OB-1 successfully whiten PET fabric
[9]. However, after whitening treatment, preparing the milled particles with many surfactants hints at potential water pollution issues.
Therefore, finding an alternative, sustainable wet process for OB-1 whitening PET fabric is highly desirable.

Textile experts constantly seek innovative methods to minimise the environmental impact of their industry. Deca-
methylcyclopentasiloxane (D5, Fig. 1b) has emerged as a new treatment medium with easy recycling [10], finding acceptance in the
textile industry, such as dyeing of PET [11–14], nylon [15–17], cotton [18–20], wool [20–22], and so on. The development of this
non-aqueous medium represents a significant advancement within the textile industry. In a non-aqueous medium using D5, the
whitening of PET fabric with raw fluorescent brightener OB-1, i.e., without milling with massive surfactants, shows great potential for
significantly enhancing exhaustion and fixation rates. Incorporating water alongside D5 is noteworthy as it aligns with sustainability
principles by reducing reliance on traditional solvents with negative environmental impacts [23]. This innovative approach aims to
achieve a cleaner whitening process for PET fabrics, effectively addressing both the performance requirements of the textile industry
and the ever-growing demand for environmentally conscious practices.

The conventional view holds that optimisation methods that make a single adjustment while holding all parameters constant are
inefficient and wasteful. Design of experiments (DOE) is a method that takes a methodical approach to finding the connection between
process inputs and outputs in this context [24]. One may classify DOE methods as either full factorial or Taguchi experimental designs.
All conceivable permutations of the parameters are considered and studied in complete factorial design. In contrast, Taguchi’s
experimental design research considers the levels explicitly selected for assessment. The use of an orthogonal array (OA) architecture
gives the Taguchi method its reputation as a durable technology [25]. With the help of the OA, we can quantitatively determine the
optimal parameters and levels while cutting down on the time, money, and effort needed for experiments. The Taguchi method finds
the best circumstances with the most important elements by analysing the signal-to-noise (S/N) ratio and using analysis of variance
(ANOVA) tables to find the statistical significance. Following this, confirmation tests were used to ensure that experimental designs
were feasible [26]. Although the whitening process has not been investigated, some researchers have used the Taguchi experimental
design technique to enhance the quality of textile fibre dyeing [27–29].

This study delves into the green whitening of PET fabric, exploring the interactions between fluorescent brightener OB-1 and the
mixture of D5 and water media. The present study reports for the first time that OB-1 can be used to whiten PET fabrics in a mixture
medium consisting of D5 and water. The current study used an exhaust method to whiten PET fabrics. An optimisation of the pa-
rameters of the whitening process, such as the duration of the process (0–70 min), the temperature (90–130 ◦C), the weight of the OB-1
(0.0025–0.0375 % o.w.f (on weight of fabric)), as well as the water to D5 ratio (1:99 to 10:90), was conducted. The replicability of this
work was ensured by validating the sixteen Taguchi orthogonal arrays (L16). A variety of analytical techniques, such as FTIR, SEM,
TGA, XRD, and fastness to washing and crocking, were applied to determine the characterisation of the whitened fabrics.

Fig. 1. Chemical structures of (a) OB-1 and (b) D5.
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2. Experimental

2.1. Materials

Raw fluorescent whitening agent OB-1 powders were provided by Hubei Hongxin Chemical Co., Ltd, China. A scoured polyester
knitted fabric (bilateral loop pile structure, with a horizontal density of 65 courses/5 cm, a vertical density of 110 wales/5 cm, and a
surface density of 130 g/m2) was supplied by TST Group Holding Limited, China. A non-ionic detergent (Luton 500) was purchased
from Dalton UK Company, China. Decamethylcyclopentasiloxane (D5) was obtained from Jiangxi Bluestar Xinghuo Silicones Cor-
poration, China. An ethanol solvent (CH3CH2OH, ≥99.7 %) was purchased from China National Pharmaceutical Group Corporation,
China.

2.2. Whitening process

The weight percentage of OB-1, ranging from 0.0025 to 0.0375 % based on the fabric weight (o.w.f), was incorporated into a
blended medium consisting of water and D5. The ratio of water to D5 in this mixture was varied from 0:100 to 10:90 (by volume) to
formulate the whitening solution. Subsequently, the PET knitted fabric was immersed in the whitening solution with a liquor-to-mass
ratio (LR) of 25:1. The whitening treatment was carried out in an Infrared-heating dyeing machine (HB-HW × 24, Ronggui Huibao
dyeing and finishing machinery factory, Foshan, China), according to the whitening process shown in Fig. 2. The temperature of the
whitening treatment was increased to the target temperature (90–130 ◦C) from 30 ◦C with a 1

◦

C/min heating rate and maintained at
the target temperature for a required period. Next, the whitening temperature was dramatically decreased to 30 ◦C with a 5

◦

C/min
rate. The whitened PET fabric was squeezed and washed in a pure ethanol solvent at 30 ◦C for 2 min in the dyeing machine to remove
the adsorption of D5 medium, followed by a soaping process in a solution containing 2 g/L of non-ionic detergent with an LR of 50:1 at
95 ◦C for 15 min in the dyeing machine as well. Finally, the soaped fabric was dried at 90 ◦C in an oven.

2.3. Characterisation

The original PET and the whitened PET were chosen for characterisation. The whitened PET was processed in a medium composed
of a water-D5 mixture (at a ratio of 1:99) with an OB-1 weight concentration of 0.0125 % o.w.f and whitened at 130 ◦C for 60 min, after
which the fabric was thoroughly washed with ethanol and soaped to complete the treatment protocol. The whiteness of PET fabric was
detected at random 10 positions using a spectrophotometer (Hangzhou Chnspec Technology Co., Ltd.) with the built-in software of WI
(CIE) method at 10◦ field of view and a D65 light source. A mean of 10 records was used to characterise the performance of whiteness.
In transmission mode, the PET fabric cut into powder form with scissors was prepared with KBr for FTIR analysis with an FT-IR
spectrometer (FTIR, Nicolet iS5, Thermo Fisher Scientific, USA). Also, the powder form of PET fibre was applied to thermogravi-
metric analysis (TGA) using TGA/DSC1 thermogravimetric analyser (Mettler-Toledo, LLC, Shanghai, China) in a temperature range of
50–800 ◦C at a heating rate of 10

◦

C/min under nitrogen atmosphere. The powder form of PET fibre was analysed by a Rigaku Ultima III
X-ray diffractometer with CuKα radiation (λ = 1.54056 Å) (Tokyo, Japan). The XRD data was collected in a range of 5–80◦ of 2θ with
0.02◦ step size. The morphology of PET fabric coated with gold was observed at 10 kV accelerated voltage with a Philips SEM 515 field-
emission scanning electron microscope (Germany). The fastness to washing and crocking (dry and wet) of whitened PET fabric were
treated as per the ISO 105-C06: 2010 (Test number: C2S) and ISO 105-X12:2001 standard methods, respectively. The fastness to
crocking was observed in a Colour Assessment Cabinet (CAC-5000, Foshan Huibao Dyeing and Finishing Machinery Factory, China).

3. Results and discussion

3.1. Influence of water: D5 ratio on the whiteness of PET fabric

The PET fabric was whitened in a medium composed of a water-D5 mixture (at varied ratios from 0:100 to 10:90) with 0.0125 % o.
w.f of OB-1 weight at 130 ◦C for 60 min of the whitening period, followed by the ethanol washing and soaping, and the whiteness
values of whitened PET fabrics are shown in Fig. 3a. Interestingly, the whiteness jumped to 123.99 from 95.30 (pure D5 medium) when
1 % of water was added to the D5 medium (1:99). Subsequently, increasing water content in the D5 medium from the ratio of 2:98 to
10:90, the whiteness levelly maintained. This indicates that the small addition of water has a significant role in whitening the PET
fabric using OB-1. Generally, OB-1 can be treated as a disperse dye due to its insolubility in water [30], but it has a better solubility in

Fig. 2. Whitening process of PET fabric with OB-1.
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D5. Thus, the whitening performance of PET fabric was achieved in pure D5 (0:100) with 95.30 of whiteness because of the solubility
of OB-1 in D5 and the accessibility of D5 into the interior of PET fibre [11]. In contrast, it is impossible to whiten PET fibre with raw
OB-1 powder in water [9]. Besides, the addition of water into D5 possibly decreased the solubility of OB-1, resulting in an increase of
OB-1 molecules diffusion into the PET fibre [13]. Meanwhile, the addition of water contributed to the swelling of PET fibre [13], and it
was accompanied by the generation of larger free volumes in the PET fibre, which was beneficial for the OB-1 uptake [31].

3.2. Influence of whitening temperature on the whiteness of PET fabric

The PET fabric was whitened in a mixture of water and D5 media (1:99) with 0.0125 % o.w.f of OB-1 weight at various whitening
temperatures from 90 to 130 ◦C for 60 min of whitening period, followed by the ethanol washing and soaping, and the whiteness values
of whitened PET fabrics are shown in Fig. 3b. The whiteness of the control PET fabric is 78.1, and it increased after the whitening
treatment, showing an increased tendency with the promotion of whitening temperature. Especially, when whitening at 100 ◦C or
higher, the whiteness linearly increased, and achieved 123.99 whiteness at 130 ◦C.

The PET fibre was swelled and softened well at high temperatures [32] in a D5 medium, which produced more accessibility of the
free volume in the noncrystalline regions [33]. Meanwhile, a small amount of raw OB-1 agent was dissolved in the D5 medium with a
single particle form, which was adsorbed on the surface of PET fibre, migrated in the interior of PET fibre, and absorbed in the fibre.
Whitening at 90 ◦C, the PET fibre did not swell well, causing a low whiteness of 80.44 because of a slight difficulty on diffusion of OB-1
into the interior of fibre. Thus, the whitening temperature was sensitive on the whitening performance.

It should be pointed out that the whiteness of whitened PET fabric at 140 ◦C or higher could be promoted according to the increased
tendency. However, on a laboratory and industrial scale, the dyeing machine was designed for 130 ◦C as the maximum application
temperature. Thus, a whitening temperature higher than 130 ◦C was not considered in the present work, and the whitening

Fig. 3. Influence of (a) water:D5 ratio, (b) whitening temperature, (c) whitening time, and (d) OB-1 weight on whiteness of PET fabric whitened by
OB-1.
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temperature at 130 ◦C was fixed for other factors’ investigations.

3.3. Influence of whitening time on the whiteness of PET fabric

The PET fabric was whitened in a mixture of water and D5 media (1:99) with 0.0125 % o.w.f of OB-1 weight at 130 ◦C for 0–70 min
of whitening period, followed by the ethanol washing and soaping, and the whiteness values of whitened PET fabrics are shown in
Fig. 3c. The whiteness of PET fabric gradually increased with the extension of whitening time and arrived at equilibrium after 40 min
whitening, with whiteness of 111.77 increased to 123.82 for the whitening time from 0 min to 40 min. Next, the whiteness was
stabilised in the whitening period from 40 to 60 min but slightly decreased to 120.63 for 70 min of the whitening period. This indicates
that the adsorption equilibrium arrived at 40 min in the whitening period. Compared with the disperse dyeing of PET fabric in a D5
medium, this adsorption process is faster to be at equilibrium due to its low weight of OB-1 usage [34]. The decrease of whiteness for
70 min of the whitening period was possibly caused by the aggregation of OB-1 molecules on the surface of PET fibre because of
excessive adsorption, which probably resulted in a quenching of fluorescence [35].

3.4. Influence of OB-1 weight on the whiteness of PET fabric

The PET fabric was whitened in a mixture of water and D5 media (1:99) with OB-1 weight varied from 0.0025 to 0.0375 % o.w.f at
130 ◦C for 60 min of the whitening period, followed by the ethanol washing and soaping, and the whiteness values of whitened PET
fabrics are shown in Fig. 3d. The whiteness of PET increased from 107.58 with 0.0025 % o.w.f to a maximum value of 123.99 with
0.0125 % o.w.f and gradually decreased to 118.37 with 0.0375 % o.w.f. The excessive OB-1 molecules in the substance easily
generated a high interaction between the molecules and formed a multilayer, causing a fluorescent extinction or self-quenching [36], i.
e., reduction of whitening performance. Therefore, it concludes that the OB-1 weight usage should be no more than 0.0325 % o.w.f for
whitening the PET.

3.5. Taguchi analysis

An orthogonal experimental scheme using an L16 (4^4) array was carried out to obtain the experimental data for Taguchi analysis to
elucidate the influence order of the factors on the whitening performance and their interactions. The L16 (4^4) array of the orthogonal
experimental scheme and their whiteness and S/N ratio values are presented in Table 1, and the signals of A, B, C, and D stand for
whitening temperature (oC), OB-1 weight (%, o.w.f), water:D5 ratio, and whitening time (min), respectively. The S/N was evaluated
employing the "larger is better" criterion [37], yielding an optimal whiteness level of 123.7. In comparison, a prior study [9] examined
the use of OB-1 nanoparticles for whitening PET fabric, achieving a maximum whiteness of only 94.1. This previous work involved a
preparation process for OB-1 nanoparticles that incorporated a significant amount of dispersant through a milling process. Conse-
quently, the current whitening technology demonstrates enhanced cleaner and a marked improvement in whitening efficacy.

The ANOVA (analysis of variance) of the orthogonal array experimental data is listed in Table 2. The p-values of whitening
temperature (A) and water: D5 ratio (C) are lower than 0.05, hinting that both factors in the experimental conditions are significant
[33]. i.e., both factors substantially influenced the whitening performance. Furthermore, the P values (contribution percentage) claim
that the whitening temperature factor (74.2 %) primarily influenced the whitening performance and the water: D5 factor (24.5 %) was
the second one. Both factors of whitening time (D) and OB-1 weight (B) had an ignorable influence on the whiteness change of the PET
fabric during whitening treatment.

The interactions of these investigated factors (in the whitening conditions) during the whitening treatment of PET fabric are shown
in Fig. 4. The interaction between the A and the C was not obvious, based on the evaluation of parallel curves [38] in the related

Table 1
L16 (4^4) orthogonal array-based experimental data with their S/N ratios.

Experiment A B C D Whiteness S/N ratio (dB)

1 100 0.0125 0:100 40 78.94 37.8663
2 100 0.0175 1:99 50 89.32 39.0110
3 100 0.0225 2:98 60 89.84 39.0883
4 100 0.0275 3:97 70 89.38 39.0935
5 110 0.0125 1:99 60 103.07 40.3313
6 110 0.0175 0:100 70 84.73 38.5797
7 110 0.0225 3:97 40 103.37 40.2800
8 110 0.0275 2:98 50 102.36 40.1229
9 120 0.0125 2:98 70 114.10 41.1370
10 120 0.0175 3:97 60 118.41 41.3881
11 120 0.0225 0:100 50 97.01 39.8050
12 120 0.0275 1:99 40 119.28 41.5503
13 130 0.0125 3:97 50 123.72 41.8888
14 130 0.0175 2:98 40 123.15 41.8773
15 130 0.0225 1:99 70 123.16 41.7297
16 130 0.0275 0:100 60 108.23 40.6790

Y. Cai et al.
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figures. Their substantial contributions to whitening performance may cause this. In other words, a small change in each factor
distinguished the whiteness, which distinction was extensive and resulted in an unobservable interaction. The interactions between B
and C, B and D, and C and D were intense, based on observing disordered cross curves. Although some interactions occurred in relation
to A, the cross curves are not tangled. Thus, it concludes that the factor of whitening temperature (A) had a substantial contribution
(74.2 %) for the whitening performance tends to have low interaction with the other factors.

3.6. FT-IR

In the FT-IR spectrum of PET in Fig. 5, a distinct absorption band associated with the ester linkage was observed at 1700 cm− 1

(stretching vibration of C=O), while absorption bands at 1087 cm− 1 and 1238 cm− 1 corresponded to the stretching vibration of the C-
O-C bond. The presence of free –OH groups in polymer chains was indicated by a weak broad absorption band at 3437 cm− 1 [39]. The
absorption band observed at 1504 cm− 1 was attributed to the symmetric structure of the benzene ring [40]. The FT-IR spectrum of
OB-1 exhibited prominent absorption bands at 1504 cm− 1 and 1452 cm− 1, originating from the bending vibrations of the C=C bonds

Table 2
ANOVA for S/N ratios of whitenessa.

Source DF SS MS F p-value Remarks P (%)

A 3 2428.48 809.494 641.06 0.000 Significant 74.2
B 3 11.13 3.71 2.94 0.200 Insignificant 0.3
C 3 803.5 267.834 212.11 0.001 Significant 24.5
D 3 27.79 9.264 7.34 0.068 Insignificant 0.8
Residual Error 3 3.79 1.263
Total 15 3274.69

a DF: degree of freedom, SS: sum of square, MS: Mean square, F: Fisher’s test, p-value: statistical significance; P (%): percentage of contribution.

Fig. 4. Full interaction plot for S/N ratios in whiteness.
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Fig. 5. FT-IR spectra of PET, OB-1, and whitened PET.

Fig. 6. Longitudinal topography images (2000 × ) of (a) PET and (b) whitened PET, and (3000 × ) of (c) PET and (d) whitened PET.

Y. Cai et al.
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within the phenyl ring. Furthermore, an absorption band at 843 cm− 1 was assigned to the vibration of C-H bonds in the phenyl ring. A
previous report [41] mentioned a bending vibration bond of -C=N at the 1420 cm− 1 absorption band and stretching vibration bonds of
-C-O at the 1242 cm− 1 and 1055 cm− 1 absorption bands. The FT-IR spectrum of whitened PET exhibited similar characteristics to that
of PET, indicating the inability to distinguish the low concentration of OB-1 within the PET matrix.

3.7. SEM

The longitudinal surface topographies of PET and whitened PET with 2000 magnification times are shown in Fig. 6. The round and
smooth PET fibre with few particles stained on the surface was observed in Fig. 6a. However, after whitening treatment, more particles
were stained on the surface, which was possibly caused by the aggregation of OB-1 molecules. Meanwhile, the surface of the whitened
PET fibre did not exhibit any erosion, which means that the mixture medium of water and D5 did not damage the PET fibre [42].

3.8. XRD

The XRD curves and deconvolution peaks of PET and whitened PET fibres were analysed using Fityk software (version 1.3.1), as
shown in Fig. 7. The diffraction peaks and shapes of both fibres were found to be similar. The main crystallinity peaks of both samples
were around 17◦, 23◦, and 26◦ of 2θ values. The crystallinity indices (CIs) of PET and whitened PET, as identified by the deconvolution
peaks in their separated curves, were 29.2 % and 29.0 %, respectively, which CIs are consistent with previous studies [43]. Therefore,
it can be concluded that the differences in the CIs between the two fibres are negligible, suggesting that the whitening process did not
significantly affect the structure of the PET fibres, which is consistent with the report in the literature [42].

3.9. TGA

The thermal stability of both PET and whitened PET fibres is depicted in Fig. 8. The SEM and XRD analyses indicated that the
whitening process did not cause any damage to the PET fibre, and the FT-IR analysis showed no generation of distinct chemical groups.
This suggests that the primary matrix of PET remained unchanged, resulting in similar thermal behaviour before and after treatment.
Consequently, the TGA curves of both fibres exhibit significant overlap. The initial peaks in the DTG curves can be attributed to the
evaporation of negligible moisture in both fibres. Subsequently, a major decomposition process occurred between 355 and 484 ◦C with
a maximum decomposition temperature of 426 ◦C, leading to a weight loss of approximately 80 % of the sample weight for both fibres.
At 800 ◦C, the residual chars decreased gradually to 16.6 % and 17.7 % for PET and whitened PET, respectively. The analysis revealed a
significant proportion of volatile matter, approximately 83 %, present in both PET fibres, which can be attributed to their high organic
content [44].

3.10. Fastnesses to washing and crocking

The whitening performance fastnesses of whitened PET to washing and crocking were shown in Figs. 9 and 10, respectively. It was
hard to evaluate the fading scale of whitened PET and staining scales on the multi-fibres’ fabric (cotton, polyamide, polyester, acrylic,
and wool fibres) using the normal observation method in D65 light. Thus, the whiteness values of the whitened PET and the multi-
fibres fabric were measured to express the fastness to washing. Obviously, the fastness to washing was strong due to the whiteness
values before and after the test was closed, i.e., the whiteness changes of fading and staining rates were ignorable.

In the aspect of fastness to crocking, the whitened PET and the tested cotton fabric (dry and wet crockings) after the test were
observed in UV light, D65 light, and a combination of UV and D65 lights. The staining of the fluorescent phenomenon on the tested
cotton fabrics with dry and wet conditions was unobservable in D65 light. While somewhat fluorescent staining was observed on the
tested cotton fabrics in UV light, it changed to pale in combination with UV and D65 light. These observations suggested that the
whitened PET has a high fastness for crocking.

3.11. Tensile strength

The tensile strength of PET fabric and whitened PET fabric is shown in Fig. 11. Obviously, after the whitening treatment, the
breaking forces of both fabrics are close, around 400 N. Meanwhile, the elongation distinction of both fabrics is negligible. The results
state that the tensile strength of the PET fabric was not damaged during the whitening treatment, which supports the results of the XRD
analysis of both fabrics.

Y. Cai et al.
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Fig. 7. XRD curves of the PET and whitened PET.

Fig. 8. TGA and DTG analyses of the PET and whitened PET.

Fig. 9. Whiteness of whitened PET and the multi-fibres’ fabric before and after the test of fastness to washing.
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4. Conclusions

The research introduced a novel technique for eco-friendly whitening of polyester fabric using OB-1 in a mixture of water and D5
medium, focusing on addressing environmental concerns in the textile sector. The PET fabric was exposed to a solution of water and D5
media (1:99) with an OB-1 weight concentration of 0.0125 % o.w.f at 130 ◦C for 60 min, resulting in the greatest whiteness level of
123.99. The application of the Taguchi methodology subsequently enabled the significant influence of temperature and water: D5 ratio
on the whitening process parameters on the whiteness of polyester fabric (P < 0.05), with contribution percentages of 74.2 % and 25.2
%. Moreover, adding water to D5 may have reduced the solubility of OB-1, causing more OB-1 molecules to diffuse into the PET fibre.
This process also led to the creation of bigger free spaces inside the PET fibre, which facilitated the absorption of OB-1. The analytical
analysis shows PET’s morphological structure was unchanged after using OB-1 whitening in water and D5 medium. The color fastness
to washing and crocking qualities showed promising results, indicating a potential route for developing a sustainable textile whitening
process using a combination of water and D5.
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