
ABSTRACT 

LI, MIN. An Environmentally Benign Approach to Cotton Preparation: One Bath Enzymatic 
Desizing, Scouring and Activated Bleaching. (Under the direction of Dr. David Hinks and 
Dr. Ahmed El-Shafei). 
 

Current textile wet processing of woven cotton fabrics typically involves at least three stages: 

desizing, scouring and bleaching. The above sequences are often done separately, which 

involve high resource consumption and fiber damage, especially for conventional rapid hot 

bleaching and scouring. In this thesis, a novel process for desizing, bleaching and scouring 

using one bath is described in which an innovative bleach activator, N-[4-

(triethylammoniomethyl)benzoyl]-butyrolactam chloride (TBBC) is employed to enable 

effective scouring and bleaching at reduced time and temperature compared to conventional 

cotton preparation. TBBC reacts with H2O2 to generate a peracid that is a more kinetically 

active oxidant than the perhydroxy anion that is the active oxidizer in conventional alkaline 

hydrogen peroxide bleaching. TBBC-activated bleaching is capable of bleaching at 50 °C at 

near neutral pH. Data show that effective preparation in terms of desizing, scouring, 

whiteness and fabric strength was achieved in a one-bath two-step process. While absorbency 

of the prepared fabric using the TBBC-based process was inferior to when conventional 

desizing, scouring and bleaching was employed, the energy, time and water consumption 

required were substantially reduced. 

 

Despite inferior wetting properties, the dyeing performance of the fabrics prepared using the 

novel process was satisfactory.  TBBC-based prepared fabric was compared to conventional 

processes in both dyeing using single dyes as well as trichromatic dyeing. The results 

demonstrated that the fabric prepared using the TBBC-activated process can provide a base 



white which enables the fabric to dye to a similar shade as its conventionally prepared 

counterpart, although some adjustment may be required for the base white when predicting 

recipes in recipe formulation models.  

 

The TBBC-activated desize/scour/bleach process was optimized in the laboratory using a 

central composite design, by which a quadratic model was constructed and was found valid 

for prediction and optimization. Three factors, namely temperature, treatment time and the 

concentration of TBBC were investigated as predictors with CIE Whiteness Index chosen as 

the model response. ANOVA analysis revealed that temperature is the most important 

predictor, followed by the TBBC concentration and treatment time.  An optimized formula 

was predicted and validated to produce the maximum whiteness for the constraints applied to 

the statistical design. 

 

Finally, since scouring and bleaching must remove the seed coat fragments from greige 

cotton, a novel counting method based on image analysis was investigated. The cotton fabric 

containing motes on the fabric was scanned to an image using a high resolution scanner.  The 

image was then analyzed using Adobe Photoshop. The minimal lightness and radius of the 

motes were read in Adobe Photoshop and were used in a counting program run that was 

developed in MATLAB. It was shown that the system is capable of count motes 

automatically and relatively accurately within several seconds. This counting technology was 

then applied to measure four fabrics containing varied amounts of motes, and the results were 

compared with that of visual assessment.  The results given by two methods were similar. 
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1 INTRODUCTION 

 

1.1 Thesis Outline 

This thesis consists of nine chapters. Chapter 1 describes the general format and the main 

research objectives of this thesis. Chapter 2 provides a literature review of conventional 

methods of cotton preparation and review of research on activated bleaching systems by 

reaction with H2O2. Chapters 3-6 describe four main areas of research: Chapter 3 is focused 

on a novel method of desizing, scouring and bleaching using enzyme systems and a bleach 

activator process in one bath to produce well-prepared white cotton fabrics. The dyeing 

performance of cotton fabrics prepared by this process was evaluated in Chapter 4. Chapter 5 

presents an optimization of each stage of the novel preparation process using a central 

composite design model with statistic software. Chapter Six summarizes research on an 

objective, rapid and facile mote counting method based on image analysis. Chapter 7 gives a 

summary of conclusions and Chapter 8 presents recommended future work. Chapter 9 is a 

list of references cited throughout the thesis. 

 

1.2 Research Objective 

The main objectives of this research are to: 

(1) Develop a novel method of desizing, scouring and bleaching of cotton using enzyme 

systems and a bleach-activator process in one bath, to produce well prepared white cotton 
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fabrics with minimal fiber damage and substantial reduction in energy, time and water 

consumption.  

(2) Optimize a TBBC-Activated bleach process via development of a statistic central 

composite design model to investigate and optimize temperature, treatment time, and 

TBBC concentration with CIE Whiteness Index as the output. 

(3) Investigate development of an objective, rapid, and facile mote counting method based on 

image analysis, by which the motes on cotton fabric can be counted automatically using 

software.  
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2 LITERATURE REVIEW 

 

2.1 Importance of Cotton 

Cotton cellulose is an old but important fiber, which accounted for approximately 34% of all 

fiber production in 2010 [1]. Also, its production has been growing rapid over the past three 

years. Last year, it increased to 58.9 billion of pounds, a 13.6% increase of the previous year 

[2]. Like all natural fibers, cotton must undergoes a series of preparation stages prior to 

dyeing, because impurities such as size agents (in woven fabrics), hydrophobic impurities 

and colored impurities, may substantially reduce the quality of the final dyed fabric. Hence, 

these impurities should be removed to provide a white and uniform appearance, which in turn 

will help provide right-first-time dyeing properties.  

 

2.1.1 Cotton Fiber Structures 

Cotton fiber has a structure of concentric layers, which can be broadly classified as the 

cuticle, primary wall and the secondary wall [3]. Outer boundary layer of the cotton is called 

cuticle, containing wax and pectin materials, is responsible for low water absorbency of 

untreated cotton. Below the cuticle are the primary wall and the secondary wall, which 

consist primarily of a network of cellulose fibrils, forming long, crystalline structures of 

cellulose polymer. The lumen is the channel in the center of the fiber, which is often partially 
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or completely filled with a nitrogenous deposit or other non-cellulosic materials. Fig 2-1 

shows a schematic diagram of the major components of cotton fiber [3, 4]. 

 

 

 

Fig 2-1  Structure of Cotton  

 

 

2.1.2 Chemical Composition of Cotton 

Cotton fabrics consists of a majority of cellulose as well as small quantities of non-cellulose 

materials, such as proteins, oily products, pectin, coloring matter, some mineral salts. There 

are also impurities like dust, neps and seed coat fragments present in cotton fabrics. Non-

cellulose materials exist in cotton fibers and impurities are removed by pretreatment of 

cotton fabrics to provide a white and uniform base for dyeing and finishing.  

 

The composition of cotton fiber is listed in Table 2-1 [4]. 

 

 

 

Cuticle 

Lumen 

Primary wall 

Secondary wall 



 

5 

Table 2-1 Selected Values for the Composition of Typical, Mature Cotton fiber  

Components % Composition of Whole Fiber 
Cellulose 88-96 
Protein 1.1-1.9 
Pectin 0.7-1.2 
Waxes 0.4-1.0 

Ash 0.7-1.0 
 

2.1.3 Impurities in Cotton Fabrics 

The impurities present in cotton fabrics consists of neps, seed coat fragments and non-seed 

impurities. Microscopic analysis of the untreated cotton demonstrated that neps were the 

major source of impurities, followed by seed-coat fragments and non-seed impurities. These 

impurities are normally caused during the mechanical processing procedures, and most or all 

of the impurities on the substrates should be removed during cotton preparation, thereby 

enabling effective dyeing and finishing in subsequent stages [5, 6]. 

 

2.2 Cotton Preparation 

Conventional wet processing technology is commonly performed in three stages: 

Preparation, Dyeing and Finishing. Preparation is a critical phase for wet processing of 

fibers, yarns, fabrics or garments. Table 2-2 shows the primary stages of preparation for 

cotton.  
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Table 2-2 Summary of Steps in the Preparation of Cotton 

Process Description 
Singeing Surface fibers are burned off fabrics to 

improve appearance 
Size Application Warp yarns are treated with size agents to 

protect them during weaving 
Desizing Remove the size agents coating around 

the surface of cotton woven fabric which 
was intended to increase strength of fiber 
to prevent abrasion during waving 

Scouring Waxes and pectin are emulsified and 
broken down to improve absorbency; 
removal of seed coat fragment [7, 8] 

Bleaching Fabrics are oxidized to improve 
whiteness uniformity of appearance 

 

 

2.3 Conventional Bleaching 

Bleaching process is designed to remove colored impurities presented in natural fabrics such 

as cotton, ramie and wool. It can also improve water absorption properties of fabrics and 

uniformity of appearance, so as to favor high quality, level dyeing. Two mechanisms of 

bleaching mechanisms are possible: one is that the color impurities are dissolved and 

removed in solution; the other one is to destroy the conjugated structures of color matters via 

either oxidation or reduction. Reductive bleaching is normally performed using reducing 

agents such as sodium dithionite (also known as sodium hydrosulfite, and sodium 

sulfoxylate). Oxidative bleaching may performed using oxidants such as hydrogen peroxide 

(H2O2) and sodium hypochlorite (NaOCl) [9]. 
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2.3.1 Chlorine-Based Bleaching 

The most commonly encountered form of chlorine-based bleach agent is sodium 

hypochlorite (NaOCl). The mechanism of chlorine bleaching is shown in Equations (1) and 

(2) [9]. 

 

                         NaOCl + H2O                     Na+ + -OCl                                                    (1) 

                           -OCl+ H2O                    HOCl + -OH                                                  (2) 

 

The main bleach species for bleaching in the reaction is hypochlorous acid, which enables 

hypochlorite oxidation to proceed under a low reaction temperature (about 40°C). Chlorine 

bleaching agents have been widely used for low cost bleaching such as in the bleaching of 

socks and paper. However, the use of chlorine has been reduced due to the environmental 

impact from the release of chlorine in decomposition of hypochlorous acid. The residue 

chlorine after bleaching may also cause defects during dyeing procedures. Moreover, 

hypochlorite cannot be used in bleaching of during the bleach wool or other fabrics such as 

polyamides, acrylics or polyurethanes, because yellow chloramines will be formed in these 

fabrics [9]. These problems significantly limited the application of chlorine-based bleaching, 

and peroxide-based bleaching is the most popular bleaching methods in different industries 

[10]. 
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2.3.2 Peroxide Based Bleaching 

Peroxide based bleaching is the most common conventional bleaching process for textiles, 

and the primary oxidant of the process is perhydroxyl anions. The perhydroxyl anions can be 

obtained in a numbers of ways: H2O2, sodium perborate and even enzymes can be activated 

to generate perhydroxyl anions under specific conditions [9-11]. H2O2 in diluted form (e.g. 

35% w/w) is the most commonly encountered bleach agent in both textile and other 

industries due to its cost-effectiveness, relatively benign environmental impact and easy 

application from solution [11]. 

 

As a weak acid, H2O2 dissociates slowly under low temperature and at lower pH conditions 

[11, 12]. Work done by Brooks et al. revealed that bleaching cotton is a first order reaction, 

and decomposition of H2O2 is a secondary reaction [13]. The mechanism of bleaching is 

described in Equations (3) and (4).          

                          

                    -OH + H2O2                   HO2
- + H2O                                                    (3) 

                     C + HO-
2                                 Bleached Materials                                        (4) 

 

Conventional rapid bleaching is undertaken at a relative high pH (pH = 10-12) and at 

elevated temperatures, typically 95°C, to generate perhydroxyl anions to favor bleaching. 

These conditions require a high level of energy and lead to a reduction of fiber strength by 

approximately 10% [8]. Furthermore, alkaline effluent requires neutralization at the end of 



 

9 

process, which generates substantial levels of electrolytes that require appropriate treatments 

prior to being released into receiving waters.  

 

Hence, the conventional bleaching is significantly costly in terms of energy and fabric 

performances. To solve these problems, cold pad-batch bleaching processes were introduced 

by saturating fabrics with a bleaching solution and storing the saturated fabric for up to 24 

hours at room temperature[14]. The cold pad-batch bleaching process has advantage that it 

causes less fiber damage using reduced energy, but it requires considerable storage space and 

the resultant whiteness profile is sometimes unacceptable.  

 

Conventional cotton preparation are often achieved under high alkali conditions (pH = 

10~12) at comparatively high temperature (near boiling point of water), which consumes 

tremendous amount of energy, water and other resources. Also, it may cause alkali effluent 

which should be neutralized before entering into environments. Over past decades, attempts 

have been made to discover alternatives to chemical auxiliaries in textile processing,  and 

among them enzymes have been used effectively [15]. 

 

2.4 Enzymatic Treatments in Textile Processing 

Extracted from bio-organisms, enzymes are bio-catalysts that mediate virtually all of the 

biochemical reactions in living systems [3, 15, 16]. Some enzymes have been widely 

accepted in cotton preparation. For instance, amylases have been successfully 

commercialized and preferred for cotton desizing due to their high efficiency and specificity, 
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completely removing the size without any harmful effects on fabrics. Several types of 

enzymes, including pectinases, cellulases, proteases and lipases/cutinases, alone or combined 

have been studied for cotton bio-scouring [16-20]. In addition, enzymes for bleaching such as 

laccases, have also been developed [21]. 

 

2.4.1 Properties of Enzymes 

The basic principle behind enzymatic catalysis is that enzymes accelerate the kinetics of bio-

reactions by forming favorable enzyme substrate complexes, which can lower the activation 

energy of reactions [3]. They cause highly specific transformations and remain unchanged 

during the course of the reactions. After the reaction, the enzymes are released back to the 

bulk solution and can be used in another reaction. Therefore, the enzymes are very high 

efficient and bio-degradable materials that causing minimal environmental impacts. The 

following equation illustrates the reactions between enzyme and substrate, as shown in Fig 2-

2 [22]. 

 

Enzymes + Substrate Enzyme-substrate Complex Enzymes+ Product 

Fig 2-2  Mechanism of Enzyme Action  

 

Furthermore, most enzymes have a high degree of specificity and will catalyze a reaction with 

only one or a few substrates [22]. For instance, the most common enzymes such as alpha amylase 

can only be used to hydrolyze starch, and the pectinase can only react with pectin. In this respect, 



 

11 

the bright side is that the enzymes can only react with specific impurities on fabric rather than 

causing any harmful effect on fabrics [15], the bad side is that the specificity also limits their 

applications in removing a wide range of impurities, if the contents are unknown.  

 
In addition, enzymes require mild operation conditions. As bio-catalysts, the structures and 

conformations of polypeptides of enzymes are susceptible to external factors such as pH, heat 

and chemicals [23]. Most enzymes require specific temperature and pH conditions to obtain their 

highest efficiency, because beyond certain range of temperature or pH the polypeptide chains of 

enzymes will be destroyed and the enzymes will be denatured permanently [3, 22]. Hence, 

the operation conditions of enzymatic treatment should be moderate, avoiding high 

temperature, extreme pH or heavy metal ions.  

 

In textile processing, other factors such as surfactants and mechanical agitation may also 

affect enzymes activity. Surfactants used in wet processing to reduce the surface tension of 

cotton, assisting enzymes or other chemicals to penetrate into cotton fibers. However, it was 

showed that anionic surfactants may form complexes with proteins, leading to disruption of 

enzyme structures. Later work indicates some cationic detergents may also affect enzyme 

activities. It was proposed that the enzymatic reaction can be enhanced by nonionic 

surfactants, which hinder immobilization of enzymes on the surface of cotton [23]. 
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2.4.2 Enzymatic Bleaching 

The invention of enzymes has provided impetus for advancing eco-friendly textile processing 

that has minimal environmental impact by taking all the chemical auxiliaries by enzymes [7]. 

Previous researches on enzymatic bleaching focused mostly on laccases and glucose oxidases 

[21, 24]. Laccases are often applied before conventional hot peroxide bleaching, which 

would enhance the subsequent peroxide bleaching, reducing the H2O2 dosage. Glucose 

oxidases, on the other hand, can convert glucose, a product of enzymatic desizing, to H2O2 

and gluconic acid [25]. In this respect, the glucose oxidases are suitable for one-bath 

enzymatic desizing and bleaching, because the product of enzymatic desizing can be rightly 

used to generate H2O2 for enzymatic bleaching [24-27]. However, the bleach efficiency of 

enzymes should be further improved for a larger scale commercial use. Hence, peroxide hot 

bleaching is still the most widely acceptable bleaching choice in industrial processing.  

 

As is discussed above, enzymatic processing is currently the most widely acceptable 

alternative for chemicals used in textile processing. Satisfactory desizing and scouring 

performances have been successfully achieved by using enzymes. However, enzymatic 

bleaching is not very effective if enzymes are used alone. Moreover, enzymatic treatments 

have draw backs that they lack a broad application in removing a wide range of organic 

impurities. 
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2.5 Bleach Activators  

Another eco-friendly alternative to conventional peroxide hot bleaching is so called activated 

bleaching systems, which utilize the bleach activators under mild conditions to produce high 

quality bleached cotton fabrics with relatively low environmental impact [14, 28, 29]. Bleach 

activators are compounds with O- or N-bounded acetyl groups which are able to react with 

H2O2 by generating a more kinetically active peracid (Fig 2-3), which owns a much higher 

oxidation potential than perhydroxyl anions, allowing bleaching to be conducted under 

reduced temperature in shortened treatment time [14, 30]. 

 

C
R L

O

C
R OOH

O
+ H2O2 + HL

 

Fig 2-3  Formation of Peracid (L = leaving group) 

 

Early studies originally focused on incorporation of bleach activators into domestic and 

industrial laundry detergents in the presence of sodium perborate (1) [31, 32]. The peracid 

generated by activated bleach system owns much higher oxidation potential to lower the 

bleach temperature from 80 ˚C to 40~60 ˚C in the sodium perborate laundry bleach system 

[14]. Currently, the two important bleach activators that are incorporated in laundry and 

automotive detergent formulas are tetraacetylethylenediamine (TAED; 2) and 

nonanoylbenzene sulfonate (NOBS). TAED is widely applied in Europe, Asia, and South 

America, and NOBS is used mainly in the US, Japan and other countries. Their work 

mechanisms are described in the following sections [33] 
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2.5.1 Tetraacetylethylenediamine (TAED) 

As is shown in Fig 2-4, in aqueous solutions one mole of TAED reacts with two moles of 

perhydroxyl ions to form two moles of peroxyacetic acid and one mole of diacetyl ethylene 

diamine (DEAD) in a rapid reaction. The peroxyacetic acid has been recognized as the real 

bleaching agent in this system, delivering bleaching performance under comparatively low 
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temperature than conventional bleaching. The peroxyacetic acid has much higher oxidation 

potential than H2O2, which reacts with color impurities as soon as it is generated [33, 34]. 

 

 

H2C
H2C

NCOCH3
NCOCH3

COCH3

COCH3

+ 2HOO- 2CH3COOO- H2C
H2C

NHCOCH3
NHCOCH3

+

TAED Peracid acid  

Fig 2-4  Reaction of TAED with H2O2 to Product Peracid 

 

In the laundry bleaching, TAED provides acceptable bleach performance in the presence of 

sodium perborate. However, it fails to provide commercially acceptable whiteness when it 

was applied in textile industrial bleaching processes, because TAED has a poor water 

solubility which largely limits its application in rapid bleaching [34, 35]. 

 

2.5.2 Nonanoyl Sulphonic acid (NOBS) 

In NOBS activated bleaching systems, the real bleach agent namely pernonanoic acid is 

produced through the reaction of H2O2 and NOBS in a similar manner to the percarboxylic 

acid generation for TAED, as shown in Fig 2-5. Especially, an undesirable byproduct from 

NOBS perhydrolysis reaction will produced, namely diacyl peroxide (DAP), it is produced in 

a competing reaction of the already formed pernonanoic anion with an excess of the 

nonanoyloxybenzene sulphonate, as is shown in Fig 2-6. Regulation of these reactions can be 
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achieved by controlling the peroborate/NOBS ratio and the pH of the bleach solution. To 

achieve higher amount of Pernonanoic acid, high perborate ratio and high solution pH values 

are preferable [35]. 

 

C8H17 C O
O

SO3Na HOO-+ C8H17 C OOH
O

+ -O SO3Na

NOBS Pernonanoic acid  

Fig 2-5  Reaction of NOBS with H2O2 to Product Peracid 

 

 

 

C8H17 C O
O

SO3Na + C8H17 C OO
O

NOBS DAP

C8H17 C OO-
O

C
O

C8H17

 

Fig 2-6  NOBS Side Reaction to Generate DAP 

 

In textile bleaching process, the NOBS system was studied in cold pad batch bleaching 

process, which revealed that the resultant whiteness of cotton from NOBS-based bleach 

system can be improved by about 11% than conventional H2O2 bleaching. In hot processing, 

fabric strength out of NOBS system at temperature of 70 ºC was improved by about 60% 

than conventional peroxide bleaching under same conditions. Therefore, the NOBS system 

provided better bleach performance than both TAED and H2O2 in textile bleaching under the 
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same conditions. However, this advantage is not obvious if the economic factors are 

considered. More bleach activators should be explored to achieve high quality bleached 

textiles for large scale industrial processing.  

 

Recent years, another type of bleach activators namely cationic bleach activators was 

developed, which have shown superiority in bleaching cellulose fibers over the above two 

bleach activators under neutral or near neutral conditions at comparatively low temperature 

[28, 36]. 

 

2.5.3 Cationic Bleach Activators (CBAs) 

CBAs were originally applied in the formulation of laundry and automatic dishwashing 

detergents, which were conceived and designed by the Procter and Gamble Company in mid 

90s. However, it was proposed that the CBAs exhibited high oxidation properties that were 

not appropriate for laundry and automatic dishwashing detergent applications. Later 

researches on CBA mainly focused on textile bleaching [36-38]. 

 

Cationic bleach activators (4) contain at least one cationic group, which enhance affinity of 

the molecule for negatively charged cellulosic substrates under aqueous alkaline conditions, 

thereby helping to maximize oxidation at the relevant sites on the substrate [28, 39]. 
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N (CH2)n

OO

 

4 (n=1-5) 

 

As is shown in Fig 2-7, when mixed with H2O2, cationic bleach activators undergo several 

competing reactions depending on environmental conditions. Under aqueous conditions, 

H2O2 is activated by OH- to generate the perhydroxyl anion (HOO-), which further reacts 

with CBAs to form N-(4-carboperoxybenzyl)-N, N-diethylammonium chloride (CPDC), a 

peracid which is a stronger oxidizing agent than OOH- . The CPDC is the real bleaching 

agent in CBA-activated bleach systems. At the same time, the hydroxyl anion( HO-) present 

in the activated peroxide system may give rise to rapid decomposition of CPDC as well as 

hydrolysis of CBAs, producing an inactive species for bleaching, N-(4-carboxybenzyl)-N,N-

diethylammonium chloride (CBDC). Therefore, the pH should be well controlled to 

maximize perhydrolysis of CBAs and minimize unwanted side reactions [37]. 
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Fig 2-7  Reaction of CBAs and H2O2 

 

Early stages of development of CBAs for application in bleaching of cotton focused on a 

prototype of CBAs, N-[4-(triethylammoniomethyl)benzoyl]caprolactam chloride (TBCC) 

(5), TBCC was found to be effective in bleaching cellulose fibers at a temperature of 

50~60°C. Combined with peroxide, the TBCC was able to enhance conventional peroxide 

bleaching in both cold pad batch process and hot processing [40]. 

 

However, a successive study found that TBCC exhibited poor hydrolytic stability, which 

could impair its bleaching performance. Hence, another cationic bleach activator with 

strengthened hydrolytic stability was developed, namely N-[4-

(triethylammoniomethyl)benzoyl]butyrolactam chloride (TBBC, 6). Especially, recent 

research has demonstrated that TBBC reacts with H2O2 and bleach cellulosic fabrics under 

neutral or near-neutral conditions and at low temperatures [37].  
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2.5.4 Factors Affecting CBAs’ Bleaching Performance 

Hydrolytic Stability of CBAs 

The bleach performance of CBAs correlated closely to their hydrolytic stability. It has been 

shown that the rate of hydrolysis of CBAs is a function of the leaving group in the structures. 

A series of CBAs containing lactam-based leaving groups of varying ring size was 

synthesized and their hydrolytic stability was assessed by Lee et al. The following CBAs 

exhibits similar bleach performance without storage in water, but their hydrolytic stability 

follows a order listed below [39, 41]:  
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CBAn=5 > CBAn=1 > CBAn=4 > CBAn=3 > CBAn=2 

                                          (Most stable)                                     (Least stable) 

 

Concentration of CBAs 

Theoretically, when H2O2 is sufficient, the concentration of CBAs will affect the 

concentration of peracid generated in the solution and consequently affect bleach 

performance. However, the influence on bleach performance is affected by the pH value of 

the solution. A statistic model constructed for TBBC showed that the CBA concentration is 

not a significant factor affecting bleaching performance under alkaline conditions (pH = 

10~12) [42]. This is possibly caused by the occurrence of decomposition of peracid and 

hydrolysis of bleach activators at high pH [37]. It was found that the performance of CBA-

activated peroxide system remarkably improved by increasing the concentration of CBAs 

under neutral or near neutral pH conditions when using equimolar amounts of the CBA and 

H2O2.  

 

PH effect 

As discussed above, the pH value is a critical factor in both activation of H2O2 and peracid 

generation. On one hand, a certain amount of hydroxyl anion favors dissociation of H2O2, 

generating more perhydroxyl anion to facilitate perhydrolysis of the bleach activators. On the 
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other hand, too much alkali will facilitate the hydrolysis of peracid and cationic bleach 

activators, leading to ineffective bleaching. In addition, the pH value of the solutions may 

decrease as a function of generation of peracid during the reaction, which may decelerate or 

even terminate the dissociation of H2O2.  In this scenario, the subsequent perhydrolysis of 

CBAs and cotton bleaching would decline. Therefore, buffering pH would prevent this 

effect. 

Later work done by Xu et al. found that the hydroxyl anion (HO-) present in the activated 

peroxide system may give rise to rapid decomposition of peracid species as well as 

hydrolysis of CBAs, reducing bleaching performance [43]. It was found that the pH should 

be well controlled between pH 6 and 8 to maximize perhydrolysis of CBAs and minimize 

unwanted side reactions, and the mole ratio of activator to peroxide should be modified as 

well. 

 

Concentration of H2O2 

In early studies, H2O2 was added with relative to bleach activators with ratios of about 10:1.  

It was considered that, since the H2O2 and peracid are both in the system, it is likely that 

there is an additive effect of bleaching. A combination of excess H2O2 and bleach activators 

in most research showed a satisfactory whiteness under alkaline conditions. However, Xu et 

al. found that the bleach performance the CBA-activated system under alkaline conditions, 

the H2O2 is main factor contributing to bleach performances rather than CBAs. The improved 

whiteness out of alkali based experiments is possibly caused by excess of H2O2, which 
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improved bleach performance to a limited degree.  In contrast, under near-neutral conditions, 

the CBA-activated bleach system exhibited best performance with equimolecular amounts of 

CBA and H2O2. 

 

Therefore, the H2O2 and peracid do not have a strong additive effect under strong alkaline 

conditions, as they require different optimum conditions to perform bleaching, the H2O2 

prefer alkali conditions, while CBAs prefer near-neutral conditions. In the research done by 

Changhai Xu, revealed that the use of H2O2 in equimolar amount or in slight excess relative 

to a CBA under near neutral conditions would be preferable [37]. 

 

Temperature 

In the previous research on CBA-activated peroxide systems, temperature has always 

exhibited the most significant factor contributing to the bleach performances. This is 

plausible because temperature closed related to kinetics of reaction [37]. Higher temperate 

facilitate reaction rate so as to efficiently improve bleaching performance. Recent research 

demonstrated TBBC can be applied in rapid bleaching under a temperature range of 40 °C to 

60 °C, which reduces energy consumption and is more environmental responsible than 

conventional peroxide rapid bleaching at 95 °C [42]. 
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2.6 TBBC 

As has been described in CBAs sections, N-[4-

(triethylammoniomethyl)benzoyl]butyrolactam chloride (TBBC) has been regarded as the 

most appropriate CBAs so far for rapid textile bleaching for its higher hydro-stability and 

good bleach performance in neutral aqueous solution compared to conventional bleaching. It 

is also the only cationic bleach activator that has been successfully applied in low 

temperature rapid bleaching under near neutral conditions so far [36, 43]. 

 

2.6.1 TBBC Chemistry 

The mechanism of TBBC-activated bleaching is similar to all CBAs studied to date. In a 

study concerning the behavior of TBBC in bleaching regenerated bamboo fabrics, the 

mechanism of TBBC activated bleaching was firstly proposed and is shown in Fig 2-8 [44]. 

Two possible reaction routes when TBBC is mixed with H2O2: One is the perhydrolysis of 

TBBC to generate peracid species as oxidizer for bleaching. Another route is the hydrolysis, 

in which TBBC is hydrolyzed to an inactive species for bleaching. In addition, the peracid 

species may dissociate to an inactive species under the influence of hydroxyl anions. 

Therefore, the pH value of the bleaching solution should be well controlled to maximize 

perhydrolysis of TBBC and reduce undesirable hydrolysis of TBBC and dissociation of 

peracid. 
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Fig 2-8  Potential Routes to Perhydrolysis and Hydrolysis of TBBC 

 

2.6.2 Sorption Behavior of TBBC 

In the research on bleaching regenerated bamboo fibers, the physicochemical relationship 

between CBAs and the bamboo fibers was also investigated. The amounts of TBBC adsorbed 

by regenerated bamboo fibers were measured as a function of time, as summarized in Fig 2-9 

[43].                                                                                                                                                          
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Fig 2-9  Sorption Behavior of TBBC on Cellulosic Fabrics at Room Temperature 

 

The sorption rate of TBBC onto the fiber was initially rapid within the first 3-5 min, and after 

20 min equilibrium was reached. The adsorption behavior followed a Freundlich isotherm, 

where more TBBC molecules would be adsorbed in a manner of multilayer adsorption onto 

fibers with an increase in the equilibrium concentration of TBBC in aqueous solution. The 

sorption capacity of regenerated bamboo fiber to TBBC was predicted to be 14,422 mg/kg 

for the solution with an initial concentration of 5 g/L [43]. 

 

Furthermore, a sorption-oxidation model was proposed to show the efficiency of oxidation 

related to adsorption, which indicates that TBBC adsorption onto and diffusion into 

cellulosic fibers is responsible for the majority of the bleaching efficiency, despite the 

apparent relatively low amount absorbed by the substrate. Based on above findings, a 

sorption-activation model was constructed, shown in Fig 2-10. 
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Fig 2-10 Absorption and Activation of TBBC 

 

This model describes the three stages of absorption and activation of TBBC: The first stage is 

the sorption of TBBC by cellulosic fibers at room temperature, and the rate is related to the 

aqueous conditions such as pH, temperature and concentration. The second stage involves the 

reaction between TBBC and H2O2, where peracid is generated in both fibers and solution. 

Then bleaching occurs during the third stage, in which the peracid generated in solutions 

oxidizing the fibers. The third stage is the bleaching reaction. It has been stated that the pre-

sorbed activator is important to the bleaching process. This model also applies to cationic 

bleach activators and H2O2 at neutral pH [43]. 
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From the above model, it can be proposed that the absorption behavior of TBBC on 

cellulosic fibers helps to minimize the hydrolysis of TBBC in bulk solution.  As the TBBC is 

adsorbed on fiber prior to formation of the peracid, it is likely to be more efficient for fiber 

bleaching than with peracid formation in the bulk solutions. This is because, in the latter 

case, more peracid is likely to be hydrolyzed before oxidation of a colored fiber impurity can 

occur. Therefore, in the case of TBBC, bleach activation and subsequent oxidation is more 

likely to be dominant in the fiber than activation in the bulk solution. Such phenomenon can 

be explained by the fact that the cationic group in TBBC confers a strong inherent affinity for 

cellulosic fibers, leading to enhanced bleaching efficiency. 

  

2.6.3 Bleaching Parameters 

Effect of pH 

As mentioned previously, the pH of a bleach bath is a key factor affecting TBBC-activated 

peroxide bleaching. In recent research pertaining to cotton bleaching with TBBC-activated 

peroxide system, the TBBC-activated bleaching system was investigated at different pH 

values. Fig 2-11 summarizes the pH effect on resultant whiteness of bleached fabrics. As 

expected, the H2O2 bleaching excluding TBBC exhibits a better bleaching performance under 

alkaline conditions. The resultant whiteness increased as the pH value increased. On the 

contrary, H2O2 bleaching system including TBBC showed a substantial improvement in 

resultant whiteness under neutral conditions. This indicates the rate of hydrolysis of TBBC or 
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decomposition of TBBC peracid increased at a higher pH value. Therefore, peracid 

dominates bleaching at a neutral conditions and excessive H2O2 is unnecessary [43]. 

 

 

Fig 2-11 Graph of pH effect on TBBC-Activated Peroxide Bleaching Systems 

 

Further, a model for the 33 design was set up to investigate the factors in TBBC-activated 

peroxide bleaching system [46]. It was revealed that the pH value is the most significant 

bleaching parameter under the conditions employed, which affected the whiteness in 

nonlinear manner. At the same time, pH had a strong interaction with temperature and the 

concentration of TBBC, as is illustrated in Fig 2-12. The contour lines illustrate their effects 

and interactions. At fixed TBBC concentration, CIE WI increased to maximum at pH ~7-

8.5), but decreased when the pH increased beyond 9. At pH 11.0, TBBC concentration 

became an insignificant factor in the bleaching systems [45]. 
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Fig 2-12 Interaction between PH and TBBC Concentration  

 

The interaction between temperature and pH are presented in Fig 2-13. The temperature also 

has an interaction with pH, at lower temperature, for example 40 ºC, the whiteness increased 

before pH value reached around 9, between 8 to 10 the whiteness didn’t changed much as the 

pH value changed, but it decreased quickly when pH is greater than 10. When the 

temperature was maintained at 50 °C, the whiteness reached a maximum of about 74.5 when 

pH was 7.8-8.5. 
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Fig 2-13 Interaction between Temperature and pH  

 

Interaction between Temperature and TBBC Concentration 

 Fig 2-14 presents the interaction between temperature and TBBC concentration. At lower 

TBBC concentration, the temperature acted positively on CIE WI, but when TBBC 

concentration increased, temperature plays a less significant role in bleaching. On other hand, 

as temperature increases, the bleach performance was enhanced, but at higher temperature, 

the CIE WI was less sensitive to the increase in the concentration of TBBC. 
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Fig 2-14 Interaction between Temperature and TBBC concentration 

 

As discussed above, TBBC-activated bleach system is effective under mild conditions (near 

neutral conditions under 50 ºC. This condition is similar to the enzymatic desizing (pH 6-7, 

50~60 ºC). Therefore, it is possible to combine the above to process in single bath, in this 

way, the use of water, time and auxiliaries can be reduced. The one-bath process combining 

enzymatic desizing and TBBC-activated scouring and bleaching has the potential to exhibit 

far lower environmental impact than conventional processing.  
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3 AN ENVIRONMENTALLY BENIGN APPROACH TO COTTON 

PREPARATION: ONE BATH ENZYMATIC DESIZING, 

SCOURING AND ACTIVATED BLEACHING 

 

3.1 Abstract 

Current textile wet processing of woven cotton fabrics typically involves at least three stages: 

desizing, scouring and desizing. The above sequences are often done separately, which 

involve high resource consumption and fiber damage, especially for the conventional hot 

bleaching. In this paper, a new combined process for desizing, bleaching and scouring in one 

bath is described using an innovative bleach activator, N-[4-

(triethylammoniomethyl)benzoyl]-butyrolactam chloride (TBBC). TBBC reacts with 

peroxide to generate a peracid that is a more kinetically active oxidant than perhydroxy 

anion, leading to effective bleaching at 50 ºC  at near neutral pH [36, 43]. Data show that 

effective preparation in terms of whiteness, fabric strength was achieved in the one-bath two-

step combined process. While absorbency of the prepared fabric using the TBBC-based 

process was inferior to when conventional desizing, scouring and bleaching was employed, 

the resource consumption required is much less. 

 

3.2  Introduction 

Rapid wet processing of woven cotton fabrics is typically resource intensive involving 

desizing, scouring and desizing. Desizing removes the size applied to warp yarns prior to 
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weaving; scouring breaks down pectins and waxes and helps remove other impurities present 

cotton fibers to improve water absorptivity; bleaching, commonly done with H2O2 under 

near-boiling temperatures, removes colored impurities on fabrics that may produce an 

undesirable appearance and hinder dyeing performance [27]. Conventional hot preparation 

processes are environmentally problematic due to resource consumption of water and energy, 

as well as requiring neutralization that generates substantial levels of electrolytes in effluent. 

In addition, conventional scouring and bleaching can give rise to undesirable reduction of 

fiber strength.  

 

Attempts to develop more environmentally benign, alternative preparation processes have 

focused on new technologies such as enzyme-catalyzed processing and bleach activators [7, 

23, 27]. Enzymes such as amylases and pectinases have been applied successfully in bio-

desizing and bio-scouring for cotton preparation and have been demonstrated as being one of 

the most benign wet processes. However, while enzymatic bleaching using laccases and 

glucose oxidases has been demonstrated, it is inefficient owing in part to the lack of broad 

applicability to decolorizing a wide range of organic impurities found in cotton. 

 

The use of so-called bleach activators have been shown to be an effective alternative to 

bleaching with alkaline H2O2 [11]. Bleach activators are compounds that react with H2O2 by 

generating more kinetically active peracid species with high oxidation potential, which allow 

effective bleaching under mild conditions at low temperatures. Cationic bleach activators 

(Fig 3-1) are one class of bleach activators that have been found to be especially effective for 
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bleaching cellulosic fibers [45, 46]. They contain a cationic group to increase affinity of the 

molecule for negatively charged cellulosic substrates under aqueous conditions, thereby 

helping to maximize oxidation at the relevant sites on the substrate. 

 

 

Fig 3-1  Structure of CBA (where n = 5) 

 

N-[4-(triethylammoniomethyl)benzoyl] butyrolactam chloride (TBBC) (n = 1) has been 

recently reported to provide effective cotton bleaching under mild conditions. Fig 3-2 

presents the mechanism of TBBC-activated peroxide bleaching system: in aqueous solution 

H2O2 dissociates to perhydroxyl anions, which react with TBBC to generate a new peracid 

[43]. TBBC has been shown to exhibit relatively good hydrolytic stability and efficient 

bleaching. Moreover, recent reports revealed that the sorption of TBBC on cellulosic fibers 

follows the Freundlich isotherm model with substantial absorption of TBBC onto and into 

cellulosic fibers. It has been hypothesized that the rapid exhaustion of the activator helps 

minimize hydrolysis of the activator before oxidation of colored impurity on fibers can occur. 

Excellent bleaching with TBBC has been obtained at 50 ºC under near-neutral rather than 

highly alkaline conditions[43]. 
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Fig 3-2  Reaction Scheme Showing Perhydrolysis and Hydrolysis of TBBC 

 

As desizing with alpha amylase and bleaching with TBBC are carried out at similar 

temperature, pH and treatment period, there is potential for both processes to be conjoined 

into a single process. In this way, consumption of water, energy, time and auxiliary agents 

could be lowered.  Therefore, the overarching goal of this study was to develop a one-bath 

combined process for desizing, scouring and bleaching using alpha amylase and 

TBBC/H2O2. Prior to combining both processes, a preliminary screening test was designed to 

investigate the compatibility and interactions between the alpha-amylase and TBBC-

activated peroxide system. Then, the novel combined process was scaled up to pilot plant 

scale and compared to a conventional hot bleaching process in resource consumption and 

resultant fabric performance. 
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3.3  Experimental 

3.3.1 Materials 

TBBC was synthesized and purified to >97% according to a procedure reported previously 

[53]. Plain weave 100% cotton greige fabric was purchased from Testfabrics (122 g/m2) and 

used for both laboratory experiments and pilot plant trials. Fabric was pre-sized with 100% 

starch sizing agent. Aquazym Prime 12000 L (alpha amylase) was provided by Novozymes. 

Chemical auxiliaries used were: nonionic wetting agents (Triton X-100 made by Sigma-

Aldrich, Sultafon D, and Domowet 500), chelating agent (Dekol N-SN, BASF), peroxide 

stabilizer (Marquest PB), polymer lubricant (Marlube CMN ), catalase for removal of 

residual peroxide (Invazyme CAT) and a 0.1M phosphate buffer at pH 7.2 

(NaH2PO4/Na2HPO4).  

 

3.3.2 Screening Experiment 

A screening experiment was conducted to test the compatibility of the desizing enzyme and 

the TBBC-activated bleach system. One approach was All-In-One (AIO) process in which 

chemicals were added together at the beginning of processing, with the hope that desizing 

and bleaching can be carried out simultaneously. The processing was maintained at 50 °C for 

60 min. Another approach was to separate desizing and bleaching in two steps by either one 

bath two-step process (OBTS) or two-bath two-step process (OBTS). In the first step, 

enzyme and surfactant were added to the bath, and after 30 min TBBC/peroxide and 
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stabilizer were added for bleaching. Each screening test was carried out using an AHIBA 

Texomat dyeing machine at a liquor-to-goods ratio of 20:1. The molar ratio between TBBC 

and H2O2 was 1:1.2. Bath solution was made by phosphate buffer with a pH value of 7.2 ± 

0.05. The bath compositions for the preliminary screen study are summarized in Table 3-1. 

 

Table 3-1 Design of Experiment for Preliminary Screening Test 

Sample 
ID 

Aquazym Prime 
12000L, g/L  TBBC, g/L H2O2 (35% 

w/w), g/L Process 

1 0 0 0 AIO 
2 0.25 0 0 AIO 
3 0.25 5 0 AIO 
4 0.25 0 1.43 AIO 
5 0.25 5 1.43 AIO 
6 0.25 5 1.43 OBTS 
7 0.25 5 1.43 TBTS 

 

 

3.3.3 Pilot Plant Trial 

The one-bath two-step combined process was scaled-up to a pilot plant trial and compared 

with a recommended commercial process for desizing, scouring and bleaching. Equal 

weights (35 lbs) of fabrics were prepared in a Sclavos jet dyeing machine at a liquor-to-

goods ratio of 15:1. The chemicals used are listed in Table 3-2. The baths were buffered 

using sodium bicarbonate buffer (the pH value before and after peroxide bleaching was 7.3 ± 

0.1). 
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Table 3-2 Recipes of Conventional and TBBC-Activated Processes 

Conventional  Process Combined  Process 

Process Chemicals Dosage, 
g/L Process Chemicals Dosage, 

g/L 

Standard 
Desizing 

Hipozyme 
2000 5.00 1st Step: 

Enzymatic 
Desizing 

Aquazym P12000L 0.32 

Domowet 500 1.00 Sultafon D 2.00 
Marlube CMN 1.00 NaHCO3 1.44 

Standard 
Bleaching 

Sultafon D 2.00 

2nd Step: 
TBBC-

activated 
peroxide 

Bleaching 

NaHCO3 1.44 
Marsperse 

6000 1.00 TBBC 8.30 

Marlube CMN 1.00 H2O2 2.86 
Marquest PB 0.40 Marquest PB 0.53 

Sodium 
Hydroxide, 

50% 
4.00 

 
 
 
 

H2O2, 35% 4.00 
Invazyme CAT 0.50 

Acetic Acid 
56% 0.50 

 

The information concerning machine controls are listed in Table 3-3. 

 

Table 3-3 Machine Controls of the TBBC-activated and Conventional Processes 

Process Control Conventional Combined 

Desizing 
Temperature, °C 70 50 

Ramp rate, °C/min 2 2 
Time, min 30 30 

Bleaching 
Temperature, °C 96 50 

Ramp rate, °C/min 5.5 2 
Time, min 35 60 
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For the conventional methods of desizing/scouring/bleaching process, desizing are done in 

separate bath with scouring/scouring. The bath was dropped between the two baths. Fig 3-3 

illustrates the time-temperature graph of conventional processing. 

 

 

Fig 3-3  Conventional Desizing, Scouring and Bleaching at Pilot Plant Scale 

 

Different from the conventional processing, the one-bath two-stage process for enzymatic 

desizing and TBBC-activated scouring/bleaching process are done in one bath. The bleach 

agents were added after desizing was finished, as is shown in Fig 3-4.  
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Fig 3-4  One-Bath Two-Step Combined Process at Pilot Plant Scale 

 

3.4 Measurement  

TEGEWA Test 

The TEGEWA test provides an estimate of the effectiveness of desizing. A higher TEGEWA 

value indicates a higher size removal rate. The following procedure was used: A fabric 

sample was cut to a round disc (radius = 1 cm) and immersed in a 10 ml KI/I2 solution for 1 

minute. The sample was then rinsed thoroughly for 10 seconds using tap water, dabbed with 
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a paper towel and immediately compared with the TEGEWA scale [47, 48]. The visual rating 

was always completed within 20 seconds. A TEGEWA value greater than 6 is commonly 

considered to be commercially acceptable [47]. 

 

Whiteness Measurement 

The reflectance spectra of all fabrics were measured with a Datacolor Spectraflash SF 600X 

according to AATCC Test Method 110 (2007) and the following setup: Illuminant D65 and 

CIE 10 degree supplemental standard observer; samples were folded twice; UV included; 

four measurements with 90o rotation between measurements. 

 

Mote Counting 

The numbers of motes and seed coat fragments on the surface of fabrics were counted 

visually for an area of 1 m ×1 m illuminated by an X-Rite Spectralite III light booth and 

standard daylight simulation. 

 

Strength Test 

The tensile strength of fabric was tested according to ASTM D-5034 and tear strength was 

determined using ASTM 1424. 
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Fiber Damage 

The degree of polymerization can be used to evaluate cellulosic fiber degradation. The 

fluidity (F) of a dispersion of the bleached cellulose fabrics were measured in cupriethylene 

diamine (cuen) using AATCC Test Method 82. The cuen fluidity was converted into degree 

of polymerization (DP) using Equation (5) [45]. 

 

                                     DP = 2032 log10( 74.35+F
F

) − 573                                             (5) 

 

3.5 Results and Discussion 

3.5.1 Compatibility Screening 

The screen test results listed in Fig 3-5 demonstrate that, in the all-in-one bath (AIO) process, 

single addition of the bleach activator or TBBC, or H2O2 did not produce improvement in 

whiteness. However, the enzyme functioned well under investigated conditions when either 

TBBC or H2O2 was added to the bath. However, while the addition of both TBBC and H2O2 

led to an expected substantial increase in whiteness, a large reduction in desize performance 

of the amylase was produced in the AIO system. The peracid produced by the reaction of 

TBBC and H2O2 clearly destabilized the amylase, indicating that the amylase used was 

insufficiently stable to oxidation to be effectively used in this bleach activator system. 

Therefore, for this particular set of experiments, enzymatic desizing must be separated from 

the TBBC-activated peroxide bleaching using either a one-bath two-step process (OBTS) or 
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two-bath two-step approach, as shown in experiment numbers 6 and 7 in Fig 3-5. If a 

pass/fail line is set for desizing and bleach performance on the figure, say, a CIE whiteness 

value of 68 for bleaching, and a TEGEWA value of 6 for desizing, only the OBTS and TBTS 

processes resulted a satisfactory whiteness and high TEGEWA value that passed the lines at 

the same time.  

 

Furthermore, no substantial difference in CIE whiteness was seen between the OBTS and 

TBTS process, demonstrating that the enzyme does not affect the TBBC-activated peroxide 

system when employed in the one bath process. When taking time and energy consumption 

into consideration, the one-bath two-stage method is the most efficient approach for cotton 

preparation, since the one bath process saves time, water and auxiliaries. The next stage of 

the work was to determine the performance of fabric processed at the pilot scale. 

 

 

Fig 3-5  Screening Test Results 
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3.5.2 Fabric Performance Following Pilot Trials Using the OBTS System 

Table 3-6 summarizes the analysis of 35 lbs of sized woven cotton after treatment with the 

OBTS system using a Sclavos Jet Dyeing machine equipped with the ability to measure 

energy, steam and water consumption in real time. The data demonstrate that the combined 

process provided fabric with an acceptable CIE whiteness and size removal. Also, the tear 

strength and DP test results shown in Fig 3-6 clearly reveal that the loss of strength and fiber 

damage for the TBBC-based preparation process was minimal. A primary reason for this is 

that the OBTS process avoids high temperature and alkalinity, which contribute to cellulose 

degradation.  

 

 

Fig 3-6  Degree of Polymerization of Cotton Fabrics 

 

In addition, the effective removal and/or decolorization of motes on the surface of fabric are 

indicative of the broad effectiveness of a TBBC-activated peroxide system under studied 
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conditions. Other benign bleaching processes, such as enzymatic oxidation systems, typically 

do not perform well in mote removal. The strong oxidation of TBBC-activated peroxide 

system appears to be effective in breaking down the colored impurities more effectively than 

enzymes do. 

 

Table 3-4 Fabric Performance of Combined and Conventional Processes 

Performance Control Conventional Combined Process 
CIE WI 17.8±2.51 85±1.22 75±1.45 

TEGEWA 1 9 7 
Absorbency (s) >60 1 7 

Tear strength (warp, lbf) 2.46 1.38 2.46 
Tear strength (filling, lbf) 1.72 1.06 1.64 

Tensile strength (warp, lbf) 69.41 61.86 59.68 
Tensile strength (filling, lbf) 53.72 50.50 47.00 

Mote count (number/m2) >3000 <10 165±20 
 

3.5.3 Resource Consumption during the Pilot Trial 

The total resource consumptions of both processes are summarized in Table 3-5 and Fig 3-7, 

which demonstrated that the one-bath, two-step process consumed substantially fewer 

resources than the conventional bleaching method. Clearly, the TBBC-based process 

provides substantially reduced negative environmental effects in terms of energy and water 

use. In particular, the water consumption in the combined process was an order of magnitude 

less compared to the conventional process. The energy consumption was also substantially 

reduced as a result of the relatively low temperature.  
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Table 3-5 Resource Consumption of Combined and Conventional Processes 

Resource 
Consumption/ 
35 lbs cotton 

 

Conventional Process 

Bleach 
Activato

r 

Percent of 
conventional 
(Combined/ 

Conventional) * 100 Desize Bleach 
Total 
Usage 

Total 
Usage 

Time (min) 70 207 277 172 62.10 
Power (KWH) 16 19 35 16 45.70 
    Steam (lbs) 119 517 636 104 16.40 

Water (L) 5544 5712 11256 960 8.50 
 

 

According to the latest Cotton, Incorporated, report on cotton production, around 58.94 

billion pounds of cotton were produced worldwide in 2011[2]. If half of this production 

resulted in woven fabric and all the woven fabric was processed using the combined one-bath 

two-step process instead of the conventional method described above, savings of about 1.60  

× 1010 KWH power and 8.65 × 106 million L (2.29 × 106 million US gallons) water would be 

saved annually.  Also, the processing time would be substantially shortened, thereby 

increasing plant capacity. 
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Fig 3-7  Resource Consumption of Combined and Conventional Processes  

 

In addition, the use of auxiliaries such as acetic acid and catalase were reduced in the OBTS 

combined process. Since the effluent was near neutral, acetic acid was not needed for 

neutralization. Also, catalases sometimes used to remove excess H2O2 are not required, since 

all H2O2 in the TBBC-activated peroxide system is consumed due to the equimolar reaction 

with the activator. Based on the above analysis, the OBTS combined process for enzymatic 

desizing, scouring and TBBC-activated peroxide bleaching has substantial advantages over 

conventional methods in providing significant reduction in resource consumption and 

improvement in processing efficiency.  
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3.6   Conclusions 

The one-bath two-step combined process described in this work produced acceptable 

whiteness and size removal as demonstrated by the screening tests for compatibility. In a 

pilot plant trial, the TBBC-based combined process produced good whiteness that was 

comparable to conventional desize, scour and bleach process but with substantially reduced 

fiber damage and substantially reduced consumption of energy, water and time. In terms of 

energy and environmental issues caused by conventional peroxide bleaching, the one-bath 

two-step combined process described in this work appears to be a relatively environmentally 

benign process. However, further studies are needed to determine the toxicity of TBBC and 

to optimize the cost to manufacture the activator, both of which are keys to commercial 

viability.   
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4 DYEING PERFORMANCE TEST FOR TBBC BLEACHED 

FABRIC 

 

4.1 Abstract 

Fabrics prepared by TBBC-activated bleach/scour process were compared to conventional 

processes in both dyeing using single dyes as well as trichromatic dyeing. The results 

demonstrated that the fabric prepared using the TBBC-activated process can provide a base 

white which will enable the fabric to dye to a similar shade as its conventionally prepared 

counterpart, although some adjustments may be required for the base white when predicting 

recipes in recipe formulation models.  

 

4.2 Introduction 

In previous chapters, it was shown that TBBC-activated bleaching process is comparatively 

environmentally responsible than conventional hot peroxide bleaching, because it provided 

satisfactory whiteness profile, good desizing performance, and minimal fiber strength loss 

with a significant reduction in the resource consumption and near-neutral effluent. 

Especially, the amount of neps and seed coat fragments has been significantly reduced. 

However, the wetting properties of the fabrics from TBBC activated bleach/scour process are 

not as good as the conventional processing, which might impair dyeing properties. 

Additionally, the oxidation of peracid may cause modification of surface properties of cotton 

fabrics out of TBBC-Activated bleaching, which may affect affinity of dye molecule to 
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cotton surface. Therefore, it is necessary to explore the dyeing performance of the fabric 

prepared by the novel bleach system to explore potential future industrial applications of 

TBBC. 

In this study, reactive dyes are applied for cotton dyeing. The active group in reactive dyes 

contain reactive groups, either a haloheterocyle or an activated double bond, that, when 

applied to cotton fabrics under alkaline conditions, a chemical bond with an hydroxyl group 

will formed on the cellulosic fibers [49]. Reactive dyes are currently most widely accepted in 

dyeing cellulosic dyes, this is due to their excellent wet fastness properties, exceptional 

brightness, wide range of available colors, and relatively simple application methods [50]. 

The objective of this study is to evaluate the dyeing performance of cotton prepared by 

TBBC-Activated preparation and compare it to conventionally prepared cotton fabrics. Two 

type dyeing methods were applied, which are single dyeing method and trichromatic dyeing 

method to test the absorbance of fabric and its absorbance properties of different dyes.  

 

Reactive dye trichromatic system was developed to satisfy the characteristics necessary for 

achieving reliability and reproducibility when dyeing cellulosic fibers [51]. A wide range of 

shade can be dyed by combining a single yellow, red and blue dye. Three members of the 

system are required to have similar diffusion properties, fixation values and washing of 

properties to make sure a homogenous exhaust dyeing Behavior of the trichormatic system 

[51]. As the reaction rate of dye in the system is determined by the exhaustion rate and 

reactions between reactive dyes and the substrate, the uniformity of fabrics for testing can be 

evaluated through the trichomatic dyeing.  
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4.3 Experimental 

4.3.1 Materials 

Two types of cotton fabrics bleached by conventional desize/scour/bleach methods and 

TBBC-activated bleach/scour process, as described in Chapter Three. Reactive dyes 

trichormatic system consisting of Remazol Blue RR, Levafix Red CA, Levafix Blue and 

Levafix Yellow CA were provided by Cotton Inc.  Chemical auxiliaries used were: nonionic 

wetting agents (Albatex FFC), chelating agent (Dekol N-SN, BASF) and sodium sulfate.  

 

4.3.2 Single Color Dyeing-Blue Dyeing 

Equal weights of fabrics prepared by conventional processing and TBBC based preparation 

were dyed in the same beaker of AHIBA dyeing machine. The dyeing recipe for single color 

dyeing is listed in Table 4-1. The temperature versus time graph is shown in Fig 4-1. 

 

Table 4-1 Formula for Individual Dyeing (Blue Dyeing) 

Dyes and Chemicals Dyeing 
0.25% 

Dyeing 
1.0% 

Dyeing 
4.0% 

Sodium Sulfate (g/L) 25 40 70 
Multiplus (g/L) 1.0 1.0 1.0 

Dekol N-SN (g/L) 1.5 1.5 1.5 
Albatex FFC (g/L) 0.5 0.5 0.5 

Remazol Blue RR (owf%) 0.25 1.0 4.0 
Soda Ash1 (g/L) 1.67 2.67 10 
Soda Ash2 (g/L) 3.33 5.33 10 

Domosperse 2000 (g/L) 1.0 1.0 1.0 
a*Soda ash1 was added at the beginning, soda ash 2 is added after the bath was heated 
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Fig 4-1  Time-Temperature Graph for Individual Dyeing 

 

4.3.3 Trichromatic Grey Dyeing 

In the same dyeing method as single dyeing, equal weights of fabrics prepared by 

conventional processing and TBBC based preparation were dyed under with a mixture of 

three reactive dyes according to certain ratio, namely Levafix Yellow CA, Levafix Red CA, 

and Levafix Blue CA. The dyeing recipe for single color dyeing is listed in Table 4-2.  
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Table 4-2  Formula for Trichromatic Dyeing (Grey Dyeing) 

Dyes and Chemicals Dyeing 
0.25% 

Dyeing 
2.0% 

Dyeing 
4.0% 

Sodium Sulfate (g/L) 12 25 60 
Multiplus (g/L) 1 1 1 

Dekol N-SN (g/L) 1.5 1.5 1.5 
Levafix Yellow CA (owf%) 0.0647 0.5172 1.0345 

Sodium Sulfate(g/L) 12 25 60 
Multiplus(g/L) 1 1 1 

Levafix Red CA(owf%) 0.0456 0.3621 0.7241 
Levafix Blue CA(owf%) 0.1401 1.1207 2.2414 

Soda Ash(g/L) 5 7 11 
Domosperse 2000(g/L) 1 1 1 

 

 

Fig 4-2  illustrates the temperature-time graph of single dyeing procedures. The alkaline agent 

used in this procedure is soda ash. 

 

Fig 4-2  Time-Temperature Graph for Trichromatic Dyeing (Grey Dyeing) 
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4.4 Measurements 

The dyeing performance of fabrics was evaluated by the color difference (ΔE) between the 

test fabric and the reference. In this part, the test sample is fabric prepared by TBBC-

activated bleach/scour process, and the reference is fabric out of conventional processing. 

Color difference between references and fabric bleached by TBBC-activated preparation 

allow evaluation of the dyeability.  

 

Color difference (ΔE) is obtained by means of the chromatic coordinates measured with a 

Datacolor Spectraflash SF600X spectrophotometer. These coordinates are defined by three 

parameters: L, C, h, which correspond respectively to luminosity, chroma, and hue. ΔL, ΔC 

and Δh are defined as the differences of each parameter with respect to the reference. These 

values are used to calculate CIE Lab color differences [52]. In general, the textile industry 

the acceptance limit for color difference is one unit (ΔECMC(2:1) ≤ 1) if the substrates of 

reference and test samples are the same.  

 

4.5 Results and Discussion 

Table 4-3 and Table 4-4 show the color differences of test samples and the references. Color 

measurements were performed on a Datacolor Spectraflash SF600X spectrophotometer by 

averaging L*, a*, b* values of four different points on each sample. The results of dyeing 

performance indicate that the blue dying give color a difference ΔE larger than 1 in the three 
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concentrations, and the grey dyeing gave a less color difference, which is less than 1 but 

larger than 0.5. 

 

Table 4-3 Color Difference of Blue Dyeing 

Dye 
Concentration 

( owf%) 
Process L* a* b* ΔL* Δa* Δb* ΔEcmc 

0 
Conventional 97.03 0.24 1.68 

1.41 0.15 2.27 3.09 TBBC 
Activated 95.62 0.09 3.95 

0.25 
 

Conventional 55.67 8.03 16.41 
1.05 0.32 0.02 1.09 TBBC 

Activated 54.62 8.35 16.43 

1 
 

Conventional 41.67 8.15 18.64 
1.53 0.03 0.04 1.53 TBBC-

Activated 40.14 8.12 18.6 

4 
 

Conventional 26.84 5.21 16.98 
1.11 0.02 0.32 1.16 TBBC-

Activated 25.73 5.19 16.66 

 

Table 4-4 Color Difference of Grey Dyeing 

Dye 
Concentration 

( owf%) 
Process L* a* b* ΔL* Δa* Δb* ΔEcmc 

0 
Conventional 97.03 0.24 1.68 

1.41 0.15 2.27 3.09 TBBC 
Activated 95.62 0.09 3.95 

0.25 
 

Conventional 69.21 1.82 -0.93 
1.68 0.17 0.22 0.78 TBBC 

Activated 69.09 1.58 -1.16 

2 
 

Conventional 45.48 2.43 -1.95 
0.24 0.31 0.69 0.97 TBBC-

Activated 45.13 2.43 -3.05 

4 
 

Conventional 30.64 2.54 -3.32 
0.39 0.06 0.64 0.86 TBBC-

Activated 29.00 2.29 -3.95 
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Since a ΔECMC value over 0.5 is visible, the color differences are significant between the two 

cotton fabrics. However, considering the color difference between the two original cotton 

fabrics, it can be thought that the two cotton fabrics have comparable dyeing performance. 

 

4.6 Conclusions 

Despite inferior wetting properties, the dyeing performance of the fabrics prepared using the 

TBBC-activated bleach/scour process was satisfactory. It can provide a base white which 

will enable the fabric to dye to a similar shade as its conventionally prepared counterpart, 

although some adjustment may be required for the base white when predicting recipes in 

recipe formulation models. 

  



 

58 

5 OPTIMIZATION OF ONE BATH TWO STEP COMBINED 

ENZYMATIC DESIZING AND BLEACH ACTIVATOR 

ACTIVATED BLEACHING PROCESS 

 

5.1 Abstract 

A novel process for desizing/bleaching/scouring cotton is investigated using an innovative 

bleach activator, N-[4-(Triethylammoniomethyl)benzoyl]-butyrolactam Chloride (TBBC). 

The TBBC-activated desize/scour/bleach process has been found to exhibit relatively low 

environmental impact, while producing acceptable whiteness and substantially improved 

fiber strength. This paper the formulas of process about enzymatic desizing and TBBC-

Activated bleaching  were optimized in the laboratory using a central composite design, in 

which a quadratic model was constructed and was found valid for prediction and 

optimization. Three factors, namely temperature, treatment time and the concentration of 

TBBC were investigated as predictors with CIE Whiteness Index chosen as the model 

response. ANOVA analysis revealed that temperature is the most important predictor, 

followed by the TBBC concentration and treatment time.  An optimized formula was 

predicted and validated to produce the maximum whiteness for the constraints applied to the 

statistical design. 
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5.2 Introduction 

In Chapter 3 and Chapter 4, the one-bath two-stage processes for enzymatic desizing and 

TBBC-based bleaching process was found to be relatively a environmentally responsible 

technology for cotton preparation. It produced good quality of fabrics, as well as significantly 

reducing resource consumption in terms of energy, water and treatment time. The most 

important part of this process is based on enzymes and the bleach activator N-[4-

(triethylammoniomethyl)benzoyl]butyrolactam chloride (TBBC) (n = 1). Factors in 

enzymatic desizing and TBBC-activated bleach system such as enzyme concentration, 

surfactants, TBBC concentration, treatment time and pH has been preliminarily investigated 

in previous researches using statistic methods. [43, 45]  

 

Enzymatic Desizing 

Desizing process is aim at removing the size agent coating around the surface of cotton 

woven fabric which was intended to increase strength of fiber to prevent abrasion during 

waving [23]. Enzymes that  can be applied in desizing can be  amylases. The amylase has 

catalytic function which can accelerate the kinetics of bio-reactions by forming favorable 

enzyme substrate complexes, which can lower the activation energy of reactions [3]. Most 

enzymes require specific temperature and pH conditions to obtain their highest efficiency. 

Beyond certain range of temperature or pH, the polypeptide chains of enzymes will be 

destroyed and the enzymes will be denatured permanently. 

In textile processing, factors such as surfactants and mechanical agitation may also affect 

enzymes activity. Surfactants used in wet processing is aim to reduce the surface tension of 
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cotton, assisting enzymes or other chemicals to penetrate into cotton fibers. Therefore, in the 

concentration of surfactant was considered as a variable in this study.  Furthermore, previous 

research described in Chapter 3 demonstrated that desizing and bleaching should be proceed 

in separate stage to avoid the occurrence of denaturation of proteins may caused by TBBC-

activated peroxide bleach systems. Hence, the factors contributing to desizing and bleaching 

should be studied in separately in one-bath two-step processing. 

 

Mechanisms of TBBC-Activated Peroxide Bleaching 

There are two possible reaction routes in TBBC-activated peroxide bleaching system, as is 

show in Fig 5-1: in aqueous solution H2O2 dissociates to perhydroxyl ions, which react with 

TBBC to generate a new peracid. Another route is hydrolysis, during which TBBC is 

hydrolyzed to an inactive species for bleaching. The peracid species may also dissociate to 

inactive species via reaction with hydroxyl anions. Therefore, the pH value of the bleaching 

solution should be well controlled, and high pH avoided. 
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Fig 5-1  Potential routes to perhydrolysis and hydrolysis of TBBC 

 

TBBC Concentration, Temperature and pH  

Theoretically, when H2O2 is sufficient the TBBC concentration will affect the concentration 

of peracid generated in the solution and consequently affect bleach performance. However, 

the influence on bleach performance is affected by the pH value of the solution. Previous 

researches showed that the TBBC concentration is not a significant factor affecting bleaching 

performance under high pH (pH = 10~12) [42]. This is possibly caused by the occurrence of 

decomposition of peracid and hydrolysis of bleach activators at high pH [37].  

 

The factors affecting bleach performance of TBBC-Activated bleach system (not a combined 

desize/scour/bleach system which forms the basis for research in this thesis) have been 

investigated by a 33 design in previous research, It was found that the performance of TBBC-

activated peroxide system was remarkably improved by increasing the concentration of 
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TBBC under neutral or near neutral pH conditions when using equimolar amounts of H2O2. 

Moreover, it was found that temperature has a positive effect on bleach performance under 

near neutral pH [45]. 

 

Treatment Time 

To set an appropriate range for treatment time for TBBC-activated peroxide bleaching, the 

knowledge of TBBC absorption curve is of significant importance to determine a minimal 

reaction time for activated bleaching. Previous research investigating the physicochemical 

relationship between TBBC and the cellulose fibers during adsorption revealed that, the 

sorption of TBBC on cellulosic fibers follows the Freundlich isotherm model with substantial 

absorption of TBBC onto and into cellulosic fibers [43]. As shown in Fig 5-2, the sorption 

rate of TBBC onto the fiber was initially rapid at the first 3-5 min and after about 20 min it 

reached to the equilibrium. Therefore, the lowest point of treatment time should be longer 

than 20 min. 
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Fig 5-2  Sorption Behavior of TBBC on Cellulosic Fabrics at Room Temperature 

 

It been proposed that there are three stages of absorption and activation of TBBC on 

cellulose fibers: the first stage is the sorption of TBBC by cellulosic fibers at room 

temperature, and the rate is related to the aqueous conditions such as pH, temperature and 

concentration. The second stage involves the reaction between TBBC and H2O2, where 

peracid is generated in both fibers and solution. Then at the last stage the cellulose fibers are 

bleached by peracid generated in bulk solution and in the substrates. Therefore, pre-sorption 

of TBBC is very important in improving bleach performance of TBBC-activated bleach 

system. [43, 45] 
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5.3 Experimental 

5.3.1 Materials 

TBBC was synthesized and purified to >97% according to a procedure reported previously 

[53]. Plain weave 100% cotton greige fabric was purchased from Testfabrics (122 g/m2). 

Fabric was pre-sized with 100% starch sizing agent. Aquazym Prime 12000 L (alpha 

amylase) was provided by Novozymes Inc. Chemical auxiliaries used were: nonionic wetting 

agents (Triton X-100 made by Sigma-Aldrich), chelating agent (Dekol N-SN, BASF), and a 

0.1M phosphate buffer at pH 7.2 (NaH2PO4/Na2HPO4).  

5.3.2 Statistical Design and Experimental 

Central Composite Design 

The formulas for the two stages of the novel processs namely enzymatic desizing and TBBC-

activated bleaching were designed according to Central Composite Design, which was 

performed and analyzed using statistical software, Design Expert7.0 by Stat Ease, Inc. 

(Minnesota, USA). The central composite design investigates how the factors affect the 

response by constructing a statistic model, which can give an evaluation of the significance 

of each factor on the response as well as interactions between them. It can also predict and 

optimize formulas for the process to get a good desize and bleach performance [45]. Factors 

and response of the two stages of the novel process are described in the following two parts. 
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Enzymatic Desizing  

Desizing was carried out at a laboratory scale at a liquor-to-goods ratio of 20:1. After 

addition of fabric (10g) in a 250ml conical flask containing desizing solution (200ml), the 

temperature was raised to a target temperature (50°C) at the rate of 4°C/min, time fixed to 30 

min. The enzyme concentration and the surfactant were chosen as factors, and size removal 

rate is the response of statistic model. Each factor contained five levels and actual values 

provided in Table 5-1.  

 

Table 5-1 Central Composite Design of Enzymatic Desizing 

Symbol Factor -α -1 0 +1 +α 

X1 Aquazym Prime 12000 L(Diluted by 25 
time), g/L 1 3.0 8 12.95 15 

X2 Surfactant(Triton X-100),g/L 0.1 0.3 0.8 1.29 1.5 
 

Activated Bleaching 

After the optimized conditions of desizing were obtained, it was used to treat a large piece of 

fabric. The formula and conditions formulated as shown in Table 5-2. Whiteness was 

selected as the model response. Varying amounts of TBBC, H2O2 (molar ratio to TBBC: 

1:1.2) were added to the solution according to the formula designed in Table 5-2. After a 

varied period of time, the fabrics were rinsed thoroughly in tap water and air dried. 
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Table 5-2 Central Composite Design of TBBC-activated Peroxide Bleaching 

Symbol Factor -α -1 0 +1 +α 
X1 TBBC, g/L 2.3 4 6.5 9 10.7 
X2 Temperature,° C 13 25 42.5 60 71.9 
X3 Time, min 13 25 42.5 60 71.9 

 

 

5.4 Measurements 

Whiteness Measurement 

The CIE whiteness index (WI) value was obtained for each fabric using AATCC Test 

Method 110-1995. The whiteness was measured using a Datacolor Spectraflash SF600X with 

the following settings: illuminant D65, large area view, specular included and CIE 1964 

Supplemental Standard Observer (10° observer). Each sample was folded third times with 

eight plies and the whiteness was measured four times at different places on the surfaces. The 

average value of CIE was recorded. 

Size Removal  

The size removal rate was evaluated by two ways, namely size removal and TEGEWA scale. 

The procedures of TAGEWA have been described in Chapter 3. Size removal testing was 

followed by AATCC manual test method 97, which is used to test extractable content of 

textiles.   
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Wetting Properties:  

The wetting properties were measured according to absorbance time (AATCC Test Method 

79-2000). 

 

5.5 Results and Discussion 

5.5.1 CCD Analysis for Enzymatic Desizing 

The results of enzymatic desizing are showed in Table 5-3. In the case of the full model with 

both of the two factors, not a significant model fits to the desizing data obtained by statistic 

software. This is possibly because some uncertainty during measurement of size removal 

rates. The TEGEWA and absorbance results listed in Table 5-3 are averaged values from 

three repeated tests. The above two tests provide criterions for us to pick out a better method, 

which can produce a good wetting property and relatively high size removal rates with 

moderate enzyme concentration. Therefore, the formula for the sample 8 was selected as the 

most appropriate enzymatic desizing process. 
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Table 5-3 CCD Results of Enzymatic Desizing 

No. Enzymes 
g/L 

Surfactant 
g/L 

W0 
g 

W1 
g 

W2 
g 

size 
removal 

% 

Absorbance 
s TEGEWA 

1 3.050 0.31 8.436 7.69 7.687 0.9873 30 4.63 
2 12.95 0.31 8.594 7.776 7.770 0.9751 37 5.33 
3 3.050 1.29 8.095 7.321 7.320 0.9956 13 4.07 
4 12.95 1.29 7.626 7.168 7.163 0.9766 19 5.90 
5 1 0.80 7.988 7.293 7.282 0.9508 33 3.87 
6 15 0.80 7.965 7.247 7.245 0.9910 49 6.20 
7 8 0.10 8.827 8.040 8.026 0.9434 123 4.57 
8 8 1.50 8.801 7.978 7.972 0.9757 16 5.90 
9 8 0.80 9.005 8.21 8.200 0.9603 38 5.83 
10 8 0.80 8.864 8.097 8.095 0.9919 25 6.00 
11 8 0.80 8.689 7.936 7.932 0.9836 23 5.50 
12 8 0.80 8.747 7.982 7.98 0.9918 20 5.50 
13 8 0.80 8.022 7.318 7.299 0.9154 20 5.47 
15 8 0.80 7.971 7.277 7.271 0.9731 28 5.47 

 

 

5.5.2 CCD Analysis for Activated Bleaching 

TBBC concentration, temperature and treatment time are factors potentially affecting bleach 

performance of the TBBC-activated system, and CIE whiteness was chosen as the response 

for statistical model. Table 5-4 illustrates the formula and the results, which was further 

analyzed to generate a proper statistic model.  
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Table 5-4 CCD Bleaching Results of TBBC-activated Bleaching 

Sample TBBC(g/L) Time (min) Temperature 
(˚C) CIE Whiteness 

1 4.00 25.00 25.00 40.75 

2 9.00 25.00 25.00 47.67 
3 4.00 60.00 25.00 49.37 
4 9.00 60.00 25.00 55.46 
5 4.00 25.00 60.00 63.55 
6 9.00 25.00 60.00 70.46 
7 4.00 60.00 60.00 67.3 
8 9.00 60.00 60.00 73.75 
9 2.30 42.50 42.50 52.31 
10 10.70 42.50 42.50 68.26 
11 6.50 13.07 42.50 57.84 
12 6.50 71.93 42.50 67.64 
13 6.50 42.50 13.07 39.88 
14 6.50 42.50 71.93 66.67 
15 6.50 42.50 42.50 66.54 
16 6.50 42.50 42.50 63.54 
17 6.50 42.50 42.50 63.96 
18 6.50 42.50 42.50 64.65 
19 6.50 42.50 42.50 64.74 
20 6.50 42.50 42.50 63.78 

 

Statistical analysis 

The software fitted the data by a quadratic model to describe the process. The analysis of 

variance (ANOVA) for the quadratic model is shown in Table 5-5. The probability value (p-

value) less than 0.05 indicates that the model item is statistically significant. Since the p-

value of the model is less than 0.0001, the quadratic model is statistically important. The 

other items show that TBBC concentration, time and temperature are significant to the 
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bleaching process. Also, the term BC shows that there is slight interaction between time and 

temperature during the process. Although the interaction between the three factors is not 

strong, the second order of each factor is statistically important, indicating a non-linear 

property of the response. The second order of temperature shows a more significant non-

linear trend than the other two factors. 

 

Table 5-5 ANOVA for Response Surface Quadratic Model 

Source Sum of 
squares 

Df Mean Squares F value P-value 
(Prob>F) 

Model 1756.43 9 195.16 65.26 < 0.0001 
A-TBBC 207.20 1 207.20 69.28 < 0.0001 
B-Time 116.76 1 116.76 39.04 < 0.0001 

C-
Temperature 

1178.51 1 1178.51 394.08 < 0.0001 

AB 0.21 1 0.21 0.070 0.7973 
AC 0.015 1 0.015 5.120E-003 0.9444 
BC 10.97 1 10.97 3.67 0.0844 
A^2 31.43 1 31.43 10.51 0.0088 
B^2 5.34 1 5.34 1.79 0.2110 
C^2 225.45 1 225.45 75.39 < 0.0001 

Lack of Fit 29.91 10 2.99  0.0767 
Pure Error 23.94 5 4.79   

    Total 5.97 5 1.19   
AB 0.21 1 0.21 0.070 0.7973 
AC 0.015 1 0.015 5.120E-003 0.9444 

 

The value of Lack of Fit can be used to determine if the model is adequate to describe the 

data. Since its p-value is larger than 0.05, which demonstrates the lack of fit is not 

significant, so the model is adequate to describe data and do further optimization. In addition, 
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no abnormality was observed from the diagnoses of residuals, as shown in Fig 5-3. 

Therefore, the model was statistically sound.  

 

 

Fig 5-3  Diagnosis of Residuals 

 

The quadratic model describing the process in terms of actual values of different factors 

within range investigated of the experiments is shown in the following Equation: 

CIE Whiteness = -19.81 + 4.74A + 0.52B - 1.78C - 3.68 × 10-3AB + 1.0×10-3AC 

                            - 3.83 × 10-3BC-0.23A2+1.99×10-3B2+0.012915 C2 

(Adjusted R square = 0.9682) 
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This model was used for prediction of the response (CIE WI) throughout the experiments. 

Effect of Factors on Activated Bleaching Performance 

In the ANOVA table, the F-statistic values evaluate the significance of each factor to the 

response and interaction effects between them: a larger F value indicates the related item 

plays a more important role in affecting the response. It was found that, within the 

experiment scope investigated, the whiteness was strongly dependent on bleaching 

temperature but less so on the TBBC concentration and treatment time. These effects are 

clear in a 3D surface demonstration shown in Fig 5-4.  

 

  

Fig 5-4  Effect of Factors in the TBBC-activated Bleaching System 

 

As shown in Fig 5-4, the temperature had the largest effect on the whiteness of cotton, and 

the increasing trend is nonlinear. At the same time, increases of TBBC concentration and 

treatment time will also improve bleach performance.  
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A statistical interaction qualifies how associates between one predictors and response 

depends on another predictor. As discussed in ANOVA, slight interactions were observed 

among the three factors, as illustrated in Fig 5-5. 

 

Fig 5-5  Interactions between Factors in TBBC-activated Bleaching System 
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Two lines in each graph describe the dependence of the factors on X-axis affect whiteness on 

different levels of other factors: a non-parallel trend indicates interactions between the two 

factors. Accordingly, the interactions between TBBC concentration and the other two factors 

are not obvious since the plots are parallel. The graph demonstrates that whiteness increases 

slower at high temperature than at low temperature. This is possibly because high 

temperature will facilitate the hydrolysis of TBBC to produce inactive bleaching species, 

thereby elongating treatment time to obtain the same whiteness.  

 

Optimization of Process Parameters 

From the quadratic model, the Predicted-Actual graph was drawn in Fig 5-6: All the data 

points spread evenly close to the diagonal line of the graph, which demonstrates that the 

model fits the data well. Therefore a series of solution can be obtained from this model for 

optimization. 
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Fig 5-6  Predicted-Actual Whiteness Linear Graph 

The software also gives a series of optimized formula for the process to reach to maximum 

whiteness. The optimized formula is listed in Table 5-6.  

 

Table 5-6 Optimized Conditions for Activated Bleaching 

Solution 
Number 

TBBC 
(g/L) 

Time 
(min) 

Temperature 
˚C 

Whiteness 
 

Desirability 

1 9.70 60.00 60.59 73.4 0.983 
2 9.68 60.00 60.53 73.4 0.983 
3 9.68 60.00 60.62 73.4 0.983 
4 9.75 60.00 60.72 73.4 0.983 
5 9.55 60.00 61.26 73.4 0.983 
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5.6 Conclusions 

In this chapter, a novel process for cotton preparation based on enzymes and TBBC-activated 

bleach system was optimized using a central composite design. Although no appropriate 

model was found to be valid for the first stage of the process-enzymatic desizing, a quadratic 

model was found to be valid for the second stage, namely TBBC-activated bleaching. The 

model demonstrated that the bleach performance depends most significantly on temperature, 

followed by TBBC concentration and treatment time. In addition, a series of optimum 

conditions were obtained according to the model to a maximum CIE whiteness, which was 

73.4, an acceptable whiteness in textile wet processing. 
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6 FAST COUNT MOTES METHOD USING DIGITAL IMAGE 

ANALYSIS 

 

6.1 Abstract 

A novel imaging-based method was investigated in this Chapter to count the numbers of 

motes on cotton fabrics automatically. The cotton fabric containing motes on the fabric was 

scanned to an image using a high resolution scanner.  The image was then analyzed using 

Adobe Photoshop. The minimal lightness and radius of the motes were read in Adobe 

Photoshop and was analyzed by a program developed in MATLAB to give a number of 

motes on the image. It was shown that the system is capable of counting motes semi-

automatically and relatively accurately within several seconds. This counting technology was 

then applied to measure four fabrics containing varying number of motes.  Comparisons of 

the results with visual assessment showed the readings given by two methods were similar. 

 

6.2 Introduction 

Motes on greige cotton fabric are mainly seed-coat fragments (SCF), which are the most 

troublesome impurities in cotton preparation [18]. The seed coats fragments contain 

hydrophobic impurities such as cutin, wax, and pigments, all these impurities may interfere 

uniformity and the subsequent processes like dyeing and finishing. Motes are often removed 

by alkaline scouring under high temperature. The numbers of motes also provides an 

indication of scouring performances. In textile industry, the numbers of motes on fabrics are 
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usually counted by visual measurements by individuals, which are very subjective and 

inefficient, since the definition of motes varies from person to person. Further, there have 

been not a standard measuring the motes in terms of the sizes or lightness of the motes.  

 

To solve the problem, some digital technologies have been investigated to set up more 

efficient and subjective counting methods. For instance, in a research done by E.Csiszar, 

image analysis software namely Image-Pro Plus Image Analyzer (Media Cybernetics), was 

utilized to determine the numbers and area of seed-coat fragments on fabric treated by 

enzyme [6, 54]. However, more accurate and precise methods are needed to for industry 

application. The overarching objective in this study is to develop a digital image analysis 

method using image analysis software, which is effective and objective to count the motes 

within several seconds [54]. 

 

6.3 Experimental  

6.3.1 Materials and Equipments 

Cotton fabrics used in the study contained varying number of motes on the surface of 100% 

plain weave 100% cotton greige fabric (Testfabrics (West Pittston, Pennsylvania) 122 g/m2). 

A scanner (Epson Expression 1000XL) with a resolution of 300 dots per inch was used under 

Grey mode, as well as MATLAB (R2011a) and Adobe Photoshop software.  Visual 

assessments were undertaken in an X-Rite Spectralite III light box, with a daylight simulator 

calibrated to 6500 K +/- 100 K. 
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6.3.2 Visual Assessment 

Four samples of 100 % 10 cm by 15 cm cotton fabrics with varied amount of motes were 

assessed by 5 observers three times on three different days. The results of visual assessments 

were averaged and the results were used as a reference for the digital mote counting method. 

 

6.3.3 Digital Image Analysis Procedure 

Sample Preparation: The cotton woven fabric tested by observers was ironed and pressed 

flat with a layer of copy paper as a backing. Wrinkles, creases as well as dusts should be 

avoided as much as possible during sample preparation. 

 

Scanning Images:  The samples were scanned with a high resolution digital scanner with 

the following setting: resolution of 300, grey color mode and the generated image file was 

saved. Fig 6-1 shows an example of an image of scanned cotton fabric (File name: Cotton 

Woven), showing dark specs, some of which are motes. 
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Fig 6-1  Image of Cotton Woven Fabric 

 

Motes Reorganization by Adobe Photoshop 

The motes and textures of the cotton fabric on the image consist of varied numbers of dark 

dots with different lightness and surface area. The dark dots consisting of varied numbers of 

pixels with different lightness. A pixel is the minimal unit of an image that can be analyzed 

[55]. The lightness of pixels was used to determine if the dark dots can be counted as motes. 

As shown in Fig 6-1, the motes are often darker than the background or textures. Therefore, 

it is necessary to set thresholds for the lightness of motes, which can be analyzed by Adobe@ 

Photoshop as follows: 
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Open the image in the Adobe@ Photoshop, zoom out and determine the threshold of lightness 

and the minimal size for the motes. For the threshold k%, equation 1 was used to convert it 

into an input value for the program. The key parameter is K, which is a coordinate in CMYK 

color model, indicating the proportion of black subtracted from perfect whiteness [55]. The 

lightness of the pixel can be presented by Equation (1), assuming the perfect white is 255. 

                                    𝑣𝑎𝑙 = 255 − 255 ∗ 𝑘%                                                          (1) 

 

Mote Counting Program in MATLAB 

After collecting data about the lightness and numbers of pixels in motes, a counting program 

named Read Motes from Image was run by MATLAB, this program has four parameters, 

which are the name of file that used for analysis, tolerance, dark lightness of the motes and 

resolution.  

 

Read Motes from Image ('File name', Tolerance, Dark Point of motes, Resolution) 

 

The value of tolerance (T) is calculated from a K% value according to Equation 6.1. The K% 

was determined using image analysis software namely Adobe Photoshop. This value stands 

for the lightness of the lightest point in the motes. However, there are still noise dot have a 

lightness larger than T. To eliminate the noise points, another threshold namely Dark Point 

was set to determine dark points in the motes, only when the a dot contains at least one pixel 

having lightness value of larger than D, the dark dot can be counted as a mote. The resolution 
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stands for the numbers of pixels per square inch. In this program, all fabrics were scanned 

into images with resolution of 300. 

 

The program sentences are included in Appendix -A. The principle of this program is 

described below: 

 

First, all the pixels of the image were enumerated and the coordinate of one pixel is saved if 

it has a greater K than the threshold, which means it is darker than reference. 

 

Further, the program will set up a loop to put these saved pixels into stacks based on their 

coordinates. In the loop, the first saved pixel is put into a newly setup stack. The second pixel 

will be compared with the first pixel. If its x- or y- coordinates are both within 2 units to the 

first pixel, this pixel will be put into that stack. Otherwise it will be put into a new stack. This 

procedure is repeated for the other pixels. Each pixel will be compared with the previous 

pixels to determine whether they can go into the same stack or not. 

 

Finally, the program enumerates all the stacks and read the numbers automatically. If the 

number of points in one stack is less than the minimal size for the dark point, the stack is not 

counted. The current minimal size is set as 2 pixels. So if there is only one pixel in a stack, it 

will be removed, the numbers of stack that is regarded as motes is set up to be circled with 

red line in the results, as is shown in Figure 6-2. 
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Fig 6-2  Numbers of Stack Counted by MATLAB 

 

Take the Fig 6-2 as an example, the image was analyzed by Adobe Photoshop to find two K 

values of pixels to determine thresholds for a mote. The first K value can be marked as 

Ksmall, corresponding to the K value of Tolerance; the second K value is marked as KLarge, 

corresponding to lightness of darkest point lightness (D). Use the tool of ‘Eyedropper’ icon 

in Adobe Photo Shop and point it to the motes on the image, the tool will show the K value 

of the pointed pixel. The software gives a K large=42: , K small=22, though calculation with 

Equation 6.1, the Tolerance value is about 148, and Darkest point value is about 200. Plug 

the above to value into the program:   

Read Points from Image ('Cotton woven.jpg', 200, 148, 300) 

After running the program, the program gave the following results: 

There are 12 motes, i.e., 2341 motes/m2 
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6.3.4 Mote Counting  

Fast Count Mote Method 

Four cotton fabrics (A, B, C, D) containing varied numbers of motes were analyzed by fast 

count methods and visually assessments. As the two important parameters namely Tolerance 

(T) and Dark Point value (D) are in domination of motes and are varied among samples, the 

Klarge and Ksmall values are measured and listed in Table 6-1. 

 

Table 6-1 K value Selection using Fast Count Method 

Sample K small K large Tolerance 
(T) 

Dark Point  
(D) Results 

A 20 35 204 165.75 69 
B 20 35 204 165.75 77 
C 17 37 211.65 160.65 50 
D 15 30 216.75 178.5 12 

Average 18 34.25 209 168  
Standard 
Deviation 2.44 2.98    

 

 

The averaged values of Ksmall and K large were further used to calculate the Tolerance and 

Darkest point values, which were about 209 and 168. The tolerance and darkest point values 

were plug in to the program: 

 

Read Points from Image ('File name', 209,168, 300) 
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Run program in MATLAB to analyze the images of the four fabrics and it will count the 

numbers of motes in image automatically to give numbers of motes. The readings from 

MATLAB programming is listed in Table 6-1, which is 69, 77, 50, and 12, respectively. 

 

Visual Assessments 

The four pieces of cotton fabrics were further assessed visually by 5 observers for three times 

in three different days. The results of visual assessments are averaged to be a reference for 

digital mote counting method, the visual assessment results are listed in Table 6-2. 

 

Table 6-2 Visual Assessment Results 

Observer A B C D 

1 
104 78 79 14 
80 84 70 13 
97 72 68 11 

2 
70 55 60 10 
77 63 58 7 
73 77 61 9 

3 
80 73 70 20 
77 67 73 14 
79 69 72 11 

4 
83 71 66 20 
73 70 60 11 
74 60 49 18 

5 
65 56 45 16 
73 50 58 14 
84 70 74 17 

Average 79.26 67.67 64.20 13.67 
Standard Deviation 10.03 9.34 9.49 4.99 
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6.3 Results and Discussion 

A summary of results of fast count mote method and visual assessments are listed in Fig 6-3. 

The results given by the program is close to that given by visual assessments. When the value 

of T and D are determined, the program can count the number of motes automatically in 

several seconds. However, the T and D value used in this chapter is not necessarily useful in 

evaluation other type of fabrics, because they are affected by properties of the substrates in 

terms of, like textures, whiteness and wrinkles. The value of T and D for the program should 

be further investigated by testing more samples.   

 

 

Fig 6-3  Comparison between Visual Assessment and Fast Count Motes Method 

 

Furthermore, the results of visual assessments have a large error range for each sample, and 

this is because the definition of motes is varied from person to person. Therefore, to get a 
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more objective visual assessment results, a larger sample size are needed in future. It is also 

ideal to set a standard of mote counting, in terms of lightness and size. 

 

 

6.4 Conclusions 

Based on the examples analyzed by the digital counting methods, the system was shown to 

be capable of counting motes automatically and relatively accurately within several seconds 

once related parameters are determined. However, although this digital counting can give 

similar results to visual assessments, the parameter of T and D will need to be adjusted with 

different types of samples. More research is needed to determine the optimum settings for T 

and D.  
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7 CONCLUSIONS 

 

In this thesis, a novel process for desizing, bleaching and scouring using one bath is 

described in which a bleach activator, N-[4-(triethylammoniomethyl)benzoyl]-butyrolactam 

chloride (TBBC) was employed to enable effective scouring and bleaching at reduced time 

and temperature compared to conventional cotton preparation. Data show that effective 

preparation in terms of desizing, scouring, whiteness and fabric strength was achieved in a 

one-bath two-step process, while the energy, time and water consumption required was 

substantially reduced. 

 

In addition, fabric prepared using the TBBC-activated process can provide a base white 

which will enable the fabric to dye to a similar shade as its conventionally prepared 

counterpart, although some adjustment may be required for the base white when predicting 

recipes in recipe formulation models.  

 

Furthermore, the TBBC-activated desize/scour/bleach process was optimized in the 

laboratory using a central composite design, in which a quadratic model was constructed and 

was found valid for prediction and optimization. ANOVA analysis of this model revealed 

that temperature is the most important predictor, followed by the TBBC concentration and 

treatment time.  A series of optimized formulas were predicted and validated to produce the 

maximum whiteness for the constraints applied to the statistical design. 
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Finally, a novel counting method based on image analysis was developed with image 

analysis software. It was shown that the system is capable of counting motes sami-

automatically and relatively accurately within several seconds.  The results given by this new 

method were similar to visual assessments. 
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8  FUTURE WORK 

 

Three areas are recommended for future work: 

 

(1) For a successful preparation, three factors should be taken into consideration: fabric 

performance, environmental impact, and economics. The TBBC-activated process can 

provide satisfactory bleach profile and in terms of energy, time and water usage, it has far 

lower environmental impact than conventional textile wet processing.  However, further 

studies are needed to determine the toxicity of TBBC and to optimize the cost to 

manufacture the activator, both of which are keys to commercial viability.    

 

(2) Since the motes were not removed completely in the TBBC-activated bleach/scour 

process, the next step of the work could be integration of enzymatic treatment in the 

process to remove motes completely, and to study the mechanism of mote removal using 

benign conditions  

 

(3) The motes counting methods developed require further refinement.  The data shown 

warrant further development to discover the proper range of the T value and D value that 

could be applied to a larger range of fabric types, such as knits, and other fabrics with 

other textures. 
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Appendix A 
 

A.1 Imaging-based Mote Counting Program 
 
function readPointsfromImage(filename, tolerance, dirtK, resolution) 
  
num = 0; 
  
imdata = imread(filename); 
  
[n, m, l] = size(imdata); 
  
coord = zeros(n*m/2, 2); 
  
ind = 0; 
  
radius = int32(resolution/25.4); 
  
for i=1:n 
    for j=1:m 
        if (imdata(i, j, 1) < tolerance) 
             ind = ind+1; 
             coord(ind, 1)= j; coord(ind, 2)= i; 
        end 
    end 
end 
  
array = zeros(ind, 2); 
arraylength = zeros(ind, 1); 
for i=1:ind 
    bfound = false; 
    for j=1:num 
         for k=1:arraylength(j) 
             index = array(j, k); 
             if (abs(coord(index, 1) - coord(i, 1)) < 6 && abs(coord(index, 
2) - coord(i, 2)) < 6)  
                  arraylength(j) = arraylength(j) + 1; 
                  array(j, arraylength(j)) = i; 
                  bfound = true; 
                   
                  break; 
             end 
         end 
          
         if (bfound)  
             break;  
         end 
    end 
  
    if (false == bfound)  
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        num = num +1; 
        array(num, 1) = i; 
        arraylength(num) = 1; 
    end 
end 
  
figure  
imshow(filename); 
hold on 
for i = num:-1:1 
    if (arraylength(i) <  3) 
        num = num -1; 
    else 
        bfound = false; 
        for j=1:1:arraylength(i) 
            if (imdata(coord(array(i,j),2), coord(array(i,j),1), 1) < 
dirtK) 
                bfound = true; 
            end 
        end 
         
        if (bfound == false) 
            num = num -1; 
            continue; 
        end 
         
        indices = array(i, :); 
        center = zeros(1, 2); 
        for j=1:1:arraylength(i) 
            center = center + coord(indices(j), :); 
        end 
        center = center./(arraylength(i)); 
        radius = 0; 
        for j=1:1:arraylength(i) 
            radius = max(radius, sqrt((double(center) - 
double(coord(indices(j), :)))*(double(center) - 
double(coord(indices(j), :)))'));             
        end 
        scatter(center(1, 1), center(1, 2), (int16(radius)+3)^2, [1 0 0]); 
    end 
end 
  
str = sprintf('There are %d dirts, i.e., %d dirts in a square meter', num, 
int32(num/(n*m/resolution/resolution*0.0254*0.0254))); 
disp(str); 
  
end 
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A.2 Pictures from Imaging-based Mote Counting Program 
 
 

NO. Original Image Analysis 

A 
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NO. Original Image Analysis 
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