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ABSTRACT 

The pH of milk fibers, which can be obtained even from the protein of sour milk, is compatible with 

the human body. Besides being ecological, they have biodegradable properties. In this paper the 

influence of different bleaching conditions with hydrogen peroxide and thioureadioxide (TUDO) on 

the whiteness of casein fiber fabric was investigated. Bleaching was carried out both conventionally 

and with microwave energy. Whiteness, bursting strength, hydrophilicity, and chemical oxygen 

demand (COD) values were determined and compared. The structures of the untreated and treated 

casein fabrics were investigated with Fourier transform infrared spectroscopy (FTIR) and scanning 

electron microscopy (SEM). The effect of bleaching on the structure of casein fabric was investigated 

with scanning electron microscopy (SEM). The loss of strength in milk fiber based fabrics which have 

been bleached with peroxide in acidic medium is less than the loss in bleaching in basic medium. 

Microwave energy can produce whiteness levels obtained by conventional method in much shorter 

periods. Strength losses are also less. The air permeability test results show that the air permeability 

of casein fiber based fabric samples decreases with increasing processing temperature and processing 

time. Careful selection of process temperature and duration is important for milk fibers as well as for 

wool fibers. When working with milk fibers it is recommended to test the dimension peroxide 

bleaching change according to the process conditions. 
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1. INTRODUCTION 

The raw materials utilized for the preperation of 

regenerated protein fibers might be milk, soybean, peanut 

and zein [1]. Fast development of cheaper synthetic fibres 

with outstanding mechanical characteristics in the early 

sixties had effect on the commercial manufacture of 

regenerated protein fibres that was totally discontinued in 

the middle of the 1960s [2]. Casein fiber is one of the 

regenareted protein fibers of milk protein origin. Lanital is 

developed as the first commercial casein fiber [3]. Various 

casein fiber brands such as Aralac, Caslen (USA), Lactofil, 

Casolana (Netherlands), Cargan (Belgium), Tiolan, Tiocell 

(Germany), Silkool (Japan), Fibrolane (Great Britain) have 

been manufactured in various countries [4-6].  The original 

Lanital (France) has been improved and produced under 

various trade names such as Merinova (Italy) and Wipolan 

(Poland) [7]. 

Fibrolane (Great Britain) and Merinova (Italy) are formed 

by dissolving casein in sodium hydroxide and then by 

extrusion into an acid / salt bath. The fibres formed in this 

way is stretched as tow and partially stabilised by 

formaldehyde treatment [1]. The process requires a lot of 

water [8]. New methods have been found in recent years to 

produce these fibers in a more environmentally friendly 

manner and a new process is developed without the use of 

formaldehyde [8]. A newly developed process for the 

production of casein fibers without formaldehyde is 

described in a recent patent [9], but these fibers are not yet 

available commercially. In the study carried out by Bier et 

al., casein fibers were produced according to two different 

approaches, using water and heat or sodium hydroxide. In 

both ways, relatively flexible fibers and textile coatings 

were gained [10]. 
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Casein fibers have a certain similarity to sheep’s wool. It is 

a phospho-protein built up from a number of amino acids 

[11]. The general properties of regenerated protein fibres 

include the wool like attributes of resilience, warmth and 

soft handle.  The strength of regenerated protein fibers is 

lower than of wool fibres. Casein fibers have no cystine 

linkage, which leads to a more open structure [1]. 

Milk protein fiber is comfortable and has excellent water 

transportation and air-permeability [12]. These 

biodegradable and renewable fibers have also better 

resistance to attack by microorganisus such as bacteria and 

fungus. Besides its antimicrobial activity casein fibers is 

healtier [12]. Their smooth structure makes them feel 

similar to silk, and the high moisture absorption lets the 

fibers swell and makes them softer and thus especially 

attractive for people with skin diseases. Additionally, they 

can easily be dyed and age only slowly [10]. Casein can 

also be extracted from “non-food milk”, i.e. waste which 

cannot be used in the food industry. For this reason casein 

fiber would be a sustainable alternative to other natural 

fibers. The usage of casein fiber is expected to increase in 

the near future due to its eco-friendly footprints [13]. 

In the study carried out by Lei et al. wearabilities, tensile 

property, appearance property and abrasive resistance of 

milk protein fiber plain knitted fabric were tested [14]. 

According to the research casein fiber can be regarded as an 

ideal fiber fabric used as underwear in spring, autum and 

winter [14]. In the study carried out by Rathinamoorthy 

thermal comfort and moisture management characteristics 

of knitted casein fabric have been evaluated and compared 

with cotton fabric for the application of undergarment [15]. 

First concepts of MW use for textile finishing processes 

emerged in the 1970s when cellulosic fabrics were treated 

with Durable Press finishing agents and healed in a 

microwave oven [16]. Textile finishing using microwave 

heating has been reported by several authors [17, 18, 19, 

20, 21, 22, 23, 24, 25, 26, 27, 28]. Microwave heating has 

proven to be more rapid, uniform and efficient than other 

heating methods [29]. Furthermore it is a clean and 

environmentally friendly technology. 

In the study carried out by El-Kheir et al., microwave 

irradiation was used to reduce consumption of energy and 

time during bleaching of wool fabrics with hydrogen 

peroxide [30]. 

In this study, bleaching process of fabrics produced from 

100% casein fibers was investigated. Hydrogen peroxide 

and thioureadioxide (TUDO) were used for bleaching. 

Bleaching was carried out using conventional method and 

microwave energy. The whiteness / yellowness, strength 

and hydrophilicity values of the treated samples were 

determined and the results were compared. 

2. MATERIAL AND METHOD 

2.1 Material 

100 % casein milk fiber yarn (32/1 Ne) single jersey knitted 

fabric (140 g/m2) is used in this study. 100 % casein milk 

fiber yarn is obtained from China. The whiteness degree of 

greige un-treated casein milk fiber fabric was 56.91 

Stensby. 

2.2 Method 

Scouring process, at 40°C for 10 minutes, was applied to 

greige milk fabrics twice before any bleaching operations in 

order to remove any possible impurities which could be 

found on the surface of the fabric. Hydrogen peroxide 

bleaching operations were applied to casein (milk) fabrics 

using Ataç Lab Dye HT sample dyeing machine via 

exhaustion process. In all bleaching processes, 0.5 g/l 

nonionic wetting agent was added to the bleaching bath 

(Table 1). 

 Peroxide bleaching of wool under mild acidic conditions 

(pH 5–6) can also be carried out using a peracid activator 

such as Prestogen W (BASF). As wool sustains some 

damage in the presence of alkali, this method is useful for 

bleaching delicate fabrics. In the bleaching processes of 

milk fibers, as in wool fiber, bleaching in acidic medium 

was carried out microwave energy assisted reductive and 

hydrogen peroxide bleaching processes were carried out 

using Arçelik MD 565 model microwave oven (900 watt) 

via exhaustion process. Casein milk fiber fabrics were 

bleached with microwave energy assistance for 1, 3 and 5 

minutes. Bleaching liquor are prepared at room temperature 

and poured into closed glass container. After 1minute 

microwave energy application, bleaching liquor was started 

to boil and after 5 minutes of application all liquor was 

evoparated. 

 

 

Table 1. Hydrogen peroxide used for casein fiber bleaching and their processing detail 

Peroxide bleaching under alkaline conditions   Peroxide bleaching under acidic conditions   

Hydrogen peroxide (35 %) 10, 15, 30, 45,65 ml/l Hydrogen peroxide (35 %) 10, 30, 45, 65, 90, 120 ml/l  

Temperature (°C) 50, 60, 70, 80, 90ºC   Temperature (°C) 60, 80, 90°C 

Time (minutes) 45, 60, 90, 120  Time (minutes) 60  

pH pH 9 pH pH 5 

liquor ratio 1:40 liquor ratio 1:40 

nonionic wetting agent 0.5 g/l nonionic wetting agent 0.5 g/l 

stabilizer 1 g/l Prestogen W 2, 6, 9, 13, 18, 24 g/l 
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2.3 Analysis and Testing 

Following various abovementioned bleaching treatments, 

the whiteness (Stensby value) and yellowness (E313 YI) of 

the casein fiber fabrics were determined using a Datacolor 

600 spectrophotometer. The hydrophilicity property of 

bleached and untreated control casein milk fiber fabrics was 

measured as the time, in seconds, of water absorption of the 

specimen according to TS 866 standard. Moreover, bursting 

strength properties of bleached milk knitted fabric was 

carried out in accordance with ISO 13938-2, using an SDL 

Atlas M229P bursting tester, under the standard laboratory 

conditions (20±2 C; 65±2% relative humidity).  

Test fabrics were tested for their air permeability on FX 

3300 air permeability tester (Textest A.G, Switzerland) 

according to EN ISO 9237 standard. 

The surface morphologies of bleached casein fabrics were 

examined by using scanning electron microscopy (SEM, 

Zeiss EVO 40). Before the test, the samples were coated 

with a thin gold film layer to increase the conductivity. 

The infrared analysis was performed using a Infrared 

Spectrometer (FT-IR) with diamond universal ATR 

accessory in ATR mode.  Waste bleaching floats were 

measured according to closed reflux method for Chemical 

Oxygen Demand (COD). The conventional and microwave 

assisted bleaching of casein milk fiber fabrics was 

compared according to the test results. 

 

3. RESULTS AND DISCUSSION 

3.1 Conventional Bleaching of Casein Fabric 

Effect of pH 

According to bleaching results to determine optimum pH 

value, peroxide bleaching at pH 5 and pH 9 gave the 

highest whiteness values. Bleaching at pH 11 causes the 

whiteness of the fabric samples produced from milk fiber to 

decrease and yellowing of the samples (Table 2). As it is 

known that the liberation of HO 2- ion at higher pH (above 

10.8) is so quick that it becomes unstable with the 

formation of oxygen gas which possesses no bleaching 

character. At higher pH conditions, hydrogen peroxide is 

not stable and henceforth a stabiliser is often added in the 

bleaching bath [1]. 

Effect of temperature 

Bleaching process was applied to milk fibers at 50˚C, 60˚C, 

70˚C, 80˚C, 90˚C at pH 9 where the highest whiteness 

degree was obtained. Figure 1 shows the measured 

whiteness and yellowness values of casein fabrics. 

It is observed that the whiteness values of the samples 

increase slightly with increasing peroxide concentration, 

time and process temperature (Figure 1). However, these 

increases are not observed at 90°C. In the bleaching process 

at 90˚C, whiteness of milk fiber based fabrics remains at 

low levels even at high hydrogenperoxide concentrations. 

Process temperature, time and hydrogen peroxide 

concentration as well as the pH of the liquor; are the most 

important factors affecting the bleaching degree and fiber 

damage. Increasing them more then enough not only 

increases the damage to the fibers but also reduces the 

degree of whiteness obtained. The decrease in whiteness at 

90°C is thought to be due to the high processing 

temperature. At 5 different pH and 2 different temperatures, 

milk fiber-based samples were treated with only water for 

60 and 120 minutes without adding any chemicals to the 

liquor and their whiteness degrees were measured (Figure 

2). 

According to Figure 2, whiteness value decreases as the 

temperature and processing time of the milk fibers are 

increased. Temperature and pH value selection is important 

when working with milk fibers. After pH 9, yellowing is 

observed in the fibers. 

In order to observe the effect of heat treatment, milk fibers 

were exposed to dry heat for 5 minutes at different 

temperatures. From 90 ºC, the degree of whiteness starts to 

decrease and the yellowing increases with increasing 

temperature (Figure 3). 

  

 

Table 2. The effect of pH on whiteness and yellowness degree 
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15 ml/l 62,05 13,99 60,69 15,34 62,83 13,9 20,70 39,74 

30 ml/l 63,30 13,78 61,57 14,91 64,83 12,71 14,02 43,61 
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Figure 1.  Whiteness and yellowness values of milk fibers after hydrogen peroxide bleaching at 50 ºC, 60 ºC, 70 ºC, 80 ºC, 90ºC 

 

 
Figure 2.  Effect of process temperature on whiteness degree and yellowness index of casein fabric 

 

 

Figure 3.  Effect of heat treatment on whiteness degree and yellowness index of casein fabrics 

 

 
 

Figure 4.  Weight loss of casein fabric at different pH and temperature 
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At pH 3 and pH 9, weight losses in milk fibers increase. 

The increase in temperature also supports the increase in 

weight losses (Figure 4). The weight losses at 90°C at all 

pH values are considerably higher than at 60°C. Whilst the 

pH values where milk fibers had the lowest weight loss 

were pH 5 and 7, slightly higher whiteness values were 

obtained at pH 9. Therefore, the processing conditions of 

120 minutes at 50°C (Stensby value 64,44) and 120 minutes 

at 60°C (Stensby value 64,89) with 45 ml/l 

hydrogenperoxide at pH 9 are set as reference for 

subsequent bleaching processes. 

Peroxide bleaching under acidic conditions  

During hydrogen peroxide bleaching in acidic medium in 

presence of Prestogen W, the highest whiteness degree 

(65.31) could be achieved at a temperature of 60°C and 90 

ml/l hydrogenperoxide concentration. Increasing the process 

temperature does not improve the whiteness degree. The use 

of peroxide concentrations greater than 90 ml/l also does not 

provide a significant improvement in whiteness (Table 3). 

The highest whiteness degrees and processing conditions 

obtained by bleaching milk fibers with hydrogen peroxide 

(H2O2) are given together in Figure 5. 

 

 
Table 3.  Whiteness values of mik fibers bleached in acidic medium with hydrogen peroxide (H2O2) 

 

 60 0C 80 0C 90 0C 

H2O2 

(%35) 

 

Whiteness 

degree 

(Stensby 

value) 

Yellowness 

Index (E313 

YI) 

Whiteness 

degree 

(Stensby 

value) 

 

Yellowness 

Index 

(E313 YI) 

Whiteness 

degree 

(Stensby 

value) 

 Yellowness 

Index (E313 

YI) 

10 ml/l 60,74 16,78 59,67 16,81 57,82 17,27 

30 ml/l 62,06 15,48 62,71 14,19 61,41 14,67 

45 ml/l 62,31 15,28 63,03 13,99 62,02 14,4 

65 ml/l 63,07 14,72 63,56 13,6 62,75 14,04 

90 ml/l 65,31 12,88 64,31 12,58 63,72 13,27 

120 ml/l 65,02 11,71    64,54    12,79 64 12,9 

 

 
Figure 5.  Peroxide bleaching of casein fabric under acidic and alkaline conditions 

 

 
 

TUDO bleaching  

Highly reductive sulfinate iedons, which are formed 

through the hydrolysis of tiouredioxide at high temperatures 

and neutral and alkali baths into sulfinate anions and urea, 

provide reductive bleaching (Figure 6) [31]. 

 

 
 

Figure 6.  TUDO’s reaction mechanism [1] 

 

TUDO was used in three different pH values as 5, 7 and 10 

at recommended temperature 90°C. The whiteness degrees 

obtained at pH 10 were higher than the whiteness degrees 

obtained at pH 7.  At a TUDO concentration of 10 g/l, the 

whiteness of the milk fibers increased to 67.22 Stensby in 

60 minutes at 90ºC (Figure 7). The rate of degradation of 

TUDO increases with increasing pH and temperature and 

decreases with increasing concentration [1]. If the 
concentration is further increased, the degree of whiteness 

decreases. 64 Stensby value could be achieved at pH 5 at 

high concentrations such as 30 g/l. The degrees of 
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whiteness measured at pH 5 and pH 7 are similar (Figure 

7). 
 

Samples of knitted fabrics made of milk fiber were treated 

at TUDO concentrations of 10 g/l and 20 g/l where high 

whiteness was measured at 90°C for 30 minutes. According 

to the results of 60 minutes, the whiteness of the samples 

was lower (Figure 8). 

Two-stage bleaching process  

Wool is often bleached in two-stage process, one being an 

oxidative step followed by reductive bleach. Hydrogen 

peroxide is usually used to perform the oxidiative stage, at 

pH 8-10, followed by a treatment with reduction agents 

such as thiourea dioxide, hydrosulphite [32]. Two-step 

bleaching results for casein fibers were also investigated. 
 

 

 

 
 

 

 
Figure 7.  Graph of the whiteness and yellowness values of samples treated with TUDO (thiourea dioxide) at different pH values 

 

 
Figure 8.  Effect of time on whiteness values of samples treated with TUDO at 90°C 

 

 

Table 4.  One and two stage bleaching process 
 

    Whiteness degree (Stensby value)  Yellowness Index (E313 YI) 

  Control (unbleached fabric) 56,91 19,21 

o
n

e
 s

ta
g

e
 b

le
a

c
h

in
g

 

Peroxide bleaching under acidic conditions  (65 ml/l H2O2- pH 5, 

60 °C- 60 min) 
63,07 14,72 

Peroxide bleaching under acidic conditions  (90 ml/l H2O2- pH 5, 

60 °C- 60 min) 
65,31 12,88 

Peroxide bleaching under alkaline conditions (45 ml/l H2O2- pH 9, 

50 °C- 120 min) 
64,44 13,68 

Peroxide bleaching under alkaline conditions (45 ml/l H2O2- pH 9, 

60 °C- 120 min) 
64,89 12,75 

TUDO bleaching (10 g/l TUDO-pH 10-90 °C- 60 min) 67,22 11,36 

tw
o

 s
ta

g
e
 b

le
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g

 Peroxide bleaching under acidic conditions  (65 ml/l H2O2-pH 5, 60 

°C- 60 min) after TUDO 
65,22 11,55 

Peroxide bleaching under acidic conditions  (90 ml/l H2O2- pH 5, 

60 °C- 60 min) after TUDO 
67,03 10,85 

Peroxide bleaching under alkaline conditions (45 ml/l H2O2- pH 9, 

50 °C- 120 min) after TUDO 
66,93 10,85 

Peroxide bleaching under alkaline conditions (45 ml/l H2O2- pH 9, 

60 °C- 120 min) after TUDO 
67,3 10,27 
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Although two-step bleaching with TUDO after peroxide 

bleaching increases the whiteness of casein based fabrics 

compared to single-step bleaching, 67.22 Stensby whiteness 

can be achieved in one step with TUDO. Given that the 

two-step process is both costly and time-consuming and 

does not provide very high whiteness degrees, two-step 

bleaching for milk fibers may not be the correct mode of 

operation (Table 4). 

 

3.2 The Microwave-Assisted Bleaching of Casein Fabric 
 

As a result of the experiments carried out according to the 
conventional method, 100% milk fiber samples were 

bleached with the help of microwave energy based on the 

process conditions giving the highest whiteness values. The 

whiteness, yellowness and hydrophility values of the 

samples treated with microwave energy in shorter periods 

were compared with the results obtained in the 

conventional method. 
 

The whiteness values of the samples bleached by 

microwave energy do not reach the whiteness values 
measured in the conventional method. However, it should 

be noted that the processing time is 5 minutes (Table 5). 

As in the classical method, two-step bleaching has also 

been applied in bleaching processes carried out by using 

microwave energy. Reduction bleaching followed by 

peroxide bleaching in acidic media increases the whiteness 

degree of the samples (67.21 Stensby). With a bleaching 

time as short as 10 minutes, an increase of whiteness of up 

to 10 points can be achieved with respect to the whiteness 

of the unbleached fabric (56.91). The hydrophilicity of the 

samples improves with respect to the unbleached fabric. 

After the bleaching with hydrogen peroxide (61.81 

Stensby) in alkal medium by using microwave energy, the 

whiteness degree (65.97 Stensby) of the sample which was 

treated with reductive bleaching increased by 3 points. The 

hydrophilicity values also improved compared to the 

unbleached fabric (Table 5). 

4. Test and Analysis Results of Casein Fabrics  

Evaluation of bursting strength of casein fabrics 

In addition to achieving a good degree of whiteness during 

the pre-treatment processes, it is important not to damage 

the fibers. The bleaching processes can damage the fibers 

more or less. For this purpose, the strength values of the 

samples with the best whiteness degree were also 

investigated. Fabric samples produced from milk fiber 

suffer more or less chemical damage after bleaching, and 

the degree of damage to the fibers may vary depending on 

the bleaching agent and the method applied. 

When the bursting strength values of the bleached samples 

were compared; the loss of strength in the acidic medium 

peroxide bleaching process is less than the loss in the basic 

medium bleaching process. In the basic environment, the 

damage of milk fiber-based samples is slightly higher, 

despite their similar whiteness values (Table 6). It was 

determined that the weight loss of the samples treated with 

water only in the basic medium was higher than the loss of 

the samples treated with acidic medium. 

 

Table 5.   Microwave-assisted bleaching of casein fiber fabric 

 

    1 min 3 min 5 min 

    
Whiteness 

degree 

Yellowness 

Index 

Whiteness 

degree 

Yellowness 

Index 

Whiteness 

degree 

Yellowness 

Index 
Hydrophilicity * (s) 
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Peroxide bleaching 

under acidic conditions  

( 90 ml/l H2O2- pH 5)         
60,31 15,88 61,73 16,01 63,47 14,01 17" 

Peroxide bleaching 

under alkaline 

conditions (45 ml/l 

H2O2- pH 9) 

59,55 16,4 61,38 15,99 61,81 15,18 36" 

TUDO bleaching (10g/l 

TUDO- pH 10) 
58,82 16,08 60,91 13,98 62,2 12,62 32" 

tw
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Peroxide bleaching 

under acidic conditions  

( 90 ml/l H2O2- pH 5)   

after TUDO (10g/l 

TUDO- pH 10)         

  67,21 10,46 21" 

Peroxide bleaching 

under alkaline 

conditions (45 ml/l 

H2O2- pH 9) after 

TUDO (10g/l TUDO- 

pH 10)        

  65,97 11,22 25" 

* Hydrophilicity values of samples treated with microwave for 5 minutes. 
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Table 6.  Bursting strength values of 100% milk fiber fabrics 

 

 
Whiteness 

degree (Stensby 

value) 

Bursting 

strength 

(kPa) 

Weight loss 

(%) 

Hydrophilicity 

(s) 

Control fabric (unbleached)   290,2   90 

Conventional bleaching     

Peroxide bleaching under acidic conditions (65 ml/l H2O2-     pH 
5, 60 °C- 60 min) 

63,07 269,6 12,73 38 

Peroxide bleaching under acidic conditions (90 ml/l H2O2-     pH 

5, 60 °C- 60 min) 
65,31 253,9 14,18 26 

Peroxide bleaching under alkaline conditions (45 ml/l H2O2-     pH 
9, 50 °C- 120 min) 

64,44 231,7 10,93 45 

Peroxide bleaching under alkaline conditions (45 ml/l H2O2-     pH 

9, 60 °C- 120 min) 
64,89 240 9,1 31 

TUDO bleaching (10 g/l TUDO, pH 10-90 °C- 60 min) 67,22 276,5 12,23 17 

Bleaching with microwave     

Peroxide bleaching under acidic conditions (90 ml/l H2O2-      pH 
5, 5 min) 

63,47 272.3 
 

12,45 

 

17 

Peroxide bleaching under alkaline conditions (45 ml/l H2O2-     pH 
9, 5 min) 

61,81 259,6 
 

10,35 

 

36 

TUDO bleaching (10 g/l TUDO,  pH 10,  5 min) 62,20 270,5 8,28 25 

 

Bursting strength values of samples subjected to bleaching 

by peroxide with the help of microwave energy are slightly 
higher than those measured in the classical method (Table 

6). This is thought to be due to the fact that the processing 

time is considerably shorter than the conventional method. 

Reductive bleaching is the opposite; bursting strength 

values of bleached samples in the presence of microwave 

energy with reductive bleaching agents are slightly lower 

than the conventional method. During the reductive 

bleaching process with microwave energy, the temperature 

of the liquor can be reached to boiling temperature within 5 

minutes of treatment time, on the contrary in the 

conventional method; the process is carried out at a 

constant temperature of 90°C. Although the process time in 
microwave bleaching is short, it is thought that the increase 

in temperature during the process might have slightly 

increased the strength losses of the samples. In the strength, 

loss values of milk fiber based knitted fabrics the increase 

in the weight of milk fiber based knitted fabrics due to the 

process temperature is effective. As the processing time and 

temperature increase, the dimensional stability of the milk 

fiber based fabrics changes, the fabrics shrink and their 

weights are increased (Figure 9). 
 

 Figure 9.   Weight changes of milk fiber based fabrics under 

different processing conditions 
 
The increase in the thickness of the fabrics also confirms that the 
fabrics were shrunk (Table 7). 

 

Evaluation of air permeability of casein fabrics 

 

Figure 10 indicates the air permeability results. The air 
permeability of all bleached casein fabrics decreased compared to 
the control fabric. In this case, it is confirmed that, depending on 
the processing conditions, the fabrics are shrunk, compacted and 
therefore the air permeability of the fabrics is reduced. 
 

 

Table 7.  Thickness test results of milk fiber based knitted fabrics 

 

 Fabric thickness  (Leipzig Nr.7880) (micron) 

Control fabric (unbleached)  4 

Peroxide bleaching under acidic conditions  (90 ml/l H2O2-     pH 5, 60 °C- 60 min) 4,1 

Peroxide bleaching under alkaline conditions  (45 ml/l H2O2-     pH 9, 60 °C- 120 min) 4,2 

TUDO bleaching  (10 g/l TUDO-pH 10-90 °C- 60 min) 4,8 
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Figure 10. Air permeability test results of milk fiber based knitted fabrics 

 

Evaluation of SEM and FTIR analysis of casein fabrics 

Figure 11 shows SEM images of bleached milk fibers with 

peroxide and TUDO in acidic and basic media. Strips are 

observed on the surface of the fibers treated in basic 

medium. 

The absorption peak at 1647 cm-1, represents C=O structure 

in amide I bond which confirms the presence of protein. 

Peak at 1530 cm-1 represents strong amide II bond which is 

formed due to N-H bonding of C-N-H group [15]. 

Amide I (1658 cm-1) and Amide II (1538 cm-1) peaks are 

characteristic peaks peaks for casein fibers in the FTIR 

spectrum [2]. FTIR-ATR analysis shows that there is no 

bulk change in bleached casein fabrics compared to control 

fabric (Figure 12). 

Chemical oxygen demand (COD)  

In order to investigate the environmental impacts of the 

recipes giving the best whiteness degree, the Chemical 

Oxygen Demand (COD) measurements of wastewaters 

were measured by using Closed Reflux, Titrimetric Method 

and the results are given in Table 8 below. 

 

 
 

Figure 11. SEM images of bleached milk casein fabric samples. a)  Peroxide bleaching under acidic conditions, b) Peroxide bleaching under alkaline 

conditions c) TUDO bleaching 
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Figure 12.  FTIR–ATR Analysis of milk casein fabric samples 

 
Table 8. COD values measured according to Closed Reflux, Titrimetric Method of bleaching liquors of conventional method 

 

 Chemical Oxygen                

Demand (COD) 

Peroxide bleaching under acidic conditions (90 ml/l H2O2- pH 5,     60 °C- 60 min.) 12,55 g/l 

Peroxide bleaching under alkaline conditions (45 ml/l H2O2- pH 9, 60 °C- 120 min) 6,77 g/l 

TUDO bleaching (10 g/l TUDO-pH 10-90 °C- 60 min) 1,26 g/l 

 

The environmental problems of the textile industry are 

based on the amount of wastewater and the chemical load 

of these wastewaters, energy consumption and waste air 

emissions. Environmental problems associated with 

hydrogen peroxide bleaching result from the use of strong 

complexing agents (stabilizers) [33]. The COD 

measurements of the wastewaters were measured by using 

the Closed Reflux Colorimetric Method to examine the 

environmental impacts of the recipes giving the best 

whiteness degree. When COD values were examined; It can 

be said that the most ecological bleaching method is 

reductive bleaching because it has the lowest COD value. 

TUDO, which provides the best whiteness degree with the 

classical method in this study, stands out with its more 

ecological feature. 

4. CONCLUSIONS 

Milk fibers, which can be obtained even from the protein of 

sour milk, provide an comfortable feeling due to the 

compatibility of the pH value with the human body, have 

bright colors due to their good dyeing ability and have 

ecological properties as well as biodegradable properties 

which makes the fiber an advantageous choice. In this 

study, whiteness, yellowness, hydrophilicity and strength 

properties of milk fiber fabrics were investigated before and 

after different bleaching processes. According to the 

process conditions whiteness value measured in 120 

minutes at a concentration of 45 ml/l H2O2 at pH 9 at 50°C 

in peroxide bleaching made in alkaline medium is 64,44 

Stensby, on the other hand whiteness value measured in 

120 minutes at a concentration of 45 ml/l H2O2 at 60°C is 

64,89 Stensby. Since the measured whiteness values are 

very close to each other, 50 and 60˚C have been determined 

as the optimum temperatures. On the other hand in the 

bleaching with H2O2 in acidic environment, the best 

whiteness levels were determined as 65,31 Stensby at 60ºC 

for 60 minutes at a concentration of 90 ml/l and 63.07 

Stensby at 60ºC for 60 minutes at a concentration of 65 

ml/l. 

The loss of strength in milk fiber based fabrics which have 

been bleached with peroxide in acidic medium is less than 

the loss in bleaching in basic medium. 

Air permeability test results show that air permeability 

decreases with increasing process temperature and process 

time of milk fiber based fabric samples. It should be noted 

that the size stability of the milk fiber fabrics may vary 

depending on the processing conditions. It is recommended 

to carefully select process temperature and duration and test 

the dimension change in milk fibers as well as wool fibers. 

Microwave treatment has significant adventages for 

bleaching of fabrics produced from casein fibers as 

microwave is a clean, environmentally friendly, efficient 

heating technology. 
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