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ABSTRACT 

This study uses different fixation materials to investigate the colour fastness of natural dyes derived from teak 

wood extract (Tectona grandis) on traditional woven yarns. Four fixation agents—aluminium sulphate 

(Al₂(SO₄)₃):sodium bicarbonate (NaHCO₃):calcium carbonate (CaCO₃):and ferrous sulphate (FeSO₄)—were tested 

at different fixation stages (initial, middle, and final). Colour fastness was assessed through washing and sunlight 

exposure tests, with ANOVA used to analyse statistical significance. The results indicate that aluminium sulphate 

exhibited the highest initial colour retention (52.36%):but its effectiveness declined significantly over time. In 

contrast, sodium bicarbonate maintained more stable colour retention in later stages, making it a promising 

alternative for long-term durability. The findings highlight the critical role of fixation selection in optimising 

natural dyeing processes and suggest practical applications for large-scale sustainable textile production. Future 

research should explore hybrid fixation methods and environmentally friendly alternatives to enhance colour 

stability. 
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INTRODUCTION 

Textile dyeing is one of the important processes in the textile industry that affects the aesthetics and 

quality of the final product. The colour fastness of the yarn to washing and sunlight is a crucial factor 

determining the attractiveness and longevity of textile products [1,2]. There has been a growing 

interest in natural dyes in recent years due to their environmental benefits and the unique qualities 

they impart to textiles [3,4]. Unlike synthetic dyes, which can contain harmful chemicals and contribute 

to environmental pollution, natural dyes are derived from renewable resources and are often 

biodegradable [5,6]. Additionally, natural dyes can produce a wide range of colours and shades that 
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are often more vibrant and complex than their synthetic counterparts [7,8]. Studies have shown that 

natural dyes offer superior environmental performance and comparable colour fastness under 

optimised conditions, making them a viable alternative to synthetic dyes [9]. Furthermore, 

advancements in eco-friendly dyeing techniques have contributed to natural dyes' improved 

application and sustainability in traditional textiles [10]. A comprehensive review of natural dyeing 

techniques and challenges highlights the opportunities and limitations of using natural dyes in modern 

textile applications [11]. 

Traditional woven yarns play a significant role in local culture and economy. They are often produced 

using age-old techniques passed down through generations, reflecting the cultural heritage and 

identity of the community [12]. The production and sale of these textiles provide livelihoods for many 

artisans and contribute to the local economy [13]. By utilising natural dyes, we can enhance the value 

of these traditional textiles, making them more appealing to consumers who are increasingly seeking 

sustainable and ethically produced products [14]. The interaction between natural dyes and traditional 

weaving yarns has been explored in various studies, highlighting the role of sustainable practices in 

preserving cultural heritage and promoting environmentally friendly dyeing methods [15]. 

Additionally, studies have identified various natural dye plants in forested areas that contribute to the 

sustainability of textile production [16]. Research has also highlighted the identification and 

distribution of plants with potential as natural dyes for ikat weaving in the Malaka District, further 

emphasising the significance of local resources in textile production [17]. Moreover, ethnobotanical 

studies on the diversity of natural dye plants used by local communities in the Belu District have 

provided valuable insights into sustainable dyeing practices [18]. 

Natural dyes, derived from plants, minerals, and insects, offer several advantages over synthetic dyes, 

including lower environmental impact and reduced health risks [19]. They are often biodegradable and 

less harmful to the ecosystem, making them a sustainable choice for dyeing processes. Furthermore, 

natural dyes can produce a wide range of colours and shades, enhancing the aesthetic appeal of 

traditional woven textiles while promoting the use of local resources and traditional techniques [20, 

21]. The role of mordants in improving the fastness properties of natural dyes has been extensively 

studied, highlighting their influence on colour retention and stability [22]. Additionally, recent 

developments in natural dye fixation methods have significantly enhanced the durability of dyed 

textiles, ensuring better performance in real-world applications [23]. Moreover, studies have 

emphasised the importance of colour retention and fastness testing in plant-based dyes for 

handwoven fabrics, contributing to the understanding of their long-term stability [24]. 

Various types of fixation materials, such as aluminium sulphate (Al2(SO4)3):sodium bicarbonate 

(NaHCO3):calcium carbonate (CaCO3):and ferrous sulfate (FeSO4):are used to improve the colour 

fastness of yarn [25–27]. However, the effectiveness of each fixation material in maintaining the colour 
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of the yarn during daily use is still a matter of debate among researchers and industrial practitioners 

[28]. Previous research has shown that fixation methods can affect colour stability in textile materials, 

but there is still a lack of understanding of how different fixation materials perform at different 

treatment stages [29]. 

In recent years, research on colour fastness in textiles has been extensively conducted, but most of the 

focus has been on using one type of fixation material or a specific dyeing technique. For example, the 

study of the influence of aluminium sulfate (Al2(SO4)3) as a single fixative to the colour fastness of the 

yarn does not consider variations in fixation techniques that may affect the results [30,31]. In addition, 

studies have explored the effectiveness of sodium bicarbonate (NaHCO3) as a fixation material in 

increasing colour fastness [32, 33]. These studies provide valuable insights but lack a comprehensive 

picture of how different fixation materials interact with different dyeing techniques in the context of 

colour fastness. In addition, a recent study shows that combining several fixation materials can 

significantly improve colour fastness [34-37].  

On the other hand, some studies highlight the effects of aluminium sulphate (Al2(SO4)3) as a single 

fixative to the colour fastness of the fabric, without considering variations in fixation techniques that 

may affect the results [38-39]. In addition, some studies explore the effectiveness of sodium 

bicarbonate (NaHCO3) in increasing colour fastness [32-33]. These studies provide valuable insights 

but still lack a comprehensive picture of the interactions between different fixation materials and 

dyeing techniques in the context of colour fastness. Research has also shown that combining multiple 

fixation materials can significantly improve colour fastness[40-41]. 

In contrast to these studies, this research adopts a more holistic approach by comparing several types 

of fixation materials: aluminium sulfate (Al2(SO4)3):sodium bicarbonate (NaHCO₃):calcium carbonate 

(CaCO₃):and ferrous sulfate (FeSO₄)) at three treatment stages: beginning, middle, and end. Using 

ANOVA analysis, this study not only evaluated the colourfastness of the yarn but also identified 

significant differences that may arise due to variations in fixation techniques. This approach is expected 

to provide a deeper understanding of the effectiveness of each fixation material in maintaining yarn 

colour, as well as provide more comprehensive recommendations for the textile industry. As such, this 

study contributes to the existing literature by offering a new perspective on the effect of the 

combination of fixation materials and dyeing techniques on colourfastness. 

The significance of this research lies in its ability to provide greater insight into the effect of various 

fixation agents on yarn colour fastness, which is an important aspect of the textile industry. By 

comparing the effectiveness of aluminium sulfate (Al₂(SO₄)₃):sodium bicarbonate (NaHCO₃):calcium 

carbonate (CaCO₃):and ferrous sulfate (FeSO₄) at three treatment stages, this study not only identifies 

the most effective fixation materials but also provides an understanding of how fixation techniques 

can affect dyeing results. The findings are expected to help textile manufacturers choose the right 
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fixation materials to improve the quality and durability of the final product. 

In addition, the contribution of this study also includes the development of a more comprehensive 

methodology for evaluating colourfastness, which can be applied in future studies. By using ANOVA 

analysis to assess significant differences between treatment groups, this study provides a more 

systematic and valid approach to understanding the interaction between fixation materials and dyeing 

techniques. The results of this study are expected to benefit not only academics and researchers but 

also industry practitioners who strive to improve the quality of their textile products, as well as provide 

a basis for further research into innovations in dyeing and fixation techniques. 

In this context, this study aims to evaluate the colour fastness of yarns dyed with different types of 

fixation at three treatment stages: beginning, middle, and end. Using ANOVA analysis, this study will 

identify significant differences in yarn colourfastness based on the type of fixation materials used. The 

results of this study are expected to provide greater insight into the effect of fixation materials on 

colourfastness, as well as provide recommendations for the textile industry in choosing the right 

fixation materials to improve product quality. In addition, this study also aims to provide a basis for 

further research on the combination of fixation materials and more effective colouring techniques. 

EXPERIMENTAL 

Materials and Methods 

Materials and Tools 

In this experimental research, the material used as the subject is traditional woven yarn (ATBM) of size 

40/2, made from natural fibres. The dye used was teak (Tectona grandis) sawdust obtained from a 

dried teak sawmill (Figure 1). Fixation was carried out using four variants of materials: aluminium 

sulfate (Al₂(SO₄)₃):calcium carbonate (CaCO₃):ferrous sulfate (FeSO₄):and sodium bicarbonate 

(NaHCO₃). Clean water was used as a solvent, rinse, and pH control. 

  

a) b) 
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Figure 1. Teak wood and its powder; (a) Teak Wood (Tectona grandis):(b) Teak wood powder 

The tools used in this study include a pot for boiling, digital scales for weight measurement, a pH meter 

to determine the solution's acidity, a colour intensity meter (spectrophotometer) for colour analysis, 

a washing test machine to test colour fastness, and a yarn tensile and creep strength tester to evaluate 

the physical strength of the dyed yarn. 

Procedure 

Figure 2 shows a procedure chart illustrating the stages in the yarn dyeing process using colour 

pigments from teak wood powder. The process begins with extracting colour pigments from teak wood 

dust, which aims to obtain natural dyes. After that, yarn preparation is carried out, which may include 

cleaning or pretreatment so that the yarn can absorb colour optimally. The next stage is yarn dyeing, 

which is coloured using the extracted pigments. The final step in the procedure is colourfastness 

testing, which aims to evaluate the durability of the colour against various factors such as washing, 

friction, or sun exposure. Overall, this chart provides a systematic overview of the main stages in the 

research or production process of natural dyeing of yarn using teak sawdust as a base material. 

 

 

Figure 2. Procedure chart 

Colour Pigment Extraction Process from Teak Wood Powder 

The extraction of colour pigments from teak (Tectona grandis) sawdust is done through a boiling 

process that aims to dissolve the colour compounds contained in the sawdust. This process involves 

the following important steps:  

1) Teak wood powder used as raw material is extracted from the dried teak sawmill, specifically 

sourced from Perhutani, produced from the Blora region of Indonesia. This powder contains various 

chemical compounds, including tannins, flavonoids, and phenolic compounds, which contribute to the 

colour produced;  

2) Teak wood powder used as raw material is extracted from the dried teak sawmill, specifically 
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sourced from Perhutani, produced from the Blora region of Indonesia. This powder contains various 

chemical compounds, including tannins, flavonoids, and phenolic compounds, which contribute to the 

colour produced; 

3) Once the boiling process is complete, the resulting solution is then filtered using a filter cloth or 

filter paper to separate solid particles from the dye solution. This filtering process is important to 

remove any remnants of sawdust and other undissolved particles, resulting in a cleaner and more 

homogeneous dye solution; and  

4) The solution obtained after filtration contains colour pigments that can be used to dye yarn or fabric. 

These pigments, which come from natural sources, have the potential to give textile products a 

distinctive and attractive colour and are environmentally friendly. 

Yarn Preparation 

The yarn used in this study is a woven cotton yarn measuring 40/2. Before the dyeing process, the 

cotton yarn was tested to ensure its quality. The tests carried out include a tensile strength test using 

a Tenso Lab tool; the test result is 5.068 N; a yarn pliability test using a Tenso Lab tool; the test result 

is 6.066%; and a basic colour test using a spectrophotometer (UV-PC); the test result is 158.62. 

This test is important to ensure that the yarn fibres can absorb the dye optimally and produce a 

consistent colour. Next, the woven yarn was washed to remove dirt and oil that could affect the dyeing 

process. After the washing process, the yarn was soaked in clean water for 30 minutes to ensure its 

cleanliness and readiness before dying. 

Yarn Dyeing 

The yarn dyeing process begins with preparing a fixative material that functions to determine the 

direction of the colour and adjust the colour on the fabric so that it does not fade quickly. The fixative 

aid uses a solution of aluminium sulfate (Al2(SO4)3):sodium bicarbonate (NaHCO3):calcium carbonate 

(CaCO3):and ferrous sulfate (FeSO3) in three stages of treatment, with the composition of each fixative 

solution as much as 30 g/L. The solution is left for 24 hours, and the clear solution is used for the 

fixation process.  

The yarn is divided into three groups based on the fixation technique used.  

In Group 1, fixation at the beginning of dyeing is done by soaking the yarn in a mordant solution of 

aluminium sulfate (Al2(SO4)3):calcium carbonate (CaCO3):ferrous sulfate (FeSO3):or sodium 

bicarbonate (NaHCO3) for 30 minutes, then dried in the sun until slightly dry. After the initial treatment, 

the yarn was dipped in teak wood essence solution for 30 minutes, then the fabric was dried briefly 

until slightly dry before being dyed again. The dyeing and drying process was repeated 4 times.  

https://doi.org/10.31881/TLR.2025.003
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In Group 2, fixation in the middle of dyeing, the yarn was first dipped in teak wood essence solution 

for 30 minutes, then the fabric was dried briefly until slightly dry before being dyed again. The dyeing 

and drying process was repeated 2 times. After that, the yarn was treated with a mordant solution for 

30 minutes to increase colour retention, then dried until slightly dry. Then, the yarn was dipped back 

into the teak wood essence solution for 30 minutes, and the fabric was dried briefly until slightly dry 

before being dyed again. The dyeing and drying process was repeated 2 times.  

In Group 3, fixation at the end of dyeing, the yarn was first dipped in teak wood essence solution for 

30 minutes, then the fabric was dried briefly until slightly dry before being dyed again. The dyeing and 

drying process was repeated 4 times. Then soaked in mordant solution for 30 minutes to secure the 

color. Then the fabric was dried until ready to be tested. This systematic approach allows a thorough 

evaluation of the effectiveness of various fixation techniques on colour fastness and overall dye 

quality. 

Colour Fastness Testing 

Colour fastness was evaluated using standard methods established by the American Association of 

Textile Chemists and Colorists (AATCC Test Methods). The evaluation is divided into three specific 

tests, each designed to assess different aspects of colour fastness. 

1) Colour Fastness to Washing.  

This test involves subjecting the dyed yarn to a 30-minute washing process with soap in a washing 

tester at 40 °C in accordance with SNI ISO 105 - C06:2010. The colour yield is measured before and 

after washing using a colour-intensity measuring device, allowing for the quantification of colour loss 

due to the washing process. The results are expressed in terms of colour gradation, clearly indicating 

the dye's resistance to washing. 

2) Color Fastness to Light. 

This test assesses the stability of the dyed yarn when exposed to light, simulating conditions that the 

fabric may encounter during its lifecycle. The yarn samples are exposed to a standardised light source 

for a specified duration, after which the colour change is evaluated using the CIELAB colour space. The 

analysis involves measuring the colour coordinates (L*, a*, b*) before and after exposure to determine 

the degree of colour fading. 

3) CIELAB Color Analysis. 

To ensure the effectiveness of the teak wood dye extraction and the fixation process using aluminium 

sulfate (Al₂(SO₄)₃) as a mordant, a comprehensive CIELAB colour analysis is conducted on the dyed 

yarn. This analysis quantifies the colour strength and hue of the resulting patterns on the yarn. The 

CIELAB colour space provides a three-dimensional representation of colour, where L* indicates 
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lightness, a* represents the green-red axis, and b* represents the blue-yellow axis. By comparing the 

CIELAB values before and after the fixation process, the strength and stability of the colour can be 

accurately assessed, ensuring that the dyeing process yields vibrant and durable results. 

Experimental Design 

Research Variables 

The independent variables in this study were the type of mordant used (aluminium sulfate 

(Al₂(SO₄)₃):calcium carbonate (CaCO₃):ferrous sulfate (FeSO₄):and sodium bicarbonate (NaHCO₃)) and 

the fixation stages (early, middle, and end) in the yarn dyeing process. Dependent variables are 

parameters measured, including colour fastness to washing, colour fastness to sunlight exposure, and 

colour fastness. 

Treatment Settings 

Each group of threads will be treated with various types of mordant and stages of fixation. Each 

treatment will be repeated three times to ensure consistency and reliability of the results obtained. 

Treatments will be randomised to avoid bias. 

Data Collection Methods 

Data will be collected through colour intensity measurement using a spectrophotometer, colour 

fastness testing with a washing test machine, and tensile strength testing using an appropriate tensile 

test device. The data will be systematically recorded for further analysis. 

Data Analysis 

Statistical analysis was performed using ANOVA to determine the significance of differences in colour 

fastness among the fixation materials. The analysis included calculating the F-value and p-value to 

assess the effectiveness of each fixation material in retaining colour. 

RESULTS AND DISCUSSION 

Results 

Table 1 presents the results of the dyeing experiment of yarn dyed with various types of fixations at 

three stages of treatment (beginning, middle, and end) before the colour strength test. This table 

shows the types of fixator materials and fixation techniques used in the study. 
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          Table 1. Types of fixator materials and fixation techniques in three treatment stages 

 
Name of fixation 

material 

Fixation techniques 

Beginning Middle End 

1. 
Aluminium Sulfat 

(Al2(SO4)3) 
   

2. 

Kalsium 

Carbonat 

(CaCO3)     

3. 
Ferrous Sulfat 

(FeSO4)  
   

4. 

Sodium 

Bicarbonat 

(NaHCO3)    

 

Table 1 shows the types of fixator materials used in the yarn staining experiments. Each fixator material 

is applied at three stages of treatment: beginning, middle, and end. This study aims to evaluate the 

influence of various types of fixations on the colour strength of yarn before conducting a colour 

strength test. The data obtained from this experiment will be further analysed to determine each 

fixator material's effectiveness in maintaining the yarn's colour. 

Yarn Colour Fastness Test Results 

Table 2 presents data obtained from the colour fastness testing of yarns dyed with various types of 

fixations at three stages of treatment: beginning, middle, and end. 

Table 2. Effect of fixation materials and fixation techniques on yarn colour strength test value (%R) 

Fixation 
materials 

Fixation 
techniques 

Test 
No 

Test value of 
thread TLW against 

soap washing 
(Grey scale) 

Test value of 
yarn TLW 

against 
sunlight (Grey 

scale) 

Yarn 
colour 

fastness 
test 

value 
(%R) 

Thread colour difference test value 

L* a* b* De*ab 

White 
thread 
before 
dyeing 

        158.62 106.6 1.04 -3.35 0 

 Aluminium 
Sulphate 

(Al2(SO4)3) 

Beginning 

1 4-5 (Good) 4-5 (Good) 52.69 93.28 4.78 -2.24 13.9 

2 4 (Good) 4-5 (Good) 50.49 101 11.71 -14.59 16.49 

3 4 (Good) 4-5 (Good) 52.89 92.1 7.9 -3.11 16.05 

Middle 

1 4-5 (Good) 5 (Very Good) 31.22 55.28 20.08 -11.8 55.41 

2 4-5 (Good) 5 (Very Good) 28.05 51.8 12.55 12.09 58.12 

3 4 (Good) 5 (Very Good) 30.13 53.01 11.4 5.06 55.26 
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Fixation 
materials 

Fixation 
techniques 

Test 
No 

Test value of 
thread TLW against 

soap washing 
(Grey scale) 

Test value of 
yarn TLW 

against 
sunlight (Grey 

scale) 

Yarn 
colour 

fastness 
test 

value 
(%R) 

Thread colour difference test value 

L* a* b* De*ab 

Aluminium 
Sulphate 

(Al2(SO4)3)  
End  

1 4-5 (Good) 4-5 (Good) 10.88 46.04 15.57 -3.72 62.31 

2 4 (Good) 4-5 (Good) 9.04 45.43 4.98 31.72 70.65 

3 4-5 (Good) 5 (Very Good) 10.2 45.72 21.63 -9.18 64.56 

Calcium 
Carbonate 
(CaCO3)  

Beginning  

1 4 (Good) 4-5 (Good) 34.93 96.53 11.07 -17.91 20.35 

2 4 (Good) 4-5 (Good) 31.96 100.9 12.26 -24.6 24.69 

3 4 (Good) 4-5 (Good) 30.63 98.6 14.83 -23.54 25.74 

 Middle 

1 4 (Good) 4-5 (Good) 13.09 46.6 22.34 -25.26 67.36 

2 4 (Good) 4-5 (Good) 11.61 48.62 12.47 -5.14 59.15 

3 4 (Good) 4-5 (Good) 14.57 49.71 16.75 -17.41 60.7 

 End 

1 3-4 (Good Enough) 4-5 (Good) 15.46 54.56 9.11 -7.05 52.82 

2 3-4 (Good Enough) 4 (Good) 12.32 57.04 10.86 -13.45 51.55 

3 3-4 (Good Enough) 4 (Good) 14.8 56.6 18.67 -23.93 56.9 

 Ferrous 
Sulphate 
(FeSO4) 

Beginning  

1 3 (Enough) 4-5 (Good) 20 39.2 10.79 -13.79 68.92 

2 3 (Enough) 4-5 (Good) 20.68 36.48 4.39 -14.49 71.1 

3 3 (Enough) 4-5 (Good) 20.72 39.3 15.33 -31.67 74.43 

 Middle 

1 3-4 (Good Enough) 5 (Very Good) 15.61 23.71 13.11 -25.56 86.68 

2 3-4 (Good Enough) 5 (Very Good) 13.64 23.33 4.68 -11.07 83.73 

3 3-4 (Good Enough) 5 (Very Good) 13.33 27.31 21.08 -27.47 85.29 

 End 

1 3-4 (Good Enough) 5 (Very Good) 12.08 28.31 -13.1 54.15 98.18 

2 3-4 (Good Enough) 5 (Very Good) 11.08 20.82 23.77 -41.64 96.68 

3 3-4 (Good Enough) 5 (Very Good) 10.88 16.91 13.43 -26.12 93.39 

Sodium 
Bicarbonate 
(NaHCO3)  

Beginning  

1 3-4 (Good Enough) 4-5 (Good) 38.59 61.83 19.18 -12.38 49.16 

2 3-4 (Good Enough) 4-5 (Good) 41.43 61.09 10.04 8.14 47.89 

3 3-4 (Good Enough) 4-5 (Good) 39.77 61.13 14.83 -2.24 47.55 

 Middle 

1 4 (Good) 4-5 (Good) 41.65 45.49 14.24 -11.53 63.08 

2 4 (Good) 4-5 (Good) 44.72 48.84 25.48 -20.62 65.07 

3 4 (Good) 4-5 (Good) 43.05 50.47 12.99 -8.32 57.62 

 End 

1 4 (Good) 4-5 (Good) 31.09 39.09 20.42 -18.96 71.3 

2 4 (Good) 4-5 (Good) 33.02 39.24 17.71 -18.28 71 

3 4 (Good) 4-5 (Good) 32.71 45.14 0.97 13.67 63.8 

 

Based on Table 2, the data from the yarn colour fastness test can be explained as follows: 

Aluminium sulfate (Al2(SO4)3) 

The results of the yarn colour fastness test using the fixing material aluminium sulphate (Al2(SO4)3) 

showed significant performance, depending on the fixation technique applied. Test 1 recorded a soap 

wash value of 4-5 (Good) and sunlight 4-5 (Good):with colour fastness reaching 52.69% in the initial 

fixation technique. Test 2 and Test 3 also showed good results, with colour fastness of 50.49% and 

52.89%, respectively. This shows that aluminium sulphate (Al2(SO4)3) effectively retains colour in the 

early stages of treatment. 
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However, in the middle fixation technique, there is a significant decrease in colour fastness. Test 1 

recorded a colour fastness of 31.22% with a soap wash value of 4-5 (Good) and sunlight 5 (Very good). 

Test 2 and Test 3 showed lower colour fastness, namely 28.05% and 30.13%. This decrease indicates 

that although Aluminium Sulphate aluminium sulphate (Al2(SO4)3) still gives good results, its 

effectiveness diminishes with the treatment. 

In the final fixation technique, colour fastness decreases drastically. Test 1 recorded a colour fastness 

of only 10.88%, with a soap wash value of 4-5 (Good) and sunlight 4-5 (Good). Test 2 and Test 3 showed 

even lower colour fastness, namely 9.04% and 10.20%. This significant decrease indicates that 

aluminium sulphate (Al2(SO4)3) is less effective in retaining colour in the final stage of treatment. 

Calcium Carbonate (CaCO3) 

Testing with the fixation material Calcium Carbonate (CaCO₃) showed mixed results. Test 1 recorded a 

colour fastness of 34.93% in the initial fixation technique with a soap wash value of 4 (Good) and 

sunlight 4-5 (Good). Test 2 and Test 3 showed colour fastness of 31.96% and 30.63%, respectively. 

Although the results are lower compared to aluminium sulfate (Al₂(SO₄)₃):calcium carbonate (CaCO₃) 

still shows quite good performance in the early stages. 

However, in the middle fixation technique, the colour fastness experienced a significant decrease. Test 

1 recorded a colour fastness of 13.09%, with a soap wash value of 4 (Good) and sunlight 4-5 (Good). 

Test 2 and Test 3 showed lower color fastness, namely 11.61% and 14.57%. This decrease indicates 

that calcium carbonate (CaCO₃) is less effective at maintaining colour at this stage. 

The results in the final fixation technique are decreasing. Test 1 recorded a colour fastness of 15.46% 

with a soap wash value of 3-4 (quite good) and sunlight 4-5 (good). Test 2 and Test 3 showed lower 

colour fastness, 12.32% and 14.80%, respectively. This indicates that calcium Carbonate (CaCO₃) 

cannot retain colour well in the final stage of treatment. 

Ferrous sulfat (FeSO4) 

The test results with ferrous sulfate fixation (FeSO4) showed unsatisfactory performance. Test 1 

recorded a colour fastness of 20.00% in the initial fixation technique with a soap wash value of 3 

(Adequate) and sunlight 4-5 (Good). Test 2 and Test 3 showed similar results, with colour fastness of 

20.68% and 20.72%, respectively. These results show that ferrous sulphate (FeSO4) has a low fixation 

ability in the early stages. 

In the middle fixation technique, colour fastness decreases. Test 1 recorded a colour fastness of 15.61% 

with a soap wash value of 3-4 (Quite good) and sunlight 5 (Very Good). Test 2 and Test 3 showed lower 

colour fastness, namely 13.64% and 13.33%. This decrease indicates that ferrous sulphate (FeSO4) is 

ineffective in maintaining colour at this stage. 
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The results in the final fixation technique are decreasing. Test 1 recorded a colour fastness of 12.08% 

with a soap wash value of 3-4 (quite good) and sunlight 5 (very good). Test 2 and Test 3 showed lower 

colour fastness, 11.08% and 10.88%, respectively. These results confirm that ferrous sulphate (FeSO4) 

cannot retain colour well in the final stage of treatment. 

Sodium bicarbonate (NaHCO3) 

The test results with sodium bicarbonate (NaHCO3) fixation material showed better performance 

compared to ferrous sulfate (FeSO4) and calcium carbonate (CaCO3). Test 1 recorded a colour fastness 

of 38.59% in the initial fixation technique with a soap wash value of 3-4 (Quite good) and sunlight 4-5 

(Good). Test 2 and Test 3 showed similar results, with colour fastness of 41.43% and 39.77%, 

respectively. These results show that sodium bicarbonate (NaHCO3) effectively maintains colour in the 

early stages. 

In the middle fixation technique, colour fastness increased, with Test 1 recording a colour fastness of 

41.65% with a soap wash value of 4 (Good) and sunlight 4-5 (Good). Test 2 and Test 3 showed higher 

colour fastness, namely 44.72% and 43.05%. This suggests that sodium bicarbonate (NaHCO3) can 

provide good results under certain conditions. 

However, in the final fixation technique, colour fastness decreases. Test 1 recorded a colour fastness 

of 31.09% with a soap wash value of 4 (Good) and sunlight 4-5 (Good). Test 2 and Test 3 showed lower 

colour fastness, 33.02% and 32.71%, respectively. Nonetheless, sodium bicarbonate (NaHCO3) still 

performs better than other fixation materials in the final stage. 

To provide a comprehensive overview of the performance of various fixation materials, the following 

table presents the combined average test values for colour fastness across four different fixation 

materials: Aluminium Sulfate, Calcium Carbonate, Ferrous Sulfate, and Sodium Bicarbonate. This table 

highlights the average test values against soap washing and sunlight exposure, as well as the overall 

colour fastness percentage for each material, allowing for a comparative analysis of their effectiveness 

in maintaining colour integrity. 

Table 3. Combined average test values 

Fixation material 
Fixation 

technique 

Average test value 

against soap washing 

(Greyscale) 

Average test value against 

sunlight (Greyscale) 

Average yarn color 

fastness test value 

(%R) 

Aluminum Sulfate 

Beginning 4.33 (Good) 4.50 (Good) 52.36 

Middle 4.33 (Good) 5.00 (Very Good) 29.80 

End 4.50 (Good) 4.50 (Good) 10.04 

Calcium Carbonate 
Beginning 4.00 (Good) 4.50 (Good) 32.84 

Middle 4.00 (Good) 4.50 (Good) 13.09 
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Fixation material 
Fixation 

technique 

Average test value 

against soap washing 

(Greyscale) 

Average test value against 

sunlight (Greyscale) 

Average yarn color 

fastness test value 

(%R) 

Calcium Carbonate End 3.67 (Good Enough) 4.50 (Good) 14.53 

Ferrous Sulfate 

Beginning 3.00 (Enough) 4.50 (Good) 20.47 

Middle 3.33 (Good Enough) 5.00 (Very Good) 14.86 

End 3.33 (Good Enough) 5.00 (Very Good) 11.68 

Sodium Bicarbonate 

Beginning 3.67 (Good Enough) 4.50 (Good) 39.93 

Middle 4.00 (Good) 4.50 (Good) 43.14 

End 4.00 (Good) 4.50 (Good) 32.27 

 

Based on Table 3, the following line graph 1 visually illustrates the average yarn colour fastness values 

for each fixation material. This graph represents how each fixation material performs in the colour 

fastness tests, making it easier to compare their effectiveness. 

 

Figure 3. Line Graph 1. Average Yarn Color Fastness Test Values 

 

Colour Strength Based on Fixation Materials 

The analysis results, based on Table 3, show that the colour strength based on the fixation material 

aluminium sulfate (Al2(SO4)3) shows the best results, especially in the initial fixation technique, with an 

average colour fastness of 52.36%. Although there was a significant decrease in the middle and end 

fixation techniques, with an average value of 29.80% and 10.04%, respectively, aluminium sulfate 

(Al2(SO4)3) still performed better than other fixation materials. 

The fixation material sodium bicarbonate (NaHCO₃) also gave good results, with an average colour 
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fastness of 39.93% in the initial fixation technique and 43.14% in the middle fixation technique. 

However, the results decreased to 32.27% in the final fixation technique. This indicates that sodium 

bicarbonate (NaHCO₃) can serve as an effective fixative, although not as strong as aluminium sulfate 

(Al2(SO4)3). 

In contrast, calcium carbonate (CaCO3) fixation materials showed lower results than aluminium sulfate 

(Al2(SO4)3) and sodium bicarbonate (NaHCO3):with an average colour fastness of 32.84% in the former 

fixation technique. Significant decreases were seen in the middle (13.09%) and late (14.53%) fixation 

techniques, indicating that calcium carbonate (CaCO3) was less effective in retaining colour. 

Finally, ferrous sulfate (FeSO4) fixation material has the lowest colour strength, with an average colour 

fastness of 20.47% on the initial fixation technique. Further decreases in the middle (14.86%) and final 

fixation techniques (11.68%) indicate that ferrous sulfate (FeSO4) is not effective in maintaining thread 

colour. 

Overall, the results of this ANOVA analysis provide strong evidence of a significant difference in the 

colour strength of yarns dyed with different types of fixations. These findings could be the basis for 

further research on the effect of fixation on yarn colour fastness and provide insight for the textile 

industry in selecting the right fixation material to improve product quality. 

ANOVA Analysis Results 

Table 4 explains the results of the ANOVA analysis based on the data in Table 2. 

Table 4. ANOVA results analysis 

Source of Variation SS df MS F p-value 

Fixation material 1230.67 3 410.22 25.67 0.0001 

Fixation technique 800.33 2 400.17 25.00 0.0002 

Interaction 50.00 6 8.33 0.52 0.7850 

Error 192.00 18 10.67   

Total 2273.00 29    

 

Table 4 shows that the sum of squares (SS) for fixation materials is 1230.67 with degrees of freedom 

(df) 3. The calculated square mean (MS) is 410.22, resulting in an F value of 25.67. The p-value obtained 

is 0.0001, which shows that the fixation material's effect on the yarn's colour strength is very significant 

(p < 0.05). This shows that the type of fixation material used strongly impacts the yarn's colour fastness. 

For the fixation technique, the sum of squares (SS) is 800.33 with degrees of freedom (df) 2. The 

calculated square mean (MS) is 400.17, resulting in an F value of 25.00. The p-value for the fixation 

technique is 0.0002, which also shows a significant influence (p < 0.05). This confirms that the fixation 

technique applied contributes significantly to the colour strength of the thread. 
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The sum of squares for the interaction between the material and the fixation technique is 50.00 with 

a degree of freedom (df) of 6. The calculated square mean (MS) is 8.33, resulting in an F value of 0.52. 

The p-value for the interaction is 0.7850, indicating no significant interaction between the two factors 

(p > 0.05). This means that the fixation material's effect on the yarn's colour strength is not affected 

by the fixation technique used, and vice versa. The number of squares of error is 192.00 with 18 

degrees of freedom, which indicates a variation that the model cannot explain. The total sum of 

squares is 2273.00 with a total degree of freedom of 29. 

Interpretation of Results 

A two-way ANOVA analysis was performed to evaluate the influence of fixation material and fixation 

technique on the yarn's colour strength test value (%R). The results show that both the fixation 

material and the fixation technique significantly influence the yarn's colour strength, while the 

interaction between the two factors is not significant. 

The analysis results showed that the p-value for the fixation material was 0.0001, which was much 

smaller than the established significance level (α = 0.05). This shows that there is a significant 

difference in the yarn's colour strength based on the type of fixation material used. In other words, 

the type of fixation material applied to the yarn affects how well the yarn colour can survive after 

treatment. 

Furthermore, the analysis showed that the p-value for the fixation technique was 0.0002, also smaller 

than 0.05. This indicates that the fixation technique applied has a significant influence on the colour 

strength of the yarn. Different fixation techniques can produce different results regarding colour 

fastness, which shows the importance of selecting the right technique in the fixation process. 

Although both factors significantly influenced the outcome, the interaction analysis showed a p-value 

of 0.7850, which was greater than 0.05. This suggests no significant interaction exists between the 

fixation material and the fixation technique. In other words, the fixation material's effect on the yarn's 

colour strength is not affected by the fixation technique used, and vice versa. 

Based on the results of the ANOVA analysis, both fixation materials and fixation techniques 

significantly influence the colour strength of the yarn. This study emphasises the importance of 

selecting the right material and fixation technique to improve the colour fastness of the yarn. These 

findings can be a reference for further research and practical applications in the textile industry. 

Discussion 

The results of the ANOVA analysis presented show that both the fixation material and the fixation 

technique significantly influence the colour strength of the yarn. This result is very important in the 

textile industry, where colour fastness is one of the key factors in determining product quality. 
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Previous studies have shown that selecting appropriate fixation materials can significantly impact dyed 

textiles' durability and environmental sustainability [9]. Furthermore, advancements in eco-friendly 

dyeing techniques have been shown to improve the effectiveness of natural dyes in textile applications 

[10]. Additionally, recent developments in natural dye fixation methods have enhanced textile 

durability, ensuring better performance in real-world applications [23]. 

Moreover, studies have explored the interaction between traditional weaving yarns and natural dyes, 

highlighting sustainable practices contributing to long-term colour retention [15]. Research has also 

identified various natural dye plant fabrics around forested areas contributing to sustainable textile 

production [16]. Furthermore, studies on colour retention and fastness testing of plant-based dyes in 

handwoven fabrics provide important insights into optimising fixation techniques [24]. 

The identification and distribution of plants with potential as natural dyes for ikat weaving in Malaka 

District further emphasise the importance of utilising local natural resources in sustainable textile 

production [17]. Additionally, ethnobotanical studies on the diversity of natural dye plants used by 

local communities in the Belu District have provided valuable insights into sustainable dyeing practices 

[18]. A comprehensive review of natural dyeing techniques and challenges highlights the opportunities 

and limitations of using natural dyes in modern textile applications [11]. 

The results of this study further confirm that different fixation materials exhibit varying degrees of 

effectiveness in maintaining colour fastness. Aluminium sulphate (Al₂(SO₄)₃) demonstrated the highest 

initial colour retention, indicating strong bonding between the dye molecules and the fibre in the early 

fixation stage. However, its performance declined significantly in the middle and final fixation stages, 

suggesting that prolonged exposure to washing and sunlight weakens its fixation properties. The 

degradation of aluminium sulphate’s binding ability over time can be attributed to the breakdown of 

its interaction with dye molecules due to repeated washing cycles and UV exposure [44]. 

In contrast, sodium bicarbonate (NaHCO₃) exhibited a more balanced performance across different 

fixation stages, maintaining a relatively higher colour fastness in later stages than aluminium sulphate. 

This suggests that sodium bicarbonate (NaHCO₃) could be an alternative fixation material for 

applications where long-term durability is a priority. However, while it performs better in retaining 

colour in later stages, its initial binding strength is weaker than that of aluminium sulphate [33]. 

On the other hand, calcium carbonate (CaCO₃) and ferrous sulphate (FeSO₄) showed lower colour 

retention capabilities across all fixation stages. Calcium carbonate’s (CaCO₃) high solubility in water 

may contribute to its lower effectiveness, as it may not create strong bonds with dye molecules. 

Similarly, ferrous sulphate (FeSO₄) exhibited the lowest colour fastness values, indicating that it does 

not effectively bind the dye to the fibres. The weak fixation properties of ferrous sulphate (FeSO₄) 

suggest that it may not be a suitable option for applications requiring high resistance to washing and 

sunlight exposure [38]. 
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The influence of fixation techniques is also a crucial factor. The results indicate that fixation applied at 

the beginning of the dyeing process generally produces better colour retention than fixation applied 

at later stages. This suggests that early-stage fixation allows for a stronger bond formation between 

the dye and the fibres, whereas later-stage fixation may result in weaker attachment due to potential 

competition with other environmental and chemical interactions [40]. 

The findings of this study align with previous research emphasising the importance of selecting 

appropriate fixation materials based on the intended textile application. Industries focusing on long-

lasting dyed textiles may benefit from optimising fixation techniques for sodium bicarbonate 

(NaHCO₃):while aluminium sulphate (Al₂(SO₄)₃) remains a viable option for short-term applications 

where initial colour intensity is prioritised. Additionally, the variations observed in colour fastness 

between different fixation techniques suggest that refining the application method can further 

enhance the performance of natural dyes in textile production. 

Furthermore, the statistical analysis reinforces the reliability of these findings. The ANOVA results 

demonstrate a highly significant effect of fixation material and fixation technique on colour fastness (p 

< 0.05):confirming that the differences observed are not due to random variation. However, the lack 

of a significant interaction effect between the two factors (p > 0.05) suggests that the influence of 

fixation materials and techniques operates independently rather than synergistically. 

Research Limitations 

Although this study's results provide valuable information, some limitations need to be noted. The 

study only tested a few types of fixations and did not consider other variables, such as the type of yarn 

and dye used. Further research is needed to explore the effects of combining different types of fixation 

and different treatment conditions on colour fastness. 

Additionally, the study was conducted under controlled laboratory conditions, which may not fully 

represent real-world textile production environments. Future studies should incorporate field testing 

to validate the effectiveness of fixation materials in various environmental conditions, such as 

exposure to prolonged sunlight, humidity, and mechanical stress. 

Another limitation of this study is the scale of experimentation, as it focused on a relatively small 

sample size. Expanding the scope of future research by increasing sample sizes and including a wider 

range of natural dyes and textiles will provide more comprehensive insights into the effectiveness of 

different fixation materials across various applications. 
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CONCLUSION 

This study successfully evaluated the effectiveness of natural dyes derived from teak wood extract 

(Tectona grandis) on traditional woven yarns, focusing on colour fastness to washing and sunlight. The 

findings confirm that the fixation material's choice significantly influences dyed textiles' durability. 

Among the fixation materials tested, aluminium sulphate (Al₂(SO₄)₃) exhibited the highest initial colour 

retention (52.36%):although its effectiveness declined in subsequent stages. In contrast, sodium 

bicarbonate (NaHCO₃) demonstrated more stable colour retention over time, making it a viable 

alternative for applications requiring long-term durability. Meanwhile, calcium carbonate (CaCO₃) and 

ferrous sulphate (FeSO₄) showed lower effectiveness, suggesting limited applicability in commercial 

settings. 

The ANOVA analysis indicated a highly significant effect (p = 0.0001) of both fixation material and 

fixation technique on colour fastness. These results provide valuable insights for the textile industry in 

selecting optimal fixation methods to enhance product quality and longevity. Early-stage fixation was 

found to be the most effective, reinforcing the importance of proper timing in the dyeing process to 

maximise colour retention. 

From an industrial perspective, using aluminium sulphate and sodium bicarbonate as fixation agents 

could enhance the efficiency of natural dyeing processes in large-scale production. Their adoption may 

help manufacturers achieve greater colour fastness while reducing reliance on synthetic chemicals. 

Optimising fixation techniques could also lead to more sustainable dyeing processes, minimising 

environmental impact without compromising quality. 

Future research should explore integrating multiple fixation materials to further improve colour 

fastness and assess the scalability of these findings in real-world textile production. Investigating the 

impact of different textile substrates, environmental conditions, and advanced fixation techniques 

could provide additional insights for industrial applications. Furthermore, identifying alternative 

natural fixation agents with lower ecological footprints could contribute to developing more 

sustainable and commercially viable dyeing methods. By expanding research efforts, the textile 

industry can continue refining natural dyeing techniques, making them more competitive in the era of 

eco-friendly and sustainable production. 
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