Textiles and Textile Technology
Mechanical Finishing

19

	Content

	1.
	Fundamentals of Textile Technology

	
	1.1.
	Definition and Importance of Finishing

	
	1.2.
	Fundamentals of Textile Fibres

	2.
	Natural Fibres and Synthetic Fibres

	
	2.1.
	Physical Properties of Fibres

	
	2.2.
	Overview of Mechanical Finishing

	
	
	2.2.1.
	Calendering

	
	
	2.2.2.
	Stretching Treatment

	
	
	2.2.3.
	Glazing Treatment

	3.
	Purpose and Process of Finishing

	
	3.1.
	Common Finishing Machinery and Equipment

	
	3.2.
	Environmental Considerations in the Finishing Process

	
	3.3.
	Finishing Processes

	4.
	Concern in Mechanical Finishing

	
	4.1.
	Trimming of Pile and Loops

	
	4.2.
	Enhancement of Fibre Strength and Durability

	
	4.3.
	Quality Inspection in Finishing

	5.
	Trends in Mechanical Finishing

	
	5.1.
	Development of New Technologies

	
	
	5.1.1.
	Automation Technology

	
	
	5.1.2. 
	Digital Technology

	
	
	5.1.3.
	Environmental Technologies

	
	
	5.1.4.
	Smart Fibre Technologies

	6.
	Conclusion and Future Prospects

	Learning Activities

	Assessment





1. Fundamentals of Textile Technology

1.1. Definition and Importance of Finishing
Finishing is a critical stage in the textile production process, primarily aimed at improving the performance of fibres or textiles to meet market demands and consumer expectations. The finishing process not only enhances the physical properties of fibres but also improves their functionality, such as wrinkle resistance, antibacterial properties, water repellency, or increased breathability. This process is essential for ensuring the final quality and performance of textiles.

In today’s highly competitive market environment, consumers are increasingly focused on product performance and functionality, making finishing an important means of adding value to products. For instance, in the case of high-end textiles, consumers expect them to not only have an aesthetically pleasing appearance but also exhibit good wearability and durability. Finishing can meet these demands through advanced technologies and materials.

Moreover, advancements in finishing technologies have also contributed to new directions in environmental protection. Many processes that previously relied on chemical treatments are now gradually shifting toward the use of more eco-friendly materials and methods, such as bio-based or biodegradable finishing agents. This not only aligns with the global pursuit of sustainable development but also enhances a company's competitive edge in the market.

1.2 Fundamentals of Textile Fibres
The fundamental building blocks of textiles is fibres. Based on their origin, fibres can be categorised into natural fibres and synthetic fibres. Natural fibres, such as cotton, wool, and silk, are widely used in everyday clothing and home products due to their excellent moisture absorption and breathability. On the other hand, synthetic fibres like polyester and nylon are favoured for their durability and ease of handling, particularly in sports and outdoor products.

When discussing the impact of finishing on fibre performance, it is essential to understand their physical and chemical properties. For instance, cotton fibres, while soft and comfortable, are prone to wrinkling after washing. Through appropriate finishing processes, such as the application of anti-wrinkle agents or heat-pressing techniques, their durability and aesthetic appeal can be significantly enhanced. In contrast, synthetic fibres exhibit notable advantages in durability and functionality, and they can undergo finishing processes such as dyeing or waterproofing to adapt to diverse usage scenarios.

With technological advancements, finishing techniques have continuously evolved. From early mechanical drying and simple chemical treatments to modern digital printing, laser technology, and nanotechnology, these innovations not only enhance product functionality but also improve production efficiency and reduce resource waste. For example, some renowned brands have adopted digital printing technology, which allows precise control of colors and patterns through inkjet printing, significantly reducing dye consumption while producing more personalised products. Overall, finishing plays an indispensable role in improving the performance of textile fibres. With the evolution of market demands and technological advancements, finishing techniques and materials are continuously evolving. In the future, against the backdrop of rising environmental concerns, high-performance requirements, and personalised demands, the development of finishing will continue to shape the future trajectory of the textile industry.

2.	Natural Fibres and Synthetic Fibres

2.1.	Physical Properties of Fibres
The physical properties of fibres refer to the characteristics they exhibit under external forces, which have significant impacts on the performance and applications of textiles. Natural fibres and synthetic fibres are composed of different materials, and thus their physical properties vary. Natural fibres are derived from plant, animal, or mineral sources, such as cotton, wool, silk, and flax. These fibres typically possess good environmental friendliness and comfort. The main physical properties of natural fibres include:
(i) Elasticity and elongation: Natural fibres such as wool exhibit good elasticity, allowing them to return to their original shape and making them less prone to wrinkling during use. Cotton fibres, on the other hand, have a certain degree of elongation, enabling moderate stretching under stress.
(ii) Moisture absorption: Natural fibres generally have good moisture absorption properties, effectively absorbing water and maintaining comfort in humid environments. This makes cotton fibres particularly suitable for close-fitting garments.
(iii) Breathability: Due to the structural characteristics of natural fibres, they exhibit excellent breathability, effectively expelling body moisture and ensuring the wearer's comfort.
(iv) Thermal insulation: Certain natural fibres, such as wool, provide good thermal insulation, making them suitable for wear in cold environments.

Synthetic fibres, on the other hand, are typically manufactured through chemical synthesis methods, such as polyester, nylon, and spandex. These fibres possess the following characteristics:
(i) Strength and durability: Synthetic fibres generally exhibit higher tensile strength and abrasion resistance, maintaining their performance in high-stress usage environments.
(ii) Wrinkle resistance: Many synthetic fibres, such as polyester, possess excellent wrinkle resistance. It can remain flat after washing and is not prone to wrinkling.
(iii) Easy to clean: Synthetic fibres generally exhibit good stain resistance and can easily return to their original state after washing, making them suitable for workwear and outdoor sports apparel.
(iv) Low moisture absorption: Synthetic fibres have low moisture absorption, which allows them to stay dry in humid environments. However, this property may cause discomfort in hot weather.

Overall, the physical properties of natural fibres and synthetic fibres each have their own advantages. The choice of suitable fibre materials depends on the intended application of the final product and consumer demands.

2.2. Overview of Mechanical Finishing
Mechanical finishing refers to the process of post-treatment of textiles using various mechanical devices and equipment, aiming to improve the physical properties of fibres and enhance the appearance and hand feel of fibres or fabrics. This process typically involves multiple techniques, such as calendering, stretching, and glazing. Particularly under the demand for high performance and superior quality, mechanical finishing becomes especially significant.

2.2.1. Calendering
Calendering is one of the most fundamental procedures in mechanical finishing. Its primary purpose is to treat fibres through high temperature and pressure, making them smooth and eliminating wrinkles. For natural fibres such as cotton and wool, calendering can restore their luster and improve their appearance quality. Additionally, during the calendering process, temperature and pressure can be adjusted as needed to control the hardness and softness of the fabric.

2.2.2. Stretching Treatment
Stretching treatment is another critical technique in mechanical finishing, particularly suitable for synthetic fibres. Through stretching operations, the strength and elasticity of fabrics can be improved. This process aligns the molecular chains of fibres more regularly, thereby enhancing their physical properties. Common applications include sportswear and functional fabrics.

2.2.3. Glazing Treatment
Glazing involves treating fabrics using specific rollers, which can enhance the lustre of the fabric and improve its hand feel. Especially for synthetic fabrics, glazing is often employed to increase the product’s market competitiveness. This process not only makes the fabric more visually appealing but also enhances its abrasion resistance, thereby extending its service life.

With advancements in technology, the continuous innovation in mechanical finishing technology is also driving the transformation of fibre materials. For instance, some companies have recently begun applying laser technology in finishing processes, which not only reduces reliance on chemicals but also enhances processing precision. Moreover, the integration of digitalisation into mechanical equipment has made finishing processes more automated, significantly improving efficiency. In the field of mechanical finishing, renowned brands such as GAP and Adidas have adopted advanced finishing technologies to enhance the performance of their fibre products. Adidas's "Parley" series serves as a successful example, utilising recycled plastic bottles to produce synthetic fibres, combined with mechanical finishing techniques such as laser cutting and seamless stitching, to create environmentally friendly and modern sportswear that has been widely praised by consumers. Overall, mechanical finishing plays a crucial role in textile production. With technological advancements, future mechanical finishing technologies are expected to become more efficient, precise, and responsive to changes in market demand.

3. 	Purpose and Process of Finishing

3.1. Common Finishing Machinery and Equipment
The mechanical finishing process typically relies on a variety of specialised machinery and equipment, each with specific functions and applications, to address the diverse needs of textiles. Below are some common finishing machinery and equipment:

(i) Ironing machine: The ironing machine is one of the most fundamental finishing devices. It uses high temperature and pressure to eliminate wrinkles in fibres or fabrics, making them smooth and flat. Modern ironing machines are often equipped with automatic control systems that can adjust temperature and pressure according to the requirements of different materials, ensuring optimal ironing results.
(ii) Heat-setting machine: This type of equipment is primarily used for the heat-setting process of synthetic fibres, stabilising the molecular chain structure of the fibres through thermal treatment. Heat-setting machines are typically equipped with heaters and cooling systems, allowing precise control of temperature and time to ensure the desired shape and performance of the material.
(iii) Stretching machine: Stretching machines are used to stretch fibres or fabrics to improve their strength and elasticity. This process is achieved by applying a certain amount of tension to the fabric. For synthetic fibres, this equipment can effectively enhance their physical properties.
(iv) Calendering machine: The calendering machine functions by using high-pressure rollers to make the surface of the fabric smoother, thereby enhancing its gloss and hand feel. This equipment is crucial for improving the market competitiveness of products, especially in the fashion and high-end markets.
(v) Dyeing machine: The dyeing machine is an essential piece of equipment in the finishing process, responsible for evenly applying chemical to fibres or fabrics. Modern dyeing machines are equipped with precise control systems, ensuring consistent and high-quality dyeing results. Able to adjust treatment time, temperature, and chemical concentration according to the requirements of different fibres.
(vi) Washing machine: The washing machine is primarily used to remove dirt and impurities from the surface of fibres or fabrics. This equipment can utilise either water washing or dry-cleaning methods, with the appropriate cleaning method selected based on the requirements of different materials.

The selection and application of these devices need to be adjusted according to the type of fibre, the purpose of finishing, and the desired product characteristics. With advancements in technology, many devices are continuously being upgraded to enhance production efficiency and reduce energy consumption.

3.2. Environmental Considerations in the Finishing Process
With the increasing global emphasis on environmental issues, environmental considerations in the finishing process have become increasingly important. Traditional finishing techniques often involve significant water and energy consumption, along with the use of chemical agents, which may impact the ecological environment. Therefore, greening and sustainability have become the main trends in the industry’s development.

In the finishing process, water usage is often significant. Therefore, environmentally conscious companies have begun adopting water recycling systems. By recovering and reusing water resources, they can significantly reduce water consumption and lower production costs. Traditional finishing processes often require the use of various chemical agents, such as antibacterial agents, and softeners. With advancements in science and technology, many companies are seeking bio-based or natural materials as substitutes for chemical agents to minimize environmental impact. For instance, some companies have started using plant-derived finishing agents, which are not only eco-friendly but also provide elegant effects.

Energy efficiency management is another critical step in the process. The finishing process typically involves equipment operating under high temperatures and pressures, making energy consumption a key consideration. Many companies are investing in high-efficiency equipment, such as energy-saving ironing machines and heat-setting machines, which can reduce energy consumption while maintaining production efficiency. Additionally, the treatment of solid and liquid waste during the finishing process is a crucial issue. Many companies are gradually adopting zero-waste production models. By optimising processes and systems, they can recycle and reuse waste, thereby reducing environmental impact. 
Overall, environmental considerations in the finishing process not only help protect the environment but also enhance a company’s social responsibility image, attracting consumers with strong environmental awareness.

3.3. Finishing Processes
The design and implementation of finishing processes directly affect the performance and market competitiveness of the final product. The entire finishing process typically includes several steps, which involve not only physical and mechanical treatments but also chemical treatments. Finishing techniques primarily improve the surface properties of fibres through physical and chemical means. Common finishing methods include wrinkle resistance treatment, water absorbency treatment, softening treatment, and antibacterial treatment. These finishing processes can significantly enhance the performance of fabrics, making them more suitable for market demands.

Many fashion brands strict control is exercised over finishing processes to ensure that the products meet high standards in terms of fabric, colour, and functionality. These brands leverage advanced finishing techniques to cater to the characteristics of fast fashion and continuously launch new designs to attract consumers. In summary, the purpose of finishing is to enhance the added value and market competitiveness of products. Rational process design and technical application will contribute to achieving this goal. With the continuous development of the industry, finishing processes will keep evolving to meet the ever-changing market demands and environmental standards.

4. Concern in Mechanical Finishing

4.1. Trimming of Pile and Loops
Pile and loops are essential components of the surface structure of textiles, directly influencing the appearance and tactile properties of the product. During the finishing process, the trimming of pile and loops is a critical technique that can effectively enhance the overall quality of the fabric. Pile generally refers to small tufts formed on the fabric surface, commonly found in wool, plush, or certain synthetic fibre products. While this structure adds softness and warmth, it can also result in a bulky and uneven appearance. To trim the pile, manufacturers typically employ specialised trimming machinery, which, under controlled conditions, removes excess pile and adjusts the length and density of the fibres, ensuring a smooth and uniform fabric surface.

Loops, on the other hand, are often seen in towels, bathrobes, and certain garments. This structure enhances absorbency and comfort but may also affect the flatness of the product. For loop trimming, manufacturers can utilise laser trimming technology, which precisely controls the cutting depth through laser application, achieving the desired loop effect without damaging the fabric structure.

Furthermore, with advancements in technology, new mechanical equipment integrating automation and intelligence can perform pile and loop trimming. These devices make the trimming process more efficient, reduce human operational errors, and further improve product quality.

4.2. Enhancement of Fibre Strength and Durability
Strength and durability are key performance indicators of fibre products, as these characteristics directly impact the product’s service life. Directly related to consumer satisfaction, enhancing the strength and durability of fibres during the finishing process is essential.

Firstly, finishing techniques often involve various mechanical treatments to improve fibre strength. For instance, stretching treatments can introduce pre-stress into fibres, making their molecular structure more compact and thereby enhancing their tensile strength. This process is particularly suitable for synthetic fibres such as nylon and polyester, which, after stretching, can undergo heat-setting to stabilise their performance.

In addition to mechanical treatments, chemical treatments are equally important in improving fibre strength. Certain chemical agents can penetrate the molecular structure of fibres, forming protective coatings or cross-linked structures that further enhance their durability. For example, treatments with UV-resistant agents and water repellents not only improve the durability of fabrics but also increase their resistance to environmental factors, thereby extending the product’s lifespan.

It is worth mentioning that the application of certain innovative materials has also shown potential in enhancing fibre strength. High-performance materials such as carbon fibres and glass fibres have begun to find applications in high-end markets. These materials are not only lightweight but also possess exceptional tensile strength, making them popular choices in fields such as sports equipment and automotive interiors.

4.3. Quality Inspection in Finishing
Quality inspection in finishing is an indispensable part of the entire production process, ensuring that the final product meets the expected performance standards and quality requirements. Through systematic inspection procedures, manufacturers can promptly identify issues and adjust production techniques, thereby enhancing the market competitiveness of their products. The typical quality inspection process includes multiple stages such as visual inspection, physical performance testing, and instrumental analysis. Visual inspection is the most basic method of detection, capable of quickly identifying issues related to product flatness, colour uniformity, and defects. Inspectors usually examine the overall appearance of samples to ensure they meet the required standards.

Physical performance testing involves measuring various specific data, such as tensile strength, tear strength, abrasion resistance, and water resistance. These tests generally rely on specialised testing equipment, such as tensile testing machines and friction testing machines. 

In recent years, with advancements in technology, digital and automated testing techniques have been widely applied in quality inspection. For instance, some companies have adopted intelligent inspection systems that can track production data in real-time, promptly detect anomalies, and conduct analysis and reporting, thereby improving inspection efficiency and accuracy. Certain internationally renowned brands have made significant investments in finishing quality control, utilising advanced testing technologies and standardised quality management systems to ensure that every product meets high standards. The success of these brands is not only attributed to their high-quality products but also to their rigorous quality inspection processes, which instill consumer confidence in their products.

In summary, the handling of flatness and smoothness is not only related to the product’s appearance but also directly impacts the consumer’s experience. Through effective technical measures and meticulous quality inspection, manufacturers can continuously enhance the competitiveness of their products meeting the ever-changing market demands.

5.	Trends in Mechanical Finishing

5.1. Development of New Technologies
With the rapid advancement of technology, the mechanical finishing industry is undergoing unprecedented transformations. The application of new technologies not only enhances the efficiency and quality of finishing processes but also provides enterprises with more innovative production methods. Below are several key trends in the development of new technologies in mechanical finishing.

5.1.1. Automation Technology
Automation technology is one of the primary trends in the current finishing industry. Many enterprises are beginning to adopt automated equipment, such as automated ironing machines, computer numerical control (CNC) stretching machines, and automated inspection systems. These devices can operate continuously and efficiently while ensuring product consistency and stability. Automated processes not only effectively reduce labour costs but also minimise human errors, thereby improving production efficiency. The widespread application of automation technology streamlines production processes and meets the growing market demand. For instance, some companies have already implemented fully automated finishing lines capable of completing all steps in the shortest possible time. This significantly increases production capacity and enhances the flexibility of delivery schedules.

5.1.2. Digital Technology
The application of digital technology in finishing has significantly transformed product design, process workflows, and quality management. Through digital design and simulation, enterprises can predict material performance and changes during product usage in advance, thereby considering the impact of finishing during the design phase to optimise product performance. Furthermore, the application of data analysis technology enables enterprises to monitor production processes in real time and analyse collected data. Make timely adjustments. This process not only improves product quality but also reduces resource waste, achieving a greener production process.

5.1.3. Environmental Technologies
The development of environmental technologies in the finishing industry is equally noteworthy. With the rising consumer demand for sustainable products, companies are paying more attention to reducing environmental impact during the finishing process. Many companies have started adopting non-toxic auxiliaries, and recyclable materials, while striving to minimize water usage and chemical consumption. For instance, some companies have introduced waterless dyeing technologies, which enable the dyeing process to be completed without using water, thereby reducing water waste and pollution. Meanwhile, the emergence of environmental regulations has also driven companies to pursue more eco-friendly finishing processes to meet market and consumer expectations.

5.1.4. Smart Fibre Technologies
The development of smart fibre technologies has enabled fibre products to possess interactivity and self-regulating capabilities. For example, fibres that can change colour or regulate temperature can adapt to environmental changes. This has been well applied in outdoor sportswear. Through these smart materials, consumers can enjoy a more technologically advanced wearing experience and enhance the functionality of the products. With continuous technological advancements, smart fibres will keep expanding their application scope and may play a greater role in fields such as healthcare, sports, and home living in the future.

The trend in the mechanical finishing industry is moving towards automation, digitalisation, environmental sustainability, and intelligence. The application of these new technologies not only improves the quality and performance of products but also drives the progress of the entire industry. With changes in market demand and technological advancements, future mechanical finishing will become more intelligent, efficient, and sustainable. Enterprises need to adjust their strategies in a timely manner to adapt to this trend, seize opportunities, and enhance their competitiveness in the market.

6.	Conclusion and Future Prospects  

In the field of textile finishing, addressing the ever-changing market demands and environmental pressures is key to the future development of enterprises. These successful cases not only demonstrate the flexibility of enterprises in responding to challenges but also highlight the importance of innovation and collaboration.

In the future, with advancements in technology, particularly in automation and data analytics, finishing processes will become more efficient and precise. Enterprises need to continuously explore new technologies and materials to enhance product performance and environmental sustainability. Despite facing increasingly stringent environmental regulations and market competition, companies that can flexibly leverage new technologies and strengthen collaboration across the supply chain will undoubtedly secure a significant position in the future textile market.

Moreover, the growing consumer demand for sustainable and functional products will compel enterprises to place greater emphasis on balancing environmental considerations and performance in product design and finishing processes. Companies must establish flexible production capabilities to better adapt to market changes and ensure that product quality and sustainability remain at the forefront of future development. In summary, successful finishing should be a comprehensive system encompassing material selection, technological innovation, and quality management. The future development potential is immense and warrants joint exploration by all stakeholders in the industry. 


Learning Activities

(1) Hands‑on Fibre Comparison and Finishing Analysis
· Students gather samples of natural fibres (cotton, wool, silk) and synthetic fibres (polyester, nylon). 
· They observe and record differences in physical properties such as elasticity, moisture absorption, and breathability. 
· Then, they discuss which mechanical finishing processes (calendering, stretching, glazing) would be most suitable for each fibre type and justify their choices.
(2) Mechanical Finishing Process Simulation Project
· Students work in small groups to design a simplified “finishing line” workflow for a selected textile product. 
· They choose appropriate machines (ironing, heat‑setting, stretching, calendering, dyeing, washing), explain each step, and include environmental considerations such as energy saving, water reduction, or use of eco‑friendly agents. 
· Each group presents their process flow and explains how their choices improve product performance and sustainability.

Assessment

(1) Explain the importance of textile finishing in enhancing fibre performance and market competitiveness. 
(2) Compare the physical properties of natural fibres and synthetic fibres, giving at least two examples for each. 
(3) Describe the calendering process and explain how temperature and pressure influence fabric properties. 
(4) Explain the purpose of stretching treatment in mechanical finishing and identify the types of fibres that benefit most from this process. 
(5) What is glazing treatment, and how does it improve the appearance and durability of fabrics? 
(6) List four common finishing machines and explain the function of each. 
(7) Discuss two major environmental considerations in the finishing process and suggest methods to reduce environmental impact. 
(8) Explain how finishing processes such as wrinkle resistance, softening, and antibacterial treatment enhance fabric performance. 
(9) Describe the importance of pile and loop trimming in mechanical finishing and name one modern technology used for trimming. 
(10) Identify and briefly explain two emerging trends in mechanical finishing technologies and their impact on the textile industry.

