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Participant Handbook

Welcome to the “Processing Supervisor (Dyeing & Printing)” training programme. This PHB is designed to 
provide participants with comprehensive knowledge about the principles and practices of maintaining 
security, ensuring vigilance, and safeguarding premises. It also focuses on planning, executing, and 
managing routine security tasks, conducting inspections, and verifying the integrity of individuals and 
documents as part of field operations. 

This Participant Handbook is designed based on the Qualification Pack (QP) under the National Skill 
Qualification framework (NSQF) and it comprises of the following National Occupational Standards 
(NOS)/ topics and additional topics.

1.	 AMH/N0615: Plan and organize materials to be dyed and printed as per customer requirements 
and dyes and chemicals

2.	 AMH/N0616: Develop recipe for dyeing and printing as per the customer requirement or pantone 
shade

3.	 AMH/N0617: Supervise the process of dyeing and printing as per plan received from production 
planning

4.	 AMH/N0618: Maintain health, safety and security in the processing department with Gender & 
PWD Sensitization.

5.	 AMH/N0619: Manage the workspace, operate tools, and handle machinery efficiently.
6.	 AMH/N0621: Adhere to industry, regulatory, and organizational standards and embrace 

environmentally sustainable practices
7.	 DGT/VSQ/N0102: Employability Skills (60 Hours)

About this book
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By the end of this module, the participants will be able to:

1.	 Elaborate on the size and scope of the apparel industry in India.
2.	 Describe employment opportunities for a Processing Supervisor (Dyeing & Printing).
3.	 Explain the roles of a Processing Supervisor in dyeing and printing.
4.	 Discuss the apparel production process and supervisor involvement.
5.	 Highlight skills and qualifications needed for a Processing Supervisor.
6.	 Describe the use of modern machines and technology in textile processing.
7.	 Explain the importance of quality, safety, and eco-compliance.
8.	 Discuss career growth opportunities for Processing Supervisors.

Key Learning Outcomes
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UNIT 1.1: The Apparel Industry and Professional Functions

By the end of this unit, the participants will be able to:

1.	 Describe the size and scope of the apparel industry.
2.	 Describe various employment opportunities for a Processing Supervisor (Dyeing & Printing).
3.	 Explain roles and responsibilities of a Processing Supervisor (Dyeing & Printing).
4.	 Analyse the apparel production process and the role of the Processing Supervisor (Dyeing & 

Printing).

Unit Objectives

The apparel manufacturing sector in India is one of the biggest industries in the country. It includes 
making clothes like shirts, pants, dresses, uniforms, and traditional wear. It also includes items we use 
at home, such as bed sheets, towels, curtains, cushion covers, and tablecloths. Many factories and 
small units across India manufacture these garments for both domestic consumption and export to 
other countries.

This sector provides employment to millions of people, particularly women and workers in rural areas. 
It includes many types of work such as stitching, cutting, embroidery, ironing, checking, and packing. 
India is renowned for its skilled workers and exquisite designs, which is why clothing made in India is in 
high demand worldwide.

The apparel industry in India is growing every year. With an increasing number of people purchasing 
clothes in India and other countries, there is a growing need for more workers and enhanced skills. New 
machines, better training, and government support are helping this sector grow fast. It is a strong part 
of India's economy and offers good job opportunities for skilled workers.

Market Size and Growth:

•	 Current Value: The Indian apparel market size was valued at USD 115.70 billion in 2024. The broader 
Indian textile and apparel market was valued at USD 222.08 billion in 2024.

•	 Projected Growth: The Indian apparel market is projected to grow to USD 171.60 billion by 2034, 
exhibiting a compound annual growth rate (CAGR) of 4% from 2025 to 2034.

Source: textileinsights.in

	 Fig. 1.1.1: Apparel manufacturing unit

1.1.1 The Size and Scope of the Apparel Industry
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India is known around the world for its beautiful embroidery, traditional designs, and skilled work. 
Because of this, there is a high demand for Indian-made clothes and home products in many countries.

The work in this sector is done by hand and by machines. It requires workers who are careful, skilled, 
and hard-working. Jobs like those of embroidery machine operators are crucial in maintaining the 
quality and design of products.

This sector helps many families earn a living and plays an important role in the country's growth.

Key Strengths and Growth Drivers of India's Apparel Industry

India's garment and textile industry is strong and growing fast. Here are the main reasons why:

1.	 Plenty of Raw Material
India grows a lot of cotton, the highest in the world and is also the top producer of jute and jute 
products. India is also the second-largest producer of silk. India also produces and exports various 
types of blended and synthetic yarns.

 
	 Fig. 1.1.2: Cotton tree and pre-processed jute plant

2.	 Large Domestic Market
India has a big population that buys clothes. People in India now have more money to spend and 
like to wear new styles. This means there is always high demand for new garments in the local 
market.

3.	 Government Support
The government is giving help through special schemes like PLI and PM MITRA Parks. These programs 
help build better factories, support workers, and attract more companies to invest in India.

4.	 Strong Export Business
India exports clothes and textiles to many countries, including the USA and those in Europe, making 
it the sixth-largest exporter of textiles and garments in the world.

5.	 Use of New Technology
Modern machines and computers are now used in many factories. This makes the work faster, 
better, and more accurate.
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	 Fig. 1.1.3: Advanced garment manufacturing technology

6.	 Focus on Sustainability
Many companies are now using eco-friendly methods. They are making clothes from organic cotton 
and trying to reduce waste. This is good for the environment and future generations.

Apparel, Made-Ups and Home Furnishing Sector Skill Council (AMHSSC)

The Apparel, Made-Ups, and Home Furnishing Sector Skill Council (AMHSSC) is an organisation that 
helps people acquire the necessary skills to work in the clothing and home furnishing industry.

AMHSSC (Apparel, Made-Ups and Home Furnishing Sector Skill Council) plays an important role in 
helping people learn and grow in the garment and home furnishing industry. It creates special training 
courses for different jobs such as embroidery machine operators, tailors, pressmen, fashion designers, 
etc. These courses teach workers how to do their jobs in a safe, fast, and correct way. 

AMHSSC also works with factories and companies to understand what kind of workers are needed. This 
helps ensure that the training aligns with what the industry is looking for. Trained workers can get jobs 
in factories, export houses, or even start their own small businesses. By learning the right skills, workers 
can make better-quality products, feel more confident, and earn more money. In this way, AMHSSC 
connects skilled workers with good job opportunities and supports their future growth.

	 Fig. 1.1.4: AMHSSC logo
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Processing Supervisors in dyeing and printing departments are in high demand due to their expertise 
in fabric treatment and enhancement. Their specialised skills make them essential in both large and 
small-scale apparel manufacturing units.

Job Roles across the Industry

Some of the common employment avenues include:

•	 Textile Mills: Processing supervisors are often employed in textile mills where fabric is dyed and 
printed before being converted into garments.

•	 Garment Manufacturing Units: These roles are integral in managing the finishing processes that 
add aesthetic and functional value to garments.

•	 Export Houses: Supervisors ensure international quality standards are met during processing, 
which is critical for export compliance.

•	 Design Houses: High-end fashion houses also require experts in fabric processing to translate 
creative concepts into actual textile designs.

•	 Chemical and Dye Companies: Many supervisors are hired as technical consultants or field experts 
to test and develop new dyeing techniques or pigment formulas.

Career Growth and Pathways

With experience, Processing Supervisors can rise to higher managerial roles such as:

•	 Processing Manager
•	 Quality Control Head
•	 Technical Head (Dyeing & Printing)
•	 Production Manager

 

Trainee 
Supervisor 

Junior 
Supervisor 

Sec�on In-
charge 

Produc�on 
Manager Plant Head

	 Fig. 1.1.5: Career Growth for Processing Supervisor

Opportunities also exist in training, research, and development, especially with the industry’s growing 
focus on sustainability and digital printing technologies.

Basic Qualification Preferred Qualification

ITI / Diploma in Textile Processing B.Sc. in Textile Chemistry or B.Tech in Textile Engineering

Understanding of dyes & chemicals Computer literacy for digital machines

Local language + English Safety and effluent treatment knowledge

Table 1.1.1: Required Skills & Qualifications

1.1.2 Employment Opportunities for a Processing Supervisor 
(Dyeing & Printing)
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A Processing Supervisor (Dyeing & Printing) ensures the correct application of dyes, chemicals, and 
techniques to fabrics during the production process. This role demands technical knowledge, leadership, 
attention to detail, and problem-solving abilities.

Core Responsibilities

1.	 Supervision of Dyeing and Printing Processes
•	 Overseeing machinery operations and manual work during the dyeing and printing of fabrics.
•	 Monitoring temperature, pH levels, dye concentrations, and other technical parameters to 

ensure product consistency.
2.	 Process Planning and Execution

•	 Coordinating with the production planning department to organise workflow.
•	 Ensuring timely completion of tasks according to schedule and order requirements.

3.	 Quality Assurance
•	 Conducting fabric tests before and after dyeing/printing to check for colour fastness, fabric 

strength, and shrinkage.
•	 Identifying defects or inconsistencies and taking corrective actions.

4.	 Workforce Management
•	 Guiding and supervising machine operators and helpers in the dyeing and printing sections.
•	 Conducting training sessions to improve skill levels and ensure compliance with safety and 

environmental standards.
5.	 Inventory and Resource Management

•	 Monitoring chemical usage and maintaining optimal inventory levels.
•	 Coordinating with the procurement department to ensure timely supply of dyes, auxiliaries, 

and consumables.

 
	 Fig. 1.1.6: Inventory Management

6.	 Documentation and Reporting
•	 Maintaining daily production logs, quality reports, and incident records.
•	 Providing regular feedback to senior management for process improvements.

7.	 Essential Skills and Attributes
•	 Technical knowledge of fabrics, dyes, and chemicals
•	 Leadership and team coordination
•	 Quality and detail orientation
•	 Problem-solving abilities

1.1.3 Roles and Responsibilities of a Processing Supervisor 
(Dyeing & Printing)
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•	 Safety and compliance awareness

Processing Supervisors are the bridge between design, production, and quality assurance, making 
their role critical in achieving the final product’s excellence.

Daily Duties

Task Area Responsibility

Planning Assigning batches based on order priority

Machine Monitoring Overseeing operation of dyeing vessels, screen printers, and dryers

Colour Matching Approving shade cards and managing lab dips

Workforce Management Allocating work to helpers, machine operators, and finishers

Compliance & Safety Ensuring adherence to pollution control norms and chemical safety

Communication Reporting to production head; coordinating with quality and 
maintenance teams

Machines Commonly Used

Machine Type Used For

Jet Dyeing Machine For woven and knit fabrics

Rotary Screen Printing For large production runs with repeating patterns

Jigger Machine For solid shades on woven fabrics

Digital Printers For customised or fast fashion printing

Blends (e.g., PC)

Silk/Wool

Polyester

Cotton Reac�ve, Vat dyes

Fabric Common Dye Used

Disperse dyes

Acid dyes

Combina�on dyeing techniques

	 Fig. 1.1.7: Types of Fabrics and Dyes Commonly Used

Role of Processing Supervisor in the Flow
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Stage Supervisor’s Involvement

Pre-treatment Ensure scouring/bleaching prepares fabric for dye uptake

Dyeing Manage dye recipes, shade matching, and dyeing process monitoring

Printing Approve print quality, adjust screens/blocks, supervise registration

Finishing Oversee curing, calendaring, and softness treatments

Sustainability and Eco-Compliance

Staff Awareness

Waste Disposal (ETP)

Dye Selec�on

Water Usage Op�mize rinse cycles and batch sizes

Area Eco-Responsibility

Prefer azo-free, low-impact, or natural dyes

Coordinate with Effluent Treatment Plant 

Train workers on safe chemical handling

In India, pollution from dyeing is a major concern. Processing supervisors play a key role in ensuring 
eco-friendly operations.

The apparel industry is a vast, evolving field that provides numerous career opportunities, especially in 
specialised roles like that of a Processing Supervisor (Dyeing & Printing). These professionals are crucial 
for transforming raw fabrics into value-added products with desired colours, patterns, and performance 
attributes. Their role spans supervision, technical oversight, quality assurance, and sustainability — 
making them indispensable in modern textile manufacturing.

As global fashion shifts towards higher quality standards and sustainable practices, the role of Processing 
Supervisors will only grow in importance. Understanding the scope of the industry, the nature of 
employment opportunities, the exact responsibilities involved, and the overall production workflow 
equips aspiring professionals with the knowledge needed to thrive in this vibrant sector.

9
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•	 The apparel industry is one of India’s largest and fastest-growing sectors.
•	 The industry provides wide employment opportunities across rural and urban areas.
•	 A Processing Supervisor plays a key role in dyeing and printing operations.
•	 Supervisors ensure proper use of dyes, chemicals, and machinery.
•	 The apparel production process includes stages like dyeing, printing, and finishing.
•	 Quality and consistency in colour and texture are key responsibilities of supervisors.
•	 Knowledge of textile materials and processing parameters is essential.
•	 Modern machines and technologies improve production efficiency and quality.
•	 Supervisors must ensure safety and environmental compliance during processing.
•	 Good leadership and communication help manage workers and processes effectively.
•	 Continuous learning supports skill development and career advancement.
•	 The apparel industry offers strong growth and entrepreneurship opportunities.

Summary
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Multiple-choice Question:
1.	 What is one of India’s largest and most employment-generating industries?

a. Automobile industry	 b. Apparel industry

c. Construction industry	 d. Pharmaceutical industry

2.	 What is a key responsibility of a Processing Supervisor?
a. Marketing apparel products	 b. Supervising dyeing and printing processes

c. Operating sewing machines	 d. Managing retail stores

3.	 Which stage comes after dyeing in apparel production?
a. Packaging	 b. Printing

c. Cutting	 d. Stitching

4.	 Why is safety important in textile processing?
a. It reduces worker fatigue only	 b. It ensures smooth workflow and prevents accidents

c. It increases machine speed only	 d. It helps reduce costs only

5.	 What helps Processing Supervisors improve production quality?
a. Ignoring new technology	 b. Using modern machines and methods

c. Reducing worker training	 d. Avoiding regular maintenance

 

Descriptive Questions:

1.	 What is the size and scope of the apparel industry in India?
2.	 What are the main responsibilities of a Processing Supervisor in dyeing and printing?
3.	 How does modern technology support textile processing?
4.	 Why is eco-compliance important in apparel production?
5.	 What career growth opportunities exist for Processing Supervisors?

Exercise
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Notes

Scan the QR codes or click on the link to watch the related videos

https://youtu.be/ddisteV3tOo?si=uFDW4QKnItoOKknY

Textile Sector in India

https://youtu.be/lwPEk-X-O8o?si=2Vkou_hYxpiLcRgm

Knit Fabric Dyeing and Finishing Process 
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By the end of this module, the participants will be able to:

1.	 Elaborate on interpreting work orders and planning dyeing and printing activities.
2.	 Describe the process of cleaning and maintaining dyeing equipment.
3.	 Explain the preventive maintenance and corrective measures for machinery.
4.	 Discuss ensuring availability and proper storage of dyes, chemicals, and accessories.
5.	 Highlight allocating dyeing machines based on capacity, cycle, and priority.
6.	 Describe assigning operators according to their skills and technical requirements.
7.	 Explain handling dyes and chemicals, including shelf-life and safety considerations.
8.	 Discuss parameters affecting dyeing and printing like pH, temperature, and time.
9.	 Highlight the effects of fibre, yarn, fabric, and chemical composition on dyeing quality and 

uniformity.

Key Learning Outcomes
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UNIT 2.1: Characteristics of Textile Materials and Dyeing

By the end of this unit, the participants will be able to:

1.	 Describe the operation and handling of dyeing machines based on capacity and product suitability.
2.	 Explain the dyeing cycle in relation to fibre types and machinery capabilities.
3.	 Analyse various types of dyes and chemicals used in the dyeing process.
4.	 Explain the shelf-life and storage conditions of dyes and chemicals.
5.	 Examine the effect of chemical composition on solubility, colour fastness, and uniformity of dyeing.
6.	 Identify the influence of pH, temperature, and time on dyeing and printing outcomes.
7.	 Describe the features of fibre, yarn, and fabric that affect processing performance. 

Unit Objectives

Dyeing machines are central to the textile processing industry, serving as the critical link between raw 
fabric preparation and finished fabric colouration. These machines vary in size, type, and mechanism 
depending on the material to be dyed—whether it’s fibre, yarn, or fabric—and the desired output in 
terms of colour consistency, fabric hand feel, and production efficiency.

A thorough understanding of machine operation, handling, and selection based on capacity and product 
suitability ensures optimal dyeing performance, reduced waste, and cost-effective production.

Machine Type Suitable For Typical Capacity

Jet Dyeing Machine Knitted and delicate woven fabric 50–1000 kg

Jigger Machine Woven fabrics (cotton, viscose) 100–500 m per batch

Soft Flow Machine Lightweight fabrics 100–800 kg

Winch Dyeing Machine Loose fabrics, wool 50–300 kg

Cabinet/Garment Dyers Ready-made garments 10–100 pieces

Table 2.1.1: Common Dyeing Machines Used in Indian Textile Industry

Types of Dyeing Machines and Their Suitability

1.	 Jet Dyeing Machine
•	 Best for: Knitted fabrics, delicate synthetics like polyester or blends.
•	 Operation: Fabric is circulated in rope form along with dye liquor using pressure jets in a closed 

system.
•	 Advantages: High productivity, low tension on fabric, uniform dyeing.
•	 Capacity: Medium to high (can handle batches from 25 kg to several hundred kilograms).

2.1.1 Operation and Handling of Dyeing Machines Based 
on Capacity and Product Suitability
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	 Fig. 2.1.1: Jet Dyeing Machine

2.	 Winch Dyeing Machine
•	 Best for: Wool, knits, delicate and lightweight woven fabrics.
•	 Operation: Fabric is pulled over a winch reel and circulated in a relaxed state in a dye bath.
•	 Advantages: Gentle handling, suitable for fabrics sensitive to tension.
•	 Capacity: Typically, low to medium (suitable for small-scale or specialty dyeing).

 
	 Fig. 2.1.2: Winch Dyeing Machine

3.	 Jigger Dyeing Machine
•	 Best for: Open-width woven fabrics such as cotton sheeting, voile, poplin.
•	 Operation: Fabric passes back and forth through the dye liquor between two reels.
•	 Advantages: Efficient use of water and dyes, suitable for smooth and even dyeing on flat fabrics.
•	 Capacity: Moderate, depending on the length and width of the fabric.

16
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	 Fig.  2.1.3: Jigger Dyeing Machine

4.	 Soft Flow Dyeing Machine
•	 Best for: Heavier knits and woven fabrics, viscose, modal, Tencel.
•	 Operation: Combines the benefits of jet and overflow dyeing; fabric moves freely with dye 

liquor.
•	 Advantages: Low liquor ratio, high dye penetration, energy-efficient.
•	 Capacity: Medium to high (ideal for continuous production).

 
	 Fig. 2.1.4: Soft-Flow Dyeing Machine

5.	 Package Dyeing Machine
•	 Best for: Yarns wound on perforated cones or spools.
•	 Operation: Dye liquor flows through yarn packages (inside-out or outside-in) under pressure.
•	 Advantages: Ensures even dyeing throughout the yarn package.
•	 Capacity: Varies based on the number of packages and machine configuration (often modular).
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	 Fig. 2.1.5: Package Dyeing Machine

6.	 Beam Dyeing Machine
•	 Best for: Warp yarns, synthetics, and fabric wound on beams.
•	 Operation: Dye is pumped through the fabric wound around a perforated beam.
•	 Advantages: Minimal fabric movement, ideal for continuous filament yarns.
•	 Capacity: High (used in large-scale continuous operations).

	 Fig. 2.1.6: Bem Dyeing Machine 

Key Factors in Machine Selection

Choosing the right dyeing machine depends on:

•	 Fibre type: Natural (cotton, wool) or synthetic (polyester, nylon)
•	 Fabric form: Rope, open width, yarn package, beam
•	 Fabric sensitivity: Knits vs. woven, stretch vs. rigid fabrics
•	 Batch size: Small-batch for sampling or large-scale for mass production
•	 Liquor ratio requirements: High liquor ratios are less eco-friendly; modern machines aim for low 

liquor ratios
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Determine 
Material 

Check Fabric 
Form 

Assess Batch 
Size 

Choose 
Suitable 
Machine

	 Fig. 2.1.7: Machine Selection Flow

Operation and Handling Best Practices

1.	 Pre-Operation Checks
•	 Clean the machine to prevent shade variation or contamination.
•	 Ensure all valves, pumps, and heating systems are functioning.
•	 Check that the machine is suitable for the specific fibre and fabric type.

2.	 Loading the Material
•	 Load fabric/yarn with minimal tension to avoid distortion.
•	 Avoid overloading to maintain uniform liquor flow and dye distribution.

3.	 Monitoring During Dyeing
•	 Regularly monitor temperature, pH, dye concentration, and liquor circulation.
•	 Ensure no fabric entanglement or uneven movement occurs.
•	 Use dosing systems to add dyes and chemicals in a controlled manner.

4.	 Post-Dyeing Care
•	 Wash the dyed material thoroughly to remove unfixed dyes and chemicals.
•	 Maintain accurate records for reproducibility in future batches.

Safety and Environmental Considerations

•	 Use personal protective equipment (PPE) when handling chemicals and machines.
•	 Ensure proper ventilation to avoid exposure to fumes.
•	 Monitor and treat effluent water before disposal to comply with environmental regulations.
•	 Reduce energy and water consumption by choosing machines with efficient liquor circulation and 

heat recovery systems.

The effectiveness of the dyeing process is highly dependent on selecting the correct machine and 
operating it according to the fabric and dyeing requirements. A mismatch between machine type and 
product can result in uneven dyeing, fabric damage, high reprocessing costs, and environmental waste.

Modern dyeing facilities must invest in training personnel to handle machines responsibly and 
efficiently. A knowledgeable operator or supervisor ensures not just smooth production but also fabric 
quality, customer satisfaction, and compliance with safety and sustainability standards.

The dyeing cycle is a carefully controlled sequence of steps that ensures textile materials absorb and 
retain dye in a uniform, durable, and aesthetically pleasing manner. The exact cycle may vary depending 
on the type of fibre, the dye class, and the machine being used.

2.1.2 The Dyeing Cycle in Relation to Fibre Types and 
Machinery Capabilities
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Understanding this relationship is essential for anyone involved in textile processing, especially 
supervisors and technicians who must ensure consistency, efficiency, and quality in every dyeing 
operation.

1.	 The Dyeing Cycle
The dyeing cycle refers to the complete procedure followed from the pre-treatment of the fabric or 
yarn to the fixation and final washing of the dyed material. A typical dyeing cycle includes:

•	 Pre-treatment: Cleaning the fabric to prepare it for dyeing.
•	 Dye Application: Introducing the dye to the material using a suitable method.
•	 Fixation: Setting the dye onto or into the fibre structure.
•	 After-treatment: Washing off excess dye and chemicals.
•	 Drying and Finishing: Drying the material and sometimes applying finishing agents.

Each step must be adjusted based on the fibre type and machine being used to ensure optimal dye 
penetration and fastness properties.

 

Loading

Pre-
treatment 

Dyeing 

Washing

Neutralizing 

Soaping

Rinsing

Drying

	 Fig. 2.1.8: Typical Dyeing Cycle

2.	 Dyeing Cycle for Different Fibre Types
Each fibre behaves differently due to its physical and chemical structure. Therefore, the dyeing 
cycle must be customised.
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Cotton (Cellulose Fibre)

•	 Pre-treatment: De-sizing, scouring, and bleaching.
•	 Common Dyes Used: Reactive, vat, and direct dyes.
•	 Fixation: Alkaline conditions (especially for reactive dyes), often at 60–80°C.
•	 Machinery: Jet dyeing machine, jigger dyeing machine, or soft flow dyeing.
•	 After-treatment: Washing with soap to remove unfixed dye.

Cotton requires alkaline conditions and thorough washing post-dyeing to achieve brightness and 
fastness.

Polyester (Synthetic Fibre)

•	 Pre-treatment: Heat setting to control shrinkage and set fabric structure.
•	 Common Dyes Used: Disperse dyes.
•	 Fixation: High temperature (around 130°C) in pressurised machines.
•	 Machinery: High-temperature jet dyeing or HT-HT beam dyeing machines.
•	 After-treatment: Reduction clearing to remove surface dye.

Since polyester is hydrophobic, high temperatures and pressure are needed to swell the fibre and 
allow dye penetration.

 
	 Fig. 2.1.9: Polyester (Synthetic Fibre)

Wool and Silk (Protein Fibres)

•	 Pre-treatment: Mild washing, sometimes bleaching.
•	 Common Dyes Used: Acid dyes and metal complex dyes.
•	 Fixation: Acidic pH (4.5–5.5) at moderate temperatures (~85°C).
•	 Machinery: Winch dyeing machine or gentle jet dyeing machines.
•	 After-treatment: Softening and mild rinsing.

These delicate fibres are sensitive to pH and temperature changes, so the dyeing cycle must be 
gentle and carefully controlled.
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	 Fig. 2.1.10: Wool and Silk

Nylon

•	 Dyes Used: Acid dyes and reactive dyes.
•	 Fixation: Acidic pH (~5), medium temperature.
•	 Machinery: Jet dyeing or package dyeing.

Nylon behaves somewhat like protein fibres, with strong dye affinity under acidic conditions.

 
	 Fig. 2.1.11: Nylon

3.	 Influence of Machinery Capabilities on the Dyeing Cycle
The capabilities of the dyeing machine directly affect the flexibility, speed, and quality of the dyeing 
cycle. Important machine features include:

•	 Temperature Control: Machines like HT-HT (High Temperature–High Pressure) are needed for 
polyester dyeing.

•	 pH Adjustment and Dosing: Modern machines allow automated dosing of chemicals and dyes 
to maintain precise pH and concentration levels.

•	 Fabric Movement: Machines like soft-flow or jet dyeing allow fabric to move freely, reducing 
tension and ensuring uniform dyeing.

•	 Liquor Circulation: Efficient circulation systems help ensure even dye distribution.
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Fibre Dyeing Temp (°C) Dyeing Time Common Machines

Cotton 60–80 30–90 min Jigger, Winch, Soft Flow

Polyester 120–135 (HT) 30–60 min Jet, HT-HP Machines

Wool 40–60 45–90 min Winch, Cabinet

Viscose 60–80 30–60 min Jigger, Soft Flow

Blends Variable Depends on mix Jet, Dual System Machines

Table 2.1.2: Machine Matching with Fibre and Dye Type

Using the wrong machine can lead to:

•	 Uneven dyeing
•	 Fibre damage
•	 Poor fastness properties
•	 High wastage and reprocessing

4.	 Optimising the Dyeing Cycle
To optimise the dyeing cycle, the following must be considered:

•	 Material Load: Do not exceed machine capacity; overloading causes uneven dyeing.
•	 Liquor Ratio: Balance dye concentration and water volume for efficiency.
•	 Process Time: Adjust based on fibre reactivity and dye class.
•	 Automation: Use machines with auto dosing, temperature ramping, and monitoring for 

consistency.

A successful dyeing process depends on understanding the interaction between fibre type, dye 
chemistry, and machine capability. Each fibre requires a tailored dyeing cycle that suits its structural 
characteristics and responds well to the chosen dye and machinery. When machine capability 
matches the technical needs of the fibre and dye system, the results are superior in terms of colour 
uniformity, fastness, and production efficiency.

For a Processing Supervisor or technician, mastery of this relationship is key to minimising defects, 
ensuring quality, and optimising production in modern textile operations.

In the textile industry, the success of a dyeing process heavily depends on the correct selection and 
application of dyes and chemicals. Different fibres require different dye classes based on their chemical 
structure and affinity. Likewise, various auxiliary chemicals are used to support dye absorption, improve 
fixation, control pH, and achieve desirable fastness and aesthetic properties.

Understanding the properties, compatibility, and functions of each dye and chemical is essential for 
achieving uniform, long-lasting, and high-quality dyeing results.

2.1.3 Types of Dyes and Chemicals Used in the 
Dyeing Process
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Dye Type Suitable Fibre Remarks

Reactive Dyes Cotton, Viscose Bright shades, good fastness

Disperse Dyes Polyester Requires high-temp dyeing

Acid Dyes Wool, Nylon Works well in acidic pH

Direct Dyes Cotton Economical, less fastness than reactive

Vat Dyes Cotton Excellent fastness, needs reduction/oxidation

Pigment Dyes All fibres (with binder) Used in printing; no fibre affinity

Table 2.1.3: Types of Dyes Based on Fibre Compatibility

1.	 Classification of Dyes Based on Application and Fibre Compatibility
Reactive Dyes

•	 Best for: Cellulosic fibres like cotton, linen, rayon.
•	 Key Feature: React chemically with the fibre, forming a covalent bond.
•	 Application: Alkaline pH (~10–11), moderate temperatures (60–80°C).
•	 Advantages: Excellent wash and light fastness, bright shades.
•	 Limitation: Require thorough washing to remove unfixed dye.

 
	 Fig. 2.1.12: Reactive Dyes

Direct Dyes

•	 Best for: Cotton and viscose.
•	 Key Feature: Water-soluble dyes that attach to fibre through hydrogen bonding.
•	 Application: Neutral or slightly alkaline pH; used with salt to enhance exhaustion.
•	 Advantages: Easy to apply, cost-effective.
•	 Limitation: Poor wash fastness unless post-treated.
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	 Fig. 2.1.13: Direct Dye

Vat Dyes

•	 Best for: Cotton and cellulosic fibres.
•	 Key Feature: Insoluble in water; converted to soluble leuco form for dyeing, then oxidised back 

to insoluble form in fibre.
•	 Application: Strong alkaline conditions, higher temperatures.
•	 Advantages: Excellent light and wash fastness.
•	 Limitation: Complex process, environmental concerns.

 
	 Fig. 2.1.14: Vat Dyes

Disperse Dyes

•	 Best for: Synthetic fibres like polyester, acetate.
•	 Key Feature: Non-ionic, sparingly soluble in water; require heat to diffuse into fibre.
•	 Application: High-temperature dyeing (typically ~130°C) under pressure.
•	 Advantages: Bright, fast colours on synthetics.
•	 Limitation: Requires specialised equipment (HT dyeing).

 
	 Fig. 2.1.15: Disperse Dyes
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Acid Dyes

•	 Best for: Protein fibres like wool, silk, and polyamide (nylon).
•	 Key Feature: Anionic dyes that bind with fibre via ionic interaction.
•	 Application: Acidic pH (4–6), moderate temperatures.
•	 Advantages: Good shade range, soft hand feel.
•	 Limitation: Limited light fastness compared to reactive dyes.

	 Fig. 2.1.16: Acid Dyes

Basic (Cationic) Dyes

•	 Best for: Acrylic fibres, modified polyester.
•	 Key Feature: Positively charged dyes that form ionic bonds with the negatively charged fibre.
•	 Application: Slightly acidic conditions.
•	 Advantages: Very bright, intense shades.
•	 Limitation: Poor wash fastness on some fibres.

 
	 Fig. 2.1.17: Basic Dyes

2.	 Chemicals Used in the Dyeing Process
Dyeing chemicals, or auxiliaries, are used to improve dye uptake, ensure levelness, control pH, and 
modify fibre behaviour during the process. These are not dyes themselves but essential for high-
quality dyeing.
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Wetting Agents

•	 Reduce surface tension of water and help fabric absorb dye liquor uniformly.
•	 Essential in dyeing hydrophobic or tightly woven materials.

Sequestering Agents

•	 Bind metal ions (e.g., calcium, magnesium) in hard water that can cause uneven dyeing or 
shade variation.

•	 Examples: EDTA, sodium hex metaphosphate.

Levelling Agents

•	 Ensure even dye uptake by controlling the rate at which dye bonds to the fibre.
•	 Especially important for dyes prone to uneven absorption, like acid or basic dyes.

Dispersing Agents

•	 Maintain fine dye particle suspension in the bath to prevent agglomeration, especially in 
disperse dyeing.

•	 Helps achieve level, blotch-free dyeing.

pH Buffers and Regulators

•	 Maintain the dye bath pH at optimum level for each dye class.
•	 Common agents: Sodium carbonate, acetic acid, sodium acetate.

Fixing Agents

•	 Applied after dyeing to improve colour fastness, especially for direct and reactive dyes.
•	 Create protective film over dye molecules to reduce bleeding and fading.

Antifoaming Agents

•	 Prevent excess foam formation that could interfere with liquor circulation and machine sensors.

Carriers

•	 Used in polyester dyeing at atmospheric pressure to swell the fibre and aid dye diffusion.
•	 Examples: Phenolic or aromatic compounds (limited due to toxicity concerns).

3.	 Factors Affecting Dye and Chemical Selection
Selecting the appropriate dye and auxiliaries depends on:

Factor Influence on Selection

Fibre Type Determines dye class and fixation method

End-Use Application Requires different fastness levels

Machine Type Certain dyes need high-pressure or open-width settings
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Factor Influence on Selection

Environmental Standards Some chemicals are restricted due to safety concerns

Cost and Availability Budget and local market influence choices

Table 2.1.4: Selecting the Appropriate Dye and Auxiliaries

4.	 Importance of Compatibility and Sequence
Using the right combination and sequence of dyes and chemicals is crucial. For instance:

•	 Adding salt too early in reactive dyeing can lead to uneven absorption.
•	 Inadequate sequestering can cause dye precipitation.
•	 Overuse of wetting agents may reduce dye fixation efficiency.

Correct dosing, order of addition, and timing play a key role in achieving consistent and repeatable 
dyeing outcomes.

 

Fibre Type 

Fabric Use 

Dye 
Compa�bility 

Desired 
Fastness 

Applica�on 
Method 

Dye Selec�on

	 Fig. 2.1.18: Selection Flow of Dyes

Dyes and chemicals are the building blocks of textile colouration. Their correct selection, handling, and 
application ensure not only aesthetic appeal but also durability, performance, and compliance with 
environmental and quality standards. For dyeing professionals, a deep understanding of how different 
dyes interact with fibres—and how chemicals assist or control those interactions—is vital for delivering 
high-quality results in an efficient, cost-effective, and eco-responsible way.
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Dyes and auxiliary chemicals are essential materials used in textile dyeing and printing processes. Their 
effectiveness, stability, and safety largely depend on proper handling, storage, and usage within a 
specific timeframe known as their shelf-life.

Understanding the shelf-life and storage requirements of different dye classes and chemicals is crucial 
to maintaining product quality, minimising waste, and ensuring safe working environments. Improper 
storage can result in chemical degradation, reduced dyeing performance, wastage, or even safety 
hazards.

1.	 Shelf-life in Textile Chemicals
Shelf-life refers to the period during which a dye or chemical retains its intended properties — such 
as solubility, reactivity, and colour strength — under recommended storage conditions.

•	 After the shelf-life expires, dyes may lose colour strength, form clumps, or undergo chemical 
decomposition.

•	 In many cases, expired chemicals may still work, but with reduced performance or higher risk 
of defects.

2.	 Factors Affecting Shelf-life
Several variables influence how long a dye or chemical remains usable:

Chemical Composition

•	 Reactive dyes, due to their high reactivity, often have shorter shelf-lives compared to more 
stable dyes like disperse dyes.

•	 Organic compounds, especially those with sulfonic acid or amino groups, can degrade under 
heat or moisture.

Physical Form

•	 Powder dyes generally have a longer shelf-life than liquid dyes due to lower moisture content 
and better stability.

•	 Liquids are more susceptible to microbial contamination or phase separation over time.

Packaging

•	 Air-tight, moisture-proof, and UV-resistant packaging extends shelf-life.
•	 Repeated opening of containers can introduce contaminants, reducing usable life.

Storage Conditions

•	 Temperature, humidity, and exposure to light directly impact the degradation rate.
•	 Exposure to high humidity can cause powder dyes to cake or hydrolyse.
•	 Heat and sunlight can accelerate chemical decomposition.

2.1.4 Shelf-life and Storage Conditions of Dyes 
and Chemicals
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3.	 Shelf-life of Common Dyes and Chemicals
Here’s a general overview of shelf-life for frequently used materials in dyeing and printing:

Type Typical Shelf-life Notes

Reactive dyes (powder)

1 – 2 years Must be kept dry and sealed

Acid dyes

2 – 3 years Store in cool, dry place

Disperse dyes

3 – 5 years Very stable if kept sealed

Vat dyes

2 – 4 years Sensitive to air and moisture
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Type Typical Shelf-life Notes

Pigments (printing)

1 – 2 years May dry out or thicken over 
time

Hydrogen peroxide (H₂O₂) 

6 – 12 months Decomposes into water and 
oxygen slowly

Caustic soda (NaOH)

2 – 3 years Hygroscopic; absorbs 
moisture easily

Sodium hydrosulphite

6 – 12 months Loses reducing ability quickly 
if exposed
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Type Typical Shelf-life Notes

Urea (used in printing)

1 – 2 years Moisture-sensitive

Table 2.1.5: Materials used in Dyeing and Printing

4.	 Ideal Storage Conditions
Proper storage extends the usability of dyes and chemicals and preserves their efficiency. Below are 
the general recommendations:

Temperature Control

•	 Ideal temperature: 15°C to 25°C
•	 Avoid exposure to direct sunlight or heat sources.
•	 Use air-conditioned or ventilated storage rooms in hot climates.

Humidity Control

•	 Store powders in low-humidity environments.
•	 Use desiccant packets or moisture-absorbing silica in storage cabinets.

Light Protection

•	 Avoid storing chemicals in transparent containers exposed to sunlight.
•	 Use opaque or UV-resistant packaging.

Chemical Segregation

•	 Keep oxidising agents (like H₂O₂) away from reducing agents (like sodium hydrosulphite).
•	 Flammable substances (e.g., solvents) should be stored in fireproof cabinets.

Labelling and Inventory

•	 All containers must be clearly labelled with:
	ᴑ Name of chemical
	ᴑ Date of manufacture
	ᴑ Expiry or “use-by” date
	ᴑ Hazard classification, if any

•	 Follow first in, first Out (FIFO) method to use older stock first.
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5.	 Safety and Compliance Considerations
Improper storage can lead to:

•	 Chemical reactions between incompatible substances
•	 Reduced dyeing quality, leading to reprocessing or wastage
•	 Accidents, such as chemical burns, fire, or toxic gas release

To prevent these:

•	 Follow Material Safety Data Sheet (MSDS) instructions for every chemical.
•	 Ensure that Personal Protective Equipment (PPE) is used when handling aged chemicals.
•	 Perform periodic inspections of stock to identify expired or degraded materials.

6.	 Disposal of Expired Chemicals
Expired dyes and chemicals should not be dumped into sewage systems or open landfills. Safe 
disposal methods include:

•	 Neutralisation and dilution (if applicable)
•	 Collection by authorised hazardous waste handlers
•	 Labelling as waste stock before removal
•	 Keeping proper records of expired stock disposal

7.	 Technological Solutions for Inventory Management
Modern dye houses and textile facilities are increasingly adopting Inventory Management Systems 
(IMS) and barcode tracking to manage:

•	 Shelf-life alerts
•	 Real-time inventory
•	 Usage logs
•	 Expiry notifications

These systems reduce manual error, improve safety, and optimise chemical use.

The shelf-life and storage conditions of dyes and chemicals directly influence dyeing consistency, 
production efficiency, and worker safety. A processing supervisor must understand these aspects 
thoroughly to ensure that materials are stored, rotated, and used properly within their usable life.

By maintaining ideal environmental conditions and implementing clear inventory systems, 
organisations can reduce waste, lower costs, and uphold high-quality textile output.

The performance of dyes during and after the dyeing process is significantly influenced by their chemical 
composition. Factors such as molecular structure, functional groups, ionic charge, and solubility profile 
all play a role in determining how a dye behaves in solution and how well it interacts with the textile 
fibre.

Understanding the relationship between a dye’s chemistry and key dyeing outcomes—solubility, colour 
fastness, and uniformity—is essential for ensuring high-quality, reproducible, and durable results.

2.1.5 Effect of Chemical Composition on Solubility, Colour 
Fastness, and Uniformity of Dyeing
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1.	 Effect of Chemical Composition on Solubility
Solubility refers to a dye's ability to dissolve in a solvent, typically water, to form a homogeneous 
dye liquor. The solubility of a dye affects how easily it penetrates the fibre, the uniformity of dyeing, 
and its ability to be handled in automated systems.

Water-Soluble Dyes

•	 Reactive, Acid, and Direct dyes are usually water-soluble due to their ionic groups (e.g., –SO₃H, 
–COOH).

•	 These dyes dissolve easily in aqueous dye baths, making them suitable for cellulose and protein 
fibres.

Water-Insoluble Dyes

•	 Disperse dyes are sparingly soluble in water. They are used in the form of fine suspensions with 
the help of dispersing agents.

•	 Suitable for hydrophobic fibres like polyester, their application relies on diffusion under heat 
and pressure.

Vat and Sulphur Dyes

•	 Initially water-insoluble; made soluble through chemical reduction (leuco form).
•	 After dyeing, oxidation regenerates the insoluble form inside the fibre, ensuring high fastness.

The molecular weight, presence of polar functional groups, and ionic character all influence 
solubility. Poorly soluble dyes may precipitate, leading to specking, uneven dyeing, or machine 
staining.

 

Dye 
Structure Water pH Temperat

ure 
Presence 
of Salts 

Solubility 
Behavior

Fig. 2.1.19: Solubility Behaviour

2.	 Effect on Colour Fastness
Colour fastness is the resistance of dyed textiles to fading or running during exposure to various 
conditions like washing, rubbing, light, perspiration, or bleach.

Role of Bonding Mechanism

•	 Reactive dyes form covalent bonds with cellulose fibres, offering excellent wash and light 
fastness.

•	 Acid dyes form ionic bonds with protein fibres, which are weaker and more prone to bleeding 
under adverse conditions.

•	 Disperse dyes are physically trapped within the fibre; their fastness depends on molecular size 
and fibre crystallinity.

•	 Vat dyes, being water-insoluble in their final form, show superior fastness to all types of wear 
and laundering.
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Influence of Functional Groups

•	 Functional groups like –OH, –NH₂, and –SO₃H affect dye reactivity, fixation, and resistance to 
chemical degradation.

•	 The presence of chromophores (e.g., azo, anthraquinonoid structures) determines shade and 
light sensitivity.

Dyes with strong chemical bonds to the fibre and stable chromophore structures tend to exhibit 
higher fastness levels.

3.	 Effect on Uniformity of Dyeing
Uniformity (or levelness) refers to the even distribution of dye across the fabric or yarn, free from 
streaks, blotches, or shade variation.

•	 Molecular Size and Diffusion Rate
	ᴑ Smaller molecules diffuse faster but may cause unlively dyeing if fixation is too rapid.
	ᴑ Larger molecules provide more control but may require longer dyeing times.

•	 Affinity and Substantively
	ᴑ Dyes with high substantively may exhaust too quickly, causing patchy results.
	ᴑ Controlled substantively or use of levelling agents helps prevent early fixation in certain 

areas.
•	 Solubility Stability

	ᴑ Precipitation of dye due to pH or hardness instability causes staining or unevenness.
	ᴑ Use of sequestering agents and pH buffers ensures solubility and consistency.

•	 Compatibility of Dye Components
	ᴑ In multi-colour dyeing, incompatible dye structures may exhaust at different rates, resulting 

in tone imbalance.
	ᴑ Dye combinations must be chosen based on similar dyeing curves and behaviour.

Property Influenced by Chemical Composition

Solubility Presence of polar groups, ionic charge, reduction potential

Colour Fastness Bonding type (covalent, ionic, physical), chromophore strength

Uniformity Molecular size, substantivity, diffusion rate, bath stability

Table 2.1.6: Impact of Chemical Composition on Dyeing Outcomes

4.	 Practical Implications for Dyeing Professionals
For dyeing technicians, understanding dye chemistry allows for:

•	 Accurate recipe formulation to achieve required fastness standards.
•	 Prevention of dyeing defects like streaking, tailing, or colour bleeding.
•	 Efficient use of auxiliaries like levelling, fixing, and dispersing agents.
•	 Selection of appropriate dyeing parameters (time, temperature, pH).

For example:

•	 Using a low-substantivity reactive dye on cotton and increasing temperature slowly helps 
achieve even shade build-up.
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•	 On polyester, choosing disperse dyes with a balance of molecular size and sublimation resistance 
ensures both brightness and stability.

Chemical composition is the foundation of a dye's behaviour in the dyeing process. From solubility and 
bond formation to final performance characteristics like fastness and uniformity, everything depends 
on molecular design and how it interacts with specific fibre types and process conditions.

For high-performance dyeing, technicians must evaluate the chemistry behind each dye—selecting 
those that align with both technical requirements and end-use demands. Proper application ensures 
not only aesthetic appeal but also functionality, durability, and customer satisfaction.

Dyeing and printing are chemical processes that involve the interaction between textile fibres and 
colouring agents (dyes or pigments), often with the aid of auxiliary chemicals. The quality, durability, 
and consistency of the final product are highly dependent on three critical factors: pH, temperature, 
and time.

Understanding and controlling these parameters is essential for successful dye uptake, colour fixation, 
and fastness properties. Incorrect values in any of these variables can lead to defective dyeing, poor 
colour yield, patchiness, or reduced product quality.

1.	 Influence of pH
pH refers to the level of acidity or alkalinity in the dye bath or print paste. It plays a vital role in dye-
fibre interaction, dye solubility, and the activation of dyeing chemistry.

Dye Class Optimal pH Range Effect of pH

Reactive Dyes 9.5–11 High pH activates the dye and fibre for bonding

Acid Dyes 4.0–6.0 Acidic pH allows proper bonding with protein fibres

Direct Dyes 6.5–9.0 Neutral to weak alkaline for better exhaustion

Disperse Dyes 4.5–6.0 Slightly acidic for dispersion stability

Vat Dyes 11.0–13 Strong alkali required for reduction and solubilisation

Table 2.1.7: pH Sensitivity of Different Dye Classes

Effects of Improper pH

•	 Too low pH in reactive dyeing may reduce fixation.
•	 Too high pH in acid dyeing causes damage to wool and silk.
•	 Inconsistent pH can lead to patchy dyeing, poor fastness, and uneven shades.

pH Adjustment and Control

•	 pH is controlled using acetic acid, sodium carbonate, caustic soda, or buffer solutions.
•	 Continuous pH monitoring is crucial in automated systems.

2.1.6 Influence of pH, Temperature, and Time on Dyeing 
and Printing Outcomes
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2.	 Influence of Temperature
Temperature affects the diffusion rate of dye molecules, fibre swelling, chemical reactivity, and 
fixation. Each fibre and dye combination has a preferred temperature range for optimum results.

Dye Type Typical Application Temperature Purpose

Reactive Dyes 40–80°C Enhances fixation and reactivity

Acid Dyes 60–95°C Aids in bonding with wool or nylon

Disperse Dyes 120–130°C (HT dyeing) Promotes diffusion into synthetic fibres

Vat Dyes 60–80°C during reduction Allows leuco form penetration

Pigments (Printing) 120–160°C (curing) Fixation through binder polymerisation

Table 2.1.8: Temperature Recommendations by Dye Type

Consequences of Incorrect Temperature

•	 Too low: Poor dye penetration, incomplete fixation, dull shades.
•	 Too high: Dye degradation, fibre damage, loss of shade accuracy.

Temperature Control Techniques

•	 Modern dyeing machines use programmable temperature control with slow ramping and cooling 
features.

•	 Curing ovens or heat presses are used in printing to control drying and fixation.
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	 Fig. 2.1.20: Temperature Curve for Reactive Dyeing

3.	 Influence of Time
Time determines the duration of contact between the dye and fibre and is essential for proper 
exhaustion, diffusion, and fixation. Along with pH and temperature, time completes the triangle of 
process control.

Dyeing Process Time Range Purpose

Reactive Dyeing 30–60 minutes Allow dye-fibre reaction

Acid Dyeing 30–45 minutes Ensure level dyeing and bonding

Disperse Dyeing 30–90 minutes High-temp diffusion

Vat Dyeing 20–40 minutes Reduction, dyeing, oxidation

Pigment Printing 1–3 minutes Fixation of binders

Table 2.1.8: Typical Dyeing Times
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Under-time and Over-Time Risks

•	 Under-time: Incomplete fixation, low fastness, weak shades.
•	 Over-time: Energy waste, fibre weakening, dye hydrolysis (especially in reactive dyes).

Time Control in Industrial Practice

•	 Automated dyeing machines have built-in timers and controllers.
•	 For printing, precise curing time ensures binder cross-linking without overbaking.

4.	 Combined Influence and Process Optimisation
The interaction between pH, temperature, and time is often interdependent. For example:

•	 A reactive dye needs high pH and moderate temperature for optimum fixation, but longer time 
increases risk of hydrolysis.

•	 Disperse dyes at high temperatures need exact time control to avoid sublimation or dye 
migration.

•	 Acid dyes on wool need a gradual temperature increase, under acidic pH, for even uptake 
without fibre damage.

Modern systems use dyeing curves and process recipes that balance these variables to ensure:

•	 Reproducibility
•	 Level shades
•	 Reduced reprocessing
•	 Lower energy and water use

5.	 Importance in Printing Processes
In textile printing:

•	 pH affects pigment-binder interaction or dye fixation.
•	 Temperature is vital for curing or steaming processes (especially for reactive/acid prints).
•	 Time during drying or curing ensures colour permanence and wash fastness.

Improper conditions can lead to colour bleeding, ghost prints, or cracking of print paste on the 
fabric surface.

The trinity of pH, temperature, and time determines the success of dyeing and printing operations. 
Each dye-fibre system responds uniquely to these parameters, and fine-tuning them is essential 
for consistent, vibrant, and durable results. Mastery of this balance enables textile professionals to 
deliver quality products, minimise waste, and ensure customer satisfaction.

In textile dyeing and printing, the final quality of a product depends not only on dyes, chemicals, 
and machinery but also significantly on the characteristics of the substrate—namely, fibres, yarns, 
and fabrics. Each has distinct structural and chemical properties that influence dye uptake, colour 
uniformity, fastness, and overall process efficiency.

2.1.7 Features of Fibre, Yarn, and Fabric that Affect 
Processing Performance
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Understanding these material characteristics helps processing supervisors and technicians make 
informed decisions regarding machine settings, dye selections, and process parameters to achieve 
optimal outcomes.
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Fig. 2.1.21: How Material Affects Dyeing

1.	 Fibre Properties Affecting Processing Performance
Fibres are the basic building blocks of textiles. Their type, morphology, and chemical composition 
directly influence how they interact with dyes and chemicals during processing.

Fibre Type

•	 Natural fibres (cotton, wool, silk) have inherent variations in structure and absorbency.
•	 Synthetic fibres (polyester, nylon, acrylic) are uniform but often hydrophobic, requiring special 

dye classes and high-temperature processing.

Fibre Morphology

•	 Surface Roughness & Shape: Rough or convoluted surfaces (e.g., cotton) provide more surface 
area for dye adherence.

•	 Crystallinity: Highly crystalline fibres like polyester are harder to penetrate, affecting dye 
diffusion and fastness.

•	 Porosity: Porous fibres allow better dye penetration, improving fixation and colour uniformity.

Fibre Absorbency

•	 Determines how readily the fibre takes up water and dye liquor.
•	 Highly absorbent fibres (e.g., viscose, wool) need careful control to avoid patchy dyeing due to 

rapid dye take-up.

Fibre Reactivity

•	 Influences the type of dye to be used. For example:
	ᴑ Cotton reacts well with reactive and vat dyes.
	ᴑ Wool and silk are better suited to acid dyes.
	ᴑ Polyester requires disperse dyes applied at high temperatures.

2.	 Yarn Characteristics Influencing Dyeing and Printing
Yarns are formed by spinning fibres together. Their physical structure affects dye accessibility and 
flow of chemical solutions.

Yarn Twist

•	 Low-twist yarns are more open, allowing easier penetration of dye liquor.
•	 High-twist yarns are compact and may resist uniform dyeing due to reduced internal access.
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Yarn Count (Thickness)

•	 Finer yarns have more surface area per unit mass, potentially increasing dye uptake.
•	 Coarser yarns may show uneven dyeing if not fully saturated during processing.

Yarn Structure

•	 Single-ply vs. multi-ply yarns affect dye diffusion paths.
•	 Fancy yarns (slub, boucle) may absorb dyes unevenly, intentionally or unintentionally altering 

appearance.

Yarn Hairiness

•	 Excessive protruding fibres can retain more dye on the surface, resulting in darker or uneven 
shades.

•	 Controlled singeing before dyeing reduces this effect and improves levelness.
3.	 Fabric Properties Impacting Processing Performance

Fabrics are the final form of textile substrates for most dyeing and printing operations. Their 
construction, density, and surface finish determine how evenly and efficiently dyes and chemicals 
are absorbed or fixed.

Fabric Construction

•	 Woven fabrics: Have interlaced warp and weft yarns; may show uneven dyeing due to 
differences in tension and yarn type.

•	 Knitted fabrics: More elastic and porous; allow better dye penetration but can distort during 
processing.

•	 Nonwovens: Bonded fibre structures behave differently and often require customised finishing.

Fabric Density (GSM and Ends/Picks per Inch)

•	 Tightly woven fabrics or high GSM fabrics require longer time for dye penetration.
•	 Loose or open fabrics may lead to quick absorption and risk of uneven dyeing.

Fabric Thickness

•	 Thicker fabrics need longer dwell times and careful temperature control for even dyeing across 
the cross-section.

•	 In printing, thicker fabrics may cause uneven print if pressure or paste flow is not well regulated.

Surface Finish

•	 Pre-treated fabrics (de-sized, scoured, bleached) dye more uniformly.
•	 Finished or coated fabrics may resist dye or require stripping before re-dyeing.
•	 Calendaring (pressing) can flatten fibres, reducing absorbency and altering dyeing outcomes.

4.	 Additional Factors to Consider
Pre-Processing History

•	 Residual oils, waxes, or finishes from spinning or weaving can inhibit dye uptake.
•	 Scouring and bleaching ensure clean fabric surface for even dyeing and printing.
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Moisture Content

•	 Dry fabric may cause uneven absorption.
•	 Uniform pre-wetting helps maintain consistent dye penetration.

Tension and Fabric Movement

•	 Tension during dyeing can distort fabric structure, leading to barre (striped appearance).
•	 Proper machine settings and fabric guides minimise these effects.

Material Feature Influence on Processing

Fibre Absorbency Affects dye uptake speed and uniformity

Fibre Reactivity Determines compatibility with dye types

Yarn Twist Impacts dye penetration and surface colour

Fabric Density Affects dwell time and dye liquor accessibility

Surface Finish Influences absorption and print paste adhesion

Fabric Construction Alters dye flow, fixation, and drying behaviour

Table 2.1.8: Material Features and Their Influence
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UNIT 2.2: Processes and Organisational Practices in Textile 
Production

By the end of this unit, the participants will be able to:

1.	 Identify the sequential processes of scouring, bleaching, dyeing, printing, and finishing.
2.	 Describe the required interpretation and application of a given work order.
3.	 Explain the cleaning and maintenance schedules followed in an organisation.

Unit Objectives

In textile production, processing raw or semi-processed fabrics into finished goods involves a 
systematic sequence of steps. These stages are interdependent and designed to prepare the fabric 
both aesthetically and functionally for its final use. The sequence includes scouring, bleaching, dyeing, 
printing, and finishing, each of which plays a critical role in ensuring the quality and appeal of the final 
textile product.

 

Grey Fabric 

Scouring 

Bleaching 

Dyeing or Prin�ng 

Finishing

Final Fabric

	 Fig. 2.2.1: Textile Processing Flowchart

Scouring

Scouring is a pre-treatment process used to remove impurities such as oils, waxes, pectin, and sizing 
materials from natural or synthetic fibres. The goal is to create a clean, absorbent fabric surface that 
will uniformly interact with dyes and chemicals in subsequent processes. The process typically involves 
boiling the fabric in a solution of caustic soda and wetting agents at elevated temperatures. This step 
ensures better penetration and fixation of dyes and finishes.

2.2.1 Sequential Processes: Scouring, Bleaching, Dyeing, 
Printing, and Finishing

42



Processing Supervisor (Dyeing & Printing)

Purpose •Removes oil, dirt and 
wax

Key 
Chemicals

•Sodium Hydroxide, 
Surfactants

Machines 
Used

•Kier boiler, Jet 
machine

	 Fig. 2.2.2: Scouring

Key parameters:

•	 Temperature: 95–100°C
•	 Time: 30–90 minutes
•	 Chemicals: Sodium hydroxide, surfactants, sequestering agents

	 Fig. 2.2.3: Scouring

Bleaching

Bleaching follows scouring and aims to eliminate the natural colour of the fibre, resulting in a uniformly 
white fabric. This step is crucial for producing bright and consistent shades during dyeing or for achieving 
clear prints. The most commonly used agent is hydrogen peroxide, favoured for its environmental 
safety and effectiveness.

Bleaching improves:

•	 Whiteness and brightness
•	 Absorbency
•	 Uniform dyeing and printing results
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Typical bleaching conditions:

•	 pH: 10.5–11.5
•	 Temperature: 80–90°C
•	 Chemicals: H2O2, stabilisers, alkali

 
	 Fig. 2.2.4: Bleaching

Dyeing

Dyeing is the process of adding colour to textile products using aqueous solutions of dyes. The choice 
of dye and dyeing method depends on the fibre type, required colourfastness, and application 
technique. Common techniques include:

•	 Batch dyeing: Winch, jigger, jet, beam dyeing
•	 Continuous dyeing: Pad-dry-cure, pad-steam
•	 Semi-continuous: Pad-batch, pad-jig

Dye classes used include:

•	 Reactive dyes (for cotton)
•	 Disperse dyes (for polyester)
•	 Acid dyes (for wool and silk)
•	 Vat dyes and direct dyes (for cotton and 

cellulosic)

Dyeing process variables:

•	 Temperature: Specific to dye class
•	 pH: Maintained to optimise fixation
•	 Time: Typically 30–60 minutes

Proper dyeing ensures uniform shade, excellent fastness, and minimal environmental impact when 
conducted with effluent management protocols.

Fig. 2.2.5: Dyeing
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Printing

Textile printing involves the selective application of colourants in a defined pattern or design. Unlike 
dyeing, where the entire fabric is uniformly coloured, printing localises colour in specific areas.

Main printing techniques:

•	 Screen Printing (manual and automatic)
•	 Roller Printing (suitable for high-volume)
•	 Digital Printing (ideal for short runs and intricate designs)
•	 Heat Transfer Printing (used for synthetic fabrics)

Factors influencing print quality:

•	 Fabric type and preparation
•	 Print paste viscosity and composition
•	 Screen or roller quality
•	 Drying and curing conditions

A good print process ensures sharp, durable, and vibrant designs that align with consumer demands 
and fashion trends.

 
	 Fig. 2.2.6: Printing

Finishing

Finishing treatments are applied to textiles to enhance their physical and aesthetic properties. These 
treatments may be mechanical, chemical, or a combination of both.

Types of finishes:

•	 Functional Finishes: Water repellency, flame retardancy, antimicrobial, wrinkle resistance
•	 Mechanical Finishes: Calendering, sanforising, raising, shearing
•	 Softening/Stiffening: Adjusting hand feel for specific uses

Finishing also determines the final texture, drape, and performance of the fabric. In modern production 
lines, eco-friendly and sustainable finishes (like enzyme treatments or low-formaldehyde resins) are 
gaining popularity.
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	 Fig. 2.2.7: Finishing

Integrated Process Management

Each process must be accurately sequenced and precisely controlled. Parameters such as time, 
temperature, chemical concentration, and pH are critical for achieving consistent results. Automated 
process control systems and continuous monitoring have become standard in many textile mills to 
reduce defects, improve reproducibility, and optimise resource usage.

In a textile production environment, a work order serves as a formal instruction document that outlines 
the necessary details for processing a specific batch of fabric or garment. It is crucial for ensuring that 
production teams perform tasks according to the client’s requirements and organisational quality 
standards.

Work Order

A work order is an internal document issued by the production planning or merchandising department 
to guide the operations team. It provides precise instructions regarding the type of fabric, processing 
requirements, colour specifications, machine parameters, chemical usage, delivery deadlines, and 
quality standards.

Key Components of a Work Order

A typical work order contains:

•	 Order Number and Date: Unique identification for tracking
•	 Fabric Type: Woven, knitted, synthetic, natural, etc.
•	 Quantity: Length, weight, or number of pieces
•	 Dye or Print Design: Shade codes or print references
•	 Processing Route: Scouring → Bleaching → Dyeing → Finishing
•	 Chemical Recipes: Type and concentration of chemicals/dyes
•	 Machinery Instructions: Machine type, speed, temperature
•	 Time Schedule: Estimated start and end time
•	 Special Instructions: Customer-specific needs, fastness levels, etc.

2.2.2 Interpretation and Application of a Work Order

46



Processing Supervisor (Dyeing & Printing)

Order Received 

Planning 

Work Order Issued

Process Execu�on 

Quality Check & Dispatch

	 Fig. 2.2.8: Work Order Lifecycle

Importance of Proper Interpretation

Correct interpretation of a work order ensures that the production staff:

•	 Understands the sequence and details of the job
•	 Uses the correct chemical formulations
•	 Sets machines to the specified parameters
•	 Meets customer specifications and deadlines

Misinterpretation can lead to:

•	 Incorrect shade or print
•	 Material wastage
•	 Machine damage
•	 Delayed deliveries
•	 Customer dissatisfaction

Application at Different Stages

•	 Pre-Processing: Guides the chemical preparation and machinery setup
•	 Processing: Specifies operating conditions and monitoring requirements
•	 Post-Processing: Instructs quality checks and packaging standards

Work Order Review and Documentation

Supervisors or department heads must verify:

•	 That the work order is clear and complete
•	 That all required materials and chemicals are available
•	 That operators have been briefed and trained for the task

Documentation and record-keeping are equally vital for traceability, future reference, and compliance 
with audits or certifications.
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Digital Work Orders

Modern textile industries are shifting toward digital work orders integrated into ERP (Enterprise 
Resource Planning) systems. These help in:

•	 Real-time tracking of operations
•	 Reduced human error
•	 Automated reporting and data collection

Digital systems also enable quick updates, better coordination between departments, and easier 
compliance with quality and environmental standards.

Cleaning and maintenance are vital aspects of textile production that ensure uninterrupted operations, 
prolong the life of machinery, maintain product quality, and support compliance with safety and 
environmental standards. A well-structured schedule for cleaning and maintenance activities enhances 
operational efficiency and helps avoid unexpected breakdowns.

Importance of Cleaning and Maintenance

1.	 Prevention of Downtime: Regular maintenance reduces the likelihood of machinery failure, thereby 
minimising unplanned stoppages and production delays.

2.	 Product Quality: Clean equipment ensures consistent processing outcomes and prevents defects 
such as uneven dyeing, staining, or contamination.

3.	 Safety Compliance: Regular cleaning and inspection help identify hazards such as oil leaks, 
overheating, or wear and tear that could compromise worker safety.

4.	 Cost Efficiency: Preventive maintenance is far more cost-effective than emergency repairs or 
replacement of major components.

5.	 Regulatory Requirements: Many standards like ISO, Oeko-Tex, or GOTS require documented 
maintenance and cleanliness practices.

Types of Maintenance

1.	 Preventive Maintenance
•	 Scheduled based on time intervals or production cycles.
•	 Includes lubrication, part replacement, calibration, and alignment.
•	 Example: Replacing filter media in dyeing machines every 100 operating hours.

2.	 Predictive Maintenance
•	 Based on real-time monitoring and diagnostics.
•	 Uses tools like vibration analysis, thermal imaging, and sensor data.
•	 Example: Monitoring motor temperature to prevent burnout.

3.	 Corrective Maintenance
•	 Performed after a breakdown occurs.
•	 Necessary for unplanned issues, but ideally minimised by preventive measures.

2.2.3 Cleaning and Maintenance Schedules
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Daily 
Cleaning 

Weekly 
Checks 

Monthly 
Servicing 

Annual 
Overhaul

	 Fig. 2.2.9: Maintenance Cycle

Cleaning Practices in Textile Units

Cleaning activities vary by section, but they commonly include:

•	 Dyeing Machines: Internal washing to remove residual chemicals, descaling to prevent build-up, 
and rinsing tanks between colour changes.

•	 Printing Machines: Cleaning print screens, removing dried paste from rollers, and clearing ink 
channels.

•	 Finishing Machines: Dust and lint removal, blade sharpening, and filter checks.
•	 Chemical Storage Areas: Removal of spills, corrosion checks, and ventilation system cleaning.
•	 General Plant Areas: Sweeping, waste removal, floor cleaning, and ventilation system maintenance.

Creating a Maintenance Schedule

A proper schedule balances routine and long-term upkeep. A typical textile plant schedule might 
include:

•	 Daily:
	ᴑ Surface cleaning of machines
	ᴑ Checking fluid levels and temperatures
	ᴑ Verifying safety guards and controls

•	 Weekly:
	ᴑ Lubrication of moving parts
	ᴑ Inspection of belts, rollers, and motors
	ᴑ Cleaning of air filters

•	 Monthly:
	ᴑ Detailed mechanical inspection
	ᴑ Calibration of sensors
	ᴑ Re-tensioning of belts

•	 Quarterly or Annually:
	ᴑ Major overhauls
	ᴑ Replacement of worn-out parts
	ᴑ Energy efficiency audits
	ᴑ Roles and Responsibilities
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•	 Machine Operators:
	ᴑ Responsible for basic daily cleaning and reporting 

irregularities.
•	 Maintenance Technicians:

	ᴑ Conduct scheduled inspections, repairs, and 
replacements.

•	 Supervisors:
	ᴑ Maintain maintenance records, approve schedules, and 

ensure compliance.
•	 Management:

	ᴑ Allocate budgets and oversee compliance with safety 
standards.

•	 Tools and Records
	ᴑ Maintenance Logs: Document completed tasks, dates, 

and issues found.
	ᴑ Checklists: Used for standardisation and to avoid missing 

key steps.
	ᴑ Digital Tools: ERP and CMMS (Computerised 

Maintenance Management Systems) help track 
maintenance history and set reminders.

	 Table 2.2.1: Maintenance Schedule

Environmental Considerations

Proper disposal of waste from cleaning processes (e.g., used oils, contaminated water) is essential to 
meet environmental standards. Using biodegradable cleaning agents and ensuring effluent treatment 
can support sustainable operations.
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•	 Work orders must be read carefully to plan dyeing and printing activities effectively.
•	 Cleaning and maintenance of dyeing equipment are essential for smooth operation.
•	 Preventive maintenance helps avoid machinery breakdown and ensures quality output.
•	 Proper storage and labelling of dyes, chemicals, and accessories ensure safe handling.
•	 Dyeing machines should be allocated based on their capacity, cycle time, and fabric type.
•	 Operators must be assigned tasks according to their skills and technical expertise.
•	 Dyes and chemicals must be handled safely, considering shelf-life and storage conditions.
•	 Parameters like pH, temperature, and time directly affect dyeing and printing outcomes.
•	 Fibre, yarn, and fabric properties influence colour absorption and dyeing uniformity.
•	 Sequential processes like scouring, bleaching, dyeing, printing, and finishing must be followed 

accurately.
•	 Following cleaning and maintenance schedules ensures efficiency and product quality.
•	 Understanding textile materials helps in selecting the right dyes and chemicals for processing.

Summary
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Multiple-choice Question:
1.	 What is the first step in planning dyeing and printing operations?

a. Mixing dyes randomly	 b. Interpreting the work order correctly

c. Starting the dyeing machine immediately	 d. Ignoring machine specifications

2.	 Why is preventive maintenance important for dyeing machines?
a. To increase machine breakdowns	 b. To ensure smooth operation and reduce downtime

c. To avoid operator training	 d. To save on maintenance materials

3.	 Which parameter affects the colour quality in dyeing?
a. Fabric design only	 b. pH, temperature, and time

c. Type of packaging	 d. Stitching technique

4.	 What should be checked before using dyes and chemicals?
a. Shelf-life and storage condition	 b. Colour of packaging

c. Machine operator’s name	 d. Fabric length only

5.	 Which process comes after bleaching in textile production?
a. Printing	 b. Scouring

c. Dyeing	 d. Stitching

Descriptive Questions:

1.	 How should work orders be interpreted before starting dyeing and printing activities?
2.	 What are the key steps in cleaning and maintaining dyeing equipment?
3.	 How do pH, temperature, and time influence dyeing and printing results?
4.	 Why is it important to follow proper storage conditions for dyes and chemicals?
5.	 What are the main sequential processes followed in textile production?

Exercise
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__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

Notes

Scan the QR codes or click on the link to watch the related videos

https://youtu.be/lwPEk-X-O8o?si=ldn9kkmEuzT8TAHg

Knit Fabric Dyeing and Finishing Process

https://youtu.be/4uuw39sCI8w?si=EmSnEe2w_NOiFPco

Classification of dyes

https://youtu.be/7AE5vftSjFk?si=eLDvOrqIJZCuN6PF

Textile Dyeing and Printing
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By the end of this module, the participants will be able to:

1.	 List the organisation’s rules, codes, and timekeeping procedures for dyeing and printing.
2.	 Describe the quality control standards maintained during dyeing and printing operations.
3.	 Explain the procedures for operating equipment and following managerial directions.
4.	 Identify pantone shade cards and reference samples used for accurate colour matching.
5.	 Interpret the work order details related to dyeing and printing activities.
6.	 Describe the complete dyeing and printing production flow and associated functions.
7.	 Explain ways to minimise the use of dyes, chemicals, water, and other resources.
8.	 Assess the organisation of dyes and chemicals by checking lot numbers and records.
9.	 Examine the cleanliness and readiness of weighing scales, mixers, and processing tanks.
10.	Follow and explain the preventive maintenance plan and equipment inspection routine.
11.	Ensure and verify the availability of dyes, chemicals, and materials with location details.
12.	Allocate dyeing machines by reviewing dyeing cycles, urgency, and shade preferences.
13.	Allocate operators by assessing technical competence and skill level for assigned tasks.

Key Learning Outcomes
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UNIT 3.1: Workplace Policies, Standards and Compliance

By the end of this unit, the participants will be able to:

1.	 List the organisation’s rules, codes, and timekeeping guidelines for dyeing and printing.
2.	 Describe the quality standards followed in dyeing and printing operations.
3.	 Explain equipment operating procedures and managerial instructions.
4.	 Identify pantone shade cards or standard reference samples used in colour matching.
5.	 Interpret work order requirements related to dyeing and printing tasks.

Unit Objectives

In a dyeing and printing facility, workplace policies are critical for maintaining order, ensuring safety, 
and achieving consistent quality. These policies are shaped by both internal management practices 
and external compliance requirements such as labour laws, environmental norms, and industrial 
safety standards. Every employee—from machine operators to supervisors—must strictly follow the 
organisation’s rules, codes of conduct, and timekeeping systems.

Organisation’s Rules

Organisational rules are non-negotiable and are designed to maintain safety, hygiene, discipline, and 
production efficiency. Some of the most common and essential rules in a dyeing and printing unit 
include:

•	 Mandatory PPE Usage: Employees must wear protective equipment such as gloves, face shields, 
goggles, rubber boots, and aprons. This minimises exposure to chemicals, dyes, and high 
temperatures.

•	 Restricted Access: Only authorised personnel are allowed in sensitive areas such as chemical 
storage rooms, laboratory spaces, and machine control rooms. Unauthorised entry can lead to 
accidents or contamination.

•	 Prohibition of Personal Belongings: Bringing food, water bottles, or electronic gadgets like mobile 
phones into production zones is usually not allowed. These items can lead to distractions or 
contamination of materials.

•	 Chemical Handling Protocols: Specific rules apply to the mixing, storing, and transporting of 
chemicals. Employees must not alter recipes or change container labels.

•	 Safety Reporting: Workers are obligated to report any unsafe condition, equipment malfunction, or 
spillage immediately to their supervisor to prevent accidents or production loss.

•	 Emergency Protocols: Rules related to evacuation, fire safety drills, and emergency shutdowns are 
periodically practiced and must be followed without deviation.

Failure to comply with these rules may result in verbal warnings, penalties, or even suspension, 
depending on the severity of the violation.

3.1.1 Organisation’s Rules, Codes, and Timekeeping 
Guidelines for Dyeing and Printing
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Code of Conduct

Beyond operational rules, behavioural standards form the moral and ethical framework of the 
organisation. The code of conduct ensures mutual respect, equality, and accountability within the 
workforce. Typical expectations include:

•	 Respectful Interactions: All employees are expected to treat each other with respect, irrespective 
of role, gender, or background. Harassment or discriminatory behaviour is strictly prohibited.

•	 Professionalism: Punctuality, honesty, and reliability are core values. Workers must follow scheduled 
shift timings, complete assigned tasks on time, and avoid unnecessary absenteeism.

•	 Reporting and Escalation: Any disputes, safety violations, or operational concerns must be reported 
to the appropriate authority through established communication channels, rather than informal 
discussions or gossip.

•	 Adherence to Hierarchy: Employees must follow the chain of command when reporting issues or 
seeking approvals. This reduces confusion and improves decision-making.

•	 Participation in Organisational Activities: Staff are expected to take part in training, safety drills, 
audits, and quality awareness programs. Active participation is often tied to performance reviews 
and incentives.

•	 Cleanliness and Hygiene: Each worker is responsible for maintaining cleanliness in their designated 
area, including machines, floors, and tools. This contributes to both safety and operational 
effectiveness.

This code cultivates a work environment where everyone is aligned towards common goals and 
organisational values.

 

A�endance & 
Timekeeping 

Safety 
Prac�ces 

Code of 
Conduct Dress Code Work Ethics

Fig. 3.1.1: Core Workplace Guidelines

Timekeeping Guidelines

Time is a critical resource in textile production. Delays or poor time management can lead to fabric 
damage, missed deadlines, or increased operational costs. As a result, strict timekeeping protocols are 
enforced in most dyeing and printing departments. These include:

•	 Attendance Systems: Most organisations use biometric systems (fingerprint, face recognition, RFID 
cards) to accurately log employee arrival and departure times. This ensures transparency and helps 
prevent buddy punching or false entries.

•	 Shift Timings: Production usually runs in shifts (e.g., A, B, C shifts covering 24 hours). Employees 
are required to clock in and out at the designated times. Late arrivals or early departures must be 
documented and approved by a supervisor.

•	 Job Timing Logs: Each dyeing or printing operation—like batch dyeing, steaming, or screen 
printing—must be logged with start and end times. This helps in tracking productivity, machine 
efficiency, and turnaround time.

•	 Break Management: Scheduled breaks (like lunch and tea breaks) must be followed strictly. 
Unauthorised or prolonged breaks disrupt workflows and can result in penalties or deductions.

•	 Overtime Tracking: Any work done beyond regular shift hours must be approved in writing by a 
manager and logged into the system. Overtime pay is calculated based on labour laws and internal 
policies.
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•	 Shift Handover Documentation: Before changing shifts, operators must fill out handover reports 
detailing machine status, chemical usage, production metrics, and any unusual observations. This 
practice ensures continuity and reduces the chance of miscommunication between shifts.

Benefits of Following These Guidelines

When rules, behavioural standards, and timekeeping protocols are strictly followed, the organisation 
enjoys several benefits:

•	 Improved Productivity: Timely operations and shift handovers reduce idle machine time.
•	 Reduced Accidents: Safety gear and compliance reduce workplace injuries and ensure employee 

well-being.
•	 Higher Quality Output: Disciplined work habits translate to fewer errors and better product 

consistency.
•	 Transparency and Accountability: Documented time and task logs ensure every action is traceable.
•	 Positive Work Culture: A respectful, professional atmosphere boosts morale and employee 

retention.

Rule Category Examples of Expectations

Behaviour No verbal/physical abuse, respect for seniors and colleagues

Mobile Phone Policy Restricted use inside processing floors

Alcohol/Drug Use Strictly prohibited

Absenteeism Prior approval from HR or immediate supervisor

Table 3.1.1: Organisational Rules and Code of Conduct

Quality assurance in dyeing and printing operations is a critical component of textile production. It 
ensures that the finished fabric meets customer specifications, complies with regulatory requirements, 
and upholds the brand reputation of the manufacturing unit. Quality standards cover every aspect of 
the process—from colour consistency and fastness properties to defect control and environmental 
compliance.

1. Customer Specifica�ons 

2. Pantone Shade Accuracy 

3. Fastness Proper�es (Wash, Rub, Light) 

4. Fabric Defect Control 

5. Process Consistency

 
	 Fig. 3.1.2: Layers of Quality Standards

3.1.2 Quality Standards in Dyeing and Printing Operations 
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Importance of Quality Standards

Quality standards help eliminate variability in output, reduce reprocessing costs, and enhance customer 
satisfaction. They are based on:

•	 Buyer specifications (e.g., shade, softness, wash ability)
•	 Industry benchmarks (like ISO, AATCC, BIS)
•	 Internal quality targets set by the organisation

Inconsistent quality can lead to rejections, penalties, and loss of business. Hence, a structured quality 
control system is essential at every production stage.

Colour Fastness Standards

Colour fastness refers to the resistance of dyed or printed textiles to fading or colour bleeding. This 
property is vital for both aesthetic value and functionality. Tests are conducted under controlled 
conditions, and fabrics must meet minimum grading on a 1 to 5 scale (5 being best).

Common fastness tests include:

•	 Washing Fastness: Resistance to detergent, water, and mechanical action during laundering.
•	 Rubbing Fastness: Also known as crocking. Evaluates if colour rubs off onto other surfaces in dry 

and wet conditions.
•	 Light Fastness: Measures resistance to fading from sunlight or artificial light.
•	 Perspiration Fastness: Ensures the fabric maintains colour after exposure to sweat (acidic and 

alkaline).

 
	 Fig. 3.1.3: Colour Fastness Test

Each customer may specify which tests are required and the minimum acceptable grade for their 
application (e.g., children's wear, upholstery, active wear).

Parameter Acceptable Standard

Shade Matching Within ΔE of 1.0 compared to lab standard

Colour Fastness to Wash Minimum Grade 4 (on scale of 1 to 5)

Colour Fastness to Rub Dry – Grade 4; Wet – Grade 3

Fabric GSM Variation ±5% from target GSM

	 Table 3.1.2: Standard Quality Parameters in Dyeing
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Shade Consistency and Matching

Achieving consistent shade across multiple batches is one of the most challenging quality parameters 
in dyeing. Variations can occur due to water hardness, chemical impurities, temperature fluctuations, 
or human error.

 
	 Fig. 3.1.4: Shade Matching

Key control measures include:

 

Master Sample Comparison: A pre-approved lab dip or Pantone reference is 
used for bulk comparison.

Light Box Verifica�on: Fabrics are checked under different ligh�ng condi�ons 
(e.g., D65 daylight, TL84 fluorescent, UV light) to iden�fy metamerism.

Spectrophotometer Readings: A digital colour measurement tool that 
calculates the Delta E (ΔE) value—indicating how far a sample deviates from 
the target shade. ΔE < 1 is considered excellent; ΔE between 1 and 2 is 
typically acceptable.

Batch Control: Dye batches are produced using the same recipe, water source, 
and equipment to maintain consistency.

Fig. 3.1.5: Key Control Measures
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Print Quality and Registration

For printed fabrics, the clarity, alignment, and durability of the printed pattern are scrutinised.

Key standards include:

1.	 Sharpness and Resolution: Printed motifs must have clean, well-defined edges without blurring or 
bleeding.

2.	 Colour Overlap and Registration: In multicolour prints, precise alignment of each colour layer is 
essential to avoid "ghost" images or smudging.

3.	 Paste Uniformity: The pigment or dye paste must be uniformly mixed and applied. Uneven 
distribution leads to shade variation and print irregularities.

4.	 Curing and Fixation: Heat curing or steaming ensures the print is fixed to the fabric and won’t wash 
off easily. Inadequate curing leads to poor wash fastness.

 
	 Fig. 3.1.6: Print Testing

Quality inspectors use standard reference samples and digital print proofs to evaluate each production 
lot.

Physical and Visual Defect Monitoring

Every metre of dyed or printed fabric is subject to defect identification, tagging, and classification. 
Common visual defects include:

•	 Patchy Dyeing: Uneven colour distribution due to poor chemical mixing or loading.
•	 Misprints: Skipped patterns, overprints, or distorted designs due to faulty screens or improper 

fabric alignment.
•	 Streaks or Lines: Caused by faulty nozzles, blades, or rollers.
•	 Colour Contamination: Accidental mixing of different dyes or leftover residues in the machine.
•	 Dye Spots and Splashes: Result from incorrect dosing, dripping pipelines, or operator error.

Defect matrices are used to track occurrence, causes, and corrective actions. Industry practice is to 
allow a maximum of 3% fabric rejection or reprocessing, but premium orders may have even tighter 
limits.
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Process and Parameter Control

To maintain quality across different shifts and teams, dyeing and printing operations are controlled 
using process sheets and monitoring tools. Some key parameters monitored include:

1.	 Temperature and Time: Essential for chemical reaction completion and colour fixation.
2.	 pH Control: Affects dye solubility and fabric affinity. Buffering agents are used to maintain correct 

pH levels.
3.	 Liquor Ratio: The proportion of water to fabric affects dye penetration.
4.	 Machine Speed: Especially in rotary or flatbed printing, speed impacts print alignment and ink 

absorption.

Advanced systems integrate sensors and automated feedback loops to ensure parameter consistency 
in real-time.

Documentation and Audit Trails

All quality activities must be documented for traceability and compliance. These documents include:

•	 QC Checklists for each batch
•	 Lab Test Reports with test results and grades
•	 Deviation Reports when production diverges from standards
•	 Corrective and Preventive Action (CAPA) logs for persistent issues

Regular internal audits and external buyer inspections are used to verify that standards are upheld. ISO-
certified units follow strict quality management protocols that are audited annually.

In dyeing and printing operations, machinery forms the backbone of production. To ensure safe, efficient, 
and quality-focused output, it is critical that every equipment be operated according to a clearly defined 
Standard Operating Procedure (SOP). Alongside SOPs, managerial guidance and continuous monitoring 
help operators align their actions with the company’s production, quality, and safety objectives.

Importance of Equipment Operating Procedures

Standard Operating Procedures (SOPs) are step-by-step guidelines developed for each type of machine. 
They are designed to:

•	 Ensure operator safety
•	 Maintain machine performance
•	 Achieve process consistency
•	 Minimise downtime or errors
•	 Comply with quality and safety regulations

Inconsistent or improper machine operation can lead to accidents, defective fabrics, equipment 
damage, or environmental hazards.

3.1.3 Equipment Operating Procedures and 
Managerial Instructions 
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Components of Machine SOPs

Every machine, whether it’s a jet dyeing machine, jigger, rotary screen printer, or heat curing unit, has 
a documented SOP that includes:

1.	 Pre-Start Checks
•	 Inspect power supply, water line, and steam line connections
•	 Check for leaks or residual chemicals
•	 Validate calibration of meters and sensors
•	 Ensure emergency stop buttons are functional

2.	 Loading Instructions
•	 Load fabric rolls as per maximum capacity guidelines
•	 Secure fabric to prevent slippage or misfeed
•	 For dyeing machines, ensure fabric weight matches liquor ratio

3.	 Chemical and Dye Addition
•	 Follow chemical recipe strictly—sequence, dosage, temperature, and mixing method
•	 Use automated dosing systems if available
•	 Wear appropriate PPE while handling dyes and auxiliaries

4.	 Operation Monitoring
•	 Observe temperature, pressure, and pH levels throughout the cycle
•	 Respond to alarms and system alerts
•	 Maintain target cycle times

5.	 Unloading and Cleaning
•	 Allow sufficient cooling before opening vessels
•	 Ensure complete fabric removal without stretching or tearing
•	 Clean nozzles, filters, drums, and dosing lines
•	 Dispose waste water or residues as per protocol

6.	 Shutdown Procedure
•	 Switch off machine systematically
•	 Record end-of-process readings
•	 Note any abnormal findings in the logbook

Each SOP is machine-specific and must be reviewed periodically as per manufacturer’s updates and 
operational feedback.

 

Pre-start 
Checklist 

Machine 
Setup Loading Processing Monitoring Unloading Cleaning

Fig. 3.1.7: Equipment Operation Cycle

Managerial Instructions: Roles and Communication

Supervisors and production managers play a key role in the execution of dyeing and printing plans. 
Their responsibilities include:

•	 Issuing Batch Priorities
	ᴑ Indicating which work orders take precedence based on delivery timelines
	ᴑ Informing operators about customer-specific requirements
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•	 Recipe Corrections
	ᴑ Modifying dye formulations in case of shade mismatches
	ᴑ Providing alternate dye options if a chemical is unavailable

•	 Operating Adjustments
	ᴑ Adjusting drying temperatures or curing times depending on fabric GSM or composition
	ᴑ Reducing machine speed for delicate fabrics or precision prints

•	 Safety Alerts and Emergency Protocols
	ᴑ Communicating what actions to take in case of spillage, equipment malfunction, or fire
	ᴑ Reinforcing the use of first aid or chemical neutralisation procedures

Managerial instructions are conveyed through verbal briefings, notice boards, daily planning sheets, or 
via digital systems if in use.

Recordkeeping and Communication Tools

To maintain transparency and traceability, operators are required to:

•	 Fill machine logbooks noting start/end time, dye lot number, recipe details, temperature range, and 
any deviations

•	 Use shift handover sheets to communicate issues or updates to the next operator
•	 Mark quality control flags if they notice defects or require shade approvals
•	 Record production targets vs. actuals

This structured communication avoids confusion, duplication, or oversight—especially in 24x7 
production setups.

Training and Skill Development

Operating dyeing and printing machines requires technical skills, attention to detail, and awareness of 
safety. Therefore, operators and helpers undergo regular training sessions on:

1.	 New Equipment
•	 Introduction to working principles and control interfaces
•	 Safety features and maintenance routines

2.	 Process Updates
•	 Introduction to new dyes, chemicals, or finishing agents
•	 Revised SOPs after process optimisation

3.	 Safety Practices
•	 Handling of reactive or acidic chemicals
•	 First aid and emergency response protocols

4.	 Digital Control Systems
•	 Data entry for automated batch monitoring
•	 Use of dashboard alerts and print management software

Training logs are maintained by the HR or compliance team and are audited during inspections or third-
party evaluations.
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Equipment Maintenance and Preventive Checks

While operators follow daily SOPs, maintenance personnel carry out periodic checks to ensure machine 
efficiency. Maintenance schedules are generally divided into:

•	 Daily Checks: Lubrication, surface cleaning, leak checks
•	 Weekly/Monthly Maintenance: Inspection of valves, seals, motors, and rollers
•	 Annual Overhaul: Calibration, replacement of worn parts, and system upgrades

Operators must promptly report abnormal noise, vibration, excessive temperature, or inconsistent 
outputs to maintenance teams.

Step Activity

Pre-check Ensure machine is clean, valves and lids sealed

Loading Load fabric with soft loops

Recipe Input Enter temperature, dye dosage, time in control panel

Monitoring Check pH, flow rate, temperature during run

Unloading Cool, drain, and unload after cycle ends

Post-cleaning Clean machine with water to remove dye residue

	 Table 3.1.3: Jet Dyeing Machine SOP

Compliance with Safety and Regulatory Norms

Machines that use steam, high voltage, or toxic chemicals are subject to safety laws and textile-specific 
regulations. To remain compliant, operators and managers must ensure:

•	 Machine guards and panels are intact
•	 Emergency exits and fire extinguishers are accessible
•	 Pressure vessels have valid inspection certificates
•	 Material Safety Data Sheets (MSDS) are visible and understood
•	 Audit readiness for ISO 9001 (Quality), ISO 14001 (Environment), and OHSAS 18001 (Occupational 

Health & Safety)

Violations not only risk human life but can result in shutdowns or legal penalties.

Colour matching is a foundational process in textile dyeing and printing, where precision and 
consistency are essential for customer satisfaction. The use of standardised colour systems, such as 
Pantone shade cards, along with approved reference samples like lab dips and strike-offs, ensures that 
all stakeholders—from designers to production operators—maintain a uniform understanding of colour 
expectations.

3.1.4 Pantone Shade Cards and Reference Samples 
in Colour Matching 
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Bulk 
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	 Fig. 3.1.8: Colour Matching Process

Importance of Colour Consistency

In dyeing and printing, the slightest variation in shade can lead to customer complaints, reprocessing, 
or rejection of an entire batch. Colour consistency is particularly critical when:

•	 Producing fabric in multiple lots
•	 Printing repeat orders
•	 Matching to garments or trims made in other factories
•	 Coordinating different fabric types (e.g., cotton with polyester blends)

Maintaining consistent colour helps strengthen brand identity and enhances customer trust in quality.

Pantone Shade Cards: The Global Colour Language

Pantone is a universally accepted colour communication system used across fashion, textiles, graphics, 
and product design industries. Pantone shade cards help:

•	 Define specific colours with numeric codes (e.g., Pantone 15-0343 “Greenery”)
•	 Serve as a visual and numerical reference during colour approvals
•	 Eliminate confusion caused by subjective descriptions like “sky blue” or “mustard yellow”
•	 Provide a standard for cross-departmental and vendor coordination

Pantone books are often divided by fabric types (cotton, polyester, nylon) and show how the same 
colour may appear on different base materials.

Lab Dips and Strike-Offs: Reference Samples for Bulk Production

Before dyeing or printing bulk fabric, standard reference samples are created for customer approval.

1.	 Lab Dip
•	 A small swatch of fabric dyed to match a target Pantone or customer shade.
•	 Created using the exact fibre type, dye class, and processing conditions intended for bulk.
•	 Submitted for approval before moving to production.

2.	 Strike-Off
•	 A printed fabric sample, usually on a larger scale than a lab dip, used to demonstrate the print 

design, placement, registration, and colour matching.
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•	 Helps finalise layout, motif size, and colour saturation.
•	 Must be approved by designers or clients before printing begins.

Once approved, these samples are signed, dated, and archived in the production unit as “master 
references.”

3.	 Use of Lightboxes and Controlled Viewing Conditions
Colour perception can change dramatically under different light sources. To avoid misinterpretation, 
colour evaluations are done under standardised lighting using colour matching cabinets with:

•	 D65 Light: Simulates natural daylight
•	 TL84 Light: Common for retail store environments
•	 UV Light: Detects optical brighteners and fluorescent effects

Operators, merchandisers, and QC staff use these lightboxes to compare samples and bulk 
production fabric accurately.

Spectrophotometers and Digital Colour Matching

Advancements in digital colour technology have enhanced accuracy and reduced approval times:

•	 Spectrophotometers measure the reflectance or absorbance of a colour across different 
wavelengths. They quantify shade variation in Delta E (∆E) values, where a ∆E < 1.0 is often 
considered a near-perfect match.

•	 Colour Matching Software helps:
	ᴑ Suggest precise dye recipes for desired shades
	ᴑ Reduce lab trials
	ᴑ Archive historical colour data
	ᴑ Eliminate human error in visual matching

These digital tools complement Pantone cards by offering objective data that supports visual 
judgment.

Establishing In-House Colour Standards

While Pantone provides global reference, many brands develop their own internal shade libraries 
based on their unique palette. These in-house references may include:

•	 Fabric cuttings from previous orders
•	 Digital swatches saved in colour management systems
•	 Colour chips made on actual production fabric with designated tolerances

Maintaining a physical and digital colour archive supports faster turnarounds and consistent results 
over time.
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Training in Colour Matching

Operators, lab technicians, and quality controllers are trained to:

•	 Interpret Pantone codes and dye formulation charts
•	 Recognise undertones and overtones
•	 Evaluate colour under different light sources
•	 Operate spectrophotometers and digital systems
•	 Use reference standards for pass/fail decisions

This knowledge ensures effective communication between departments and reduces shade 
rejections in customer audits.

Work orders in textile dyeing and printing are formal instructions issued by the production planning 
or merchandising departments. These documents are essential for organising, executing, and tracking 
production activities. Misinterpretation or oversight can lead to quality issues, production delays, or 
material wastage. Therefore, it is crucial that supervisors, operators, and quality control teams fully 
understand and follow each component of the work order.

Purpose and Significance of a Work Order

A work order serves multiple purposes:

•	 Acts as a bridge between planning and execution
•	 Details the technical and operational requirements for a job
•	 Ensures uniformity and accountability across teams
•	 Provides traceability for quality audits and customer complaints

In dyeing and printing, precision in executing the work order is directly linked to achieving the correct 
shade, design registration, and timely delivery.

Key Components of a Work Order

A comprehensive work order usually includes the following details:

1.	 Order Identification
•	 Unique order number or job code
•	 Customer reference or style number
•	 Date of issue and target dispatch date

2.	 Fabric Specifications
•	 Fabric type (e.g., cotton cambric, polyester georgette)
•	 GSM (grams per square meter)
•	 Width and quantity required
•	 Pre-treatment status (e.g., grey, scoured, bleached)

3.1.5 Interpreting Work Order Requirements for Dyeing 
and Printing 
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3.	 Design and Colour Information
•	 Pantone shade code or custom lab dip reference
•	 Printing design number or CAD file ID
•	 Number of colours in the print
•	 Placement or repeat instructions

4.	 Process Route and Machine Details
•	 Specific machines allocated (e.g., Jigger No.3 or Rotary Printing Machine)
•	 Production route: e.g., Scouring → Bleaching → Reactive Dyeing → Soft Finish
•	 Process temperatures, pressures, and durations

5.	 Dye and Chemical Recipe
•	 Exact quantities per kilogram of fabric
•	 List of auxiliaries, binders, thickeners, and fixers
•	 Required pH range and water hardness limits
•	 Instructions on dosing sequence and mixing procedure

6.	 Quality Control Requirements
•	 Testing checkpoints: shade, fastness, wash tests, pH, residual chemicals
•	 Parameters for rejection or rework
•	 Sampling frequency and reporting formats

7.	 Special Instructions
•	 Handling precautions
•	 Batch segmentation (e.g., small lots for sampling)
•	 Instructions for re-dyeing or shade correction if needed

 

Work Order 

Material Check 

Shade Confirma�on 

Process Execu�on 

Output Handover

	 Fig. 3.1.5: Work Order Understanding
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Step-by-Step Interpretation by Production Teams

Operators and supervisors must follow a methodical approach:

1.	 Document Review
•	 Read the entire work order thoroughly
•	 Identify critical parameters like shade code, dye class, and machinery type

2.	 Recipe Verification
•	 Match the recipe with the available chemicals and dyes
•	 Check expiry dates and storage conditions of materials

3.	 Machine Preparation
•	 Confirm machine capacity matches batch size
•	 Perform pre-checks on temperature gauges, pressure meters, and valves

4.	 Material Handling
•	 Weigh fabric and chemicals precisely as per instructions
•	 Load fabric uniformly to prevent uneven dyeing

5.	 Process Execution
•	 Start machine with pre-set configurations
•	 Follow exact dosing sequence and maintain recommended run time
•	 Monitor indicators and alarms throughout the process

6.	 Quality Monitoring
•	 Take initial swatch after dyeing for lab testing
•	 Compare with approved reference samples under standard lighting
•	 Adjust shade if necessary (under supervisor guidance)

Documentation and Recording Practices

Documentation supports traceability and process transparency:

•	 Maintain production logs with start/end time, batch ID, and machine used
•	 Record any deviations from the original plan
•	 Log pH, temperature, pressure, and other critical parameters
•	 Submit samples and test reports with batch identification
•	 Use digital ERP systems where applicable for real-time tracking
•	 All personnel involved in the execution sign off on relevant checklists and process forms.

Communicating and Escalating Issues

Despite planning, real-time issues may occur:

•	 Machine breakdown
•	 Shortage or mismatch of dyes/chemicals
•	 Unexpected shade variation
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Operators must:

•	 Immediately inform the supervisor
•	 Halt production if necessary
•	 Record the issue and corrective action taken

Transparent communication ensures swift decision-making and limits loss.

Common Challenges in Work Order Execution

•	 Misreading chemical quantity (e.g., confusing grams with kilograms)
•	 Ignoring special instructions like fabric twist direction or design orientation
•	 Using outdated reference samples
•	 Overloading machines or ignoring batch size limits
•	 Deviating from timing or temperature instructions

Training and supervision help reduce these errors.

Task Operator Action

Fabric Identification Match tag with work order

Chemical Weighing As per recipe provided

Machine Setup Temperature, dye bath level, run time

Output Review Shade matching, print registration

Reporting Log timings, quantity processed, any delays

	 Table. 3.1.4: Operator Responsibilities from Work Order

Best Practices for Effective Interpretation

1.	 Use of Visual Aids
Charts, printed shade cards, and print layout mock-ups improve clarity.

2.	 Cross-Verification
At least two people (e.g., operator and supervisor) should review the work order before execution.

3.	 Standardised Templates
Uniform formats across departments reduce confusion.

4.	 Ongoing Training
Regular refreshers on how to read and apply work order details improve compliance and confidence.
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UNIT 3.2: Operational Planning and Resource Allocation

By the end of this unit, the participants will be able to:

1.	 Describe the overall dyeing and printing production process and related tasks.
2.	 Explain methods to reduce consumption of dyes, chemicals, water, and other resources.
3.	 Assess the arrangement of dyes and chemicals by verifying lot numbers.
4.	 Examine the cleanliness of weighing scales, mixers, tanks, and related equipment.
5.	 Follow and explain the preventive maintenance schedule and equipment checks.
6.	 Ensure and assess availability of dyes, chemicals, and materials, including location and contact 

details.
7.	 Allocate dyeing machines by analysing dyeing cycles, urgency, and shade priority.
8.	 Allocate operators based on evaluating technical and skill suitability for dyeing and printing work.

Unit Objectives

Dyeing and printing are integral textile processes that add both aesthetic and functional value to 
fabrics. Effective operational planning involves understanding each step in these processes, anticipating 
potential challenges, and ensuring resource availability and timely execution. This sub-section explores 
the detailed stages of dyeing and printing and the interrelated planning activities that support them.

Dyeing Process Overview

The dyeing process involves imparting colour to textiles in a uniform and lasting manner. The key stages 
are:

1.	 Grey Fabric Inspection: The process begins by thoroughly inspecting the raw or grey fabric for 
defects such as holes, stains, or uneven textures. Faulty fabrics are separated or documented.

2.	 Pre-treatment: Includes several chemical and mechanical processes:
•	 De-sizing: Removal of sizing agents applied during weaving.
•	 Scouring: Elimination of natural impurities like waxes, oils, and pectins.
•	 Bleaching: Improves fabric whiteness and prepares it for uniform dye uptake.

3.	 Dyeing Process:
•	 The fabric is dyed using appropriate dye classes based on its fibre type (e.g., reactive dyes for 

cotton, disperse dyes for polyester).
•	 Different machines are used such as jet dyeing machines, winch dyeing machines, soft flow 

machines, and beam dyeing machines.
•	 Key parameters such as temperature, pH, liquor ratio, and dye concentration are monitored 

continuously.

3.2.1 Overall Dyeing and Printing Production Process 
and Related Tasks
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	 Fig. 3.2.1: Dyeing Process

4.	 Post-treatment:
•	 Soaping: Removes unfixed dyes and improves wash fastness.
•	 Neutralisation: Balances pH after alkaline treatments.
•	 Rinsing and Drying: Eliminates residual chemicals and moisture.

 

Fig. Post Treatment

5.	 Finishing:
•	 Mechanical or chemical finishing processes are applied to enhance feel, durability, or specific 

properties such as wrinkle resistance or water repellency.
6.	 Quality Inspection and Packaging:

•	 Final fabric is inspected for shade uniformity, fastness properties, and absence of physical 
defects.

•	 Fabrics are folded, packed, and labelled as per client requirements.

Printing Process Overview

Textile printing involves applying colour in the form of patterns or motifs on fabrics. The typical workflow 
includes:

1.	 Design Development:
•	 Designers create motifs using CAD software or manual sketching.
•	 Colour separations and repeats are finalised digitally.

2.	 Screen or Roller Preparation:
•	 For rotary or flatbed printing, screens or rollers are engraved with design patterns.
•	 For digital printing, high-resolution files are loaded directly into printers.

3.	 Fabric Preparation:
•	 Fabric is de-sised and treated with chemicals (padding) to optimise ink or paste adherence.

4.	 Printing Execution:
•	 Printing is done via rotary screen, flatbed, block, or digital printing methods.
•	 Print paste contains dyes/pigments, thickeners, binders, and auxiliary agents.
•	 Operators ensure correct colour registration, tension, and speed settings.
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5.	 Drying and Curing:
•	 Printed fabric is dried using infrared or hot air dryers.
•	 Curing (thermal fixation) ensures dye/pigment bonds permanently with the fabric.

6.	 Post-treatment and Finishing:
•	 Washing off excess print paste.
•	 Softening and calendaring for final appearance and feel.
•	 Final inspection and packaging.

Fabric Receipt 

Prepara�on 
(Scouring/Bleaching

Dyeing Finishing

Prin�ng 

Washing Inspec�on

Dispatch

	 Fig. 3.2.2: Dyeing & Printing Production Flow

Related Tasks in Operational Planning

Operational planning bridges the gap between production goals and available resources. It involves 
numerous administrative and technical tasks:

1.	 Production Planning:
•	 Determine production targets based on delivery timelines.
•	 Identify fabric types, processing techniques, and machine availability.

2.	 Job Allocation:
•	 Assign skilled operators and helpers to appropriate machines and shifts.
•	 Consider the technical difficulty of prints or dyes and match them with operator skills.

3.	 Inventory and Material Management:
•	 Check and manage stock levels of dyes, auxiliaries, and chemicals.
•	 Schedule deliveries to avoid shortages during ongoing production.

4.	 Work Order Review:
•	 Analyse client work orders for special instructions, shade codes, and fabric types.
•	 Ensure that all details like batch size, sequence, and target dates are clearly understood.

5.	 Process Coordination:
•	 Coordinate between pre-treatment, dyeing, printing, finishing, and quality control teams.
•	 Use visual dashboards or digital ERP systems to track progress and resolve bottlenecks.
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6.	 Compliance and Safety Integration:
•	 Ensure that production plans adhere to safety norms, sustainability goals, and quality 

compliance.
•	 Schedule training or toolbox talks where necessary.

7.	 Monitoring and Documentation:
•	 Maintain process logs for temperatures, durations, and machine settings.
•	 Record exceptions or reworks for future reference and continual improvement.

Task Responsibility

Shade formulation Lab technician/Supervisor

Dye weighing Dye House Assistant

Machine setup Operator under Supervisor guidance

Monitoring parameters Supervisor and Machine Operator

Inspection & Testing Quality Control (QC) Department

Record Maintenance Production Clerk / Data Entry Assistant

	 Table 3.2.1: Key Tasks in the Process

Reducing the consumption of dyes, chemicals, water, and other essential resources in the textile 
industry is crucial for achieving operational efficiency, cost reduction, and environmental sustainability. 
Sustainable practices in dyeing and printing not only minimise environmental pollution but also improve 
profitability by reducing raw material and utility costs.

Process Optimisation

•	 Right-First-Time (RFT) Dyeing: Accurate matching of shades in the first attempt minimises the need 
for re-dyeing and extra chemical use.

•	 Low Liquor Ratio Machines: Jet dyeing and soft flow machines using low liquor ratios can 
significantly reduce water and dye usage.

•	 Automated Dispensing Systems: Automated dosing units ensure precise dye and chemical dosing, 
minimising waste.

Chemical Substitution and Efficiency

•	 Eco-Friendly Chemicals: Replacing traditional chemicals with bio-degradable, less-toxic alternatives 
lowers chemical load and effluent treatment costs.

•	 Multifunctional Chemicals: Use of combined agents (e.g., scouring-bleaching combinations) 
reduces the number of processing steps.

•	 Batch Size Optimisation: Aligning batch sises with machine capacity avoids overuse of materials 
and resources.

3.2.2 Methods to Reduce Consumption of Dyes, Chemicals, 
Water, and Other Resources
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Water Conservation Techniques

•	 Recycling and Reuse: Treating and reusing rinse water or cooling water in non-critical operations 
reduces freshwater intake.

•	 Counter-Current Washing: In continuous dyeing, using water flow opposite to fabric direction 
improves washing efficiency with less water.

•	 Rainwater Harvesting: Some facilities implement harvesting systems to supplement process water 
needs.

Energy Saving Practices

•	 Heat Recovery Systems: Using exhaust steam or hot water from dyeing machines for pre-heating 
helps conserve energy.

•	 Insulated Piping and Tanks: Prevents heat loss and reduces steam or electricity consumption.
•	 Energy-Efficient Motors: Installation of variable frequency drives (VFDs) on pumps and fans helps 

optimise power usage.

Training and Awareness

•	 Operator Training: Educating workers about best practices in resource use ensures more mindful 
operations.

•	 Visual Management: Displaying water, chemical, and energy targets on dashboards reinforces 
savings.

•	 Standard Operating Procedures (SOPs): Enforcing SOPs for each operation ensures consistency and 
reduces unnecessary consumption.

Monitoring and Reporting

•	 Flow Meters and Sensors: Installation of flow meters for water and chemical lines allows real-time 
tracking and alerts in case of overuse.

•	 Periodic Audits: Conducting regular environmental and process audits helps in identifying 
opportunities for savings.

Proper handling and verification of dyes and chemicals play a crucial role in ensuring process accuracy, 
consistency in dyeing results, and compliance with safety standards. Arranging these materials based 
on lot numbers helps streamline inventory management and minimises operational errors.

Importance of Lot Number Verification

1.	 Consistency in Dyeing: Dyes from different lots may have slight variations in concentration or hue. 
Using materials from a single lot ensures shade uniformity and predictable results.

2.	 Traceability: Lot numbers allow tracking of the chemical's or dye’s origin, batch, and date of 
manufacture. This is essential for quality control, audits, or when investigating process failures.

3.	 Inventory Management: Enables rotation of stock (FIFO – First In, First Out) and helps avoid using 
expired or deteriorated materials.

3.2.3 Arrangement of Dyes and Chemicals by Verifying 
Lot Numbers
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4.	 Compliance and Documentation: Regulatory audits often require accurate lot-wise records for 
chemical usage. This is a common practice in certified dye houses.

Steps for Proper Arrangement and Verification

1.	 Receipt and Labelling:
•	 On receiving dyes and chemicals, warehouse staff must check supplier documentation.
•	 Verify lot number, manufacturing and expiry date, and quantity.
•	 Label containers clearly with all relevant information for easy identification.

2.	 Storage Arrangement:
•	 Segregate materials by type (dyes, auxiliaries, acids, etc.) and compatibility.
•	 Place containers in designated racks based on lot numbers and expiry dates.
•	 Store chemicals that are temperature or humidity sensitive in climate-controlled areas.

3.	 System Entry and Documentation:
•	 Update inventory management software with batch number, date of arrival, and storage 

location.
•	 Maintain manual logs as backup records in case of system downtime.

4.	 Periodic Verification:
•	 Conduct weekly or monthly audits to confirm physical stock matches system records.
•	 Check for deterioration, leakage, or corrosion in stored materials.
•	 Ensure that nearing-expiry batches are prioritised for use.

Best Practices

1.	 Barcoding and Scanning:
•	 Implement barcodes and handheld scanners to reduce human error in identifying lot numbers.
•	 Link scanned data to ERP systems for real-time traceability.

2.	 Dedicated Dye Kitchens:
•	 In large facilities, create separate dye kitchens where dye pastes are prepared using weighed 

materials arranged lot-wise.
3.	 Staff Training:

•	 Educate operators, storekeepers, and lab technicians about the importance of lot number 
verification.

•	 Conduct refresher training to prevent mishandling.
4.	 Use of SOPs:

•	 Document Standard Operating Procedures for receiving, storing, and issuing chemicals and 
dyes.

•	 Include specific guidelines for lot-based inventory control.
5.	 Emergency Handling Protocols:

•	 Have spill control kits and Material Safety Data Sheets (MSDS) easily accessible.
•	 Ensure that each lot has associated safety and usage documentation.
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	 Fig. 3.2.3: Chemical Inventory Protocol

Clean and well-maintained equipment is a cornerstone of effective dyeing and printing operations. 
Contaminants or residues from previous batches can compromise colour accuracy, cause chemical 
reactions, or damage textile materials. Ensuring the cleanliness of weighing scales, mixers, tanks, and 
related equipment contributes to process consistency, worker safety, and product quality.

Importance of Equipment Cleanliness

1.	 Prevents Cross-Contamination:
•	 Residual chemicals or dyes from earlier batches can affect current formulations.
•	 This leads to colour mismatches, patchy dyeing, or printing defects.

2.	 Ensures Accurate Measurements:
•	 Clean weighing scales are essential for precise weighing of dyes and auxiliaries.
•	 Even small residues can cause significant deviation in recipe accuracy.

3.	 Extends Equipment Life:
•	 Regular cleaning prevents build-up of corrosive chemicals or dyes that can damage machinery.
•	 Enhances equipment performance and reduces repair costs.

4.	 Supports Compliance and Safety:
•	 Clean equipment meets regulatory hygiene standards and avoids workplace hazards.

3.2.4 Cleanliness of Weighing Scales, Mixers, Tanks, 
and Related Equipment
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Cleaning Protocols for Key Equipment

1.	 Weighing Scales:
•	 Use a soft brush and a damp cloth to remove fine powder or liquid spills.
•	 Avoid direct water contact with electronic components.
•	 Calibrate scales regularly after cleaning.

2.	 Mixers and Stirring Vessels:
•	 Rinse immediately after each use with water or a neutralising agent.
•	 Perform weekly deep cleaning with non-corrosive detergent.
•	 Inspect blades or stirrers for build-up or corrosion.

3.	 Dye Tanks and Chemical Storage Units:
•	 Empty and rinse tanks before introducing a new batch.
•	 Avoid storing incompatible chemicals in the same tank.
•	 Use steam or hot water for thorough cleaning where appropriate.

4.	 Pumps, Pipes, and Dispensers:
•	 Flush regularly with water to remove blockages and residues.
•	 Inspect for leaks and repair immediately.
•	 Schedule chemical descaling if mineral deposits are observed.

5.	 Printing Screens and Nozzles:
•	 Clean thoroughly after each run to prevent paste drying.
•	 Use suitable solvents to remove ink or dye paste without damaging mesh.

 

✔ Digital Scale Calibrated 

✔ Tanks Emp�ed & Rinsed 

✔ Dye Mixer Free of Residue 

✔ Pipelines Flushed 

✔ Filters Replaced Regularly

	 Fig. 3.2.4: Checklist for Equipment Cleanliness

Cleaning Schedules and Responsibilities

1.	 Daily:
•	 Wipe down weighing scales, clean mixers post-usage, flush small tanks.

2.	 Weekly:
•	 Perform comprehensive cleaning of tanks, hoses, and dye preparation areas.
•	 Test scale calibration.

3.	 Monthly:
•	 Inspect and clean larger machinery like dyeing vessels and pressure tanks.
•	 Replace or service filters and nozzles.
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4.	 Documentation:
•	 Maintain cleaning logs signed by responsible personnel.
•	 Include date, equipment ID, type of cleaning, and any observations.

Best Practices

1.	 Training and SOPs:
•	 Ensure all operators are trained in cleaning techniques for specific equipment.
•	 Display SOPs at relevant workstations.

2.	 Use of PPE:
•	 Workers must use gloves, masks, and goggles when handling cleaning chemicals.

3.	 Non-Reactive Cleaning Agents:
•	 Use mild, non-reactive agents that do not interfere with future dyeing operations.

4.	 Scheduled Maintenance Integration:
•	 Align cleaning with preventive maintenance activities for minimal downtime.

Equipment Risk if Not Cleaned

Weighing Scales Incorrect dye dosage → off-shade output

Dye Mixer Contamination of new batch with old residues

Tanks & Pumps Blockage, microbial growth, or unwanted reactions

Table 3.2.2: Importance of Equipment Cleanliness

Preventive maintenance is the systematic inspection, servicing, and upkeep of dyeing and printing 
machinery to ensure optimal performance, prevent breakdowns, and extend equipment life. A 
structured maintenance schedule and timely equipment checks are critical for reducing downtime and 
maintaining product quality.

Importance of Preventive Maintenance

1.	 Reduces Equipment Downtime:
•	 Scheduled checks reduce the risk of unexpected breakdowns.
•	 Helps maintain uninterrupted production cycles.

2.	 Improves Product Quality:
•	 Properly maintained equipment produces consistent, high-quality results.
•	 Irregularities like uneven dyeing or mechanical damage can be prevented.

3.	 Enhances Safety:
•	 Faulty machines can lead to hazardous situations.
•	 Maintenance ensures that safety features are functional and risks are minimised.

4.	 Extends Equipment Lifespan:
•	 Regular lubrication, cleaning, and part replacement prevent wear and tear.
•	 Reduces the need for frequent replacement of machinery.

3.2.5 Preventive Maintenance Schedule and 
Equipment Checks
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Elements of a Preventive Maintenance Schedule

1.	 Daily Maintenance:
•	 Wipe down machinery surfaces.
•	 Check for abnormal sounds or vibrations during operation.
•	 Clean filters and dye residue from tanks and nozzles.

2.	 Weekly Maintenance:
•	 Inspect belts, pulleys, seals, and pressure valves.
•	 Test temperature and pressure gauges.
•	 Clean dye feed pipes and nozzles thoroughly.

3.	 Monthly Maintenance:
•	 Lubricate motors and mechanical joints.
•	 Calibrate weighing systems and temperature sensors.
•	 Check for chemical corrosion on tanks and mixers.

4.	 Quarterly or Biannual Maintenance:
•	 Replace worn-out gaskets, filters, or hoses.
•	 Inspect and recalibrate control panels.
•	 Test the integrity of electric circuits and insulation.

5.	 Emergency Maintenance Provisions:
•	 Establish quick response protocols in case of unexpected faults.
•	 Maintain a stock of spare parts and tools for fast repair.

 

Schedule 
Crea�on 

Checklist 
Issued 

Maintenance 
Execu�on Inspec�on

Sign-off

	 Fig. 3.2.5: Preventive Maintenance Cycle

Equipment Checklist for Routine Maintenance

1.	 Dyeing Machines:
•	 Check for pressure uniformity and temperature control accuracy.
•	 Inspect paddle agitators or jets for wear.

2.	 Printing Machines:
•	 Examine screens and rollers for alignment.
•	 Ensure paste flow systems are not clogged.
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3.	 Steam Generators and Boilers:
•	 Inspect valves and pressure relief mechanisms.
•	 Clean boiler tubes to avoid scaling.

4.	 Water Softening Units and Pumps:
•	 Check pump pressure and clean inlet/outlet filters.
•	 Monitor water hardness levels regularly.

5.	 Chemical Dispensers and Mixers:
•	 Inspect for leakage or improper dosing.
•	 Ensure electronic components are not corroded.

Documentation and Responsibilities

1.	 Maintenance Logs:
•	 Record every maintenance activity with the date, time, and responsible person.
•	 Include details of any faults, replacements, and tests performed.

2.	 Responsibilities:
•	 Assign daily and weekly tasks to machine operators.
•	 Schedule monthly and quarterly checks under maintenance supervisors.

3.	 Audits and Reporting:
•	 Conduct regular internal audits of maintenance practices.
•	 Address non-conformities and gaps promptly.

Best Practices

1.	 Training:
•	 Train maintenance staff and operators on correct procedures.
•	 Update training as machinery or technology changes.

2.	 Use of Manufacturer Manuals:
•	 Follow OEM (Original Equipment Manufacturer) guidelines for servicing.
•	 Avoid makeshift repairs that may compromise safety.

3.	 Inventory of Spare Parts:
•	 Maintain an updated inventory of spare parts and lubricants.
•	 Tag critical parts and reorder them before stock outs.

Ensuring the continuous availability of essential dyes, chemicals, and other materials is critical for the 
uninterrupted flow of dyeing and printing operations. Proper inventory control, storage practices, and 
supplier coordination play a key role in maintaining readiness for production.

Inventory Management

1.	 Stock Levels Monitoring:
•	 Maintain minimum and maximum stock level thresholds.
•	 Use automated systems or stock registers to track inventory.

3.2.6 Availability of Dyes, Chemicals, and Materials 
(Location and Contact Details)
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2.	 Inventory Classification:
•	 Classify items into categories such as dyes, auxiliaries, acids, alkalis, solvents, and water 

softeners.
•	 Apply the ABC analysis method to prioritise high-value or fast-moving items.

3.	 Batch Number and Expiry Tracking:
•	 Label all containers with lot numbers, batch codes, and expiry dates.
•	 Use FIFO (First-In, First-Out) or FEFO (First-Expiry, First-Out) methods.

4.	 Reorder Planning:
•	 Set reorder points based on average lead times.
•	 Use ERP or inventory software for generating automatic purchase requests.

 

Current Stock 

Weekly 
Requirement 

Forecast 

Reorder Vendor 
Coordina�on 

Stock Receipt

	 Fig. 3.2.6: Inventory Management Cycle

Material Storage and Accessibility

1.	 Designated Storage Zones:
•	 Allocate specific areas for different chemical types based on compatibility.
•	 Store reactive dyes, acids, and oxidisers separately to avoid hazards.

2.	 Labelling and Identification:
•	 Ensure all materials are clearly labelled in local language and English.
•	 Include hazard symbols, handling precautions, and emergency contacts.
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3.	 Ventilation and Safety:
•	 Storage rooms must be well-ventilated and equipped with fire extinguishers.
•	 Avoid storing materials under direct sunlight or in high-humidity zones.

4.	 Accessibility and Handling:
•	 Place frequently used chemicals at accessible heights.
•	 Equip the area with spill kits, PPE (gloves, masks, goggles), and MSDS sheets.

Supplier Management

1.	 Approved Vendor List:
•	 Work only with approved and certified vendors.
•	 Keep records of supplier audit results and compliance status.

2.	 Supplier Contact Database:
•	 Maintain updated records of supplier names, addresses, contact numbers, and email IDs.
•	 Include alternate sources in case of primary supplier failure.

3.	 Emergency Procurement Protocol:
•	 Define escalation procedures when inventory hits critical levels.
•	 Assign roles for urgent procurement, transport, and approval workflows.

4.	 Quality Assurance of Inward Materials:
•	 Test new batches of chemicals or dyes before acceptance.
•	 Compare with reference samples or conduct lab trials.

Documentation and Audit Readiness

1.	 Inventory Records:
•	 Maintain digital or hard copy logs of stock movement.
•	 Include details such as material name, quantity, date received/issued, and user.

2.	 Material Safety Data Sheets (MSDS):
•	 Store MSDS for every dye and chemical in a central file.
•	 Make copies accessible in every processing and storage area.

3.	 Audit Trails:
•	 Keep records ready for internal, client, or third-party audits.
•	 Highlight traceability from supplier to batch usage.

4.	 Expiry Management Logs:
•	 List chemicals nearing expiry and plan usage accordingly.
•	 Segregate expired materials for proper disposal.

Communication and Coordination

1.	 Coordination with Stores Department:
•	 Production managers must regularly coordinate with stores on upcoming orders.
•	 Share monthly consumption data for forecasting.
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2.	 Material Availability Charts:
•	 Display real-time availability charts for critical chemicals in the control room.
•	 Use colour-coded status: green (available), amber (low), red (critical).

3.	 Training on Material Handling:
•	 Conduct periodic sessions for staff on safe handling and emergency procedures.
•	 Ensuring availability of materials with accurate documentation and robust coordination systems 

prevents production delays, enhances safety, and supports sustainable operations.

Efficient allocation of dyeing machines plays a critical role in ensuring the smooth execution of dyeing 
operations while meeting quality and delivery standards. The process involves careful planning based 
on multiple factors such as dyeing cycle durations, production urgency, and colour shade priority.

Understanding Dyeing Machine Capacities and Capabilities

1.	 Machine Classification:
•	 Machines are typically classified by capacity (e.g., 50 kg, 100 kg, 500 kg) and type (jet dyeing, 

soft flow, jigger, etc.).
•	 Each machine is suited for specific fabric types and dyeing processes.

2.	 Cycle Time Analysis:
•	 Different fabric types and dye classes require varying durations.
•	 For instance, reactive dyes on cotton take longer than disperse dyes on polyester.

3.	 Specialised Machines:
•	 Some machines are equipped for high-temperature dyeing or continuous processes.
•	 Allocation should consider whether features like pressure control, pH monitoring, or 

programmable sequences are needed.

Factors in Allocation

1.	 Production Urgency:
•	 Work orders with short lead times or high-priority client commitments must be scheduled on 

faster or idle machines.
•	 Machine maintenance and changeover time must be accounted for in planning.

2.	 Shade Priority and Complexity:
•	 Light and pastel shades are more sensitive to contamination; such jobs must be allocated to 

freshly cleaned machines.
•	 Complex shades requiring multiple stages or reprocessing need machines with programmable 

automation.
3.	 Fabric Type and Load Size:

•	 Allocate machines based on compatible load capacity to avoid under- or over-utilisation.
•	 Lightweight or delicate fabrics should be processed in low-tension machines.

3.2.7 Allocation of Dyeing Machines by Analysing Dyeing 
Cycles, Urgency, and Shade Priority
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4.	 Batch Uniformity:
•	 For repeat or bulk orders, it is important to use the same machine type to maintain colour 

consistency.
•	 Avoid switching machines mid-batch to prevent tonal variations.

Machine Allocation Workflow

1.	 Work Order Analysis:
•	 Assess each work order based on due date, fabric, quantity, and shade specifications.
•	 Use production planning software or manual Gantt charts.

2.	 Machine Status Review:
•	 Track machine availability, maintenance schedule, and downtime.
•	 Log daily usage and check readiness of machines (cleanliness, residual dye traces, etc.).

3.	 Schedule Preparation:
•	 Create a daily or weekly machine plan with time slots for each job.
•	 Allocate buffer time for cleaning and re-setting between batches.

4.	 Approval and Communication:
•	 Share the allocation schedule with supervisors and operators.
•	 Make adjustments in case of machine breakdown or urgent orders.

Monitoring and Adjustment

1.	 Real-Time Monitoring:
•	 Use SCADA systems or manual logs to track job progress on machines.
•	 Update machine status boards with colour-coded job tracking.

2.	 Deviation Handling:
•	 If machine output deviates due to process issues, consider reallocation to avoid line delays.

3.	 Feedback Loop:
•	 Collect feedback from operators on machine suitability and job efficiency.
•	 Update historical data for future allocation planning.

Benefits of Optimised Machine Allocation

•	 Improved Throughput: Reduces idle time and maximises utilisation.
•	 Better Quality Control: Avoids cross-contamination and ensures shade consistency.
•	 Faster Delivery: Aligns production with deadlines.
•	 Reduced Wastage: Prevents overloading or using the wrong type of machine.

Shade Cycle Time Machine Preference

Light Pastels Short (3–4 hrs) Jet Dyeing – High Liquor Ratio

Dark/Deep Shades Long (6–8 hrs) Soft Flow – Low Liquor Ratio
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Shade Cycle Time Machine Preference

Disperse on Polyester Medium (5 hrs) HT-HP Beam Dyeing

Table 3.2.3: Dyeing Cycle Consideration

Through systematic machine allocation, dyeing departments can enhance operational efficiency, 
minimise rework, and achieve consistent product quality aligned with production goals.

Efficient allocation of operators is essential to ensure quality, consistency, and productivity in dyeing and 
printing operations. The selection and assignment of personnel must be based on a clear understanding 
of their technical capabilities, work experience, and familiarity with specific tasks and machinery.

Assessing Operator Skills and Competency

1.	 Technical Knowledge:
•	 Operators must understand dye types, chemical handling, fabric behaviour, and process 

sequences.
•	 Familiarity with SOPs (Standard Operating Procedures), safety protocols, and troubleshooting 

steps is essential.
2.	 Machinery Handling:

•	 Assign operators based on their experience with specific machines (e.g., jet dyeing, rotary 
printing, flatbed printing).

•	 Skilled operators can adjust machine settings, calibrate parameters, and detect early signs of 
faults.

3.	 Work History and Performance:
•	 Past records of punctuality, quality output, and incident handling should be considered.
•	 Evaluation through periodic assessments, supervisor feedback, and trial observations can guide 

future allocations.

 

Experience

Machine Familiarity 

Dye Class Handling 

Shi� Availability 

Cer�fica�on

	 Fig. 3.2.7: Skill-Based Operator Allocation

3.2.8 Allocation of Operators Based on Evaluating Technical 
and Skill Suitability for Dyeing and Printing Work
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Criteria for Operator Allocation

1.	 Job Complexity:
•	 Allocate experienced operators to high-risk jobs involving delicate fabrics, complex shades, or 

new client specifications.
•	 Junior operators can be placed on routine or low-complexity tasks under supervision.

2.	 Shift Planning:
•	 Match operator availability with shift schedules, ensuring no skill gap across all shifts.
•	 Use rotation policies to prevent fatigue and improve multi-machine adaptability.

3.	 Specialisation and Cross-Training:
•	 Some operators may specialise in pigment printing, while others in reactive dyeing. Maintain a 

record of these capabilities.
•	 Encourage cross-training to build multi-skilled teams that provide flexibility in resource 

deployment.
4.	 Team Balance:

•	 For each shift, ensure a balance of senior and junior operators.
•	 Assign a lead operator or supervisor for quality assurance and issue resolution.

Process for Operator Allocation

1.	 Workload Mapping:
•	 Review daily work orders and align tasks with operator strengths and past assignments.

2.	 Roster Creation:
•	 Develop daily or weekly rosters that clearly indicate task-machine-operator alignment.
•	 Account for planned leaves, holidays, and overtime availability.

3.	 Approval and Communication:
•	 Get supervisor approval and communicate the roster to all involved.
•	 Display rosters on notice boards and update digitally if possible.

Monitoring and Evaluation

1.	 Job Performance Review:
•	 Track job completion time, rework frequency, and customer complaints related to operator 

output.
2.	 Corrective Action and Upskilling:

•	 If an operator consistently underperforms, identify training needs or reassign tasks.
•	 Conduct refresher training or machine-specific workshops regularly.

3.	 Feedback Mechanism:
•	 Create a system where operators can report discomfort with tasks or suggest improvements.

Benefits of Skilled-Based Operator Allocation

1.	 Higher Quality Output: Minimises errors and ensures uniform dyeing/printing results.
2.	 Increased Productivity: Skilled hands work faster and more efficiently.
3.	 Reduced Downtime: Competent operators handle troubleshooting, reducing stoppages.
4.	 Employee Satisfaction: Workers feel more confident and motivated when assigned tasks that 

match their skills.
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•	 Organisational rules, codes, and timekeeping procedures must be followed in all dyeing and printing 
activities.

•	 Quality control standards ensure consistency and accuracy in colour and fabric finish.
•	 Equipment operation must follow proper procedures and managerial instructions.
•	 Pantone shade cards and reference samples are used for accurate colour matching.
•	 Work orders should be carefully interpreted before beginning any production process.
•	 The dyeing and printing production flow includes preparation, processing, and finishing stages.
•	 Efficient resource management reduces consumption of dyes, chemicals, and water.
•	 Dyes and chemicals must be arranged and verified by checking lot numbers and records.
•	 Equipment like weighing scales, mixers, and tanks must be cleaned and inspected regularly.
•	 Preventive maintenance plans help ensure machines function safely and efficiently.
•	 Machines and operators should be allocated based on technical needs and production priorities.
•	 Proper material planning and organisation ensure smooth operations and timely output.

Summary
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Multiple-choice Question:
1.	 Why should organisational rules and timekeeping procedures be followed in dyeing and printing?

a. To delay production	 b. To ensure discipline and consistency

c. To reduce worker attendance	 d. To ignore supervision

2.	 What is the purpose of using a pantone shade card?
a. To check machine temperature	 b. To match fabric colour accurately

c. To measure water levels	 d. To test fabric strength

3.	 How can resource use be minimised during production?
a. By reusing wastewater without treatment

b. By reducing consumption of dyes, chemicals, and water

c. By using more chemicals for better results

d. By increasing machine running hours

4.	 What should be checked before allocating dyeing machines?
a. Shade priority and dyeing cycle	 b. Worker uniforms

c. Fabric packaging	 d. Production cost sheets

5.	 Why is preventive maintenance important in dyeing operations?
a. To avoid unplanned breakdowns and improve efficiency

b. To reduce the number of operators

c. To increase chemical use

d. To avoid following safety norms

Descriptive Questions:

1.	 What are the main organisational policies and quality standards in dyeing and printing?
2.	 How do pantone shade cards help in achieving accurate colour matching?
3.	 What steps should be followed to reduce the use of dyes, chemicals, and water?
4.	 How does preventive maintenance contribute to safe and smooth machine operation?
5.	 What factors must be considered when allocating dyeing machines and operators?

Exercise
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Notes

Scan the QR codes or click on the link to watch the related videos

https://youtu.be/itntPdu1JvI?si=lRWtBjBSjhvodnH6

Pantone Color full Detail 

https://youtu.be/QSTy04hO51w?si=nbfvZpPa0Sbgl6bM

Recovery and reuse of sizes, dyes and other 
chemicals
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By the end of this module, the participants will be able to:

1.	 Describe different types of dyes and chemicals including reactive, natural, and discharge dyes.
2.	 Describe fabrics suitable for dyeing such as cotton, wool, and synthetic materials.
3.	 Describe the correct use of Personal Protective Equipment (PPE) before and during dyeing 

operations.
4.	 Discuss different dyeing and printing machines like beaker dyeing, garment dyeing, and sample 

printing machines.
5.	 Explain major process parameters required for efficient dyeing and printing performance.
6.	 Explain the method of creating a dyeing recipe using limited data and a recipe bank with 

flexibility.
7.	 Outline a complete dyeing recipe specifying dyeing cycle, Material to Liquor Ratio (MLR), and 

key process parameters.

Key Learning Outcomes
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UNIT 4.1: Materials, Equipment, and Techniques in Dyeing 
and Printing

By the end of this unit, the participants will be able to:

1.	 Describe various types of dyes and chemicals such as reactive dyes, natural dyes, and discharge 
dyes.

2.	 Describe materials suitable for dyeing such as cotton, wool, and synthetic fibres.
3.	 Describe the appropriate use of Personal Protective Equipment (PPE) before and during dyeing 

work.
4.	 Identify various types of printing and dyeing machines such as beaker dyeing machines, garment 

dyeing machines, and sample printing machines.
5.	 Identify key process parameters for effective dyeing and printing operations.
6.	 Explain the procedure for developing a dyeing recipe with minimal data using a recipe bank while 

ensuring flexibility.
7.	 Develop a detailed dyeing recipe including elements such as dyeing cycle, Material to Liquor Ratio 

(MLR), and other essential parameters.

Unit Objectives

In the textile dyeing and printing industry, the choice of dye is fundamental to achieving desired 
colour outcomes, fastness properties, and compatibility with fabric types. Each dye type has a unique 
molecular structure, application method, and performance characteristic. Among the most commonly 
used categories are reactive dyes, natural dyes, and discharge dyes, each serving distinct purposes in 
textile processing. 

Reac�ve Dyes

Bonds 
chemically with 
cellulose fibers

Natural Dyes

Eco-friendly and 
derived from 
plants

Discharge Dyes

Used to remove 
color in 
pa�erned areas

Acid Dyes

Best for protein 
fibers like 
wool/silk

Vat Dyes

Insoluble dyes 
requiring 
reduc�on 
process

	 Fig. 4.1.1: Types of Dyes & Chemicals

Reactive Dyes

Reactive dyes are widely used for cellulose fibres such as cotton, viscose, and linen. These dyes are 
called "reactive" because they form a covalent chemical bond with the fibre during the dyeing process, 
making the colour part of the fibre itself.

1.	 Chemical Properties:
•	 Composed of chromophores (colour-bearing groups) and reactive groups like chlorotriazine or 

vinyl sulfone.
•	 Water-soluble and typically applied in an alkaline bath.
•	 Require salt and soda ash to fix the dye on the fibre.

4.1.1 Types of Dyes and Chemicals: Reactive, Natural, and 
Discharge Dyes
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2.	 Application Methods:
•	 Exhaust dyeing
•	 Pad-dry and pad-steam
•	 Cold pad-batch method

3.	 Advantages:
•	 Excellent colour fastness (specially to washing).
•	 Wide range of bright, vivid shades.
•	 Good penetration into the fibre.
•	 Easy wash-off after fixation, resulting in clean surface finish.

4.	 Limitations:
•	 Sensitive to pH changes during dyeing.
•	 Requires proper waste treatment due to hydrolysed unfixed dye.

5.	 Common Applications:
•	 Cotton garments, bed linens, towels, and knitted fabrics.
•	 Widely used in both piece dyeing and yarn dyeing operations.

Natural Dyes

Natural dyes have been used for centuries and are extracted from natural sources such as plants, 
minerals, and insects. Their renewed popularity is driven by the demand for eco-friendly and sustainable 
textile solutions.

1.	 Sources:
•	 Plant-based: Indigo (Indigofera), madder root, turmeric, neem leaves.
•	 Animal-based: Cochineal from scale insects.
•	 Mineral-based: Ochres and other natural earth pigments.

2.	 Fixation Process:
•	 Natural dyes typically require mordants (e.g., alum, copper sulphate, iron salts) to bind to the 

fibre.
•	 Mordants help enhance colour depth and fastness properties.

3.	 Advantages:
•	 Renewable and biodegradable.
•	 Less harmful to the environment.
•	 Appeal to eco-conscious consumers and niche markets.

4.	 Challenges:
•	 Limited colour range compared to synthetic dyes.
•	 Inconsistent shades due to variability in raw dye materials.
•	 Poor light and wash fastness unless carefully treated.
•	 Requires more water and time during processing.

5.	 Typical Uses:
•	 Handcrafted and artisan textiles.
•	 Ayurvedic clothing.
•	 Organic and sustainable apparel lines.
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Discharge Dyes and Discharge Printing Chemicals

Discharge dyeing and printing techniques are used to create patterns by removing existing colour from 
dyed fabric, usually dark-coloured grounds, and replacing it with another dye.

 
	 Fig. 4.1.2: Discharge Printing

1.	 Principle of Discharge Printing:
•	 A discharge agent (usually a reducing chemical) is applied to the dyed fabric to bleach or 

"discharge" the original colour at specific areas.
•	 In coloured discharge, a dye resistant to the discharge agent is printed along with the reducing 

agent, adding new colours to discharged zones.
2.	 Common Discharge Chemicals:

•	 Sodium hydrosulphite
•	 Thiourea dioxide
•	 Formaldehyde sulphoxylate

3.	 Characteristics of Dischargeable Dyes:
•	 The original ground dye must be dischargeable (i.e., capable of being destroyed by reducing 

agents).
•	 The printed dye must resist the reducing action or be applied post-discharge.

4.	 Benefits:
•	 Produces fine, intricate patterns with sharp contrasts.
•	 Especially useful on dark backgrounds where pigment printing may be less effective.

5.	 Limitations:
•	 Requires careful handling due to toxic fumes and chemical reactions.
•	 Suitable only for certain dye-fabric combinations.
•	 Environmental concerns due to discharge chemicals.

6.	 Applications:
•	 Printed T-shirts, fashion fabrics, decorative fabrics, and high-end apparel.
•	 Often used in rotary screen and block printing techniques for premium designs.
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Feature Reactive Dyes Natural Dyes Discharge Dyes/Printing

Source Synthetic Natural (plants, 
animals, minerals)

Synthetic dyes + chemical 
agents

Bonding Mechanism Covalent bond Mordant-assisted 
adsorption

Chemical discharge of base 
dye

Eco-friendliness Moderate (requires 
wastewater mgmt) High Low (depending on 

chemicals used)

Colour Brightness Bright and vibrant Muted and earthy Bright (if coloured 
discharge is used)

Shade Consistency High Variable High, if managed properly

Common Fabric Type Cotton, viscose Cotton, silk, wool Pre-dyed cotton, viscose, 
blends

Table 4.1.1: Summary of Comparison

Importance of Proper Chemical Selection

The success of any dyeing or printing process is closely tied to the selection of suitable dyes and 
chemicals. Choosing the correct dye based on fibre type, end-use, environmental considerations, and 
fastness requirements helps avoid production errors, reduces waste, and ensures customer satisfaction.

Best Practices:

•	 Always conduct a lab trial before bulk dyeing.
•	 Use compatible auxiliaries like levelling agents, wetting agents, and sequestering agents.
•	 Follow precise recipes and maintain logs for repeatability.

The compatibility of dyes with textile materials is a critical factor in achieving successful dyeing results. 
Every fibre type—natural or synthetic—interacts differently with dyes, depending on its molecular 
structure, absorbency, and chemical properties. Understanding the characteristics of commonly used 
textile materials such as cotton, wool, and synthetic fibres enables dyeing professionals to select the 
appropriate dye type, auxiliaries, and process conditions. 

Natural Fibers:
Cotton, Wool, Silk

Synthetic Fibers:
Polyester, Nylon

Blends: Polyester-
Cotton

	 Fig. 4.1.3: Dye-Compatible Materials

Cotton

Cotton is the most widely used natural fibre in the textile industry. It is composed mainly of cellulose, 
which has numerous hydroxyl (-OH) groups that allow strong interaction with specific dye molecules.

4.1.2 Materials Suitable for Dyeing: Cotton, Wool, and 
Synthetic Fibres
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	 Fig. 4.1.4: Cotton

1.	 Key Properties of Cotton:
•	 Hydrophilic in nature, meaning it absorbs water readily.
•	 Good strength and durability.
•	 Susceptible to shrinkage and wrinkling.

2.	 Dye Compatibility:
•	 Reactive dyes: Most suitable due to their ability to form covalent bonds with cellulose.
•	 Vat dyes: Used for excellent fastness properties (e.g., indigo in denim).
•	 Direct dyes: Easy to apply but offer moderate fastness.
•	 Sulphur dyes: Economical for dark shades but may have environmental implications.

3.	 Pre-treatment Requirements:
•	 De-sizing: Removal of sizing agents.
•	 Scouring: Eliminates natural oils and waxes.
•	 Bleaching: Enhances fabric whiteness and dye uptake.

4.	 Typical Applications:
•	 T-shirts, denim, bed linens, towels, and home furnishings.

Wool

Wool is a natural protein fibre obtained from sheep. Its surface is made of overlapping scales, and it 
contains amino groups that can interact with acidic or basic dye molecules.

 
	 Fig. 4.1.5: Wool

1.	 Key Properties of Wool:
•	 Excellent insulation due to crimped fibre structure.
•	 Elastic and soft to the touch.
•	 Sensitive to high temperature and agitation—can felt or shrink.
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2.	 Dye Compatibility:
•	 Acid dyes: Primary choice for bright and even shades.
•	 Metal-complex dyes: Offer good light and wash fastness.
•	 Reactive dyes: Can also be used under specific pH and temperature controls.

3.	 Special Considerations:
•	 Wool should be dyed at slightly acidic pH (usually 4.5–5.5).
•	 Gentle agitation and controlled temperature (not exceeding 90°C) are essential.
•	 Use of levelling and softening agents helps ensure smooth dyeing.

4.	 Typical Applications:
•	 Sweaters, scarves, suits, carpets, and other winter apparel.

Synthetic Fibres

Synthetic fibres such as polyester, nylon, and acrylic are man-made through polymerisation processes. 
Their hydrophobic nature makes them behave differently from natural fibres in dyeing.

1.	 Polyester

 
	 Fig. 4.1.6: Polyester

•	 Properties:
	ᴑ Highly durable, wrinkle-resistant, and fast-drying.
	ᴑ Poor absorbency and highly crystalline structure.

•	 Dye Compatibility:
	ᴑ Disperse dyes: The only effective dye class, applied at high temperatures (up to 130°C) using 

pressurised dyeing equipment.
•	 Processing Method:

	ᴑ Requires high temperature and carriers to open the fibre structure.
	ᴑ Commonly dyed in jet, HT-HP, or thermosol dyeing machines.

•	 Applications:
	ᴑ Sportswear, home textiles, blended fabrics.
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2.	 Nylon

 
	 Fig. 4.1.7: Nylon

•	 Properties:
	ᴑ Slightly hydrophilic, elastic, and strong.
	ᴑ Sensitive to strong acids and UV light.

•	 Dye Compatibility:
	ᴑ Acid dyes and disperse dyes.
	ᴑ Requires mildly acidic bath (pH 4.5–5.5).

•	 Processing Method:
	ᴑ Jet dyeing or package dyeing at medium temperatures.
	ᴑ Requires softeners and UV stabilisers.

•	 Applications:
	ᴑ Hosiery, lingerie, outerwear, and technical textiles.

3.	 Acrylic

 
	 Fig. 4.1.8: Acrylic

•	 Properties:
	ᴑ Wool-like hand feel, warm, and lightweight.
	ᴑ Thermoplastic in nature.

•	 Dye Compatibility:
	ᴑ Basic (cationic) dyes are typically used.

•	 Processing Considerations:
	ᴑ Sensitive to high heat.
	ᴑ May require antistatic agents.

•	 Applications:
	ᴑ Sweaters, blankets, upholstery.
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Fibre Type Chemical Nature Suitable Dye Types Key Notes

Cotton Cellulosic Reactive, Vat, Direct Needs pretreatment; excellent for bright 
colours

Wool Protein (Keratin) Acid, Reactive, Metal-
complex

Sensitive to heat and pH; gentle 
handling needed

Polyester Synthetic 
(Hydrophobic) Disperse only Requires high temperature and pressure

Nylon Polyamide Acid, Disperse Needs acidic pH; avoid strong oxidisers

Acrylic Polyacrylonitrile Basic (Cationic) Heat-sensitive; good dye affinity

Table 4.1.2: Fibre-Dye Compatibility

Importance of Matching Fibre to Dye Type

Using the wrong dye on a particular fibre can result in:

•	 Poor dye uptake and patchy results.
•	 Low wash and light fastness.
•	 Increased rework and material loss.
•	 Environmental and cost inefficiencies.

Therefore, accurate material identification and correct dye selection are essential steps in any textile 
dyeing or printing operation.

Dyeing and printing processes involve handling a variety of chemicals, elevated temperatures, 
pressurised equipment, and machinery—all of which pose potential health and safety risks to workers. 
Therefore, the correct use of Personal Protective Equipment (PPE) is not only a statutory compliance 
requirement but also a practical measure for ensuring workplace safety, reducing accidents, and 
protecting worker health.

Importance of PPE in Dyeing and Printing

PPE serves as the first line of defence between the worker and occupational hazards in the dyeing unit. 
These hazards may include:

•	 Chemical exposure: Acidic or alkaline substances, dyestuff powders, mordants, and solvents can 
cause skin burns, respiratory issues, or eye irritation.

•	 Heat and steam: Boilers, hot dye baths, and steamers pose burn hazards.
•	 Mechanical risk: Rotating machinery, dyeing drums, and mixers present entanglement and crush 

risks.
•	 Slippery floors: Spills from chemicals or wet processes increase the risk of falls.

Wearing PPE consistently reduces the likelihood of injury, improves productivity, and contributes to 
compliance with health and safety standards such as ISO 45001 and local factory safety laws.

4.1.3 Use of Personal Protective Equipment (PPE) in 
Dyeing Work
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Types of PPE Required in a Dyeing Unit

The selection of PPE depends on the specific tasks performed by the worker. Below are the common 
types used in dyeing and printing operations:

1.	 Hand Protection
•	 What to Use: Nitrile, latex, or rubber gloves.
•	 Why It’s Important: Prevents skin contact with corrosive chemicals like caustic soda, acids, and 

reducing agents. Also protects against dye stains and hot surfaces.

 
	 Fig. 4.1.9: Hand Protection

2.	 Eye and Face Protection
•	 What to Use: Safety goggles, face shields, or chemical splash-proof glasses.
•	 Why It’s Important: Protects eyes from accidental splashes of liquid dyes, acids, or alkalis. 

Critical when pouring or mixing chemicals.

 
	 Fig. 4.1.10: Eye and Face Protection

3.	 Respiratory Protection
•	 What to Use: Dust masks, chemical respirators (with activated carbon filters), or half/full-face 

respirators depending on hazard level.
•	 Why It’s Important: Essential when handling powder dyes, solvents, or substances that emit 

harmful vapours or fine dust particles.
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	 Fig. 4.1.11: Respiratory Protection

4.	 Body Protection
•	 What to Use: Chemical-resistant aprons, lab coats, overalls, or full-body suits (PVC, Tyvek, or 

coated fabrics).
•	 Why It’s Important: Prevents chemical exposure to skin and clothing. Provides protection 

during mixing, dyeing, and clean-up operations.

 
	 Fig. 4.1.12: Body Protection

5.	 Foot Protection
•	 What to Use: Closed-toe, non-slip, chemical-resistant safety boots with steel toes.
•	 Why It’s Important: Protects from spills, slippery floors, and heavy falling objects like containers 

or equipment parts.
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	 Fig. 4.1.13: Foot Protection

6.	 Hearing Protection (if applicable)
•	 What to Use: Earplugs or earmuffs.
•	 Why It’s Important: Useful in areas with loud machinery or air compressors used in automated 

dyeing systems.

 
	 Fig. 4.1.14: Hearing Protection 

Best Practices for PPE Usage

Providing PPE is only the first step; its effectiveness depends on consistent and correct use. The following 
best practices should be adopted at all textile processing facilities:

1.	 Training and Awareness
•	 Workers should be trained on:

	ᴑ The hazards associated with their roles.
	ᴑ How to properly wear, remove, and dispose of PPE.
	ᴑ What to do in case of PPE failure or chemical spills.

2.	 Inspection and Maintenance
•	 PPE must be checked regularly for:

	ᴑ Cracks, tears, or holes in gloves and aprons.
	ᴑ Fogging or scratches on safety goggles.
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	ᴑ Expiry of respirator cartridges.
	ᴑ Wear and tear on safety shoes.

3.	 Storage and Cleanliness
•	 PPE should be:

	ᴑ Stored in designated clean and dry areas.
	ᴑ Not shared among workers to prevent cross-contamination.
	ᴑ Replaced immediately if damaged or contaminated.

4.	 Emergency Readiness
•	 Install eyewash stations and safety showers near chemical handling zones.
•	 Ensure first aid kits and spill containment kits are accessible.
•	 Post signage to reinforce PPE usage in hazardous zones.

5.	 Supervision and Compliance Monitoring
•	 Supervisors should:

	ᴑ Enforce PPE rules strictly.
	ᴑ Monitor compliance during shifts.
	ᴑ Encourage reporting of unsafe conditions.

Consequences of PPE Negligence

•	 Neglecting the use of PPE can result in:
	ᴑ Skin irritation, rashes, or chemical burns.
	ᴑ Respiratory distress due to inhalation of fumes.
	ᴑ Eye damage from chemical splashes.
	ᴑ Long-term chronic health issues.
	ᴑ Fines or penalties during audits and inspections.

Task Required PPE

Chemical mixing Gloves, goggles, apron, mask

Dyeing machine operation Gloves, safety shoes, earplugs (if noisy)

Steam or hot water handling Heat-resistant gloves, apron, face shield

Powder dye handling Dust mask, goggles, gloves

Cleaning tanks or spills Full suit, gloves, boots, respirator if required

	 Table 4.1.3: PPE Matrix for Common Dyeing Tasks

The proper use of PPE in dyeing and printing facilities is a shared responsibility between management 
and workers. Management must provide the necessary equipment and ensure regular training, while 
workers must use PPE diligently to protect themselves and their co-workers.
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In modern textile processing, machines play a vital role in achieving consistent results at scale. The 
choice of machinery depends on factors such as production volume, fabric type, type of dye or print 
technique used, and specific customer requirements. This section delves deeper into the commonly 
used dyeing and printing machines, outlining their working principles, advantages, and ideal use cases.

Beaker Dyeing Machine

Purpose: Laboratory sampling and small-batch testing.

Features:

•	 Small-capacity stainless steel beakers, usually 100–500 ml.
•	 Temperature-controlled heating system with uniform rotation/agitation.
•	 Programmable settings to simulate bulk dyeing conditions.

Usage:

•	 Recipe development and approval before large-scale dyeing.
•	 Quality control for colour fastness testing.
•	 Used extensively in R&D departments to test new dyes or auxiliaries.

Advantages:

•	 Low material consumption.
•	 Accurate simulation of production dyeing.
•	 Supports quick shade adjustments before bulk processing.

 
	 Fig. 4.1.15: Beaker Dyeing Machine

Garment Dyeing Machine

Purpose: Used to dye fully constructed garments like T-shirts, jeans, or jackets.

Types:

•	 Rotary drum-type (horisontal or vertical).
•	 Paddle or air jet garment dyeing systems.

4.1.4 Types of Printing and Dyeing Machines
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Features:

•	 Capable of handling a variety of materials and blends.
•	 Lower liquor ratio, typically 1:4 to 1:6, resulting in water and energy efficiency.
•	 Gentle agitation mechanism to avoid damage to garments.

Process Flow:

•	 Load garments into drum.
•	 Introduce dye solution and start cycle.
•	 Automatic rinse and softening stages follow.

Considerations:

•	 Requires precise load balancing to avoid tangling or uneven dyeing.
•	 Not suitable for delicate or structurally weak fabrics.

 
	 Fig. 4.1.16: Beaker Dyeing Machine

Sample Printing Machine

Purpose: Trial runs of designs, colours, and patterns before full-scale production.

Types:

•	 Flatbed screen printing.
•	 Rotary screen printing.
•	 Digital inkjet printing systems.

Usage:

•	 Testing of new patterns and colourways.
•	 Sampling for client approval.
•	 Short production runs (e.g., customised fabrics or promotional goods).

Advantages:

•	 Cost-effective for testing new designs.
•	 Enables rapid iteration and feedback.
•	 Digital sample printers allow minimal waste and faster turnaround.
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	 Fig. 4.1.17: Printing Machine

Jet Dyeing Machine

Purpose: Dyeing delicate and high-volume woven or knitted fabrics.

Features:

•	 Uses high-pressure jets to circulate dye liquor and move the fabric.
•	 Typically operates at high temperatures (up to 135°C).
•	 Suitable for synthetic fabrics like polyester and blends.

Benefits:

•	 Low tension on fabric, reducing chances of distortion.
•	 Ideal for lightweight and stretch fabrics.
•	 Efficient liquor circulation ensures level dyeing.

Limitations:

•	 High initial investment.
•	 Requires careful process control to avoid creasing.

 
	 Fig. 4.1.18: Jet Dyeing Machine
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Jigger Dyeing Machine

Purpose: Batch dyeing of woven fabrics.

Operation:

•	 Fabric is wound back and forth between two rollers through a dye liquor bath.
•	 Operates at atmospheric or elevated temperatures depending on dye type.

Ideal for:

•	 Cotton, viscose, and blends that require controlled penetration.
•	 Producing solid shades with high uniformity.

Challenges:

•	 Risk of fabric creasing or tension issues.
•	 Manual monitoring required in older models.

 
	 Fig. 4.1.19: Jigger Dyeing Machine

Winch Dyeing Machine

Purpose: Suitable for dyeing delicate or loosely woven fabrics.

Key Characteristics:

•	 Fabric is sewn into an endless loop and circulated in the dye bath by a winch.
•	 Operates at atmospheric pressure.

Pros:

•	 Gentle fabric handling.
•	 Economical and simple to operate.

Cons:

•	 Higher liquor ratio (1:20 or more) increases water and energy use.
•	 Not ideal for very heavy fabrics.
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	 Fig. 4.1.20: Winch Dyeing Machine

Pad-Dry-Cure Machine

Purpose: Used in continuous dyeing and pigment printing processes.

Working Principle:

•	 Fabric is passed through a dye solution (padding).
•	 Then it is squeezed between rollers to control pick-up.
•	 Dried and cured using heated chambers.

Suitable for:

•	 High-speed production of solid colours and reactive/pigment prints.
•	 Synthetic and blended fabrics.

Benefits:

•	 High production speed.
•	 Consistency across long fabric lengths.

Limitations:

•	 Initial machine cost is high.
•	 Requires precision in temperature and pressure control.

 
	 Fig. 4.1.21: Pad-Dry-Cure Machine
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Machine Type Best For Liquor Ratio Key Advantage

Beaker Dyeing Sampling, R&D 1:20–1:40 Precision and low waste

Garment Dyeing Ready garments 1:4–1:6 Flexibility and lower water use

Jet Dyeing Knits and synthetics 1:6–1:8 Low fabric tension

Jigger Dyeing Wovens (cotton, viscose) 1:3–1:5 Uniform dyeing

Winch Dyeing Delicate fabrics 1:20+ Gentle handling

Pad-Dry-Cure Continuous dyeing/printing N/A High throughput

Sample Printing Short runs, prototyping N/A Design flexibility

Table 4.1.4: Key Dyeing & Printing Machines

Selecting the right machinery is crucial for the success of dyeing and printing operations. The machine 
type must be compatible with the fabric, production goals, and desired effects. Understanding their 
working principles and advantages helps in optimising production planning, reducing defects, and 
improving overall efficiency.

The dyeing and printing processes involve complex interactions between fibres, dyes, chemicals, and 
machinery. Achieving uniformity, fastness, and desired aesthetics requires precise control over certain 
key process parameters. Failure to regulate these parameters can result in defects such as uneven 
shade, colour bleeding, patchiness, or even damage to the fabric.

Below are the critical process parameters in dyeing and printing operations, along with their roles and 
methods for control.

Temperature: Temperature directly affects the rate of dye-fibre interaction, dye solubility, and diffusion. 
Different dyes and fibre types have optimal temperature ranges that must be strictly adhered to.

•	 Reactive dyes on cotton typically require temperatures around 60°C for proper fixation.
•	 Disperse dyes, used for polyester, require high temperature (up to 130°C) under pressure to 

facilitate dye penetration.
•	 Vat dyes need controlled high-temperature oxidation and reduction stages.

Example:

In a jet dyeing process for polyester fabric, if the temperature doesn’t reach 130°C, the dye may not 
fully diffuse into the fibre, resulting in dull or uneven colours.

Control Measures:

•	 Use automated dyeing machines with PID (Proportional-Integral-Derivative) controllers.
•	 Perform periodic calibration of heating elements and sensors.

4.1.5 Key Process Parameters for Effective Dyeing 
and Printing
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pH Levels: The pH of the dye bath influences the ionic state of both the dye and the fibre, impacting 
fixation and shade development.

•	 Acid dyes perform best in acidic environments (pH 4.5–5.5) for protein fibres like wool and silk.
•	 Reactive dyes require an alkaline pH (10–11) to form covalent bonds with cellulosic fibres.
•	 Incorrect pH can cause hydrolysis of dyes, leading to poor wash fastness or low fixation rates.

Example:

In reactive dyeing of cotton, if soda ash is added too early or in excess, the dye may hydrolyse before it 
bonds with the fibre, wasting dye and affecting shade strength.

Control Measures:

•	 Use pH meters or indicators to monitor the bath at regular intervals.
•	 Add pH buffers or neutralisers as needed.

Time (Dwell Time / Holding Time): Time is essential for ensuring uniform penetration and fixation of 
dyes. The total cycle time depends on the dye type, fibre, and machinery.

•	 Shorter times may cause poor dye uptake or unlevel dyeing.
•	 Overlong exposure could damage sensitive fabrics or increase cost due to unnecessary energy and 

water consumption.

Typical Ranges:

•	 Disperse dyeing: 30–60 minutes.
•	 Reactive dyeing: 40–60 minutes’ post salt and alkali addition.
•	 Pigment printing fixation: 3–5 minutes curing at 150–160°C.

Control Measures:

•	 Automated timers on machines to ensure consistent dwell periods.
•	 SOPs (Standard Operating Procedures) with time logs for each dye batch.

Material to Liquor Ratio (MLR): MLR is the ratio of the weight of the fabric to the volume of dye liquor 
used. It influences dye concentration, chemical efficiency, and resource consumption.

•	 A lower MLR (1:4–1:6) is resource-efficient but requires accurate process control.
•	 A higher MLR (1:10–1:20) offers more room for error but increases water and energy usage.

Example:

If the MLR for a cotton dyeing process is 1:5, then 5 litres of liquor is used for every 1 kg of fabric. If too 
little liquor is used, there may be inadequate dye movement, resulting in uneven dyeing.

Control Measures:

•	 Use weighing scales and calibrated tanks.
•	 Monitor machine fill levels and use programmable dosing systems.
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Agitation / Fabric Movement: Proper agitation ensures even dye or chemical distribution and prevents 
fabric creasing or floating.

•	 In exhaust dyeing, fabric movement helps maintain homogeneity.
•	 In jet dyeing, liquor movement agitates the fabric through pressure nozzles.
•	 In jigger dyeing, the fabric is passed repeatedly through the dye liquor.

Consequences of Inadequate Agitation:

•	 Patchy or streaky dyeing.
•	 Spotting due to dye aggregation.

Control Measures:

•	 Adjust fabric speed and direction in jigger or winch machines.
•	 Maintain appropriate pump speed and jet pressure in jet dyeing.

Concentration of Dyes and Chemicals: Correct dosing of dyes and auxiliaries determines colour depth, 
fixation, and fastness properties.

•	 Overuse increases cost and may lead to deposition or staining.
•	 Underuse results in pale shades or poor fastness.

Common Additives:

•	 Levelling agents: Ensure even dye distribution.
•	 Sequestering agents: Remove metal ions that can interfere with dyeing.
•	 Wetting agents: Improve fabric absorbency.

Control Measures:

•	 Use precision balances or automatic dosing systems.
•	 Maintain a dye log and SOPs for batch-wise usage.

Fabric Pre-treatment Condition: Pre-treatment like de-sizing, scouring, and bleaching affects dye 
uptake and final appearance.

•	 Uneven pre-treatment leads to blotchy dyeing.
•	 Residual waxes or sizing agents inhibit dye penetration.

Control Measures:

•	 Conduct water drop test and absorbency checks.
•	 Use standardised recipes for fabric preparation.

Water Quality: Water used in dyeing must be free from hardness, iron, or other contaminants that 
affect dye stability.

•	 Hard water can cause dye precipitation.
•	 Iron can lead to staining or colour variation.
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Control Measures:

•	 Use softening agents or ion-exchange systems.
•	 Periodic testing of water parameters (pH, hardness, TDS).

Developing an accurate and efficient dyeing recipe is fundamental to achieving consistent quality, 
optimised resource usage, and reduced production time. In modern textile units, recipe banks serve as 
valuable tools for standardising dyeing processes while offering flexibility for variations in fabric, shade, 
and production scale.

Step 1: Iden�fy 
FibreType

Step 2: Use 
Recipe Bank 
for Closest 

Match

Step 3: Adjust 
Parameters 
(MLR, temp, 

pH)

Step 4: Test 
and Document

	 Fig. 4.1.22: Recipe Development with Minimal Data

Recipe Bank

A recipe bank is a structured, digital or manual database that stores standardised and previously 
successful dyeing recipes. Each record typically includes details such as:

•	 Dye percentages
•	 Fibre type and GSM (grams per square metre)
•	 Material-to-liquor ratio (MLR)
•	 Dyeing temperature, pH, and cycle duration
•	 Type and amount of auxiliary chemicals
•	 Application methods
•	 Shade references (Pantone code or visual swatch)

This system allows dyeing technicians and colourists to quickly retrieve and adapt past recipes based on 
similarities with the current order, saving time and minimising waste.

4.1.6 Procedure for Developing a Dyeing Recipe Using 
a Recipe Bank
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Importance of Using a Recipe Bank

1.	 Increased Efficiency:
Recipes developed previously and proven successful are reused with minimal modifications, 
reducing the need for repeated lab trials.

2.	 Consistency in Shade Reproducibility:
Helps achieve similar results across batches, even if processed at different times or by different 
operators.

3.	 Flexibility and Adaptability:
Can be modified based on fabric structure, dye availability, machine capacity, or urgency.

4.	 Reduction in Errors:
Minimises human error in calculations and formula formulation, especially when automated recipe 
banks are integrated with dosing systems.

5.	 Cost Control:
By reducing trial-and-error dyeing, the recipe bank helps avoid excess dye and chemical usage, 
contributing to cost savings.

Minimum Input Data Required to Use a Recipe Bank

Before pulling or modifying a recipe from the bank, the following data must be collected:

1.	 Fibre Type and Fabric Structure
•	 E.g., 100% cotton, cotton-polyester blend, wool, nylon, etc.
•	 Also include information on weave (plain, twill), GSM, and fabric width.

2.	 Desired Shade or Colour Reference
•	 Pantone code or physical shade card.
•	 Shade depth: light, medium, or dark (often expressed as % shade depth).

3.	 Quantity of Fabric
•	 Used to calculate total dye and chemical requirements.

4.	 Dyeing Machine Details
•	 Capacity, liquor ratio, agitation method, and temperature control.

5.	 End-Use or Fastness Requirements
•	 Garments, upholstery, home textiles, etc., may require different standards for wash, light, or 

rubbing fastness.

Step-by-Step Procedure to Develop a Recipe Using the Recipe Bank

1.	 Search for a Similar Recipe
•	 Look for existing recipes in the bank with the same fibre, similar GSM, and close shade.
•	 If using software, filters or search tools can assist with quick retrieval.

2.	 Analyse and Compare Parameters
•	 Compare the selected recipe’s parameters (MLR, dyes used, auxiliaries) with current production 

settings.
3.	 Modify for Specific Needs

•	 Adjust dye percentage or auxiliaries based on shade depth or customer requirements.
•	 For example, a medium orange may require 1.2% Red H3B and 0.8% Yellow HE4R for cotton.
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4.	 Lab Trial / Pilot Batch
•	 Prepare a small lab sample (e.g., 10g fabric) using the modified recipe.
•	 Check for shade matching under standard light sources (D65, TL84, etc.).

5.	 Approval and Corrections
•	 Submit the lab sample for customer or internal QC approval.
•	 If needed, correct undertone or overtone using tonal adjustments from recipe bank suggestions.

6.	 Document the Final Recipe
•	 Save the adjusted recipe as a new version or variation in the bank with all relevant details:
•	 Date, operator, machine used, batch result, and any shade corrections made.

Ensuring Flexibility in the Recipe Bank

A rigid recipe bank can become a limitation when facing raw material constraints or specific customer 
requests. Therefore, it's essential to:

1.	 Maintain Alternatives for Dyes
•	 Provide substitute options for key dyes based on cost or availability (e.g., Red HE7B vs Red 

HE3B).
2.	 Allow for Recipe Scaling

•	 Recipes should be scalable from lab scale (e.g., 10g fabric) to production scale (e.g., 1000 kg 
fabric) with accurate proportional adjustments.

3.	 Include Various MLR Options
•	 Depending on machine size and load, have recipes for MLR 1:6, 1:8, and 1:10.

4.	 Integrate Fastness Expectations
•	 Link recipes with expected test results for wash, rubbing, and perspiration fastness, helping in 

end-use-specific adjustments.
5.	 Create Fibre-Specific Libraries

•	 Separate recipe libraries for cotton, polyester, wool, blends, etc., to reduce confusion and 
enable quicker search.

Challenge Solution

Lack of standardisation in 
shade names Use universal references like Pantone or CIE Lab values

Inaccurate historical data Regular validation of stored recipes and results

Operator dependence Digitise recipe banks and link them with automated dosing systems

Variability in dye lots Always verify new dye lots with a pre-dye test or standard correction 
factor

Table 4.1.5: Challenges and Its Effective Solutions

117



Participant Handbook

Creating a detailed dyeing recipe is a core aspect of textile colouration that ensures accuracy, consistency, 
and cost-effectiveness. A well-structured recipe guides the dyeing process from start to finish, helping 
to reproduce the desired shade while minimising material wastage and operational errors. Unlike a 
general guideline, a detailed dyeing recipe provides granular control over every step of the dyeing cycle 
and is tailored to specific production conditions.

Key Components of a Detailed Dyeing Recipe

To be effective, a dyeing recipe should include the following critical components:

1.	 Fabric Specifications
•	 Fibre Type: Cotton, polyester, wool, viscose, etc.
•	 GSM (Grams per Square Meter): Fabric thickness affects dye uptake.
•	 Fabric Width and Quantity: Impacts liquor volume and chemical calculations.

2.	 Dyes and Dye Quantities
•	 Selection of dyes based on fibre compatibility (e.g., reactive for cotton, disperse for polyester).
•	 Exact dye dosage in percentage (%) of fabric weight or grams/litre (g/L).
•	 Blends may require a mix of dye types.

3.	 Auxiliary Chemicals and Their Dosage
•	 Wetting agents: Improve dye penetration.
•	 Levelling agents: Prevent uneven dyeing.
•	 Dispersing/sequestering agents: Prevent staining or precipitation.
•	 Alkali/Acid agents: pH control (e.g., soda ash for reactive dyeing).

4.	 Material-to-Liquor Ratio (MLR)
•	 Determines how much water is used per unit of fabric.
•	 Common MLRs range from 1:5 to 1:10 depending on machine type.

5.	 Dyeing Cycle and Time
•	 A step-by-step timeline indicating:

	ᴑ Initial temperature and heating rate.
	ᴑ Hold times at various temperatures.
	ᴑ Addition timings for chemicals.
	ᴑ Cooling rates and rinse stages.

6.	 Process Conditions
•	 Temperature: e.g., 60°C for reactive, 130°C for disperse dyes.
•	 pH Level: Controlled using acids/alkalis to match dye chemistry.
•	 Dwell Time: Sufficient time for full dye fixation.
•	 Agitation: Type and speed of circulation or fabric movement.

7.	 Post-Dyeing Treatments
•	 Soaping: Removes unfixed dye, improves fastness.
•	 Neutralisation: Balances pH post dyeing.
•	 Softening/Finishing: Enhances fabric feel and drape.
•	 Fixing Agents: Improve wash and rubbing fastness.

4.1.7 Developing a Detailed Dyeing Recipe
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8.	 Water and Energy Consumption Estimates
•	 Helps in resource planning and sustainability audits.
•	 Safety and Environmental Considerations
•	 PPE guidelines for handling specific chemicals.
•	 Waste treatment instructions for effluents.

Step-by-Step Development Process

Here’s how a detailed dyeing recipe is typically developed:

Start with Recipe 
Bank Reference

Adjust for Fabric 
Type and Shade 

Depth

Calculate 
Chemical 

Requirements

Design the 
Temperature 

and pH Profile

Conduct a Lab 
Trial

Make 
Correc�ons if 

Needed

Finalize and 
Document

Fig: Development Process

Benefits of Detailed Recipes

1.	 Batch Consistency
•	 Ensures the same shade is reproducible regardless of operator or batch timing.

2.	 Process Optimisation
•	 Reduces trial-and-error, cuts down cycle times, and improves machine throughput.

3.	 Sustainability
•	 Minimises waste of dyes, chemicals, and water by calculating only what is needed.

4.	 Customer Satisfaction
•	 Achieves target shade and quality benchmarks on the first attempt.

5.	 Traceability
•	 A detailed recipe acts as a reference point for quality audits and customer queries.

Common Mistakes to Avoid

•	 Overlooking fabric pre-treatment status (e.g., scoured vs unscoured).
•	 Inconsistent temperature ramping or poor agitation.
•	 Neglecting to correct for water hardness or pH variation.
•	 Skipping post-dyeing soap wash, resulting in poor fastness.
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•	 Different types of dyes and chemicals like reactive, natural, and discharge dyes are used in textile 
processing.

•	 Fabrics such as cotton, wool, and synthetic fibres require specific dyeing methods.
•	 Proper use of Personal Protective Equipment (PPE) ensures safety during dyeing operations.
•	 Various machines like beaker dyeing, garment dyeing, and sample printing are used for different 

production needs.
•	 Key process parameters such as temperature, pH, and time affect dyeing and printing quality.
•	 A recipe bank helps in developing dyeing recipes efficiently using minimal data.
•	 Each dyeing recipe must include cycle time, Material to Liquor Ratio (MLR), and process parameters.
•	 Selecting suitable dyes and chemicals ensures proper colour fixation and fabric compatibility.
•	 Using accurate MLR helps maintain dye concentration and resource efficiency.
•	 Maintaining clean equipment ensures accurate results and prevents contamination.
•	 Recipe flexibility allows adjustments for shade matching and fabric differences.
•	 Safety and precision are essential for high-quality dyeing and printing outcomes.

Summary
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Multiple-choice Question:
1.	 Which of the following is a type of dye used in textile processing?

a. Reactive dye	 b. Food dye

c. Hair dye	 d. Oil dye

2.	 What type of material is suitable for reactive dyeing?
a. Plastic sheets	 b. Cotton and cellulosic fibres

c. Leather	 d. Paper

3.	 What is the purpose of using PPE during dyeing operations?
a. To protect workers from chemicals and heat	 b. To improve fabric colour

c. To reduce machine noise	 d. To increase production speed

4.	 Which parameter is crucial for achieving correct dyeing results?
a. Fabric size	 b. pH, temperature, and time

c. Fabric stitching style	 d. Colour of the machine

5.	 What does MLR stand for in a dyeing recipe?
a. Machine Load Ratio	 b. Material to Liquor Ratio

c. Material Loading Rate	 d. Machine Lubrication Ratio

Descriptive Questions:

1.	 What are the different types of dyes and chemicals used in textile dyeing?
2.	 How does fabric type affect the choice of dye and dyeing method?
3.	 Why is the use of Personal Protective Equipment important in dyeing operations?
4.	 How a dyeing recipe is developed using a recipe bank and minimal data?
5.	 What are the key parameters included in a complete dyeing recipe?

Exercise
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Notes

Scan the QR codes or click on the link to watch the related videos

https://youtu.be/j3mMrDChzHw?si=BNbhl-Z6HaQPb4Z-

Types Of Dyes Used In Textile Industry

https://youtu.be/OZ_MNH4XrkI?si=MnCEpuoOgtXAwpsV

Types of Digital Textile Printing Machines 
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By the end of this module, the participants will be able to:

1.	 Describe the importance of following written instructions during dyeing and printing operations.
2.	 Discuss the need for using proper Personal Protective Equipment (PPE) before and during work 

in the colour store.
3.	 Explain the method of weighing dyestuff in descending order, starting from larger to smaller 

quantities.
4.	 Describe the procedure for weighing dyestuff below 20 grams using a precision balance.
5.	 Analyse the correct method of weighing dyestuff separately to prevent cross-contamination.
6.	 Describe the key process parameters involved in dyeing and printing, including technical aspects 

and technologies.
7.	 Explain the process of dye fixation on different textile materials.
8.	 Describe different types of dye fastness such as water fastness and colour fastness.
9.	 Assess developed shades by matching them with standard samples or pantone shade cards.
10.	Examine how to verify that all operational controls are working correctly.

Key Learning Outcomes
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UNIT 5.1: Key Workplace Practices and Compliance

By the end of this unit, the participants will be able to:

1.	 Describe the importance of complying with written instructions in dyeing and printing operations.
2.	 Discuss the significance of using appropriate personal protective equipment (PPE) before and 

during work in the colour store.
3.	 Explain how to weigh dyestuff in descending order of quantity, beginning with larger amounts and 

ending with smaller amounts.
4.	 Describe how to weigh dyestuff below 20 grams using a precision balance.
5.	 Analyse the correct procedure for weighing dyestuff separately to avoid cross-contamination.
6.	 Examine how to check that all operational controls are functioning properly.

Unit Objectives

In the textile industry, especially within dyeing and printing departments, written instructions serve as 
a critical backbone of daily operations. These instructions are not merely administrative guidelines—
they are carefully designed protocols that ensure accuracy, consistency, safety, and quality in every 
production batch. Complying with these instructions is not optional but essential for efficient workflow, 
product quality, worker safety, and regulatory compliance.

Ensuring Accuracy and Consistency

Written instructions usually include technical details like:

•	 Recipe specifications (e.g., dye type, percentage, auxiliaries)
•	 Temperature and time settings
•	 Machine selection and fabric details
•	 Order numbers and customer requirements

By following these documents:

•	 Workers maintain batch-to-batch consistency, reducing variation in colour and finish.
•	 Human error is minimised, especially in complex dyeing cycles where precise control of process 

parameters is essential.
•	 Rework and wastage are significantly reduced, saving time, materials, and costs.

Meeting Customer Expectations and Quality Standards

Dyeing and printing involve custom shades, fastness levels, and surface effects based on the buyer's 
needs. The written instructions often come from:

•	 Work Orders
•	 Technical Data Sheets
•	 Customer Specifications

5.1.1 Importance of Complying with Written Instructions 
in Dyeing and Printing Operations
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Complying ensures:

•	 Products meet visual and performance standards (shade accuracy, wash fastness, etc.).
•	 Delivery timelines are adhered to without delays caused by reprocessing.
•	 Customer complaints and returns are reduced, enhancing business credibility.

Supporting Workflow Coordination and Team Communication

In a typical textile plant, multiple departments interact—planning, dyeing, printing, quality control, and 
dispatch. Written instructions serve as the common communication medium among these units.

•	 Operators know exactly what to do and when.
•	 Supervisors can monitor work progress and intervene if deviations occur.
•	 Shift changes or staff handovers become smooth, as incoming workers can quickly understand 

ongoing tasks.

Ensuring Safety and Regulatory Compliance

Textile dyes and chemicals are often hazardous. Written instructions may include:

•	 Safety guidelines for handling substances
•	 Environmental regulations (e.g., proper disposal, emissions control)
•	 Personal Protective Equipment (PPE) requirements

Adherence helps:

•	 Prevent accidents, burns, and toxic exposure.
•	 Ensure the plant complies with local and international safety standards like ISO, Oeko-Tex, or REACH.
•	 Protect the health of workers and the environment.

Record Keeping and Traceability

Written instructions are documented and stored for auditing and traceability purposes.

•	 Each production lot has a paper trail—what was dyed, when, how, and by whom.
•	 In case of any dispute or complaint, the records help investigate and take corrective action.
•	 They support continuous improvement by allowing comparison of past vs. current practices.

Enabling Training and Skill Development

Standard written procedures are an excellent training resource.

•	 New recruits can learn complex dyeing or printing procedures more effectively.
•	 It promotes a culture of discipline and professionalism.
•	 Workers learn to rely on facts and instructions rather than assumptions.

Adapting to Technological Advancements

Modern dyeing and printing units use automated systems and software to control machines.

•	 Many of these systems rely on digitally uploaded written instructions.
•	 Operators must understand how to read, interpret, and implement these commands accurately.
•	 This ensures smooth operation of automated or semi-automated production lines.
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The colour store is a critical and potentially hazardous area within any dyeing and printing facility. It 
houses a wide range of chemicals and dyestuffs—many of which are reactive, corrosive, or toxic in 
nature. Workers operating in or around this environment are routinely exposed to dust, fumes, liquids, 
and vapours that can pose serious health risks. To ensure safety and prevent occupational hazards, it is 
essential for workers to wear and correctly use appropriate Personal Protective Equipment (PPE) both 
before entering and during work in the colour store.

 
	 Fig. 5.1.2: PPE

Purpose of PPE in the Colour Store

PPE acts as a barrier between hazardous substances and the human body, significantly reducing the risk 
of accidents, injuries, and long-term health issues. The objectives of PPE use in the colour store are to:

•	 Prevent skin contact with reactive or irritant chemicals.
•	 Avoid inhalation of powder dyes or chemical vapours.
•	 Protect eyes from splashes of liquids or accidental spills.
•	 Minimise cross-contamination between different chemical areas.
•	 Maintain cleanliness and hygiene standards in the workplace.

Types of PPE Required in the Colour Store

Depending on the specific tasks and materials being handled, the following PPE is generally mandated:

1.	 Gloves
•	 Material: Nitrile, neoprene, or rubber gloves depending on chemical type.
•	 Function: Protects hands from corrosive or staining substances.
•	 Best Practice: Should be chemical-resistant and checked for tears before use.

2.	 Protective Clothing
•	 Lab Coats or Aprons: Worn to shield the body from spills and splashes.
•	 Full Body Suits: For handling highly reactive or dusty chemicals.

3.	 Respiratory Masks
•	 Dust Masks: Used when weighing powdered dyes to avoid inhalation.
•	 Cartridge Respirators: Required when working with volatile solvents or strong-smelling 

chemicals.

5.1.2 Significance of Using Appropriate Personal Protective 
Equipment (PPE) Before and During Work in the Colour Store
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4.	 Safety Goggles or Face Shields
•	 Purpose: Protects eyes from splashes during weighing, mixing, or transferring chemicals.
•	 Type: Should offer a tight seal and anti-fog coating.

5.	 Safety Footwear
•	 Description: Chemical-resistant boots or shoes with non-slip soles.
•	 Benefit: Protects feet from spills and provides grip on potentially slippery floors.

6.	 Head Coverings and Hairnets
•	 Use: Prevents loose hair from contaminating chemical containers and maintains hygiene.

Importance of Wearing PPE Before Work Begins

Wearing PPE before entering the colour store ensures that:

•	 Workers are prepared for unexpected exposure (e.g., spillage or container leaks).
•	 No delay occurs in donning protection after an incident has already started.
•	 A preventive approach is maintained, rather than reactive.

It is also critical that PPE is worn in a clean and secure condition. Donning dirty or worn-out PPE can be 
almost as hazardous as wearing none.

Maintaining PPE Hygiene and Storage

Even the most advanced PPE is ineffective if not well-maintained. Key practices include:

•	 Cleaning PPE after every use according to manufacturer guidelines.
•	 Storing in dry, cool locations away from direct sunlight and contamination.
•	 Inspecting regularly for holes, rips, or deterioration.
•	 Replacing damaged PPE immediately to avoid lapses in protection.

Supervisors should maintain a log of PPE issuance, inspections, and replacements to track compliance 
and condition.

Training and Awareness for PPE Usage

Proper training is essential to ensure that PPE is not just worn but used correctly. This includes:

•	 Demonstrating how to put on and remove PPE without contaminating oneself.
•	 Explaining the specific risks associated with the colour store.
•	 Educating workers on recognising early signs of chemical exposure or allergic reactions.
•	 Emphasising the legal obligations under workplace safety regulations (e.g., OSHA, ISO 45001, or 

national laws).

Consequences of Not Using PPE

Failure to use appropriate PPE can result in serious outcomes:

•	 Short-term risks: Skin burns, respiratory distress, eye irritation, headaches.
•	 Long-term risks: Chronic lung diseases, chemical sensitisation, reproductive harm, or cancer.
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•	 Operational impact: Production delays, increased absenteeism, legal liabilities, and non-compliance 
penalties.

Beyond physical harm, neglecting PPE undermines workplace culture, shows disregard for company 
policy, and sets a poor example for other team members.

PPE as Part of Organisational Safety Policy

Using PPE is not just an individual responsibility—it is embedded in the larger framework of occupational 
health and safety management systems. Employers must:

•	 Provide free and sufficient PPE to all relevant employees.
•	 Conduct risk assessments to determine what PPE is required.
•	 Regularly audit the colour store and other hazardous areas for safety compliance.
•	 Promote a zero-incident workplace culture where PPE use is non-negotiable.

In the high-risk environment of a colour store, appropriate use of PPE is non-negotiable. It safeguards 
health, promotes efficient work practices, and ensures compliance with legal and industrial standards. 
From gloves and goggles to respirators and lab coats, each item plays a specific role in preventing 
exposure to harmful substances. Every dyeing and printing professional should not only wear PPE but 
understand its purpose, maintain it properly, and promote its use as an essential part of workplace 
discipline and responsibility.

Accurate dye weighing is one of the most essential tasks in dyeing and printing processes, as it directly 
affects shade matching, colour consistency, and fabric quality. A recommended best practice followed in 
most textile operations is weighing dyestuff in descending order of quantity—starting from the largest 
amount and ending with the smallest. This technique ensures better control, avoids contamination, 
and reduces chances of error in measurement.

Importance of Order in Weighing

The order in which dyestuff components are weighed matters because:

•	 It helps avoid overdosing smaller quantities, which are more sensitive to slight changes.
•	 It ensures the balance remains stable and clean, especially when dealing with small-scale weighing.
•	 It allows early correction of larger quantity errors, which have a greater impact on the final outcome.
•	 It minimises chances of spillage and cross-contamination among different dyestuffs.

5.1.3 How to Weigh Dyestuff in Descending Order 
of Quantity
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Step-by-Step Weighing Procedure

 

Prepare the 
Work Area

Start with 
the Largest 
Quantity

Proceed to 
Medium 
Quantity 
Components

Finish with 
the Smallest 
Quantities

	 Fig. 5.1.3: Weighing Procedure

Reasons for Following Descending Order

1.	 Minimises Risk of Contamination
•	 Larger quantities are easier to weigh and transfer. Starting with them ensures that leftover 

traces from smaller quantities do not affect the larger batches.
2.	 Supports Better Handling and Visibility

•	 Heavier weights are easier to measure accurately. If smaller amounts are weighed first, they 
may get lost in the process or stuck to tools.

3.	 Prevents Waste
•	 Any excess from larger weights can often be reused or corrected, while mistakes in smaller 

weights may be difficult to recover and cause costly re-weighing.

Practical Tips for Accuracy

•	 Always use separate spatulas or scoops for each dye or chemical.
•	 Close dye containers immediately after use to avoid moisture absorption.
•	 If working in a humid environment, use a dehumidifier or dry cabinet for powder storage.
•	 Perform weighing in a draft-free, vibration-free area.

Mistake Consequence

Weighing small amounts first Risk of mismeasurement due to environmental factors

Using same spatula for all dyes Leads to cross-contamination

Skipping tare setting Causes cumulative error

Handling powders in an open space Inhalation and safety hazards

Table 5.1.1: Common Mistakes to Avoid

Weighing Log and Documentation

After each component is weighed:

•	 Record the exact weight.
•	 Note any adjustments or corrections.
•	 Keep a traceable log that can be referenced for future batches.

Maintaining this log supports quality assurance and troubleshooting in case of shade mismatch or 
processing issues.
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Integration into SOPs (Standard Operating Procedures)

This descending order method should be clearly documented in the facility’s SOPs for:

•	 Training new employees
•	 Audit compliance
•	 Batch consistency

Standardising this practice ensures uniformity across teams and shifts.

In textile dyeing and printing, the precision of small quantity measurement is crucial—especially when 
working with dye amounts less than 20 grams. Even a deviation of 0.1 grams can significantly alter 
shade results, particularly in lab-dip development, sampling, or when formulating recipes for fine 
colour correction. A precision balance is the essential equipment for such tasks.

 

Calibrate 
Balance 

Place 
Clean 

Container  

Tare the 
Weight 

Add Dye 
Gradually 

Record 
the Exact 
Weight 

Close Lid 
to Prevent 

Air Flow 
Errors

Fig. 5.1.4: Steps for Precision Weighing (<20g)

Precision Balance

A precision balance (also known as an analytical balance) is a highly sensitive weighing instrument 
designed to measure minute amounts of substances accurately. It usually displays weights up to at least 
two or three decimal places (e.g., 0.001g) and is enclosed in a draft shield to protect from environmental 
influences.

 
	 Fig. 5.1.5: Precision Balance

5.1.4 Weighing Dyestuff Below 20 Grams Using a 
Precision Balance
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Key Features:

•	 Sensitivity up to 0.001g (1 milligram).
•	 Draft shield or glass enclosure to prevent disturbances.
•	 Tare function for container weight subtraction.
•	 Internal or external calibration options.
•	 Digital display for quick reading.

Importance of Using a Precision Balance for <20g

•	 Accuracy: Essential for maintaining shade consistency.
•	 Reproducibility: Guarantees that dyeing results can be duplicated.
•	 Cost control: Small quantities of high-cost dyestuff are used efficiently.
•	 Lab formulation: Dye houses use small dyeing trials to develop recipes before scaling to production.

Step-by-Step Procedure for Weighing Below 20g

1.	 Prepare the Precision Balance
•	 Ensure the balance is placed on a vibration-free, level surface.
•	 Turn it on and allow it to warm up for a few minutes (if required).
•	 Check calibration. If using an external calibration weight, perform calibration before use.

2.	 Place the Container
•	 Use a lightweight, clean container or weighing paper that does not react with dyes.
•	 Open the draft shield and place the container on the balance.
•	 Press the tare button to reset the display to zero with the container in place.

3.	 Add the Dyestuff Slowly
•	 Using a clean micro-spatula or small scoop, add the dyestuff gradually.
•	 Watch the display as the weight increases.
•	 Aim to stop slightly before the target, then gently add trace amounts to reach the exact figure.
•	 If you go slightly over, carefully remove a small quantity to adjust.

4.	 Close the Draft Shield During Weighing
•	 Environmental factors like air drafts, humidity, and vibrations can affect measurement.
•	 Always close the draft shield door when recording the final weight.

5.	 Record the Weight
•	 Once the display stabilises, note the exact weight.
•	 Avoid rounding unless specified by the SOP.

Practice Benefit

Use dry, dust-free containers Prevents contamination and inaccurate weights

Handle dyes with dry, clean spatulas Avoids dye sticking and affecting measurements

Do not touch containers with bare hands Body heat and oils can change readings

Avoid placing hot substances Heat affects the internal mechanism of the balance

Calibrate frequently Ensures ongoing accuracy

Clean after every use Maintains equipment integrity and hygiene

Table 5.1.2: Best Practices for Precision Weighing
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Safety Considerations

•	 Always wear gloves and a mask while handling fine dye powders, especially below 20g, where 
powders are more airborne.

•	 If weighing toxic or reactive dyes, conduct the procedure in a fume hood or under exhaust 
ventilation.

•	 Use anti-static brushes or cloth to clean spilled dye particles from the scale.

Error Cause Solution

Unstable readings Draft or air movement Close draft shield completely

Overshooting target weight Pouring too fast Use a fine spatula, add slowly

Sticky residue affects weight Dye powder sticks to 
container Use anti-static containers or paper

Balance doesn't zero correctly Container is wet or heavy Use tare function properly; ensure 
container is dry

Table 5.1.3: Common Errors in Weighing <20g and Their Solutions

Correct Approach:

1.	 Start with a clean, dry container.
2.	 Tare the balance.
3.	 Add Dye X slowly until 14.250g is reached.
4.	 Repeat for Dye Y and Z with separate containers and spatulas.
5.	 Record weights in the lab dyeing log.

Integration in Industrial Practice

In large textile units, weighing below 20 grams is especially important in:

•	 Sample development labs for buyer approvals.
•	 Shade correction processes.
•	 Pilot runs before bulk production.
•	 Laboratory-scale recipe trials to estimate bulk consumption.

In textile dyeing and printing, cross-contamination of dyes during the weighing process can lead to 
inaccurate shades, production errors, and ultimately, financial losses. To ensure shade accuracy and 
recipe fidelity, it is essential to weigh each dyestuff separately, using clean tools and designated 
containers. This sub-unit explains the rationale, procedures, and best practices for preventing cross-
contamination in a professional dyeing setup.

5.1.5 Weighing Dyestuff Separately to Avoid 
Cross-Contamination
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Store 
Unused 

Dyes 
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Touching 
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Directly 
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Separate 

Containers 

	 Fig. 3.1.6: Steps to Prevent Cross-Contamination

Cross-Contamination in Dyeing

Cross-contamination occurs when traces of one dye mix or colour unintentionally come into contact 
with another, usually during handling, weighing, or storage. This can result in:

•	 Unintended colour tones or shade variation.
•	 Staining or colour bleeding during dyeing.
•	 Rejection of production batches by quality control or buyers.
•	 Increased reprocessing costs and material waste.

Importance of Weighing Dyestuff Separately

Weighing dyestuffs individually ensures:

•	 Accuracy in shade development.
•	 Purity of dye components.
•	 Reproducibility of dyeing results in both lab and bulk production.
•	 Elimination of contamination from residual particles.
•	 Higher quality output with fewer defects.

Step-by-Step Process for Separate Weighing

1.	 Prepare Dedicated Containers and Tools
•	 Use clean, labelled containers for each dye.
•	 Assign separate spatulas or scoops to each dye or pigment.
•	 Avoid reusing tools between dye lots unless thoroughly cleaned.

2.	 Clean the Weighing Area
•	 Before beginning, clean the balance pan and surrounding worktop to remove any prior dye 

residue.
•	 Use anti-static cloths or brushes, as fine dye powders are often attracted to surfaces via static 

electricity.
3.	 Weigh Each Dye One at a Time

•	 Tare the balance with the first container.
•	 Add dye slowly and carefully to reach the required weight.
•	 Remove the container once done, seal it, and label it clearly.
•	 Clean the weighing surface before moving to the next dye.

4.	 Handle One Dye at a Time
•	 Keep all other dyes closed while working with one to prevent airborne transfer of powders.
•	 Minimise talking, sneezing, or fanning over open dye containers.
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5.	 Keep Colour Codes and Recipes Visible
Have the dye recipe card clearly displayed to ensure that the correct dyestuff is used each time.

Best Practice Benefit

Use colour-coded tools (e.g., red scoop for red 
dye) Easy identification and avoids accidental mixing

Wipe down balance tray after each weighing Prevents leftover particles from mixing with the 
next dye

Handle only one open dye container at a time Limits exposure and airborne transfer

Use disposable weighing paper where possible Reduces clean-up time and chance of carry-over

Clean scoops and containers after use Maintains hygiene and dye purity

Table 5.1.4: Best Practices for Preventing Cross-Contamination

Tools and Equipment for Safe Weighing

•	 Anti-static gloves: Reduces the attraction of powder to the skin.
•	 Separate spatulas/scoops: Ideally one per dyestuff.
•	 Weighing boats or paper: Helps contain powders.
•	 Dust extraction system or hood: Prevents fine powders from spreading in the air.
•	 Closed dye dispensers (automated): Used in advanced setups to eliminate human handling errors.

Mistake Effect Solution

Using same container/spoon 
for multiple dyes Mixes colours unintentionally Assign dedicated tools per 

dye

Weighing over unclean surface Accidental transfer of other dyes Always clean between uses

Storing weighed dyes together 
without labels

Risk of confusion and wrong dye 
usage Use clear, labelled containers

Not sealing dye containers after 
use Leads to dust contamination Seal tightly after each use

Table 5.1.5: Common Mistakes and How to Avoid Them

In Industrial and Lab Settings

•	 In production floors, cross-contamination prevention reduces batch failures.
•	 In lab dyeing, where accuracy is paramount for sample development, even minute contamination 

can cause rejected shade cards.
•	 Automated dye dispensers in high-end facilities use separate nozzles and pipes for different dyes 

to avoid human error.

Consequence Impact

Off-shade fabrics Customer dissatisfaction or rework

Re-dyeing needed Increases cost, labour, and time
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Consequence Impact

Lab dips not matching bulk Delay in buyer approvals

Equipment damage Incompatible chemicals may react

	 Table 5.1.6: Consequences of Ignoring Cross-Contamination Protocols

Avoiding cross-contamination while weighing dyestuffs is a basic yet non-negotiable discipline in dyeing 
and printing operations. It supports quality control, ensures recipe accuracy, and maintains process 
integrity. Training workers in these procedures and reinforcing best practices regularly is essential for 
both small-scale units and large textile mills.

Operational controls are essential mechanisms and checks embedded within dyeing and printing 
processes to ensure that all equipment and procedures function smoothly, efficiently, and safely. These 
controls play a vital role in maintaining quality standards, protecting workers, preventing accidents, and 
minimising downtime. By routinely examining these operational controls, dyeing personnel can ensure 
consistent output, avoid machinery breakdowns, and adhere to compliance protocols.

Operational Controls

Operational controls refer to the physical, mechanical, electronic, and procedural mechanisms involved 
in the dyeing and printing setup that guide and regulate the entire process. They include:

•	 Equipment panels and control units
•	 Valves, switches, and gauges
•	 Programmable settings like temperature, pressure, and time
•	 Software interfaces (for automated systems)
•	 Safety interlocks and emergency shutdown features

Importance of Examining Operational Controls

Regular checks of operational controls ensure:

•	 Accurate execution of dyeing recipes and print runs
•	 Prevention of deviations or machine malfunctions
•	 Avoidance of safety hazards such as overpressure or overheating
•	 Optimised usage of dyes, chemicals, and energy
•	 Compliance with industrial standards and audit requirements

Common Operational Controls in Dyeing and Printing Units

1.	 Temperature Controls
•	 Most dyeing processes require specific temperature settings.
•	 Digital thermostats and heating elements must be monitored.
•	 Any malfunction can cause under- or over-dyeing.

5.1.6 Examining Operational Controls in Dyeing and Printing
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2.	 Pressure Gauges
•	 Especially in high-temperature dyeing machines like jet or HT-HP machines.
•	 Pressure must stay within permissible limits for safety and process effectiveness.

3.	 Flow Meters and Valves
•	 Control the flow of water, dye solution, or steam.
•	 Must be calibrated and cleaned to avoid clogging and inaccurate dosing.

4.	 Timer Settings
•	 Critical for setting heating, holding, and cooling durations.
•	 A faulty timer can cause insufficient dye penetration or overexposure.

5.	 Speed Controllers (Printing Machines)
•	 Control fabric movement and roller rotation.
•	 Any irregularity affects design alignment and print clarity.

6.	 Emergency Stop Buttons
•	 Must be accessible and functional in case of sudden hazards.
•	 Workers should be trained to use them during fire, spillage, or mechanical faults.

Daily Checklist for Operational Control Examination

Before starting any dyeing or printing task, operators should perform a standardised inspection. Here's 
a sample checklist:

Control Item Action Required

Temperature controller Set to correct value and test display

Pressure gauge Check pressure stability and limits

Timer settings Set and test for automatic start/stop

Valves and flow controls Open/close properly and no leakage

Display screens Fully functional with no error codes

Emergency shutdown Test button operation

Alarm systems Audible and visible warnings active

	 Table 5.1.7: Sample Checklist

Preventive Maintenance and Calibration

•	 All control systems must be part of a preventive maintenance schedule.
•	 Regular calibration ensures reading accuracy for temperature, pressure, and chemical flow.
•	 Maintenance logs should be maintained, and faulty components replaced promptly.

Operator Responsibilities

Every operator should:

•	 Understand how to read and interpret control panel data.
•	 Be able to adjust settings based on the type of fabric and dyeing recipe.
•	 Report any anomalies or malfunctions immediately to the supervisor or maintenance team.
•	 Never override automatic safety systems without authorisation.
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Role of Automation in Operational Controls

Modern dyeing and printing units are increasingly automated, integrating PLC (Programmable Logic 
Controller) or SCADA systems. These offer:

•	 Real-time data on all operational parameters.
•	 Auto shut-down on fault detection.
•	 Recipe-driven process control with fewer human errors.

Despite automation, human oversight remains critical, especially during shift changes or unexpected 
alerts.

Safety Protocols During Control Checks

1.	 Ensure the machine is in standby mode or powered down before physically inspecting controls.
2.	 Use PPE, especially when checking hot surfaces or steam valves.
3.	 Never bypass control systems during troubleshooting unless guided by technical experts.

Ignored Control Possible Outcome

Faulty thermostat Dye does not fit properly, poor shade result

Malfunctioning timer Incomplete dye cycle, patchy dyeing

Clogged valves Chemical flow imbalance, fabric staining

Disabled alarms Safety hazard goes unnoticed, risk of injury

Pressure gauge errors Machine overpressure, explosion risk

	 Table 5.1.8: Consequences of Ignoring Operational Control Checks
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UNIT 5.2: Technical Aspects of Dyeing and Printing

By the end of this unit, the participants will be able to:

1.	 Describe the process parameters for dyeing and printing, including technicalities and technologies.
2.	 Explain the mechanism of dye fixation in textile substrates.
3.	 Describe the various types of dye fastness, such as water fastness and colour fastness.
4.	 Assess the developed shades by comparing them with a standard sample or pantone shade card.

Unit Objectives

The quality and consistency of dyed and printed textiles depend heavily on precise control of process 
parameters. These parameters influence how dyes interact with fibres, how evenly colour is distributed, 
and how well it adheres to the fabric. With the advancement of modern technologies, these processes 
have become more streamlined, accurate, and sustainable.

Key Process Parameters 

1.	 Temperature
•	 Role: Temperature affects dye solubility, diffusion into fibres, and the rate of chemical reactions.
•	 Examples:

	ᴑ Reactive dyes typically require 60°C for optimal fixation with cellulose fibres.
	ᴑ Disperse dyes for polyester need high temperatures (120–130°C) under pressure in closed 

systems.
•	 Why it matters: Too low a temperature leads to incomplete dyeing; too high can damage the 

fabric or degrade the dye.
2.	 Time (Dyeing Cycle)

•	 Definition: Total duration from the start of the process to final rinse.
•	 Stages:

	ᴑ Heating Time: Ramp-up to target temperature.
	ᴑ Holding Time: Maintain temperature for dye fixation.
	ᴑ Cooling Time: Gradual reduction to prevent fibre damage.

•	 Practical Tip: Inconsistent cycle times between batches can result in visible shade variations.
3.	 pH Levels

•	 Significance: pH determines dye ionisation and fibre interaction.
•	 Examples:

	ᴑ Acid dyes require acidic conditions (pH 4–5) to bind to protein fibres like wool and silk.
	ᴑ Reactive dyes prefer alkaline pH (10–11) for bond formation with cellulose fibres.

•	 Control Measures: Use of buffers, acids (acetic acid), or alkalis (soda ash) to maintain pH 
throughout the process.

5.2.1 Process Parameters in Dyeing and Printing: 
Technicalities and Technologies 
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4.	 Material to Liquor Ratio (MLR)
•	 Definition: The proportion of fabric weight to the volume of dye solution.
•	 Common Ratios:

	ᴑ 1:5 to 1:10 for exhaust dyeing.
	ᴑ Lower ratios (1:4) used in modern dyeing machines to conserve water and energy.

•	 Impact: Influences dye uptake, uniformity, and resource efficiency. Incorrect MLR leads to 
patchy results or excessive chemical usage.

5.	 Agitation and Flow
•	 Purpose: Ensures even dye distribution and penetration.
•	 Methods:

	ᴑ Jet Dyeing: High-speed liquor flow moves fabric through the dye bath.
	ᴑ Winch and Jigger: Fabric is moved mechanically while immersed in dye liquor.

•	 Problem Avoidance: Inadequate agitation can cause uneven dyeing (streaks, blotches).
6.	 Additives and Auxiliaries

•	 Functions:
	ᴑ Levelling agents: Prevent uneven dye uptake.
	ᴑ Dispersants: Help disperse dyes in the liquor.
	ᴑ Chelating agents: Bind metal ions that interfere with dyeing.
	ᴑ pH regulators: Maintain consistent acidity or alkalinity.

•	 Key Note: Overuse or incompatible chemicals can negatively impact colour development.

Technological Advancements in Dyeing and Printing

1.	 Jet and Airflow Dyeing Machines
•	 Jet Dyeing:

	ᴑ Circulates fabric and dye liquor using jets of high-speed fluid.
	ᴑ Suitable for lightweight and delicate materials.

•	 Airflow Dyeing:
	ᴑ Replaces water with air as the transport medium.
	ᴑ Highly efficient in water and energy usage.
	ᴑ Ideal for eco-friendly operations.

 
	 Fig. 5.2.1: Jet Dyeing Machine
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2.	 Digital Textile Printing
•	 Advantages:

	ᴑ No need for screens or plates.
	ᴑ Customisable, high-resolution prints.
	ᴑ Perfect for small batches or complex designs.

•	 Inks Used: Reactive, acid, disperse, and pigment inks tailored to fibre types.
•	 Applications: Fashion, home décor, and custom textile design.

 
	 Fig. 5.2.2: Digital Textile Printing

3.	 Automation and PLC-Based Systems
•	 PLC (Programmable Logic Controllers):

	ᴑ Automate dosing, heating, pH control, and dyeing cycles.
	ᴑ Improve precision and reduce human error.

•	 SCADA Systems:
	ᴑ Supervisory control and data acquisition systems for real-time monitoring.
	ᴑ Helpful in large-scale industrial dyeing.

 
	 Fig. 5.2.3: PLC Based Systems

4.	 Energy and Water Saving Technologies
•	 Low Liquor Ratio Machines:

	ᴑ Designed to work efficiently with less dye liquor.
•	 Water Recycling Units:

	ᴑ Reuse rinse water and cooling water after treatment.
•	 Heat Recovery Systems:

	ᴑ Use waste heat to pre-warm incoming water, saving energy.
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5.	 Integration of Sustainability
Modern dyeing and printing are increasingly aligned with sustainability goals. Process parameter 
optimisation also supports:

•	 Zero Discharge of Hazardous Chemicals (ZDHC) compliance.
•	 Better resource utilisation through optimised MLR and temperature control.
•	 Eco-friendly chemicals replacing harmful auxiliaries.

6.	 Importance of Process Monitoring and Control
•	 Sensors and Feedback Systems:

	ᴑ Monitor pH, temperature, and dye bath concentration.
•	 Batch Reports and Logs:

	ᴑ Record parameters for traceability and future reference.
•	 Corrective Actions:

	ᴑ Deviations from set parameters can be corrected in real-time.

Dye fixation is a fundamental step in textile dyeing that ensures the dye adheres effectively to the fabric. 
Fixation determines how well the dye bonds with the fibre and directly influences colour fastness, 
shade uniformity, and durability of the dyed product. The type of fixation mechanism depends on the 
nature of both the fibre and the dye class being used.

Fundamentals of Dye Fixation

Fixation refers to the degree to which dye molecules become insolubly attached to the fibres. After the 
dye is absorbed (exhausted) from the dye bath, fixation is what transforms the temporary absorption 
into a permanent bond.

The goal of fixation is to:

•	 Ensure the dye doesn't wash out during laundering.
•	 Prevent colour bleeding or fading.
•	 Achieve strong dye-fibre interaction (ionic, covalent, or physical).

Major Types of Dye-Fibre Interactions

1.	 Ionic Bonding (Electrostatic Interaction)
•	 Occurs when oppositely charged dye and fibre attract each other.
•	 Example: Acid dyes (-ve charge) with wool or nylon (+ve amine groups).
•	 Properties:

	ᴑ Easy to apply.
	ᴑ Moderate wash fastness.
	ᴑ pH control is essential.

2.	 Covalent Bonding (Strongest and Permanent)
•	 Chemical bond forms between reactive dyes and fibre molecules.
•	 Example: Reactive dyes with cellulose (cotton, viscose).
•	 Requires alkaline pH and heat (typically 60°C).
•	 Very high wash and rubbing fastness.

5.2.2 Mechanism of Dye Fixation in Textile Substrates 
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3.	 Hydrogen Bonding & Van der Waals Forces
•	 Weaker physical forces but contribute significantly in direct and disperse dye applications.
•	 Example: Direct dyes on cotton, disperse dyes on polyester.
•	 Not permanent—may need fixation treatments.

4.	 Physical Entrapment or Diffusion
•	 Dyes diffuse into the amorphous regions of the fibre and get locked as the fibre cools or 

recrystallises.
•	 Example: Disperse dyes on polyester at high temperature (~130°C).
•	 Relies on thermoplastic behaviour of synthetic fibres.

5.	 Mechanical Fixation (for Pigments)
•	 Pigments do not penetrate fibres; instead, they are fixed to the fabric surface using binders.
•	 Common in printing.
•	 Requires curing at high temperatures (~150°C) for binder polymerisation.

Dye Type Fibre Fixation 
Mechanism Conditions

Reactive Dyes

Cotton, viscose Covalent bond Alkaline pH, 60°C, 
salt and soda ash

Acid Dyes

Wool, silk, 
nylon Ionic bond Acidic pH (4–5), 

40–60°C

Disperse Dyes

Polyester, 
acetate

Physical diffusion 
& Van der Waals

High temp (120–
130°C), pressure

143



Participant Handbook

Dye Type Fibre Fixation 
Mechanism Conditions

Vat Dyes

Cotton Insolubilisation 
(oxidation)

Reduced state in 
alkaline bath

Direct Dyes

Cotton Hydrogen 
bonding

Neutral or slightly 
alkaline pH

Pigment Dyes

All Binder fixation 
(mechanical)

Heat cured 
(~150°C)

Table 5.2.1: Fixation Mechanism by Dye Type

Conditions Required for Optimal Fixation

To achieve maximum dye fixation, several processing conditions must be controlled:

1.	 Temperature
•	 Enhances dye molecule movement and reactivity.
•	 Each dye class has its own optimum fixation temperature range.

2.	 pH
•	 Influences dye reactivity and bonding sites on fibres.
•	 Controlled using chemicals like soda ash (alkaline) or acetic acid (acidic).
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3.	 Time
•	 Adequate contact time is needed for dye to react with or diffuse into the fibre.
•	 Holding time must match the dye manufacturer’s guidelines.

4.	 Moisture Content
•	 In printing, moisture helps facilitate fixation of dyes, especially in steaming processes.

5.	 Dye Selection
•	 Different dyes have different reactivity and affinity.
•	 Higher-quality dyes often offer better fixation rates and fewer unreacted residues.

6.	 Fibre Condition
•	 Pre-treatment steps (scouring, bleaching) ensure the fibre is clean and absorbent.
•	 Impurities or uneven pre-treatment can hinder fixation and cause patchy results.

Post-Fixation Processes

Even after fixation, further steps are needed to ensure quality and colour durability:

1.	 Soaping
•	 Removal of unfixed dye using detergent or soap solution at high temperatures.
•	 Critical for reactive, direct, and vat dyes.

2.	 Washing
•	 Rinsing to remove any residual dye or chemicals.
•	 Multiple baths may be required for dark or reactive-dyed goods.

3.	 Drying & Curing
•	 For pigment printing, curing fixes the binder to the fibre.
•	 Needs precise time and temperature control.

Fixation Efficiency and Its Measurement

Fixation efficiency is typically defined as the percentage of dye that remains attached to the fibre after 
washing and soaping.

 

Formula:
Fixa�on % = (Amount of fixed dye / Total dye applied) ×

100

•	 Assessment Methods:
	ᴑ Spectrophotometric analysis of dye liquor before and after process.
	ᴑ Shade matching compared to lab standards.
	ᴑ Colour fastness testing.

High fixation percentages indicate:

•	 Better dye-fibre interaction.
•	 Less dye waste and effluent load.
•	 Greater cost-effectiveness.
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Practical Tips to Improve Fixation

1.	 Always use freshly prepared dye solutions, especially for reactive dyes.
2.	 Ensure accurate pH adjustment before adding dye or alkali.
3.	 Preheat water to recommended temperatures to avoid thermal shock to fabrics.
4.	 Use soft water (low hardness) to prevent interference with dye molecules.
5.	 Avoid overloading dyeing machines to maintain liquor circulation and even fixation.

Dye fastness is a critical measure of the resistance of dyed or printed fabrics to fading, bleeding, or 
transferring colour when subjected to various external influences. High fastness ensures that the fabric 
retains its intended appearance, durability, and performance in end-use conditions such as washing, 
rubbing, sweating, and light exposure.

Understanding Dye Fastness

Fastness properties depend on:

•	 The type of dye used (reactive, acid, disperse, vat, etc.).
•	 The fibre type (cotton, polyester, wool, etc.).
•	 The method of application (dyeing vs. printing).
•	 The fixation and post-treatment quality (e.g., soaping, curing).

Standardised test methods, such as those prescribed by ISO, AATCC, or BIS, are used to evaluate and 
grade fastness levels.

Types of Fastness Properties

1.	 Water Fastness
•	 Definition: Ability of the dyed fabric to retain colour when immersed in water or subjected to 

wet conditions.
•	 Test Scenario: Simulates soaking or exposure to damp environments.
•	 Grading: 1 (very poor) to 5 (excellent).
•	 Affected By:

	ᴑ Type of dye-fibre bond (e.g., covalent bonds in reactive dyes yield higher fastness).
	ᴑ Dye solubility (less soluble dyes bleed less).
	ᴑ Efficiency of washing off unfixed dye.

•	 Example: Vat dyes on cotton exhibit excellent water fastness, while basic dyes tend to perform 
poorly.

2.	 Wash Fastness
•	 Definition: Measures colour retention after repeated laundering.
•	 Grading: Typically rated from 1 to 5 (ISO 105-C06 method), higher being better.
•	 Importance: Most critical for garments that are frequently washed, such as shirts, uniforms, or 

home textiles.

5.2.3 Types of Dye Fastness: Water Fastness and 
Colour Fastness 
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•	 Factors Influencing:
	ᴑ Strength of dye-fibre bond (reactive and vat dyes perform best).
	ᴑ Type of washing detergent and temperature.
	ᴑ Mechanical action and washing duration.

Good Practices:

•	 Use of proper soaping agents to remove unfixed dyes.
•	 Ensuring complete fixation through optimal pH and temperature.

3.	 Light Fastness
•	 Definition: Resistance of colour to fading due to sunlight or artificial light (usually ultraviolet 

radiation).
•	 Grading: Scale from 1 (very poor) to 8 (excellent), according to ISO 105-B02.
•	 Critical for: Curtains, upholstery, outdoor fabrics.
•	 Dye Types:

	ᴑ Vat and disperse dyes show higher resistance.
	ᴑ Basic and direct dyes are more prone to fading.

•	 Environmental Factors:
	ᴑ UV intensity, humidity, and ozone levels influence fading.

Tip: Use of UV stabilisers and appropriate dye selection can enhance light fastness.

4.	 Rubbing Fastness (Crocking Fastness)
•	 Definition: The ability of the dyed surface to resist transferring colour when rubbed.
•	 Types:

	ᴑ Dry Crocking: When fabric is rubbed with a dry white cloth.
	ᴑ Wet Crocking: When rubbed with a moist cloth—usually shows more dye transfer.

•	 Grading: 1 (poor) to 5 (excellent) under ISO 105-X12.
•	 Relevance: Important for clothing (especially dark shades), furnishings, and automotive textiles.

Improvement Techniques:

•	 Effective washing-off steps post-dyeing.
•	 Use of cationic fixers or crosslinking agents.
•	 Curing binders effectively in pigment printing.

5.	 Perspiration Fastness
•	 Definition: Evaluates how dyes hold up against human sweat, which may be acidic or alkaline.
•	 Applicable For: Sportswear, inner garments, uniforms.
•	 Test Conditions:

	ᴑ Simulated perspiration (acidic/alkaline solutions), heat, and pressure for set durations.
•	 Grading: 1 to 5 scale for both staining and colour change.

Key Point: Protein fibres like wool may degrade under alkaline perspiration, affecting colour 
integrity.
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6.	 Sublimation Fastness
•	 Relevant to: Synthetic fibres like polyester, where dyes may vaporise under heat.
•	 Definition: Resistance of dyes to evaporate or migrate when exposed to high temperatures 

(e.g., ironing, drying).
•	 Test Method: Exposing dyed samples to 180–210°C.
•	 Essential For: Disperse dyes used in sublimation transfer printing.

7.	 Chlorinated Water (Pool Water) Fastness
•	 Definition: Resistance to bleaching effect of chlorinated or brominated water, common in 

swimming pools.
•	 Applicable Textiles: Swimwear, towels, sportswear.
•	 Challenges:

	ᴑ Reactive and basic dyes are more sensitive to chlorine.
	ᴑ Special chlorine-resistant dye formulations are required.

8.	 Solvent and Chemical Fastness
•	 Definition: Dye resistance to chemicals like acids, alkalis, and organic solvents (e.g., in dry 

cleaning).
•	 Importance For: Technical textiles, uniforms, and workwear used in chemical industries.
•	 Evaluation: Fabric is exposed to specific chemicals and assessed for colour change or bleeding.

How to Improve Dye Fastness

1.	 Select appropriate dye classes based on fibre type and end-use.
2.	 Ensure proper dye fixation (temperature, pH, and dwell time).
3.	 Conduct thorough after-treatment like washing-off and soaping.
4.	 Use of fixing agents (cationic or polymeric fixers).
5.	 Consider blending fibres to combine fastness properties (e.g., cotton-polyester).

Testing and Quality Control

Fastness properties are routinely tested in quality labs using:

•	 ISO or AATCC methods
•	 Grey scale for evaluating colour change and staining.
•	 Light boxes for visual assessments.
•	 Instrumental evaluations like spectrophotometry to track changes.

Maintaining fastness standards helps reduce customer complaints, return rates, and enhances brand 
value in both domestic and export markets.
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Shade assessment is the process of comparing the colour of a dyed or printed textile sample against 
a reference or standard to ensure consistency, quality, and customer satisfaction. In the dyeing and 
printing industry, colour accuracy is one of the most critical quality parameters, and any deviation can 
lead to rejections or costly reprocessing.

 

Types of Standards Used for Comparison

Pantone Shade Cards Customer-Provided Fabric 
Standards Lab-Dyed Strike-Offs

Purpose of Shade Assessment

To ensure that the 
final product matches 
the approved colour 

standard.

To maintain shade 
consistency across 

different dye

To prevent shade 
varia�ons that may 

occur due to 
equipment, raw 

material, or process 
differences.

To establish trust and 
confidence with 

customers

	 Fig. 5.2.4: Shade Assessment

Visual Shade Assessment

Visual comparison remains a standard method, especially in resource-constrained environments or 
when quick approval is needed.

Key Considerations:

•	 Lighting Conditions:
	ᴑ Use a light box with multiple light sources:

•	 D65 (Daylight)
•	 TL84 (Retail light)
•	 A (Incandescent)
•	 UV (Ultraviolet)

	ᴑ Multiple light sources help detect metamerism (where two colours appear the same under one 
light but different under another).

•	 Background and Viewing Conditions:
	ᴑ Neutral grey background.
	ᴑ Clean, dust-free fabric surface.
	ᴑ Standardised viewing distance (~50 cm) and angle (~45°).

•	 Parameters Evaluated:
	ᴑ Hue: Basic colour (e.g., red vs. green tone).
	ᴑ Chroma/Strength: Intensity or brightness of colour.
	ᴑ Lightness/Darkness: Shade depth.

5.2.4 Shade Assessment: Comparing with Standards
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Limitations:

•	 Subjective and dependent on human vision.
•	 Viewer's fatigue, age, and colour blindness can affect judgement.
•	 Lighting inconsistency leads to incorrect evaluation.

Instrumental Shade Assessment

Modern dye houses rely heavily on spectrophotometers and colour measurement software for 
precision.

1.	 Spectrophotometer

•	 An instrument that measures the percentage of light reflected at each wavelength.

•	 Provides numeric data for accurate colour comparison.

2.	 CIE Lab Colour Space*

•	 Standard system used for quantifying colour:

	ᴑ L* = Lightness (0 = black, 100 = white)

	ᴑ a* = Red/Green axis

	ᴑ b* = Yellow/Blue axis

3.	 ΔE (Delta E) Calculation

•	 Indicates the difference between standard and sample.

•	 ΔE < 1.0: Excellent match.

•	 ΔE 1.0–2.0: Commercially acceptable.

•	 ΔE > 2.0: Noticeable difference; needs correction.

4.	 Advantages of Instrumental Assessment:

•	 Objective and reproducible.

•	 Useful for documentation, quality audits, and batch records.

•	 Reduces reliance on human eye and eliminates disputes.

Factors Causing Shade Variation

Shade variation is common in textile dyeing and printing but can be controlled through quality systems 
and vigilance.

1.	 Dye Batch Variation
•	 Different batches of dye (even from the same manufacturer) may vary slightly.
•	 Solution: Always test new dye lots and make adjustments in formulation.

2.	 Improper Dye Weighing
•	 Inaccurate measurements can cause imbalance in hue or strength.
•	 Use of digital or precision balances recommended.

3.	 Variation in Process Parameters
•	 Temperature, pH, time, and liquor ratio significantly affect dye behaviour.
•	 Automated machines with PLC control help minimise human errors.
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4.	 Inconsistent Fabric Pre-treatment
•	 Incomplete scouring/bleaching may lead to poor dye absorption.
•	 Surface impurities alter shade results.

5.	 Water Quality
•	 Hardness or mineral content affects dye solubility and fixation.
•	 Softened or treated water is ideal for dyeing processes.

6.	 Dye-Fibre Compatibility
•	 Not all dyes are equally effective on every fibre.
•	 Choose the correct dye class for cotton, wool, polyester, etc.

Corrective Measures for Off-Shade Batches

If the shade falls outside the acceptable range, several correction strategies can be applied:

1.	 Re-dyeing or Over-dyeing
•	 Used for under-dyed or faded fabric.
•	 Requires skilful adjustment to avoid over-darkening or tone shift.

2.	 Stripping and Reprocessing
•	 Bleaching or chemically removing existing dye.
•	 Usually done for high-value fabrics due to cost.

3.	 Shade Adjustment through Add-ons
•	 Adding minor tone adjusters (e.g., redder blue, greener yellow).
•	 Often done at lab scale before correcting bulk.

4.	 Soaping or Reducing Treatment
•	 Removes unfixed dye that may cause shade dullness or staining.

Quality Control in Shade Management

1.	 Maintain a Recipe Bank
•	 Standardise and document formulations for reproducibility.

2.	 Batch-to-Batch Tracking
•	 Maintain digital records of lab dips, bulk shades, corrections.

3.	 Training of Colour Matchers
•	 Skilled technicians with calibrated vision are still essential.

4.	 Regular Calibration of Equipment
•	 Spectrophotometers and balances need periodic checks.

5.	 Customer Involvement
•	 Early shade approval avoids later disputes.
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•	 Following written instructions ensures accuracy and consistency in dyeing and printing operations.
•	 Proper use of Personal Protective Equipment (PPE) is essential for safety in the colour store.
•	 Dyestuff should be weighed in descending order, starting from larger to smaller quantities.
•	 Precision balances must be used to weigh dyestuff below 20 grams accurately.
•	 Dyestuff must be weighed separately to prevent cross-contamination and ensure colour accuracy.
•	 Key process parameters such as temperature, pH, and time influence dyeing and printing results.
•	 Dye fixation ensures that colours adhere properly to textile materials.
•	 Dye fastness tests, including water and colour fastness, check durability and quality.
•	 Developed shades should be assessed by comparing them with standard samples or pantone cards.
•	 All operational controls and machines must be checked regularly for proper functioning.
•	 Technical understanding of dyeing processes ensures consistent production quality.
•	 Accurate weighing and monitoring contribute to safe and efficient dyeing operations.

Summary
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Multiple-choice Question:
1.	 What is a benefit of teamwork in the workplace?

a. Decreased accountability	 b. Slower decision-making

c. Improved collaboration and innovation	 d. Increased conflict

2.	 What is the primary purpose of active listening in communication?
a. To prepare a counter-argument

b. To interrupt less often

c. To understand the speaker’s message completely

d. To agree with everything said

3.	 Which of these tools helps in effective time management?
a. Noise-cancelling headphones	 b. Alarm clocks only

c. To-do lists and planners	 d. Calendar decorations

4.	 What is a common cause of miscommunication in a team?
a. Regular updates	 b. Open dialogue

c. Ambiguous instructions	 d. Shared goals

5.	 How does delegating tasks help a team?
a. Making one person do all the work	 b. Distributing workload efficiently

c. Avoiding collaboration	 d. Reducing team involvement

Descriptive Questions:

1.	 Define effective communication in a workplace setting.
2.	 What is the importance of time management in meeting project deadlines?
3.	 List two benefits of working in a team.
4.	 How does active listening improve workplace communication?
5.	 Mention one tool or method used for planning and organising work tasks.

Exercise
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Notes

Scan the QR codes or click on the link to watch the related videos

https://youtu.be/cU0Icz-kBQU?si=4vrov5k7E5wx8-D2

Washing Fastness Testing
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By the end of this module, the participants will be able to:

1.	 Explain how to plan the dyeing and printing sequence to reduce the use of dyes, chemicals, and 
water.

2.	 Explain the procedure for carrying out dyeing and printing operations as per the defined cycle.
3.	 Outline post-dyeing washing is completed according to the recommended washing cycle.
4.	 Explain hydro-extraction of dyed materials is done as per the process requirements.
5.	 Describe drying of dyed materials follows the correct process parameters.
6.	 Describe the procedure for correcting dyeing faults such as patchiness and shade variation.
7.	 Describe the effects of dyeing on fabric properties like harshness and shrinkage.
8.	 Explain suitable corrective measures for deviations occurring during dyeing or printing.

Key Learning Outcomes
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UNIT 6.1: Planning and Execution in Dyeing and Printing

By the end of this unit, the participants will be able to:

1.	 Assess how to prioritise the dyeing and printing sequence to minimise the use of dyes, chemicals, 
and water.

2.	 Explain the steps involved in executing dyeing and printing processes as per the defined operational 
cycle.

3.	 Ensure that post-dyeing washing is carried out according to the prescribed washing cycle.
4.	 Ensure that hydro-extraction of dyed materials is conducted as per process specifications.
5.	 Ensure that drying of dyed materials is performed following the correct process parameters.

Unit Objectives

In the modern textile industry, resource efficiency is not only a sustainability goal but also a critical 
factor in cost-effective production. One of the most impactful strategies to improve resource usage 
is to optimise the sequence in which dyeing and printing operations are carried out. A well-planned 
sequence reduces unnecessary downtime, lowers chemical and water usage, and increases overall 
productivity.

Sequencing

The dyeing and printing processes involve complex chemical and thermal interactions. Switching 
from one type of dye, fibre, or shade to another often requires thorough cleaning of machines and 
recalibration of settings. If not planned correctly, these changeovers can result in:

•	 Excessive use of water for washing machines between batches.
•	 Wastage of residual dyes and chemicals.
•	 Increased chances of cross-contamination.
•	 Higher energy consumption for heating and drying.
•	 Production delays due to longer setup times.

Prioritising the sequence intelligently allows the facility to reduce these inefficiencies and maintain a 
smooth workflow.

General Principles of Efficient Sequencing

To achieve optimal sequencing, certain guiding principles can be applied across most textile operations:

1.	 Light to Dark Shades
•	 Begin with pastel or light-coloured batches before moving to darker ones.
•	 Minimises machine cleaning since dark shades can easily override light residuals, but not the 

reverse.

6.1.1 Prioritising the Dyeing and Printing Sequence 
for Resource Efficiency
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2.	 Cold to Hot Processes
•	 Perform low-temperature dyeing or printing first, followed by high-temperature processes.
•	 Saves energy by gradually increasing the system temperature, rather than cooling and reheating.

3.	 Simple to Complex Recipes
•	 Start with straightforward recipes with fewer components.
•	 Ensures accuracy and minimises chances of error during early production.

4.	 Same Fibre Grouping
•	 Group batches with the same fibre type (e.g., 100% cotton, polyester, blends).
•	 Avoids contamination from incompatible fibre residues and allows for fewer adjustments to 

machine parameters.
5.	 Compatible Chemical Systems

•	 Sequence batches that use similar auxiliaries, binders, or pH requirements.
•	 Prevents neutralisation conflicts and reduces the need for repeated chemical washes.

 

Iden�fy fabric 
types and shades

Group similar 
batches

Schedule light to 
dark shades

Match machine 
size to load

Apply 
con�nuous 

improvement

	 Fig. 6.1.1: Resource-Efficient Sequencing Flow

Specific Criteria for Sequencing

While the general principles provide a foundation, effective sequencing requires considering real-time 
operational constraints and business demands. Some practical criteria include:

1.	 Fibre Type
•	 Natural fibres such as cotton or wool often carry more impurities and require more rigorous 

pre-treatment.
•	 Synthetic fibres like polyester require different temperature and dye classes.
•	 Processing them separately avoids cross-contamination and incompatible process setups.

2.	 Dye Class
•	 Reactive dyes for cotton should not precede acid dyes for wool or disperse dyes for polyester.
•	 Schedule batches to reduce the need for pH adjustments and reconditioning of dye baths.

3.	 Shade Depth and Intensity
•	 Lighter shades are more susceptible to contamination.
•	 Dye machines are easier to clean from light to dark than the other way around.

4.	 Order Urgency
•	 Customer priority or shipping deadlines might sometimes override the technical sequencing 

logic.
•	 In such cases, express orders should be carefully placed in the schedule to avoid disrupting the 

rest of the sequence.
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5.	 Batch Size
•	 Larger batches may need longer processing time and more machine availability.
•	 Grouping similar batch sises together helps balance production loads across shifts.

6.	 Machine Availability
•	 Machines with specific capabilities (e.g., jet dyeing for synthetics or rotary screen printing) 

should be used to their fullest capacity without unnecessary idle time or changeover.

Tools and Methods for Sequencing

In a modern facility, manual sequencing is often replaced by software-based planning tools that allow 
real-time visibility and automated scheduling.

1.	 ERP (Enterprise Resource Planning) Systems
•	 Integrate order details, inventory, and machine status.
•	 Help in dynamic sequencing and load balancing.

2.	 Dyeing/Printing Recipe Management Systems
•	 Store pre-approved recipes to reduce formulation time.
•	 Can group jobs with similar recipes automatically.

3.	 Visual Planning Boards and Gantt Charts
•	 Used by floor supervisors to allocate tasks and visualise overlaps or downtime.
•	 Provide quick insights into bottlenecks.

4.	 Simulation Tools
•	 Allow planners to test different sequencing scenarios to find the most efficient one before 

execution.

Sustainable Sequencing Practices

With increasing environmental regulations and industry goals toward zero-discharge, sequencing plays 
a vital role in reducing environmental load:

•	 Water Conservation
	ᴑ Grouping batches reduces the number of rinse cycles needed between dye lots.

•	 Chemical Efficiency
	ᴑ Minimising chemical changeovers prevents waste and unnecessary disposal of partially used 

materials.
•	 Energy Saving

	ᴑ Scheduling processes based on thermal requirements helps reduce the need for excessive 
heating or cooling of machines.

•	 Reduced Effluent Load
	ᴑ Fewer wash cycles and less chemical runoff translate to easier wastewater treatment and lower 

pollution levels.
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Executing dyeing and printing operations involves more than just following a recipe—it requires careful 
coordination of preparation, process execution, and post-processing, all while maintaining strict control 
over parameters such as temperature, time, pH, and material handling. Any oversight can compromise 
the final quality, leading to shade variation, uneven dyeing, or fabric damage.

 

Batch 
Preparation: 

Machine 
Cleaning

Chemical & 
Dye Addition

Heating & 
Agitation

Dwell Time 
Monitoring

Cooling and 
Draining

	 Fig. 6.1.2: Standard Dyeing Operational Cycle

Pre-Operational Checks and Preparations

Before the actual dyeing or printing begins, certain preparatory steps are essential to ensure consistency 
and efficiency:

1.	 Fabric Inspection and Sorting
•	 Inspect the incoming fabric rolls for physical defects such as holes, stains, knots, or contamination.
•	 Confirm the fibre type and GSM (grams per square metre) match the intended dyeing or printing 

recipe.
•	 Segregate batches based on fibre blend, shade depth, or finishing requirements.

2.	 Pre-treatment Processes
•	 Scouring: Removes oils, waxes, and other impurities that hinder dye uptake.
•	 Bleaching: Achieves a uniform white base, essential for pastel or light shade dyeing.
•	 Heat Setting (for synthetics): Stabilises the fabric to prevent shrinkage and ensures dimensional 

stability.
3.	 Machine Setup and Calibration

•	 Clean dyeing or printing machines to remove residues from previous batches.
•	 Check and calibrate sensors, flow meters, and temperature controllers.
•	 Load the correct program (recipe cycle) as per Standard Operating Procedure (SOP).

6.1.2 Steps in Executing the Dyeing and Printing Processes
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Dye and Chemical Preparation

1.	 Dye Weighing and Dissolution
•	 Accurately weigh dyes and auxiliaries using precision balances.
•	 For powder dyes, dissolve in warm deionised water (as per dye manufacturer’s guidelines) to 

avoid clumps or sediment.
•	 Maintain solution pH and stir adequately to form a homogenous mixture.

2.	 Auxiliary Mixing
•	 Prepare dispersing agents, sequestering agents, levelling agents, etc., in separate containers.
•	 For printing, mix binders, thickeners, and pigments to create a paste with proper rheology 

(viscosity and flow).
3.	 Compatibility Testing

•	 Perform a small-scale compatibility test for new recipes to check precipitation or destabilisation 
of dye solutions.

Execution of Dyeing Process

The dyeing process can be carried out using various machines like jet dyeing machines, soft flow dyeing 
machines, winch dyeing machines, or jiggers—depending on the fabric type and batch size.

1.	 Loading the Fabric
•	 Load the fabric evenly into the machine to ensure smooth circulation.
•	 Ensure no knots or entanglements that may restrict dye penetration.

2.	 Machine Parameter Setup
•	 Set Material-to-Liquor Ratio (MLR), dyeing temperature curve, heating rate, holding time, and 

cooling cycle.
•	 Adjust pH level using acid or alkali dosing systems.

3.	 Dye Application Cycle
•	 Raising Temperature: Gradually heat the bath to allow dye molecules to migrate into the fibre 

without creating streaks.
•	 Holding Phase: Maintain the desired temperature for the required time to complete dye 

diffusion and fixation.
•	 Cooling Phase: Cool the fabric to a safe temperature before unloading or washing.

4.	 Real-Time Monitoring
•	 Continuously monitor temperature, dye exhaustion rate, and fabric movement.
•	 Log deviations and corrective measures for traceability.

Execution of Printing Process

Printing applies colour to the fabric in specific patterns using various methods such as screen printing, 
rotary printing, digital printing, or block printing.

1.	 Preparation of Printing Paste
•	 Combine pigment or dye with binder, thickener, water, and other additives.
•	 Adjust viscosity using viscosity meters to suit the printing method.
•	 Filter the paste through mesh screens to eliminate undissolved particles.
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2.	 Machine Setup
•	 Load engraved screens (in rotary/screen printing) or digital designs (for inkjet printing).
•	 Align fabric and apply anti-skid rollers to maintain tension.

3.	 Printing Execution
•	 Apply print using mechanical or digital heads.
•	 For screen printing, ensure proper squeeze pressure and screen mesh calibration.
•	 Conduct test runs to check for alignment, registration, and colour accuracy.

4.	 Fixation
•	 After printing, the fabric passes through a curing or steaming unit to fix the dyes.
•	 Pigment prints require curing at 150–170°C, while reactive prints need steaming at 102–105°C.

Post-Processing

Once dyeing or printing is complete, the fabric undergoes several post-treatment steps to remove 
residual chemicals and enhance product quality.

1.	 Washing and Neutralising
•	 Wash the fabric in stages (cold rinse, hot wash, soaping, neutralisation, final rinse).
•	 Remove unfixed dyes and balance the pH level to 6.5–7.5 for textile compatibility.

 
	 Fig. 6.1.3: Washing and Neutralising

2.	 Hydro-Extraction
•	 Use centrifugal extractors or squeeze rollers to remove excess water before drying.
•	 Ensure uniform loading to prevent imbalance and vibration.

 
	 Fig. 6.1.4: Hydro-Extractors
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3.	 Drying
•	 Depending on the fabric type, use tumble dryers, stenters, or relax dryers.
•	 Avoid over-drying to prevent yellowing, loss of handle, or shade alteration.

 
	 Fig. 6.1.5: Drying

4.	 Final Inspection
•	 Inspect for shade matching, streaks, dye spots, or fabric damage.
•	 Conduct fastness testing (rubbing, washing, light) if required.

 
	 Fig. 6.1.6: Final Inspection

5.	 Batch Reporting
•	 Log process parameters, test results, and deviations in the Dyeing/Printing Logbook.
•	 Submit fabric for further finishing or packaging.

Operational Best Practices

•	 Always use Personal Protective Equipment (PPE)—gloves, goggles, masks—especially when 
handling dyes and acids.

•	 Label all containers clearly to avoid mix-ups.
•	 Maintain good housekeeping to prevent contamination or accidents.
•	 Use Standard Operating Procedures (SOPs) to minimise human error.
•	 Encourage continuous training of operators to keep up with new technologies and practices.
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Post-dyeing washing is a critical stage in the textile processing workflow. This phase is essential for 
ensuring that any dye or chemical residue remaining on the fabric after dye fixation is completely 
removed. Proper washing improves colour fastness, stabilises the dyed fabric, and prevents issues like 
bleeding or skin irritation.

Objectives of Post-Dyeing Washing

1.	 Removal of Unfixed Dyes:
•	 After dyeing, not all dye molecules are fixed onto the fabric fibres. The remaining unfixed dyes 

can cause problems like staining other clothes (bleeding) or shade variation.
•	 Efficient washing helps in eliminating these residual dyes from the fabric surface and bath liquor.

2.	 Neutralisation of Chemical Residues:
•	 Processes like reactive dyeing often use alkali (soda ash or caustic soda) to promote fixation. 

Post-dyeing washing neutralises the residual alkalinity that might otherwise damage the fabric 
or skin.

3.	 Enhancing Fastness Properties:
Proper post-washing improves the washing, rubbing, and perspiration fastness of the fabric, thereby 
enhancing its performance and marketability.

4.	 Fabric Softness and Handle:
Effective removal of chemicals leaves the fabric feeling softer and more comfortable to touch, 
contributing to better hand feel and quality perception.

Components of the Prescribed Washing Cycle

The prescribed washing cycle is a step-by-step method, tailored based on the type of dye, fibre, and the 
end-use of the fabric. The typical cycle includes:

1.	 Initial Cold Rinse:
•	 Purpose: To remove loose dye particles on the fabric surface.
•	 Conducted at room temperature with running water or low-speed agitation.
•	 Duration: 5–10 minutes, depending on the shade depth and fabric weight.

2.	 Soaping (Hot Wash with Soaping Agent):
•	 Purpose: To remove loosely bound dye molecules that could not be washed off with cold water.
•	 Temperature: 60–95°C, adjusted based on dye and fabric type.
•	 Soaping agents are surfactants or detergents that enhance the removal of unfixed dye without 

harming the fixed portion.
•	 For deeper shades, multiple soaping cycles may be required.

3.	 Hot Wash (After Soaping):
•	 Removes any leftover soaping agent and dye residues.
•	 Stabilises the colour and enhances uniformity.
•	 Water temperature is usually maintained between 70–90°C.
•	 Time: 10–15 minutes.

4.	 Neutralisation:
•	 Especially critical in reactive dyeing processes.
•	 Acetic acid or formic acid is used to bring pH down to neutral (around pH 6.5–7.0).

6.1.3 Post-Dyeing Washing as per Prescribed Washing Cycle
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•	 Prevents alkaline yellowing or fibre damage.
•	 Carried out at warm temperatures (40–60°C).

5.	 Final Cold Rinse:
•	 Brings fabric to ambient temperature.
•	 Ensures complete removal of any acids, chemicals, or soap remnants.
•	 Helps maintain dimensional stability before hydro-extraction and drying.

Factors Influencing Washing Efficiency

1.	 Water Quality:
•	 Hard water may cause uneven washing or mineral deposits.
•	 Demineralised or softened water is preferred for better rinsing and to avoid spotting.

2.	 Temperature Control:
•	 Proper temperature gradients between cycles prevent shock to the fabric and enhance chemical 

effectiveness.
3.	 Mechanical Agitation:

•	 Jet flow, paddles, or drum rotation ensures thorough interaction between fabric and liquor.
•	 Too much agitation may damage delicate fabrics, while too little may cause incomplete dye 

removal.
4.	 Liquor Ratio:

•	 A higher liquor ratio (1:10 or 1:20) is often used in washing to dilute and flush out residues 
effectively.

Washing Cycle Variation by Fibre and Dye Type

1.	 Reactive Dyes on Cotton:
•	 Require thorough soaping and neutralisation to eliminate hydrolysed dye.

2.	 Disperse Dyes on Polyester:
•	 Typically followed by reduction clearing using sodium hydrosulphite and caustic soda to remove 

unfixed disperse dye.
3.	 Sulphur Dyes:

•	 Require oxidation post-wash using hydrogen peroxide or sodium perborate to fix the shade 
permanently.

4.	 Vat Dyes:
•	 Include a re-oxidation step during washing to convert the dye back to its insoluble form.

Equipment Used in Washing

5.	 Jet Dyeing Machines:
•	 Allow for continuous washing cycles with temperature and flow control.

6.	 Soft Flow Machines:
•	 Ideal for delicate fabrics requiring gentle washing action.

7.	 Winch Dyeing Machines:
•	 Commonly used for long lengths of fabric, offer slower agitation.

8.	 Open-Width Washing Ranges:
•	 Suitable for woven fabrics, with rollers, sprayers, and squeegee systems for better cleaning.
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Best Practices in Post-Dyeing Washing

•	 Always follow the prescribed washing cycle specific to the dye and fibre.
•	 Use quality-tested auxiliaries and chemicals to prevent re-deposition or side effects.
•	 Monitor water temperature, pH, and conductivity throughout the cycle.
•	 Maintain fabric tension and alignment to avoid distortion or creasing.
•	 Test wash fastness on random samples before bulk shipment.

Hydro-extraction is a vital intermediate step in the dyeing and printing process that involves the removal 
of excess water from dyed textiles before they undergo drying. This step significantly reduces drying 
time, energy usage, and potential fabric distortion. It is a mechanical method, meaning it does not 
involve heat or chemicals, making it an energy-efficient and environmentally friendly process.

Importance of Hydro-Extraction

1.	 Energy Efficiency
•	 By removing a significant percentage of water mechanically, hydro-extraction reduces the 

burden on dryers. Dryers require substantial thermal energy to evaporate water, so pre-
removing water saves energy and reduces costs.

2.	 Faster Drying Time
•	 Lower moisture content in fabrics leads to quicker drying cycles, which increases production 

throughput and machine availability.
3.	 Improved Fabric Quality

•	 Reducing water content before drying minimises the risk of water marks, creases, or uneven 
drying. It also helps retain fabric dimensions and prevents shade variation.

4.	 Minimising Dripping and Mess
•	 Excess water dripping from wet fabrics can create unsafe working conditions and increase 

handling difficulty. Hydro-extraction keeps the workplace cleaner and safer.
5.	 Prevents Colour Migration

•	 Extended wet conditions can cause dyes to bleed or migrate. Hydro-extraction reduces such 
risks by reducing the time fabric remains soaked.

Methods of Hydro-Extraction

Depending on fabric type, machinery availability, and production scale, different methods of hydro-
extraction may be employed:

1.	 Centrifugal Hydro-Extractor
•	 One of the most widely used methods, especially for piece-dyed fabrics and garments. It 

involves placing the wet fabric inside a perforated stainless-steel drum that spins at high speed. 
The centrifugal force drives water outwards through the perforations.

•	 Applications: Suitable for woven and knit fabrics, yarns, and garments.

6.1.4 Hydro-Extraction of Dyed Materials
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	 Fig. 6.1.7: Centrifugal Hydro-extractors

2.	 Squeeze Rollers (Padding Mangle)
•	 Commonly used in continuous dyeing lines, this system passes the wet fabric between two 

rollers that squeeze out the water. The pressure can be adjusted depending on fabric type and 
desired moisture level.

•	 Applications: Ideal for large continuous fabric lengths.

 
	 Fig. 6.1.8: Squeeze Rollers

3.	 Vacuum Suction Systems
•	 Used mainly in delicate or lightweight fabric applications. A suction chamber draws out the 

water using a vacuum, which is gentler than centrifugal force or roller pressure.
•	 Applications: Light-weight fabrics like voile or lace, or sensitive technical textiles.
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	 Fig. 6.1.9: Vacuum Suction Systems

4.	 Press Extraction (Garment Finishing Units)
•	 Common in garment dyeing operations. Garments are compressed between flat surfaces that 

press out water without causing deformation.

	 Fig. 6.1.10: Pressing Equipment

Parameters to Monitor in Hydro-Extraction

Achieving optimal hydro-extraction requires control over several technical parameters:

1.	 Rotation Speed (in Centrifugal Systems)
•	 Usually measured in revolutions per minute (RPM). Higher speeds remove more water but can 

damage delicate fabrics if not carefully controlled.
•	 Typical range: 800–1600 RPM depending on the machine and fabric type.

2.	 Cycle Duration
•	 Duration affects how much water is removed. Short cycles may leave fabric too wet, while long 

cycles risk over-processing or deformation.
•	 Typical range: 2–5 minutes.

3.	 Loading Balance
•	 Unevenly distributed fabric causes vibration and poor extraction efficiency. Machines should be 

loaded symmetrically to ensure smooth operation.
4.	 Moisture Retention

•	 Final moisture content should be monitored (target: ~40% or less) to ensure the fabric is ready 
for the drying stage.
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Operational Guidelines and Best Practices

1.	 Uniform Loading
Always distribute fabric evenly in the drum or on the squeeze rollers to avoid unbalanced operation 
or excessive machine wear.

2.	 Avoid Overloading
Overloading may cause reduced water removal, fabric creasing, and damage to machine bearings. 
Always follow the manufacturer’s guidelines for maximum capacity.

3.	 Use Fabric-Specific Settings
For delicate fabrics (e.g., silk or modal), lower RPMs and shorter cycles are advised. For heavy-duty 
fabrics (e.g., denim or canvas), higher RPMs and longer cycles may be used.

4.	 Routine Cleaning and Maintenance
Accumulated lint, dye particles, or unbalanced drum components can cause uneven extraction and 
contamination. Regular maintenance ensures optimal machine performance.

5.	 Safety Precautions
•	 Ensure the drum is securely closed before starting the machine.
•	 Never attempt to open the lid or touch the drum while it's spinning.
•	 Follow lock-out/tag-out procedures during maintenance.

Method Advantages Limitations

Centrifugal Fast, efficient, widely applicable Not ideal for very delicate fabrics

Squeeze Rollers Ideal for continuous processes May leave lines or creases on 
lightweight fabrics

Vacuum Suction Gentle, suitable for sensitive textiles Slower and less efficient for thick 
fabrics

Press Extraction Low distortion, suited for garments Limited capacity, mainly used in batch 
operations

Table 6.1.1: Advantages and Limitations of Hydro-Extraction Methods

Role in Overall Process Efficiency

Hydro-extraction acts as a bridge between the wet processing (dyeing/washing) and thermal processing 
(drying/curing) stages. Efficient hydro-extraction contributes to:

•	 Improved Process Throughput: Shortens the drying cycle and increases daily output.
•	 Reduced Energy Costs: Less water in fabric means lower heat energy required for drying.
•	 Minimised Reprocessing: By reducing bleeding or water marks, hydro-extraction ensures 

consistency in product quality.
•	 Environmental Benefits: Lowers steam and electricity consumption, aligning with sustainable 

production practices.
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Drying is the final yet critical phase in the dyeing and printing workflow. After dyeing and hydro-
extraction, the fabric or garment still retains a considerable amount of moisture—typically 30–40%. If 
this moisture is not removed correctly, it can lead to shade variation, stiff handle, poor fastness, and 
even microbial growth during storage.

This stage not only affects the visual appeal and tactile properties of textiles but also influences 
subsequent operations like finishing, packaging, and shipping. Therefore, drying must be executed with 
precision, using parameters tailored to fabric type, dye class, and final product requirements.

Objectives of Drying

1.	 Moisture Removal
•	 The primary goal is to reduce the fabric’s moisture content to a level that is safe for handling, 

storage, or further processing. Final moisture content typically falls in the range of 5–8%.
2.	 Shade Fixation and Stability

•	 Especially in pigment printing, drying serves to cure or set the colour through heat. This 
enhances the fastness and prevents rewetting or rubbing off.

3.	 Improved Aesthetic and Handle
•	 Proper drying maintains the fabric structure, softness, and appearance, and prevents issues like 

shrinkage or yellowing.
4.	 Preparation for Finishing or Packaging

•	 Dry, flat, and dimensionally stable textiles are essential for effective finishing or mechanical 
operations such as calendaring, softening, or compaction.

Types of Drying Techniques

Different textile types and dyeing methods call for specific drying equipment. Here's a breakdown of 
common drying systems used in dyeing and printing units:

1.	 Tumble Dryer (Rotary Dryer)
•	 Function: Uses heated air and rotating motion to dry garments or small fabric lots.
•	 Applications: Garment dyeing units, small-batch woven or knit fabrics.
•	 Pros: High penetration, good for 3D shapes.
•	 Cons: Can cause creasing if overloaded.

2.	 Stenter Dryer
•	 Function: Used primarily for woven fabrics, the stenter holds fabric at its edges and passes it 

through heated chambers.
•	 Applications: Flat drying of open-width fabrics, especially for dimensional control.
•	 Pros: Maintains width, tension-free drying.
•	 Cons: Energy-intensive if not well-managed.

3.	 Relax Dryer
•	 Function: Allows knitted fabrics to shrink naturally while drying, minimising tension.
•	 Applications: Cotton or polyester-knits that tend to distort under stress.
•	 Pros: Prevents spirality, ensures softness.
•	 Cons: Slower drying process.

6.1.5 Drying of Dyed Materials as per Process Parameters
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4.	 Infrared Dryer
•	 Function: Uses IR radiation to directly heat the water molecules in the fabric.
•	 Applications: Rapid drying in continuous processes or special functional finishes.
•	 Pros: Quick and targeted drying.
•	 Cons: Can cause overheating if not monitored.

5.	 Vacuum Dryer
•	 Function: Reduces pressure around fabric to allow moisture to evaporate at lower temperatures.
•	 Applications: Used for delicate or heat-sensitive fabrics such as silk, lycra blends, and technical 

textiles.
•	 Pros: Safe for sensitive materials.
•	 Cons: High installation and maintenance cost.

Key Drying Parameters to Monitor

To ensure consistent drying quality, several parameters must be precisely controlled:

1.	 Temperature
Must be set according to the fibre type and dye class.

•	 Cotton: ~110–130°C
•	 Polyester: ~140–160°C
•	 Nylon: ~90–110°C
•	 Pigment prints (for curing): ~150°C for 3 minutes

Overheating may cause yellowing, shade shifting, or handle degradation.

2.	 Time
•	 Duration of drying depends on:

	ᴑ Fabric GSM (gram/square meter)
	ᴑ Moisture content post-hydro-extraction
	ᴑ Drying method and airflow

•	 Under-drying leaves fabric wet; over-drying makes it brittle.
3.	 Airflow Rate and Humidity

•	 Proper air circulation ensures uniform drying. Stagnant airflow may cause patchy drying.
•	 Humidity must be managed to avoid condensation or re-absorption of moisture.

4.	 Tension and Fabric Movement
•	 Avoid high tension during drying to maintain fabric dimensions and surface characteristics.
•	 Knits especially require relaxation drying to avoid deformation.

Best Practices for Drying Operations

1.	 Pre-Set Machines Before Loading
•	 Ensure correct parameters are selected for the fabric type. Double-check machine cleanliness 

to avoid shade contamination.
2.	 Monitor Moisture Content

•	 Use moisture sensors or test small samples during production. For sensitive applications, inline 
moisture meters are recommended.
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3.	 Avoid Overlapping or Folding in Chambers
•	 Fabric must be fed in a flat, tension-controlled manner to ensure even exposure to heat and 

airflow.
4.	 Calibrate Machines Regularly

•	 Over time, temperature sensors and controllers can drift. Regular calibration ensures the system 
delivers what is expected.

5.	 Synchronise with Upstream and Downstream Processes
•	 Ensure drying speed matches the output rate of hydro-extraction and the input capacity of 

finishing machines to prevent bottlenecks.

Safety Measures and Environmental Concerns

1.	 Worker Safety
•	 Workers should use appropriate PPE (gloves, heat-resistant clothing) when working near dryers.
•	 Emergency shutoff mechanisms must be in place.

2.	 Fire Prevention
•	 Regularly clean lint filters and ventilation ducts to avoid build-up of flammable particles.

3.	 Energy Management
•	 Use of heat recovery systems, insulation, and programmable drying profiles can reduce energy 

consumption.
4.	 Noise and Fume Control

•	 Ensure exhaust and noise emissions meet compliance standards, especially in closed factory 
environments.

Problem Likely Cause Recommended Action

Shade Variation Uneven temperature or airflow Check blower fans, recalibrate sensors

Fabric Yellowing Over-drying or oxidation Reduce temperature, increase 
ventilation

Harsh Fabric Handle Excess heat or long drying cycle Use softer drying method or shorter 
cycle

Creasing/Crushing Overloading tumble dryer Reduce load or use flat drying method

Rewetting/
Condensation

Inadequate exhaust or high 
chamber humidity

Improve ventilation and monitor 
humidity

Table 6.1.2: Troubleshooting Common Drying Issues
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UNIT 6.2: Quality Control and Process Improvement

By the end of this unit, the participants will be able to:

1.	 Describe the method of correcting dyeing faults such as patchy dyeing and shade variation.
2.	 Examine the impact of dyeing on material attributes including harshness and shrinkage.
3.	 Identify appropriate corrective actions in case of deviations during the dyeing or printing process.

Unit Objectives

Dyeing faults are common in textile processing and can significantly impact the quality, appearance, 
and commercial value of the final fabric or garment. Among these, patchy dyeing and shade variation 
are the most prevalent and challenging defects. To maintain high-quality standards and customer 
satisfaction, it is essential to understand their causes and adopt appropriate correction techniques.

 

Inspect fabric post-
dyeing

Iden�fy visible faults 
(patches, streaks)

Trace root cause 
(recipe, equipment

Apply suitable re-
dyeing 

Document correc�ve 
ac�on for future cycles

	 Fig. 6.2.1: Fault Detection to Correction

Understanding Patchy Dyeing and Shade Variation

Patchy dyeing refers to uneven colour distribution on the fabric surface, resulting in irregular or blotchy 
appearance. It may appear as streaks, spots, or cloudy regions where the dye has not been evenly 
absorbed or fixed.

Shade variation occurs when there is inconsistency in colour between different parts of the same 
fabric roll, different rolls of the same lot, or between lab dips and bulk production. This may be due to 
variation in process parameters, water quality, or chemical concentration.

6.2.1 Correcting Dyeing Faults such as Patchy Dyeing and 
Shade Variation
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Common Causes

1.	 Uneven Pre-treatment
•	 Incomplete scouring or bleaching leads to uneven dye uptake.
•	 Residual waxes, oils, or sizing agents on the fabric surface.

2.	 Improper Fabric Handling
•	 Poor fabric loading or entanglement inside the machine.
•	 Creases or folds causing resistance to dye penetration.

3.	 Inconsistent Machine Parameters
•	 Fluctuation in temperature, pH, or time during the dyeing cycle.
•	 Irregular liquor flow or agitation.

4.	 Improper Dye Solution Preparation
•	 Incorrect weighing or dissolving of dyes and auxiliaries.
•	 Inadequate dispersion or filtration of dye bath.

5.	 Water Quality Issues
•	 Hard water containing metal ions can interfere with dye fixation.
•	 Contaminated or reused water from previous processes.

6.	 Batch-to-Batch Variations
•	 Differences in fabric GSM, absorbency, or fibre content.
•	 Dye lot changes without adjusting the recipe.

Detection and Assessment

Early detection is key to effective correction. Patchiness or shade variation can be spotted by:

•	 Visual inspection under standard light conditions (D65 or TL84).
•	 Spectrophotometer readings to measure ∆E (colour difference).
•	 Grey scale rating for shade variation and colourfastness testing.

Correction Techniques for Patchy Dyeing

1.	 Re-dyeing or Over-dyeing
•	 Fabric is reprocessed with a slightly darker or compatible shade to mask the unevenness.
•	 A corrective recipe is prepared with adjusted MLR and dye concentration.

2.	 Stripping and Re-dyeing
•	 Partial or complete removal of existing dye using reducing agents like sodium hydrosulphite or 

hydrogen peroxide.
•	 Used when patchiness is severe and cannot be masked.

3.	 Soaping and Washing
•	 Additional soaping with higher temperature or stronger detergent may reduce surface 

irregularity.
•	 Helps remove loosely held dye particles and evens out tone.

4.	 Toning
•	 Application of a soft tint or shade corrector to balance lighter or irregular areas.
•	 Mostly used in pigment dyeing or garment processing.
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5.	 Finishing Treatments
•	 Application of softeners or resins to reduce the visual impact of shade differences.
•	 Calendering or heat-setting to enhance surface uniformity.

Correction Techniques for Shade Variation

1.	 Lab-to-Bulk Recalibration
•	 Compare bulk shade to the original lab dip using spectrophotometric data.
•	 Adjust dye concentration or recipe to bring shade within tolerance limits.

2.	 Recipe Adjustment
•	 Modify the ratio of primary dyes to correct hue or depth.
•	 Fine-tune the electrolyte or pH level for better fixation.

3.	 Batch Blending
•	 If feasible, mix lighter and darker fabric lots to minimise perception of variation.
•	 Applicable in garments where pieces are cut from different rolls.

4.	 Process Control Automation
•	 Use auto-dosing and PLC-controlled dyeing systems to ensure repeatability.
•	 Reduces human error in chemical addition and parameter control.

5.	 Shading or Topping
•	 Application of a matching dye liquor through padding or spraying to correct surface shade.
•	 Needs careful control to avoid further unevenness.

1.	 Standardised Pre-treatment

•	 Consistent scouring and bleaching ensures uniform dye affinity.

2.	 Machine Calibration

•	 Regularly calibrate sensors, thermometers, and dosing pumps.

•	 Avoid hotspots or cold zones in the machine.

3.	 Water Treatment

•	 Use demineralised or softened water to prevent metal-induced shade shifts.

4.	 Accurate Recipe Management

•	 Maintain a recipe bank with historical batch data.

•	 Validate each batch with lab dips and pilot runs.

5.	 Skilled Workforce

•	 Train operators on standard operating procedures (SOPs) and troubleshooting.

•	 Implement quality checks at every stage.

	 Table 6.2.1: Preventive Measures
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Dyeing is a crucial step in textile processing that imparts aesthetic value to fabrics by adding colour. 
However, beyond its visual appeal, the dyeing process can significantly affect the physical and mechanical 
attributes of a textile material. Two of the most commonly affected characteristics are fabric harshness 
(change in handle or feel) and shrinkage (dimensional changes after dyeing). Understanding these 
effects is essential to maintaining product quality and customer satisfaction.

Fabric Harshness and Shrinkage

•	 Harshness refers to the undesired stiff or rough feel of the fabric after dyeing. A fabric that was 
soft and smooth before processing may lose its softness due to chemical or mechanical treatments 
during dyeing.

•	 Shrinkage is the contraction or dimensional change in fabric size—lengthwise or width wise—after 
undergoing dyeing, especially when heat or moisture is involved.

These changes are not just cosmetic. They can affect fabric performance, usability, drapability, customer 
comfort, and product fit, especially in apparel manufacturing.

 

Harshness Reduced 
wearability 

Customer 
dissa�sfac�on

Shrinkage Size inaccuracy Product 
returns

Strength Loss
Shorter 
product 
lifespan 

Brand impact

	 Fig. 6.2.2: Effects of Poor Dyeing on Fabric Properties

Causes of Fabric Harshness

1.	 Chemical Residues:
•	 Residual salts, alkalis, or unfixed dyes left on the fabric can stiffen the surface.
•	 Inadequate washing and neutralisation post-dyeing often result in harsh handle.

2.	 High Dye Concentration:
•	 Excess dye molecules may crystallise on the fabric surface.
•	 Deep shade dyeing often results in less fabric pliability.

3.	 Thermal Stress:
•	 Prolonged exposure to high temperatures during drying or curing affects the softness of natural 

fibres like cotton and viscose.
4.	 Mechanical Agitation:

•	 Excessive agitation inside dyeing machines can damage fibre surfaces, especially in delicate 
fabrics, making them feel rough.

6.2.2 Impact of Dyeing on Material Attributes Including 
Harshness and Shrinkage
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5.	 Incorrect pH Level:
•	 Too much alkalinity or acidity alters the fibre surface, especially in protein fibres like wool or 

silk.

Causes of Shrinkage

6.	 Heat Exposure:
•	 Heat from dyeing, drying, or curing causes the fibres—especially thermoplastic or natural 

fibres—to contract.
•	 Cotton, wool, and viscose are more prone to shrinkage when processed without proper 

relaxation.
7.	 Moisture Absorption:

•	 Fabric swells and contracts as it absorbs and releases moisture during dyeing cycles.
8.	 Mechanical Tension and Relaxation:

•	 If the fabric is processed under tension (e.g., in rope form), it will naturally contract when 
tension is released.

•	 Lack of pre-shrinking treatments like sanforising or heat setting.
9.	 Inadequate Heat Setting:

•	 For synthetic fibres like polyester, heat setting stabilises the fabric. If skipped or done improperly, 
shrinkage will occur during dyeing or future washes.

 

Co�on and 
Cellulose 
Blends
•Prone to both 

shrinkage and 
s�ffness, especially 
under high alkali 
dyeing (reac�ve 
dyes).

Wool and 
Protein Fibres
•Sensi�ve to pH and 

temperature; can 
become harsh or 
felted if 
mishandled.

Viscose Rayon
•High water 

absorbency makes 
it suscep�ble to 
shrinkage and fibre 
swelling.

Polyester and 
Blends
•Less prone to 

shrinkage, but if 
not properly heat-
set, curling and 
distor�on may 
occur.

	 Fig. 6.2.3: Types of Fabrics Most Affected 

Effects on Product Quality

•	 Altered Fit and Size: Especially critical in garments. A fabric that shrinks post-dyeing can lead to 
undersised final products.

•	 Customer Discomfort: A rough or stiff garment affects wearability and comfort.
•	 Sewability Issues: Harsh fabrics are difficult to sew and may cause needle breaks or uneven seams.
•	 Poor Aesthetics: Loss of natural drape, sheen, or smoothness reduces garment appeal.
•	 Increased Returns: End-users often return products that feel uncomfortable or don’t fit after one 

wash.
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Solutions to Minimise Harshness

1.	 Soaping and Softening:
•	 Proper washing after dyeing helps remove chemical residues.
•	 Application of silicone or cationic softeners in the finishing stage improves hand feel.

2.	 Use of Low-Impact Chemicals:
•	 Eco-friendly dyes and auxiliaries that are milder on fibre surfaces.
•	 Anti-creasing agents during dyeing prevent mechanical fibre damage.

3.	 pH Control:
•	 Proper neutralisation (e.g., with acetic acid) ensures a soft finish, especially for protein fibres.

4.	 Controlled Drying and Curing:
•	 Avoid overheating the fabric during post-dyeing drying and curing processes.

5.	 Pre-treatment Quality:
•	 Ensuring clean, uniform fabric before dyeing reduces post-process harshness.

Techniques to Control Shrinkage

6.	 Heat Setting (for synthetics):
•	 Polyester and blends must undergo heat setting at appropriate temperatures before dyeing to 

lock in dimensions.
7.	 Relaxation Techniques:

•	 Using rope or slack form dyeing for knits reduces tension-induced shrinkage.
•	 Air or tumble drying without tension.

8.	 Sulfurising (Mechanical Pre-shrinking):
•	 A finishing method especially for cottons to stabilise dimensions.

9.	 Controlled Temperature Profiles:
•	 Slow heating and cooling during dyeing help avoid fibre stress.
•	 Avoid shock cooling which may cause contraction.

10.	Post-Dye Finishing:
•	 Softening and compacting ensure size recovery and smooth hand feel.

 

Shrinkage Tes�ng

• Conduct before and after dyeing using test templates.
• ISO 6330 or AATCC test methods for wash shrinkage

Handle Evalua�on

• Subjec�ve (touch) and objec�ve (Kawabata Evalua�on System) assessment.
• Grey scale for harshness can also be used.

Moisture Reten�on and GSM Monitoring

• Tracking these can indicate shrinkage or harshness indirectly.

Batch-to-Batch Tracking

• Maintain records to detect pa�erns and make improvements

	 Fig. 6.2.4: Testing and Quality Control
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Preventive Strategies in Production are as follows: 

•	 Implement Standard Operating Procedures (SOPs) for all dyeing operations.
•	 Perform pilot runs with new dyes or fabric lots to pre-empt unwanted changes.
•	 Introduce Total Quality Management (TQM) systems to track and correct variances.
•	 Train machine operators and lab technicians to monitor feel, flexibility, and dimensionality closely.

In textile dyeing and printing, deviations from the desired outcome can occur due to a range of factors 
— mechanical errors, chemical incompatibilities, human oversight, or process variations. Promptly 
identifying and correcting these deviations is essential to maintain product quality, reduce rework, and 
minimise material wastage.

Corrective actions not only address the current issue but also help in preventing recurrence by 
identifying the root cause. This sub-unit explores common deviations in dyeing and printing and 
outlines systematic approaches to resolving them.

Common Types of Deviations

1.	 Colour Deviation:
•	 Shade variation from standard
•	 Uneven colour depth or tone

2.	 Patchy Dyeing or Printing:
•	 Uneven distribution of dyes
•	 Spots, streaks, or blotches

3.	 Bleeding or Smearing:
•	 Dyes spreading into undesired areas
•	 Common in pigment and reactive printing

4.	 Poor Fastness:
•	 Colour loss during washing, rubbing, or exposure to light

5.	 Fabric Damage:
•	 Holes, fibre breakage, pilling, or weakening due to harsh chemicals or heat

6.	 Mechanical Errors:
•	 Faults due to equipment malfunction, such as misaligned rollers, broken screens, or temperature 

sensor errors

Root Causes of Deviations

1.	 Incorrect Recipe Formulation:
•	 Wrong dye-to-auxiliary ratio
•	 Incompatible chemicals used together

2.	 Inaccurate Weighing and Mixing:
•	 Manual error in dye or chemical measurement
•	 Poor mixing leads to uneven dye penetration

6.2.3 Identifying Appropriate Corrective Actions in Case of 
Deviations during the Dyeing or Printing Process
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3.	 Improper Machine Calibration:
•	 Faulty temperature, time, or pH settings
•	 Inconsistent liquor ratio (MLR)

4.	 Fabric Issues:
•	 Inadequate pre-treatment
•	 High GSM or construction variations in the batch

5.	 Environmental Factors:
•	 Water hardness
•	 Room temperature and humidity fluctuations

6.	 Human Error:
•	 Inattention during process monitoring
•	 Delayed or incorrect loading/unloading

Identifying Deviations: Methods and Tools

1.	 Visual Inspection:
•	 Check for uniformity, depth of shade, and visible defects.

2.	 Lab Testing:
•	 Conduct fastness tests (wash, rub, light).
•	 Compare dyed/printed sample against approved shade card.

3.	 Spectrophotometer Use:
•	 Quantitatively measure ΔE (difference in shade).
•	 A ΔE above tolerance (usually >1.0 or >1.5) indicates deviation.

4.	 Machine Readouts:
•	 Monitor temperature, pH, pressure, and timing logs.
•	 Deviations in machine data indicate where the process failed.

5.	 Quality Control Logs:
•	 Compare input/output parameters with SOPs.
•	 Audit against standard operating conditions.

Corrective Actions for Common Dyeing Deviations

1.	 Shade Too Light:
•	 Perform re-dyeing with additional dye percentage.
•	 Ensure proper fixation (raise temperature or time).
•	 Add salt or alkali if fixation was insufficient.

2.	 Shade Too Dark:
•	 Use mild oxidising agent (like sodium hypochlorite) to strip excess dye.
•	 Perform partial reduction clearing.
•	 Avoid complete reprocessing unless shade is highly unacceptable.

3.	 Patchy Dyeing:
•	 Re-run with dispersing/wetting agent to even out dyeing.
•	 Conduct thorough pre-wash to remove residual oils or sizing agents.
•	 Use soft flow or rotary dyeing for better circulation.
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4.	 Streaks or Spots:
•	 Scour and re-dye if problem is surface-level.
•	 Apply levelling agents and re-run at low temperatures for better absorption.
•	 Inspect nozzles and pipelines for dye blockages or residue.

5.	 Poor Fastness:
•	 Perform after-treatment with fixing agents (cationic fixers or formaldehyde-free agents).
•	 Use improved soaping to remove unfixed dyes.
•	 Ensure neutral pH during final rinse.

Corrective Actions for Printing Deviations

1.	 Blurred or Smudged Prints:
•	 Reduce paste viscosity with a thickener.
•	 Check screen mesh or inkjet settings for clogging or overflow.
•	 Improve fabric tension and screen contact.

2.	 Colour Misregistration:
•	 Align printing screens accurately.
•	 Ensure consistent fabric feed rate.
•	 Check belt tension and mechanical alignment.

3.	 Poor Print Fixation:
•	 Extend curing time or increase curing temperature.
•	 Use a better binder in the print paste.
•	 Maintain humidity in the curing chamber.

4.	 Uneven Print Paste Distribution:
•	 Filter paste to remove lumps.
•	 Stir paste continuously to avoid settling.
•	 Maintain constant squeegee pressure and speed.

Decision-Making in Corrective Action

1.	 Can It Be Corrected Without Re-Dyeing/Re-Printing?
•	 Try levelling or post-treatment first before reprocessing.

2.	 Evaluate Cost Vs Quality:
•	 Sometimes re-dyeing or re-printing may be costlier than accepting minor variation if within 

tolerance limits.
3.	 Batch-Wide or Isolated Issue?

•	 If it's an isolated roll or panel, isolate and mark as second-grade.
•	 If the entire batch is affected, halt production and rework plan.

4.	 Timeline for Delivery:
•	 Choose quicker correction methods if under time constraints.
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Preventive Measures to Avoid Recurrence

1.	 Use SOPs and Checklists:
•	 Implement operator checklists for each step of the dyeing and printing cycle.

2.	 Training and Skill Development:
•	 Regular training sessions for machine operators, dyers, and lab staff.

3.	 Machine Maintenance:
•	 Routine calibration of sensors, nozzles, and controllers.

4.	 Pilot Trials and Lab Dips:
•	 Always test new fabric lots or dye combinations before bulk processing.

5.	 Water and Chemical Quality Control:
•	 Check water hardness, pH, and conductivity.
•	 Standardise chemical suppliers and grades.

6.	 Data Recording and Analysis:
•	 Maintain batch-wise logs and use software for identifying recurring faults.

Documentation and Communication

Once a deviation is corrected:

•	 Document the nature of the fault, root cause, and corrective steps taken.
•	 Update SOPs if required.
•	 Communicate findings with the quality and production teams to prevent recurrence.
•	 Maintain visual records (photos, test reports) of before/after samples for audits or customer 

feedback.
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•	 Proper planning of dyeing and printing sequences helps reduce the use of dyes, chemicals, and 
water.

•	 Each dyeing and printing process must follow a defined operational cycle for consistency.
•	 Post-dyeing washing must be performed according to the recommended washing cycle.
•	 Hydro-extraction of dyed materials removes excess water as per process specifications.
•	 Drying must follow correct parameters to maintain fabric quality and prevent damage.
•	 Supervisors must monitor every stage of the dyeing and printing process for accuracy.
•	 Faults such as patchiness and shade variation should be identified and corrected promptly.
•	 Dyeing can affect fabric properties like harshness, softness, and shrinkage.
•	 Corrective measures must be applied for deviations to ensure consistent product quality.
•	 Quality control ensures that finished fabrics meet design and customer requirements.
•	 Continuous process improvement helps increase efficiency and reduce wastage.
•	 Effective supervision ensures safe, smooth, and high-quality dyeing and printing outcomes.

Summary
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Multiple-choice Question:
1.	 Why should the dyeing and printing sequence be properly planned?

a. To reduce the use of dyes, chemicals, and water

b. To increase production cost

c. To skip process steps

d. To use more chemicals

2.	 What is the purpose of hydro-extraction in dyeing?
a. To remove excess water from dyed fabrics	 b. To apply additional dyes

c. To soften the fabric manually	 d. To add finishing chemicals

3.	 What can cause patchy dyeing or shade variation?
a. Uniform dyeing procedure	 b. Uneven dye application or wrong parameters

c. Correct pH and temperature control	 d. Proper machine maintenance

4.	 How does dyeing affect fabric quality?
a. It has no impact on the fabric	 b. It may change harshness and shrinkage levels

c. It reduces fabric strength completely	 d. It makes the fabric waterproof

5.	 Why is post-dyeing washing important?
a. To remove unfixed dyes and chemicals	 b. To add more dyes

c. To change the colour completely	 d. To increase fabric stiffness

Descriptive Questions:

1.	 How can planning the dyeing and printing sequence help conserve resources?
2.	 What are the key steps to be followed in the dyeing and printing operational cycle?
3.	 Why is it necessary to follow the prescribed washing and drying parameters?
4.	 How can dyeing faults like patchiness and shade variation be corrected?
5.	 What corrective measures should be taken when deviations occur during dyeing or printing?

Exercise
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Notes

Scan the QR codes or click on the link to watch the related videos

https://youtu.be/L4KLB-Yn1P4?si=-AfunzjNpLaFtGDh

Differents Dyeing Faults Causes And Remedies
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By the end of this module, the participants will be able to:

1.	 Explain workplace safety practices and precautions in dyeing and printing operations.
2.	 Describe safe handling procedures for dyes, chemicals, and related substances.
3.	 Describe the use of PPE and key safety signage displayed in the workplace.
4.	 Explain correct methods of using and maintaining personal protective equipment.
5.	 Outline ways to identify workplace hazards and minimise associated risks.
6.	 Highlight the importance of following health, safety, gender, and PWD guidelines.
7.	 Discuss the value of awareness programmes promoting gender equality and inclusion.
8.	 Describe worker participation in safety drills, first aid, and emergency training.
9.	 Outline basic first-aid and CPR procedures for workplace emergencies.
10.	Explain environmental compliance norms and safe effluent management practices.
11.	Describe efficient material usage, waste reduction, and proper disposal methods.
12.	Elaborate on safe handling, cleaning, and maintenance of dyeing machines and tools.

Key Learning Outcomes
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UNIT 7.1: Workplace Practices for Health, Safety, and 
Inclusivity

By the end of this unit, the participants will be able to:

1.	 Explain health and safety related practices applicable at the workplace.
2.	 Describe the health and safety requirements related to handling of dyes and chemicals.
3.	 Identify signage related to health and safety measures.
4.	 Explain the correct usage of personal protective equipment.
5.	 Describe various personal protective equipment like nose mask, hand gloves, gum boots, etc.
6.	 Monitor the workplace and work processes for potential risks and threats.
7.	 Assess the importance of complying with health, safety, gender, and PWD-related instructions at 

the workplace.
8.	 Discuss the importance of training sensitisation programmes for gender and PWD awareness 

organised at the workplace.
9.	 Explain gender equality in the apparel industry and associated methods.
10.	Ensure workers' participation in mock drills and evacuation procedures organised at the workplace.
11.	Ensure workers undertake first-aid, firefighting, and emergency response training.
12.	Demonstrate basic first aid.
13.	Demonstrate basic CPR.

Unit Objectives

Maintaining robust health and safety practices in the workplace is not just a legal requirement—it is 
essential for ensuring the well-being of all workers and for promoting an efficient, productive, and 
incident-free working environment. In the context of the dyeing and printing industry, where exposure 
to chemicals, heavy machinery, and hot processes is routine, a clear understanding and implementation 
of health and safety practices can significantly reduce workplace accidents, occupational illnesses, and 
long-term health risks.

Importance of Health and Safety Practices

1.	 Preventing Injuries and Illnesses: Proper safety protocols reduce the risk of accidents, such as 
chemical burns, inhalation of fumes, slips, and electrical shocks.

2.	 Ensuring Compliance with Regulations: Adhering to government safety norms and industry 
standards helps avoid legal liabilities and penalties.

3.	 Enhancing Productivity and Morale: Safe working conditions boost employee morale, reduce 
absenteeism, and improve overall work output.

4.	 Minimising Downtime: A safe environment reduces the likelihood of incidents that can disrupt 
operations.

7.1.1 Health and Safety Practices Applicable 
at the Workplace
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Common Workplace Hazards in Dyeing and Printing

1.	 Chemical Exposure: Workers may be exposed to toxic dyes, acids, alkalis, and solvents which can 
affect the skin, respiratory system, and eyes.

2.	 Thermal Risks: Processes involving high temperatures (like dye fixation and drying) can cause burns 
or heat-related injuries.

3.	 Mechanical Hazards: Equipment like printing machines, dyeing vessels, or hydro-extractors pose 
risks of entrapment, cuts, or blunt trauma.

4.	 Slips and Falls: Wet floors, dye spills, and uneven surfaces can cause falls, leading to serious injuries.
5.	 Fire and Electrical Hazards: Due to the presence of flammable chemicals and powered machines, 

the risk of fire and electric shocks is considerable.

Standard Health and Safety Practices

Safe Chemical Handling

•	 Always label and store chemicals correctly.
•	 Use proper containers and avoid cross-contamination.
•	 Mix chemicals in ventilated areas with appropriate PPE.

Personal Protective Equipment (PPE) Usage

•	 Workers must always wear appropriate PPE such as gloves, goggles, face masks, and aprons.
•	 PPE should be maintained, cleaned, and replaced regularly.

Machine Safety Protocols

•	 Never operate machinery without proper training.
•	 Ensure machine guards are in place.
•	 Use lock-out/tag-out procedures during maintenance.

Proper Housekeeping

•	 Keep aisles clear and remove waste immediately.
•	 Clean chemical spills promptly using appropriate methods.
•	 Store materials and tools in designated locations.

Ventilation and Exhaust Systems

•	 Ensure dyeing and printing areas are well-ventilated.
•	 Install exhaust hoods to remove fumes and vapours.

Emergency Preparedness

•	 Install easily accessible fire extinguishers and alarms.
•	 Maintain emergency exits and keep them unobstructed.
•	 Conduct regular fire and emergency drills.
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Health Monitoring and Risk Assessment

1.	 Periodic Health Checks
•	 Regular medical check-ups help detect early signs of exposure to harmful substances.
•	 Workers handling hazardous materials should undergo lung function and skin allergy testing 

periodically.
2.	 Risk Assessment and Control Measures

•	 Identify hazards in each process step.
•	 Evaluate who might be at risk and how.
•	 Implement control measures such as substitution, engineering controls, administrative changes, 

and PPE.
3.	 Safety Signage and Communication

•	 Post clear signs for hazards (e.g., flammable, toxic, corrosive).
•	 Use floor markings to guide movement and prevent entry into hazardous zones.
•	 Use visual signals and audible alarms for quick alerts.

Training and Safety Culture

Worker Training

•	 Train new and existing employees on hazard recognition and safe practices.
•	 Conduct toolbox talks and refresher courses regularly.
•	 Include emergency response and first-aid basics in training sessions.

Safety Committees and Feedback

•	 Form internal safety committees to monitor and improve practices.
•	 Encourage workers to report unsafe conditions without fear.
•	 Use incident reports and feedback to refine protocols.

Safety Audits and Inspections

•	 Conduct regular internal audits to ensure compliance with standards.
•	 Maintain records of inspections, incidents, and corrective actions.
•	 Involve third-party audits where necessary.

Legal Framework and Standards

•	 Compliance with legal safety standards and international guidelines is critical:
•	 Factories Act, 1948 (India) – Includes sections on health, safety, and welfare of workers.
•	 Occupational Safety and Health Administration (OSHA) – Provides detailed safety regulations for 

chemical industries.
•	 ISO 45001 – International standard for Occupational Health and Safety Management Systems.
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In the dyeing and printing industry, workers are frequently exposed to a wide range of dyes, solvents, 
acids, alkalis, and other chemical substances. While these are essential to achieve the desired textile 
finishes, they can pose serious health and environmental risks if not handled properly. Therefore, it is 
critical to implement specific health and safety measures tailored to the handling, storage, and usage 
of such chemicals.

Importance of 

Safe 
Handling of 
Chemicals

Health Protec�on

Accident Preven�on

Environmental Responsibility

	 Fig. 7.1.1: Importance of Safe Handling Operations

Classification of Chemicals in the Dyeing Industry

1.	 Dyes: Reactive, disperse, direct, acid, basic, and pigment dyes—each with unique handling needs.
2.	 Auxiliaries: Includes wetting agents, levellers, thickeners, and softeners.
3.	 Solvents and Carriers: Such as acetone, ethanol, and glycol-based agents.
4.	 Acids and Alkalis: Commonly used are hydrochloric acid, acetic acid, caustic soda, and sodium 

carbonate.
5.	 Oxidising and Reducing Agents: Hydrogen peroxide, sodium hydrosulphite, etc.

Key Health and Safety Requirements

1.	 Safe Storage of Chemicals
•	 Store chemicals in designated areas with proper labels.
•	 Segregate incompatible chemicals (e.g., acids and alkalis).
•	 Use corrosion-resistant containers with tight-fitting lids.
•	 Keep flammable substances in explosion-proof cabinets.
•	 Ensure storage rooms are cool, ventilated, and away from ignition sources.

2.	 Labelling and Material Safety Data Sheets (MSDS)
•	 Every chemical must be clearly labelled with:

	ᴑ Name and concentration
	ᴑ Hazard symbols (flammable, toxic, corrosive, etc.)
	ᴑ Handling and emergency information

•	 MSDS must be accessible for all chemicals and reviewed regularly.
	ᴑ Includes details on first-aid measures, PPE, fire-fighting methods, and environmental 

precautions.
3.	 Use of Personal Protective Equipment (PPE)

•	 Mandatory PPE when handling chemicals includes:
	ᴑ Chemical-resistant gloves (nitrile, neoprene)
	ᴑ Safety goggles or face shields

7.1.2 Health and Safety Requirements Related to Handling 
of Dyes and Chemicals
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	ᴑ Aprons and long-sleeved clothing
	ᴑ Respiratory masks when working with volatile substances

•	 Workers must be trained on correct PPE usage and disposal.
4.	 Chemical Handling Procedures

•	 Do not eat, drink, or smoke near chemical work areas.
•	 Use spill trays and avoid carrying open containers.
•	 Measure chemicals with calibrated instruments—never by eye.
•	 Add chemicals slowly to avoid splashes or reactions (especially acids to water).
•	 Stir mixtures in fume hoods when required.

Spill and Emergency Response Measures

1.	 Spill Response Protocol
•	 Isolate the area and evacuate if needed.
•	 Use spill kits with absorbent materials, neutralisers, and PPE.
•	 Neutralise acid or alkali spills with appropriate agents (e.g., sodium bicarbonate for acids).
•	 Dispose of contaminated materials as hazardous waste.

2.	 Fire and Explosion Preparedness
•	 Know the chemical’s flash point and flammability.
•	 Keep extinguishers (foam, dry chemical, CO₂) nearby.
•	 Ensure earthling of machines to prevent static sparks near volatile chemicals.
•	 Install gas detectors and fire alarms in chemical storage areas.

3.	 First Aid Measures
•	 In case of skin contact: Wash immediately with running water for 15–20 minutes.
•	 Eye exposure: Use an eye-wash station and seek immediate medical attention.
•	 Inhalation: Move the affected person to fresh air and provide oxygen if needed.
•	 Ingestion: Do not induce vomiting unless instructed by medical personnel.

Waste Management and Environmental Controls

1.	 Proper Disposal
•	 Never pour chemicals down drains or onto open ground.
•	 Use licensed hazardous waste disposal services.
•	 Neutralise or dilute waste as per regulatory guidelines before disposal.

2.	 Effluent Treatment
•	 Install and maintain an effluent treatment plant (ETP) to remove chemical residues.
•	 Monitor pH, TDS, and BOD levels in discharged water.

3.	 Air Quality Monitoring
•	 Use scrubbers, exhaust systems, and filters to reduce airborne contaminants.
•	 Regularly monitor air quality, especially for volatile organic compounds (VOCs).
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	 Fig. 7.1.2: Chemical Safety Flow

Worker Training and Awareness

1.	 Chemical Safety Training
•	 Mandatory for all personnel handling dyes and chemicals.
•	 Should cover hazard recognition, safe handling, storage, and emergency procedures.

2.	 Use of Signage
•	 Display hazard symbols prominently near chemical storage and usage areas.
•	 Post emergency contacts and procedures near each workstation.

3.	 Mock Drills and Safety Meetings
•	 Conduct regular fire and chemical spill drills.
•	 Include case study reviews of past incidents for learning.

Regulatory Compliance

•	 Adhere to national and international regulations:
	ᴑ The Environment (Protection) Act, 1986 (India)
	ᴑ Hazardous Waste Rules, 2016
	ᴑ OSHA Hazard Communication Standard
	ᴑ REACH and GHS (Globally Harmonised System) for classification and labelling

•	 Keep inspection and audit reports updated.
•	 Cooperate with safety inspectors and maintain open documentation

In any industrial workplace—especially in sectors like textile dyeing and printing where hazardous 
chemicals, heavy machinery, and thermal processes are involved—safety signage plays a crucial role 
in safeguarding workers. These signs are not just regulatory formalities; they are essential tools to 
communicate risks, instructions, and actions in a universally understandable format.

Understanding and correctly responding to these signs can prevent accidents, guide workers during 
emergencies, and promote a safety-conscious culture at the workplace. Importance of health and 
safety signage are as follows: 

1.	 Immediate Communication: Safety signs instantly communicate hazards or required precautions 
without needing verbal instruction or supervision.

7.1.3 Identifying Signage Related to Health and 
Safety Measures
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2.	 Accident Prevention: They alert workers about potential dangers such as flammable materials, 
high voltage, slippery surfaces, or toxic substances.

3.	 Regulatory Compliance: Displaying appropriate signs is a legal requirement under occupational 
health and safety laws in most countries.

4.	 Emergency Preparedness: Signs guide workers to exits, assembly points, fire extinguishers, eye 
wash stations, and first-aid kits in case of emergencies.

5.	 Promotes Inclusivity: Signage often includes symbols, colours, and pictograms, making it accessible 
to workers of different languages and literacy levels.

Categories of Health and Safety Signage

Safety signs are usually classified into five standard categories, each represented by specific colours, 
shapes, and symbols for consistency and clarity.

Type of Sign Meaning Colour Shape Examples

Prohibition Signs

Indicate actions 
or behaviours 
that are not 
allowed.

Red border 
with white 
background

Circular

No Smoking; No 
Entry Without 
Authorisation; 
No Open Flame

Mandatory Signs

Specify actions 
that must be 
followed.

Blue circle 
with white 
symbol/text

Circular

Wear Safety 
Goggles; Use 
Hand Gloves; 
PPE Must Be 
Worn Beyond 
This Point

Warning Signs

Warn about 
potential hazards 
or risks.

Yellow 
background 
with black 
border and 
symbol

Triangular

Caution: 
Wet Floor; 
High Voltage; 
Chemical Hazard; 
Slippery Surface

Emergency Information 
Signs

Show the 
location of safety 
equipment and 
emergency exits.

Green 
background 
with white 
symbol/text

Rectangular 
or square

Emergency Exit; 
First Aid Kit; Eye 
Wash Station; 
Emergency 
Shower
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Type of Sign Meaning Colour Shape Examples

Fire Safety Signs

Indicate locations 
of fire-fighting 
equipment.

Red 
background 
with white 
symbol

Square or 
rectangular

Fire Extinguisher; 
Fire Alarm; Fire 
Hose Reel; Fire 
Exit Route

Table 7.1.1: Categories of Health and Safety Signage

Common Safety Signage in Dyeing and Printing Units

Due to the nature of operations, the following signs are commonly found in textile facilities:

1.	 "Handle Chemicals with Care" near chemical storage or colour kitchen.
2.	 "Acid Storage Area – Use Protective Gear" where corrosive chemicals are stored.
3.	 "Eye Protection Required" at dye mixing zones.
4.	 "Danger: Hot Surface" near dryers or curing machines.
5.	 "Emergency Stop Button" on printing and dyeing machinery.
6.	 "No Food or Drink Beyond This Point" in chemical handling areas.
7.	 "Wash Hands Before Leaving" posted near PPE removal stations.

Placement and Maintenance of Signage

For signage to be effective, strategic placement and regular maintenance are essential.

•	 Visible Height: Signs must be placed at eye level or in direct line of sight.
•	 Well-Lit Areas: Install signs where lighting allows for easy reading at all times.
•	 Clean and Intact: Periodically inspect signs for fading, dirt, or damage and replace when needed.
•	 Language and Accessibility:

	ᴑ Use multilingual signs in workplaces with a diverse workforce.
	ᴑ Include Braille or tactile signs in areas accessed by visually impaired workers.

Simply placing signs is not enough; workers must be trained to recognise and respond to them.

1.	 Induction Programs: New employees should be introduced to all safety signage in their work area.
2.	 Refresher Sessions: Conduct regular sessions on interpreting new or updated signs.
3.	 Mock Drills: Include signage understanding in evacuation and emergency drills.
4.	 Interactive Tools: Posters, flashcards, or digital training can reinforce knowledge.

Modern facilities are adopting smart safety signage to improve response and efficiency.

•	 LED or Backlit Signs: For better visibility in low-light conditions.
•	 Motion-Sensing Signs: That light up when someone approaches.
•	 QR Code-enabled Signs: Scannable codes provide additional safety data or videos.
•	 Digital Dashboards: Display real-time hazard updates or alerts.
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In dyeing and printing units, workers routinely handle hazardous chemicals, operate complex machinery, 
and are exposed to risks such as heat, fumes, splashes, noise, and dust. Personal Protective Equipment 
(PPE) serves as a critical line of defence to prevent injuries, illnesses, and long-term health damage in 
such work environments.

While providing PPE is essential, its effectiveness depends entirely on correct and consistent usage, 
maintenance, and awareness. Improper or sporadic use of PPE can be just as dangerous as not using 
it at all.

Personal Protective Equipment (PPE)

PPE refers to specialised clothing or equipment worn by workers to protect themselves from specific 
hazards in the workplace. In the textile dyeing and printing industry, PPE is designed to safeguard 
various parts of the body from chemicals, heat, machinery, and other occupational risks. Importance of 
correct usage of PPE are as follows: 

1.	 Reduces Health Risks: Prevents inhalation of harmful fumes, skin contact with corrosive substances, 
and eye injuries from splashes.

2.	 Compliance with Law and Standards: Correct use ensures compliance with national safety 
standards (e.g., OSHA, ISO 45001) and avoids legal penalties.

3.	 Minimises Downtime and Injury: PPE reduces the likelihood of accidents, leading to fewer work 
disruptions and better productivity.

4.	 Fosters Safety Culture: When PPE use is normalised and monitored, it reinforces a workplace 
culture that prioritises safety and accountability.

Types of PPE and Their Correct Usage in Dyeing & Printing

Here are common types of PPE and guidance on how to use each correctly

PPE Type Purpose

Nose Masks / Respirators

Protects against inhalation of dye powders, fumes, vapours, 
and other airborne particles.

7.1.4 Explain the Correct Usage of Personal Protective 
Equipment (PPE)
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PPE Type Purpose

Hand Gloves

Shields hands from chemical burns, heat, staining dyes, and 
abrasions.

Safety Goggles / Face Shields

Prevents splashes of chemicals or dye from entering the 
eyes.

Aprons and Lab Coats

Protects torso and clothing from spills and splashes.

Gum Boots / Safety Shoes

Protects feet from slipping, falling objects, or chemical spills.

Ear Protection (Earplugs / 
Earmuffs)

Reduces exposure to harmful noise levels from machinery or 
high-pressure steam valves.
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PPE Type Purpose

Helmets / Hard Hats

Protects head from falling objects or collisions in storage or 
mechanical zones.

Table 7.1.2: Types of PPE

Best Practices for PPE Usage

1.	 Training and Demonstration
•	 Workers must be trained on how to wear, remove, clean, and dispose of PPE.
•	 Include live demonstrations and hands-on practice during induction.

2.	 PPE Signage and Access
•	 Place “PPE Required” signs in areas where it must be used.
•	 Provide PPE in designated stations near the work zone.

3.	 Regular Inspection and Maintenance
•	 Assign supervisors to inspect PPE weekly.
•	 Maintain a log for issuing and replacing PPE.

4.	 Personalisation and Fit
•	 Ensure PPE is the right size and comfort level for each worker.
•	 Avoid sharing PPE to prevent hygiene issues.

5.	 Storage and Cleanliness
•	 Store PPE in clean, ventilated areas away from sunlight and contaminants.
•	 Clean reusable PPE after each use using prescribed procedures.

Mistake Correction

Wearing gloves over soiled hands Always wash and dry hands before donning gloves

Reusing disposable masks Always use a fresh mask per session

Loosely worn goggles Adjust strap for a tight, secure fit

Not wearing PPE due to discomfort Request properly fitted and ergonomically designed PPE

Using damaged equipment Replace immediately or report to supervisor

Table 7.1.3: Common Mistakes and its Correction Methods
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Personal Protective Equipment (PPE) plays a fundamental role in ensuring the health and safety of 
workers, especially in industries like textile dyeing and printing, where exposure to chemicals, heat, 
and mechanical equipment is common. This section describes the various types of PPE used in such 
environments, focusing on their design, purpose, material specifications, and usage guidelines.

Nose Mask / Respirators

	 Fig. 7.1.3: Respirators

Purpose:

Nose masks or respirators are used to protect workers from inhaling harmful airborne substances like 
chemical vapours, dye powders, mists, and micro-particles generated during the mixing, spraying, and 
printing processes.

Types:

•	 Disposable Nose Masks (N95 or N99): For particulate matter.
•	 Half-Face Respirators with Cartridges: For chemical vapour protection.
•	 Full-Face Respirators: Provides eye and respiratory protection.

Material: Typically made from non-woven polypropylene fabric with filtration layers, elastic straps, and 
adjustable nose clips.

Usage Tips:

•	 Always check the seal before entering a work zone.
•	 Do not use damaged or expired masks.
•	 Replace filters as per manufacturer's guidelines (usually after 8 hours or when breathing becomes 

difficult).

7.1.5 Describe Various Personal Protective Equipment 
Like Nose Mask, Hand Gloves, Gum Boots, etc.
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Hand Gloves

 
	 Fig. 7.1.4: Hand Gloves

Purpose: Hand gloves are critical for protecting hands from corrosive chemicals, hot surfaces, 
mechanical injuries, and contaminants.

Types:

•	 Chemical-Resistant Gloves (Nitrile, Neoprene, PVC): For handling dyes, acids, and alkalis.
•	 Heat-Resistant Gloves (Kevlar, Silicone): For use near curing units, dryers, or steamers.
•	 Disposable Latex Gloves: For tasks requiring hygiene but not strong chemical protection.
•	 Cut-Resistant Gloves: For handling sharp-edged equipment or fabric rollers.

Material:

•	 Nitrile: Excellent chemical and puncture resistance.
•	 Neoprene: Resists oils and solvents.
•	 Latex: Offers dexterity but may cause allergic reactions.
•	 Kevlar: Flame and cut resistance.

Usage Tips:

•	 Match glove material to task.
•	 Inspect gloves before and after each use.
•	 Avoid using gloves contaminated with chemicals in clean areas.

Gum Boots / Safety Footwear

Purpose:

Gum boots protect the feet from chemical spills, waterlogging, sharp objects, and mechanical impact 
in wet or hazardous work zones.

Types:

•	 PVC Gum Boots: Waterproof and chemical-resistant.
•	 Steel-Toe Safety Shoes: Protects against falling objects and compression.
•	 Antistatic Footwear: For areas with static-sensitive operations.
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	 Fig. 7.1.5: Safety Footwear

Material:

Typically made from rubber, polyurethane, or PVC with reinforced soles and toe caps.

Usage Tips:

•	 Select the correct size to avoid foot fatigue.
•	 Clean boots regularly to prevent contamination and slippage.
•	 Replace worn-out boots with damaged soles or holes.

Safety Goggles and Face Shields

 
	 Fig. 7.1.6: Safety Goggle & Face Shields

Purpose:

Protects the eyes and face from chemical splashes, dye particles, and flying debris.
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Types:

•	 Splash-Proof Goggles: With side shields or sealed frames.
•	 Face Shields: Covers the full face; used during high-risk tasks.

Material: Made from impact-resistant polycarbonate or acrylic with anti-fog and scratch-resistant 
coatings.

Usage Tips:

•	 Ensure a snug fit and clear vision.
•	 Disinfect after each shift.
•	 Replace if visibility is impaired or the lens is cracked.

Aprons and Protective Clothing

Purpose: To prevent skin contact with harmful substances and avoid staining or damage to personal 
clothing.

Types:

•	 Chemical-Resistant Aprons (PVC, PE-coated fabric): For dye mixing or printing.
•	 Flame-Resistant Lab Coats: When working near heat sources.
•	 Disposable Coveralls: For one-time tasks or highly contaminated environments.
•	 Material: PVC, polyethylene-coated polyester, or specialised chemical-resistant fabrics.

Usage Tips:

•	 Choose appropriate protection level for the task.
•	 Avoid reusing disposable PPE.
•	 Store aprons away from direct sunlight or chemical fumes.

Ear Protection (Earplugs and Earmuffs)

 
	 Fig. 7.1.7: Ear Protection

Purpose:

Used to reduce noise levels from heavy machinery, air compressors, or high-pressure steamer 
operations.
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Types:

•	 Foam Earplugs: Inserted into the ear canal.
•	 Earmuffs: Covers the outer ear with padded cushions.
•	 Material: Polyurethane foam (earplugs), plastic shells with foam padding (earmuffs).

Usage Tips:

•	 Insert earplugs properly to seal the ear canal.
•	 Ensure earmuffs fit tightly without pressing too hard.
•	 Clean or replace ear protection regularly.

Helmets / Hard Hats

 
	 Fig. 7.1.8: Helmet

Purpose: Provides head protection from falling objects, accidental bumps, or mechanical equipment in 
overhead zones.

Types:

•	 Standard Industrial Hard Hats: With adjustable headbands and chin straps.
•	 Electrical-Resistant Helmets: For protection against electric shocks.
•	 Material: High-density polyethylene (HDPE), ABS plastic, or composite fibres.

Usage Tips:

•	 Wear securely with chin strap fastened.
•	 Replace if cracked, impacted, or after 5 years of use.

High-Visibility Vests

Purpose: Helps in locating and identifying workers easily in crowded or low-light areas such as dye 
houses or warehouses.

Material:

•	 Fluorescent polyester fabric with reflective strips.

Usage Tips:

•	 Ensure the vest is visible from all directions.
•	 Keep it clean to maintain visibility.
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	 Fig. 7.1.9: High Visibility Vest

Effective monitoring of the workplace is crucial to proactively identify and eliminate hazards before 
they lead to accidents or injuries. In textile dyeing and printing units, where workers handle chemicals, 
operate heavy machinery, and work in often humid and high-temperature conditions, constant vigilance 
is essential.

Methods of Risk Monitoring

•	 Conduct daily safety inspections using a checklist.
•	 Assign floor supervisors to observe unsafe behaviour.
•	 Use CCTV or automation systems to detect process failures.
•	 Maintain a safety logbook to record and follow up on incidents.

Worker Involvement

•	 Encourage workers to report near-misses or unsafe conditions.
•	 Conduct walk-throughs and toolbox talks.
•	 Display safety signs and incident metrics to maintain awareness.

7.1.6 Monitor the Workplace and Work Processes for 
Potential Risks and Threats

Compliance with health and safety policies, along with ensuring inclusivity for women and persons with 
disabilities (PWD), is not only a legal obligation but also critical for building a respectful, efficient, and 
harmonious workplace.

7.1.7 Importance of Complying with Health, Safety, Gender, 
and PWD-Related Instructions at the Workplace
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Physical Hazards

• Wet floors can cause slips.
• Hot surfaces or steam pipes may cause burns.
• Sharp edges on machines or tools.

Chemical Hazards:

• Dye and chemical spillage.
• Fume emission from vola�le chemicals.
• Improper chemical storage or labelling

Electrical Hazards

• Loose wiring or damaged sockets.
• Water near power sources.
• Overloaded circuits.

Ergonomic Risks:

• Poor posture while prin�ng manually.
• Li�ing heavy dye drums without aids.
• Repe��ve strain from fabric handling.

	 Fig. 7.1.10: Key Aspects of Workplace Monitoring

Health and Safety Compliance

•	 Ensures legal compliance with factories and labour laws.
•	 Reduces workplace injuries, absenteeism, and compensation costs.
•	 Builds a culture of prevention and accountability.

Examples:

•	 Using PPE when handling chemicals.
•	 Following lock-out/tag-out procedures before maintenance.
•	 Adhering to the prescribed emergency exits and drills.

Gender Sensitivity

•	 Ensures that women workers are given equal opportunity and protection.
•	 Includes protection against harassment, access to sanitary facilities, and equal pay for equal work.

Workplace Actions:

•	 Establishing an Internal Complaints Committee (ICC).
•	 Providing safe transport for women in late shifts.
•	 Sensitisation on respectful behaviour and communication.
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PWD Inclusivity

•	 Persons with disabilities must have equal access to employment and working conditions.
•	 This includes reasonable accommodations, barrier-free facilities, and sensitised co-workers.

Implementation Practices:

•	 Ramps and wide pathways for wheelchair access.
•	 Assigning tasks suited to individual ability.
•	 Using visual/audio indicators for alerts (helpful for hearing/visually impaired workers).

PwD Inclusivity is essential due to the following reasons: 

•	 Promotes diversity and inclusion, leading to better morale and retention.
•	 Enhances the company’s reputation and social responsibility.
•	 Encourages innovation and empathy within teams.

Sensitisation programmes play a pivotal role in cultivating a workplace culture that values equality, 
respect, and understanding of all individuals, regardless of gender or disability. These programmes are 
essential in dismantling stereotypes and reducing unconscious bias.

Sensitisation Programmes

•	 Structured training sessions, workshops, or awareness campaigns focused on:
	ᴑ Gender sensitivity
	ᴑ Disability inclusion
	ᴑ Workplace etiquette and communication
	ᴑ Anti-discrimination and anti-harassment

Gender Sensitisation Topics

•	 Understanding gender roles and bias.
•	 Promoting equal opportunity.
•	 Handling harassment or discrimination appropriately.
•	 Encouraging leadership roles for women.

PWD Sensitisation Topics

•	 Addressing myths and stigma around disability.
•	 Providing training on inclusive language and support.
•	 Demonstrating how to assist a co-worker with a disability safely.
•	 Emphasising capabilities over limitations.

7.1.8 Importance of Training Sensitisation Programmes for 
Gender and PWD Awareness Organised at the Workplace
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Benefits of Sensitisation Training

•	 Creates Empathetic Teams: Workers learn to understand and respect individual differences.
•	 Reduces Conflict: By addressing prejudices and fostering mutual understanding.
•	 Enhances Productivity: Inclusive teams tend to collaborate more effectively.
•	 Builds Leadership: Inclusive managers are better equipped to support all employees.

Modes of Delivery

•	 In-person or virtual workshops.
•	 Posters, brochures, or interactive games.
•	 Regular inclusion in on boarding and refresher training schedules.

Key Stakeholders Involved

•	 HR department or training teams.
•	 External NGOs or trainers with expertise in inclusion.
•	 Participation of management to lead by example.

Gender equality is a cornerstone of a fair and inclusive workplace, particularly important in the apparel 
and textile industry, which employs a large number of women. Ensuring equal opportunities and 
respectful treatment for all genders not only fulfils social responsibility but also boosts productivity 
and morale.

•	 Equal Pay for Equal Work: Women must receive the same wages as men for performing the same 
roles with equal responsibility and skill level. Pay disparities should be regularly audited and 
corrected.

•	 Career Advancement Opportunities: Employers should provide equal chances for training, 
upskilling, and promotions regardless of gender. Encouraging women into leadership and technical 
roles fosters a more balanced workforce.

•	 Harassment-Free Workplace: Establishing clear anti-harassment policies and an Internal Complaints 
Committee (ICC) as per the POSH (Prevention of Sexual Harassment) Act is crucial. Employees 
should be aware of reporting mechanisms and their rights.

•	 Work-Life Balance Measures: Provisions such as maternity leave, paternity leave, nursing rooms, 
and flexible working hours help retain talent and promote family-friendly workplaces.

•	 Awareness and Sensitisation: Regular workshops and campaigns on gender respect, inclusivity, 
and unconscious bias help cultivate mutual respect and cooperation among colleagues.

7.1.9 Gender Equality in the Apparel Industry

Preparedness is key to minimising damage and ensuring safety during workplace emergencies. Mock 
drills train employees to act swiftly and correctly under pressure, building confidence and saving lives.

1.	 Types of Emergency Drills:

•	 Fire Drills: Familiarise workers with alarms, extinguishers, and evacuation routes.

•	 Chemical Spill Drills: Practice containment, clean-up, and reporting procedures.

7.1.10 Worker Participation in Mock Drills and Evacuations
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•	 Earthquake Drills: Safe cover strategies, evacuation without panic.

•	 Medical Emergency Drills: Responding to sudden illnesses or injuries.

2.	 Participation Guidelines:

•	 All employees must take part in scheduled drills.

•	 Specific roles (fire wardens, first aiders, evacuation leads) should be clearly defined.

•	 Drills must be realistic and cover different emergency scenarios.

3.	 Frequency and Review:

•	 Conduct drills quarterly or as per local safety regulations.

•	 Hold debriefing sessions after each drill to assess performance, identify delays or errors, and 
implement improvements.

4.	 Benefits:

•	 Increases awareness of escape routes and procedures.

•	 Builds teamwork and leadership during crises.

•	 Reduces confusion and enhances reaction time in real emergencies.

Every workplace must empower its employees with basic emergency response skills. Training in first 
aid, firefighting, and other emergency protocols ensures immediate action during incidents, preventing 
escalation and saving lives.

1.	 First Aid Training:

•	 Recognising types of injuries (cuts, burns, fractures, fainting).

•	 Performing primary care until medical help arrives.

•	 Knowing how to use first aid kits properly.

2.	 Firefighting Techniques:

•	 Understanding fire types (Class A: solids, B: liquids, C: gases, E: electrical).

•	 Using appropriate fire extinguishers for different fire classes.

•	 Safe methods of extinguishing small fires and using fire blankets.

3.	 Emergency Response Skills:

•	 Shutting down machinery during fire or gas leak.

•	 Coordinating evacuation and guiding co-workers to safety zones.

•	 Contacting emergency services and following escalation procedures.

4.	 Refreshers and Certification:

•	 Training should be conducted by certified professionals.

•	 Issue certificates upon successful completion.

•	 Refresher courses annually to keep skills updated.

7.1.11 First Aid, Firefighting, and Emergency Training
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Basic first aid is the immediate assistance provided to a person suffering from an injury or illness before 
professional medical help arrives. It is essential for preventing conditions from worsening and can save 
lives in critical situations. In the workplace, having trained personnel to administer first aid improves 
overall safety and preparedness.

•	 Assessment Before Action: Always check for danger to yourself and the victim before providing 
aid. Use the DRSABC method – Danger, Response, Send for help, Airway, Breathing, and Circulation.

•	 Managing Bleeding:
	ᴑ Apply firm pressure directly on the wound using a clean cloth or bandage.
	ᴑ Elevate the injured area if possible to reduce blood flow.
	ᴑ Secure the dressing with a bandage and monitor for continued bleeding or signs of shock.

•	 Treating Burns:
	ᴑ Cool the burn under running water for at least 10 minutes.
	ᴑ Do not use ice, butter, or ointments.
	ᴑ Cover with a sterile, non-fluffy dressing or cloth.
	ᴑ Seek medical attention for chemical, electrical, or large burns.

•	 Dealing with Fractures:
	ᴑ Avoid moving the injured area unnecessarily.
	ᴑ Support the injury with a sling or splint using soft materials.
	ᴑ Reassure the person and keep them calm until help arrives.

•	 Handling Minor Cuts and Wounds:
	ᴑ Clean with water or antiseptic solution.
	ᴑ Apply an adhesive dressing or gauze pad.
	ᴑ Watch for signs of infection (swelling, redness, pus).

•	 Choking:
	ᴑ Ask the person to cough forcefully.
	ᴑ If choking persists, give up to 5 back blows followed by 5 abdominal thrusts (if trained).
	ᴑ Repeat until the blockage is cleared or professional help arrives.

Understanding and demonstrating these basic techniques ensures that immediate support is available 
in the event of workplace incidents, minimising the risk of complications.

7.1.12 Demonstrating Basic First Aid

Cardiopulmonary resuscitation (CPR) is a lifesaving technique that helps maintain vital blood and 
oxygen flow when someone's heartbeat or breathing has stopped. CPR can double or triple a person's 
chance of survival if performed promptly and correctly.

•	 When to Use CPR:
	ᴑ Unconscious and not breathing or only gasping.
	ᴑ No signs of circulation (e.g., movement, coughing, or normal breathing).

7.1.13 Demonstrating Basic CPR
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•	 Steps in Adult CPR (CAB Approach):

1.	 C – Compressions:

•	 Place the heel of one hand in the center of the chest (on the lower half of the breastbone).

•	 Place the other hand on top and interlock fingers.

•	 Push hard and fast, at a depth of 2 inches (5 cm), at a rate of 100–120 compressions per 
minute.

•	 Allow full recoil between compressions.

2.	 A – Airway:

•	 After 30 compressions, tilt the person’s head back slightly to open the airway.

•	 Lift the chin to prevent tongue blockage.

3.	 B – Breathing:

•	 Give 2 rescue breaths by pinching the nose and breathing into the mouth.

•	 Watch for the chest to rise.

•	 Continue the cycle of 30 compressions and 2 breaths.

4.	 Automated External Defibrillator (AED):

•	 If available, turn on the AED and follow voice prompts.

•	 Attach pads to the person’s chest as shown in the AED diagrams.

•	 Ensure no one is touching the person when the AED delivers a shock.

5.	 When to Stop CPR:

•	 The person starts to breathe normally.

•	 A trained medical professional takes over.

•	 You become physically exhausted.

Even basic knowledge and practice of CPR can make the difference between life and death during 
cardiac emergencies at work. All employees should be encouraged to attend CPR certification 
sessions and refresher courses
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UNIT 7.2: Environmental Sustainability and Compliance

By the end of this unit, the participants will be able to:

1.	 State the environmental compliance requirements related to effluents.
2.	 Explain the compliance requirements related to dyes and chemicals.
3.	 Ensure that procedures related to the environmental management system are being followed.
4.	 Ensure effluents are monitored periodically for compliance.
5.	 Describe the treatment processes which influence BOD, COD, pH, colour, etc., of the effluents.
6.	 Ensure dyeing effluents before discharge comply with industrial and environmental requirements 

like BOD, COD, pH, and colour.
7.	 Describe the operating processes of the Effluent Treatment Plant (ETP).
8.	 Identify the best use of materials to minimise waste.
9.	 Dispose waste safely in the designated location.

Unit Objectives

Environmental compliance concerning effluents is a legal and ethical obligation for industries, especially 
in dyeing and printing where large volumes of wastewater are generated. Effluent discharge can have 
serious environmental impacts, including water pollution, soil degradation, and harm to aquatic life, if 
not properly treated and monitored.

1.	 Regulatory Standards: Regulatory authorities like the Pollution Control Boards (CPCB/SPCBs in 
India) have established specific parameters for the quality of wastewater that can be discharged. 
These include limits for:
•	 BOD (Biochemical Oxygen Demand)
•	 COD (Chemical Oxygen Demand)
•	 TDS (Total Dissolved Solids)
•	 pH
•	 Colour and Turbidity
•	 Heavy Metals and Toxic Substances

2.	 Mandatory Approvals: Industries must obtain Consent to Establish and Consent to Operate from 
the Pollution Control Board. Regular renewal and compliance audits are required to continue 
operations legally.

3.	 Monitoring and Reporting: Periodic sampling and third-party lab testing of effluent must be carried 
out. Test results should be recorded and submitted to authorities as per the compliance schedule.

4.	 Zero Liquid Discharge (ZLD): In some regions, textile industries are required to follow ZLD policies, 
meaning no untreated or treated water should leave the premises. All water must be recycled 
within the facility.

5.	 Penalties for Non-Compliance: Failing to meet effluent standards can result in:
•	 Heavy fines
•	 Closure notices

7.2.1 Environmental Compliance Requirements Related 
to Effluents

212



Processing Supervisor (Dyeing & Printing)

•	 Revocation of licenses
•	 Environmental damage liabilities

6.	 Public Health Responsibility: Besides legal consequences, untreated effluents pose risks to nearby 
communities, leading to skin diseases, respiratory issues, and water-borne illnesses. Compliance 
helps safeguard both human and ecological health.

The dyeing and printing industry uses a wide range of chemicals, many of which can be hazardous to 
health and the environment. Proper handling, storage, and disposal of these chemicals are central to 
regulatory compliance and environmental responsibility.

Procurement 
of Cer�fied 
Chemicals

Proper 
Labeling and 

Storage
PPE Usage Safe Disposal 

after Use

	 Fig. 7.2.1: Safe Chemical Handling Flow

 

•	 Hazardous Substance Guidelines: Many dyes and auxiliary chemicals are classified as hazardous 
under national and international laws (like REACH, GOTS, or ZDHC). The use of azo-free, 
formaldehyde-free, and heavy metal-free dyes is now commonly mandated.

•	 Chemical Inventory Management:
	ᴑ Maintain an up-to-date inventory of all chemicals in use.
	ᴑ Label each chemical with hazard warnings, handling instructions, and expiry dates.
	ᴑ Store chemicals in segregated areas to avoid reactions.

•	 Material Safety Data Sheets (MSDS):
	ᴑ Keep MSDS documents accessible to all employees.
	ᴑ Train workers to read and interpret MSDS for safe usage.

•	 Restricted Substance Lists (RSLs): Buyers or international brands often provide a list of banned or 
restricted substances. Compliance with RSLs is necessary for export and brand certification.

•	 Green Chemistry: Emphasis is increasing on shifting towards sustainable and non-toxic chemical 
alternatives. Compliance involves:

	ᴑ Using eco-certified dyes
	ᴑ Reducing the use of harmful mordants or fixatives
	ᴑ Switching to enzymatic or waterless technologies when available

•	 Chemical Disposal Regulations:
	ᴑ Never dump unused or expired chemicals in drains or open land.
	ᴑ Dispose of through certified hazardous waste handlers.
	ᴑ Maintain disposal records for audits.

•	 Training and PPE Compliance:
	ᴑ Workers handling chemicals must be trained in safe handling practices.
	ᴑ Proper use of PPE (gloves, aprons, goggles, respirators) is mandatory.
	ᴑ Emergency protocols such as eyewash stations and spill kits must be readily available.

•	 Compliance Audits: Regulatory bodies and international clients may conduct chemical management 
audits. Facilities are expected to maintain full traceability from chemical receipt to disposal.

7.2.2 Compliance Requirements Related to Dyes 
and Chemicals
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The Environmental Management System (EMS) is a structured framework that helps organisations 
manage their environmental responsibilities efficiently and sustainably. In the context of textile dyeing 
and printing, implementing and adhering to EMS procedures is crucial for reducing environmental 
impact, ensuring regulatory compliance, and fostering sustainable operations.

Environmental Management System (EMS)

An EMS is a systematic approach for:

•	 Identifying environmental impacts of industrial processes,
•	 Establishing environmental objectives and targets,
•	 Implementing policies, procedures, and controls to manage those impacts,
•	 Continually reviewing and improving performance.

Most recognised EMS frameworks are based on ISO 14001 standards, which provide globally accepted 
guidelines for environmental management.

Core Components of EMS in Textile Units

1.	 Environmental Policy
•	 A formal, organisation-wide commitment to sustainable operations.
•	 Communicated to all employees and made available to the public.

2.	 Planning
•	 Identify environmental aspects (e.g., water usage, effluent discharge, energy consumption).
•	 Assess associated environmental impacts and legal requirements.
•	 Set environmental objectives (e.g., reduce water usage by 20%).

3.	 Implementation and Operation
•	 Develop Standard Operating Procedures (SOPs) for each aspect (like effluent monitoring, 

chemical storage, waste segregation).
•	 Assign roles and responsibilities for environmental compliance.
•	 Train staff in EMS awareness and responsibilities.

4.	 Monitoring and Measurement
•	 Regular inspections and audits to verify compliance with environmental objectives and laws.
•	 Use of data logging systems for parameters like BOD, COD, pH, etc.
•	 Recordkeeping of energy use, chemical usage, and waste generated.

5.	 Evaluation and Corrective Action
•	 Identify gaps through audits or incident reports.
•	 Take timely corrective and preventive actions (CAPA).
•	 Update EMS procedures to prevent recurrence.

6.	 Management Review
•	 Periodic review by top management to assess effectiveness and suggest improvements.
•	 Decisions on investments in green technologies, training, or process changes.

7.2.3 Ensuring That Procedures Related to the Environmental 
Management System (EMS) Are Being Followed
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Practical EMS Procedures in Dyeing and Printing Units

1.	 Effluent Handling SOPs
•	 Ensure all effluents pass through primary, secondary, and tertiary treatment before discharge 

or reuse.
•	 Monitor and log parameters like temperature, pH, and turbidity.

2.	 Chemical Management SOPs
•	 Follow batch-wise inventory updates and safe storage practices.
•	 Audit chemical usage and eliminate hazardous substances where alternatives exist.

3.	 Air and Noise Pollution Control
•	 Ensure scrubbers, chimneys, and silencers are functioning as per design.
•	 Record emissions periodically and maintain reports.

4.	 Waste Segregation and Disposal
•	 Segregate recyclable, hazardous, and general waste.
•	 Partner with authorised waste disposal vendors.

5.	 Energy and Water Conservation Measures
•	 Install flow meters and energy monitors.
•	 Implement rainwater harvesting, condensate recovery, and low liquor ratio dyeing.

Role of Workers and Supervisors in EMS Compliance

•	 Awareness and Training:
	ᴑ All employees should be trained in EMS protocols relevant to their tasks.
	ᴑ Visual displays, checklists, and refreshers help reinforce compliance.

•	 Accountability:
	ᴑ Supervisors should ensure checklists are filled, equipment is maintained, and incidents are 

reported.
	ᴑ Workers should report leaks, spills, or violations immediately.

•	 Internal Audits:
	ᴑ Conducted by trained EMS auditors at regular intervals.
	ᴑ Non-conformities must be documented and addressed with CAPA.

Benefits of Following EMS Procedures

•	 Environmental Protection: Reduced pollution and conservation of natural resources.
•	 Regulatory Compliance: Minimises legal risks and penalties.
•	 Cost Savings: Lower water, energy, and chemical costs through efficient processes.
•	 Enhanced Reputation: Builds trust with customers, brands, and the community.
•	 Market Access: Helps meet buyer expectations and certifications like ISO 14001, GOTS, ZDHC, and 

OEKO-TEX.
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Common Challenges and How to Overcome Them

Challenge Solution

Resistance to change Regular training, visible leadership support

Lack of technical knowledge Hire or train EMS officers

Poor recordkeeping Use digital logs and automated sensors

High cost of implementation Adopt phased upgrades and apply for government subsidies

Regular monitoring of effluents is vital to ensure that the discharged wastewater meets environmental 
regulations and does not harm the surrounding ecosystem. Effluent monitoring involves periodic testing 
of water quality parameters, keeping records, and initiating corrective actions if limits are exceeded.

1.	 Monitor Effluents
•	 Environmental Protection: Prevents water body contamination and protects aquatic life.
•	 Regulatory Compliance: Required by the SPCB to retain the Consent to Operate.
•	 Operational Control: Identifies process inefficiencies that may lead to increased pollution.
•	 Public Health: Prevents the release of toxic substances into groundwater and public water 

systems.

Sampling

Lab Tes�ng 

Compliance 
Report 

Correc�ve 
Ac�on 

Resampling

	 Fig. 7.2.2: Effluent Monitoring Cycle 

 

2.	 Parameters to Monitor
•	 BOD (Biological Oxygen Demand): Indicates organic pollution level.
•	 COD (Chemical Oxygen Demand): Measures total chemical oxidisable matter.
•	 pH: Determines acidity/alkalinity of the effluent.
•	 TSS (Total Suspended Solids): Particles that affect water clarity.
•	 TDS (Total Dissolved Solids): Indicates salts and minerals.
•	 Temperature and Colour: Affect aquatic ecosystem balance.

7.2.4 Ensuring Effluents Are Monitored Periodically 
for Compliance
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3.	 Frequency and Methods
•	 Daily Checks: On-site pH, temperature, and flow.
•	 Weekly/Monthly Tests: Lab testing for BOD, COD, TDS, TSS.
•	 Quarterly Reports: Submitted to SPCBs with lab certifications.
•	 Continuous Monitoring: Use of sensors and data loggers for real-time tracking.

4.	 Tools and Equipment
•	 pH meters
•	 Spectrophotometers (for colour and COD analysis)
•	 Gravimetric filters (for TSS)
•	 DO (Dissolved Oxygen) meters

5.	 Recordkeeping and Documentation
•	 Maintain logbooks for each parameter.
•	 Archive test reports and calibration records.
•	 Document any deviations and actions taken.

6.	 Challenges and Solutions

Challenge Solution

Inconsistent Testing Establish testing schedule and assign responsibilities

Lack of Trained Staff Conduct technical training and certifications

Equipment Failure Maintain backup instruments and AMC contracts

7.	 Role of Third-Party Audits
•	 SPCBs or buyer-appointed auditors verify compliance.
•	 Third-party labs may be engaged for independent testing.
•	 Non-compliance may result in fines, closure notices, or buyer blacklisting.

Effluent treatment in textile dyeing units involves a combination of physical, chemical, and biological 
processes designed to reduce pollutants like BOD, COD, colour, and acidity/alkalinity (pH). The goal is 
to make the wastewater safe for discharge or reuse.

1.	 Primary Treatment
•	 Screening: Removal of large solids using screens.
•	 Equalisation Tanks: Homogenise wastewater for consistent quality.
•	 Neutralisation: Adjust pH using acid or alkali.

2.	 Secondary Treatment (Biological)
•	 Aeration Tanks: Use aerobic bacteria to digest organic matter.
•	 Activated Sludge Process: Air is supplied to boost microbial activity.
•	 Settling Tanks: Allow treated water to separate from sludge.

7.2.5 Treatment Processes Influencing BOD, COD, pH, 
Colour, etc., of Effluents

217



Participant Handbook

Impact:

•	 Significantly reduces BOD and COD.
•	 Stabilises pH.

3.	 Tertiary Treatment (Advanced/Chemical)
•	 Coagulation and Flocculation: Use alum or poly-electrolytes to remove colour and fine solids.
•	 Filtration: Sand or carbon filters to trap fine particles and remove odours.
•	 UV or Ozonation: Oxidise and remove residual colour and pathogens.

Impact:

•	 Removes colour and remaining COD.
•	 Improves clarity and disinfection.

4.	 Sludge Handling
•	 Thickening: Increase solid content.
•	 Drying Beds/Centrifuges: Remove water.
•	 Disposal: Sent to authorised hazardous waste facilities.

5.	 Zero Liquid Discharge (ZLD)
•	 Reverse Osmosis (RO): Recover clean water.
•	 Evaporators: Concentrate and remove salts.
•	 Crystallisers: Solidify remaining salts for safe disposal.

6.	 Monitoring and Process Control
•	 Automation: SCADA systems to monitor and control treatment stages.
•	 Sensors and Alarms: Trigger corrective actions in case of deviation.
•	 Lab Testing: Validate real-time data with lab analysis.

7.	 Benefits of Effective Treatment
•	 Protects environment and health.
•	 Helps meet buyer and government standards.
•	 Enables water reuse, reducing freshwater demand.
•	 Minimises legal and reputational risks.

8.	 Common Issues and Remedies

Issue Remedy

High BOD/COD after treatment Check aeration and microbial health

pH fluctuations Improve neutralisation dosing

Colour not removed Enhance coagulation/flocculation or use ozone/UV

Effluent discharge in the textile dyeing sector is subject to stringent environmental regulations, especially 
concerning parameters like Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD), pH 
levels, and colour. Ensuring compliance is essential to safeguard public health, protect ecosystems, and 
maintain industry reputation.

7.2.6 Ensuring Dyeing Effluents Before Discharge
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1.	 Key Parameters and Their Importance
•	 BOD (Biological Oxygen Demand): Measures the amount of oxygen required by microorganisms 

to decompose organic matter. High BOD depletes oxygen in water bodies, harming aquatic life.
•	 COD (Chemical Oxygen Demand): Quantifies the oxygen needed to chemically oxidise organic 

and inorganic pollutants. It reflects overall pollutant load.
•	 pH: Indicates whether effluent is acidic or alkaline. Most aquatic organisms survive in pH 6.5 

to 8.5.
•	 Colour: Aesthetic concern and a marker of unremoved dyes or chemicals. Coloured water 

reduces light penetration, affecting aquatic photosynthesis.
2.	 Legal Standards in India

As per the Central Pollution Control Board (CPCB), typical limits for dyeing units are:

•	 BOD: ≤ 30 mg/L
•	 COD: ≤ 250 mg/L
•	 pH: 6.0 to 9.0
•	 Colour: Must be visually clear or below 50 Pt-Co units (depending on receiving body)

3.	 Steps to Ensure Compliance
Pre-Discharge Quality Checks

•	 Set up an in-house testing lab for daily monitoring.
•	 Use certified external laboratories monthly for validation.
•	 Conduct composite sampling (24-hour) for accurate representation.

Internal Audit Protocols

•	 Regular internal audits using SOPs aligned with ISO 14001 standards.
•	 Document corrective actions for any out-of-spec values.
•	 Schedule unannounced audits for accountability.

Process Adjustments

•	 If BOD/COD levels rise, increase aeration or check biological reactor health.
•	 Modify dosing in neutralisation tanks if pH varies.
•	 Enhance colour removal by improving flocculation or adding advanced treatments like 

ozonation.

Training and Awareness

•	 Operators should be trained in recognising deviations and troubleshooting.
•	 Encourage cross-functional awareness among maintenance, ETP, and production teams.

4.	 Risk of Non-Compliance
•	 Legal Consequences: Penalties, license suspension, or factory closure.
•	 Reputational Damage: Loss of contracts with environmentally-conscious buyers.
•	 Environmental Harm: Long-term soil and water pollution.

5.	 Technology for Real-Time Monitoring
•	 Online Effluent Analysers: Provide round-the-clock readings of BOD, COD, pH, and colour.
•	 SCADA Systems: Automated alerts and data logs for compliance tracking.
•	 Integration with CPCB/SPCB Portals: Many states require live data uploads.
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The Effluent Treatment Plant (ETP) plays a crucial role in managing wastewater generated by dyeing 
processes. Understanding its operating procedures ensures optimal performance, regulatory 
compliance, and environmental safety.

1.	 Overview of an ETP
An ETP is a structured combination of units that treat effluents in multiple stages: physical, chemical, 
biological, and advanced (tertiary). Its main purpose is to:

•	 Reduce pollutant levels to permissible standards.
•	 Reuse treated water within the facility.
•	 Minimise environmental impact.

2.	 Key Operating Units and Their Functions
Primary Treatment

•	 Bar Screen Chamber: Removes large solids and floating matter.
•	 Oil & Grease Trap: Separates oils from effluent through gravity-based separation.
•	 Equalisation Tank: Balances fluctuations in effluent volume and concentration.

Neutralisation Tank

•	 Adjusts pH by dosing with acid (e.g., HCl) or alkali (e.g., NaOH) to reach near-neutral pH before 
biological treatment.

Coagulation and Flocculation

•	 Coagulants (e.g., Alum, Ferric Chloride): Destabilise suspended particles.
•	 Flocculants (e.g., Poly-electrolytes): Aggregate particles into larger flocs for easy removal.

Biological Treatment

•	 Aeration Tank: Introduces air to encourage microbial breakdown of organic pollutants (aerobic 
digestion).

•	 Activated Sludge Process (ASP): Microorganisms consume organic matter; sludge settles in the 
secondary clarifier.

Tertiary Treatment

•	 Sand Filtration: Removes remaining suspended particles.
•	 Carbon Filtration: Removes odours, colour, and trace organic matter.
•	 Disinfection: Chlorination or UV systems used before final discharge.

Sludge Handling

•	 Sludge Thickener and Filter Press: Remove moisture from sludge.
•	 Disposal: Dewatered sludge sent to authorised landfill or co-processing units.

7.2.7 Operating Processes of the Effluent Treatment 
Plant (ETP)
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3.	 Operating Best Practices
•	 Start-Up and Shut-Down SOPs: Ensure safety and efficiency during plant transitions.
•	 Dosing Accuracy: Use dosing pumps for precision in chemical addition.
•	 Aeration Monitoring: Maintain optimal dissolved oxygen (DO) levels (2–3 mg/L).
•	 Sludge Recycling: A portion of active sludge is returned to the aeration tank to maintain 

microbial population.
4.	 Maintenance and Troubleshooting

•	 Daily Checks: Inspect pumps, blowers, valves, and flow meters.
•	 Weekly Tasks: Clean tanks and screens, test sludge quality.
•	 Monthly Calibration: Ensure sensors and meters provide accurate data.

Common Problem Likely Cause Solution

Foul Odour Anaerobic digestion or stagnant flow Increase aeration and check flowrate

Foaming in 
Aeration Tank

Overgrowth of bacteria or 
surfactants Adjust biomass loading and skimming

Sludge Bulking Poor settling of sludge Control MLSS, monitor F/M ratio

5.	 Recordkeeping
•	 Maintain logbooks for:

	ᴑ Flow rates
	ᴑ Chemical dosages
	ᴑ DO levels
	ᴑ Sludge volume index (SVI)
	ᴑ Lab test results

6.	 ETP Operator Training
•	 Operators must understand:

	ᴑ Plant flow diagram
	ᴑ Chemistry of treatment steps
	ᴑ Emergency response protocols

•	 Certification from pollution control boards or recognised training institutes is recommended.
7.	 Automation and Digitisation

•	 Programmable Logic Controllers (PLC): Manage dosing, aeration, and flow controls.
•	 SCADA (Supervisory Control and Data Acquisition): Provides real-time operational dashboards 

and remote access.
•	 AI & IoT Integration: Predictive analytics for failure prevention and energy savings.

8.	 Importance of ETP Performance Monitoring
•	 Ensures compliance with BOD, COD, and colour standards.
•	 Protects downstream equipment in ZLD systems.
•	 Enhances water recycling, reducing freshwater dependency.
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Effective material utilisation is one of the most impactful strategies for achieving environmental 
sustainability in the textile and dyeing industry. Minimising waste not only supports compliance but 
also improves cost-efficiency and resource conservation.

1.	 Importance of Material Efficiency
•	 Environmental Impact: Less waste generation means fewer resources consumed and lower 

burden on disposal and treatment systems.
•	 Economic Efficiency: Reducing raw material usage cuts down costs, increasing profitability.
•	 Regulatory Compliance: Authorities are increasingly scrutinising waste generation, especially 

solid and hazardous waste.
•	 Brand Reputation: Global brands prefer suppliers who follow sustainable material practices.

2.	 Sources of Waste in Dyeing Units
•	 Excessive Dye Usage: Overdosing dyes and chemicals during colouration.
•	 Fabric Rejections: Poor quality control leading to defective batches.
•	 Water Wastage: Inefficient washing and rinsing methods.
•	 Chemical Spills and Residues: Inadequate storage and handling.
•	 Packaging Materials: Improper disposal of dye containers, bags, and boxes.

3.	 Best Practices for Reducing Material Waste
Optimising Dye Recipes

•	 Conduct lab trials before bulk dyeing to avoid overuse.
•	 Use computerised colour matching systems to improve accuracy.
•	 Standardise shades and dye combinations to reduce variability.

Lean Manufacturing Principles

•	 Apply the 5S methodology (Sort, Set in order, Shine, Standardise, Sustain) to reduce clutter and 
optimise workspaces.

•	 Use just-in-time (JIT) inventory systems to prevent overstocking and wastage.

Reusing and Recycling

•	 Recover and reuse salt and water through reverse osmosis or membrane technology.
•	 Recycle leftover dyes when appropriate, after quality checks.
•	 Reprocess off-shade fabrics into new product lines or accessories.

Process Automation

•	 Use dosing pumps and programmable systems for accurate chemical feeding.
•	 Install automatic fabric feeders and rinsing equipment to control water usage.
•	 Implement real-time monitoring to reduce errors and rework.

Staff Training and Awareness

•	 Train workers on efficient handling and measuring techniques.

7.2.8 Identifying the Best Use of Materials to 
Minimise Waste
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•	 Encourage suggestions from floor staff for waste minimisation.
•	 Promote a “zero waste” culture through posters and incentive programs.

4.	 Material Inventory and Audits
•	 Conduct monthly audits of dye and chemical stocks.
•	 Record and analyse usage trends to identify wastage points.
•	 Use FIFO (First-In, First-Out) method to avoid material expiry.

5.	 Choosing Sustainable Raw Materials
•	 Prefer low-impact or bio-based dyes.
•	 Opt for chemicals with biodegradable properties.
•	 Select fabrics certified by sustainability labels (e.g., GOTS, OEKO-TEX).

Efficient Dosing 

Reuse of Water 

Minimal Chemical Inventory 

Eco-Friendly Techniques

	 Fig. 7.2.3: Waste Reduction Strategies

 

6.	 Monitoring and Metrics
•	 Track key performance indicators (KPIs) like:

	ᴑ Dye-to-fabric ratio
	ᴑ Rejection percentage
	ᴑ Material yield per batch

•	 Benchmark against past data and industry standards.
7.	 Collaboration and Innovation

•	 Partner with chemical suppliers for waste-reducing alternatives.
•	 Invest in R&D for new dyeing techniques like supercritical CO₂ dyeing or digital printing with 

minimal resource use.
8.	 Waste Segregation for Better Control

•	 Separate reusable waste (e.g., packaging) from hazardous waste.
•	 Install dedicated bins for fabric scraps, empty containers, and rejected lots.
•	 Label storage areas and follow colour-coded bin systems.
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Proper waste disposal is the final and crucial step in maintaining a clean and environmentally compliant 
textile operation. Unsafe disposal practices can lead to serious environmental, legal, and health 
consequences.

1.	 Types of Waste in a Dyeing Unit
•	 Solid Waste: Fabric scraps, packaging materials, sludge.
•	 Hazardous Waste: Used chemicals, dye residues, contaminated containers.
•	 Liquid Waste: Effluents, rinse water, chemical washings.
•	 Air Emissions (Indirect Waste): Fumes from chemicals, boiler gases.

2.	 Waste Classification and Labelling
•	 Hazardous Waste: Must be identified, labelled, and stored separately.
•	 Non-Hazardous Waste: Includes paper, cardboard, and organic residues.
•	 Biomedical Waste (if applicable): If the facility has medical stations, their waste must follow 

specific protocols.
3.	 Waste Disposal Methods

Solid Waste

•	 Reuse packaging where possible.
•	 Fabric scraps can be repurposed or sold to recycling vendors.
•	 Non-hazardous solid waste should go to municipal landfills.
•	 Hazardous solids must be sent to authorised treatment storage and disposal facilities (TSDFs).

 
	 Fig. 7.2.4: Solid Waste

Liquid Waste

•	 Must be treated in an Effluent Treatment Plant (ETP).
•	 Ensure treated water is reused or released only after meeting standards.
•	 Avoid releasing untreated water into drains or public sewers.

 
	 Fig. 7.2.5: Liquid waste

7.2.9 Safe Disposal of Waste in the Designated Location
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Sludge

•	 Dewatered sludge should be analysed for toxicity.
•	 Dispose only through certified handlers.
•	 Maintain manifest records for tracking.

 
	 Fig. 7.2.6: Sludge

Chemical Containers

•	 Triple rinse chemical containers before disposal.
•	 Crush and store separately if recycling is not possible.
•	 Use certified vendors for incineration or recycling.

 
	 Fig. 7.2.7: Chemical Containers

4.	 Regulatory Requirements
•	 Comply with the Hazardous Waste Management Rules, 2016.
•	 Maintain a manifest system to track the generation, storage, transportation, and disposal of 

hazardous waste.
•	 Submit annual waste return reports to the State Pollution Control Board (SPCB).

5.	 Waste Storage Guidelines
•	 Use leak-proof, corrosion-resistant containers.
•	 Label each container with content type, hazard classification, and date of generation.
•	 Keep storage areas under shade, ventilated, and with bund walls.
•	 Implement spill containment measures (drip trays, absorbent pads).
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6.	 Emergency Preparedness
•	 Prepare a spill management plan.
•	 Equip storage areas with fire extinguishers, absorbents, and PPE.
•	 Display Material Safety Data Sheets (MSDS) in local languages.
•	 Conduct periodic mock drills for staff on hazardous waste handling.

7.	 Documentation and Recordkeeping
•	 Maintain logbooks for:

	ᴑ Waste generation (type and quantity)
	ᴑ Date and mode of disposal
	ᴑ Name of authorised vendor

•	 Retain copies of disposal receipts and SPCB approvals.
•	 Maintain a digital backup for audits and compliance inspections.

8.	 Training and Awareness
•	 Train housekeeping and operational staff in waste handling procedures.
•	 Include waste disposal modules in induction programs for new employees.
•	 Conduct monthly toolbox talks or refresher sessions.

9.	 Sustainability Integration
•	 Set goals to reduce waste generation year over year.
•	 Explore circular economy models—returnable packaging, internal reuse, or collaboration with 

fabric recyclers.
•	 Participate in industry-led sustainability initiatives like ZDHC or SAC.

10.	Consequences of Improper Disposal

Impact Description

Environmental Damage Soil, groundwater, and air pollution

Legal Penalties Fines, shutdown orders, imprisonment (under EPA, 1986)

Health Hazards Toxic exposure to workers and nearby communities

Buyer Repercussions Contract cancellations or delisting by global retailers
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UNIT 7.3: Safe Handling and Maintenance of Tools and 
Equipment

By the end of this unit, the participants will be able to:

1.	 Ensure safe and secure handling of dyeing equipment, tools, and machinery.
2.	 Identify how to use different tools and equipment related to stitching like scissors and thread 

cutters safely and securely.
3.	 Carry out running maintenance within agreed schedules.
4.	 Carry out maintenance and cleaning of tools and equipment within one’s responsibility.
5.	 Store cleaning equipment safely after use.

Unit Objectives

The dyeing department is one of the most critical and risk-prone areas in textile and apparel production 
due to the involvement of high temperatures, pressurised equipment, rotating machinery, and chemical 
substances. Ensuring the safe and secure handling of dyeing tools and machinery is essential to prevent 
accidents, safeguard employee health, and maintain production continuity.

1.	 Familiarity with Dyeing Equipment and Tools
Before operating any equipment, workers must be trained and familiar with:

Types of dyeing machines commonly used in textile processing:

•	 Jet Dyeing Machine: Used for synthetic fabrics; operates under high pressure and temperature.
•	 Winch Dyeing Machine: Used for delicate fabrics; works with a continuous loop system.
•	 Jigger Machine: Ideal for dyeing woven fabrics; uses two main rollers.
•	 Soft Flow and Overflow Dyeing Machines: For gentle dyeing, especially for lightweight and 

delicate fabrics.

Essential dyeing tools include:

•	 Temperature sensors and gauges
•	 Chemical dosing systems
•	 Hoses and nozzles
•	 Thermometers, stirrers, and pH meters

Understanding each machine’s function and limitations helps workers anticipate problems and 
avoid improper usage.

2.	 Pre-Operational Checks
Before starting any dyeing machinery, operators must conduct a thorough inspection:

•	 Visual Inspection: Look for signs of leaks, rust, or wear and tear on valves, hoses, and seals.
•	 Check Pressure Gauges: Ensure pressure settings are within safety limits.

7.3.1 Ensuring Safe and Secure Handling of Dyeing 
Equipment, Tools, and Machinery 
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•	 Chemical Supply: Verify that all chemicals are properly labeled, stored, and connected as per 
standard procedure.

•	 Emergency Systems: Confirm that emergency stops, alarms, and fire extinguishers are functional 
and accessible.

Pre-operation checks must be logged and signed off as part of workplace safety compliance.

PPE Check Inspect Tools Operate as per 
SOP

Shut Down & 
Clean Record Ac�vity

	 Fig. 7.3.1: Safe Handling Protocol

 

3.	 Safe Handling Practices

•	 Personal Protective Equipment (PPE):

	ᴑ Heat-resistant gloves

	ᴑ Chemical-resistant aprons and face shields

	ᴑ Safety goggles

	ᴑ Rubber boots or gum boots

	ᴑ Respirators when handling strong or volatile chemicals

•	 Handling Hot Equipment:

	ᴑ Allow the machine to cool before opening hatches or valves.

	ᴑ Use insulated tools or equipment where necessary.

	ᴑ Avoid standing directly in front of pressure release points or dyeing bath outlets.

•	 Chemical Handling:

	ᴑ Use correct containers and never mix chemicals unless instructed.

	ᴑ Ensure proper ventilation in chemical mixing areas.

	ᴑ Handle all liquids as if they are hazardous unless labeled otherwise.

4.	 Operating Guidelines
Each machine has its own standard operating procedure (SOP) that must be strictly followed:

•	 Startup Protocols:
	ᴑ Engage safety interlocks.
	ᴑ Start equipment in low-load mode and gradually increase.
	ᴑ Monitor system indicators for pressure, temperature, and flow rate.
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•	 During Operation:
	ᴑ Do not leave machinery unattended during critical processes.
	ᴑ Watch for signs of malfunction, such as unusual noise, vibrations, or leaks.
	ᴑ Never bypass safety features like pressure relief valves or temperature cutoffs.

•	 Shut Down Procedures:
	ᴑ Allow full depressurisation and cooling before opening.
	ᴑ Close chemical valves and clean residue from the unit.
	ᴑ Lock and tag machines if they require maintenance.

5.	 Emergency Preparedness and Response
All operators should know how to respond in case of emergencies:

•	 Emergency Stop Button: Know its location and function on every machine.
•	 Fire Safety:

	ᴑ Keep fire extinguishers rated for electrical and chemical fires nearby.
	ᴑ Understand how to use a fire blanket in case of burns or small equipment fires.

 

Fig. Fire Extinguisher

•	 First Aid Awareness:
	ᴑ Be trained in treating burns, chemical splashes, and eye injuries.
	ᴑ Keep first aid kits fully stocked and easily accessible.

•	 Spill Response:
	ᴑ Use spill kits with absorbent pads and neutralisers.
	ᴑ Notify the supervisor immediately.
	ᴑ Contain the spill to prevent it from entering drains or contaminating other areas.

6.	 Lockout/Tagout (LOTO) Procedures
LOTO procedures are used during maintenance or repair to ensure that machines cannot be 
accidentally started:

•	 Steps in LOTO:
	ᴑ Notify all affected personnel.
	ᴑ Shut down the machine using normal procedures.
	ᴑ Isolate energy sources (electricity, steam, water).
	ᴑ Apply lockout devices and tag warning labels.
	ᴑ Test the system to confirm it is de-energised.

LOTO is critical for preventing injuries during equipment servicing and is mandatory under 
occupational safety regulations.
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7.	 Ergonomics and Workplace Layout

•	 Safe Workstations:

	ᴑ Machines should be placed with enough space for workers to move freely.

	ᴑ Avoid clutter around work areas to prevent tripping or accidental chemical exposure.

•	 Lifting and Handling:

	ᴑ Use trolleys or lifting aids to transport dye containers or heavy parts.

	ᴑ Train workers in safe lifting techniques to avoid back injuries.

•	 Lighting and Ventilation:

	ᴑ Ensure adequate lighting around machines and control panels.

	ᴑ Provide proper exhaust systems to remove chemical fumes and heat.

8.	 Maintenance of Tools and Equipment
Regular maintenance helps in preventing breakdowns and ensuring safe operation:

•	 Daily Maintenance Tasks:
	ᴑ Wipe down machines after use.
	ᴑ Clear chemical residue and inspect filters.
	ᴑ Check for loose bolts, belts, or worn parts.

•	 Weekly/Monthly Checks:
	ᴑ Calibrate gauges and instruments.
	ᴑ Lubricate mechanical parts as per schedule.
	ᴑ Inspect electrical wiring and connections.

•	 Reporting System:
	ᴑ All defects or anomalies should be reported immediately.
	ᴑ Maintain logs for repairs, parts replacements, and inspections.

9.	 Training and Awareness
Regular Training Programs:

•	 Mandatory for all new hires and periodically for existing staff.
•	 Include topics like machine-specific SOPs, chemical safety, and emergency procedures.

Refresher Workshops:

•	 Use simulations and drills to prepare for real-world scenarios.
•	 Invite safety officers or external trainers for specialised topics.

Safety Culture:

•	 Promote a culture where safety is everyone's responsibility.
•	 Encourage reporting of near-misses and unsafe conditions without fear of penalty.
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The stitching department, a cornerstone of garment production, utilises a range of manual tools such as 
scissors, thread cutters, seam rippers, and hand needles. Although simple, improper use of these tools 
can lead to common workplace injuries such as cuts, repetitive strain injuries, and puncture wounds.

Inspect Tool 

Use Carefully 

Clean After 
Use 

Store Safely

	 Fig. 7.3.2: Stitching Tool Safety Cycle 

 

1.	 Overview of Stitching Tools and Equipment
•	 Scissors: Tailoring scissors, pinking shears, embroidery scissors.
•	 Thread Cutters: Small handheld devices for precision thread trimming.
•	 Seam Rippers: Tools used to remove stitches without damaging the fabric.
•	 Needles and Thimbles: Used for hand sewing and embroidery.
•	 Rotary Cutters and Cutting Mats: Common in pattern cutting.

2.	 Safe Handling Guidelines
•	 Keep tools in good condition; replace worn-out scissors or dull blades.
•	 Cut only on approved surfaces like cutting mats.
•	 Pass sharp tools with handles facing the receiver.
•	 Never use tools for purposes other than their intended function.

3.	 Storage and Accessibility
•	 Store sharp tools in toolboxes or pouches to avoid accidental injuries.
•	 Use labeled containers and wall-mounted holders for easy access.
•	 Ensure all tools are returned to their designated place after use.

4.	 Ergonomic Considerations
•	 Use tools that fit well in the hand to reduce fatigue.
•	 Avoid repetitive motions by taking short breaks.
•	 Ensure adequate lighting at stitching stations.

5.	 Training and Awareness
•	 Provide training sessions on tool usage for all new workers.
•	 Use posters and visual aids to reinforce safe practices.
•	 Encourage reporting of near misses to improve safety protocols.

7.3.2 Use of Different Tools and Equipment Related to 
Stitching Like Scissors and Thread Cutters Safely and Securely
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Running maintenance refers to the continuous upkeep of tools and machinery to ensure they are 
functioning effectively without the need for production halts. It includes activities like lubrication, 
cleaning, minor adjustments, and inspections.

1.	 Objectives of Running Maintenance
•	 Prevent unplanned machine downtime
•	 Maintain consistent product quality
•	 Ensure operator safety
•	 Prolong the lifespan of machinery and tools

Iden�fy 
Task 

Allocate 
Time 

Execute Log & 
Report 

Review

	 Fig. 7.3.3: Maintenance Planning 

 

2.	 Activities Involved in Running Maintenance
•	 Daily cleaning of machine surfaces
•	 Lubricating moving parts to reduce friction
•	 Checking thread tension and needle alignment on sewing machines
•	 Verifying sensor and indicator functionality
•	 Replacing worn-out or broken components like belts or needles

3.	 Creating and Following a Maintenance Schedule
•	 Define frequency of tasks: daily, weekly, monthly
•	 Maintain a checklist for each tool or machine
•	 Assign responsibility to individual operators or teams
•	 Use logbooks or digital tracking to record completed tasks

4.	 Importance of Adherence
•	 Ensures accountability among staff
•	 Helps identify recurring problems early
•	 Complies with industry regulations and audits

5.	 Coordination and Communication
•	 Maintenance schedules should be visible and accessible
•	 Operators should be trained to escalate issues to technical teams
•	 Hold periodic reviews to assess maintenance effectiveness

7.3.3 Carrying Out Running Maintenance Within 
Agreed Schedules
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6.	 Tools and Supplies Required
•	 Cleaning kits: brushes, compressed air, soft cloths
•	 Lubricants specific to machine type
•	 Spare parts: needles, screws, belts, filters
•	 Personal protective gear for safe handling

7.	 Challenges and Mitigation
•	 Limited Downtime: Integrate tasks into shift changes or non-peak hours
•	 Lack of Awareness: Regular training and reminders
•	 Tool Misuse: Supervision and reinforcement of SOPs

Maintaining and cleaning tools and equipment is an integral responsibility of every textile worker, 
especially in production and maintenance roles. Regular upkeep ensures tool longevity, safety in 
operations, and consistent quality in output.

1.	 Definition and Scope
Each operator is generally accountable for the tools they use daily. Maintenance includes basic 
repair, lubrication, alignment, sharpening, and inspections. Cleaning involves removal of dust, lint, 
residues, or any build-up that might hinder performance.

2.	 Cleaning Procedures
•	 Routine Cleaning: At the end of every shift, tools should be cleaned using dry cloths or soft 

brushes.
•	 Material-Specific Cleaning: Metal tools may require oiling to prevent rust. Plastic components 

need mild detergent and water.
•	 Machine Cleaning: Use air compressors to clean sewing machines and cutting machines. 

Remove threads, lint, and oil residues.
3.	 Maintenance Tasks

•	 Tighten screws and bolts that may loosen during usage.
•	 Replace dull or damaged blades in scissors and thread cutters.
•	 Sharpen cutting tools regularly using approved sharpening devices.
•	 Lubricate hinges and joints of shears and rotary cutters.

4.	 Inspection Protocols
•	 Conduct a visual inspection of tools before and after each shift.
•	 Mark any damage or malfunction using tags and inform the maintenance team.
•	 Maintain records of tool condition for periodic audits.

5.	 Preventive Maintenance
•	 Set up a calendar for monthly or quarterly checks.
•	 Schedule inspections in non-peak hours to avoid productivity disruption.
•	 Collaborate with supervisors to update maintenance logs.

7.3.4 Carrying Out Maintenance and Cleaning of Tools and 
Equipment Within One’s Responsibility
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6.	 Training and Responsibility
•	 Workers must be trained to handle minor maintenance safely.
•	 Allocate specific responsibilities through task sheets.
•	 Encourage accountability by tying tool maintenance to performance metrics.

7.	 Challenges and Solutions
•	 Lack of Time: Integrate cleaning into shift wrap-ups.
•	 Negligence: Introduce a reward system for upkeep.
•	 Improper Tools: Provide appropriate cleaning agents and maintenance kits.

Tool Assignment 

Use

Inspect

Clean

Return

	 Fig. 7.3.14: Maintenance Responsibility Flow 

Routine maintenance and cleaning empower workers and ensure tools remain in optimal condition. 
This builds a culture of ownership, minimises hazards, and supports uninterrupted production.

Proper storage of cleaning equipment helps maintain hygiene, ensures tool readiness, and reduces 
workplace hazards.

1.	 Importance of Safe Storage
Cleaning tools and agents, if not stored correctly, can lead to cross-contamination, chemical 
exposure, or fire hazards. Proper storage practices also prevent wear and tear.

2.	 Storage Guidelines
•	 Designate separate storage zones for wet and dry cleaning tools.
•	 Use hooks, shelves, and wall-mounted holders to keep items off the floor.
•	 Ensure all cleaning tools are completely dry before storing to avoid mold and rust.
•	 Do not store absorbent cloths near flammable materials.

3.	 Handling Chemicals Safely
•	 Label all chemical containers with usage and hazard information.
•	 Store chemicals in ventilated, locked cabinets.
•	 Keep absorbent pads or spill kits nearby in case of leaks.

4.	 Storage Procedures for Specific Tools
•	 Mops and Buckets: Store upright in ventilated spaces.
•	 Brushes: Hang with bristles down to avoid deformation.
•	 Cloths and Rags: Wash and dry before reuse; store folded in containers.

7.3.5 Storing Cleaning Equipment Safely After Use
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5.	 Workplace Organisation
•	 Implement 5S methodology (Sort, Set in Order, Shine, Standardise, Sustain).
•	 Use visual cues such as labels and colour codes for easy identification.
•	 Assign storage responsibilities to each workstation or team.

6.	 Inspection and Monitoring
•	 Perform weekly checks to ensure all tools are in designated spots.
•	 Replace worn-out cleaning tools regularly.
•	 Maintain inventory of supplies to prevent shortages.

Clean Dry Inspect Store 
Safely Lock/Label

	 Fig. 7.315: Post-Cleaning Storage
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•	 Workplace safety practices are essential in dyeing and printing operations to prevent accidents.
•	 Dyes, chemicals, and related substances must be handled safely and stored correctly.
•	 Personal Protective Equipment (PPE) and safety signage help reduce workplace risks.
•	 Correct usage and maintenance of PPE ensure worker safety and hygiene.
•	 Workplace hazards should be identified early to minimise potential risks.
•	 Health, safety, gender, and PWD (Persons with Disabilities) guidelines promote an inclusive 

environment.
•	 Awareness and sensitisation programmes support gender equality and PWD inclusion.
•	 Worker participation in safety drills and emergency response training improves preparedness.
•	 Basic first-aid and CPR knowledge helps handle workplace emergencies effectively.
•	 Environmental compliance and effluent management maintain industry sustainability.
•	 Efficient material usage, waste reduction, and safe disposal support eco-friendly operations.
•	 Safe handling and regular maintenance of machines and tools ensure smooth production.

Summary
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Multiple-choice Question:
1.	 Why is the use of PPE important in the workplace?

a. To improve machine performance	 b. To protect workers from hazards and injuries

c. To reduce fabric waste	 d. To increase production time

2.	 What does PWD stand for in workplace inclusion?
a. People With Discipline	 b. Persons With Disabilities

c. Process Work Department	 d. Product Waste Division

3.	 What is the purpose of safety drills and evacuation training?
a. To ensure workers can respond quickly in emergencies

b. To check machine performance

c. To calculate daily production

d. To improve dyeing colour quality

4.	 What does ETP stand for in environmental compliance?
a. Effluent Treatment Plant	 b. Equipment Testing Process

c. Environmental Training Programme	 d. Energy Transfer Point

5.	 Why is safe waste disposal important in textile units?
a. To reduce environmental pollution and maintain compliance

b. To speed up machine operations

c. To lower dyeing temperature

d. To increase labour hours

Descriptive Questions:

1.	 What are the key health and safety practices to be followed in dyeing and printing units?
2.	 How do PPE and safety signage contribute to a safe working environment?
3.	 Why are gender and PWD sensitisation programmes important in the apparel industry?
4.	 What are the main environmental compliance measures for dyeing effluents?
5.	 How should tools and machines be handled, cleaned, and maintained safely?

Exercise
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__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

Notes

Scan the QR codes or click on the link to watch the related videos

https://youtu.be/SqZ5np_lCr0?si=va_GroEKv3cGaQgz

Learn 30 Essential Safety Signs 

https://youtu.be/p_9hOqdw75o?si=pv3B64maagoYsKlQ

Personal Protective Equipment (PPE) 

https://youtu.be/VyiZcZhLEJ0?si=SPZjhChhKi3ywuF9

How to conduct Mock Drill at work site 
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By the end of this module, the participants will be able to:

1.	 Explain the importance of maintaining an ethical and value-based approach in workplace 
governance.

2.	 Describe the benefits to self and organisation of practising ethics and professional values.
3.	 Highlight the importance of punctuality, discipline, and regular attendance at work.
4.	 Outline the boundaries of personal responsibility within a professional setting.
5.	 Identify procedures and decisions that fall within one’s scope of authority.
6.	 Explain how to report any deviations or non-compliance to the appropriate authority.
7.	 Describe the organisational reporting process followed in case of compliance deviations.
8.	 Discuss ways to seek clarification on policies and procedures from authorised personnel.
9.	 Elaborate on providing assistance to supervisors and colleagues in applying organisational 

practices.
10.	Explain legal, regulatory, and ethical requirements relevant to the apparel industry.
11.	Describe customer-specific and country-specific regulations applicable to apparel production.
12.	Highlight appropriate actions to be taken if legal or ethical standards are not met.
13.	Outline the importance of performing duties as per laws, organisational policies, and quality 

norms.
14.	Discuss the significance of responsible resource usage and conservation in the workplace.
15.	Explain methods to conserve energy and switch off machines when not in use.
16.	Describe greening principles, sustainable practices, and related environmental regulations.
17.	Elaborate on performing work in alignment with sustainability guidelines and eco-friendly 

procedures.
18.	Outline safe handling and storage methods for paper, sketches, colouring tools, and e-waste

Key Learning Outcomes
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UNIT 8.1: Ethical Values and Workplace Conduct

By the end of this unit, the participants will be able to:

1.	 Describe the importance of having an ethical and value-based approach to governance.
2.	 Explain the benefits to self and the organisation of practising ethics and values.
3.	 Discuss the importance of punctuality and regular attendance.
4.	 Assess the limits of personal responsibility in a professional environment.
5.	 Identify procedures within limits of self-authority.
6.	 Explain how to report deviations in regulatory compliance to the concerned authority.
7.	 Describe the organisational reporting procedure in case of deviations.
8.	 Obtain clarifications on policies and procedures from the supervisor or authorised personnel.
9.	 Provide support to supervisors and team members in implementing organisational practices.

Unit Objectives

An ethical and value-based approach to governance is fundamental to creating a professional, 
transparent, and trustworthy working environment. It forms the foundation of a successful organisation 
and helps foster a culture of accountability, fairness, and integrity.

Ethical Conduct 

Employee Trust 

High Morale 

Better Output 

Organisa�onal Growth

	 Fig. 8.1.1: Impact of Ethics in the Workplace

 

Defining Ethics and Values in the Workplace

•	 Ethics refer to a set of moral principles that govern behaviour and decisions. In the workplace, this 
involves fairness, honesty, transparency, and respect for others.

•	 Values are the core beliefs or standards that guide behaviour. These could include teamwork, 
responsibility, punctuality, respect, and dedication to quality work.

Ethical governance means ensuring that these ethics and values are not just idealistic concepts but are 
actively practised and institutionalised in the day-to-day functioning of an organisation.

8.1.1 Importance of Having an Ethical and Value-Based 
Approach to Governance
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Significance in Organisational Governance

•	 Builds Trust: When an organisation adheres to ethical values, it builds trust among employees, 
customers, suppliers, and stakeholders. People are more likely to work with and support 
organisations they consider honest and fair.

•	 Ensures Compliance: A value-based approach ensures compliance with internal policies and 
external regulations, which protects the organisation from legal issues and reputational damage.

•	 Promotes Consistency: Ethical guidelines create consistency in decision-making, ensuring that 
everyone is treated fairly regardless of position or personal relationships.

•	 Encourages Transparency: Ethical governance requires openness in communication and operations. 
It helps employees understand why decisions are made and promotes inclusion in problem-solving 
and planning.

Benefits for Employees

•	 Job Satisfaction: Employees who work in an ethical environment feel secure, respected, and 
motivated. This leads to higher levels of job satisfaction and morale.

•	 Fair Treatment: Ethical policies ensure that every employee is treated equally, based on merit and 
performance, not bias or favouritism.

•	 Growth and Development: In value-driven workplaces, employees are encouraged to learn, 
contribute ideas, and grow professionally.

Creating a Value-Based Workplace Culture

•	 Leadership by Example: Managers and supervisors must model ethical behaviour. If leaders display 
integrity and fairness, employees are more likely to do the same.

•	 Training and Awareness: Regular sessions on ethics, company values, and workplace conduct 
should be conducted to reinforce expectations.

•	 Clear Code of Conduct: A documented code of conduct that outlines acceptable and unacceptable 
behaviours is essential.

•	 Mechanisms for Reporting Misconduct: Employees must have a safe and anonymous way to report 
unethical behaviour without fear of retaliation.

Consequences of Ignoring Ethics and Values

•	 Loss of Reputation: Even a small ethical lapse can cause major damage to an organisation’s 
reputation.

•	 Legal Repercussions: Violations of ethical standards may lead to breaches in law, resulting in fines 
or penalties.

•	 Workplace Conflicts: Lack of a value-based culture can lead to misunderstandings, mistrust, and 
high employee turnover.

•	 Decreased Productivity: When employees are demoralised due to unethical leadership, their 
productivity and engagement decline.
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The practice of ethics and values has a transformative impact not only on the organisation but also on 
each individual. A value-based culture fosters trust, mutual respect, and clarity in objectives, which 
directly benefits the individual’s career and the company’s long-term success.

Benefits to the Individual

1.	 Personal Integrity and Respect
•	 Practising ethics builds personal integrity.
•	 People who consistently act ethically gain the respect and trust of peers, supervisors, and 

clients.
2.	 Career Growth

•	 Ethical employees are often considered more reliable and are entrusted with more 
responsibilities.

•	 Employers look for individuals with integrity when promoting or assigning leadership roles.
3.	 Confidence and Peace of Mind

•	 Acting according to values gives individuals peace of mind and confidence in their decisions.
•	 It reduces stress associated with workplace politics or ethical dilemmas.

4.	 Workplace Harmony
•	 When people behave respectfully and fairly, interpersonal relationships improve.
•	 Conflicts are reduced, and collaboration is more effective.

Benefits to the Organisation

1.	 Improved Reputation
•	 An ethical company attracts clients, partners, and investors.
•	 Consumers today prefer brands that align with ethical and environmental values.

2.	 Increased Productivity
•	 Ethical behaviour reduces distractions caused by internal conflicts or misconduct.
•	 Employees work more efficiently in a fair and respectful environment.

3.	 Talent Retention
•	 Employees are more likely to stay in organisations that value ethics.
•	 High morale and a positive culture reduce turnover and associated training costs.

4.	 Legal and Regulatory Compliance
•	 Ethical practices reduce the risk of legal actions, penalties, and audits.
•	 A culture of compliance ensures long-term sustainability.

Strengthening Employer-Employee Relationships

Ethics strengthen the employer-employee relationship by building trust. Transparent communication, 
fair appraisals, and clear policies make employees feel valued and reduce workplace grievances.

8.1.2 Benefits to Self and the Organisation of Practising 
Ethics and Values
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Positive Work Environment

A value-driven workplace encourages:

•	 Open dialogue
•	 Inclusive practices
•	 Respect for diversity
•	 Motivation to perform at one’s best

This, in turn, leads to higher innovation, team spirit, and collective success.

Long-Term Organisational Success

Companies that integrate ethics into their strategy outperform those that ignore them. They build 
resilient systems that can withstand economic downturns, public scrutiny, and employee dissatisfaction.

Punctuality and regular attendance are fundamental aspects of a disciplined and productive workplace. 
They reflect an employee’s commitment, reliability, and respect for their role and responsibilities.

Significance of Punctuality

1.	 Respect for Others’ Time
•	 Arriving on time shows respect for coworkers 

and supervisors.
•	 It helps meetings and production schedules 

start as planned.
2.	 Discipline and Professionalism

•	 Punctual employees are perceived as more 
disciplined and responsible.

•	 It positively influences team morale and sets a 
professional tone.

3.	 Better Time Management
•	 Being punctual encourages employees to 

manage their time effectively.
•	 It helps in planning the day efficiently and 

completing tasks within deadlines.
4.	 First Impressions Matter

•	 Timeliness during interviews or meetings can significantly influence how one is perceived.

Importance of Regular Attendance

1.	 Operational Continuity
•	 Regular attendance ensures smooth workflow and productivity.
•	 Absenteeism disrupts operations and burdens other team members.

Punctuality 

Team 
Dependability 

Smooth 
Workflow 

Goal 
Achievement

Fig. 8.1.2: Value Cycle

8.1.3 Importance of Punctuality and Regular Attendance
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2.	 Team Dependability
•	 When team members are present consistently, mutual trust and collaboration improve.

3.	 Accountability and Responsibility
•	 Regular attendance demonstrates a sense of responsibility and accountability.

4.	 Impact on Career
•	 Employees with good attendance records are more likely to be considered for promotions and 

bonuses.

Organisational Implications

•	 Reduced Efficiency: Unplanned absenteeism causes delays and reduces overall team efficiency.
•	 Increased Costs: Hiring temporary workers or reassigning work increases operational costs.
•	 Low Morale: Persistent absenteeism creates resentment among regular attendees.

Encouraging Attendance and Punctuality

•	 Implement attendance tracking systems
•	 Provide incentives for good attendance
•	 Offer support in case of genuine personal issues
•	 Conduct counselling for repeat offenders

Balancing Flexibility and Discipline

While it’s important to maintain strict standards, organisations must also accommodate emergencies, 
health concerns, and personal needs. A compassionate but consistent approach encourages loyalty and 
commitment.

Understanding and respecting the limits of personal responsibility is vital in any professional setting. 
It involves knowing what duties and decisions fall within one’s role and recognising when to escalate 
matters to higher authorities.

1.	 Defining Personal Responsibility
•	 Personal Responsibility refers to the tasks, decisions, and actions that an individual is expected 

to carry out independently within their job role.
•	 It includes meeting deadlines, maintaining quality standards, adhering to ethical practices, and 

respecting workplace rules.
2.	 Importance in the Workplace

•	 Clarity in Roles: When employees know their scope of responsibilities, it reduces confusion and 
duplication of work.

•	 Efficient Decision-Making: Clear boundaries allow employees to act quickly on matters within 
their control.

•	 Risk Management: Understanding limits ensures that employees do not take unauthorised 
actions that may lead to legal or financial issues.

8.1.4 Assessing the Limits of Personal Responsibility in a 
Professional Environment
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3.	 Recognising Boundaries
•	 Employees must be aware of their job descriptions and organisational hierarchy.
•	 They should seek approval for decisions that involve financial expenditure, policy deviations, or 

interdepartmental coordination.

Tools to Identify Limits

1.	 Standard Operating Procedures (SOPs): Outline task boundaries.
2.	 Job Descriptions: Specify duties and reporting lines.
3.	 Team Meetings: Provide opportunities to clarify roles and responsibilities.

Actions Beyond Authority

When a task exceeds personal responsibility:

1.	 Escalate to Supervisor: Inform and seek guidance.
2.	 Document the Concern: Record details for accountability.
3.	 Collaborate with Authorised Personnel: Work jointly if cross-functional input is needed.

Benefits of Knowing Limits

•	 Promotes accountability
•	 Reduces mistakes
•	 Improves team collaboration
•	 Builds a culture of transparency

Identifying procedures within one’s self-authority allows employees to function efficiently while 
ensuring compliance with organisational protocols.

Understanding Self-Authority

•	 Refers to the range of decisions and tasks an employee can perform without needing higher 
approval.

•	 Typically based on position, experience, and organisational policy.

Examples of Self-Authorised Procedures

1.	 Routine Operational Tasks: Such as operating machinery, managing raw material logs.
2.	 Safety Checks: Conducting pre-operation checks and maintaining records.
3.	 Inventory Updates: Recording consumption or restocking supplies.
4.	 Time Management: Planning daily work schedules within shift timings.

8.1.5 Identifying Procedures Within Limits of Self-Authority
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Differentiating Between Authorised and Non-Authorised Tasks

•	 Tasks involving financial commitment, changes in process design, or inter-department instructions 
often require higher approval.

•	 Employees must distinguish these to avoid overstepping boundaries.

Benefits of Identifying Self-Authority

1.	 Autonomy: Employees can work independently, boosting confidence and efficiency.
2.	 Speed: Reduces unnecessary approvals and delays in minor decisions.
3.	 Accountability: Encourages ownership and responsibility for one's actions.

Tasks 

Sugges�ons

Repor�ng

Escala�on

	 Fig. 8.1.3: Decision Rights Pyramid  

Guidelines for Managing Self-Authority

•	 Follow documented SOPs strictly.
•	 Seek clarification when in doubt.
•	 Maintain proper documentation of actions taken.
•	 Report outcomes and exceptions to supervisors.

Building Confidence in Using Authority

1.	 Training and Orientation: Helps employees understand their operational limits.
2.	 Mentoring: Guidance from experienced colleagues reinforces confidence.
3.	 Feedback Systems: Positive reinforcement builds assurance in applying one's judgement.

Impact on Team and Organisation

•	 Reduces managerial workload by distributing operational responsibility.
•	 Ensures smoother workflow and higher productivity.
•	 Creates a performance-based culture where proactive behaviour is encouraged.
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In any professional environment, particularly in regulated industries like textile manufacturing, strict 
adherence to rules, regulations, and internal policies is mandatory. When deviations occur—whether 
due to human error, oversight, or technical malfunction—it becomes essential to report them promptly 
to the appropriate authority to avoid legal, environmental, or reputational consequences.

Deviation in Regulatory Compliance

A deviation refers to any action or condition that strays from standard operating procedures (SOPs), 
safety guidelines, or statutory regulations. These may include:

•	 Improper chemical disposal
•	 Incomplete documentation
•	 Faulty machinery left unrepaired
•	 Incorrect dye-to-chemical ratios
•	 Failure to wear PPE
•	 Bypassing environmental safety controls

Importance of Reporting Deviations

1.	 Maintaining Legal Compliance: Prevents violations that could result in fines or shutdowns.
2.	 Preserving Safety Standards: Ensures a safe work environment.
3.	 Protecting Product Quality: Helps maintain brand reputation and customer satisfaction.
4.	 Building Accountability: Encourages employees to take ownership and act responsibly.

Common Reasons for Non-Compliance

•	 Lack of awareness of procedures
•	 Time pressure or production deadlines
•	 Miscommunication among teams
•	 Technical glitches
•	 Inadequate training

Identifying the Right Authority

When a deviation is observed, it must be reported to:

•	 Immediate Supervisors: For day-to-day issues.
•	 Compliance Officers: For serious violations involving regulatory standards.
•	 Safety Managers or EHS Officers: For safety or environmental risks.
•	 Human Resources or Admin: For misconduct or behavioural violations.

Steps to Report a Deviation

1.	 Document the Issue Clearly: Note the date, time, nature of deviation, and people involved.
2.	 Inform the Concerned Authority: Preferably in writing or via digital logs for accountability.
3.	 Propose Immediate Measures: If safe, take action to control or limit the impact.
4.	 Follow Up: Ensure the issue is acknowledged and corrective steps are implemented.

8.1.6 Reporting Deviations in Regulatory Compliance to 
the Concerned Authority
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Maintaining Confidentiality and Integrity

•	 Do not conceal deviations to protect peers or supervisors.
•	 Use confidential reporting channels if available.
•	 Encourage a blame-free culture where the focus is on resolution and learning.

Every organisation must have a structured reporting system to handle deviations systematically. A 
clearly defined and transparent reporting procedure ensures timely resolution, prevents escalation of 
issues, and supports a culture of continuous improvement.

Purpose of Reporting Procedures

1.	 Ensure Consistency: Standardised methods reduce ambiguity.
2.	 Speed Up Resolution: Early detection helps contain problems.
3.	 Maintain Documentation: Required for audits, investigations, and learning.
4.	 Assign Responsibility: Clearly identifies who needs to act on the reported deviation.

Issue 
Iden�fied

Supervisor 
No�fied 

Logged in 
System 

Ac�on Taken Follow-up

	 Fig. 8.1.4: Organisational Reporting Flow  → 

Components of an Effective Reporting System

•	 Clear Policy Documentation: Available in employee handbooks or SOP manuals.
•	 Defined Chain of Command: Outlines who to report to at each level.
•	 Reporting Formats: Includes incident forms, digital entry systems, logbooks.
•	 Confidentiality Clause: Ensures that whistleblowers are protected.
•	 Time Frame for Response: Specifies how quickly action must be taken.

Typical Steps in Reporting Deviations

•	 Detection and Acknowledgement: Identify and confirm the deviation.
•	 Initial Notification: Verbally or via message to the immediate supervisor.
•	 Formal Documentation: Fill out the prescribed deviation or incident report form.
•	 Investigation and Root Cause Analysis: Conducted by relevant authorities or cross-functional 

teams.
•	 Corrective and Preventive Action (CAPA): Steps are taken to correct the deviation and prevent 

recurrence.

8.1.7 Describing the Organisational Reporting Procedure in 
Case of Deviations
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•	 Review and Approval: Higher-level management signs off on the resolution.
•	 Archiving Reports: For audit trails and quality management systems.

Tools for Reporting

•	 Incident Report Forms: For safety, quality, or process deviations.
•	 Digital Portals: Used in modern manufacturing for real-time deviation reporting.
•	 Checklists and Audit Logs: Help track repeated issues.
•	 Emails and Messaging Systems: For immediate alerts.

Responsibilities of the Reporting Employee

•	 Accurately record what was observed.
•	 Avoid assumptions or blaming others.
•	 Follow up to ensure the report is acknowledged.
•	 Cooperate with investigations as needed.

Supervisory Responsibilities

•	 Review the report for completeness and accuracy.
•	 Determine whether escalation is needed.
•	 Initiate investigation or CAPA procedures.
•	 Provide feedback to the reporting employee.

Benefits of Structured Reporting

•	 Increased Transparency: Everyone knows what to do when something goes wrong.
•	 Proactive Culture: Employees feel empowered to report problems.
•	 Regulatory Readiness: Clean documentation is vital for audits and certifications.
•	 Improved Efficiency: Repeated issues can be tackled more effectively with data.

Challenges and Solutions

Challenge Solution

Fear of Blame or Retaliation Create a no-blame reporting culture

Poor Documentation Skills Offer basic training on report writing

Ignored Reports Establish a tracking and response system

Unclear Policies Regularly update and circulate procedures

Having a defined organisational reporting procedure for deviations not only ensures regulatory 
compliance but also supports risk management and quality assurance. It encourages employees at all 
levels to be vigilant, proactive, and responsible, ultimately contributing to a resilient and transparent 
workplace culture.
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In any professional environment, clear understanding of company policies and procedures is essential 
for compliance, performance, and maintaining ethical conduct. However, there may be times when 
employees are unsure about specific procedures or interpretations of workplace rules. In such cases, 
the correct approach is to seek timely clarification from supervisors or designated authorised personnel.

Importance of Clarifying Policies and Procedures

1.	 Avoiding Misconduct: Misunderstanding rules can lead to unintentional policy violations.
2.	 Enhancing Efficiency: Employees perform better when processes are clear.
3.	 Ensuring Safety: Particularly important in environments involving chemicals, machines, or strict 

safety standards.
4.	 Promoting Accountability: Seeking guidance reflects responsibility and professional maturity.

Common Situations Requiring Clarification

•	 Unclear job roles or reporting lines.
•	 Doubts about safety procedures or PPE usage.
•	 Ambiguities in quality standards or operational steps.
•	 Changes in shift schedules, leave policies, or workflow.
•	 Implementation of new machinery, software, or workplace systems.

Whom to Approach for Clarification

1.	 Immediate Supervisor: First point of contact for task- and role-specific concerns.
2.	 HR Department: For policies related to attendance, leave, code of conduct, or interpersonal 

conflicts.
3.	 Safety Officers: For rules concerning EHS (Environmental, Health & Safety) protocols.
4.	 Compliance Officers: For regulatory or documentation-related queries.

How to Request Clarification Professionally

•	 Be Specific: State exactly what you’re unsure about.
•	 Use Appropriate Channels: Emails, forms, or scheduled meetings.
•	 Be Respectful: Value the time of the person being approached.
•	 Follow Up: Confirm your understanding or ask for written confirmation if needed.

Benefits of Seeking Clarification

•	 Prevents costly errors or delays.
•	 Builds strong supervisor-employee relationships.
•	 Promotes a learning culture.
•	 Enhances employee confidence and performance.

8.1.8 Obtaining Clarifications on Policies and Procedures 
from the Supervisor or Authorised Personnel
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Creating a Clarification-Friendly Workplace

•	 Encourage open-door policies.
•	 Organise regular team briefings.
•	 Maintain accessible documentation (handbooks, SOPs, FAQs).
•	 Train supervisors to be approachable and supportive.

Workplace success is built not only on individual performance but also on team collaboration and 
support. Supporting supervisors and team members in following organisational practices ensures 
smooth operations, effective communication, and a culture of mutual respect and shared responsibility.

“Providing Support” Meaning

•	 Assisting with day-to-day tasks.
•	 Sharing knowledge or skills with others.
•	 Encouraging peers to follow rules and standards.
•	 Offering help during high-pressure periods or emergencies.
•	 Participating in trainings or feedback sessions.

Supporting Supervisors

1.	 Follow Instructions Promptly: Helps supervisors manage workflow efficiently.
2.	 Provide Accurate Feedback: Helps supervisors monitor operations and identify areas for 

improvement.
3.	 Anticipate Needs: Be proactive—set up equipment, prepare materials, or share information in 

advance.
4.	 Communicate Clearly: Report problems early and suggest practical solutions.
5.	 Respect Their Role: Maintain a cooperative and respectful attitude.

Supporting Team Members

1.	 Share Best Practices: Help others improve performance through mentoring or informal coaching.
2.	 Promote Safety: Remind colleagues to use PPE or follow safety norms.
3.	 Foster Inclusivity: Support colleagues regardless of gender, background, or physical ability.
4.	 Assist During Training: Help new joiners settle into their roles and understand procedures.
5.	 Promote Ethical Behaviour: Lead by example—avoid shortcuts, report deviations, and stay 

professional.

Employee Supervisor Team Unified 
Success

	 Fig. 8.1.5: Collaboration Triangle

8.1.9 Providing Support to Supervisors and Team Members 
in Implementing Organisational Practices
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Benefits of Supporting Colleagues and Supervisors

•	 Builds stronger team cohesion and morale.
•	 Encourages mutual respect and trust.
•	 Improves productivity and workflow.
•	 Reduces chances of conflict or miscommunication.
•	 Contributes to a positive and healthy work environment.

Encouraging Teamwork in Organisational Practices

Organisational practices are often implemented through structured policies and initiatives such as:

•	 Safety drills and training
•	 Regular audits or checklists
•	 Workplace cleanliness drives
•	 Quality control checks
•	 Diversity and inclusivity initiatives

Team support is critical in ensuring these efforts are successful. For example, during a fire drill, an 
employee may help guide co-workers toward emergency exits or help a physically challenged colleague 
evacuate safely.

Workplace Culture and Team Support

A collaborative culture enhances:

•	 Adaptability during change
•	 Employee retention and satisfaction
•	 Knowledge sharing
•	 Innovation and problem-solving

Organisations that promote team support often benefit from lower turnover and higher productivity.

Organisations Can Promote Team Support

•	 Set clear expectations in job descriptions.
•	 Recognise and reward team-oriented behaviour.
•	 Conduct workshops on collaboration and emotional intelligence.
•	 Provide platforms (like suggestion boxes or team meetings) for open dialogue.

Supporting supervisors and peers in the implementation of organisational practices is not merely a task—
it’s a mindset. When everyone works toward common goals with mutual support and responsibility, it 
fosters a work environment that is ethical, productive, and resilient.
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UNIT 8.2: Regulatory, Legal and Organisational Frameworks

By the end of this unit, the participants will be able to:

1.	 Interpret legal, regulatory and ethical requirements specific to the apparel industry.
2.	 Explain customer-specific requirements mandated in the work process.
3.	 Describe country- or customer-specific regulations for the apparel sector and their relevance.
4.	 Identify actions to take if legal, regulatory or ethical requirements are not met.
5.	 Carry out work functions in accordance with legislation, regulations, organisational guidelines and 

procedures.
6.	 Follow organisational policies related to quality, conduct, and performance.

Unit Objectives

The apparel industry is a vast and complex sector with diverse supply chains, global operations, and 
wide-ranging labour involvement. Ensuring that every step in the production and business process 
aligns with legal, regulatory, and ethical standards is crucial not only for legal compliance but also for 
maintaining brand credibility and social responsibility.

Legal Requirements in the Apparel Industry

Legal requirements are established by governments to ensure worker rights, environmental protection, 
fair trade, and corporate accountability. Key areas include:

1.	 Labour Laws
•	 Minimum Wages Act: Ensures all workers are paid at least the statutory minimum wage.
•	 Factories Act: Mandates safe working conditions, adequate ventilation, sanitation, lighting, and 

proper working hours.
•	 Industrial Disputes Act: Provides mechanisms for resolving disputes between employers and 

employees.
2.	 Occupational Health and Safety

•	 Mandates use of Personal Protective Equipment (PPE).
•	 Requires implementation of fire safety equipment, emergency exits, and first-aid kits.

3.	 Environmental Laws
•	 Laws related to water usage, effluent discharge, noise pollution, and chemical waste 

management must be strictly followed.
4.	 Employee Benefits

•	 Provident fund, Employee State Insurance (ESI), maternity benefits, and paid leave are 
mandatory entitlements under Indian labour laws.

8.2.1 Interpreting Legal, Regulatory, and Ethical Requirements 
in the Apparel Industry
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Regulatory Requirements

Regulatory requirements include rules set by national or international bodies that must be followed to 
maintain licences, certifications, or export clearances. These include:

1.	 Quality Standards
•	 The Bureau of Indian Standards (BIS) governs the use of certain dyes, labeling norms, and textile 

specifications.
•	 International certifications such as ISO 9001 and ISO 14001 help standardise quality and 

environmental performance.
2.	 Export Regulations

•	 Exporters must follow customs documentation, HS code classification, and import/export 
licensing.

•	 Restrictions may apply on certain materials like leather, synthetic fibres, or hazardous chemicals.
3.	 Environmental Regulations

•	 Norms by the Pollution Control Board mandate periodic monitoring of effluents and emissions.
•	 Dye houses and wet-processing units must operate within permissible BOD, COD, and pH limits.

4.	 Trade and Import Compliance
•	 Compliance with trade agreements, embargoes, or quotas is essential when dealing with 

international buyers.

Ethical Requirements

Ethical practices, while sometimes not legally enforced, are expected by stakeholders, consumers, 
and business partners. Unethical conduct can damage an organisation’s reputation and lead to loss of 
business.

5.	 Child Labour and Forced Labour
•	 Most buyers, particularly in developed countries, strictly prohibit child or bonded labour.
•	 Organisations should have clear policies and verification mechanisms to prevent such practices.

6.	 Worker Well-Being
•	 Ensuring fair wages, safe working hours, adequate break times, and welfare facilities is part of 

ethical business conduct.
•	 Ethical audits may assess conditions like ventilation, toilet facilities, access to clean drinking 

water, and grievance redressal.
7.	 Gender Equality

•	 Equal pay for equal work, prevention of harassment, and opportunities for leadership roles 
must be actively pursued.

8.	 Fair Sourcing and Transparency
•	 Ethical sourcing implies ensuring that raw materials are obtained in a socially and environmentally 

responsible way.
•	 Transparency in the supply chain, including subcontracting arrangements, is expected.

255



Participant Handbook

Industry Certifications Supporting Compliance

To demonstrate adherence to these standards, many apparel companies seek third-party certifications, 
including:

1.	 SA8000 (Social Accountability): Ensures safe and decent working conditions.

•	 WRAP (Worldwide Responsible Accredited Production): Focuses on lawful, humane, and 
ethical manufacturing.

2.	 OEKO-TEX Standard 100: Verifies that textiles are free from harmful substances.

•	 GOTS (Global Organic Textile Standard): Certifies organic status of textiles and sustainability 
of processing.

Role of Management and Employees

Compliance with legal, regulatory, and ethical standards is a shared responsibility:

1.	 Management Responsibilities

•	 Establish policies aligned with legal mandates and ethical best practices.

•	 Conduct internal audits and support third-party inspections.

•	 Offer training and communication to staff about policies and expectations.

2.	 Employee Responsibilities

•	 Follow instructions and standard operating procedures (SOPs).

•	 Report unsafe or unethical practices without fear of retribution.

•	 Cooperate with audits and inspections.

Challenges in Implementation

Despite the clear frameworks, challenges remain:

•	 Lack of Awareness: Many small or informal units are unaware of applicable laws.
•	 Cost Pressures: Some businesses may cut corners to reduce costs, risking non-compliance.
•	 Complex Supply Chains: Ensuring every tier of suppliers complies with standards can be difficult.

To address these, companies should:

•	 Create compliance teams or designate compliance officers.
•	 Regularly update legal knowledge and documentation.
•	 Perform due diligence before onboarding new suppliers.
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In the global apparel market, customer-specific requirements are integral to fulfilling buyer expectations 
and maintaining strong business relationships. Buyers, particularly from developed countries, demand 
high standards not just in product quality but also in social and environmental responsibility. These 
requirements influence every stage of the work process.

Key Types of Customer-Specific Requirements

1.	 Product Quality Requirements

•	 Buyers often mandate exact fabric specifications, thread counts, GSM (grams per square 
metre), and finishing standards.

•	 Stitching density, colourfastness, shrinkage tolerance, and wash care properties are usually 
specified in technical packs.

2.	 Safety Standards

•	 Use of Azo-free dyes or non-toxic chemicals.

•	 Children’s clothing may require specific safety compliance such as avoiding sharp objects or 
detachable parts that can cause choking.

•	 Flame-resistant materials or anti-bacterial coatings might be required in special-purpose 
apparel.

3.	 Packaging & Labelling Norms

•	 Custom packaging designs, hang tags, price stickers, and barcodes.

•	 Requirements may include biodegradable packaging or plastic-free labels in line with 
sustainability mandates.

4.	 Sustainability Expectations

•	 Many international brands promote environmentally friendly production. Buyers may 
require:

	ᴑ Organic or recycled fabrics.

	ᴑ Reduced water consumption in dyeing.

	ᴑ Carbon-neutral production.

5.	 Social Compliance and Factory Audits

•	 Buyers conduct audits for adherence to social norms: no child labour, hygienic workplace 
conditions, rest breaks, and documentation of working hours.

•	 Certifications like SA8000, SEDEX, and WRAP are often prerequisites for order placements.

Integrating Customer Requirements into Daily Operations

•	 Standard Operating Procedures (SOPs) should include customer-specific checkpoints at each 
process level.

•	 Training sessions should be conducted for workers, supervisors, and QA teams.
•	 Visual aids like posters and charts can help floor workers understand customer expectations more 

effectively.

8.2.2 Customer-Specific Requirements in the Work Process
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Benefits of Meeting Customer Requirements

•	 Builds long-term client relationships.
•	 Enhances reputation in global supply chains.
•	 Reduces rejections, returns, and financial losses.

Challenges and Mitigation

•	 High compliance costs: Can be mitigated through process optimisation.
•	 Constantly changing buyer requirements: Continuous training and clear documentation are 

essential.

With the apparel industry being deeply integrated with global supply chains, manufacturers must be 
aware of the laws and regulations not only in their own countries but also in the markets they export 
to. These regulations influence sourcing, production, packaging, and distribution.

Country-Specific Regulations

1.	 India

•	 Labour Codes: Wage codes, social security, and industrial relations.

•	 Environmental Compliance: Effluent discharge norms, ETPs (Effluent Treatment Plants), and 
emissions control.

•	 GST and Taxation: Goods and Services Tax on raw materials, trims, and finished products.

•	 BIS Certification: Compulsory for certain textile categories.

2.	 United States

•	 OSHA (Occupational Safety and Health Administration): Mandates workplace safety.

•	 CPSIA (Consumer Product Safety Improvement Act): Especially relevant for children’s 
apparel, covering flammability and lead content.

•	 Labeling Requirements: Country of origin, fabric composition, and wash care labels.

3.	 European Union

•	 REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals): Restricts 
harmful chemicals.

•	 GOTS (Global Organic Textile Standard): For organic fabric usage.

•	 Eco-labels: Encouraged for sustainable fashion.

Relevance of These Regulations

•	 Product Acceptance: Failure to meet regulations can result in goods being rejected or recalled.
•	 Compliance as a Selling Point: Many buyers prefer manufacturers who meet regulatory and 

sustainability criteria.
•	 Risk Reduction: Prevents legal penalties and reputational damage.

8.2.3 Country- or Customer-Specific Regulations and 
Their Relevance
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Customer-Specific Codes of Conduct and Audits

•	 Many global brands have their own codes of conduct which include environmental impact, human 
rights, and factory conditions.

•	 Periodic audits (announced and surprise) are conducted to ensure adherence.
•	 Some may demand certifications such as:

	ᴑ BSCI (Business Social Compliance Initiative)
	ᴑ OEKO-TEX: Certifies textiles free from harmful substances.

Adapting to Regulatory Differences

•	 Manufacturers must maintain detailed documentation to comply with multi-country standards.
•	 Multi-level quality checks, raw material traceability, and digital tracking systems help streamline 

compliance.
•	 Export managers and compliance officers should stay updated through newsletters, trade 

associations, and seminars.

When a business in the apparel industry fails to meet legal, regulatory, or ethical requirements, it risks 
not only legal penalties but also reputational damage, loss of customer trust, and internal discontent. 
Therefore, taking timely and appropriate corrective action is crucial. Every organisation must have a 
well-defined response plan that outlines the steps to be taken when deviations are discovered.

Identifying Non-Compliance

Non-compliance can arise from a variety of issues:

•	 Unintentional oversight of new regulations
•	 Inadequate training of staff
•	 Mismanagement in supply chain practices
•	 Use of banned substances in production
•	 Labour violations such as underage workers or unsafe work environments

Sources of detection include:

•	 Internal audits or self-inspections
•	 Reports from employees or whistle-blowers
•	 External customer audits or certifications
•	 Feedback from buyers or regulatory authorities

Immediate Response Measures

Once non-compliance is detected, a quick response is vital.

1.	 Record and Report:

•	 Document the details of the violation.

8.2.4 Actions to Take if Legal, Regulatory, or Ethical 
Requirements Are Not Met
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•	 Notify the concerned authority, supervisor, or compliance officer.

2.	 Isolate the Issue:

•	 Stop further production or processing if needed.

•	 Quarantine affected materials or garments.

3.	 Internal Communication:

•	 Alert all relevant teams including quality, compliance, production, and HR.

Root Cause Analysis (RCA)

To prevent recurrence, it's important to find the root cause:

•	 Use tools like the 5 Whys, Fishbone Diagram, or Pareto Analysis.
•	 Investigate process gaps, human errors, or material quality issues.
•	 Involve a cross-functional team to evaluate the full picture.

Corrective and Preventive Action Plan (CAPA)

Based on RCA results, the company should prepare a detailed action plan.

•	 Corrective Actions:
	ᴑ Modify the process or material to fix the immediate issue.
	ᴑ Replace non-compliant chemicals or components.
	ᴑ Retrain staff where knowledge gaps are found.

•	 Preventive Actions:
	ᴑ Revise Standard Operating Procedures (SOPs).
	ᴑ Implement stricter quality control and compliance checks.
	ᴑ Schedule regular refresher training sessions.

Monitoring and Documentation

All corrective and preventive actions should be documented thoroughly. This includes:

•	 Date of issue identification
•	 Actions taken with timelines
•	 Responsible persons
•	 Follow-up audits to verify effectiveness

Records should be maintained for internal and external audit purposes.

Escalation and External Reporting

If the deviation involves a breach of law or regulation:

•	 It may need to be reported to statutory bodies such as labour departments, environmental boards, 
or consumer protection agencies.

•	 In case of a customer-specific violation, the buyer must be notified immediately with a proposed 
resolution plan.
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Legal and Ethical Implications

Ignoring compliance violations can lead to:

•	 Legal prosecution or fines
•	 Loss of certifications or export licenses
•	 Termination of business contracts
•	 Damage to employee morale and public reputation

Operating in alignment with the applicable legal, regulatory, and organisational frameworks is the 
backbone of a compliant and successful apparel manufacturing business. This includes observing 
labour laws, environmental norms, quality benchmarks, and internal company policies.

Legal and Regulatory Adherence

1.	 Labour Laws:

•	 Ensure minimum wages, proper working hours, paid leaves, and social security.

•	 No child labour or forced labour.

2.	 Safety and Health Regulations:

•	 Equip facilities with fire safety measures, ventilation, emergency exits.

•	 Provide personal protective equipment (PPE).

3.	 Environmental Compliance:

•	 Monitor effluent treatment systems.

•	 Ensure use of certified, eco-friendly dyes and chemicals.

4.	 Product Quality and Safety:

•	 Conform to BIS or ISO standards.

•	 Conduct mandatory safety testing for children’s garments.

Organisational Guidelines

Organisations typically have internal policies that guide:

•	 Employee behaviour and ethics
•	 Quality management systems
•	 Data handling and confidentiality
•	 Conflict of interest protocols

Aligning Daily Work with Standards

To ensure seamless compliance:

•	 Standard Operating Procedures (SOPs) should be available and regularly updated.

8.2.5 Working in Accordance with Laws, Regulations, and 
Organisational Guidelines
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•	 Training Programs must be conducted to educate employees.
•	 Performance Reviews can include compliance indicators such as audit results and adherence to 

timelines.

Role of Departments and Individuals

Each department has a part to play:

•	 HR ensures labour law compliance and workplace ethics.
•	 Production follows safety and process control norms.
•	 Quality ensures product standards and documentation.
•	 Compliance Officers monitor legal and regulatory aspects.

Individual employees should:

•	 Know the laws and policies applicable to their role.
•	 Ask questions or seek clarifications when unsure.
•	 Report violations to supervisors without fear of retaliation.

Monitoring and Review Mechanisms

1.	 Audits and Inspections:

•	 Internal audits are essential to identify potential risks.

•	 Surprise inspections help maintain standards.

2.	 Review Meetings:

•	 Regular compliance review meetings ensure progress tracking.

•	 Dashboards and compliance scorecards can be maintained.

3.	 Reporting Deviations:

•	 Employees should be trained to report any unethical or non-compliant activity.

•	 Whistleblower policies should protect the identity and safety of reporters.

Dealing with Grey Areas

Sometimes, the interpretation of laws or organisational policies may not be straightforward. In such 
situations:

•	 Refer to legal advisors or compliance heads.
•	 Escalate concerns rather than acting in ambiguity.
•	 Use written documentation or emails to ensure accountability.

Benefits of Compliance-Oriented Culture

•	 Enhanced Reputation: Buyers and customers prefer ethically run businesses.
•	 Reduced Risk: Avoid legal disputes and penalties.
•	 Improved Efficiency: Structured processes minimise errors.
•	 Employee Retention: Safe and fair workplace conditions boost morale and reduce attrition.
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Organisational policies on quality, conduct, and performance form the backbone of a responsible and 
efficient workplace. These policies are designed not only to meet external compliance standards but 
also to guide internal behaviour, operational consistency, and accountability. In the apparel industry, 
which is highly process-driven and people-intensive, adherence to these policies ensures smoother 
workflow, fewer errors, and improved morale.

Importance of Organisational Policies

Organisational policies are structured guidelines created by the management to align employee 
conduct, work expectations, and quality benchmarks with the company’s mission and objectives. They 
reflect the company’s commitment to excellence, fairness, and legal compliance.

Key reasons these policies matter:

•	 Standardise operations across departments
•	 Prevent workplace conflicts and misconduct
•	 Promote a culture of discipline and transparency
•	 Enhance product and service quality
•	 Protect the organisation from legal and reputational risks

Policies Related to Quality

Quality is not just a requirement—it is a reputation. In the apparel industry, poor quality leads to high 
rejection rates, customer dissatisfaction, and financial losses. Organisational quality policies ensure 
that employees across the supply chain understand what constitutes acceptable and unacceptable 
standards.

Components of quality policies:

1.	 Quality Assurance (QA) and Quality Control (QC):

•	 QA focuses on process control; QC focuses on product inspection.

•	 Standard Operating Procedures (SOPs) must be followed during cutting, stitching, printing, 
finishing, and packaging.

2.	 Inspection Systems:

•	 Inline and end-line inspections help detect defects at different stages.

•	 Policies should define who performs inspections, frequency, and reporting format.

3.	 Defect Classification:

•	 Clear criteria for minor, major, and critical defects.

•	 Policies must dictate permissible limits and rejection protocols.

8.2.6 Following Organisational Policies on Quality, Conduct, 
and Performance 
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4.	 Customer Feedback Loop:

•	 A system to collect and act on complaints or returns.

•	 Continuous improvement measures should be integrated.

5.	 Compliance with International Standards:

•	 Adherence to ISO 9001, OEKO-TEX, GOTS, or customer-specific quality manuals.

Expected employee actions:

•	 Follow all SOPs related to their task
•	 Report any quality-related issues promptly
•	 Participate in quality training and audits

Policies on Conduct and Workplace Behaviour

Professional conduct forms the foundation of a healthy and safe workplace. Employees must be aware 
of behavioural expectations laid out in the company's code of conduct. This section of policy governs 
how employees interact with colleagues, supervisors, vendors, and clients.

Common aspects of conduct policies:

1.	 Respectful Communication:
•	 Use professional language; avoid abuse or insults.
•	 Respect for diversity and differing opinions.

2.	 Zero Tolerance for Harassment or Discrimination:
•	 Policies must align with laws regarding gender equality, religious tolerance, and protection from 

sexual harassment (POSH).
3.	 Conflict of Interest:

•	 Employees must not engage in activities that compete with company interests or involve 
personal gain.

4.	 Attendance and Punctuality:
•	 Timely reporting to work is mandatory.
•	 Absenteeism policies, leave procedures, and disciplinary actions must be clear.

5.	 Use of Company Property:
•	 Tools, materials, and digital resources must be used responsibly.

6.	 Substance Abuse:
•	 Policies must ban alcohol and drug use on premises to ensure safety.

Employee Responsibilities:

•	 Be aware of the company’s code of conduct.
•	 Attend orientation or refresher courses.
•	 Maintain professionalism at all times.
•	 Report violations to HR or a designated officer.
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Policies on Performance and Productivity

Performance policies help in setting clear goals and expectations for each employee, department, and 
team. They also outline how performance will be measured, rewarded, or improved.

Key performance policy areas:

1.	 Role Clarity and KPIs:

•	 Each role should have defined Key Performance Indicators (KPIs).

•	 Expectations regarding targets, timelines, and quality should be transparent.

2.	 Performance Reviews and Appraisals:

•	 Periodic reviews (quarterly/annually).

•	 360-degree feedback or supervisor-based evaluation models.

•	 Discussions around promotions, increments, and learning needs.

3.	 Corrective Action Plans (CAP):

•	 For underperformance, employees are given feedback and improvement timelines.

•	 Training, mentoring, or job rotation may be offered.

4.	 Reward and Recognition Systems:

•	 ‘Employee of the Month’ schemes.

•	 Team performance bonuses or incentive-based targets.

5.	 Disciplinary Actions:

•	 Procedures for dealing with repeated lateness, absenteeism, insubordination, or low 
performance.

Employee’s Role in Performance Management:

•	 Accept constructive feedback.
•	 Set personal growth goals aligned with team objectives.
•	 Seek help or training when needed.
•	 Document achievements or challenges faced.

Promoting Compliance Through Training and Communication

Even the best policies fail without awareness. Organisations must ensure that policies are:

•	 Clearly documented and accessible
•	 Communicated during induction and via refresher training
•	 Displayed in common areas or digital portals
•	 Translated into local languages for better understanding

Regular workshops, case study discussions, and real-world examples can help reinforce policy 
importance. HR teams and department heads must keep channels open for employees to ask questions 
and report confusion without fear.
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Monitoring, Enforcement, and Review of Policies

1.	 Internal Audits:

•	 Evaluate compliance with policies regularly.

•	 Identify any gaps and recommend changes.

2.	 Feedback Mechanisms:

•	 Suggestion boxes, anonymous surveys, or open forums allow employees to provide input.

3.	 Policy Revision:

•	 Policies must evolve with changing laws, customer expectations, or business strategies.

•	 Annual or bi-annual reviews recommended.

4.	 Accountability:

•	 Every violation must be investigated fairly.

•	 Escalation procedures and consequences should be predefined.

Building a Culture of Responsibility

Beyond enforcement, policies should foster a culture where:

•	 Employees take pride in doing things the right way.
•	 Supervisors model ethical and performance-based leadership.
•	 Teams are recognised for collaboration and innovation.

A culture driven by quality, respect, and continuous improvement helps reduce operational risks, retain 
skilled talent, and attract better business opportunities.

266



Processing Supervisor (Dyeing & Printing)

UNIT 8.3: Resource Efficiency and Sustainable Practices

By the end of this unit, the participants will be able to:

1.	 Discuss the significance of specified resource usage at the workplace.
2.	 Evaluate different ways to conserve energy in the apparel sector.
3.	 Explain the importance of switching off machines when not in use.
4.	 Explain the significance of greening solutions, procedures, policies, legislation and regulations.
5.	 Carry out work functions in alignment with greening principles and sustainability guidelines.
6.	 Demonstrate proper methods for handling and storing waste materials such as paper, sketches, 

colouring tools and e-waste.

Unit Objectives

Resource efficiency plays a critical role in shaping a sustainable and economically viable workplace. In the 
apparel industry, where multiple resources such as water, electricity, raw materials, and chemicals are 
used, controlling and optimising resource consumption leads to reduced costs, improved productivity, 
and a smaller environmental footprint. This section explores the importance of adhering to specified 
resource usage guidelines within the workplace.

Importance of Specified Resource Usage

1.	 Cost Control
Limiting resource consumption according to defined specifications helps organisations control 
operational costs. Uncontrolled use of electricity, water, and raw materials leads to wastage 
and unnecessary expenses. Following best practices in resource usage ensures better financial 
management and profitability.

2.	 Environmental Sustainability
Excessive and unmonitored use of resources like water and energy contributes to environmental 
degradation. Overuse of chemicals may lead to contamination of water bodies and soil. Using only 
the required quantity helps conserve natural resources, reducing the industry's ecological footprint.

3.	 Standardisation and Quality Assurance
Specified resource usage is often based on standard operating procedures (SOPs) which aim 
to maintain product quality. For example, using an exact amount of dye or chemical in textile 
production ensures uniformity and avoids product defects or rejection.

4.	 Regulatory Compliance
Many environmental and industrial regulations mandate the monitoring and controlling of resource 
usage. Adhering to specified limits ensures compliance with laws and avoids penalties or legal 
action.

8.3.1 Significance of Specified Resource Usage at 
the Workplace
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5.	 Workplace Efficiency and Safety
Overconsumption can lead to cluttered, unsafe workspaces and equipment breakdowns. For 
example, excessive lubrication or unregulated machine usage can cause fires or accidents. Specified 
usage prevents such risks and promotes a safer, more efficient work environment.

Common Resources with Specified Usage Guidelines

1.	 Electricity

•	 Usage should be monitored to avoid overloads and ensure machines are shut off when not 
in use.

•	 Energy-saving equipment like LED lighting and inverter-driven motors should be prioritised.

2.	 Water

•	 Essential in processes such as washing, dyeing, and finishing.

•	 Water flow should be regulated to reduce wastage.

•	 Recycled water or rainwater harvesting systems should be implemented.

3.	 Chemicals and Dyes

•	 Precise measurement is critical to product quality and environmental compliance.

•	 Excessive use increases effluent treatment burden and costs.

4.	 Raw Materials (Fabrics, Threads, etc.)

•	 Cutting and stitching should be done as per layouts to avoid fabric wastage.

•	 Leftovers should be reused for sample development or smaller items.

5.	 Packaging Materials

•	 Use biodegradable or recyclable materials where possible.

•	 Avoid over-packaging to reduce waste.

Implementing Resource Usage Practices in the Workplace

1.	 Workforce Training
Workers should be trained to understand the value of resources and the need to follow guidelines. 
Visual aids, posters, and short workshops are effective methods.

2.	 Monitoring and Reporting
Supervisors must monitor consumption and document deviations. Regular reporting helps identify 
patterns and scope for improvement.

3.	 Standard Operating Procedures (SOPs)
SOPs must define specific quantities and procedures for each task. For instance, a dyeing SOP 
should state the exact dye-to-fabric ratio.

4.	 Automation and Smart Systems
Using automated dosing systems for dyes and chemicals can significantly reduce errors. Smart 
meters and IoT devices help track and analyse usage patterns.
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5.	 Feedback Mechanism
Encourage feedback from workers to identify practical challenges in implementing resource 
controls. Workers are often the first to notice leaks, unnecessary usage, or machine inefficiencies.

Benefits of Following Specified Resource Usage

•	 Reduced Waste: Lower material and resource wastage leads to savings and less environmental 
impact.

•	 Improved Profit Margins: Efficient resource use cuts operational costs and boosts profitability.
•	 Enhanced Brand Image: Sustainability is becoming a crucial factor in global supply chains. 

Compliance with responsible usage enhances brand reputation.
•	 Employee Engagement: When employees are part of resource-saving initiatives, it fosters a culture 

of responsibility and innovation.

Challenges in Implementing Specified Usage

•	 Resistance to Change: Some employees may be reluctant to alter old habits. Continuous motivation 
and awareness are essential.

•	 Initial Investment: Energy-efficient equipment or monitoring systems may require upfront 
investment, although they lead to long-term gains.

•	 Lack of Awareness: Workers may not fully understand how overuse affects the company or the 
environment. Consistent communication is key.

Energy conservation in the apparel sector is crucial for reducing operating costs and minimising 
environmental impact. Apparel manufacturing is energy-intensive due to the use of machinery for 
processes like spinning, weaving, dyeing, and finishing. Effective energy conservation not only benefits 
the environment but also strengthens the financial stability and competitiveness of the organisation.

Common Areas of High Energy Use in Apparel Manufacturing

1.	 Lighting

•	 Inadequate use of natural lighting increases dependence on electricity.

•	 Use of outdated fluorescent or incandescent lighting consumes more energy.

2.	 Machinery Operations

•	 Stitching, embroidery, dyeing, and washing machines consume significant electricity.

•	 Older machines often have low energy efficiency.

3.	 Heating and Cooling Systems

•	 Steam generators and boilers used in finishing processes are energy-intensive.

•	 Air conditioning in offices and production areas adds to consumption.

8.3.2 Evaluating Different Ways to Conserve Energy in the 
Apparel Sector
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4.	 Compressed Air Systems

•	 These systems, used for powering tools and cleaning, often operate inefficiently if not 
maintained.

Strategies for Energy Conservation

1.	 Switch to Energy-Efficient Equipment

•	 Replace traditional machines with energy-efficient models.

•	 Use servo motors instead of clutch motors for sewing machines.

2.	 LED Lighting and Natural Daylight

•	 Install LED lighting systems.

•	 Design workspaces to utilise natural light.

3.	 Regular Maintenance

•	 Keep machinery in optimal condition.

•	 Clean filters, lubricate moving parts, and check for leaks.

4.	 Energy Monitoring Systems

•	 Install meters to monitor real-time energy consumption.

•	 Analyse data to identify wastage.

5.	 Employee Awareness Programs

•	 Educate staff on energy-saving practices like turning off lights, using machines responsibly, 
and reporting leaks or faults.

6.	 Use of Renewable Energy

•	 Solar panels can supply power for lighting and small operations.

•	 Biomass or waste-heat recovery systems can reduce boiler fuel needs.

Benefits of Energy Conservation

•	 Cost Savings: Lower utility bills improve profitability.
•	 Improved Equipment Life: Proper maintenance extends machine lifespan.
•	 Reduced Carbon Emissions: Contributes to environmental sustainability.
•	 Compliance with Green Regulations: Meets buyer and legal requirements.

Switching off machinery when not in use is a simple yet powerful practice that directly contributes 
to energy conservation, workplace safety, and equipment longevity. In an industry that runs multiple 
machines for long hours, leaving machines on unnecessarily leads to significant resource wastage.

8.3.3 Importance of Switching Off Machines When 
Not in Use
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Energy Conservation

1.	 Electricity Savings

•	 Idle machines consume power without producing output.

•	 Switching off reduces this silent consumption.

2.	 Lower Utility Bills

•	 A reduction in standby energy usage lowers overall electricity costs.

3.	 Reduces Peak Load

•	 Turning off equipment during idle times reduces pressure on the power system, especially 
during peak hours.

Machine Safety and Maintenance

1.	 Prevents Overheating

•	 Continuous operation can overheat machines, increasing the risk of malfunction or fire.

2.	 Reduces Wear and Tear

•	 Limits unnecessary machine usage, thereby prolonging equipment lifespan.

3.	 Minimises Maintenance Costs

•	 Less usage means fewer breakdowns and repairs.

Work Culture and Discipline

1.	 Instils Responsibility

•	 Encourages workers to be mindful of their actions.

•	 Builds a habit of checking and switching off equipment.

2.	 Contributes to Organisational Efficiency

•	 Prevents unnecessary downtime due to machine failure.

3.	 Boosts Environmental Commitment

•	 Small actions contribute to the organisation's overall sustainability goals.

Implementation Strategies

1.	 Signage and Reminders

•	 Use posters or stickers near machines as reminders.

2.	 Training and Induction

•	 New employees should be trained to switch off machines when not in use.

3.	 Monitoring and Rewards

•	 Supervisors can track compliance and reward departments that follow the practice.
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The concept of “greening” refers to integrating environmental considerations into every aspect of 
industrial and organisational operations. In the apparel sector, this has become increasingly significant 
due to global pressure for sustainable development, consumer awareness, and regulatory mandates. 
Greening practices include reducing pollution, conserving resources, implementing environmentally 
responsible sourcing, and complying with relevant policies and legislation.

Importance of Greening in the Apparel Industry

1.	 Environmental Impact Reduction
The apparel industry is a major contributor to water pollution, carbon emissions, and landfill waste. 
Greening practices help reduce these effects through improved resource usage, waste minimisation, 
and responsible sourcing.

2.	 Reputation and Marketability
Brands and companies that adopt eco-friendly practices are more appealing to environmentally 
conscious consumers. Certifications like GOTS (Global Organic Textile Standard) and OEKO-TEX 
enhance marketability.

3.	 Compliance with Global Standards
Global buyers often require suppliers to meet certain environmental criteria. Failing to do so can 
lead to loss of contracts.

4.	 Operational Efficiency
Green solutions often lead to reduced waste, improved energy efficiency, and cost savings in the 
long run.

Common Greening Procedures and Practices

1.	 Eco-Friendly Dyes and Chemicals
Use of low-impact dyes and water-based inks reduces environmental harm.

2.	 Wastewater Recycling
Implementation of water treatment and reuse systems helps conserve water.

3.	 Sustainable Sourcing
Using organic cotton, recycled polyester, and responsibly harvested fibres.

4.	 Carbon Footprint Tracking
Monitoring and reducing greenhouse gas emissions through cleaner production technologies.

Regulatory Framework and Legislation

1.	 National Environmental Regulations

In India, regulations from CPCB (Central Pollution Control Board) and SPCBs (State Pollution 
Control Boards) guide apparel industries in waste management, effluent treatment, and pollution 
control.

8.3.4 Significance of Greening Solutions, Procedures, 
Policies, Legislation and Regulations
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2.	 International Protocols and Standards

•	 ISO 14001: Environmental Management Systems

•	 REACH Compliance (Registration, Evaluation, Authorisation and Restriction of Chemicals)

•	 ZDHC (Zero Discharge of Hazardous Chemicals) Programme

3.	 Sustainability Certifications

•	 GOTS: Ensures organic status and environmentally friendly manufacturing.

•	 OEKO-TEX: Tests textiles for harmful substances.

•	 SA8000: Addresses social and environmental responsibility.

Organisational Green Policies

Organisations must formalise their commitment to sustainability through written policies. These may 
include:

•	 Energy management protocols
•	 Waste segregation and disposal procedures
•	 Sustainable sourcing policies
•	 Eco-friendly packaging practices

Implementation Strategies

1.	 Leadership Commitment
Management must actively support and allocate resources for green initiatives.

2.	 Employee Training
Workers must be sensitised to the importance of environmentally responsible practices.

3.	 Audits and Monitoring
Regular environmental audits and tracking of sustainability KPIs (Key Performance Indicators) help 
assess and improve performance.

4.	 Stakeholder Engagement
Collaboration with vendors, suppliers, and buyers to ensure that sustainability is upheld across the 
value chain.

Benefits of Greening

•	 Improved compliance and reduced legal risks
•	 Better resource optimisation
•	 Enhanced employee satisfaction and organisational pride
•	 Competitive advantage in global markets
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Integrating greening principles into daily work functions requires awareness, discipline, and active 
participation from all employees. Sustainability should be a guiding principle in every decision and 
action on the shop floor, in design departments, and in administrative functions.

Understanding Greening Principles

1.	 Reduce, Reuse, Recycle (3Rs)

•	 Reduce: Minimise the use of non-essential resources.

•	 Reuse: Maximise the lifecycle of tools, fabrics, and packaging.

•	 Recycle: Channel waste into useful materials through proper segregation.

2.	 Circular Economy Approach

•	 Design products for durability and recyclability.

•	 Promote take-back programs and closed-loop manufacturing.

3.	 Sustainable Procurement

•	 Purchase raw materials that have minimal environmental impact.

•	 Select suppliers based on their sustainability credentials.

4.	 Pollution Prevention

•	 Prevent emissions and discharges at the source.

•	 Use cleaner production methods and greener alternatives.

Examples of Green-Aligned Work Practices

1.	 In Dyeing Units
•	 Follow SOPs to avoid excessive chemical use.
•	 Treat effluents before discharge.

2.	 In Cutting Departments
•	 Use software for marker planning to minimise fabric waste.
•	 Reuse fabric scraps for patches, accessories, or samples.

3.	 In Admin/Office Areas
•	 Use digital communication instead of printed notices.
•	 Ensure proper disposal of paper and e-waste.

4.	 In Maintenance and Cleaning
•	 Use biodegradable cleaning agents.
•	 Segregate and dispose of waste responsibly.

Encouraging a Greening Culture

1.	 Daily Checklists and SOPs
Include green steps in daily routines (e.g., turning off equipment, using eco-friendly supplies).

8.3.5 Carrying Out Work Functions in Alignment with 
Greening Principles and Sustainability Guidelines
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2.	 Reward and Recognition
Recognise individuals or teams who consistently practice sustainability.

3.	 Visual Communication
Posters, dashboards, and colour-coded bins create awareness.

4.	 Policy Integration
Make sustainability a part of HR policies, vendor contracts, and product development strategies.

Measuring Compliance and Success

•	 Conduct regular sustainability assessments.
•	 Use metrics such as energy saved, waste diverted from landfill, or water recycled.
•	 Compare progress over time and revise strategies accordingly.

Effective waste handling and storage are vital aspects of sustainable practices in the apparel industry. 
Improper disposal or careless handling of waste such as paper, sketching materials, dyes, chemicals, 
and electronic waste (e-waste) can lead to environmental degradation, health risks, and regulatory non-
compliance. By implementing systematic waste management techniques, organisations can significantly 
reduce their environmental footprint, enhance workplace safety, and align with sustainability objectives.

Types of Waste Materials in the Apparel Industry

1.	 Paper Waste

•	 Includes pattern papers, packaging materials, labels, and documentation.

•	 Often generated in design and administrative departments.

2.	 Sketching and Colouring Tools

•	 Pencils, markers, sketch pads, paints, and fabric colour swatches.

•	 These may contain inks or pigments with chemical content.

3.	 Fabric and Thread Waste

•	 Off-cuts, trimmings, damaged fabrics, leftover threads.

•	 Mostly biodegradable but can be large in volume.

4.	 Chemical Waste

•	 Residues from dyes, printing pastes, and finishing agents.

•	 Hazardous if not disposed of correctly.

5.	 Plastic Waste

•	 Used in packaging, thread cones, polybags, and protective wrappings.

8.3.6 Demonstrating Proper Methods for Handling and 
Storing Waste Materials
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6.	 Electronic Waste (E-waste)

•	 Discarded computers, printers, electronic pattern cutters, lights.

•	 Contains harmful substances like lead, mercury, and cadmium.

Principles of Safe Waste Handling

1.	 Segregation at Source

•	 Separate waste into categories: recyclable, non-recyclable, hazardous, and biodegradable.

•	 Use colour-coded bins (e.g., green for biodegradable, blue for recyclable, red for hazardous).

2.	 Minimisation of Waste

•	 Avoid unnecessary printing or material usage.

•	 Design products to maximise resource utilisation.

3.	 Labeling and Storage

•	 Clearly label bins and storage containers.

•	 Store hazardous materials in leak-proof, ventilated areas with warning signs.

4.	 Personal Protective Equipment (PPE)

•	 Workers handling waste must wear gloves, masks, and protective clothing.

•	 Especially crucial for chemical and e-waste handling.

5.	 Periodic Disposal

•	 Dispose of accumulated waste according to a fixed schedule.

•	 Coordinate with certified waste disposal vendors.

Best Practices for Handling Specific Waste Categories

1.	 Paper Waste
•	 Reuse paper where possible (e.g., printing on both sides).
•	 Shred and recycle documents securely.

2.	 Sketching Materials
•	 Use non-toxic markers and paints.
•	 Collect used items in designated containers for recycling or proper disposal.

3.	 Fabric and Thread Waste
•	 Store scraps in bags or boxes for reuse or donation.
•	 Convert into patchwork, stuffing, or accessories.

4.	 Chemical Waste
•	 Do not pour unused chemicals down drains.
•	 Store in original containers with lids, away from direct sunlight.
•	 Follow MSDS (Material Safety Data Sheet) guidelines for disposal.
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5.	 Plastic Waste
•	 Rinse and dry plastics before sending for recycling.
•	 Reuse packaging wherever feasible.

6.	 E-waste
•	 Keep e-waste in locked storage rooms to prevent leakage or tampering.
•	 Hand over to government-authorised e-waste handlers.

Organisational Systems and Policies for Waste Management

1.	 Waste Management Policy
•	 Organisations should have a formal policy outlining procedures for waste generation, 

segregation, storage, and disposal.
2.	 Waste Collection Schedule

•	 Set up daily or weekly pickup for waste, depending on production volume.
3.	 Training and Awareness

•	 Educate workers on proper handling methods and the consequences of mishandling.
•	 Include waste management in induction and refresher training programmes.

4.	 Monitoring and Documentation
•	 Keep records of waste quantities, disposal dates, and vendors.
•	 Review data to identify reduction opportunities.

Importance of Proper Waste Handling

1.	 Environmental Impact
•	 Prevents soil and water contamination.
•	 Reduces landfill load and conserves natural resources.

2.	 Health and Safety
•	 Minimises risks of exposure to hazardous substances.
•	 Keeps the workplace clean, reducing slips, trips, and fire hazards.

3.	 Regulatory Compliance
•	 Aligns with local and international environmental laws.
•	 Avoids penalties, legal action, and damage to brand reputation.

4.	 Resource Recovery
•	 Enables recycling and reuse, turning waste into valuable inputs.
•	 Saves costs in raw materials and waste disposal.

Role of Employees in Waste Handling

1.	 Individual Responsibility
•	 All employees must be accountable for disposing of waste correctly.
•	 Encouraged to reduce, reuse, and recycle during daily tasks.

2.	 Team Participation
•	 Departments can nominate “green champions” to oversee waste initiatives.
•	 Weekly audits or competitions can help build a culture of responsibility.
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3.	 Continuous Improvement
•	 Feedback mechanisms can help identify gaps in the waste management system.
•	 Suggestions from staff should be encouraged and implemented when feasible.

Future Trends in Sustainable Waste Management

1.	 Digital Workflow Transition
•	 Reducing paper waste by moving to digital design tools and electronic communication.

2.	 AI and IoT Integration
•	 Smart bins and sensors to track waste volumes and improve collection efficiency.

3.	 Zero-Waste Manufacturing
•	 Pattern designs that generate minimal offcuts and promote full material usage.

4.	 Blockchain for Traceability
•	 Monitoring waste movement and disposal using secure digital systems.

Proper handling and storage of waste materials such as paper, sketching tools, chemicals, and e-waste 
are vital to achieving resource efficiency and environmental sustainability in the apparel sector. Every 
employee, from operators to managers, plays a pivotal role in ensuring waste is managed responsibly. 
By adhering to best practices, following regulatory guidelines, and fostering a workplace culture of 
sustainability, organisations can significantly reduce their ecological impact while maintaining safe and 
compliant operations.
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•	 Ethical and value-based practices are essential for maintaining integrity in workplace governance.
•	 Practising ethics benefits both employees and organisations by building trust and professionalism.
•	 Punctuality, discipline, and regular attendance support workplace efficiency.
•	 Understanding the limits of personal responsibility ensures accountability in professional tasks.
•	 Decisions and actions should be taken within one’s defined scope of authority.
•	 Deviations or non-compliance must be promptly reported to the appropriate authority.
•	 Organisational reporting procedures help maintain transparency and compliance.
•	 Clarifications on policies and procedures should be sought from authorised personnel.
•	 Supporting supervisors and colleagues promotes teamwork and adherence to organisational 

standards.
•	 Following legal, regulatory, and ethical guidelines ensures proper functioning in the apparel industry.
•	 Resource conservation, energy saving, and sustainable practices reduce waste and environmental 

impact.
•	 Safe handling and storage of tools, materials, and e-waste maintain a clean and eco-friendly 

workplace.

Summary
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Multiple-choice Question:
1.	 Why is it important to follow an ethical approach at work?

a. To impress colleagues	 b. To ensure fairness and professionalism

c. To avoid taking responsibility	 d. To increase competition

2.	 What should an employee do if they notice non-compliance with company rules?
a. Ignore the issue	 b. Report it to the concerned authority

c. Discuss it with co-workers only	 d. Wait for others to act

3.	 Why should machines be switched off when not in use?
a. To save energy and reduce costs	 b. To increase wear and tear

c. To delay work	 d. To reduce supervision time

4.	 What does following greening principles at work involve?
a. Wasting resources	 b. Using eco-friendly methods and reducing waste

c. Ignoring environmental laws	 d. Avoiding training sessions

5.	 What is one benefit of practising punctuality and regular attendance?
a. Reduces workplace stress	 b. Disrupts team work

c. Lowers productivity	 d. Creates delays in work

Descriptive Questions:

1.	 Why are ethical and value-based practices important in workplace governance?
2.	 How should deviations or non-compliance be reported within an organisation?
3.	 What are the main legal and regulatory requirements in the apparel industry?
4.	 How can energy and resources be conserved in textile production?
5.	 What are the correct methods for handling and storing waste materials like e-waste and paper?

Exercise
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Notes

Scan the QR codes or click on the link to watch the related videos

https://youtu.be/ltW7KVYJ1go?si=wzE1VK2cFgALdNY_

Business Ethics, Nature of Business ethics
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Employability Skills is available at the following location

https://www.skillindiadigital.gov.in/content/list

Employability Skills
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Module No. Unit No. Topic Name Page 
No Link for QR Code (s) QR code (s)

Module 1: 
Introduc-
tion and 
Orienta-
tion to 
Processing 
Supervisor 
(Bridge 
Module)

Unit 1.1: 
The Apparel 
Industry and 
Professional 
Functions

1.1.1 The Size 
and Scope of 
the Apparel 
Industry

12
https://youtu.

be/-ddisteV3tOo-
?si=uFDW4QKnItoOKknY

Textile Sector in 
India

1.1.3 Roles and 
Responsibili-
ties of a Pro-
cessing Super-
visor (Dyeing & 
Printing)

12 https://youtu.be/-lwPEk-X-
O8o-?si=2Vkou_hYxpiLcRgm

Knit Fabric 
Dyeing and 

Finishing Process

Module 
2: Funda-
mentals of 
dyes and 
chemicals 
(AMH/
N0615)

Unit 2.1: 
Characteris-
tics of Textile 
Materials 
and Dyeing

2.1.2 The 
Dyeing Cycle 
in Relation to 
Fibre Types 
and Machinery 
Capabilities

53 https://youtu.be/-lwPEk-X-
O8o-?si=ldn9kkmEuzT8TAHg

Knit Fabric 
Dyeing and 

Finishing Process

2.1.3 Types 
of Dyes and 
Chemicals 
Used in the 
Dyeing Process

53
https://youtu.be/-

4uuw39sCI8w-?si=EmSnEe2w_
NOiFPco

Classification of 
dyes

Unit 2.2: 
Processes 
and Organ-
isational 
Practices in 
Textile Pro-
duction

2.2.1 Sequen-
tial Processes: 
Scouring, 
Bleaching, 
Dyeing, 
Printing, and 
Finishing

53 https://youtu.be/-7AE5vftSjFk-
?si=eLDvOrqIJZCuN6PF

Textile Dyeing 
and Printing
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Module No. Unit No. Topic Name Page 
No Link for QR Code (s) QR code (s)

Module 3: 
Plan and 
organize 
materials 
to be dyed 
and print-
ed as per 
customer 
require-
ments 
(AMH/
N0615)

Unit 3.1: 
Workplace 
Policies, 
Standards 
and Compli-
ance

3.1.4 Pantone 
Shade Cards 
and Reference 
Samples in Co-
lour Matching

92 https://youtu.be/-itntPdu1JvI-
?si=lRWtBjBSjhvodnH6

Pantone Color 
full Detail

Unit 3.2: 
Operational 
Planning and 
Resource 
Allocation

3.2.2 Methods 
to Reduce Con-
sumption of 
Dyes, Chem-
icals, Water, 
and Other 
Resources

92
https://youtu.

be/-QSTy04hO51w-
?si=nbfvZpPa0Sbgl6bM

Recovery and 
reuse of sizes, 
dyes and other 

chemicals

Module 4: 
Develop 
recipe for 
dyeing and 
printing 
(AMH/
N0616)

Unit 4.1: 
Materials, 
Equipment, 
and Tech-
niques in 
Dyeing and 
Printing

4.1.1 Types 
of Dyes and 
Chemicals: Re-
active, Natural, 
and Discharge 
Dyes

122
https://youtu.be/-

j3mMrDChzHw-?si=BNbhl-
Z6HaQPb4Z-

Types Of Dyes 
Used In Textile 

Industry

4.1.4 Types of 
Printing and 
Dyeing Ma-
chines

122
https://youtu.

be/-OZ_MNH4XrkI-
?si=MnCEpuoOgtXAwpsV

Types of Digital 
Textile Printing 

Machines

Module 
5: The 
Process 
of Dyeing 
(AMH/
N0616)

Unit 5.2: 
Technical 
Aspects of 
Dyeing and 
Printing

5.2.3 Types of 
Dye Fastness: 
Water Fastness 
and Colour 
Fastness

154 https://youtu.be/-cU0Icz-
kBQU-?si=4vrov5k7E5wx8-D2

Washing Fastness 
Testing
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https://youtu.be/OZ_MNH4XrkI?si=MnCEpuoOgtXAwpsV
https://youtu.be/OZ_MNH4XrkI?si=MnCEpuoOgtXAwpsV
https://youtu.be/cU0Icz-kBQU?si=4vrov5k7E5wx8-D2
https://youtu.be/cU0Icz-kBQU?si=4vrov5k7E5wx8-D2
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Module 
6: Super-
vise the 
process of 
dyeing and 
printing as 
per plan 
received 
from 
production 
planning 
(AMH/
N0617)

Unit 6.2: 
Quality 
Control and 
Process Im-
provement

6.2.1 Correct-
ing Dyeing 
Faults such as 
Patchy Dyeing 
and Shade 
Variation

185 https://youtu.be/-L4KLB-
Yn1P4-?si=-AfunzjNpLaFtGDh

Differents Dyeing 
Faults Causes 
And Remedies

Module 7: 
Maintain 
a Healthy, 
Safe and 
Secure 
Working 
Environ-
ment with 
Gender 
and PWD 
Sensiti-
zation 
(AMH/
N0618)

Unit 7.1: 
Workplace 
Practices 
for Health, 
Safety, and 
Inclusivity

7.1.3 Identify-
ing Signage Re-
lated to Health 
and Safety 
Measures

238 https://youtu.be/-SqZ5np_
lCr0-?si=va_GroEKv3cGaQgz

Learn 30 
Essential Safety 

Signs

7.1.4 Explain 
the Correct 
Usage of Per-
sonal Protec-
tive Equipment 
(PPE)

238
https://youtu.

be/-p_9hOqdw75o-
?si=pv3B64maagoYsKlQ

Personal 
Protective 

Equipment (PPE)

7.1.10 Worker 
Participation 
in Mock Drills 
and Evacua-
tions

238 https://youtu.be/-VyiZcZhLEJ0-
?si=SPZjhChhKi3ywuF9

How to conduct 
Mock Drill at 

work site

288

https://youtu.be/L4KLB-Yn1P4?si=-AfunzjNpLaFtGDh
https://youtu.be/L4KLB-Yn1P4?si=-AfunzjNpLaFtGDh
https://youtu.be/SqZ5np_lCr0?si=va_GroEKv3cGaQgz
https://youtu.be/SqZ5np_lCr0?si=va_GroEKv3cGaQgz
https://youtu.be/p_9hOqdw75o?si=pv3B64maagoYsKlQ
https://youtu.be/p_9hOqdw75o?si=pv3B64maagoYsKlQ
https://youtu.be/p_9hOqdw75o?si=pv3B64maagoYsKlQ
https://youtu.be/VyiZcZhLEJ0?si=SPZjhChhKi3ywuF9
https://youtu.be/VyiZcZhLEJ0?si=SPZjhChhKi3ywuF9
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Module No. Unit No. Topic Name Page 
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Module 8: 
Manage 
the work-
space, 
operate 
tools, and 
handle 
machinery 
efficiently 
(AMH/
N0619)

Unit 8.1: 
Ethical 
Values and 
Workplace 
Conduct

8.1.1 Im-
portance of 
Having an 
Ethical and 
Value-Based 
Approach to 
Governance

281 https://youtu.be/ltW7KVY-
J1go?si=wzE1VK2cFgALdNY_

Business Ethics, 
Nature of 

Business ethics

289

https://youtu.be/ltW7KVYJ1go?si=wzE1VK2cFgALdNY_
https://youtu.be/ltW7KVYJ1go?si=wzE1VK2cFgALdNY_
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Address: Apparel Made-ups & Home Furnishing Sector Skill Council
 Flat No. A-312 to A-323, 3rd Floor, Somdatt Chamber-1,
 Bhikaji Cama Place, Africa Avenue, New Delhi-110066
Email:  info@sscamh.com
Web:  www.sscamh.com
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