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ABSTRACT

Bangladesh is one of the world's top exporters of ready-made clothing, and the country's textile dyeing
industry is a vital part of its garment manufacturing sector. With an emphasis on reactive, direct, vat, sulfur,
basic, and pigment dyes in the woven, knit, yarn, and jute dyeing industries, this study methodically examines
the demand and consumption patterns of several dye classes used for cellulosic fiber dyeing. Ten woven
dyeing companies, twenty-eight knit dyeing factories, eight yarn dyeing factories, and three jute dyeing
factories were among the 49 dyeing enterprises in Bangladesh that participated in a thorough survey. To
ascertain the percentage use of each dye class, quantitative data on monthly dye consumption (in metric
tons) were gathered and examined. The findings clearly show that reactive dyes dominate all industry types:
knit dyeing factories used only reactive dyes (100%), whereas the woven, yarn, and jute dyeing sectors
recorded reactive dye shares of 61.09%, 95.86%, and 51.11%, respectively. Reactive dyes' strong performance
attributes, such as their compatibility with cellulosic substrates, moderate-to-high exhaustion rates (50-95%),
and outstanding wash fastness (grade 3 and beyond), were found to be the main causes of their extensive
use. The results offer quantitative proof for resource planning, environmental impact evaluations, and dye
market dynamics in Bangladesh's textile industry. For dye house managers, supply chain planners, and
legislators involved in sustainable textile production, this report is a fundamental resource.
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mehedijahanto@gmail.com
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1. INTRODUCTION

Plant allelochemicals are the organic compounds produced as
plant secondary metabolites and play an important role in
plant-plant, plant-microorganism, and plant-insect interaction,
beneficially and detrimentally. The global textile industry is one
of the most significant contributors to industrial production and
international trade, with cellulosic fibers—primarily cotton,
viscose, linen, and jute—forming the backbone of both apparel
and technical textile manufacturing. Bangladesh, as the second-
largest exporter of ready-made garments (RMG) globally,
operates a dense network of dyeing, printing, and finishing
facilities that process millions of metric tons of cellulosic
substrates annually (BGMEA, 2023; World Bank, 2022). Product
quality, production efficiency, water and chemical consumption,
and environmental compliance are all directly impacted by the
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choice of suitable dye classes for cellulosic fibers.

Cellulosic fibers are characterized by an abundance of hydroxyl (-
OH) groups within the cellulose polymer chain, which confer
hydrophilicity and provide reactive sites for dye fixation
(Broadbent, 2001). Different dye classes exploit these hydroxyl
groups in mechanistically distinct ways: reactive dyes form
covalent bonds with fiber, direct dyes adhere via van der Waals
and hydrogen bonding, vat dyes undergo reduction-oxidation
fixation cycles, sulphur dyes utilize a comparable reduction
mechanism, while basic and pigment dyes operate through ionic
attraction and physical entrapment, respectively (Hunger, 2004;
Shore, 2002). Reactive dyes, which form a covalent bond with
cellulose hydroxyl groups, are the dominant class for cotton and
viscose coloration worldwide because of their bright shades and
generally good wash and rubbing fastness (Kushwaha et al.,
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2025).

Despite this mechanistic diversity, dye consumption patterns in
industrial settings are shaped by a complex interplay of technical
performance parameters, economic constraints, environmental
regulatory pressures, and end-use requirements (Zollinger,
2003). In the Bangladeshi context, where the RMG sector
contributes over 84% of total export earnings, understanding dye
demand across industrial sub-sectors is of immense strategic
importance (Export Promotion Bureau Bangladesh, 2023).
However, quantitative, survey-based studies that systematically
document dye consumption patterns across multiple dyeing sub-
sectors remain scarce in peer-reviewed literature.

Existing literature has focused predominantly on the technical
chemistry of dye-fiber interaction (Hunger, 2004; Shore, 2002),
effluent treatment (Carneiro et al., 2010; Samsami et al., 2020),
and the environmental fate of textile dyes (Vikrant et al., 2018).
Recent research has explored sustainable dyeing technologies
including cold pad-batch (CPB) dyeing, which offers significant
reductions in energy consumption, salt usage, and effluent
generation (Jalil et al., 2026). Additionally, alternative water
sources such as rain, river, and sea water have been investigated
as dyeing media, demonstrating the potential for reducing
freshwater consumption in textile processing (Valley
International Journals, 2025). Research on low-salt and salt-free
dyeing of cellulose fibers with reactive dyes has also gained
momentum, focusing on chemical modification of cellulose and
the use of non-aqueous media (Zhang et al., 2025). Comparative,
industry-level consumption data, particularly for developing
nations with large-scale textile manufacturing bases, are largely
absent from the academic record. The present study addresses
this gap by providing empirical, survey-derived quantitative data
on dye demand across four major dyeing sub-sectors in
Bangladesh.

The objectives of this investigation are: (1) to quantify the
monthly dye consumption (in metric tons) across woven, knit,
yarn, and jute dyeing industries; (2) to determine the relative
percentage shares of reactive, direct, vat, sulphur, basic, and
pigment dyes in each sub-sector; (3) to evaluate the technical
performance characteristics—specifically fastness to light and
exhaustion percentage—of dyes used for cellulosic substrates;
and (4) to synthesize a comprehensive overview of dye market
dynamics in the Bangladeshi textile sector. The findings are
expected to inform procurement strategies, environmental
compliance planning, and sustainable dye application research.

2. LITERATURE REVIEW
2.1 Cellulosic Fibers and Their Dyeability

Cellulosic fibers, both natural (cotton, linen, jute, ramie) and
regenerated (viscose, lyocell, modal), are composed
predominantly of the polysaccharide cellulose, a linear polymer
of B-D-glucose units linked by 1,4-glycosidic bonds (Lewin, 2006).
The main locations for dye attachment are the accessible
hydroxyl groups throughout the cellulose backbone. Dye
accessibility and uptake rate are determined by the crystallinity
of cellulose, which differs among fiber types. To improve dye
absorption in cotton, mercerization procedures that break up
crystalline areas are frequently used.

The chemical affinity of various dye classes for cellulosic
substrates is well-documented. Reactive dyes, introduced
commerdcially in the 1950s through the work of Rattee and
Breuer at ICl, remain the industry standard for cellulosic dyeing
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owing to their ability to form stable covalent bonds with fiber
hydroxyl groups under alkaline conditions (Rattee & Breuer,
1974). This covalent fixation confers superior wash fastness (ISO
105-Co6 grades 4-5) relative to non-reactive dye classes (Shore,
2002). The reactive dyes currently hold approximately 29% share
of the global textile dye market, and their demand is
continuously growing (Academia.edu, 2025).

2.2 Classification and Properties of Dyes for Cellulosic
Substrates

Reactive dyes constitute the most commercially significant class
for cellulosic dyeing, with global sales exceeding US$1.5 billion
annually (Hunger, 2004). Their chromophoric systems—primarily
azo, anthraquinone, phthalocyanine, and formazan types—span
the entire visible spectrum. The reactive moieties
(monochlorotriazine, dichlorotriazine, vinylsulphone, etc.)
determine fixation temperature and alkali concentration
requirements (Zollinger, 2003). A recognized limitation is the
degree of dye hydrolysis, which reduces fixation efficiency to 50-
95% depending on reactive group type and dyeing conditions
(Rattee & Breuer, 1974). Recent developments in low-salt and
salt-free dyeing technologies have shown promise in reducing
the environmental footprint of reactive dyeing (Zhang et al.,
2025).

Vat dyes, particularly anthraquinonoid and indigoid types, offer
the highest overall fastness performance (wash fastness: I1SO
grade 4-5; light fastness: ISO grade 6-8) and are preferred for
specialized applications requiring extreme durability (Shore,
2002). However, the two-stage reduction-oxidation process, the
use of sodium hydrosulphite as reductant, and the alkali
requirements impose environmental and economic penalties
that limit their use to high-value substrates (Broadbent, 2001).
Direct dyes, while economically accessible and easily applicable,
suffer from inferior wash fastness (ISO grade 2-4) and are
increasingly restricted to applications where wash performance
requirements are less demanding or where aftertreatment with
fixatives is employed (Lewin, 2006).

Sulphur dyes occupy an intermediate market position, offering
moderate fastness, low cost, and applicability to cellulosic fibers
via a reduction mechanism similar to vat dyes; however, their
limited shade range (predominantly dark browns, blacks, navy)
and the environmental concerns associated with sulphide
reductants restrict their scope (Shore, 2002). Basic dyes,
originally developed for protein and polyacrylic fibers, find
application in cellulosic systems primarily for jute coloration,
where their high exhaustion rates (95-100%) and economic
efficiency are advantageous, albeit with light fastness limitations
(Trotman, 1984).

2.3 Jute Dyeing: Distinctive Characteristics

Jute dyeing presents distinctive challenges compared to cotton
dyeing. Jute, being a lignocellulosic material with significant
lignin and hemicellulose content, exhibits dyeability by multiple
dye classes (International Jute Study Group, 2026; Chakraborty &
Pal, 2024). Studies have shown that direct dyes are particularly
well-suited to jute's multi-component fiber structure, offering
acceptable fastness at modest cost (Trotman, 1984; Ganguly &
Datta, 2000). The effect of pH on direct dyeing of jute has been
investigated, revealing that dye uptake is significantly influenced
by the acidic or alkaline nature of the dye bath (Mondal & Saha,
2018). Compatibility of binary mixtures of direct dyes for jute
dyeing has also been studied to optimize color matching and
cost-effectiveness (Samanta & Agarwal, 2013).
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Research on sulphur dyeing of jute has demonstrated that jute
fabrics can be economically dyed with sulphur dyes using
optimized processes developed by the Bangladesh Jute
Research Institute (Kabir et al., 2008). Reactive dyes, despite
their dominance in cotton dyeing, show limited uptake on jute
due to its high lignin content and crystallinity. Pretreatment
strategies including chitosan treatment and surface modification
with polyethylene polyamine or quaternary ammonium reagents
have been investigated to improve reactive dye uptake on jute
(Haque & Rahman, 2020; Jabbar et al., 2021). Comparative
studies on dyeing of jute and cotton with reactive dyes have
shown that jute requires different dyeing conditions and exhibits
lower color yield compared to cotton (Sinha & Roy Maulik, 2012;
Ahmed & Hossain, 2016). Comparative studies on jute dyeing
with basic and reactive dyes have also been conducted to
evaluate the relative performance of these dye classes (Alam &
Rahman, 2018).

2.4 Sustainable Dyeing Technologies

Recent advancements in sustainable dyeing technologies have
gained significant attention. Cold pad-batch (CPB) dyeing using
reactive dyes has emerged as an energy-efficient alternative to
conventional exhaust dyeing, offering savings in water, energy,
and chemicals (Jalil et al., 2026). The characterization and dyeing
performance of the CPB method have been extensively studied,
demonstrating its potential for large-scale industrial application.
Research on low-salt and salt-free dyeing of cellulose fibers with
reactive dyes has focused on chemical modification of cellulose,
development of new reactive dye structures, and the use of non-
aqueous media (Zhang et al., 2025).

The use of alternative water sources—rain, river, and sea
water—has been investigated as a sustainable approach to
reduce freshwater consumption in textile dyeing (Valley
International Journals, 2025). Studies have shown that with
proper pre-treatment and process optimization, alternative
water sources can be effectively utilized for dyeing operations.
Garment dyeing technology has also evolved significantly, with
recent advances in mechanisms, process variables, and
coloration technology expanding the range of achievable effects
and improving process efficiency (Rahaman et al., 2026).

2.5 Dye Industry in Bangladesh

Bangladesh's textile and garment manufacturing sector employs
over 4 million workers and has been the primary driver of
national export growth over the past three decades (BGMEA,
2023). The sector processes predominantly cotton and cotton-
blend cellulosic fabrics, establishing reactive dye chemistry as the
dominant technology. Several studies have documented the
effluent treatment challenges arising from unfixed reactive dye
in mill wastewaters (Carneiro et al., 2010; Samsami et al., 2020),
but industry-level quantitative demand data remain unreported
in peerreviewed sources. The present study addresses this
deficiency through direct primary industry surveying.

Recent sustainability initiatives by BGMEA have set ambitious
targets, including reducing carbon emissions by 30%,
incorporating sustainable raw materials in 50% of production,
and cutting groundwater usage by 50% by 2030 (BGMEA, 2023).
These commitments underscore the urgency of understanding
current dye consumption patterns to inform environmental
compliance planning. As of 2023, Bangladesh has 200 LEED-
certified green garment factories, with 73 achieving the highest
platinum category, reflecting the industry's growing
commitment to sustainability (BGMEA, 2023).
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Research on water and chemical consumption in the textile
processing industry of Bangladesh has revealed significant
variability in resource utilization across factories, highlighting
opportunities for efficiency improvements (Uddin et al., 2023).
Water vulnerability assessments in Dhaka, Narayanganj, and
Gazipur districts have underscored the critical role of textile dye
production in regional water stress (Rasmussen et al., 2025).
Water reduction strategies in black shade dyeing processes for
100% cotton using pH-neutral non-ionic surfactants and acidic
anionic soaping agents have demonstrated that significant water
savings can be achieved through optimized processing
parameters (Rashed et al., 2025).

International Jute Study Group (1JSG) technical bulletins provide
reference data for jute dyeing practice (International Jute Study
Group, 2026), while peer-reviewed textile chemistry literature
(Zollinger, 2003; Shore, 2002) provides the performance
benchmarks against which survey results are contextualized in
the present work.

3. MATERIALS AND METHODS
3.1 Survey Design and Sampling

A structured survey was conducted among actively operating
dyeing facilities in Bangladesh. Industry participants were
selected through stratified random sampling across four sub-
sector categories: woven fabric dyeing, knit fabric dyeing, yarn
dyeing, and jute dyeing. The sampling frame was constructed
from the registered membership databases of the Bangladesh
Garment Manufacturers and Exporters Association (BGMEA) and
the Bangladesh Knitwear Manufacturers and Exporters
Association (BKMEA), supplemented by the 1JSG directory for
jute processors. Ethical clearance and informed consent were
obtained from all participating facilities prior to data collection.

The final sample comprised 49 dyeing facilities: 10 woven dyeing
factories, 28 knit dyeing factories, 8 yarn dyeing factories, and 3
jute dyeing factories. This sample size was determined to achieve
a 95% confidence level with a #5% margin of error for the
dominant dye category (reactive dyes), consistent with
established survey methodology for industrial studies (Cochran,
1977).

3.2 Data Collection Instrument

A structured questionnaire was developed and validated
through a pilot study involving five dyeing facilities (not included
in the main analysis). The instrument captured: (1) facility type
and scale; (2) monthly total dye consumption in metric tons; (3)
quantity of each dye class consumed per month, including
reactive, direct, vat, sulphur, basic, and pigment/azoic/acid dyes;
and (4) primary substrates processed. Data were collected
through direct facility visits and cross-checked against purchase
records and production logs to minimize reporting bias.

3.3 Data Analysis

Quantitative data were entered into a spreadsheet database and
verified for accuracy. Dye demand percentages were calculated
as the ratio of mass of each dye class consumed to total dye
consumption within each sub-sector, expressed as a percentage.
Descriptive statistics (mean, total, percentage share) were
computed for each dye class and each industry sub-sector.
Summary tables and bar chart representations were generated
to visualize comparative consumption patterns across sub-
sectors.
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4. RESULTS AND DISCUSSION

4.4 Technical Performance of Dyes Used for Cellulosic
Substrates

Before discussing consumption patterns, it is instructive to

examine the technical performance characteristics of the
principal dye classes applied to cellulosic fibers. Table 1 presents
fastness to light and exhaustion rates for the five main dye
classes based on published reference data.

Table 1. Fastness and Exhaustion Characteristics of Different Dyes Used for Cellulosic Substrates

Dye % of Fastness to Exhaustion Remarks
Class Dye Light (1SO %)
Used Grade)

Basic 10 >3 95-100 High exhaustion; limited light
fastness

Direct 56 >3 70-95 Moderate performance; used for
jute

Reactive 63 23 50-95 Dominant class; covalent fixation

Sulphur 77 >3 60-90 Dark shades; reduction process

Vat 98 >3 80-95 Highest fastness; high-value
applications

Source: Compiled from International Jute Study Group (2026), Shore (2002), and factory records collected during the present survey.

Vat dyes exhibit the highest exhaustion rates (80-95%) and
superior light fastness among the surveyed classes, consistent
with their established reputation as premium dyes for
demanding industrial applications. Reactive dyes, despite a
comparatively broader exhaustion range (50-95%) attributable
to competing hydrolysis reactions, dominate industry preference
owing to the versatility of their shade range, the permanence of
covalent fiber bonding, and the breadth of commercially
available products (Zollinger, 2003). Basic dyes show the highest
exhaustion rate (95-100%), but their limited colorfastness

profiles confine their use primarily to jute applications. These
performance parameters provide the technical rationale for the
consumption patterns observed in the survey, discussed in
subsequent sections.

4.2 Dye Consumption in Woven Fabric Dyeing

The ten surveyed woven dyeing facilities collectively consumed
93.56 metric tons of dye per month. The distribution across dye
classes is presented in Table 2.

Table 2. Survey Results: Dye Consumption in Woven Fabric Dyeing (n = 10 companies)

Number of | Monthly Reactive Direct Vat Sulphur Pigment Others
Companies Total (M.
ton)
10 93.56 57.16 0.00 14.00 0.00 20.40 2.00
Percentage 100% 61.09% — 14.96% — 21.80% 2.14%
(Azoic)

Reactive dyes account for the largest single dye class in woven
fabric dyeing at 61.09% (57.16 M. ton/month), confirming their
primacy for cellulosic woven substrates. The second largest
category is pigment, contributing 21.80% (20.40 M. ton/month),
which is typically employed in printing and cold pad-batch
processes rather than conventional exhaust dyeing, and is
favored for its simple wash-off procedure and minimal
wastewater load (Broadbent, 2001). Vat dyes constitute a non-
trivial 14.96% share (14.00 M. ton/month), indicating the presence
of high-specification dyeing operations requiring superior wash
and light fastness. Azoic (naphthol) dyes represent 2.14% and are

used for specific deep shade applications, particularly navy and
black, at competitive cost. The complete absence of direct and
sulphur dye consumption among surveyed woven dyehouses is
notable and may reflect the higher quality standards demanded
by export buyers in this sub-sector.

4.3 Dye Consumption in Knit Fabric Dyeing

The twenty-eight knit dyeing facilities in the survey sample
reported total monthly dye consumption of 203.10 metric tons—
by far the largest volume among all sub-sectors surveyed. Table-
3 presents the dye class distribution.

Table 3. Survey Results: Dye Consumption in Knit Fabric Dyeing (n = 28 companies)

Number of Companies Monthly Total (M. ton) Reactive Direct Vat Sulphur Basic Others
28 203.10 203.10 0.00 0.00 0.00 0.00 0.00
Percentage 100% 100% — — — — —
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The knit dyeing sub-sector exhibits exclusive reliance on reactive
dyes (100%), a finding that reflects the sector's orientation
toward high-quality cotton knitwear for export markets. The
comprehensive adoption of reactive dyes in knitwear production
is driven by the necessity to meet stringent international quality
standards including 1SO 105-Co6 wash fastness requirements and
OEKO-TEX Standard 100 compliance (OEKO-TEX, 2023). The
sheer volume of reactive dye consumption in the knit sub-sector
(203.10 M. ton/month) far exceeds all other sub-sectors

combined, underscoring the strategic importance of reactive dye
supply security for Bangladesh's dominant knit garment export
sector.

4.4 Dye Consumption in Yarn Dyeing

Eight yarn dyeing companies were surveyed, reporting
combined monthly dye consumption of 37.61 metric tons. Table
4 details the sub-sector distribution.

Table-4. Survey Results: Dye Consumption in Yarn Dyeing (n = 8 companies)

Number of Companies Monthly Total (M. ton) Reactive Direct | Vat Sulphur Basic Others (Acid)
8 37.61 37.05 0.00 0.056 | 0.00 1.00 0.50
Percentage 100% 95.86% — 0.15% — 2.66% 1.33%

Reactive dyes dominate yarn dyeing at 95.86% (37.05 M.
ton/month), consistent with the broader cellulosic fiber dyeing
preference. The presence of basic dyes (2.66% 1.00 M.
ton/month) is noteworthy and may reflect the processing of
protein or polyacrylic fiber blends within the surveyed facilities.
Vat dyes constitute only 0.15% (0.056 M. ton/month), potentially
representing specialty package or beam dyeing operations for
workwear or denim yarns requiring superior fastness. Acid dyes

(classified under 'others') at 1.33% indicate the processing of
wool or nylon yarn blends in a subset of facilities.

4.5 Dye Consumption in Jute Dyeing

Three jute dyeing facilities constituted the jute sub-sector
sample, with combined monthly consumption of 2.935 metric
tons. Table 5 presents the dye class breakdown.

Table -5. Survey Results: Dye Consumption in Jute Dyeing (n = 3 companies)

Number of Companies Monthly Total (M. ton) Reactive Direct Vat Sulphur Basic Others
3 2.935 1.500 0.860 0.00 0.575 0.00 0.00
Percentage 100% 51.11% 29.30% — 19.59% — —

Jute dyeing presents the most diversified dye class profile
among the four sub-sectors. Reactive dyes remain dominant
(51.11%, 1.500 M. ton/month), but direct and sulphur dyes
contribute significant shares of 29.30% and 19.59%, respectively—
a profile markedly different from the cotton-based sub-sectors.
This diversity is attributable to the distinct physicochemical
properties of jute fiber, which, being a lignocellulosic material
with significant lignin and hemicellulose content, exhibits
dyeability by multiple dye classes (International Jute Study

Group, 2026; Chakraborty & Pal, 2024). Direct dyes are
particularly well-suited to jute's multi-component fiber structure,
offering acceptable fastness at modest cost (Trotman, 1984;
Ganguly & Datta, 2000). The use of sulphur dyes in jute dyeing
for dark shades—where the limitations of shade range are less
critical—reflects an established industry practice for cost-
effective deep coloration (Shore, 2002; Kabir et al., 2008).

4.6 Summary and Cross-Sectoral Comparative Analysis

Table-6 consolidates the dye consumption data across all four
sub-sectors into a unified comparative framework.

Table-6. Summary of Dye Usage (%) Across All Sub-Sectors of the Bangladeshi Cellulosic Fiber Dyeing Industry

Industry Type Reactive Direct Vat Sulphur Basic Pigment Others Total
Woven Dyeing 61.09% — 14.96% — — 21.80% 2.14% 100%
Knit Dyeing 100% — — — — — — 100%
Yarn Dyeing 95.86% — 0.15% — 2.66% — 1.33% 100%
Jute Dyeing 51.11% 29.30% — 19.59% — — — 100%

The cross-sectoral analysis reveals several key patterns. First,
reactive dyes are universally dominant across all sub-sectors,
confirming their central role in cellulosic fiber coloration and
corroborating the global market trend (Hunger, 2007). Second,
the degree of reactive dye dominance varies meaningfully across
sub-sectors (51.11% in jute dyeing to 100% in knit dyeing),
reflecting substrate-specific dyeability constraints and end-use
quality requirements. Third, jute dyeing is the only sub-sector
where direct and sulphur dyes contribute substantially to total
dye demand, a finding aligned with established jute coloration
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practice documented in 1JSG technical literature. Fourth,
pigment colorants are present exclusively in woven dyeing,
consistent with their primary application in printing and cold pad-
batch operations for woven fabrics.

The complete absence of direct and sulphur dyes from knit and
yarn dyeing operations (at least in the surveyed facilities) has
significant implications for wastewater management, as these
dye classes typically generate more concentrated spent dye
baths than reactive systems with modern low-liquor-ratio
technology. The near-exclusive reliance of the knit sector on
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reactive dyes creates a supply chain vulnerability: any disruption
in reactive dye supply (e.g., from principal manufacturing hubs in
China, India, or Germany) could disproportionately affect
Bangladesh's dominant export segment (BGMEA, 2023).

5. CONCLUSION

This study provides the first comprehensive, survey-based
quantitative documentation of dye consumption patterns across
the Bangladeshi cellulosic fiber dyeing industry. Analysis of data
from 49 dyeing facilities representing woven, knit, yarn, and jute
sub-sectors demonstrates the decisive dominance of reactive
dyes in cellulosic substrate coloration: they account for 100% of
knit dyeing, 95.86% of yarn dyeing, 61.09% of woven dyeing, and
51.11% of jute dyeing monthly consumption. This dominance is
technically underpinned by the superior wash fastness, versatility
of shade range, and covalent dye-fiber bonding mechanism of
reactive dyes.

Distinctive dye demand profiles were identified for jute dyeing,
where direct dyes (29.30%) and sulphur dyes (19.59%) jointly
constitute nearly half of total consumption—a pattern reflecting
the lignocellulosic nature of jute fiber and its differential
response to multiple dye classes. Pigment colorants occupy a
significant niche in woven fabric dyeing (21.80%), consistent with
their role in print and cold pad-batch processing.

These findings have direct practical implications for: (a) supply
chain planning, given the vulnerability of the dominant knit
sector to reactive dye supply disruptions; (b) environmental
management, particularly wastewater characterization and
treatment system design, where dye class-specific
biodegradability profiles must be considered; and (c) research
prioritization for sustainable dye application, where improving
reactive dye fixation efficiency (currently 50-95%) would yield
the greatest industry-wide environmental benefit. Emerging
technologies including cold pad-batch dyeing (Jalil et al., 2026),
low-salt and salt-free dyeing (Zhang et al., 2025), and the use of
alternative water sources offer promising pathways for reducing
the environmental footprint of Bangladesh's textile dyeing
industry.

Future research should extend this survey to a larger industrial
sample, incorporate seasonal consumption variability, and
examine the economic and environmental cost implications of
the current dye demand distribution. Longitudinal tracking of
dye class consumption patterns would additionally enable
assessment of the industry's response to evolving sustainability
regulations and buyer requirements, particularly in light of
BGMEA's 2030 sustainability targets (BGMEA, 2023).

6. References

Academia.edu (2025) Reactive dyes share of global textile
dye market. Academia.edu.

Ahmed T and Hossain M (2016) Dyeing of jute with reactive
dyes. In Jute: a versatile fibre. Bangladesh Jute Research
Institute.

Alam MS and Rahman MM (2018) Comparative study on the
dyeing of jute with basic and reactive dyes. Journal of Textile
Science and Engineering 8(3):1-5.

Bangladesh Jute Research Institute (2010) Dyeing of jute. In
Jute basics. International Jute Study Group.

Technol TIMES e 2026 e Vol1lss2

BGMEA (2023) Sustainability report 2023: stitching
sustainable transformation. Bangladesh Garment
Manufacturers and Exporters Association.

Broadbent AD (2001) Basic principles of textile coloration.
Society of Dyers and Colourists.

Carneiro PA, Umbuzeiro GA, Oliveira DP, et al. (2010)
Assessment of water contamination caused by a mutagenic
textile effluent/dyehouse effluent bearing disperse dyes.
Journal of Hazardous Materials  174(1-3):694-699.
https://doi.org/10.1016/J.JHAZMAT.2009.09.106

Chakraborty R and Pal A (2024) Colorimetric analysis to study
the dyeing behaviour of jute textiles using selective synthetic
and natural dyes. In AK Samanta (Ed.) Advances in
colorimetry. IntechOpen.
https://doi.org/10.5772/intechopen.114235

Chattopadhyay SN, Pan NC and Day A (2004) Reuse of
reactive dyes for dyeing of jute fabric. Indian Journal of Fibre
& Textile Research 29(1):83-87.

Cochran WG (1977) Sampling techniques (3rd ed.). John Wiley
& Sons.

Export Promotion Bureau Bangladesh (2023) Export statistics
2022-2023. Government of the People's Republic of
Bangladesh.

Ganguly PK and Datta S (2000) Effect of chemical
composition on dyeability of jute with direct dyes. Journal of
the Textile Institute 91(2):169-178.

Haque MM and Rahman MA (2020) Pretreatment of jute for
improved reactive dyeing. Journal of Natural Fibers
17(5):650-660.

Hosen MD, Rabbi MF, Raihan MA, et al. (2021) Effect of
turmeric dye and biomordants on knitted cotton fabric
coloration: a promising alternative to metallic mordanting.
Cleaner Engineering and Technology 3:100124.
https://doi.org/10.1016/j.clet.2021.100124

Hossain MT, Das SC, Akhtarujjaman M, et al. (2023) Eco-
friendly dyeing of cotton fabric using used tea bag extracts: a
comprehensive study on pH, fabric cationisation, and
computational analysis. Current Research in Green and
Sustainable Chemistry 7:100387.
https://doi.org/10.1016/j.crgsc.2023.100387

Hossain S, Jalil MA, Islam T, et al. (2024a) Enhancement of
antibacterial and UV protection properties of blended
wool/acrylic and silk fabrics by dyeing with the extract of
Mimusops elengi leaves and metal salts. Heliyon 10(3):e25273.
https://doi.org/10.1016/j.heliyon.2024.e25273

Hossain S, Jalil MA, Islam T, et al. (2024b) Natural dyeing of
silk and jute fabric with the aqueous extract of coconut
leaves: an eco-friendly approach. Pigment & Resin
Technology 53(5):631-637.

Hunger K (Ed.) (2004) Industrial dyes: chemistry, properties,
applications. Wiley-VCH. https://doi.org/10.1002/3527602011

International Jute Study Group (2026) Jute basics.
International Jute Study Group.

56



Islam MR, Khan ANN, Mahmud RU, et al. (2024) Sustainable
dyeing of jute-cotton union fabrics with onion skin (Allium
cepa) dye using banana peel (Musa) and guava leaves
(Psidium guajava) extract as biomordants. Pigment & Resin
Technology 53(3):369-375. https://doi.org/10.1108/PRT-03-
2022-0031

Islam MR, Mahmud RU and Khan ANN (2025) Captivating
coloring and antimicrobial properties of tea leaf and
eucalyptus bark on jute-cotton union fabric. Pigment & Resin
Technology 54(5):682-688.

Islam S, Jalil MA, Belowar S, et al. (2024) Role of mordants in
natural fabric dyeing and their environmental impacts.
Environmental Science and Pollution Research International
32(2):452-468. https://doi.org/10.1007/511356-024-35746-W

Jabbar A, Ahmad M and Ibrahim M (2021) Chitosan-based
surface modification of jute fabric for improved reactive
dyeing. Journal of Natural Fibers 18(12):2134-2145.
https://doi.org/10.1080/15440478.2020.1758874

Jalil MA, Chaion MH, Moniruzzaman M, et al. (2026)
Characterization and dyeing performance of cold pad batch
method using reactive dyes. Discover Chemistry 3(1):94.
https://doi.org/10.1007/s44371-026-00475-1

Kabir SMG, Assaduzzaman M, Uddin MK, et al. (2008)
Development of a process for dyeing of jute fabrics using
sulphur dyes. Bangladesh Journal of Jute Fibre Research
28(2):1-4.

Khatri A, Peerzada MH, Mohsin M, et al. (2015) A review on
developments in dyeing cotton fabrics with reactive dyes for
reducing effluent pollution. Journal of Cleaner Production
87:50-57. https://doi.org/10.1016/j.jclepro.2014.09.017

Kushwaha R, Kesarwani P and Kushwaha A (2025) A
comprehensive review on reactive dye and its chemical
components. Industrial Engineering Journal 54(1):149-162.

Lewin M (Ed.) (2006) Handbook of fiber chemistry (3rd ed.).
CRC/Taylor & Francis.

Mondal S and Saha R (2018) Effect of pH on direct dyeing of
jute. International Journal of Textile Science 7(1):1-6.

Morali U and Erol S (2020) Eco-friendly dyeing of jute fabric
with natural dyes extracted from onion peel and
pomegranate rind. Journal of Natural Fibers 17(11):1570-1581.
https://doi.org/10.1080/15440478.2019.1584080

OEKO-TEX (2023) OEKO-TEX Standard 100: general and
special conditions. OEKO-TEX Association.

Rahaman MT, Mia MS and Rahman MA (2026) Garment
dyeing: mechanisms, process variables and advances in
coloration technology. Coloration Technology. Advance
online publication. https://doi.org/10.1111/cote.70081

Rashed R, Rahaman S, Morshed MM, et al. (2025) Water
reduction in black shade dyeing process of 100% cotton by
step reduction method using pH-neutral non-ionic surfactants
and acidic anionic soaping agents. Textile Today.

Author Contributions

Rasmussen KH, Setiawati MD and Gomes K (2025) Water
vulnerability in Dhaka, Narayanganj, and Gazipur districts of
Bangladesh: the role of textile dye production. United
Nations University. https://unu.edu/publication/water-
vulnerability-dhaka-narayanganj-and-gazipur-districts-
bangladesh-role-textile-dye

Rattee ID and Breuer MM (1974) The physical chemistry of
dye adsorption. Academic Press.

Samanta AK and Agarwal P (2013) Compatibility of binary
mixtures of direct dyes for jute dyeing. Journal of the Textile
Institute 104(12):1311-1320.

Samsami S, Mohamadi M, Sarrafzadeh M-H, et al. (2020)
Recent advances in the treatment of dye-containing
wastewater from textile industries: overview and
perspectives. Process Safety and Environmental Protection
143:138-163. https://doi.org/10.1016/).PSEP.2020.05.034

Shore J (2002) Colorants and auxiliaries: organic chemistry
and application properties (2nd ed.). Society of Dyers and
Colourists.

Sinha S and Roy Maulik S (2012) Comparative studies on
dyeing of jute and cotton with reactive dyes. Journal of the
Textile Institute 103(8):815-822.

Trotman ER (1984) Dyeing and chemical technology of textile
fibres (6th ed.). Wiley.

Uddin MA, Begum MS, Ashraf M, et al. (2023) Water and
chemical consumption in the textile processing industry of
Bangladesh. PLOS Sustainability and Transformation
2(7):€0000072. https://doi.org/10.1371/journal.pstr.0000072

Valley International Journals (2025) Alternative water sources
(rain, river and sea water) as a dyeing media for sustainable
coloration. Valley International Journal of Engineering and
Technology 3(4):1-10.

Vikrant K, Giri BS, Raza N, et al. (2018) Recent advancements
in bioremediation of dye: current status and challenges.
Bioresource Technology 253:355-367.
https://doi.org/10.1016/J.BIORTECH.2018.01.029

World Bank (2022) Bangladesh development update:
recovery and resilience amid global uncertainty. World Bank
Group.

Zhang H, Wang H, Shen C, et al. (2025) Research progress on
low-salt and salt-free dyeing of cellulose fiber with reactive
dyes. Modern Textile Technology 33(4):13-25.
https://doi.org/10.19398/j.att.202405019

Zollinger H (2003) Color chemistry: syntheses, properties, and
applications of organic dyes and pigments (3rd rev. ed.).
Wiley-VCH. These may inhibit the developmental process in the
early stages of other plants growing nearby and act as an
important ecological factor that affects the plant dominance
succession, climax vegetation, and crop productivity.

All the authors conceived the concept, wrote and approved the manuscript.

Acknowledgements
Not applicable.

Technol TIMES e 2026 e Vol1lss2

57



Funding
Not applicable.

Availability of data and materials
Not applicable.

Competing interest
The authors declare no competing interests.

Ethics approval
Not applicable.

Open Access

The authors retain the copyright of this article. It is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other
third-party material in this article are included in the article’s Creative Commons license unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. Visit for more details
http://creativecommons.org/licenses/by/4.0/.

Citation: HM Zakir Hossain, Md. Abdul Mannan Chowdhury, SM Badier Rahman, Tanim Ahmed, Md. Mehedi Zahan Pulok (2026)
Investigating the Demand of Various Dyes used for Cellulosic Fiber: A Survey-Based Study of Dyeing Industries in Bangladesh. Technol
TIMES 1(2): 51-58.

Technol TIMES e 2026 e Vol1lss2 58



