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Abstract: The steel industry, pivotal to global economic development, faces critical challenges in managing massive by-
product and waste generation. In India, steel plants generate approximately 600 kg of solid waste per tonne of crude steel,
contributing significantly to environmental concerns (Ministry of Steel, 2023). This study examines the valorization of key
steelmaking by-products, specifically those from Tata Steel's Jamshedpur facility, through cold briquetting technology.
Experimental evaluation revealed that briquettes formulated from LD sludge, blast furnace dust, mill scale, and other fines
achieved robust mechanical performance, with a tumbler index of 48% and an abrasion index of 3.63%, indicating excellent
resistance to impact and wear. Chemically, these briquettes maintained Fe content above 40%, with controlled levels of CaO,
Si0,, and other minor oxides. Thermal reduction tests between 1000°C and 1400°C confirmed a clear trend of decreasing
swelling index, from 18% at 1000°C to 4% at 1400°C, ensuring dimensional stability within blast furnace conditions. Notably,
the integration of these briquettes into the blast furnace burden (at substitution levels of 3% and 5%) demonstrated enhanced
reduction efficiency and minimized operational swelling. These results underscore the potential for waste-derived briquettes
to reduce landfill demand, close resource loops, and improve operational efficiency, thereby supporting the steel sector’s
sustainability and India’s ambitious steel production targets.
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1. Introduction

The iron and steel industry remains a cornerstone of industrial growth and economic progress worldwide, despite a steady
proliferation of advanced materials (World Steel Association, 2021). Since the mid-20th century, global steel output has risen
dramatically, from 200 million tonnes in 1950 to over 1.8 billion tonnes by 2020, with Asia, led by China, dominating
production landscapes (Sengupta et al., 2019; World Steel Association, 2021). However, alongside this growth, the steel sector
is facing mounting challenges posed by resource depletion, escalating energy costs, and, critically, the management of vast
solid waste streams (Singh & Prakash, 2020).

Sustainable steel production necessitates not only process improvements but also comprehensive strategies for the
valorization of by-products and waste, as integrated steel plants generate an array of solid, liquid, and gaseous residues (Das
etal, 2007). Of these, solid residues including blast furnace (BF) and basic oxygen furnace (BOF) slags, sludges, mill scales, flue
dust, and spent refractories, represent both a significant challenge and a unique opportunity. While traditional disposal
practices have historically dominated the sector, stricter regulations and land scarcity are propelling industries toward zero-
waste objectives (Kumar et al., 2018).

Environmental data suggests that iron and steel production is responsible for 5-7% of global anthropogenic greenhouse gas
emissions (IEA, 2022), urging the sector to adopt innovative waste reduction, recycling, and utilization techniques. Recent
advancements in beneficiation, agglomeration, and resource recovery have allowed some plants to approach 95-97% waste
recycling rates, in line with best practices observed in Europe and Japan (Yuan etal.,, 2017; Dutta et al., 2019).

India's steel industry, the world's second largest, is similarly evolving. Major steel plants produce upwards of 100 million
tonnes of crude steel per year, accompanied by an estimated 60 million tonnes of solid waste annually. The National Steel
Policy (2017) has set ambitious production and sustainability targets, including the aim for 100% by-product utilization

© 2025,IRJET | ImpactFactorvalue:8.315 | 1S09001:2008 Certified Journal | Page 461



’,/ International Research Journal of Engineering and Technology (IRJET)  e-ISSN: 2395-0056
JET Volume: 12 Issue: 08 | Aug 2025 www.irjet.net p-ISSN: 2395-0072

(Ministry of Steel, 2017). Yet, sluggish adoption of advanced waste processing techniques has, until recently, limited the scale
of recycling and reuse in Indian operations, with siloed management approaches leading to resource inefficiency and
increased environmental risk (Ghosh & Chatterjee, 2008).

1.2 Research Objective

The research objective of this study aligns closely with the pressing need to develop sustainable and efficient waste
management practices within the steel industry, particularly focusing on the utilization of iron and steel plant by-products.
This research aims to evaluate the feasibility of producing high-strength cold briquettes from a blend of steelmaking solid
wastes such as blast furnace dust, sludge, mill scale, and other iron-rich residues, using appropriate binders and compaction
techniques. The objective is to transform these fine particulate wastes, which are otherwise difficult to reuse directly in the
ironmaking process, into agglomerated feed materials suitable for blast furnace operations.

2. Data and Materials Used
2.1 Raw Material Composition

The study utilizes a blend of iron-rich industrial residues generated at Tata Steel, as shown in Table 1, ensuring a
representative composition for pilot-scale briquette fabrication.

Table 1. Raw Material Blend for Cold Briquetting.

Material Volumetric Composition (%)
LD Sludge 40

Blast Furnace Dust 20

Sinter Return Fines 10

Mill Scale 20

Coke Fines 5

Binder 35

OPC Cement 1.5

2.2 Chemical and Physical Attributes

Detailed characterization, as in Table 2, highlights consistent iron levels with manageable proportions of other oxides and
carbon.

Table 2. Example Chemical Profile of Cold Briquettes (Monthly Sampling)

Date Fe(T) (%) | CaO (%) | Si0, (%) | MgO (%) | Al,0;(%) | LOI (%)
10-07-2024 | 46.51 16.11 5.75 1.49 1.60 7.97
10-16-2024 | 42.69 17.34 7.84 1.24 2.23 9.64
11-11-2024 | 45.78 14.57 7.82 1.10 2.14 10.98
12-13-2024 | 43.50 16.09 8.80 1.11 2.17 10.98
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3. Methodology
3.1 Process Overview

The research employs cold briquetting to agglomerate steel plant fines. The methodology includes precise material blending,

vacuum treatment, compaction, and post-processing mechanical/metallurgical testing. The steps are illustrated in the
methodology flowchart (Figure 1).

Raw material collection

Material blending
(pre-mix without cement — final mix with cement)

Vacuum treatment
(removal of air/moisture)

Briquetting
(pressure application through die)

Mechanical testing
(TumblerfAbrasion Index, Shatter Test)

‘ Thermal Reduction & Swelling Tests |

Chemical Analysis

‘ Data analysis and process optimization |

Figure 1. Methodology Flowchart for Cold Briquette Fabrication and Testing.

3.2 Briquette Manufacture
¢ Blending: Raw materials are thoroughly mixed for homogeneity.

e Vacuum Treatment: The mixture is subjected to a vacuum (0.5 x 107 bar) to enhance density and binder
dispersion.

e Compaction: A pressure of 100 kg/cm? is used to form briquettes of regular size and shape.
e Curing: Briquettes are cured under controlled conditions to reach operational strength.
3.3 Mechanical and Metallurgical Testing

The flowchart outlines the comprehensive process of briquette manufacture and testing. It begins with a thorough blending of
raw materials, followed by vacuum treatment to enhance density and binder dispersion. Next, compaction forms briquettes
under 100 kg/cm? pressure, succeeded by curing to achieve strength. The process includes mechanical and metallurgical
testing: tumbler and abrasion indices assess material durability through simulated handling and particle size analysis;
swelling and reduction tests fire briquettes at 1000-1400°C to evaluate dimensional stability and reduction efficiency; and
chemical composition analysis is performed periodically via laboratory techniques for quality verification.
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Figure 2. Flowchart of the Briquette Manufacture and Testing Process.

4. Results and Discussion

4.1 Mechanical Durability

The cold briquettes developed in this study showed notable mechanical resilience, as reflected by a tumbler index of 48% and
a low abrasion index of 3.63%. The high tumble index illustrates the capacity of the briquettes to withstand impacts during
charging and descent within the blast furnace, minimizing fines generation. Table 3 shows that shatter index values for >10
mm particles reached over 90% after only 14 days of curing, stabilizing thereafter, indicating rapid consolidation and aging
stability. The briquettes attained a Tumbler Index of up to 51.5% and a high shatter index, illustrating resistance to
fragmentation and wear during blast furnace charging and transport.

Table 3. Briquette Mechanical Properties.

Test (Days) Shatter Index (>10 mm, %) Tumbler Index (>6.3 mm, %)
7 88 33.2
14 90.5 48.1
21 89 51.2
28 88.6 515

4.2 Swelling Behaviour under Reduction

Swelling of iron-bearing agglomerates is critical to blast furnace operability. Results (Table 4, below) show a systematic
decrease in swelling index from 18% at 1000°C to just 4% at 1400°C, linked to progressive reduction reactions and
microstructural evolution (hematite to magnetite to wiistite to metallic iron). The formation of cracks and grain fragmentation
at lower temperatures is progressively replaced by stable metallic iron grains at higher temperatures.
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Table 4. Swelling Index at Elevated Temperatures

Temperature (°C) Swelling Index
1000 18

1100 16

1200 15

1300 8

1400 4

e The swelling index showed a marked decrease at higher temperatures, suggesting phase transitions from hematite to

magnetite and subsequent shrinkage after metallic iron forms. Lower swelling at elevated temperature ensures stable
performance during smelting and limits operational disruptions.

4.3 Size Analysis Results

Consistent particle sizing is an indicator of controlled agglomeration. Over 95% of briquettes consistently exceeded 50 mm in
diameter, supporting efficient blast furnace burden distribution and reducing dusting and spillage Table 5. The majority of
samples retained high proportions of coarse particles, ensuring good permeability and mechanical compatibility.

Table 5. Particle Size and Moisture Content of Briquettes.

Date >50mm (%) >6.3mm (%) | >10mm (%)  Moisture (%)
10-07-2024 98.64 26 81.6 8.6
11-18-2024 98.8 29.2 74.9 6.0
12-05-2024 93.22 32 75.6 11.8

4.4 Reduction Test and Metallization: Process and Environmental Significance

The cold briquetting process, compared to sintering and palletization, consumes less energy and generates minimal NOx, SOx,
and particulates. The substitution of 3-5% of the blast furnace burden with cold briquettes led to visible improvements in
throughput and a reduction in dust emissions, thereby supporting environmental compliance efforts. Briquettes demonstrated
effective reduction efficiency, achieving increased metallization as the charged temperature was raised from 1000°C to
1400°C. High iron recovery was achieved, indicating suitability as blast furnace feed.

4.5 Chemical Suitability

Regular chemical assessments confirmed that Fe content remained above 42% for all analyzed briquette batches, with
controlled levels of CaO (16-18%), SiO, (~6-8%), and other minor constituents. This ensures compatibility with blast furnace
smelting and supports efficient iron reduction and high metallization rates, as detailed in Table 6. The high iron and moderate
flux content signify alignment with blast furnace charge requirements and potential for efficient smelting (Tata Steel, 2023).

Table 6. Average Chemical Composition of Cold Briquettes.

Fe(T) (%) Ca0 (%) Si0; (%) MgO (%) Al,03 (%)

45.5 16.0 6.5 1.2 1.9
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5. Conclusion

The present investigation underscores the viability and significance of utilizing steel plant by-products via cold briquetting.
Mechanical testing demonstrated the achievement of a 48% tumbler index and 3.63% abrasion index, certifying the briquettes
for blast furnace charging. Swelling indices decreased significantly at higher temperatures, mitigating the risk of
disintegration. Statistically, over 95% of samples retained particle size above 50 mm, and moisture content was consistently
under 12%, ensuring both handling and reduction performance. Chemical analysis confirmed Fe content above industry
thresholds, supporting efficient reduction reactions and high metallization yields. These findings validate the use of cold
briquettes as an alternative feedstock, offering operational, environmental, and economic benefits.

6. Future Scope and Limitations

The steel industry is moving rapidly toward sustainability, with future waste management advancing through digitalization,
automation, and circular economy practices. Emerging trends such as Al-optimized sorting, smart resource recovery, and real-
time waste tracking promise to enhance operational efficiency and environmental performance. Increasing integration of
advanced slag processing, water purification techniques, and robotics will improve material recovery rates and reduce landfill
dependency. In India, growth in green steel initiatives and stricter environmental policies is set to accelerate the adoption of
cleaner, resource-efficient technologies. Broader collaboration between industry, researchers, and policymakers is anticipated,
fostering innovation and knowledge-sharing for more sustainable steel production. Despite these prospects, challenges
remain.
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