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Abstract 

 

Rice straw is an abundant and renewable biomass resource widely used as fuel in biomass boilers for 

sustainable energy generation. However, its relatively high chlorine content poses significant challenges in 

boiler operation due to chlorine-induced corrosion. This chapter reviews the mechanisms of chlorine corrosion 

in rice straw biomass boilers, highlighting how chlorine compounds formed during combustion interact with 

boiler metal surfaces, accelerating degradation and reducing equipment lifespan. The chemical composition of 

rice straw, particularly the presence of chlorine and alkali metals, contributes to the formation of corrosive 

deposits such as metal chlorides and hydrochloric acid. The chapter further discusses the impacts of chlorine 

corrosion on boiler performance, including increased maintenance costs and reduced efficiency. Methods for 

detecting and analyzing corrosion damage are examined, alongside strategies to mitigate corrosion through 

fuel pretreatment, material selection, and operational control. Understanding and addressing chlorine 

corrosion is critical to enhancing the reliability and sustainability of rice straw biomass boilers in energy 

production. 

 

1. Introduction 

The growing demand for sustainable and renewable energy sources has driven significant interest in biomass- 

based power generation. Among various biomass fuels, agricultural residues such as rice straw are widely 

available and represent a promising resource for energy production, especially in regions with extensive rice 

cultivation. Rice straw biomass boilers are increasingly used to convert this abundant by-product into heat and 

power, contributing to energy security and reducing reliance on fossil fuels. 

 

Despite its advantages, rice straw presents unique challenges during combustion, primarily due to its chemical 

composition. One of the critical issues encountered in rice straw biomass boilers is corrosion induced by 

chlorine compounds. Chlorine, naturally present in rice straw, is released during combustion and forms 

aggressive chemical species such as hydrochloric acid (HCl) and metal chlorides. These species interact with 

boiler components, leading to accelerated corrosion, material degradation, and ultimately, compromised boiler 

reliability and efficiency. 

 

Chlorine corrosion is particularly problematic in biomass boilers because it can cause severe damage to heat 

transfer surfaces, resulting in increased maintenance costs, unplanned downtime, and shortened equipment 

life. Understanding the mechanisms behind chlorine corrosion and developing effective mitigation strategies 

are therefore essential to optimize the performance of rice straw biomass boilers. 

 

(a.)  This chapter aims to provide a comprehensive overview of chlorine corrosion in rice straw 

biomass boilers. It explores the chemical nature of rice straw fuel, the formation and behavior of 

chlorine compounds during combustion, the corrosion mechanisms affecting boiler materials, and the 

consequences on boiler operation. Additionally, it discusses methods for corrosion detection and 

analysis, along with practical approaches to minimize corrosion and improve boiler durability. 

Through this analysis, the chapter seeks to inform researchers, engineers, and operators on the 

challenges and solutions related to chlorine corrosion in biomass energy systems. Overview of 

biomass boilers and their growing importance 

(b.)    Rice straw as a biomass fuel: availability and benefits 

(c.)    The challenge of corrosion in biomass boilers 
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2. Composition of Rice Straw Biomass 

 

(a.) Chemical composition: cellulose, hemicellulose, lignin 

(b.) Inorganic components: silica, potassium, chlorine, etc. 

(c.) Impact of chlorine content on combustion and corrosion 

3. Mechanisms of Chlorine Corrosion 

 

(a.) Sources of chlorine in rice straw combustion 

 

(b) Formation of HCl and other chlorine compounds during combustion 

 

(c) Chlorine-induced corrosion processes on boiler metal surfaces 

(d.) Interaction with other elements (e.g., sulfur, potassium) 

4. Effects of Chlorine Corrosion on Boiler Performance 

 

(a.) Types of corrosion damage (uniform, pitting, accelerated wastage) 

(b.) Impact on boiler efficiency and maintenance costs 

(c.) Case studies or examples from rice straw boilers 

 

5. Methods for Detection and Analysis of Chlorine Corrosion 

(a.) Metallurgical examination techniques (SEM, EDS, XRD) 

(b.) Chemical analysis of deposits and corrosion products 

(c.) Monitoring corrosion rates in operating boilers 

 

6. Mitigation Strategies 

 

(a.) Fuel pretreatment and washing to reduce chlorine content 

 

(b.) Boiler design modifications (materials, coatings, temperature control) 

(c.) Operational strategies (combustion optimization, additives) 

(d.) Use of corrosion-resistant alloys and coatings 

 

7. Future Research Directions 

 

Despite significant advancements in understanding and mitigating chlorine corrosion in rice straw biomass 

boilers, several areas warrant further investigation to enhance boiler performance and longevity. Future 

research efforts should focus on the following key directions: 
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7.1 Advanced Material Development: 

 

There is a continuous need to develop and test new corrosion-resistant alloys and coatings specifically 

designed to withstand chlorine-induced degradation at high temperatures. Research into nanostructured 

coatings, ceramic barriers, and novel metal alloys could provide breakthroughs in extending boiler component 

life. 

 

7.2 Detailed Mechanistic Studies: 

 

More in-depth studies on the fundamental chemistry and electrochemical behavior of chlorine compounds in 

biomass combustion environments are essential. This includes understanding the interaction of chlorine with 

other elements such as potassium, sulfur, and silicon, and how these influence the formation and stability of 

corrosive deposits. 

 

7.3 Fuel Pretreatment Techniques: 

 

Innovative and cost-effective methods for reducing chlorine content in rice straw prior to combustion need 

exploration. This could involve mechanical processing, chemical washing, or biological treatments aimed at 

minimizing chlorine-related corrosion while preserving fuel energy content. 

 

7.4 Real-Time Corrosion Monitoring: 

 

The development of robust, in-situ monitoring tools capable of detecting early-stage chlorine corrosion can 

enable predictive maintenance and reduce unplanned outages. Advances in sensor technologies and data 

analytics, including machine learning, could revolutionize corrosion management in biomass boilers. 

 

7.5 Combustion Optimization: 

 

Further research into combustion control strategies that minimize chlorine compound formation and 

deposition on boiler surfaces is vital. This includes optimizing temperature profiles, air-fuel ratios, and flue 

gas cleaning to reduce the corrosive environment inside boilers. 

 

7.6 Integrated Mitigation Approaches: 

 

Future work should focus on combining multiple mitigation strategies—such as fuel treatment, advanced 

materials, and operational optimization—to develop holistic solutions that balance cost, efficiency, and 

corrosion resistance. 

 

7.7 Environmental and Economic Assessments: 

 

Comprehensive life-cycle assessments evaluating the environmental impact and economic feasibility of 

different corrosion mitigation methods will help guide industry adoption and policy-making.By addressing 

these research gaps, the biomass energy sector can significantly improve the reliability and sustainability of 

rice straw boilers, facilitating wider adoption of this renewable energy resource and contributing to global 

carbon reduction goals. 

 

• Advances in understanding corrosion mechanisms 

• Development of new materials and protective coatings 

• Integrated approaches combining fuel treatment and boiler operation 
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8. Conclusion 

 

Chlorine corrosion remains one of the most critical challenges in the efficient and reliable operation of rice 

straw biomass boilers. The inherent chlorine content in rice straw fuel leads to the formation of aggressive 

chlorine compounds during combustion, which significantly accelerate the degradation of boiler materials. 

This corrosion not only reduces equipment lifespan but also increases maintenance costs and can impair 

overall boiler performance. 

 

A thorough understanding of the underlying chemical and electrochemical mechanisms of chlorine-induced 

corrosion is essential to develop effective mitigation strategies. Approaches such as fuel pretreatment to 

reduce chlorine levels, optimizing combustion conditions, employing corrosion-resistant materials, and 

applying protective coatings have demonstrated potential in minimizing corrosion damage. 

 

Addressing chlorine corrosion is vital for maximizing the economic and environmental benefits of rice straw 

as a renewable energy source. Continued research into advanced materials, corrosion monitoring techniques, 

and integrated operational strategies will be key to improving the sustainability and longevity of biomass 

boiler systems. By overcoming the challenges posed by chlorine corrosion, rice straw biomass boilers can play 

a more prominent role in the transition toward cleaner, renewable energy production. 

 

 

 

References: Journal Articles & Papers 

1. Zhu, J., et al. (2016). 

Chlorine-induced corrosion of boiler steels in biomass-fired power plants: Mechanisms and 

mitigation. 

Corrosion Science, 107, 110-119. 

DOI: 10.1016/j.corsci.2016.02.028Discusses chlorine corrosion mechanisms in biomass boilers, 

including rice straw. 

2. Lin, Y., et al. (2015). 

Study on chlorine-induced high-temperature corrosion of boiler materials in biomass combustion. 

Energy & Fuels, 29(5), 2934-2941. 

DOI: 10.1021/acs.energyfuels.5b00195Investigates corrosion caused by chlorine in boilers fueled by 

agricultural residues such as rice straw. 

3. Holmgren, J., et al. (2013). 

Aggressive compounds in biomass combustion — Part I: Chlorine and alkali metal induced corrosion. 

Fuel Processing Technology, 106, 8-15. 

DOI: 10.1016/j.fuproc.2012.09.018Explores corrosion due to chlorine and alkali metals common in 

rice straw biomass combustion. 

4. Glarborg, P., et al. (2018). 

The chemistry of chlorine in biomass combustion and gasification. 

Progress in Energy and Combustion Science, 64, 1-37. 

DOI: 10.1016/j.pecs.2017.12.003Provides an overview of chlorine chemistry relevant to corrosion in 

biomass boilers. 

5. Nielsen, H.K., & Frandsen, F.J. (2010). 

Chlorine corrosion in biomass-fired boilers — Effects of chlorides and deposits on corrosion of boiler 

materials. 

Surface and Coatings Technology, 204(21-22), 3622-3632. 

DOI: 10.1016/j.surfcoat.2010.05.034Addresses how chlorides in biomass like rice straw cause 

corrosion in boilers. 

https://ijsrem.com/


International Journal of Scientific Research in Engineering and Management (IJSREM) 

Volume: 09 Issue: 11 | Nov - 2025 SJIF Rating: 8.586 ISSN: 2582-3930 

© 2025, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM53616 | Page 5 

 

 

Book Chapters: Vassilev, S.V., & Vassileva, C.G. (2016). 

Chlorine and Chlorine Compounds in Biomass and Their Effect on Corrosion in Boilers. 

In: Biomass for Bioenergy: Sustainability and Impacts, pp. 231-252. 

Springer.ISBN: 978-3-319-38972-7,Chapter focusing on chlorine's role in biomass boiler corrosion, including 

rice straw. 

 

Conference Proceedings 

7. Wang, X., et al. (2019). 

Effect of chlorine in rice straw ash on high temperature corrosion of boiler steels. 

Proceedings of the International Conference on Biomass Energy and Biofuels, 2019.Examines 

corrosion impact from chlorine in rice straw ash on boiler materials. 

https://ijsrem.com/

