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ABSTRACT: This The construction industry's 

rapid growth has led to increased demand for 

sustainable and environmentally friendly building 

materials. Corn straw, an abundant agricultural 

byproduct, has garnered significant attention for its 

potential use in construction materials due to its 

availability, low cost, and unique chemical 

properties. This review consolidates current research 

on the application of corn straw ash and fibers in 

concrete, focusing on their effects on mechanical 

properties, durability, and environmental benefits. 

Additionally, it identifies research gaps and suggests 

future directions for optimizing the use of corn 

straw in construction materials. 
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properties, Agricultural waste utilization, Circular 
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I. INTRODUCTION 

1.1 Research Background 

The construction industry's reliance on 

traditional materials, such as cement and aggregates, 

has raised concerns about resource depletion and 

environmental degradation. High energy 

consumption, carbon emissions during cement 

production, and excessive exploitation of natural 

resources have created an urgent need for 

sustainable alternatives][1-4]. 

Corn straw, an agricultural residue 

produced in large quantities worldwide, is often 

discarded or burned, causing significant 

environmental pollution. This practice not only 

contributes to air quality deterioration but also 

represents a wasted opportunity to repurpose an 

abundant resource. Agricultural waste, when left 

untreated or improperly disposed of, becomes a 

source of methane emissions, further exacerbating 

global climate change challenges. Transforming 

corn straw into usable materials thus aligns with 

efforts to mitigate environmental damage while 

providing practical solutions for the construction 

sector[5-8]. 

The chemical composition of corn straw 

makes it particularly suitable for integration into 

construction materials. Its high silicon dioxide 

(SiO₂ ) and aluminum oxide (Al₂ O₃ ) content offer 

pozzolanic properties, enabling its use as a partial 

substitute for cement in concrete production. 

Pozzolanic materials react with calcium hydroxide 

to form compounds that enhance the strength and 

durability of concrete. Moreover, corn straw fibers 

exhibit significant tensile strength, which can 

improve the mechanical performance of fiber-

reinforced composites[9-12]. 

Globally, corn is a staple crop cultivated on 

vast agricultural lands, particularly in regions such 

as China, the United States, India, and parts of 

Africa. This widespread cultivation results in 

substantial quantities of corn straw being generated 

as a byproduct, making its effective utilization a 

practical and economically viable solution. 

Leveraging such agricultural residues not only 

contributes to reducing environmental pollution but 

also supports local economies by providing low-cost 

materials for the construction industry[8,9,13]. 

In addition, utilizing corn straw for 

construction aligns with the principles of a circular 

economy, which emphasizes waste minimization, 

resource recovery, and sustainability. This approach 

reduces the dependency on virgin resources and 

promotes innovative practices that turn agricultural 

waste into valuable raw materials. By addressing 

these issues, the integration of corn straw into 

construction materials represents a significant step 

toward achieving global sustainability goals[14,15]. 

The construction industry's reliance on 

traditional materials, such as cement and aggregates, 

has raised concerns about resource depletion and 

environmental degradation. High energy 

consumption, carbon emissions during cement 

production, and excessive exploitation of natural 

resources have created an urgent need for 

sustainable alternatives[16]. 

Corn straw, an agricultural residue 

produced in large quantities worldwide, is often 
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discarded or burned, causing significant 

environmental pollution. However, its high silicon 

dioxide (SiO₂ ) and aluminum oxide (Al₂ O₃ ) 

content make it a promising additive in cement and 

concrete production. Converting corn straw into ash 

and fibers for use in construction materials provides 

dual benefits of waste utilization and environmental 

protection[17,18]. 

Moreover, leveraging agricultural residues 

aligns with the global circular economy approach, 

which emphasizes resource efficiency and waste 

minimization. In regions where corn is a staple crop, 

such as China, the United States, and parts of 

Africa, the potential to use corn straw in 

construction applications is particularly significant. 

 

1.2 Objectives 

This review aims to: 

Summarize current research on the 

treatment and application of corn straw ash and 

fibers in construction materials. 

Evaluate the impact of calcination 

temperature and treatment methods on their 

properties. 

Identify research gaps and propose future 

directions for the use of corn straw in sustainable 

construction. 

 

II.   LITERATURE REVIEW 
2.1 Application of Corn Straw in Building Materials 

 

2.1.1 Corn Straw Ash 

Corn straw ash, produced by calcining corn 

straw at controlled temperatures, serves as a partial 

replacement for cement in concrete. Studies have 

shown that calcination temperature significantly 

influences its chemical composition and reactivity: 

Optimal Calcination Temperatures: 

Research indicates that calcination at 500°C to 

700°C produces ash with high pozzolanic activity 

and a fine particle structure. At these temperatures, 

amorphous silica forms, enhancing the ash's 

cementitious properties. However, temperatures 

exceeding 800°C often result in the crystallization of 

silica, which diminishes its reactivity. This 

temperature-dependent behavior emphasizes the 

importance of process control in achieving ash with 

desirable properties. Additionally, moderate 

calcination temperatures promote the volatilization 

of organic matter, reducing impurities that can 

negatively affect concrete performance[19-22]. 

Chemical Composition: Higher calcination 

temperatures reduce undesirable components, such 

as chlorine and potassium, while increasing silicon 

and calcium oxide content. This chemical 

transformation not only improves the ash's 

durability in aggressive environments but also 

enhances its compatibility with other concrete 

components. Studies have also shown that ash 

calcined at optimal temperatures enhances hydration 

reactions in cementitious matrices by providing 

additional nucleation sites, leading to improved 

compressive strength and durability. Furthermore, 

the removal of volatile components like chlorine 

reduces the potential for long-term degradation, 

making corn straw ash suitable for infrastructure 

applications such as marine and industrial 

construction[23-28]. 

The application of corn straw ash extends 

beyond concrete production. Research suggests its 

potential in soil stabilization, particularly in road 

construction, where it improves soil strength and 

reduces permeability. The versatility of corn straw 

ash underscores its significance as a sustainable and 

multifunctional material[29-31]. 

 

2.1.2 Corn Straw Fibers 

Corn straw fibers are extracted from stalks 

and subjected to various pretreatment methods to 

enhance their mechanical properties and 

compatibility with cementitious materials: 

Physical Treatments: Methods such as 

boiling, grinding, and mechanical crushing increase 

surface area and expose cellulose, improving 

bonding with the cement matrix. Research suggests 

that grinding fibers to a particle size of less than 1 

mm significantly enhances concrete's flexural 

strength. Additionally, thermal treatments like 

steaming or hot pressing can further modify fiber 

properties, making them more resilient to the 

alkaline environment of cement-based materials[32-

38]. 

Chemical Treatments: Acidic and alkaline 

treatments remove lignin and hemicellulose, 

increasing fiber flexibility and strength. Alkaline 

treatments, in particular, enhance fiber surface 

roughness, leading to improved adhesion within the 

cement matrix. Sodium hydroxide (NaOH) solutions 

are commonly used for this purpose, with optimal 

concentrations ranging from 2% to 6% depending 

on the desired level of delignification. The treated 

fibers exhibit increased tensile strength, reduced 

water absorption, and improved resistance to 

biodegradation[35-40]. 

Biological Treatments: Enzymatic and 

microbial methods break down lignin and 

hemicellulose, enhancing fiber crystallinity and 

surface roughness. These methods are eco-friendly 

but require further research to improve their 
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scalability for industrial applications. Recent 

advancements in microbial engineering have 

explored the use of genetically modified 

microorganisms to selectively degrade lignin 

without compromising cellulose integrity, offering a 

promising avenue for large-scale fiber 

processing[34,38,41]. 

Corn straw fibers have also been 

investigated for their potential in enhancing thermal 

and acoustic insulation properties. Their porous 

structure and low thermal conductivity make them 

ideal for lightweight construction applications. 

Additionally, incorporating treated fibers into 

composite panels has been shown to reduce noise 

transmission, making them suitable for use in 

residential and commercial buildings. The 

integration of corn straw fibers into prefabricated 

construction components further highlights their 

versatility and potential to revolutionize sustainable 

construction practices[40-45]. 

Corn straw ash, produced by calcining corn 

straw at controlled temperatures, serves as a partial 

replacement for cement in concrete. Studies have 

shown that calcination temperature significantly 

influences its chemical composition and reactivity: 

Optimal Calcination Temperatures: 

Research indicates that calcination at 500°C to 

700°C produces ash with high pozzolanic activity 

and a fine particle structure. At these temperatures, 

amorphous silica forms, enhancing the ash's 

cementitious properties. However, temperatures 

exceeding 800°C often result in the crystallization of 

silica, which diminishes its reactivity[46,47]. 

 

Chemical Composition: Higher calcination 

temperatures reduce undesirable components, such 

as chlorine and potassium, while increasing silicon 

and calcium oxide content. This chemical 

transformation not only improves the ash's 

durability in aggressive environments but also 

enhances its compatibility with other concrete 

components[48,49]. 

2.2 Mechanical Properties of Corn Straw 

Ash and Fiber Concrete 

The mechanical properties of concrete 

modified with corn straw ash and fibers have been 

widely studied, showcasing improvements in 

compressive strength, flexural strength, and 

durability. This section delves deeper into the 

specific influences of these materials on mechanical 

performance and the factors that govern their 

effectiveness. 

 

 

 

2.2.1 Compressive and Flexural Strength 

Incorporating corn straw ash at optimal 

levels (e.g., 10-15% replacement of cement) 

improves compressive and flexural strength by 

filling voids and enhancing hydration reactions. This 

effect is particularly pronounced in concrete mixes 

with a water-to-cement ratio of 0.4 to 0.5[53-57]. 

Excessive addition of ash or untreated 

fibers can lead to reduced strength due to poor 

dispersion and increased porosity. Studies have 

shown that adding untreated fibers beyond 2% by 

volume decreases compressive strength by 10-

15%[63,64]. 

 

2.2.2 Durability 

Frost Resistance: Concrete with corn straw 

ash exhibits improved resistance to freeze-thaw 

cycles due to the ash's filler effect and reduced 

permeability. Experimental data suggest that adding 

10% corn straw ash reduces mass loss by up to 25% 

after 50 freeze-thaw cycles[62-65]. 

Chloride Resistance: Treated ash and fibers 

reduce chloride ion penetration, improving 

concrete's durability in aggressive environments. 

This property is particularly beneficial for marine 

structures or regions with high chloride 

exposure[55,56,58]. 

 

2.2.3 Thermal Insulation 

Corn straw fibers contribute to improved 

thermal insulation properties in concrete. The 

natural porous structure of the fibers reduces 

thermal conductivity, making corn straw fiber-

reinforced concrete suitable for energy-efficient 

buildings. 

 

2.3 Environmental and Economic Benefits 

The utilization of corn straw ash and fibers 

in construction materials not only addresses 

technical and performance-related aspects but also 

offers significant environmental and economic 

advantages. These benefits align with the global 

push towards sustainable development, circular 

economies, and climate change mitigation. This 

section explores these advantages in greater 

depth[58,60,63]. 

 

2.3.1 Carbon Emission Reduction 

The production of cement is a major 

contributor to global carbon dioxide emissions, 

accounting for approximately 8% of total emissions 

worldwide. By partially replacing cement with corn 

straw ash, the carbon footprint of concrete 

production can be significantly reduced. Studies 

indicate that incorporating 20% corn straw ash into 
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concrete can lower carbon emissions by up to 15%, 

depending on the calcination process and the 

transportation distances of raw materials. 

Additionally, the energy required to produce corn 

straw ash is considerably lower compared to 

cement, as it leverages agricultural residues that 

would otherwise go to waste[61-65]. 

Furthermore, the reduction in carbon 

emissions is not limited to the replacement of 

cement. The use of corn straw fibers as 

reinforcement materials reduces the need for 

synthetic fibers such as polypropylene, which are 

derived from fossil fuels and have a higher carbon 

footprint. This dual reduction in emissions 

underscores the potential of corn straw as a holistic 

solution for greener construction practices[63,64]. 

 

2.3.2 Waste Utilization and Pollution Reduction 

Globally, agricultural activities generate 

millions of tons of residues, including corn straw. In 

many regions, this biomass is either left to 

decompose or burned, contributing to severe air 

pollution and greenhouse gas emissions. For 

instance, open-field burning of corn straw releases 

particulate matter (PM2.5 and PM10), carbon 

monoxide, and nitrogen oxides into the atmosphere, 

causing significant health and environmental 

problems[46,50,62]. 

By converting corn straw into ash and 

fibers for construction, these pollutants can be 

effectively mitigated. Instead of becoming an 

environmental burden, corn straw is repurposed as a 

valuable resource. In China alone, where over 200 

million tons of corn straw are produced annually, 

the potential for large-scale waste utilization is 

immense. This approach not only reduces 

environmental pollution but also supports 

sustainable agricultural practices by creating value 

from residues[35,60,65]. 

 

2.3.3 Economic Feasibility and Local Development 

The economic benefits of using corn straw 

in construction materials are multifaceted. Firstly, 

corn straw is an abundant and low-cost resource, 

particularly in agricultural regions. Its integration 

into construction reduces the dependency on more 

expensive raw materials like cement and synthetic 

fibers, leading to cost savings in material 

production. Cost analyses have shown that replacing 

15-20% of cement with corn straw ash can reduce 

construction costs by up to 10% in certain 

contexts[35,37,46,50]. 

Moreover, the utilization of corn straw 

supports local economies by creating new revenue 

streams for farmers and agricultural communities. 

Instead of discarding or burning residues, farmers 

can sell corn straw to processing facilities, 

generating additional income. This economic model 

not only incentivizes sustainable practices but also 

fosters job creation in rural areas, where processing 

plants for calcining corn straw ash or treating fibers 

can be established[35,37,48,64]. 

 

2.3.4 Resource Conservation 

The construction industry's reliance on 

non-renewable resources, such as limestone for 

cement production and natural aggregates, has 

raised concerns about long-term sustainability. By 

incorporating corn straw ash and fibers, the demand 

for these finite resources is reduced, promoting a 

more sustainable approach to material production. 

For example, the pozzolanic activity of corn straw 

ash reduces the need for supplementary 

cementitious materials like fly ash and silica fume, 

which are often sourced from industrial 

byproducts[55,57,63]. 

In addition to conserving raw materials, the 

use of corn straw fibers contributes to water 

conservation in concrete production. Fibers enhance 

water retention within the mix, reducing the need for 

additional water during curing. This property is 

particularly valuable in arid regions where water 

scarcity is a pressing concern[35,46,50]. 

 

2.3.5 Energy Efficiency and Thermal Performance 

The thermal insulation properties of corn 

straw fiber-reinforced concrete contribute to energy 

efficiency in buildings. By reducing heat transfer, 

these materials minimize the need for artificial 

heating and cooling, leading to lower energy 

consumption. Studies have shown that buildings 

constructed with corn straw fiber-reinforced 

concrete can achieve energy savings of up to 25% 

compared to traditional concrete 

structures[35,37,46,50,65]. 

Corn straw ash also plays a role in 

enhancing thermal performance. Its fine particle size 

and pozzolanic reaction improve the density of the 

concrete matrix, reducing thermal conductivity. 

These properties make corn straw-modified concrete 

ideal for use in energy-efficient buildings, 

particularly in regions with extreme temperature 

variations[46,50,64]. 

 

2.3.6 Circular Economy and Sustainability Goals 

The integration of corn straw into 

construction materials aligns with the principles of a 

circular economy, which emphasizes waste 

minimization, resource efficiency, and material 

reuse. By converting agricultural residues into 
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valuable construction materials, this approach closes 

the loop on resource use and reduces the 

environmental footprint of the construction 

industry[35,37,46,50]. 

Additionally, utilizing corn straw supports 

global sustainability goals, such as the United 

Nations Sustainable Development Goals (SDGs). 

Specifically, it contributes to Goal 12 (Responsible 

Consumption and Production) by promoting 

sustainable material use, and Goal 13 (Climate 

Action) by reducing greenhouse gas emissions and 

mitigating climate change impacts[46,50]. 

 

2.3.7 Challenges and Opportunities 

While the environmental and economic 

benefits of corn straw utilization are evident, several 

challenges remain. These include the logistics of 

collecting and transporting corn straw, the need for 

standardized processing methods, and potential 

variability in the quality of raw materials. 

Addressing these challenges requires collaboration 

between researchers, policymakers, and industry 

stakeholders[35,37,46,50]. 

Despite these challenges, the opportunities 

for innovation are vast. Advances in treatment 

technologies, such as enzymatic processing and 

hybrid calcination methods, can enhance the 

performance of corn straw-based materials. 

Additionally, the development of regional supply 

chains for corn straw processing can further reduce 

costs and improve feasibility[35,37,52,57]. 

In conclusion, the environmental and 

economic benefits of utilizing corn straw ash and 

fibers in construction materials are substantial. From 

reducing carbon emissions and pollution to fostering 

local development and resource conservation, this 

approach represents a sustainable pathway for the 

future of construction[49-55]. 

Carbon Emission Reduction: Partial 

replacement of cement with corn straw ash reduces 

carbon emissions associated with cement 

production. A study estimated a 15% reduction in 

emissions when 20% cement was replaced by corn 

straw ash[61-65]. 

Waste Utilization: Utilizing agricultural 

residues minimizes environmental pollution and 

promotes resource recycling. In China alone, the 

annual production of corn straw exceeds 200 million 

tons, highlighting the vast potential for its 

application[61,63]. 

Economic Feasibility: The low cost of corn 

straw and its potential to improve concrete 

properties offer significant economic advantages, 

particularly in rural areas. Cost analyses indicate 

that using corn straw ash can reduce construction 

material costs by up to 10%[64,65]. 

 

III.   RESEARCH GAPS 
Despite the promising potential of corn 

straw ash and fibers in sustainable construction 

materials, significant gaps remain that hinder their 

widespread application. These gaps highlight the 

need for continued research and development to 

fully realize the benefits of these materials in 

modern construction. 

 

3.1 Combined Effects of Ash and Fibers 

While numerous studies have focused on 

either corn straw ash or fibers independently, 

limited research explores their combined use in 

concrete. Understanding the synergistic effects of 

combining ash and fibers is crucial for optimizing 

the mechanical properties, durability, and 

sustainability of the resulting materials. For 

instance, the interaction between pozzolanic 

reactions from ash and crack-bridging capabilities of 

fibers may produce unique performance benefits. 

However, a lack of standardized experimental 

methodologies complicates direct comparisons and 

data interpretation[35,37,46,55]. 

 

3.2 Long-Term Durability and Environmental 

Exposure 

There is a dearth of long-term studies 

examining how corn straw ash and fiber-modified 

concrete performs under varying environmental 

conditions, such as freeze-thaw cycles, chemical 

exposure, and UV radiation. These factors are 

critical for determining the suitability of such 

materials in real-world applications, especially in 

regions with extreme climates or aggressive 

environments. Additionally, the impact of moisture 

absorption by untreated or inadequately treated 

fibers on long-term strength and durability requires 

further investigation[35,39,45,50]. 

 

3.3 Standardization of Processing Techniques 

The absence of standardized methods for 

processing corn straw into ash and fibers poses a 

significant barrier to industrial adoption. Variations 

in calcination temperatures, pretreatment methods, 

and fiber extraction processes can lead to 

inconsistent material properties, making it 

challenging for manufacturers to ensure reliable 

performance. Developing standardized protocols 

and quality control measures will facilitate broader 

adoption and enable scalability in industrial 

applications[25,27,36,58]. 
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3.4 Regional Variability in Corn Straw Composition 

The chemical composition of corn straw 

varies depending on factors such as soil quality, 

climate, and agricultural practices. These regional 

differences can influence the properties of corn 

straw ash and fibers, affecting their performance in 

construction materials. Comprehensive studies that 

examine regional variability and establish guidelines 

for material characterization are necessary to 

optimize the use of corn straw across different 

geographical contexts[25,38,49,61]. 

 

3.5 Life Cycle Assessment (LCA) 

Although the environmental benefits of 

using corn straw in construction are well-

documented, comprehensive life cycle assessments 

(LCAs) are needed to quantify these impacts 

holistically. LCAs should include considerations 

such as the energy consumption and emissions 

associated with calcination, fiber treatment 

processes, transportation, and end-of-life disposal. 

These assessments will provide a clearer 

understanding of the overall sustainability of corn 

straw-based materials and inform decision-making 

for industry stakeholders[61-65]. 

 

IV. CONCLUSIONS AND FUTURE 

DIRECTIONS 
4.1 Conclusions 

Corn straw ash and fibers represent a 

significant step forward in sustainable construction 

materials, offering environmental, economic, and 

performance benefits. Key conclusions drawn from 

this review include: 

Environmental Benefits: Corn straw ash 

and fibers reduce carbon emissions, promote waste 

recycling, and minimize environmental pollution. 

By repurposing agricultural residues, these materials 

contribute to achieving global sustainability goals. 

Performance Enhancement: Properly 

treated corn straw ash and fibers enhance the 

mechanical properties, durability, and thermal 

performance of concrete. The combination of ash’s 

pozzolanic activity and fibers’ crack-bridging 

capabilities creates a synergistic effect that improves 

overall material performance. 

Cost-Effectiveness: The low cost and 

widespread availability of corn straw make it a 

viable alternative to traditional materials, 

particularly in regions with abundant agricultural 

residues. This creates opportunities for rural 

economic development and reduces reliance on non-

renewable resources. 

Despite these benefits, challenges such as 

the need for standardized processing methods, 

understanding of long-term durability, and 

addressing regional variability must be addressed to 

fully realize the potential of corn straw-based 

materials. 

 

4.2 Future Directions 

To address the research gaps and further 

advance the use of corn straw ash and fibers, the 

following future directions are proposed: 

Synergistic Studies: Conduct detailed 

investigations into the combined use of corn straw 

ash and fibers, focusing on optimizing mix designs 

for specific applications. This includes exploring the 

interactions between ash’s chemical reactivity and 

fibers’ mechanical reinforcement properties. 

Durability and Performance in Diverse 

Environments: Expand long-term studies to evaluate 

the performance of corn straw-based materials under 

a wide range of environmental conditions. Factors 

such as chemical resistance, freeze-thaw cycles, and 

prolonged exposure to UV radiation should be 

examined to ensure reliability in diverse 

applications. 

Development of Standardized Protocols: 

Collaborate with industry stakeholders to establish 

standardized processing methods for corn straw ash 

and fibers. This includes guidelines for calcination 

temperatures, pretreatment methods, and quality 

control measures to ensure consistent performance 

across different projects. 

Regional Case Studies: Conduct region-

specific studies to account for variability in corn 

straw composition and its impact on material 

properties. These studies can help create tailored 

solutions for different geographical contexts, 

maximizing the utility of local agricultural residues. 

Comprehensive LCAs: Perform detailed 

life cycle assessments to quantify the environmental 

and economic impacts of corn straw-based 

materials. These assessments will provide a robust 

framework for comparing their sustainability to 

traditional construction materials and inform policy 

development. 

Integration with Advanced Technologies: 

Explore the integration of corn straw-based 

materials with modern construction technologies, 

such as 3D printing and prefabrication. These 

technologies can further enhance the scalability and 

cost-effectiveness of corn straw ash and fiber 

applications. 

Policy and Incentive Programs: Advocate 

for governmental and institutional support to 

promote the adoption of agricultural residues in 
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construction. Subsidies, tax incentives, and public 

awareness campaigns can accelerate the shift 

towards sustainable construction practices. 

By addressing these future directions, 

researchers and industry stakeholders can unlock the 

full potential of corn straw ash and fibers in 

advancing sustainable construction practices, paving 

the way for a greener and more resilient built 

environment. 

Despite advancements, several gaps remain 

in the application of corn straw ash and fibers in 

construction materials: 

Combined Effects: Limited studies explore 

the combined use of corn straw ash and fibers in 

concrete. Understanding the interaction between 

these components is crucial for optimizing their 

performance. 

Long-Term Performance: Research on the 

long-term durability and performance of corn straw-

based concrete under varying environmental 

conditions is scarce. This includes resistance to 

chemical attacks, UV exposure, and prolonged 

moisture conditions. 

Standardization: There is a lack of 

standardized methods for processing corn straw and 

integrating it into construction materials. 

Developing consistent guidelines will facilitate 

broader adoption in the industry. 

Regional Variability: The influence of 

regional differences in corn straw composition on its 

properties in concrete requires further investigation. 

Factors such as soil quality, climate, and harvesting 

methods can significantly affect the chemical 

composition of corn straw. 

Life Cycle Assessment (LCA): 

Comprehensive LCAs are needed to quantify the 

environmental impact of corn straw-based 

construction materials from production to disposal. 
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