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   ABSTRACT 

Biochar is a relatively well-known soil enhancement material. It has recently been investigated 

as a building material. While work on deploying biochar for road construction has been done, 

there is an emerging trend of using biochar as a concrete admixture. In comparison, using 

biochar in this manner will reduce greenhouse gas emissions more than capturing and 

sequestering carbon through mineralization and deployment in construction. The use of biochar-

containing construction materials to capture and then lock atmospheric carbon dioxide in 

buildings and structures has the potential to reduce greenhouse gas emissions by 25%. The focus 

of this review was on assessing biochar's capacity for carbon adsorption, which is affected by 

factors such as pyrolysis conditions (specifically, pyrolysis temperature, heating rate, and 

pressure) and activation methods (and without surface modification). There are gaps in the 

current literature, and important areas for future research have been proposed. 
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INTRODUCTION 

The Possibility of Using Biochar as a Building Material : 

Direct air capture of carbon dioxide (CO2) is one of the most recent approaches to mitigating 

climate change and developing materials capable of capturing CO2 via adsorption is regarded as 

one of the viable alternatives. As a carbon removal method ,Adsorption and capture are relatively 

simple processes with low associated costs significantly lower than commercial processes . 

Biochar, with its strong affinity for non-polar substances and high surface area, can be a potential 

material to capture and store CO2 by adsorption in its pores. It has been widely applied as soil 

conditioner and as a treatment material for wastewater, but research on its application as a 

construction material is still sparse. Because of its ability to capture CO2 from air, biochar has 

the potential to contribute to lowering of carbon emission in the building industry if it is used as 

a construction material. 
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Biochar as a carbon capture and sequestration tool : 

 (CCS) strategy is restricted to agricultural applications (as a type of soil improver) and as 

an adsorbent material for post-combustion CCS from exhaust.  

 When biochar is added to soil, it can help to keep carbon in a chemically stable and inert 

form for an extended period of time.  

 Factors that make biochar superior as a soil enhancer can, in fact, contribute to 

construction. For example, biochar's high pH and high water-retention rate cause it to 

absorb some of the mixing water during concrete mixing, reducing the amount of free 

water in the concrete. 

The goal of this study is to provide a critical review of the most recent explorations of using 

biochar as a construction material; specifically, key production factors that determine the 

physical and chemical properties of biochar relevant to carbon adsorption (including 

temperature, pressure, heating rate, and residence time) are synthesised and analysed. 

IMPACT OF PROCESS PARAMETERS ON BIOCHAR : 

Biochar is a stable carbon-rich organic compound that is commonly produced through the 

pyrolysis of biomass derived from agricultural, municipal, domestic, or organic waste. 

Pyrolysis is a process that involves heating biomass in the absence of oxygen to produce 

three main products: bio-oil, biogas, and biochar. The structure of biochar, specifically its 

total surface area, determines its ability to absorb CO2. Among the various methods that 

can influence the structure of biochar produced, The pyrolysis temperature, rate, and 

pressure are all taken into account to be the most important variables influencing char 

morphology. Furthermore, pyrolysis temperature and heating rate have a significant impact 

on the distribution of char, gas, and liquid during pyrolysis. The energy supplied is 

sufficient to release the volatiles from biomass at higher temperatures. Furthermore, at high 

temperatures, biochar undergoes a secondary reaction, which increases the yield of gas and 

liquid (bio-oil) while decreasing the proportion of char. 

The key findings on the effect of pyrolysis temperature on char yield are summarised in 

Table 2. 
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THE IMPORTANCE OF PYROLYSIS TEMPERATURE : 

The degree to which the physical structure of biomass is modified during pyrolysis is 

influenced by the extent to which cellulose, hemicellulose, and lignin decompose. At 

different temperatures, cellulose, hemicellulose, and lignin decompose. Pyrolysis 

temperature was found to affect the physicochemical\sproperties of biochar such as 

elemental composition, surface functional\sgroups, surface area, and stability (Sun et al. 

2014; Zhang\set al. 2015; Shaaban et al. 2013; Yuan et al. 2014). Zhang et al. reported 

similar results regarding the effect of pyrolysis temperature on elemental composition 

(2015). According to some research groups, high pyrolysis temperatures are to blame for 

the loss of structural complexity in biochar. This effect is more pronounced in cases where 

pyrolysis temperature \sis same as ash melting point of the feedstock. Melting and swelling 

are more common in biomass containing more volatile substances. For example, Lua et al. 

(2004) discovered that increasing the temperature of pistachio nut-based biochar from 500 

to 800°C resulted in a decrease in surface area. 

THE IMPORTANCE OF HEATING RATES AND RESIDANT TIME : 

The heating rate of pyrolysis affects both chemical properties (such as elemental composition) 

and physical properties (such as surface area and char morphology). Bruun et al. (2012), for 

example, discovered that biochar produced by fast pyrolysis had significantly lower carbon 

content and higher oxygen content than char produced by slow pyrolysis. When corn stover was 

used as feedstock, Brewer et al. (2012) observed a similar trend. Cetin et al. (2004) discovered 

that when pyrolysis is performed at low heating rates, the morphology of char does not change 

because the natural porosity allows volatiles to be removed. Longer vapour residence time and 

lower temperature can result in higher biochar production (Encinar et al. 1996). A longer 

residence time promotes the repolymerization reaction. of biomass constituents, resulting in an 
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increase in biochar yield (Park et al. 2008). According to Kim et al. (2011a), increasing residence 

time from 1.2 to 7.7 s at a constant temperature (500°C) increased When yellow poplar is grown, 

the yield of biochar increases while the yield of bio-oil decreases. The wood had been pyrolyzed. 

According to Mohamed et al. (2013), residence Although time has an effect on char yield, it is 

not significant has an impact on the composition of bio-oil and gaseous products In general The 

effect of residence time on biochar production is not obvious. because biochar yield and 

properties are frequently dominated other manufacturing parameters, such as pyrolysis 

temperature. 

THE IMPORTANCE OF PYROLYSIS PROCESS : 

The morphology of biochar particles produced is influenced by pyrolysis pressure. Cetin et al. 

(2004), for example, discovered that biochar particles produced at 0.50 MPa (5 bar) had larger 

cavities and thinner cell walls than biochar produced at atmospheric pressure. Larger particles 

with perforations formed when pressure was increased to 10 and 20 bar. Pyrolysis pressure has 

an effect on surface area and biochar reactivity. Cetin et al. (2004) discovered that the surface 

area measured by passing both N2 and CO2 decreases slightly as the temperature rises. in 

pyrolysis pressures ranging from 1 to 20 bar Newalkar et al. (2014) developed a different 

observation that as CO2 surface area increased, It increased when pressure increased from 5 to 

10 bar. The bar was raised from 10 to 20. This was only in cases where pyrolysis was used The 

temperature was less than 1,000 degrees Celsius. Mesopores' Contribution and macropores at a 

pressure of 10 bar, which may be because of pore widening under pressure, resulting in 

micropores Pores combine to form larger ones. 
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BIOCHAR SURFACE MODIFICATION AND ACTIVATION : 

While controlling production parameters like heating rate and pyrolysis temperature, allowing 

for the control of porosity and surface Biochar activation is a very common practise in the field 

of biochar for industrial applications in order to achieve even greater adsorption capacity 

Activation increases the fraction of micropores and mesopores. Consequently, the total surface 

area of biochar is increased (Bansal et al. 1998)The extent of influence, however, is determined 

by the feedstock used Schröder et al. (2007), for example, discovered a significant difference in 

surface area following activation of biochar made from various biomasses including walnut, 

nutshell, rice straw, wheat straw, and wheat straw shells. Specifically, nutshell biochar activation 

resulted in high surface area in the 1,000–1,300 m2/g  range. After chemical activation, the 

surface area and pore area increased to 836 and 753.5 m2=g, respectively. The findings also 

suggested that an increase in temperature caused by steam activation increased surface area but 

decreased product yield. Stavropoulos (2005) reported similar results with physically (steam) 

activated olive kernel carbons; a BET surface area of 1; 339 m2=g was observed after 1 hour of 

activation at 800°C; this value increased to a maximum of 3; 049 m2=g after 4 hours of 

activation at 900°C.  

SURFACE MODIFICATION AND/OR ACTIVATION OF CO2 ADSORPTION : 

In an effort to reduce the activation process's energy intensity, Plaza et al. (2014) investigated the 

impact of single-step oxidation on Char textural characterization and adsorption capacity Olive 

stone and almond shell They discovered that biochar treatment with a low oxygen concentration 

in the 3–5% range at temperature Micropores can be formed at temperatures ranging from 550 to 

650°C. under ambient conditions, conducive to CO2 capture Biochar is a product. capable of 

absorbing a variety of gases other than CO2, such as water vapor as well as nitrogen; thus, in 

order to be an effective carbon adsorbent, it must CO2 selectivity should be high. Surface 

modification with functional groups can improve biochar's CO2 adsorption capacity. Xiong et al. 

(2013) modified biochar made by pyrolyzing cotton stalk with CO2 and ammonia. Temperatures 

ranging from 500 to 900°C were tested for modifying. CO2 modification was discovered to 

significantly increase surface area, with the highest value at 800°C, approximately 610.04 m2=g. 

By introducing nitrogen-containing compounds on the surface of the biochar, ammonia 

modification increased alkalinity and thus affinity for CO2. When the char was modified at 

temperatures of 500, 600, and 800°C, the adsorption capacity was tested at 20 and 120°C. As 

previously stated, micropores dominate CO2 adsorption at room temperature, so amine 

impregnation in activated carbon is unnecessary. Adsorption at low temperatures is preferred. 

Table 4 summarises key findings on biochar adsorption capacity. with and without surface 

activation or treatment. 
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CONCLUSION AND OF FUTURE RESEARCH : 
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As discussed in this review, proper feedstock preparation and control of pyrolysis process 

parameters such as pyrolysis temperature, pressure, and heating rate are critical for producing 

biochar with suitable physical properties for CO2 adsorption Although there have been a number 

of studies on the use of biochar to reduce ageing in bitumen or increase pavement durability, 

evaluation of its potential as a carbon-sequestering construction material is very limited. 

Furthermore, adsorption of greenhouse gases on biochar-coated walls may not be useful in the 

long run because, given the small amount used, saturation will occur quickly. It is also inefficient 

to replace wall coatings on a regular basis to ensure frequent adsorption. As a result, future 

research should focus on this issue. Biochar could be used in concrete mixtures for buildings and 

civil engineering structures. Biochar, for example, can be saturated with CO2 before being mixed 

into concrete, effectively locking the captured CO2 within these buildings and structures. Such a 

concept could pave the way for massive amounts of greenhouse gases to be captured and stored 

indefinitely. However, it is critical to investigate whether biochar containing adsorbed CO2 may 

cause carbonation-related durability issues in reinforced concrete. High temperatures caused by 

heat of hydration in fresh concrete may desorb some CO2 from biochar.Desorbed CO2 

molecules may form calcium carbonate in fresh concrete, which may be beneficial by reducing 

porosity, but carbonation at a later stage may be detrimental to reinforced concrete durability by 

corroding the embedded reinforcement bars. In addition to testing the durability and structural 

properties of biochar-containing concrete, the associated economic, environmental, and social 

benefits of these new materials should be investigated. It will be especially useful to investigate 

how incorporating biochar into buildings and structures can result in more holistic sustainability 

benefits beyond climate change mitigation (Gunawansa and Kua 2014; Kua and Gunawansa 

2010; Kua and Koh 2012; Lutchmeeduth et al. 2010; Kua and Ashford 2004). Methods of 

sustainability assessment, such as lifecycle assessment, can also be investigated for ways to 

improve the lifecycle performance of these new materials (Kua 2013a, b, 2015) Kua et al., 2014; 

Kua et al., 2016). Finally, test standards for biochar applications in building construction and 

other civil engineering structures should be developed. 

Given the emphasis on sustainable construction and current advances in biochar research, it may 

be a reasonable expectation that biochar will be used more widely as a construction material, not 

only as a waste management strategy but also for CCS. However, before that future can be 

realised, the previously mentioned technological and technological issues must be addressed. 
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