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Abstract 

The research aims to investigate the CO2-sequestering 
ability of M20 grade concrete with biochar and Iron ore 
Tailing Powder (ITP). The biochar was prepared by slow 
pyrolysis of corn stover. The obtained biochar were 
categorised in two series as untreated biochar and biochar 
subjected to pre-treatment by heating until it catches fire. 
The fine aggregate in the concrete was replaced with 
biochar at 0%, 5%, 10% and 15%. The iron ore tailing 
powder obtained by crushing and sieving of iron ore waste 
products. The cement was replaced with ITP at 0%, 25% 
and 50% by its weight. Water to binder ratio was 
maintained at 0.45, the workability of the concrete was 
maintained with the help of super plasticizer. The 
compressive strength test, CO2 uptake, porosity and 
mercury intrusion porosimetry test were conducted to 
understand the effect of biochar and ITP in concrete. The 
test result indicate that the mix containing pre-treated 
biochar with 25% ITP substitution has the maximum CO2 
sequestration capacity without compromising its strength 
characteristics. 

Keywords: Biochar, CO2 sequestration, iron ore tailing 
powder, porosity, corn stover 

1. Introduction 

In any type of building the comparatively most occupied 
parts are concrete [Xuan Mao et al. 2018]. Few novel 
building materials try to replace the composition of 

concrete [Palaniappan et al. 2022]. In the next three 
decades, the building sector is projected to produce 80 
billion tons concrete per year [Al Khazaleh et al. 2022]. 
Studies report that about 7% of anthropogenic carbon di 
oxide production results from cement manufacture [Al-
khazaleh and Kumar 2023]. The concrete research 
communities are in an urge to improve the CO2 absorption 
property of concrete using biochar as a potential admixture 
[Gupta et al. 2018]. 

Biochar is a carbon-rich material produced during pyrolysis 
process. Biochar produced by burning 1T of agricultural 
waste can absorb  approximately 0.8T of CO2 in the 
atmosphere [Roberts et al. 2010]. The biochar are 
amorphous crystalline structured, which has high water 
holding capacity, resulting in high internal curing of 
concrete. Hence many researchers reported the influence 
of biochar on strength and toughness characteristics of 
concrete [Aprianti et al. 2015]. Few studies report that the 
utilization of biochar in construction industry can improves 
the CO2 sequestration property [Ahmad et al. 2015]. 
Fracture and rupture modulus improvement, reduction in 
crack development of cement mortar was improved with 
biochar addition [Restuccia et al. 2017]. Few researchers 
explored the structural benefits of biochar in concrete 
along with its CO2 sequestration characteristics [Kua et al. 
2019]. These biochar were replaced with cement to 
estimate its pozzolanic characteristics in the concrete, the 
study proved the micro filler effect of biochar helped to 
achieve the target strength of concrete. further it improves 
the durability of the concrete [Gupta and Kua 2019; Gupta 
et al. 2018]. Akthar et. al. [2017] studied the effects of 
biochar as building material, the high water absorbing 
characteristics of biochar improved the mechanical 
strength and permeability of the concrete, in addition it 
accelerates the hydration of cement. Improving the 
porosity of concrete will improve the atmospheric contact 
area of the material, which tend to improve the CO2 uptake 
of biochar concrete.  

Iron ore tailing powder (ITP) is a waste generated in iron 
industry, for every 5 billion tons of iron production 80% of 
solid waste is generated [U.S Geologicial Survey 2020]. 
Many researchers identified the potential use of ITP as fine 
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aggregate, cement replacement admixture in concrete 
[Shettima et al. 2016; Gu et al. 2022; Han 2013; Zhang et 
al. 2021]. Up to 30% replacement of cement with ITP 
showed high pozzalonic characteristic even with lower w/c 
ratios [Osinubi et al. 2015]. The ultra-fine texture and 
irregular shape of ITP improved the hydration mechanism 
in the concrete. Huang et. al. [Huang et al. 2013] 
experimentally proved that fine nature of ITP can 
potentially improve the ultimate strength of concrete due 
to the increase in its reactive contact area. The durability, 
sorptivity and permeability characteristics of concrete was 
improved with the addition of ITP in concrete, the uneven 
texture of ITP plays a major role in it [Al-khazaleh and 
Kumar 2023]. In order to improve the CO2 uptake, by 
improving the permeability of the concrete, without 
affecting its strength, this research tends to utilize the 
mechanochemical characteristics of both the mineral 
admixtures biochar and ITP in the concrete. 

 

Figure 1. The particle size distribution of raw materials 

The biochar produced from agricultural waste (particularly 
corn stover) was utilized in concrete manufacture. The fine 
aggregate was replaced with mechanically treated and 
untreated biochar at 0%, 5%, 10% and 15%. The untreated 
biochar has a high concentration of volatile organic 
compounds produced by slow pyrolysis process. 
Mechanical treatment of biochar involves heating the 
biochar in a muffle furnace at 600°C until it ignites, 
resulting in the formation of treated biochar. The cement 
in the concrete was replaced with ITP at 0%, 25% and 50% 
by the weight of cement. The primary objective of this 
research is to study the CO2 sequestration potential of 
biochar concrete with ITP. In addition, the influence of 
biochar and ITP on strength, workability, and porosity 
characteristics of the concrete has to be determined. 

2. Materials and mix proportion  

The OPC 53-grade cement for the present study was 
supplied by Ramco Cement Limited, Tirunelveli, India. 
Crushed sand measuring up to 4.75 mm in size, with a 
specific gravity of 2.65 and a unit weight of 1640 kg/m3 was 
used. Coarse aggregate with a maximum size of 19 mm was 
employed. The particle size classification of cement, 
aggregates and mineral admixtures was in accordance with 

the specifications of IS 383:1970, as depicted in Figure 1. A 
water-to-cement ratio of 0.45 was uniformly used for all 
the mixtures. Conplast SP 430 a water-reducing chemical 
admixture was employed to improve the workability of the 
mix. The byproduct of the bioethanol industry was utilized 
in the production of biochar. Some examples of agricultural 
waste products in the bioethanol industry include bassage, 
rice husk, corn stover, palm shell, rubber wood, wheat 
straw and cow manure. In this research the biochar 
extracted from corn stover through the process of slow 
pyrolysis was utilized. During slow pyrolysis, the corn 
stovers is heated to a temperature of 550°C in a reactor 
without the presence of oxygen. Some of the previous 
studies indicate that 58% of the biomass will undergo slow 
pyrolysis and be transformed into high-quality biochar 
when corn stover is utilized [Wang et al. 2020]. The waste 
residues were subjected to heating in a metal kiln for a 
duration of two to three hours. The temperature during the 
synthesis of biochar increased at a rate of 30°C per minute. 
The biochar's quality is contingent upon its carbon content. 
The entire process of synthesizing biochar from corn stover 
was conducted in accordance with the previous literature 
[Delgado et al. 2013]. The slow pyrolysis process minimizes 
the gas condensation while heating. The untreated Biochar 
is referred to as BC1. This untreated biochar contains a high 
concentration of volatile organic compounds. 
Subsequently, the material is subjected to additional 
heating in a muffle furnace at a temperature of 600°C until 
it ignites, resulting in the formation of the treated biochar 
BC2. The heating process leads to the production of a 
significant amount of ash and decreases the presence of 
volatile compounds. The elemental characteristics of the 
samples prior to and following pre-treatment are displayed 
in the Table 1. The iron ore tailing powder was obtained 
from the iron ore mining industry located in Kanjamalai, 
Salem, India. Table 2 displays the chemical composition of 
biochar, cement, ITP and Fine Aggregate (FA). The physical 
characteristics of cement, Biochar, iron ore tailings 
powder, and fine aggregate are shown in Table 3. The 
physical morphology of ITP and biochar were examined 
using SEM and shown in Figure 2. The XRD results shown in 
Figure 3 of ITP indicate the presence of high amount of 
quartz (silica) mineral 

 

Figure 2. Morphology of (a) ITP and (b) Biochar 

3. Mix Proportions 

The conventional concrete mix proportions were 
established based on the guidelines specified in IS 
10262:2009. Table 3 presents the proportional distribution 
of the mix ratios that have been employed in mix 
preparation. The categorization of concrete formulations 
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was bifurcated into two primary classifications based on 
the type of biochar utilized. BC1 refers to the biochar that 
has not been treated, while BC2 refers to the biochar that 
has undergone treatment. Three series were formulated in 
each category according to the dosage of ITP. ITP was used 
as a cement substitute at 0%, 25%, and 50% of its weight. 
The computed quantity of ITP is combined with the overall 
quantity of superplasticizer and thoroughly blended prior 
to being dissolved in the determined volume of water. The 
prepared solution is introduced into the concrete mixer 
and agitated for an additional duration of three minutes. 
The method was employed to attain a consistent blend and 
even distribution of ITP within the concrete [Elkady et al. 
2013]. The samples in each series of the concrete mixture 
were classified according to the quantity of biochar 
replacement. During the process of dry mixing, biochar is 
replaced with fine aggregate in the mixture at varying 
percentages: 0%, 5%, 10%, and 15%. The mechanical 
properties and CO2 sequestration of admixture-modified 
concrete were assessed by casting and examining nine 
cubes measuring 150×150×150 mm, as well as three prisms 
measuring 40×40×160 mm for each mix designation. Thus, 
216 cubes and 72 prisms were cast in total. 

 

Figure 3. XRD of ITP 

 

Table 1. Elemental characteristics of biochar before and after pretreatment 

Specimen ID Volatile compounds Bulk Density  (kg/m3) C (%) O(%) H(%) N(%) 

BC 1 45.33 625 63.2 13.24 4.25 6.58 

BC 2 20.21 556 60.52 14.12 3.25 6.12 

Table 2. Chemical composition of raw materials 

 SiO2 Al2O3 Fe2O3 K2O CaO MgO P2O5 MnO SO3 Na2O BaO CaO LOI Others 

OPC 21.11 4.15 3.33  62.14 2.47   2.94 0.54  0.84 2.1 0.38 

ITP 67.23 8.54 8.86  3.64 4.85   0.44 2.94   2.44 1.06 

Biochar 4.12   19.15 60.12 6.12 4.17 2.15 0.98 0.42 0.2  2.57  

FA 93.12 1 0.5  0.4    0.5    3.8  

Table 3. Physical properties of raw materials 

 D10 D50 D90 water absorption Specific Gravity Fineness Modulus 

Cement 2.56 4.32 6.92 - 3.12 3.1 

ITP 0.2 0.68 1.08 - 2.48 2.85 

BC 30 100 200 - 3.5 3.15 

Fine Aggregate 30 70 475 1.98 2.58 3.4 

Coarse Aggregate - - 19 0.66 2.69 - 

 

4. Test / Experimentations  

The workability of conventional and admixture-modified 
concrete was evaluated by performing a slump cone test in 
accordance with ASTM C143. A constant water to binder 
ratio of 0.45 was maintained for all the mixes. The use of 
Conplast SP 430, a synthetic polymer-based 
superplasticizer, has been employed to sustain the slump 
of concrete.  The dry density of the specimens was 
determined in accordance with the ASTM C567 standard. 
The compressive strength of 150-mm cube samples was 
assessed after a 28-day and 90-day curing period, in 
accordance with the ASTM C39 standard. The carbon 
dioxide (CO2) absorption in the concrete was quantified by 
establishing a carbonation chamber, as depicted in the 
Figure 4. A closed chamber containing concrete samples 
was filled with 100% concentrated CO2 gas. The humidity 

was kept at (70 ± 5) %, the temperature was kept as (20 ± 
2) ºC, and the carbonization time was 7 days. Subsequently, 
the masses of the samples before and after carbonization 
were measured, after the concrete samples were cured, 
they were stored in an airtight container to prevent any 
damage caused by atmospheric CO2 exposure. The samples 
underwent CO2 absorption testing 130 days after being 
cast. Weight increase under carbonization conditions was 
denoted as WIcb, kg/m3. In addition, the weight increase 
under control conditions (cubes exposed to air) is denoted 
as WIc, kg/m3. The difference of increase in the weight of 
the concrete is the amount of CO2 absorbed, as denoted 
below. 

ΔW WIcb   WIc= −   

= 2

ΔW
% of CO absorption 100

ActualCube Weight   
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The experimental procedures were conducted in 
accordance with the methods described in the previous 
literature [Castellote et al. 2008]. The mercury intrusion 
porosimeter (MIP) was used to determine the pore size 
distribution and cumulative pore volume of the hardened 
paste that contained an optimal dosage of ITP and Biochar. 
The morphology of the optimal concrete mix was examined 

using a scanning electron microscope (SEM) after 90 days 
of curing. Chemically bound water in the concrete was 
quantified using the equation as described in previous 
literatures [Han et al. 2019]. 

 

Table 3. Mix Proportions 

Biochar 
Type 

Mix 
Series 

Mix ID 
OPC 

(kg/m3) 
Biochar 
(kg/m3) 

ITP 
(kg/m3) 

Sand 
(kg/m3) 

CA 
(kg/m3) 

Water 
(kg/m3) 

SP 
(kg/m3) 

BC1 

0 ITP 

BC1-0S 364 - - 552 1105 163.8 4.24 

BC1-5S 364 27.6 - 524.4 1105 163.8 4.24 

BC1-10S 364 55.2 - 496.8 1105 163.8 4.31 

BC1-15S 364 82.8 - 469.2 1105 163.8 4.33 

25 ITP 

BC1-0S 273  91 552 1105 163.8 4.31 

BC1-5S 273 27.6 91 524.4 1105 163.8 4.32 

BC1-10S 273 55.2 91 496.8 1105 163.8 4.41 

BC1-15S 273 82.8 91 469.2 1105 163.8 4.48 

50 ITP 

BC1-0S 182  182 552 1105 163.8 4.40 

BC1-5S 182 27.6 182 524.4 1105 163.8 4.55 

BC1-10S 182 55.2 182 496.8 1105 163.8 4.67 

BC1-15S 182 82.8 182 469.2 1105 163.8 4.75 

BC2 

0 ITP 

BC2-0S 364 - - 552 1105 163.8 4.97 

BC2-5S 364 55.25 - 524.4 1105 163.8 5.21 

BC2-10S 364 110.5 - 496.8 1105 163.8 5.44 

BC2-15S 364 165.75 - 469.2 1105 163.8 5.64 

25 ITP 

BC2-0S 273  91 552 1105 163.8 5.12 

BC2-5S 273 55.25 91 524.4 1105 163.8 5.33 

BC2-10S 273 110.5 91 496.8 1105 163.8 5.49 

BC2-15S 273 165.75 91 469.2 1105 163.8 5.63 

50 ITP 

BC2-0S 182  182 552 1105 163.8 5.28 

BC2-5S 182 55.25 182 524.4 1105 163.8 5.35 

BC2-10S 182 110.5 182 496.8 1105 163.8 5.41 

BC2-15S 182 165.75 182 469.2 1105 163.8 5.59 
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w1 and w2 are the weight of the paste after heating to 80°C 
and 1000°C respectively. mc, mitp, mbc, mfa are the mass of 
the fraction of cement , ITP, BC and fine aggregate 
respectively in % and wc, witp, wbc and wfa are the 
corresponding loss on ignition expressed in %. 

 

Figure 4. (a) CO2 curing chamber (b) Carbonated cube (c) 

Compression strength test 

5. Results and discussions 

5.1. Dry density 

The Figure 5 illustrates the apparent density of the 
hardened admixture-modified concrete. In comparison to 

the mixture containing pre-treated biochar BC1, the 
mixture containing treated biochar BC2 exhibited the 
lowest dry density. The bulk density of BC2 was 485 kg/m3, 
indicating a reduction of 8 to 12% compared to the bulk 
density of untreated biochar. The reduction in density of 
concrete has a negligible impact on its strength properties, 
rendering it most suitable for use as a lightweight building 
material. In contrast, the maximum density reduction 
observed was 5.82% in comparison to the control concrete. 
Despite substituting 50% of the cement with ITP, the BC2 
mixture experienced a density reduction of 3.88%. It was 
observed that the brittle failure of the concrete becomes 
more severe as its density decreases during testing. A linear 
and gradual decrease in dry density signifies that the 
incorporation of biochar, whether in treated or untreated 
form, into the concrete mixture results in a reduction in dry 
density. 

In a similar manner, the ITP marginally increases the 
density of the concrete. A 3% to 4% rise in dry density was 
observed as the dosage of ITP was increased. This suggests 
that the dry density of the concrete mixture remains 
unchanged when Biochar and ITP are incorporated as 
admixtures. The lowest dry density was 2430 kg/m3 for the 
mix contains 15% BC2 and 0% ITP. The mix with 0% biochar 
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and 50% ITP showed a maximum density of 2577 kg/m3. 
The increase in density of the concrete due to the 
substitution of ITP can be attributed to the high apparent 
density of the ITP, as mentioned in previous research [Al-
khazaleh and Kumar 2023]. 

 

Figure 5. Dry density on biochar substitutions 

5.2. Compressive Strength 

The Figure 6 depicts the compressive strengths of all the 
concrete samples containing biochar and ITP at various 
dosages at 28 days and 90 days. Control concrete exhibited 
a compressive strength of 27.25 MPa after 90 days of water 
curing. The minimum compressive strength requirement 
for residential concrete, as specified by the code of 
practice, is 17 MPa. 

 

Figure 6. Effect of compressive strength on biochar substitutions 

The incorporation of biochar in the concrete mixture 
resulted in a marginal reduction in compressive strength. 
The 15% sand replacement with biochar BC1 in the 
concrete resulted in a reduction of the compressive 
strength to 22 MPa. With the same replacement 
percentage, the strength of mixture BC2 was diminished to 
20 MPa. The decline in strength lacks an apparent trend. 
Heat-induced water loss from biochar decreased the 
adhesion of concrete, leading to a reduction in its strength. 
When cement was substituted for ITP in the mixture, 
additional reduction was observed. The BC2 mix yielded a 
low of 16.5 MPa on 50% ITP substitution, making it 

unsuitable for use in residential construction. However, 
with the addition of biochar and 25% ITP, the strength 
increased with age. The pozzolanic property of the ITP, as 
documented in prior literature, accounts for this 
[Yellishetty et al. 2008; Hou 2014; Goyal et al. 2015]. The 
percentage reduction in mix strength at 0%, 25%, and 50% 
ITP was 15.38%, 14.66%, and 12.19%, respectively. This 
demonstrates that the incorporation of ITP in biochar 
concrete mitigates the decrease in strength. In the same 
way, the rates of strength reduction for BC2 at 0%, 25%, 
and 50% ITP were 19.17%, 13.77%, and 12.25%, 
respectively. The rate of reduction is significantly lower in 
BC1 in comparison to BC2. The cause of this enormous rate 
of reduction is unclear. Nonetheless, both BC1 and BC2 
mixtures demonstrated that the combination of ITP and 
biochar in the mix prevented a decline in the strength of 
the concrete. The relation between the dry density and 
compressive strength were shown in figure The test results 
and corresponding R2 values proved that compressive 
strength drops with the reduction of density of the 
concrete. Hence, addition of ITP with Biochar proved to be 
a useful admixture in terms of improving or maintaining the 
strength of the biochar concrete.  Interestingly the mix with 
25% ITP showed higher strength at lower density 
comparatively. Specifically for BC2 concrete mix the 
strength attainment was higher than BC1. This was 
attributed to the optimal amount of ITP involving in the 
pozzolanic activity and the filler effect of BC2. Higher the 
admixture dosage agglomeration or improper dispersion 
may occur resulting in reduction of strength. 

5.3. Strength activity index 

The strength activity index of the admixture-modified 
concrete is shown in Figure 7. The SAI values showed a 
downtrend with addition of Biochar.  It was very clear that 
addition of biochar in the concrete reduces the strength of 
concrete. However, BC1 and BC 2 substitution up to 10% 
with 0% and 25% ITP has SAI higher than 75% making the 
admixtures used to be pozzolanic. BC1 has higher SAI 
compared to BC2. Relatively lesser difference was noted 
between BC1 and BC2 when 25% ITP was substituted. This 
clarifies the combination of BC2 with ITP has considerably 
more advantageous in terms of strength aspects with 
respect to admixture dosage. 

5.4. CO2 uptake 

Figure 8. Illustrates the carbon capture ability of biochar 
modified concrete samples with various ITP substitutions 
after being tested as per GB/T 50082:2009 using a 
carbonation test apparatus. The increase in mass (ΔWL) 
with respect to sample volume increases with the 
concentration of biochar in the mix. In addition, the ITP 
substitution also improved the carbon absorption capacity 
of concrete. The increase in carbon absorption with ITP 
dosage is highly unclear. As per the previous studies the 
presence of rich source of Fe/Si minerals in ITP enhances 
the arbuscular mycorrhizal symbiosis, this arbuscular 
mycorrhizal fungi has the property of sequestrating organic 
carbon and nitrogen [Li et al. 2024]. The maximum increase 
in mass was noted to be 23 g in terms of BC1 and 27.5 g for 
BC2. This showed the pre-treated biochar has high carbon 
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absorption property compared to the untreated biochar. 
The mass reducion during water lost during exothermic 
reaction in not accounted. 

 

Figure 7. Relationship between Strength Activity Index and 

Biochar substitutions 

According to literatures the percentage of weight gained is 
directly proportion to the carbon sequestration of the 
concrete [Castellote et al. 2008; He et al. 2024]. Figure 9 
depicts carbon absorption percentage with respect to 
biochar substitution dosage and ITP substitutions. The 
obtain regression values indicate there exist a linear 
relationship between percentage of biochar substitution 
and percentage of carbon absorption. Compared to control 
concrete BC2 mix with 0% ITP exhibited 150% higher 
carbon absorption. The rate of increase in CO2 absorption 
BC1 was higher compared to BC2 concrete. 

5.5. Bound water content 

The bound water content of the hardened concrete 
containing biochar and ITP is depicted in the Figure 10. The 
bound water content is reduced as the cement content in 
the mix was reduced. Hydration products formation are 
higher during the initial days when water content in the mix 
is in adequate level. As the cement content in the mix is 
replaced by ITP, the bound water content is reduced. In 
addition, the biochar concentration in the mix allows water 
loss on heating. When the cement in the mix is not 
replaced, the water lost for BC1 and BC2 concrete was 5% 
and 20% by the weight of concrete respectively. The 
percentage loss of bound water is increased with the 
combination of BC2 and 50% ITP. This clearly indicate that 
less amount of hydration taken place in the mix due to the 
lack of cement, as a result bound water in the mix was lost. 
The preheated biochar absorbs the water in the matrix 
resulting in inadequate water available for hydration. This 
phenomenon showed maximum reduction in strength, dry 
density and bound water loss. The test results were 
accordance with the test findings in previous literatures [Li 
et al. 2010; Yang et al. 2024]. 

5.6. Pore volume 

To investigate the reason for increase in CO2 absorption 
characteristics of concrete three samples were subjected 
to mercury intrusion porosimetry test. The test results 

were compared among the control concrete, BC1-15S with 
25% ITP and BC2-15S with 50% ITP; as these mixes showed 
second and third highest CO2 absorption characteristics. 
Figure 11 depicts the differential pore size for the three 
samples. The pore sizes varied from 10 nm to 200 nm. 
Biochar in the concrete increased the smaller sized pores 
compared to the control concrete. The high water holding 
capacity of the biochar absorb the water in the mix, 
creating water demand in the mix, as a result micro voids 
formed. Few of the micro voids are interlinked improving 
the tortuosity of the concrete. Allowing maximum area of 
the concrete exposed to CO2 absorption. In addition the 
amount of hydration products improves the quantity of 
pore volume due to low water to binder ratio at the initial 
stage of hardened concrete [Wang et al. 2013]. 

 

Figure 8. CO2 sequestration 

 

Figure 9. Percentage of CO2 uptake on biochar substitutions 

The porosity of the concrete gets reduced as a result of 
carbonation. Figure 12 depicts the total porosity of the 
three concrete samples before and after carbonation. As 
the differential pore volume is higher for BC1-15S and BC2-
15S the porosity values were proportionally higher. The 
increase in the difference in porosity after carbonation 
indicate the presence of mineral admixtures biochar and 
ITP in the concrete improves the CO2 sequestration ability 
of the concrete. 

5.7. SEM Analysis 

The Figure 13 (a) and (b) shows the SEM images of the 
optimum mixes BC1-15S and BC2-15S. It was very evident 
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that high pores are noticed in BC1-15S mix comparatively. 
Large amount of ettringite (needle like structure) are visible 
inside the pores. The hydration products are higher with 
BC2-15S. This indicate the reaction of binder with ITP is 
higher at this optimal dose. The substitution of biochar and 
iron powder undergo pozzolanic reaction to form 
additional CSH gel. The SEM image findings are consistent 
with the experimental test results conducted. The use of 
treated biochar improves the pores in the concrete, which 
is evident in the SEM images. As a result the CO2 value 
increases. 

 

Figure 10. Bound water content and biochar substitutions 

 

Figure 11. Differential pore volume and pore diameter 

6. Conclusions  

The test results obtained by substituting the fine aggregate 
with biochar and cement in the concrete containing Iron 
Ore Tailing Powder (ITP) led to the following findings.  

The dry density of hardened concrete reduces as the 
amount of biochar concentration increases. When up to 6% 
of treated biochar is utilised, a decline in density of the 
concrete is seen compared to control concrete. The 
compressive strength of concrete is influenced by its 
density, which is why a decrease in compression strength 
was seen. The combination of biochar and ITP in concrete 
effectively prevents a decrease in density and strength of 
the material. 

The mechanical bonding of ITP and biochar in the concrete 
was demonstrated by a higher strength to density ratio. 
The concrete exhibited its highest strength when 25% ITP 
was used as cement substitution for BC1-15S and BC2-15S. 
This demonstrates that the optimal dose of admixtures 
resulted in improved particle packing and increased 
pozzolanic reactivity. 

 

Figure 12. Total porosity  

 

Figure 13. (a) SEM image of optimal mix BC1-15S (b) SEM image 

of optimal mix BC2-15S 

The highest absorption of CO2 occurs when biochar is used. 
The impact of ITP on CO2 sequestration is negligible. The 
processed biochar has the highest capacity for CO2 
absorption. 

The use of biochar and ITP in concrete enhances porosity 
by generating small spaces, so increasing the surface area 
of interaction between the concrete and the atmosphere. 
Consequently, the value of CO2 absorption was enhanced.  

Therefore, the use of innovative waste items in concrete to 
produce environmentally friendly building materials is 
paving the way for sustainable construction methods. By 
replacing 15% of the fine aggregate with biochar and using 
25% ITP as a cement substitute in the concrete, a significant 
reduction in the consumption of raw materials may be 
achieved. However, further investigation is required to 
examine the durability characteristics of biochar-modified 
concrete.  
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