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Abstract 

One of the largest problems facing the steelmaking industry is the high amount of waste 

currently produced and the low amount of waste that is currently recycled. This study aims to 

look at the suitability of 3 different samples of basic oxygen steelmaking (BOS) slag as a 

construction material, in concert with their carbon capture capacity. Characterization by 

scanning electron microscopy (SEM), X-ray diffraction (XRD), inductively coupled plasma 

spectroscopy (ICP), X-ray fluorescence (XRF), CO2 adsorption analysis, and thermogravimetric 

analysis (TGA) demonstrated that these BOS slags were found to have several favorable 

characteristics making them suitable for reuse as construction material. 
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1. Introduction 

During the steelmaking process, various slags are produced as by-products of the steelmaking 

process [1]. The first stage of the production of steel is blast furnace (BF) steelmaking, in which raw 

iron ore is converted into pig iron. The pig iron must be refined by either basic oxygen steelmaking 

(BOS) or electric arc furnace (EAF) steelmaking. Both of these processes produce slags as a by-

product, which is a mainly non-metallic by-product that is made up of silicates, alumina silicates, 

calcium aluminum silicates, iron oxides, and other crystalline compounds [2]. Around 20 million tons 

of slag from the steel industry is produced annually in Europe, half of which is BOS slag [3], and there 

is a significant demand to find a way to recycle the waste to protect the environment and make sure 

that the steel industry is environmentally sustainable [2]. 

In the production of concrete, aggregate makes up about 70% of what is added into the cement 

mix. Traditionally natural sand has been used to make up the aggregate in cement. Yet, natural sand 

is very costly and is dredged up from riverbeds, which can be damaging to the environment. For 

example, excavating beach sand has been forbidden in inland areas of Japan [4]. Fortunately, several 

decades ago, scientists began to consider recycling waste materials to replace aggregate in concrete 

[4]. This research began in the 1980s with scientists’ trialing whether or not cementitious and 

pozzolanic by-products such as fly ash, granulated blast-furnace slag, and condensed silica fume 

could be added as aggregate to create concrete. Several separate experiments reported that the 

addition of blast furnace slag as aggregate to cement matched the strength of cement with natural 

sand as aggregate. In some cases, the blast furnace slag cement was stronger than the natural sand 

cement. The increase in strength was generally observed about 14 days after the initial mixing; 

however, it was suggested that with higher calcium content, there was a higher rate of strength gain 

[5]. Carvalho et al. looked at the influence of adding BOS slag as aggregate in addition to BF slag [6]. 

It was observed that initially, after a period of 28 days, the mechanical strength increased to a peak 

at 25% strength gain; however, after 91 days, the mechanical strength gain decreased to 5%. This 

was compared to blast furnace cement that only used blast furnace aggregate. The use of BOS slag 

also has economic and environmental benefits. 

The properties required for aggregate vary by the intended final use of the concrete; however, 

generally, the aggregate must be a clean, hard, and durable particle free from any chemical that 

may affect the chemical composition of the concrete and cause failure [7]. Compared to traditional 

aggregate, e.g., granite and basalt steelmaking slag have comparable properties and, in some cases, 

more favorable properties. The density of the BOS slag is greater than that of both basalt and granite. 

BOS slag also has a higher Los Angeles abrasion value than granite and a better impact value. 

Abrasion resistance and impact resistance are favorable properties in making durable concrete [8]. 

Electric arc furnace (EAF) slag has been shown to provide shielding properties against gamma-ray 

radiation. EAF concrete provides superior shielding properties compared to traditional concrete due 

to the high iron oxide content [9]. Finally, BOS slag has a very similar iron oxide content to EAF slag 

[8]. 

Utilizing BOS slag in the cement industry is a promising way to reduce the waste from the 

steelmaking industry. This study aims to characterize 3 different samples of local steelmaking slag 

to assess if they would be suitable for further study as a construction material, in particular in 

concert with their capacity for carbon sequestration [10]. 
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2. Materials and Methods 

2.1 Slag 

Three different samples of basic oxygen steelmaking (BOS) slag were used in the study and were 

collected from Tata Steel, Port Talbot, South Wales, SA13 2NG. On site, BOS slag is sorted into two 

regimes using vibrating screens (45 mm and 5-10 mm) before being stored as piles (Figure 1). The 

measurement in the slag description refers to the average diameter of a piece of slag. Samples were 

taken from two piles of 45 mm slag (Samples A and B), and a sample was taken from the 5-10 mm 

pile (Sample C). The slag is officially designated as a waste product in the Tata Steel environmental 

permit [11]. 

 

Figure 1 Photographs of basic oxygen steelmaking (BOS) slag pile from which sample A 

was collected at Tata Steel, Port Talbot on 20th October 2017. 

2.2 Methodology 

2.2.1 Slag Sample Crushing 

The slag sample to be crushed was placed into a low-density polyethylene (LDPE) plastic bag with 

a zip closure. The bag was then placed inside another LDPE bag, and this process was repeated 5 

times. The bags were used to make sure that parts of the slag sample did not get propelled out of 

the crushing area. The bags were then placed on a piece of cardboard and then placed on a wooden 

workbench. The cardboard was used to prevent damage to the wooden workbench. A 0.45 kg 

hammer was then used to crush the slag sample. Once enough pieces of slag had been broken off 

in a smaller size fraction, they were placed into a pestle and mortar to be crushed into a powder 

suitable for XRD and SEM analysis. 

2.2.2 Characterization 

Scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM-EDX) analysis was 

performed using a Hitachi TM3030 Plus Tabletop Microscope equipped with an Oxford Instruments 

X Stream 2 EDX detector. EDX analysis was performed using Oxford instruments Aztec one software. 
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X-ray Diffraction (XRD) was performed using a Bruker D8 Discover diffractometer equipped with a 

non-monochromatic Cu-Kα source. The XRD was performed over a 2 range of 20°-80°, a time step 

of 1.5 seconds and an increment of 0.02°, and Diffrac.EVA software was used to analyze the data. 

X-ray fluorescence (XRF) was performed using a Malvern Panalytical Axios Fast XRF, performed by 

the basic oxygen furnace laboratories at Tata Steel Port Talbot. A Perkin Elmer Optima 8300 machine 

was used for Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) and the Syngistix 

for ICP computer program was used to analyze the data. The ICP-OES analysis was performed by 

Harbourside Laboratories at Tata Steel, Port Talbot. Thermogravimetric analysis (TGA) was 

performed using a TA Instruments SDT Q600. For each analysis, the sample was heated up to 700 °C 

to decompose the sample under argon and release any CO2 that had previously been absorbed. The 

TGA instrument was then allowed to cool to room temperature, and the sample was then exposed 

to wet CO2 at a flow rate of 80 mL/min for 4 hours. Wet CO2 was produced by bubbling CO2 through 

a glass bubbler filled with distilled water. The sample was then heated to 100 °C and held for 5 

minutes to remove any mass gain that may have been caused by water in the wet CO2 flow. An 

accurate representation of the amount of CO2 absorbed could be acquired. CO2 gas sorption analysis 

was completed using a Quantachrome iSorb HP1 high-pressure gas sorption analyzer. Before 

analysis, each sample was degassed under vacuum for 4 hours at 180 °C. Each CO2 isotherm was 

conducted at 83 °C to maximize CO2 uptake [10]. For each CO2 isotherm, 19 data points were 

collected from 0 to 10 bar. 

3. Results 

3.1 Slag Morphology 

The morphology of BOS slag is illustrated with the photographs that can be seen in Figure 2. The 

slag had a very fine-grained, porous structure containing small crystals that would only be visible 

with the use of a microscope. 

 

Figure 2 Photographs of basic oxygen steelmaking (BOS) slag samples: (a) sample A, (b) 

sample B (c) sample C, and (d) a piece of sample A slag illustrating the presence of a free 

lime pocket. All sample were obtained from Tata Steel, Port Talbot on 20th October 2017. 
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The samples have a very angular and rough surface. This is a favorable property for BOS slag’s 

use as aggregate, as it can create a better bond between the surface of the aggregate and the 

cement paste [7]. It was also observed that some samples of slag had a porphyritic texture in which 

large crystals could be seen surrounded by a finer grained structure. It can be visibly seen in Figure 

2d that there is a large area of free lime (CaO) shown by the light grey included area in the sample. 

The surface morphologies of the BOS slags were analyzed by scanning electron microscopy (SEM), 

while the near surface elemental composition was determined by EDX analysis. Figure 3 shows 

images of the three different samples of steelmaking slag. A representative EDX spectrum is shown 

in Figure 4. 

 

Figure 3 Scanning electron microscopy images of basic oxygen steelmaking (BOS) slag 

samples: sample A (a and b), sample B (c and d), and sample C (e and f). Scale bars are 

100 m (a and c), 30 m (b and d), 50 m (e), and 20 m (f). The highlighted box in (b) 

is a large particle, whose composition is determined as iron by EDX analysis (shown in 

Figure 3). 
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Figure 4 Energy dispersive X-ray (EDX) measurement of the large particle in the 

highlighted region of the SEM image (Figure 3b) of sample A. 

3.2 Elemental Analysis 

Table 1 The chemical composition (%) of basic oxygen steelmaking (BOS) slag 

determined by X-ray fluorescence (XRF). 

Component 
Atomic concentration (%) 

Sample A Sample B Sample C 

S 0.050 0.049 0.047 
Total Fe 13.25 24.54 19.40 

CaO 17.43 39.38 42.84 
C 0.878 0.063 0.106 

SiO2 5.02 11.79 14.82 
Al2O3 49.19 2.73 2.75 
MgO 4.29 7.38 7.50 
MnO 4.78 2.57 2.54 
P2O5 0.16 1.27 1.34 
TiO2 0.39 0.67 0.69 
V2O5 0.112 0.547 0.700 
Total 99 99 99 

Basicity 3.47 3.34 2.89 

3.3 Crystalline Phase Determination 

The crystal phase composition of finely ground samples of the three BOS slag samples was 

determined by X-ray diffraction (Figure 5). All the observed peaks were fitted to phases based upon 

the COD files for Al2O3 corundum (9009671), CaO lime (1011094), CaCO3 calcite (9009668), Ca3SiO5 

(1540704), -Ca2SiO4 (2310924), -Ca2SiO4 (2310675), Ca2O5Fe2 (9014369), Ca4Al2Fe2O10 (1008124), 

Cr2O3 eskolaite (9016427), Fe0.944O wüstite (9011168), Fe0.902O (2106936), MgO periclase (1000053), 

Mn2O3 bixbyite (9014248), SiO2 quartz (9013321), SiO2 (4124053), -SiO2 quartz (1011097), Ti2O3 

(1527090), TiO (1536851), V4O7 (1528714), Ca(OH)2 (1008781) and CaCO3 (9016705). 



Recent Progress in Materials 2021; 3(3), doi:10.21926/rpm.2103028 

 

Page 7/17 

Table 2 The chemical composition (%) of basic oxygen steelmaking (BOS) slag 

determined by inductively coupled plasma optical emission spectroscopy (ICP-OES). 

Element 
Atomic concentration (%) 

Sample A Sample B Sample C  

Al 1.15 0.72 0.90 
As <0.001 <0.001 <0.001 
B <0.001 <0.001 <0.001 

Ba 0.015 0.019 0.026 
Ca 32.0 31.1 31.7 
Cd <0.001 <0.001 <0.001 
Co <0.001 <0.001 <0.001 
Cr 0.072 0.090 0.069 
Cu <0.001 <0.001 <0.001 
Fe 15.5 21.0 17.0 
K 0.008 0.005 0.005 

Mg 5.38 5.57 5.60 
Mn 1.49 1.30 1.63 
Mo <0.001 <0.001 <0.001 
Na 0.026 0.019 0.021 
NI 0.001 <0.001 <0.001 
Pb <0.001 0.001 <0.001 
Sb 0.001 0.001 0.001 
V 0.28 0.34 0.64 
Zn <0.001 <0.001 <0.001 

The elemental composition of the BOS slag samples was determined by X-ray fluorescence (Table 

1) and inductively coupled plasma optical emission spectroscopy (Table 2). From Table 1, it can be 

seen that the total Fe content of the slag is considerably different in each of the slags. The 

concentration of total Fe ranged from 13.25%-24.54%. 

3.4 CO2 Adsorption Capacity  

Table 3 The CO2 adsorption capacity (mmol/g) of basic oxygen steelmaking (BOS) slag 

determined by thermogravimetric analysis (TGA) and gas adsorption using iSorb. 

 CO2 Adsorption Capacity (mmol/g) 

Sample A Sample B Sample C 

TGA (1 bar) 0.077 0.139 0.264 
iSorb (1 bar) 0.016 0.005 0.016 

iSorb (10 bar) 0.041 0.034 0.034 

The CO2 uptake capacity for the as received slag samples was measured as a function of pressure 

using an iSorb HP1 high pressure gas sorption analyzer. The samples were preheated to 180 °C to 

desorb any water but would not desorb any adsorbed atmospheric CO2 that occurred during the 

open-air storage of the slags (c.f., Figure 1). Each CO2 isotherm was conducted at 83 °C to maximize 

CO2 uptake [10]. For each CO2 isotherm, 19 data points were collected from 0 to 10 bar. A 
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representative plot of the pressure dependent adsorption is shown in Figure 6. The uptake capacity 

(mmol/g) for each slag is summarized in Table 3. 

 

Figure 5 X-ray diffraction with peak assignment of basic oxygen steelmaking (BOS) slag: 

sample A (a), sample B (b), and sample C (c). 

 

Figure 6 iSorb plot of dry CO2 adsorption capacity (mmolCO2/g) of sample C as a function 

of CO2 pressure (atmosphere). 
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TGA analysis were performed with wet CO2, see Experimental. Since it is assumed that the slag 

samples had adsorbed atmospheric CO2 while in open air storage, the samples were preheated to 

700 °C under Ar atmosphere to desorb any CO2 from constituent carbonates. Once cooled to room 

temperature, the carrier gas was switched to wet CO2 (caused by passing through CO2 through a 

water bubbler), which has been observed to maximize CO2 uptake for oxide mixtures [12, 13]. Once 

the mass reached a plateau, the sample was heated to 100 °C to remove any mass gain that may 

have been caused by water in the wet CO2 flow. The resulting uptake is summarized in Table 3, and 

a representative plot is shown in Figure 7. 

 

Figure 7 TGA plot showing mass loss (%) as a function of temperature (°C) plotted against 

time (minutes) in sample C. 

4. Discussion 

The slag morphology shown in Figure 2 is in line with what Yildirim et al. reported with a 

porphyritic heterogeneous slag texture with visible pockets of free lime [14]. Comparing the samples, 

it appears that some of the pieces in sample B show a significant rusty brown appearance, 

suggesting a higher high iron content than observed for the other samples, which is consistent with 

elemental analysis (Tables 1 and 2). The degree of crystallinity and texture of slag is controlled by 

the method of cooling. For example, air-cooling, which the samples studied herein have been 

subjected to, is known to result in a coarse texture [15]. The SEM images reveal the heterogeneous 

nature of the slag particles, with a coarse morphology associated with fused particles, which is in 

line with previous reports [6, 15, 16]. The presence of large cavities is observed in Sample A (c.f., 

Figure 3a). Also present within sample A are large particles (highlighted in Figure 3b), whose 

composition is consistent with elemental iron, based upon energy dispersive X-ray (EDX) 

spectroscopy (Figure 4). 

Figure 8 shows a plot of the determined elemental composition as determined by XRF (Table 1) 

versus that obtained from ICP-OES (Table 2), in which it may be seen that the determined 

composition is essentially independent of method (i.e., the values are on the dashed line that 

represents an ideal direct relationship). The only sample with outliers is sample A, in which the 

aluminum (Al2O3) content is dramatically higher than the other samples, while the calcium (CaO) 

content is concomitantly lower. This is indicative of the inhomogeneous nature of the slag since 

previous reports suggest that the Al2O3 concentration should be 0.98%-6% [16-21]. However, based 
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upon the XRD, the Al2O3 phase content of sample A should be lower than CaCO3, CaO, and SiO2, 

suggesting that the portion of sample A used for XRF analysis is not as representative as that of 

Sample B or C. A high amount of Al2O3 in cement mortar can affect the viscosity of the cement, 

directly affecting the pumping characteristics of the cement and the setting characteristics of the 

cement [22]. 

 

Figure 8 Plot of elemental composition (%) of basic oxygen steelmaking (BOS) slag as 

determined by X-ray fluorescence (XRF) versus elemental composition (%) determined 

from inductively coupled plasma optical emission spectroscopy (ICP-OES). The dashed 

line represents an ideal direct correlation between the two methods. 

From the data in Tables 1 and 2, it can be seen that the total Fe content of the slag ranges 

considerably between the slag samples. This concentration is to be expected as it has been observed 

by several previous studies on the characterization of BOS slag utilizing XRF [23-25]. It has been 

previously reported that there is a relationship between the average size of the particles and the % 

composition [26]; however, in the present case, this is not apparent. The variation in iron content is 

more likely due to the addition of the iron ore to some samples of molten pig iron in the BOS process 

to help to cool the molten metal [19]. This may have occurred during the cooling of sample B as in 

both the XRF and ICP, there is a higher Fe content than samples A and C. Higher Fe content causes 

a material to have a higher hardness so, therefore, may improve the compressive strength of a 

construction material [27]. 

The concentration of CaO is consistent with literature values 18%-50% [18-20, 25, 26, 28] and 

appears to represent the major phase in all the samples. Juckes observed the chemical composition 

of a BOS slag sample from Tata Steel, Port Talbot, and reported that the CaO concentration was 

45.83% [24], which is similar to sample B and C. The CaO:CaCO3 ratio, as determined by XRD, is a 

function of the age of the slag. As produced prior to cooling, it will be decarbonized. However, 

exposure to atmospheric CO2 upon cooling and storage will convert the CaO to CaCO3. The 

calculated basicity ([CaO]/[SiO2] [18]) of the slag samples is shown in Table 1 and is found to be at 

the high end of the previously reported range of 0.78-3.4 [25, 29]. High basicity can increase the 

amount of phosphorus that is removed in dephosphorization as well as enabling the slag to exhibit 
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cementitious properties [30, 31]. A high basicity slag can be categorized as more reactive due to the 

higher free CaO content and the higher amount of hydraulic activity [30]. The CaO content should 

also relate to the CO2 uptake potential of the slags; see below. CaO and MgO are susceptible to 

volume instability, meaning that the slag can swell and change shape on contact with moisture. If 

the BOS slag is intended for use as aggregate in concrete, this is an unfavorable feature as it could 

cause catastrophic failure. ASTM C150, which is the standard specification for Portland cement, 

limits the concentration of MgO in slag to <6%, and there is no limit on CaO content [32]. However, 

pre-treatment to the slag can be used to mitigate the risk of instability before it is used in cement, 

for example, letting the slag weather outside [33]. 

As shown in Table 2 shows the ICP concentrations across all 3 samples for Mg, the values are 

consistent with each other. They range from 5.38%-5.60%, consistent with values found in the 

literature [22, 34]. The XRF data in Table 1 is not consistent for MgO, as the sample A concentration 

is significantly less than samples B and C. This is in line with the previous observation of the XRF data 

for sample A being inaccurate due to the high Al2O3 content. MgO has only been characterized as 

being present in the XRD data for sample C. The P2O5 concentration found in the samples ranges is 

within the literature range from 0.2%-3.3% [14, 17, 20, 21, 24]. It has previously been reported that 

a higher P2O5 concentration influences the stability of the dicalcium silicate (C2S, Ca2SiO4) 

concentration [17]. In the early 1900’s steelmaking processes, the concentration of P2O5 was much 

higher at about 12-16%, which was a desirable quality for its use as fertilizer [19]. Thus, the present 

slag is not a potential fertilizer source. 

The XRD scan of sample A is of greater signal-to-noise (Figure 5a), consistent with a more 

crystalline nature. It has been reported in the literature that the presence of iron in samples can 

cause a noisy XRD spectrum to be produced [35], which is consistent with the XRF and ICP-OES 

analysis of samples B and C (Tables 1 and 2). An alternative rationalization is the rate of cooling for 

sample A has been slower than samples B and C, without the use of water cooling, which would 

accelerate the solidification [14]. 

SiO2 is a major crystalline phase in all three of the samples. In the 5-10 mm particle sized BOS 

slag sample, the SiO2 is present as two phases, one of which, -SiO2, is formed upon transformation 

of -SiO2 at 573 °C on cooling [36]. Two different iron oxide formations were observed in the XRD 

analysis; Fe0.944O (wüstite) and Fe0.902O; however, in all three of the samples, the FeO phases were 

all observed to be minor crystalline phases, despite the relatively high iron contents. This 

observation is consistent with prior reports that designated the iron oxide phases as only being 

“probable” [14, 25, 37, 38]. 

The presence of calcium silicates in BOS slag such as dicalcium silicate (Ca2SiO4), tricalcium silicate 

(Ca3SiO5), and wollastonite (CaSiO3) induces BOS slag to have cementitious properties [18], and as 

such, for many years, some portion of steelmaking slags have been utilized and recycled in the civil 

engineering industry as cement, roadbed material, aggregate in concrete and the stabilization of 

riverbanks [2]. Currently, there is a tremendous pressure on steelmaking plants to reduce their 

waste that ends up in a landfill. By utilizing these applications, the steelmaking process can limit its 

environmentally impact. 

Several cementitious materials were observed as crystalline phases in samples B, and C. Alite 

(C3S) was observed to be a major phase in samples B and C. In sample C, the phase was observed to 

be the dominant crystalline phase in the sample, while in sample B, it was the second most abundant 

major phase, but Ca2O5Fe2 (C2F, Srebrodol’ skite) was also observed to be a major crystalline phase 
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in sample B. In both samples, C3S is present at a higher content than C2S. We have previously shown 

that the strength development of cements correlates with increasing C3S/C2S ratio [30], thus based 

upon crystalline phase content, the BOS slags would result in lower time for strength development 

and a higher compressive strength than those with low C3S/C2S ratio. 

Two polymorphs of C2S were present in samples B and C: -C2S (Larnite) and -C2S [39]. In both 

cases, there is a higher abundance -C2S than -C2S, which is unusual since -C2S has been previously 

observed as a major phase in steelmaking slag [37, 40]. The conversion from β-C2S to 𝛾-C2S occurs 

at lower temperatures, and during that transformation, there is a 10% increase in volume. This leads 

to the crystallite formations of 𝛾-C2S shattering into dust [41]. It can be said that the dust particles 

are much smaller than the slag itself. This possibly suggests that during the movement of the slag 

from the slag cooling pits to the landfill storing site as well as the slags exposure to natural elements 

such as wind, some of the 𝛾-C2S in dust form is lost, hence the lower abundance of it in the slag 

composition. It has been reported that β-C2S absorbs less CO2 than γ-C2S, but presents a higher 

compressive strength as a cementitious material [42]. 

The presence of Mn2O3 was only observed in the highly crystalline sample A. The presence of 

Mn2O3 (bixybyite) in BOS slag is not frequent in slag as it is only reported rarely [37]. Although the 

concentration of manganese was recorded by XRF and ICP in all three of the slag samples; however, 

crystalline Mn2O3 was not observed in samples B and C, possibly because of the many phases that 

overlap at 2θ = 33°, making it challenging to identify. The chromium oxide Cr2O3 was found to be 

present as a possible minor phase, which is consistent with the ICP analysis. Chromium is added 

during the steelmaking process to increase the resistance of the steel to corrosion, and the amount 

added varies from steel plant to steel plant. As chromium has been found to be toxic in the past, 

the presence of it in the slag is not favorable if the slag is to be used in a marine application, for 

example [30, 37]. To prevent the formation of chromate, it is recommended that the slag is rapidly 

cooled [30]. 

As noted above, the presence of CaO in the slag samples offers potential of CO2 

capture/sequestration within a building material. The uptake measured with dry CO2 on the as 

received slag samples are shown in Table 3. The data for the pressure dependent adsorption may 

be fitted successfully with the Freundlich isotherm as defined by Equation 1, where Qe (mmol/g) is 

the capacity of adsorption of CO2 by the adsorbents, Kf is the Freundlich isotherm constant 

(mmol/g.atm1/n), and n is the heterogeneity factor that represents the deviation of the linearity of 

the adsorption. 

Qe = Kf (PCO2
)

1
n (1) 

Figure 9 shows an example of the plot of log(Qe) versus log(PCO2) from which the Freundlich 

isotherm constant (Kf) and heterogeneity factor (n) is obtained. A similar analysis of each of the data 

is summarized in Table 4. When the value of n is between 2 and 10, the adsorbent is considered to 

have a high adsorption capacity [43]. The Freundlich model [39] is used for systems with a high 

degree of heterogeneity, where it is assumed that there is an exponential decrease in energy as the 

coverage of the surface occurs [44]. 
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Figure 9 plot of log(Qe) versus log(PCO2) for dry CO2 adsorption by sample C (R2 = 0.991). 

Table 4 Calculated Freundlich isotherm constant (Kf) and heterogeneity factor (n) for dry 

CO2 adsorption of basic oxygen steelmaking (BOS) slag determined by gas adsorption. 

 Sample A Sample B Sample C  

Kf (mmol/g.atm1/n) 0.0154 0.00367 0.0141 
n 2.206 2.286 2.668 
R2  0.995 0.989 0.991 

It has been shown in several previous studies that the amount of CO2 captured when using wet 

CO2 is significantly more than dry CO2 [12, 13, 45, 46]. The moisture in the wet CO2 gas stream allows 

soluble calcium from phases such as CaO, Ca2SiO4, and Ca3SiO5 to dissolve and create calcium ions, 

which react with the carbonate ions (formed upon CO2 dissolution) to form CaCO3 [47]. As such, the 

uptake of wet CO2 is significantly higher in all samples than dry CO2 (Table 3). Therefore, as the iSorb 

analysis does not use wet CO2 and instead uses dry CO2, it did not perform as well as the TGA 

adsorption. Sample C was seen to absorb the most CO2 during the wet CO2 TGA experiment, and 

ICP-OES analysis (Table 1) suggests that sample C contains significantly more CaO and SiO2 as 

compared to the other samples. In both ICP and XRF measurements, sample B was found to have 

less Ca and Si than sample C, so this is possibly why sample B absorbed less CO2 in both TGA and 

iSorb measurements. 

5. Conclusions 

We have analyzed samples of BOS slags from Tata Port Talbot Steelworks for their elemental and 

phase composition. Based upon this analysis, we conclude that those samples with the higher levels 

of CaO and calcium silicates (samples B and C) would be suitable as cementitious materials, in 

particular after adsorption of atmospheric CO2 and forming CaCO3 [12, 13]. The presence of the 

major phases needed for steelmaking slag to exhibit cementitious properties (i.e., C3S, C2S, C2F, and 

C4AF) are present in BOS slag samples, suggesting they may be used to produce carbon-negative 

and cement-free construction blocks by using their use as an aggregate. In addition, although an 
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apparent anomaly, the low CaO content of sample A would also make it suitable for a marine 

application, as the risk of volume instability is mitigated with a lower CaO concentration [2]. 
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