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Abstract  

Carbon footprint has, for decades, become a centre of research regarding environmental threats that the world 

still faces. The impact of pyrometallurgical processes on the environment has played and still plays a role in 

the climate change. This is observed through different events that affect nature and the universe. Reduction 

processes have largely contributed to carbon emissions; hence researchers have embarked on researching 

new reductants. Biomass has recently been the centre of numerous tests. Many biochars have shown potential 

to replace the generic coke used for centuries. It is therefore of great importance to categorise biomass that 

might be used for reduction, adsorption, or energy generation. This paper develops a critical comparison of 

different biomass for pyrometallurgical use and essentially for reduction. Amongst the prospective biochars 

compared in this paper are namely Palm Kernel Shells biochar, coconut biochar, sugarcane biochar, 

macadamia biochar and malt waste biochar. All biochars were produced through pyrolysis in an alumina tube 

furnace under argon. Ultimate and proximate analyses were used to characterise the raw biomass and the 

generated biochars. Results have shown that although all biochars show high fixed carbon content, some may 

require reconditioning to be usable in furnaces through agglomeration.   
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1. INTRODUCTION 

The environmental threat caused by the use of fossil fuels has reached a worrying level. Carbon footprint 

becomes a topic of the day for which a sustainable solution is required. In pyrometallurgy coke, anthracite and 

different types of coal have been used for years in different production units namely sintering, matte production 

when a reverberatory furnace is used, and reduction in different processes. Climate change and other impacts 

depicted in different spheres in the world and other effects have led to finding a replacement for generic 

carbonaceous materials. Biomass remains the track to solving the major problem the world is facing. Biochar 

is defined by the United Nations as a carbon-like containing high carbon obtained after burning in neutral 

atmosphere agricultural materials [1] and used as fertilizers in the farming industry [2-5]. The emission of 

carbon dioxide has been identified as the main source of air pollution [6,7]. The characterisation and the 

selection of reductants are based on their chemical properties [8,9]. Because the metallurgical industry is 

amongst the biggest fossil fuel consumers, therefore one of the major contributors to the high CO2 gas 

emission, accounting for approximately 10% of the total CO2 gas emitted. Serious actions must be taken by 

the industry to reduce their carbon footprint [9].  

The replacement of generic reductants by biomass should therefore be based on their chemical and physical 

properties. The current paper compared different biochars as prospect-efficient substitutes for generic 

reductants in the pyrometallurgical industry. Results have shown that some biochars would require to be 

conditioned to sustain the hardship imposed on them in furnaces. 

mailto:michelk@uj.ac.za
mailto:wnheta@uj.ac.za
https://doi.org/10.37904/metal.2025.5110


May 21 - 23, 2025, Brno, Czech Republic, EU 

 

 

2. METHODOLOGY 

2.1 Materials and Equipment 

Different biomasses were used: Macadamia nutshell, Palm Nutshell, coconut nutshell and Sugarcane 

bagasse. All the biomasses were sourced in South Africa from different regions. Argon of 99.98 percent, 

sourced from Afrox, was used to maintain the neutral atmosphere to avoid any combustion reaction that would 

disturb carbon content. Different equipment was used to conduct proximate and ultimate analysis. 

An alumina tube furnace was used to conduct pyrolysis with a heating rate of 7oC/min. 

2.2 Experimental procedure 

The experimental procedure is summarized in the flow sheet below: 

 

 

 

The as received biomass sample was cleaned by sorting when required or washing the outside of the shell 

followed by drying for palm kernel shells and coconut shells to avoid contamination from the shell hair and the 

humidity brought in through washing. The drying was done using a muffle furnace at 50oC for eight hours. The 

biomass was then characterized to compare to the final product which is the biochar obtained after pyrolysis 

conducted in a neutral atmosphere in the presence of argon at 700oC for 90 minutes. 

2.3 Experimental setup 

Figure 1 depicts the experimental setup used for the pyrolysis tests conducted in this project for all the 

biomasses used to produce all the biochar. 

 

Figure 1 Experimental setup 
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3. RESULTS AND DISCUSSION 

Table 1 presents the proximate and ultimate analysis of different biomasses used in this project. Fixed carbon, 

volatile matters, ash content, moisture and calorific values for all the biomasses were generated. 

Table 1 Proximate and ultimate analysis of the raw macadamia nutshells 

 Proximate analysis  

 

Macadamia 

Nutshells 

Fixed C Volatile matters Ash Moisture CV(MJ/kg) 

19.2 72.6 0.7 7.5 19.5 

Palm Kernel Shell 15.78 79.21 0.16 4.85 17.8 

Coconut Nutshell 18.4 74.6 1.3 5.7 18.8 

Sugarcane 

bagasse  

10.4 65.09 14.66 10.05 10.39 

From Table 1 it is observed that amongst the raw biomass analyzed macadamia nutshells have the highest 

fixed carbon followed by coconut nutshells amounting to 19.2 and 18.4 %, respectively. Sugarcane bagasse 

is the biomass that is of poor quality with low fixed carbon of 10.4 %while palm kernel shells contain 15.78%. 

From the chemical potential, it transpires that macadamia nutshells have a better profile for the generic 

reductant currently used. It remains to be confirmed whether physical properties are good enough for the 

biochar to sustain the rough environment in the furnace due to some degradation that might be caused by 

temperature change, friction abrasion and other factors.  Regarding the calorific value (CV), macadamia 

nutshells are the best with a CV of 19.5 followed by coconut nutshells with 18.8. Sugarcane bagasse remains 

the lowest CV amongst the biomasses used in this study.  

Table 2 Proximate and ultimate analysis of the raw macadamia nutshells 

 

Type 

Proximate analysis (wt%)  

CV(MJ/kg) Fixed C Volatile matters Ash Moisture 

Macadamia 

Biochar 

92.9 6.24 0.8 0 32.96 

Palm Kernel Shell 

Biochar 

84 7.5 5 2.3 32 

Coconut shell 

biochar 

88,52 7.28 1.93 2.28 32.95 

Sugarcane 

bagasse biochar 

67.5 13.99 15.96 2.55 25.69 

Results in Table 2 show that although the figures presented are not from an optimised pyrolysis process, the 

quality of most biochar is acceptable to be used as a substitute for generic fossil reductants. The fixed carbon 

is above 80%, indicating that biochars are true competitors of metallurgical coke based on their chemical 

potential. The best biochar remains the macadamia biochar followed by coconut biochar.  From their calorific 

values it can be stated that in addition to their good reductant properties they can be used as fuel. The only 

noted exception is the sugarcane bagasse which has both the lowest fixed carbon and caloric value of 67% 
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and 25.69 respectively. It is important to mention that although biochars have a high potential to efficiently 

replace the generic reductants currently used in pyrometallurgy, it remains to be seen whether they may have 

an impact on the slag structures and slag properties thereof. The structure of slag is key in metal recovery 

because the viscosity of the slag is generally a result of the slag structure, platelike, treelike, long thin plates 

are to be investigated when any biochar is used as a reductant. Previous works have demonstrated that the 

use of macadamia nutshells as a possible replacement for generic coke has demonstrated that reducing 

manganese ore using raw macadamia nutshells had led to a slag that was platelike as opposed to the 

needlelike slag produced when coke was used. This led to a slag of high viscosity which made the separation 

of metal-slag difficult [10]. 

4. CONCLUSION 

In this project, four different biomasses were used as possible substitutes for current generic reductants 

namely coke, anthracite and coal. The biamasses investigated were Palm nutshells also known as palm kernel 

shells, macadamia nutshells, coconut shells and sugarcane bagasse. The four biomasses and their biochars 

were compared. It was found that raw macadamia nutshells and their biochar presented the best chemical 

potential in terms of fixed-carbon 19.2% and 92.9% respectively for reduction and high calorific values of 19.5 

and 32.95 respectively, that could serve for energy generation. Raw coconut nutshells and their biochar had 

fixed-carbon of 18.4% and 88.52% respectively and calorific values of 18.8 and 32.95 respectively. Palm kernel 

shells came third with fixed-carbon and calorific values close to coconut shells with sugarcane bagasse having 

the lowest chemical potential. Although all the biochars present a great potential of being used as coke 

replacements for reduction processes, it remains important to investigate thoroughly their impact on the 

produced slag to ensure a good slag-metal separation and the viscosity of the slag thereof.   

ACKNOWLEDGEMENTS   

The authors express their gratitude to the laboratory technicians in the Department of Metallurgy at 

the University of Johannesburg for their availability in ensuring that all experiments were safely 

conducted and efficient characterization. 

REFERENCES 

[1] Biochar, Agricultural applications and Benefits for Vietnamese Farmers. United Nations, February 2021.  

[2] GŁĄB, T., PALMOWSKA,J., ZALESKI, T. and GONDEK, T. Effect of biochar application on soil hydrological 

properties and physical quality of sandy soil. Geoderma. 2016, vol. 281, pp11–20. 

[3] GOGOI, N.; SARMA, B.; MONDAL, S. C.; KATAKI, R.; & GARG, A. (2019). Use of Biochar in Sustainable 

Agriculture, Innovations in Sustainable Agriculture, https://doi.org/10.1007/978-3-030-23169-9_16.  

[4] DRAKE, J. A.; CAVAGNARO, T. R.; CUNNINGHAM, S. C.; JACKSON, W. R.; PATTI, A. F. (2016). Does biochar 

improve establishment of tree seedlings in saline sodic soils? Land Degradation & Development. 2016, vol. 27, 

pp. 52–59. 

[5] ENDERS, A.; HANLEY, K.; WHITMAN, T.; JOSEPH, S.; & LEHMANN, J. (2012). Characterization of biochars to 

evaluate recalcitrance and agronomic performance. Bioresource Technology. 2012, vol. 114, pp. 644–653.  

[6] MASOUD, H., FARHAD, K., ALIREZA, B., MOHAMMAD, R.G., SAJJAD, H. Carbon dioxide as a main source of 

air pollution: Prospective and current trends to control. Sorbents Materials for Controlling Environmental 

Pollution:Current State and Trends. 2021, pp. 623-688.  

[7] BARDESCU, L., LEGENDI, A. Carbon dioxide –significant emission sources and decreasing solution. Procedia - 

Social and Behavioral Sciences. 2015, vol.180, pp. 1122 – 1128.  

[8] MAKHOBA, G. and HURMAN, E.R. Reductant characterization and selection for ferrochromium production. 

INFACON XII Proceedings, pp. 359-364, 2010 June 6-9 Helsinky, Finland Author. Title. [online]. Year of 

publication [viewed: yyyy-mm-dd]. Available from: URL. 

https://doi.org/10.1007/978-3-030-23169-9_16
https://www.sciencedirect.com/book/9780128200421/sorbents-materials-for-controlling-environmental-pollution
https://www.sciencedirect.com/book/9780128200421/sorbents-materials-for-controlling-environmental-pollution


May 21 - 23, 2025, Brno, Czech Republic, EU 

 

 

[9] SMITH, I.N. Aspects of submerged arc furnace smelting of ferrochrome and reductant selection. INFACON X, 

Cape Town, 2004, pp 1-14.  

[10] MANDOVA, H. “Possibilities for CO2 emission reduction using biomass in European integrated steel plants,” 

Biomass and Bioenergy, October 2017, vol. 115, pp. 231–243. 

[11] WEI, R., ZHANG, L., CANG, D., LI, J., LI, X., and Xu, C.C. Current status and potential of biomass utilization in 

ferrous metallurgical industry, Renewable and Sustainable Energy Reviews, 2016, vol. 68, pp. 511–524. 


