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Abstract.  The rising demand for activated carbon (AC) in filtration, environmental protection, and energy 

storage necessitates cost-effective and sustainable production methods. Conventional AC production relies on 

non-renewable resources, leading to environmental concerns and high costs. This study addresses this gap by 

utilizing biowaste materials, specifically sawdust and walnut shells, for AC synthesis through chemical 

activation using phosphoric acid. The carbonization process was conducted at 300°C, 600°C, and 700°C, 

followed by detailed characterization using Scanning Electron Microscopy (SEM), Fourier Transform Infrared 

Spectroscopy (FTIR), Proximate Analysis, and CHNSO analysis. Adsorption capacity was assessed using 

iodine value measurements, which identified 600°C as the optimal temperature for activation. Carbon, 

hydrogen, Nitrogen, sulfur, and oxygen (CHNSO) analysis revealed that walnut shell-derived AC contained 

36.5% more carbon than sawdust-derived AC, making it superior for energy storage applications. SEM 

analysis further confirmed a more heterogeneous structure with smaller pores in walnut shell AC, enhancing 

its adsorption efficiency. The study underscores the potential of biowaste-derived AC as a sustainable 

alternative, reducing reliance on conventional carbon sources and promoting circular economy principles. 

These findings contribute to waste valorization efforts, demonstrating an eco-friendly approach to producing 

high-performance AC while addressing environmental concerns associated with agricultural and industrial 

waste. Future research should focus on scaling production, optimizing activation processes, and exploring 

practical applications of biowaste-derived AC in industrial and environmental sectors to enhance its 

commercial viability. 
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1. Introduction 
 

Activated carbon (AC) is a highly porous material characterized by exceptional physicochemical 

properties, with a surface area ranging between 600 and 2000 m²/g (Yunus 2020). Owing to its 

superior adsorption capabilities, AC is extensively employed in applications such as water 

purification, air filtration, and energy storage (Ahmed 2022). Traditionally, AC has been 

manufactured from carbon-rich raw materials, including coal, wood, and coconut shells. However, 

the dependence on non-renewable resources has raised significant concerns regarding environmental 
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degradation and resource depletion, thereby necessitating the exploration of sustainable alternatives. 

In recent years, researchers have increasingly concentrated on the utilization of biowaste for the 

production of AC. Biowaste, which encompasses materials such as sawdust and walnut shells, 

represents an abundant and underutilized resource that offers a sustainable solution for waste 

management while serving as an eco-friendly precursor for AC synthesis (Wong 2018). The 

conversion of biomass into AC mitigates environmental pollution and enhances its commercial 

value by transforming waste into high-performance adsorbents. This sustainable approach is 

congruent with the principles of a circular economy, aiming to minimize waste and maximize 

resource utilization (Gorbounov et al. 2023). 

The characteristics of AC, including pore size, surface area, and adsorption capacity, are 

significantly influenced by the choice of raw material and the activation process employed (Bedane 

et al. 2023). AC may be synthesized through either physical or chemical activation. Physical 

activation entails high-temperature pyrolysis followed by treatment with oxidizing gases, resulting 

in a durable form of AC characterized by moderate adsorption capacity (Yahya 2015). Conversely, 

chemical activation employs activating agents such as phosphoric acid (H₃PO₄), potassium 

hydroxide (KOH), or zinc chloride (ZnCl₂) to enhance the porosity and surface characteristics of 

AC at reduced temperatures (Kim, 2001). Although chemical activation yields higher carbon content 

and improved adsorption properties, it necessitates extensive washing to eliminate residual 

chemicals (Lozano-Castello 2001). In addition to its established roles in water purification, air 

filtration, and energy storage, activated carbon has garnered increasing attention for its application 

in carbon dioxide (CO₂) capture due to its high surface area, adjustable pore structure, and surface 

functional groups. Recent studies have demonstrated the feasibility of using biomass-derived 

activated carbon for efficient CO₂ adsorption in post-combustion and direct air capture processes, 

offering low-cost and sustainable alternatives to synthetic adsorbents (Zhao et al. 2024, Chen et al. 

2024, Li et al. 2024, Wang et al. 2025, Liu et al. 2024). This adds another dimension to the relevance 

of biowaste-derived activated carbon in addressing environmental challenges such as greenhouse 

gas mitigation. 

This study focuses on producing AC from sawdust and walnut shells utilizing phosphoric acid 

activation at 300°C, 600°C, and 700°C. This research aims to optimize the activation parameters 

and evaluate the physicochemical properties of the resultant AC. Characterization techniques such 

as Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR), 

CHNSO analysis, and proximate analysis are employed to assess the surface morphology, elemental 

composition, and adsorption performance of the synthesized AC. 

 

Significance of the Study 

The significance of this study resides in its contribution to sustainable waste management and 

efficient resource utilization. This research establishes an eco-friendly alternative to conventional 

AC production by converting biowaste into high-performance AC, thereby reducing reliance on non-

renewable materials. The optimized activation process enhances the adsorption efficiency of AC, 

rendering it suitable for environmental applications, including water treatment and air purification. 

Furthermore, the findings provide valuable insights into the influence of activation temperature on 

the properties of AC, thereby paving the way for future advancements in biowaste-derived 

adsorbents. This study supports the global transition toward sustainable material development, 

reinforcing the potential of biowaste as a viable resource for producing cost-effective and high-

quality AC. 
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Fig. 1 Research methodology 

 
 
2. Research methodology 

 
As illustrated in Fig. 1, this study investigates the production of activated carbon (AC) from 

biowaste sawdust and walnut shells using phosphoric acid (H₃PO₄) as a chemical activating agent. 

The process involved carbonization at 300°C, 600°C, and 700°C for 1 hour in a muffle furnace, 

followed by chemical activation using a fixed 1 M H₃PO₄ solution for 24 hours. This acid 

concentration was kept constant to isolate the effect of temperature on AC properties. Post-

activation, the samples were washed with distilled water to remove residual acid and then oven-

dried at 155–160°C. Yield was recorded to evaluate thermal efficiency at each temperature. The AC 

was characterized using SEM for surface morphology and pore structure, FTIR for functional 

groups, CHNSO analysis for elemental composition, Proximate analysis for moisture, ash, volatile 

matter, and fixed carbon, and iodine number testing for adsorption capacity and microporosity. This 

method ensures a detailed evaluation of biowaste-derived AC and its suitability for environmental 

and energy storage applications. While H₃PO₄ dosage was fixed in this study, its variation is 

suggested for future optimization. 

 
 
3. Production of activated carbon 

 
3.1 Materials 

 

AC is derived from the remnants of sawdust and walnut shells. These materials were acquired 

from a furniture-making establishment in Pune, India, and the dried fruit sector. These leftovers are 

selected based on their unique attributes, which include a substantial amount of carbon, wide 

availability, and cost-effectiveness. Shells from nuts, such as almonds and walnuts, are discarded 

byproducts from various sectors and can be collected collectively for repurposing. Conversely, 
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Fig. 2 Process of making activated carbon 

 

 

sawdust is a plentiful and economical material made of lignocellulose. Additionally, it is a residue 

from timber processing activities such as shaping and smoothing. 
  

3.2 Procedure of making activated carbon from sawdust and walnut shell 
 

As shown in Fig. 2, the raw materials selected, namely sawdust and walnut shells, are chosen 

due to their elevated carbon content. In the initial stage, the materials were washed using distilled 

water to eradicate impurities. After removing moisture content, the specimens were desiccated in an 

oven set at a temperature range of 155-160°C for 5 hours. Following this step, the materials 

underwent carbonization at varying temperatures - 300°C, 600°C, and 700°C - for 1 hour each, under 

an inert atmosphere within a muffle furnace to achieve the desired content. Post carbonization, all 

samples were subjected to chemical activation using 1 mol of phosphoric acid (H3PO4) for 24 hours. 

After the chemical activation process, the activated samples were filtered through filter paper and 

rinsed with distilled water to eliminate residual acid that could trigger undesired degradation 

reactions. Finally, the activated samples were again dried in an oven at 155°C, producing the final 

product – AC (Temitayo 2021). 
 

 

4. Characterization of activated carbon 
 

Kenaf fibers were ground and sieved using mesh size 40 (400µm). The fibers were added to 

nylon pellet at weight ratios based on the predetermined study groups which were (0.1%, 0.3%, 
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0.5%, and 1% of kenaf fibers concentrations). The mix was processed and extruded thermally at 

250℃ using thermal extruding machine. The study specimens were printed by Creality Ender 3 Neo 

FDM 3D printer, China, using the extruded filaments for the experimental groups, and the as-

received nylon filament for printing the control group. The specimens were designed by 

DesignSpark Mechanical 6.0.3 software. Rectangular shape with dimensions of 100mm length, 

10mm width, and 2mm thickness, was designed for the flexural strength test following ASTM D790 

while the dimensions were adapted within a permissible range. A cylinder shape with dimensions of 

30mm height and 10mm in diameter was designed for the compressive strength test following the 

general procedure of ASTM D695. The height-to-diameter ratio (3:1) was selected based on material 

stiffness and testing constraints, and no buckling was observed during testing. The Standard 

Tessellation Language (STL) file was sliced by PrusaSlicer 2.6.1 software before being transferred 

to the printer. The printing specifications are illustrated in Table 1. The total sample size was 

determined by G*power software (version 3.1.9.4). A power analysis for One Way ANOVA test 

indicated that the minimum sample size to yield a statistical power of at least 0.8 with an alpha of 

0.05 and a medium effect size (d=0.5) is 55. Fig. 1 shows the study groups. 
 

4.1 CHNSO analysis 
 

By analyzing its carbon, hydrogen, nitrogen, and sulfur content, examining AC through CHNSO 
testing is essential for determining its composition and properties. Recent research by the authors 
(De Souza et al. 2021) indicates that thermocouple sensors’ cardboard tubes can be transformed into 
AC with a carbon content measuring 39.29%. Studies conducted by the authors (Li 2019) revealed 
that sulfur-impregnated AC effectively controls off-gas mercury emissions, achieving remarkable 
mercury removal rates of up to 99.999%. Moreover, using an activated carbon-based system for 
drug disposal has proven successful in deactivating medications, demonstrating the material’s 
impressive adsorption capabilities, as highlighted in research studies (Soelberg 2007). These 
discoveries underscore the various applications and significance of CHNSO testing in evaluating 
the efficacy and quality of AC materials for diverse environmental and industrial uses. 

 

4.2 SEM Analysis 
 

SEM analysis of AC provides crucial insights into its surface morphology and structure. 

Researchers demonstrated that AC from waste tires exhibited a highly porous nature with a large 

surface area suitable for adsorption applications (Muttil et al. 2023). Energy-dispersive X-ray 

spectroscopy (EDS) was used to determine the composition of the element (Vernon, 2000).  

Similarly, studies by the authors highlighted the irregular and porous surface structure of AC 

produced from cardboard tubes, showing a high BET surface area of 468.9 m2 g−1 (Kunusa et al. 

2021). Furthermore, research by researchers indicated that SEM analysis of activated charcoal from 

palm oil waste revealed varying pore sizes depending on the activation temperature, with the largest 

pores observed at 850°C (De Souza et al. 2021). These findings collectively emphasize the 

importance of SEM analysis in characterizing AC’s surface morphology and porosity derived from 

different precursor materials for diverse applications. 
 

4.3 Iodine number measurement 
 

The iodine number measurement of AC is a crucial parameter that reflects its adsorption capacity 
(Temitayo 2021). Various studies have highlighted the significance of iodine number determination 
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in assessing the quality and effectiveness of activated carbon. For instance, researchers emphasize 
the importance of iodine value falling within the 1000-1400 mg/g range for AC used in gas mercury 
measurement (Huang and Yudong 2019). Additionally, studies discuss the impact of different 
preparation conditions, such as carbonization temperature, time, and impregnation ratio, on the 
iodine number of activated carbon, with optimal values identified for maximum adsorption 
capacity (Shrestha 2018, Kaya et al. 2018). The iodine number was determined by using Eq. (1) 

𝐼𝑜𝑑𝑖𝑛𝑒 𝑣𝑎𝑙𝑢𝑒 =
𝑀(VB−VA)

2𝑊
  (1) 

where,  

M = Thiosulphate Molarity. 

𝑉B= Thiosulphate volume at blank titration 

𝑉A= Thiosulphate volume for Activated Carbon  

W = Weight of Activated Carbon 
 

4.4 Moisture content 
 

Determining the moisture content of AC produced from biowaste is a crucial parameter in 
assessing its quality. Various studies have investigated the production of AC from different biowastes 
like areca nut waste (Batu et al. 2022), mixed sugarcane bagasse and Rambutan twigs (Ariany 2018), 
sago residues (Kunusa et al. 2021), urban organic waste (Haji 2013), and organic waste with high 
water content (Min and Li 2022). The moisture content of AC plays a significant role in its 
adsorption capacity and overall effectiveness. Research findings indicate that moisture content 
values ranged from 1.11% to 7.17% in different biowaste-derived activated carbons, highlighting 
this parameter’s importance in determining the final product’s quality and performance. Proper 
control and measurement of moisture content are essential in optimizing the production process and 
ensuring the desired characteristics of the activated carbon. Both AC samples, weighing 10g each, 
were placed in the crucible and weighed. Subsequently, they were heated for three hours in an oven 
at 105–110°C. The samples were then cooled in a desiccator, and the weight of the dried samples 
with the crucible was recorded. Eq. (2) was used to calculate the moisture content (Temitayo 2021). 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡(%) =
𝐴 − 𝐵

Ws
 (2) 

where,  

A = weight of empty crucible + original sample weight  

B = weight of empty crucible + dried sample weight 

WS = weight of the original sample 
 

4.5 Ash content 
 

Numerous research studies have underscored the importance of ash content in assessing the 
efficacy of activated carbon. In some previous studies (Ariany 2018), the significance of ash content 
and pH in producing premium AC was highlighted. Each of the two AC samples, weighing 5g, was 
placed in a crucible and weighed. Subsequently, the samples underwent a three-hour heating process 
at 900°C in a muffle furnace. After cooling in a desiccator, the samples were re-weighed to determine 
the ash content using equation 3 outlined by the study (Temitayo 2021). 

𝐴𝑠ℎ 𝐶𝑜𝑛𝑡𝑒𝑛𝑡(%) =
𝐶 − 𝐷

Ws
 (3) 
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where, 

 C = weight of empty crucible + original sample weight 

 D = weight of empty crucible + dried sample weight 

 WS = weight of an original sample 
 
4.6 Volatile content 
 
Two samples containing 1g each were weighed using a crucible with a lid. Then, they were heated 

for 8 minutes at 900°C in a muffle furnace. After cooling, the samples were weighed again, and the 

volatile content was determined using equation 4 (Temitayo 2021). 

𝑉𝑜𝑙𝑎𝑡𝑖𝑙𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡(%) =
(100(𝐴 − 𝐵) − 𝑀𝑐(𝐴 − 𝐺)

(𝐴 − 𝐺)(100 − 𝑀𝑐)
∗ 100 (4) 

where, 

A = Weight of empty crucible + original sample weight  

B = Weight of empty crucible + dried sample weight 

G = Empty crucible mass  

𝑀c = Moisture content of the sample (%) 

 
4.6 Bulk density 
 
The methodology for determining bulk density was conducted by the guidelines provided by 

Sugumaran (2012), albeit with slight modifications. A glass vessel with a volume of 20 mL was 

employed to contain a specified amount of 42-mesh powdered carbon specimens sourced from 

SDAC, WNAC, and UC, subsequently subjected to drying in an oven at a temperature of 108°C for 

one night. After this, the cylinder was gently tapped to consolidate the carbon material for 2-3 

minutes. The bulk density was computed using the prescribed formula in equation 5 and denoted in 

grams per millimetre.  

𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 =
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒 (𝑑𝑟𝑦)

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑀𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝐶𝑦𝑙𝑖𝑛𝑑𝑒𝑟
∗ 100  (5) 

 

4.7 FTIR analysis 
 
Spectrum One FTIR equipment and spectrum analysis software subjected the samples to FTIR 

analysis. 0.6g of AC and an equal volume of potassium bromide (KBr) were combined to prepare 

the sample. After this combination was ground into a uniform powder in a mortar, it was formed 

into very thin plates. These plates were placed into the spectrophotometer for examination with a 

wavenumber ranging from 4100 to 360 cm⁻¹ (Patil and Hedaoo 2023, 2024, 2025). 
 

 

5. Results and analysis 
 
5.1 Proximate analysis 
 
Fig. 3 shows the graph of carbonization temperature and iodine value, indicating that the iodine 

value increases with a rise in carbonization temperature up to 600°C. By reaching a temperature of  
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Fig. 3 The impact of activation temperature on iodine number 

 
Table 1 Summary of activated carbon characteristics at different carbonization temperatures 

Temperature 

(°C) 

Biomass 

Type 

Yield 

(%) 

Moisture Content 

(%) 

Ash Content 

(%) 

Volatile Matter 

(%) 

Iodine Value 

(mg/g) 

300 Sawdust 42 7.2 5.5 12.3 110.40 

300 Walnut Shell 38 6.9 4.8 13.5 102.60 

600 Sawdust 33 6.8 4.0 7.89 150.47 

600 Walnut Shell 30 5.8 3.0 10.82 1200.00 

700 Sawdust 28 6.5 4.5 6.4 100.25 

700 Walnut Shell 24 5.4 3.3 8.7 980.12 

 

 

700°C, the iodine value decreases. This shows that the optimum temperature for carbonization is 

600 °C.  

The findings of the proximate analysis are presented in Table 1. The ACSNI 06-3730-1995 

standard shows that the maximum ash content is 10%, the maximum moisture content is 15%, and 

the minimum iodine absorption is 750 mg/g. The moisture content was 5.8% in walnut AC and 6.8% 

in sawdust AC. The calculated ash content was 3% in walnut AC and 4% in acceptable sawdust AC. 

The volatile content in walnut AC is 10.8%, and sawdust AC contains 7.89% of volatile matter. All 

the parameters are in the acceptable range. 

 
5.2 Iodine absorption analysis 
 
The iodine number is a basic measurement to approximate the AC surface area at room 

temperature. It plays a crucial role in determining the permeability and adsorptive capacity of the 

material. The higher iodine values found in some carbon samples are mainly explained by a large  
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Fig. 4 Dose-wise Iodine absorption value 

 

 

microporous structure and the possibility of a huge surface area due to aperture structure expansion 

(Ekpete 2011). The findings of iodine removal from different carbon samples dosed at 0.3g, 0.5g, 

and 0.7g are shown in Figure 4. iodine number determination, aliquots of carbon samples weighing 

0.3g, 0.5g, and 0.7g were placed into 250 cm³ conical flasks and treated with 10 cm³ of 5% 

hydrochloric acid (HCl), followed by agitation. Subsequently, 100 mL of a stock iodine solution, 

prepared by dissolving 2.4 g of iodine and 4.0 g of potassium iodide (KI) in 1 liter of deionized 

water (DI) and previously standardized against a 0.1 M solution of sodium thiosulfate, was added to 

each flask. The resulting mixture was agitated for 20 minutes before filtration through filter paper. 

A 30 mL aliquot of the filtrate was then titrated with 0.1 M sodium thiosulfate solution, with starch 

serving as the indicator. The percent iodine adsorbed by each carbon was calculated using Equation 

6 (Ekpete 2017). 

[𝑚𝐿 𝑜𝑓 𝑁𝑎2𝑆2𝑂3 𝑖𝑛 𝑏𝑙𝑎𝑛𝑘 −  𝑚𝐿 𝑜𝑓 𝑁𝑎2𝑆2𝑂3 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒]

𝑚𝐿 𝑜𝑓 𝑁𝑎2𝑆2𝑂3 𝑖𝑛 𝑏𝑙𝑎𝑛𝑘
∗ 100 (6) 

The findings clearly show that the iodine value of all samples rose as sample concentration 

increased. Of the concentrations used, SDAC had the greatest iodine value. The significant 

difference between UC and SDAC/WNAC is ascribed to a sizable microporous structure, most likely 

made possible by chemisorption processes during carbonization and activation. The activating 

agents’ different reactivity rates cause the difference between SDAC and WNAC. 

 
5.3 SEM Analysis 
 
The surface morphologies of the produced AC were analyzed using SEM. Fig. 6(a)-(c) 

demonstrates SEM images of sawdust AC at 10000x, 5000x, and 1000x magnifications, respectively. 

Fig. 8(a)-(c) shows SEM images of walnut shell AC at 100x, 10kx, and 3kx magnifications, 

respectively. It can be seen that there are fine pores visible within the microstructure of AC. Walnut 

shell AC contains more pores than sawdust AC. There are several cavities on the external of the AC. 

The particles appeared to be randomly oriented and dispersed throughout the samples. The 
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Fig. 5 EDS Spectrum of Walnut Shell AC: a) SEM Image b) EDS Spectrum c) Elemental Composition 

 

 

Fig. 6 SEM image of Sawdust-AC a) 1𝜇𝑚(10𝐾𝑋) b) 3 𝜇𝑚(5𝐾𝑋)c) 10 𝜇𝑚(1KX), d) 30 𝜇𝑚(500X) 

 

 

particle size of walnut AC was in the range of 5.17-20.62 μm, And that of sawdust AC was in the 

range of 2.5-11.48 μm.  

 
5.4 Energy-dispersive spectroscopy (EDS) 
 
EDS spectra were carried out to analyse the changes in the elemental composition of activated 

carbon. In Figures 5 and 7, the first image is SEM, the second is the EDS spectrum, and the third 

shows the walnut shell AC’s and sawdust AC’s elemental composition, respectively. The percentage 

of carbon in this composition is high, followed by oxygen. 
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Fig. 7 EDS Spectrum of Sawdust AC: a) SEM Image b) EDS Spectrum c) Elemental Composition 

 

 

Fig. 8 SEM image of Walnut shell-AC a) 100 𝜇𝑚(100X) b) 1 𝜇𝑚(10𝐾𝑋) c) 3 𝜇𝑚 (3𝐾𝑋),  𝑑) 10 𝜇𝑚 (1 

KX) 

 
 

5.5 CHSNO 
 
The initial carbon content of sawdust and walnut shells was evaluated. Table No. 2 shows that 

walnut shells have a higher carbon content than sawdust. 

Table 3 shows the CHNSO values of sawdust and walnut shell AC. The developed molecular  
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Table 2 Carbon content in raw materials 

Specimen Carbon % 

Walnut shell 41.65 

Sawdust 37.7 

 
Table 3 CHNSO result 

Specimen Carbon % Hydrogen % Nitrogen % Sulphur % Oxygen % 

Walnut shell AC 66.21 1.03 0.19 0.39 22.68 

Sawdust AC 49.07 2.99 0.29 0.21 10.35 

 

 

 

Fig. 9 (a) Spectra Analysis of UC (b) Spectra Analysis of SDAC and WNAC 
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formula (not a chemical formula) of the sawdust-AC C625H454N11SO99 and that of walnut shell- 

AC  C405H75NS2O  The number below represents the atom present in the element. The carbon 

content of walnut shell AC is higher than sawdust AC. 

 
5.6 FTIR analysis 
 
As seen in Figs. 9(a) and (b), the samples’ Fourier transform infrared analysis reveals similar 

peaks and values, suggesting a single source origin. A few of the most notable peaks are explained 

here. Fig. 10(a) (UC) displayed a broad band extending from 3500 to 3000 cm⁻¹, whereas Fig. 10(b) 

SDAC and WNAC showed strong broadband signals at 3438 and 3437 cm⁻¹, respectively. Whereas 

the wideband signal in UC most likely came from hydroxyl groups, the signals in SDAC and WNAC 

correlated with alcohols’ -OH group vibrations. C-H stretching vibrations were correlated with 

common peak positions of 2921 cm⁻¹, 2852 cm⁻¹, and 1382 cm⁻¹ found in all samples. In SDAC and 

WNAC, bands in the 1633–1644% cm⁻¹ range were noticeable, they were particularly strong in UC. 

The former was linked to C=C alkene stretching, while the latter was probably caused by C=O 

stretching vibrations, which might have come from amides. (Patil and Hedaoo 2023) 

Two bands in the 1100 to 1110 cm⁻¹ range were found in SDAC, WNAC, and UC, while one 

unique band at 1035 cm⁻¹ was found only in SDAC. The lack of bands at 1465 cm⁻¹ and 1401 cm⁻¹ 

in WNAC and SDAC, which were present in UC, implies that a chemical change happened during 

activation. Moreover, the band shifts and presence or absence changes in SDAC and WNAC show 

different responses to the corresponding activating agents. 
 
5.7 Yield of activated carbon 
 
The yield of activated carbon at different carbonization temperatures was determined based on 

the weight difference between the dried raw material and the final activated carbon product. The 

observed yields were as at 300°C: 38–42%, 600°C: 30–35% ,700°C: 24–28%. A general trend of 

decreasing yield with increasing temperature was observed, which is attributed to enhanced 

decomposition and volatilization of non-carbonaceous content at higher temperatures. 

 
 
6. Conclusions 
 

This study presents a sustainable approach to producing high-quality activated carbon from 

biowaste materials, specifically sawdust and walnut shells, using chemical activation with 

phosphoric acid (H₃PO₄). Walnut shell-derived AC exhibited 36.5% higher carbon content than 

sawdust-based AC, indicating superior performance for adsorption and energy storage applications. 

The study confirms that 600°C is the optimal activation temperature, yielding the highest iodine 

value and improved porosity. Activation at 700°C resulted in reduced adsorption efficiency due to 

possible structural degradation of the material. The AC samples were thoroughly characterized using 

SEM, FTIR, CHNSO, and proximate analysis. The walnut shell AC exhibited smaller pore sizes and 

a more heterogeneous structure, thereby enhancing its adsorptive behavior. These findings 

demonstrate the viability of converting agricultural waste into functional, eco-friendly adsorbents, 

supporting the circular economy by transforming waste into valuable products.  

While the study highlights promising results, limitations include the absence of advanced 

characterization techniques, such as BET surface area analysis and X-ray diffraction (XRD), due to 
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equipment constraints. Future work should integrate these methods to gain a deeper understanding 

of surface area, crystallinity, and pore structure. Overall, this research validates the potential of 

biowaste-based AC for scalable applications in filtration, CO₂ capture, and energy storage sectors. 

 

 

7. Future recommendations 
 
Future research should prioritize the scaling up of activated carbon production to assess its 

industrial feasibility and economic viability. Investigating alternative chemical activators such as 

potassium hydroxide (KOH) and zinc chloride (ZnCl₂) could further enhance the porosity and 

adsorption capacity of biowaste-derived AC. Additionally, studies should investigate the impact of 

varying phosphoric acid (H₃PO₄) concentrations on pore structure development and overall carbon 

yield. To gain deeper insights into the material’s structural properties, the application of advanced 

characterization techniques such as BET surface area analysis, X-ray diffraction (XRD), and 

nitrogen adsorption-desorption at 77 K is strongly recommended. 

Lastly, real-world performance evaluation of the produced AC in applications such as wastewater 

treatment, air purification, and energy storage would help validate its practical utility and support its 

commercial deployment. 
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