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Abstract 

Biochar and Activated carbon derived from cashew bagasse waste (CBB and CBAC), are veritable 

materials produced from agro-waste. They are currently under-utilized owing to paucity of information 

in their recycling methods which reduces agricultural waste from the environment. This study 

investigates the use of under-utilized cashew bagasse waste in the production of biochar and activated 

carbon using pyrolysis and chemical activation methods, respectively. Cashew bagasse waste was 

pyrolysed at 4000C for 20mins at 100C/min. The biochar was chemically activated using 0.3M 

orthophosphoric acid (H3PO4) at an impregnation ratio of 1:2.36(w/w). It was heated at 1000C to form 

a paste and placed in a muffle furnace at 5000C for 30 mins. This was cooled and washed until pH was 

neutral. It was oven dried at 1050C for 24 hours to a constant weight to produce CBAC 

Characterization of CBB and CBAC for its pH, bulk density, and moisture content, dry matter, volatile 

matter, and fixed carbon were determined. FTIR and SEM analysis on CBB and CBAC was done to 

determine the functional groups and surface morphology, respectively. The Data obtained were 

analyzed using descriptive statistics and ANOVA at P value < 0.05. This study, therefore, revealed 

CBAC to have better characteristics than CBB. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

Cashew (Anarcardium occidentalis) is a tree of potential significance in the developing tropical world. 

They are widely grown and distributed in South Western and North Central Nigeria, due to the 

economic potential of the seeds. Manufacturing confectionery companies in Nigeria, process cashew 

fruits in combination with other fruits into fruit juice, as they are rich in mineral nutrients such as 

(calcium, iron,  potassium) and vitamin C [1]. 

However, cashew bagasse, residue remaining after nut and juice extraction are discarded as 

agricultural waste, due to its astringent taste and high tannin content of 0.64mg/100g that decreases 

palatability and digestibility [1]. This agro-waste is however a potential material contributing to the 

productivity and sustainability of animal farming (aquaculture) in Nigeria. 

Biochar are pyrogenic materials of porous carbonaceous nature with various processing potentials [2].  

They are produced during thermochemical decomposition of biomass feedstock or agro waste 

materials in the presence of little or no oxygen [3]. The conventional carbonization method for biochar 

production is pyrolysis, as biochars from other methods generally do not meet biochar definition as 

specified in the European Biochar Certificate guidelines [4].  

 The biomass feedstock or agro waste materials for biochar production  include organic waste materials 

like crop and forest residues such as; wood chip, algae, sewage sludge, manures, and organic municipal 

solid wastes [5]. Biochar after chemical activation are precursors of activated carbon of high 

adsorption and coagulation ability [2, 6, 7]. They are amorphous compounds produced from carbon 

containing materials, with their quality depending on several other factors, such as carbonization 

temperature, activation time, residence time and particulate matter size [7].  Several modification 

processes are involved in activated carbon production; which includes physical and chemical 

modification [7]. 

The preparation, processing, application of biochar and activated carbon from cashew bagasse, has 

become a current veritable material that are under-utilized in sustainable aquaculture practices in the 

developing world. This is due to paucity of information in their recycling methods, which help reduce 

agro-environmental waste. This study therefore investigates the use of under-utilized cashew bagasse 

waste in the production of biochar and activated carbon using pyrolysis and chemical activation 

methods, respectively. 

 



2. Experimental 

In this study, fresh cashew fruits were harvested from Landmark University, Omu-Aran Kwara State, 

Nigeria. The fruits were firstly washed thoroughly with distilled water to remove physical dirt and 

impurities. Thereafter, the nuts were removed manually and the juice squeezed out using muslin cloth 

after blending to a paste, leaving behind the residue (cashew bagasse). The bagasse was later sundried 

for 2 hours and weighed on OHAUS electronic weighing sensitive scale (PA4102). It was later oven 

dried at 1050C for 24 hours using Gen Lab oven (B8A76740) till a constant weight was obtained. This 

was further crushed with mortar and pestle to reduce the particle size. 

2. 1 Preparation of cashew bagasse biochar (CBB) 

Pyrolysis of cashew bagasse was carried out at Animal Science Laboratory, Landmark University, 

Omu-Aran, Kwara State, using a box type muffle furnace (NC-26) at 4000C for 20 mins, at a heating 

rate of 100C/min.  The carbonized sample was then placed in Clifton water bath (NE2-22D) to cool 

down furnace heating effect on the biochar. It was then crushed with Euro premium grinder (EP-06) 

to reduce particle size and sieved with 2mm sieve to obtain fine particle size. It was then packaged in 

air tight bottles in preparation for further analysis. 

2. 2 Preparation of cashew bagasse activated carbon (CBAC) 

Preparation for CBAC was done according to methods carried out by Ekpete and Horsfall, [8], with 

slight modifications. 50g of CBB was carefully weighed and placed in 1 liter beaker containing 1000ml 

of 0.3mol/dm3 of diluted ortho-phosphoric acid (H3PO4) as the activating agent. The content of the 

beaker was thoroughly mixed using a magnetic stirrer and boiled down on a hot plate, at a mild 

temperature of 1000C until a paste was formed. 

 The paste was later transferred to an evaporating dish and placed in the furnace at a temperature of 

5000C for 30mins, to remove impurities. It was then allowed to cool down in a desiccator and washed 

with distilled water to remove the acid until a neutral pH was obtained. 

Afterwards, it was oven dried at 1050C for 24 hours to a constant weight and sieved to 100µm mesh 

size to obtain fine powdered activated carbon and later kept in air tight plastic containers prior to other 

analysis. 

 

 

 



2. 3 Biochar yield and characterisation of biochar and activated carbon 

Biochar and activated carbon produced from cashew bagasse and kariya leaf were characterised to 

determine their basic properties. The characterisation includes analysis of; pH, bulk density, volatile 

matter, fixed carbon, moisture content, dry matter, and biochar yield.  

                          

Figure 1. Cashew bagasse (CB)         Figure 2. CB biochar                 Figure 3. CB activated carbon 

2.3.1 Biochar yield  

The biochar yield (percentage of biochar obtained after pyrolysis) was calculated using the formula 

adopted from Omoniyi and Salami [9]. 

 % Biochar yield     =    W1     X   100                                       

                                        W2  

Where, 

W1 = Weight of the plant materials after pyrolysis  

W2 = Weight of plant materials before pyrolysis (the oven dry weight of the sample)   

2.3.2 pH determination 

The pH of CBB and CBAC were determined according to a method carried out by Anisuzzaman et 

al., [10].  1g of each sample was put into a 250ml Erlenmeyer flask. Afterwards, 100ml of distilled 

water was added and heated up on a hot plate at 1000C for 5 mins under gentle boiling conditions. 

After cooling to room temperature, it was further diluted to 200ml with distilled water. The solution 

was stirred with a magnetic stirrer, with pH readings recorded using a digital pH meter (PHS-3C). All 

biochar and activated carbon samples were run in triplicates.  



 

2.3.3 Bulk density determination 

The Bulk Density for CBAC and CBB were determined following Dada et al., [11] method using 

Archimedes’ principle.  Empty measuring cylinder of 10cm3 was weighed and recorded. This was 

followed by weighing and recording the measuring cylinder after filling it with distilled water, up to 

the 10cm3 mark. The measuring cylinder was later emptied and dried, before filling it with CBAC and 

CBB to 10cm3 mark and later reweighed. 

 The weight of CBAC and CBB samples in the measuring cylinder was determined from the difference 

in weight of filled and empty measuring cylinder. The volume of water in the cylinder was ascertained 

by taking the difference in weight of the empty and water filled-measuring cylinder. The bulk density 

of samples were determined using the equation below;  

Bulk density =    W2 − W1   

                                                 V  

Where, 

W1= Weight of empty measuring cylinder 

W2 = weight of cylinder filled with sample 

V = volume of cylinder 

2.3.4 Volatile matter and fixed carbon determination 

This was determined according to a method carried out by Ekpete and Horsfall, [8], with slight 

modifications.  An evaporating dish was pre-heated in the muffle furnace to 500oC, allowed to cool in 

a desiccator and weighed. Ig each of CBAC and CBB   in the dish were placed in the oven at 105oC 

for one hour.  

The weight of the dried sample was taken and placed in a muffle furnace at 500oC for 10 mins to 

determine the measure of non-water gases formed from the sample. This was later removed and 

allowed to cool in a desiccator to room temperature to prevent atmospheric moisture absorption and 

reweighed. Volatile matter was determined using the equation below; 

 

% Volatile matter =   Weight of sample after oven dry-weight of sample after furnace   X 100%                      

Weight of sample after oven dry 

The Fixed carbon content of CBAC and CBB samples were determined using the formula; 

 % Fixed carbon content   = 100% - (% Volatile matter + % Ash content). 

 



2.3.5 Moisture content and dry matter determination  

The moisture content of CBAC and CBB were determined according to method carried out by Ekpete 

and Horsfall, [8]. 1g of each sample was weighed into a washed crucible that has been dried and 

weighed. The sample was then oven dried at 1100C for 2 hours to constant weight, using Gen Lab 

oven (B8A767400). 

The samples were later removed from the oven and rapidly transferred into the desiccators to cool 

down to prevent moisture absorption from the atmosphere. It was later reweighed immediately to 

determine moisture loss.  

The moisture content was determined using the formula;   

% Moisture content      =       W2 − W3             X      100                                                

                                                  W2 − W1   

Where,   

W1 = weight of crucible,   

W2 = initial weight of crucible with sample before oven dry,  

 W3 = final weight of crucible with sample after oven dry 

The Dry matter content of biochar and activated carbon samples were determined using the formula;   

 % Dry matter    =    100- (% Moisture content) 

 

2.4  SEM and FTIR analysis 

Scanning Electron Microscopy (S.E.M) and Fourier Transform Infrared Spectroscopy (F.T.I.R) 

analyses were carried out to determine the surface morphology and functional groups present in CBAC 

and CBB, respectively. The SEM analysis was carried out using PRO: X: Phenonm World machine, 

Serial number MVE01570775 and Model Number 800-07334. The FTIR analysis was carried out 

using (FTIR-IR Affinity-1S Shimadzu, Japan).



3. Result  

3.1 Biochar yield of cashew bagasse  

 The result of biochar yield obtained after pyrolysis of cashew bagasse is presented in Table 1. 

 

Table 1. Biochar yield 

Plant material  Dry weight Pyrolysis 

temperature  

Residenc

e  

time 

Weight of biochar  % 

yield  

Cashew 

bagasse 

230.17g      4000c 20mins 92.82g 40.33 

 

3.2 Characterisation of biochar and activated carbon 

The characterisation results of CBB and CBAC based on pH, bulk density, volatile matter, fixed 

carbon, moisture content and dry matter are depicted in Table 2 and 3, respectively.  

 

Table 2. Characterisation result of cashew bagasse biochar 

Coagulants  pH Bulk  

Density 

Ash  

content 

Moisture 

 content 

Dry  

matter 

Volatile 

 matter  

Fixed  

carbon 

CBB 7.68±0.0

6 c 

 0.18 

±0.01 ab 

1.09 

±0.03 a 

6.67 

±0.33 b 

93.33 

±0.33 a 

68.67 

±3.18 a 

30.24 

±3.20 c 

 

Table 3. Characterisation result of cashew bagasse activated carbon 

Coagulants        pH Bulk  

Density 

Ash  

content 

Moisture 

 content 

Dry  

matter 

Volatile 

 matter  

Fixed  

Carbon 

CBAC 6.13 

±0.03 f 

0.20 

±0.01 a 

1.01 

±0.06 a 

16.00 

±0.58 ab 

84.00 

±0.58 ab 

29.67 

±5.21 c 

69.32 

±5.16 a 

 
Legend: CLAC = Cashew Leaf Activated Carbon; CLB = Cashew Leaf Biochar; KLAC = kariya leaf Activated Carbon; 

KLB = kariya leaf Biochar; CBAC = Cashew Bagasse Activated Carbon; CBB = Cashew Bagasse Biochar. Means with 

different superscript alphabets along horizontal columns are significantly different (p<0.05) while means with the same 

superscript alphabet are not significantly different (p>0.05). Means with different superscript alphabets along the vertical 

column are significantly different (p<0.05) while means with the same superscript alphabet are not significantly different 

(p>0.05). 

 



4. Discussion 

4.1 Biochar yield of cashew bagasse 

Studies have shown that increase in pyrolysis temperature and residence time of biomass feedstock, 

generally decreases biochar yield [12, 13]. This observation is in agreement with studies carried out 

by Nwajiaku et al., [12],  as sugarcane bagasse of 10kg pyrolysed  at 400°C for 10 mins with  24% 

biochar yield,  dropped to 22% when pyrolysed at 700°C  for 10mins. Although sugarcane bagasse 

yield at 4000C, is still lower compared to 40.33% obtained for cashew bagasse from 230.17g when 

pyrolysed at 4000C for 20 mins. However, this may be due to the high lignin content of cashew bagasse 

contributing to high biochar yield, since lignin generally contains more than 60% carbon as shown in 

previous findings of lignocellulosic and cellulose materials  [14, 15]. 

4.2 pH 

The pH of carbon materials affects their surface charge, stabilization and solubility of coagulants aids 

in wastewater which ultimately affects their ability to remove pollutants from wastewater [16]. The 

pH of CBB after carbonization of 7.68±0.06 c was alkaline in nature .Similar findings have also been 

obtained by Nwajiaku et al., [12],  for sugarcane bagasse biochar, having pH value of 8.3±0.1.This 

observation is in agreement with the statement of Ortiz et al., [17], that biochar  pH are  generally 

alkaline in nature. The pH ranges from of 7.1 to 10.5 especially when pyrolysed at high temperature 

resulting in the loss of acidic functional groups that are replaced with alkali salts and alkaline earth 

metals such as carbonates and silicates that contribute to biochar alkalinity [18, 19, 20].  

However, the observed pH for CBAC of 6.13 ±0.03 f was slightly below neutral, showing it has some 

acidic property [21].  Studies have also shown that biochar modification using acid generally 

introduces acid functional groups onto the surface of activated carbons [4].  

This also agrees with the study carried out by Ekpete and Horsfall, [8], on chemical activation of 

biochar from fluted pumpkin stem with (H3PO4) as activation agent, with pH value of 6.7 under similar 

condition. Ortho-phosphoric acid (H3PO4) has shown according to several literatures as the most 

effective activating agent used in the production of activated carbon with more pores, surface area and 

functional groups for effective coagulation and adsorption [21, 22, 23]. 

 

 



 4.3 Bulk density 

The bulk density of CBB and CBAC was carried out to determine their floatability property, whether 

they   will either sink or float in contact with wastewater, since carbon materials with bulk densities 

less than 1 g/cm3 will generally float and may also suffer from handling and processing difficulties. 

Thus, requiring biochar materials to be in granules or pellet form before usage [24, 25]. The bulk 

densities for CBB and CBAC were 0.18±0.01 g/cm3 and 0.20±0.01 g/cm3. This shows they will both 

initially float when in contact with water. However, as water penetrates the air-filled pores of both 

biochar and activated carbon, their functional densities gradually increase, causing both biochar and 

activated carbon to sink afterwards [25]. 

Bulk density results obtained in this study were similar to results obtained from a study on plantain 

fruit stem pyrolysed at 4000C for 1 hour as carried out by Ekpete et al., [8]. The plantain fruit stem 

had bulk density value of 0.32±0.05 g/cm3 after activation with ortho-phosphoric acid (H3PO4) 

.However, bulk density 0.27 g/cm3 and 0.56 g/cm3 obtained for biochar and activated carbon 

respectively by  Berger [26], were higher compared to the results obtained in this study.  

4.4 Ash content  

Carbonaceous materials which are inorganic, unstable, inert and amorphous in nature, are burnt off 

during carbonization leaving a residue called ash [21]. The ash content of CBB and CBAC were 

carried out to know the amount of carbon materials burnt off during the carbonization process, as it 

affect their quality [27]. CBB and CBAC with low ash content values of 1.09±0.03% and 1.01±0.06 a 

respectively, is normal particularly for pure organic materials bereft of impurities, which makes them 

more controllable especially when incorporated into soils.  

This also implies that CBB is suitable for use as phyto-coagulants since almost all was converted to 

carbon [8] , compared to high ash content values observed in other studies, which indicates high 

mineral impurities, majorly sand [15,20, 28,].  Increase in pyrolysis temperature causes build-up of 

inorganic elements, formation of mineral salt and silica content present in the raw materials, might 

have also contributed to the high ash content values observed in other studies [27, 29, 30].  In addition, 

excessive ash content clogs the pores attached to the surface of carbon materials, which further reduces 

their surface area, mechanical strength and coagulative ability 

 



4.4 Moisture content and dry matter 

The moisture content of CBAC and CBB were carried out to determine their hygroscopic properties. 

As carbonization time increases more pores unclog with more water given off [31]. CBB has moisture 

content and dry matter of 6.67±0.33% and 93.33±0.33%, respectively. This low moisture content 

shows it has high potential for storage over an extended period of time without absorbing excessive 

moisture within the environment [32].  

However, the moisture content  and dry matter for CBAC of 16.00 ±0.58% and  84.00 ±0.58% 

respectively,  was higher than that of rice husk activated carbon of  6.20% at  4000C  for 90mins [33]. 

This was slightly above 15% maximum for moisture content present in activated carbon according to 

Indonesian Standard SNI No. 06-3730-199 [33]. 

In addition, some biochar materials when stored under humid conditions tend to absorb considerable 

amounts of moisture up to 25 to 30 % from the atmosphere during their cooling process, due to their 

hygroscopic characteristics [32, 34]. 

 Although, they tend to look dry while weighing and packing them for further analysis. However, this 

is because, after activation the pores present on the surface of the activated carbon becomes bigger, 

which automatically increases its surface area. This results in further increases the capacity of activated 

carbon to absorb more moisture from the atmosphere [35].  

Also, the activation process of CBAC using orthophosphoric acid (H3PO4) further introduces 

functional groups like carboxyl and hydroxyl groups onto the surface of the activated carbon. This 

increases its absorption capacity for polar molecules like water vapour, which increases its moisture 

content [36]. In addition, the washing process of activated carbon with deionised water to remove 

orthophosphoric acid (H3PO4) as part of the activation process, causes the activated carbon to swell, 

hence its observed high moisture content compared to its biochar [37]. 

 

4.5 Volatile matter 

The volatile matter of CBB and CBB were carried out to determine the portion of carbon materials 

given off as gases and volatile liquids, during pyrolysis.  Examples of such gases given off includes; 

methane (CH4), carbon monoxide (CO), hydrogen (H2), including non- combustible gases like CO2 

and H2O [38]. Volatile matter of CBB of 68.67±3.18%, was lower than that of CBAC of 29.67±5.21%. 

The high volatile matter content present in CBB shows they are good precursors for activated carbon.  

 



Volatile matter are mostly released at high levels when pyrolysis temperature is between 400-500°C 

[39]. This was actually observed in the case of CBB having high volatile matter content of 68.67 %, 

when pyrolysed at 400oC for 20 mins. Similarly, a study by Chen et al., [40] on municipal sewage 

sludge when pyrolysed at 900°C for 20min had volatile matter of 87.5%. However, when present in 

high concentration, they generally affect the stability and coagulation activity of the biochar as they 

fill the micropores attached to the biochar surface [41, 42].  

 Both CBAC and CBB exceeded the maximum volatile matter permitted by SNI 06-3730-1995 of 25% 

[43]. This significant reduction in volatile matter for activated carbon could be attributed to the 

activating agent used (H3PO4), as it has the ability to reduce the volatile matter content. It does this by 

modifying the properties and structure of activated carbon, as they degrade the organic material present 

in them, thereby weakening the surface structure of activated carbon. In the process, volatile matter is 

released and the level present in the activated carbon is further reduced [27, 37, 44].  

4.6 Fixed carbon  

The fixed carbon which represents the amount of solid carbon residue remaining after pyrolysis, is an 

important quality index for both biochar and activated carbon [45]. The lignin content in biomass 

feedstock majorly contributes to this and it is influenced by moisture content, volatile matter and ash 

content of carbon materials [46].   CBB had fixed carbon of 30.24±3.20% and CBAC had fixed carbon 

of 69.32±5.16%.  

The fixed carbon for CBAC was greater than that required by SNI 06-3730-1995 of 65% [43].The 

formation of a large amount of ash content actually reduces the amount of fixed carbon [45]. This was 

observed in the case of CBB having the least fixed carbon content of 30.24±3.20% with the highest 

level of ash content of 1.09±0.03%. 

 However, results obtained for sugarcane bagasse as observed in another study, contained more fixed 

carbon content of 54.55% with ash content of 10.25% under pyrolysis condition of 4000C for 20 mins 

[24]. This high value observed in sugarcane bagasse was because volatile matter was more released 

leaving a more stable biochar with volatile matter of 35.20%, compared to cashew bagasse biochar 

with a volatile matter content of 68.67±3.18 %. 

 

 

 



4.7 Scanning Electron Microscope (SEM) Analysis 

The surface morphology for CBB and CBAC at 500 x magnification are shown in Figure 4. CBB 

showed the presence of whitish particles and sticky structures on the biochar surface. This might be 

due to incomplete combustion during the carbonization process in the muffle furnace [47]. CBB also 

showed more coarse and compacted characteristics, including few pores and cavities.   

This observed morphology must have been attributed to countless volatile components in the form of 

organic matter and impurities present in the biochar before activation Organic matter decomposition 

during carbonization process however, must have led to the escape of several volatile components in 

the biochar which must have resulted into it having such morphology [48]. .Also the heterogeneous 

surface nature, and irregular shape of CBB suggests its efficient feasibility in the coagulation of heavy 

metals and organic pollutants [47]. 

However, for CBAC the SEM result was less compacted, having an uneven surface with well-

developed micropores of different shape and sizes. The developed micropores of different shape and 

sizes, resulting from the hollow structures must have been an indication of successful activation 

process of orthophosphoric acid (H3PO4), as a result of the heat treatment which erodes fine particles 

and open up the pores in the process [47].  In addition, the particle size for CBAC was smaller 

compared to CBB. This suggests a high degree of decomposition and chain break resulting from the 

various functions of H3PO4 and O2.  [49].   

    

(a) Biochar                                                                (b) Activated carbon 

                                Figure 4. Scanning Electron Microscope (500x)  



4.8 Fourier Transform Infra-Red (FTIR) Analysis 

 The analysis of CBAC and CBB showed the presence of several functional groups detected on their 

exterior at their peaks at different wavelengths as depicted in Figure 5. CBB had functional groups of 

O–H stretching, C-H stretching, C≡C stretching, C=O stretching, and C–N stretching. The presence 

of OH bonds shows that CBB tends to be more polar. However, CBAC had functional groups of C=O 

stretching, C=C stretching, C-C stretching, C–H stretching, C–N stretching and C-Cl stretching, The 

spectra for CBB had a long stretch bandwidth around 3500–3200 cm−1, while CBAC long stretch 

bandwidth was around 3500–2300 cm−1, both showing the presence of O-H and C-H functional groups 

located at different bandwidths.  

Also the wavelength located around peak 1620.40 cm−1 had the O-H functional group. The presence 

of O-H functional group could be attributed to some adsorbed water possibly from hydroxyl, carboxyl, 

alcohol or phenol  groups confirming the hydrophilic nature of the biochar [50], while C-H could be 

due to pyrolysis   process as well as chemical reactions taken place by the carbon surface material 

[51]. Also CBB, had its weak band at 2910.08 and 2752.11 cm−1 which were characteristic of aliphatic 

C–H and alkynes C≡C stretching. However, the CBAC weak band was at 2300.15 cm−1 which was 

characterized by O–H stretching. Also, the coagulation band of CBB had a sharp wavelength at peak 

1698.10 cm−1 and characterized by carbonyl C=O stretching. 

In the same vein, CBAC coagulation bands located around 1750.82 and 1698.10 were also attributed 

to the presence of carbonyl C=O functional group stretching. According to El Qada et al., [52], the 

presence of carbonyl functional groups in biochar makes them dissociate and become negatively 

charged which promotes the activities of electrostatic attraction between negatively charged 

pollutants. 

Also, CBB peaks at 1300.48 cm−1 were attributed to C–H bending vibration of alkenes, while peaks 

at 1224.60 cm−1 were attributed to C–H stretching alkane or alkyl groups associated with proteins. 

Whereas, CBAC sharp peaks of 1499.99 cm−1 were attributed to C–H bending vibration of alkenes. 

Also, CBB peaks at 749.11 cm−1 had CH out-of-plane deformation, while at peak of 624.30 cm−1 was 

CH bending vibrations observed. Also, at peak 592.25 cm−1 there was deformation of the C–H rocking 

vibration and at 520.00 cm−1 peak, there was a broad C–O–H twist. In contrast for CBAC, C-C 

functional groups were found around 700.65 cm−1 band width.  



More so, a slight decrease in intensities of various peaks that were observed in the case of CBAC 

compared to CBB. This might be due to loss of some acid-soluble components present in CBB [53].  

Biochar activation using orthophosphoric acid, helped increase the number of oxygen-containing 

functional groups including hydroxyl groups, carboxyl groups, and carbonyl groups on the carbon 

surfaces of CBAC. This is noticed in the higher removal of heavy metals by CBAC compared to CBB. 

This observation is also similar to findings obtained by [54]  

       

                            (a) Biochar                                                                 (b) Activated carbon 

                              Figure 5. FTIR spectrum of cashew bagasse  

 

 

5. Conclusion 

Characterisation of biochar and activated carbon produced from cashew bagasse showed that CBB 

had pH, bulk density, ash content, moisture content, dry matter, volatile matter and fixed carbon of 

7.68, 0.18%, 1.09%, 6.67%, 93.33%, 68.67% and 30.24%, respectively. However, the pH, bulk 

density, ash content, moisture content, dry matter, volatile matter and fixed carbon for CBAC was 

6.13, 0.20%, 1.01%, 16.00%, 84.00%, 29.67% and 69.32%, respectively. 

 The moisture content and ash content of CBB met the requirements of the National Industrial Standard 

06-3730-1995. Also activation of CBB with orthophosphoric acid (H3PO4) to produce CBAC further 

helped to improve the biochar characteristics. Hence, it can be concluded that CBAC can be used for 

other analyses like wastewater treatment.  

 

 



REFERENCES 

[1] Emelike, N. J. T., & Ebere, C. O. (2016). Effect of treatments on the tannin content and quality 

assessment of cashew apple juice and the kernel. European Journal of Food Science and 

Technology, 4(3), 25-36. 

[2] Man, K. Y., Chow, K. L., Man, Y. B., Mo, W. Y., & Wong, M. H. (2021). Use of biochar as feed 

supplements for animal farming. Critical Reviews in Environmental Science and 

Technology, 51(2), 187-217. 

[3] Xiang, Y., Xu, Z., Wei, Y., Zhou, Y., Yang, X., Yang, Y., Yang, J., Zhang, J., Luo, L., & Zhou, Z. 

(2019). Carbon-based materials as adsorbent for antibiotics removal: mechanisms and 

influencing factors. Journal of environmental management, 237, 128-138. 

[4] Enaime, G., Baçaoui, A., Yaacoubi, A., & Lübken, M. (2020). Biochar for wastewater treatment—

conversion technologies and applications. Applied Sciences, 10(10), 3492. 

[5] Xiong, X., Iris, K. M., Cao, L., Tsang, D. C., Zhang, S., & Ok, Y. S. (2017). A review of biochar-

based catalysts for chemical synthesis, biofuel production, and pollution control. Bioresource 

technology, 246, 254-270. 

[6] Azargohar, R., & Dalai, A. K. (2006). Biochar as a precursor of activated carbon. In Twenty-

seventh symposium on biotechnology for fuels and chemicals (pp. 762-773).  

[7] Haryanti, N. H., Husain, S., & Safitri, M. (2020).  Preliminary study of activated carbon from water 

chestnut (Eleocharis dulcis). In Journal of Physics: Conference Series 1572(1), 012053 

[8] Ekpete, O. A., & Horsfall, M. J. N. R. (2011). Preparation and characterization of activated carbon 

derived from fluted pumpkin stem waste (Telfairia occidentalis Hook F). Res J Chem Sci, 1(3), 

10-17. 

[9] Omoniyi, T. E., & Salami, H. A. (2018). Yield, characterization and potential application of 

activated carbon produced from Co–Pyrolysis of wood and plastic wastes as adsorbent for 

aquaculture wastewater treatment. In The Proceedings 12th CIGR Section VI International 

Symposium 22, p 25. 

[10] Anisuzzaman, S. M., Joseph, C. G., Daud, W. M. A. B. W., Krishnaiah, D., & Yee, H. S. (2015). 

Preparation and characterization of activated carbon from Typha orientalis 

leaves. International Journal of Industrial Chemistry, 6(1), 9-21. 

[11] Dada, A. O., Ojediran, J. O., & Olalekan, A. P. (2013). Sorption of Pb2+ from aqueous solution 

unto modified rice husk: isotherms studies. Advances in Physical Chemistry, 2013, 1-6. 

[12] Nwajiaku, I. M., Olanrewaju, J. S., Sato, K., Tokunari, T., Kitano, S., & Masunaga, T. (2018). 

Change in nutrient composition of biochar from rice husk and sugarcane bagasse at varying 

pyrolytic temperatures. International Journal of Recycling of Organic Waste in 

Agriculture, 7(4), 269-276. 



[13] Zhang, C., Zhang, Z., Zhang, L., Li, Q., Li, C., Chen, G., Zhang, S., Liu, Q., & Hu, X. (2020). 

Evolution of the functionalities and structures of biochar in pyrolysis of poplar in a wide 

temperature range. Bioresource technology, 304, 123002. 

[14] Jindo, K., Mizumoto, H., Sawada, Y., Sanchez-Monedero, M. A., & Sonoki, T. (2014). Physical 

and chemical characterization of biochars derived from different agricultural 

residues. Biogeosciences, 11(23), 6613-6621. 

[15] Li, J., Liang, N., Jin, X., Zhou, D., Li, H., Wu, M., &Pan, B. 2017. The role of ash content on 

bisphenol A sorption to biochars derived from different agricultural wastes. Chemosphere 171, 

66–73. 

[16] Ifeanyi, U., Chukwudi, M. M., & Okechukwu, O. D. (2012). Effect of coag-flocculation kinetics 

on telfairia occidentalis seed coagulant (TOC) in pharmaceutical wastewater. Int J 

Multidisciplin Sci Eng, 3(9), 22-33. 

[17] Ortiz, L. R., Torres, E., Zalazar, D., Zhang, H., Rodriguez, R., & Mazza, G. (2020). Influence of 

pyrolysis temperature and bio-waste composition on biochar characteristics. Renewable 

Energy, 155, 837-847. 

[18] Lehmann, J., Rillig, M. C., Thies, J., Masiello, C. A., Hockaday, W. C., & Crowley, D. (2011). 

Biochar effects on soil biota–a review. Soil biology and biochemistry, 43(9), 1812-1836. 

[19] Fuertes, A. B., Arbestain, M. C., Sevilla, M., Maciá-Agulló, J. A., Fiol, S., López, R., Smernik, 

R. J., Aitkenhead, W. P., Arce, F., & Macìas, F. (2010). Chemical and structural properties of 

carbonaceous products obtained by pyrolysis and hydrothermal carbonisation of corn 

stover. Soil Research, 48(7), 618-626. 

[20] Vassilev, S. V., Baxter, D., Andersen, L. K., & Vassileva, C. G. (2013). An overview of the 

composition and application of biomass ash. Part 1. Phase–mineral and chemical composition 

and classification. Fuel, 105, 40-76. 

[21] Umar, A., Munir, M., Riaz, M. A., Murtaza, M., Sultana, R., Srinivasan, G. R., Firdous, A., & 

Saeed, M. (2020). Properties and green applications based review on highly efficient deep 

eutective solvents. Egyptian Journal of Chemistry, 63(1), 59-69. 

[22] Dada, A. O., Olalekan, A. P., Olatunya, A. M., & Dada, O. J. I. J. C. (2012). Langmuir, 

Freundlich, Temkin and Dubinin–Radushkevich isotherms studies of equilibrium sorption of 

Zn2+ unto phosphoric acid modified rice husk. IOSR Journal of Applied Chemistry, 3(1), 38-

45. 

[23] Olakunle, M. O., Inyinbor, A. A., Dada, A. O., & Bello, O. S. (2018). Combating dye pollution 

using cocoa pod husks: a sustainable approach. International Journal of Sustainable 

Engineering, 11(1), 4-15.  

[24] Katyal, S., Thambimuthu, K., & Valix, M. (2003). Carbonisation of bagasse in a fixed bed 

reactor: influence of process variables on char yield and characteristics. Renewable 

Energy, 28(5), 713-725. 



[25] Brewer, C. E., Chuang, V. J., Masiello, C. A., Gonnermann, H., Gao, X., Dugan, B., Driver, 

L.E., Panzacchi, P., Zygourakis, K., & Davies, C. A. (2014). New approaches to measuring 

biochar density and porosity. Biomass and bioenergy, 66, 176-185. 

 [26] Berger, C. (2012). Biochar and activated carbon filters for greywater treatment-comparison of 

organic matter and nutrients removal. Uppsala, 2-45 

[27] Maulina, S., & Iriansyah, M. (2018, February). Characteristics of activated carbon resulted from 

pyrolysis of the oil palm fronds powder. In IOP conference series: materials science and 

engineering (Vol. 309, No. 1, p. 012072). IOP Publishing. 

[28] Mierzwa-Hersztek, M., Gondek, K., Jewiarz, M., & Dziedzic, K. (2019). Assessment of energy 

parameters of biomass and biochars, leachability of heavy metals and phytotoxicity of their 

ashes. Journal of Material Cycles and Waste Management, 21(4), 786-800. 

[29] Mopoung, S., Moonsri, P., Palas, W., & Khumpai, S. (2015). Characterization and properties of 

activated carbon prepared from tamarind seeds by KOH activation for Fe (III) adsorption 

from aqueous solution. The scientific world journal, 2015. 

[30] Haji, A. G., Pari, G., Nazar, M., & Habibati, H. (2013). Characterization of activated carbon 

produced from urban organic waste. International Journal of Science and Engineering, 5(2), 

89-94. 

[31] Siahaan, S., Hutapea, M., & Hasibuan, R. (2013). Determination of the optimum 

conditions of temperature and time of carbonization in the manufacture of charcoal from rice 

husks. USU Journal of Chemical Engineering, 2 (1), 26-30. 

[32] Utsev, J. T., Iwar, R. T., & Ifyalem, K. J. (2020). Adsorption of methylene blue from aqueous 

solution onto delonix regia pod activated carbon: Batch equilibrium isotherm, kinetic and 

thermodynamic studies. agricultural wastes, 4(5), 18-19. 

[33] Hanum, F., Bani, O., & Wirani, L. I. (2017).  Characterization of activated carbon from rice 

husk by HCl activation and its application for Lead (Pb) removal in car battery wastewater. 

In IOP Conference Series: Materials Science and Engineering (Vol. 180, No. 1, p. 012151). 

IOP Publishing. 

[34] 5.Haryanti, N. H., Husain, S., & Safitri, M. (2020, June). Preliminary study of activated carbon 

from water chestnut (Eleocharis dulcis). In Journal of Physics: Conference Series (Vol. 1572, 

No. 1, p. 012053). IOP Publishing. 

[35] Maulina, S., & Anwari, F. N. (2019, July). Comparing Characteristics of Charcoal and 

Activated Carbon from Oil Palm Fronds. In IOP Conference Series: Earth and Environmental 

Science (Vol. 305, No. 1, p. 012059). IOP Publishing. 

[36] Shomana, T., Botha, D. E., & Agachi, P. S. (2020). The water retention properties of biochar 

derived from broiler poultry litter as applied to the Botswana soil. Journal of Environment, 

Agriculture, and Energy 1, 67-72 



[37] Yakout, S. M., Daifullah, A. E. H. M., & El-Reefy, S. A. (2015). Pore structure characterization 

of chemically modified biochar derived from rice straw. Environmental Engineering & 

Management Journal (EEMJ), 14(2). 

[38] Kongprasert, N., Wangphanich, P., & Jutilarptavorn, A. (2019). Charcoal briquettes from 

madan wood waste as an alternative energy in Thailand. Procedia Manufacturing, 30, 128-

135. 

[39] Mitchual, S. J., Frimpong-Mensah, K., & Darkwa, N. A. (2014). Evaluation of fuel properties of 

six tropical hardwood timber species for briquettes. Journal of Sustainable Bioenergy 

Systems, 2014. 

[40] Chen, T., Zhou, Z., Han, R., Meng, R., Wang, H., & Lu, W. (2015). Adsorption of cadmium by 

biochar derived from municipal sewage sludge: impact factors and adsorption 

mechanism. Chemosphere, 134, 286-293. 

[41] Zimmerman, A. R. (2010). Abiotic and microbial oxidation of laboratory-produced black 

carbon (biochar). Environmental science & technology, 44(4), 1295-1301. 

[42] 11Mukherjee, A., Zimmerman, A. R., & Harris, W. (2011). Surface chemistry variations among 

a series of laboratory-produced biochars. Geoderma, 163(3-4), 247-255. 

[43] Budianto, A., Kusdarini, E., Effendi, S. S. W., & Aziz, M. (2019). The production of activated 

carbon from Indonesian mangrove charcoal. In IOP Conference Series: Materials Science 

and Engineering (Vol. 462, No. 1, p. 012006). IOP Publishing. 

[44] Ekpete, O. A., Marcus, A. C., & Osi, V. (2017). Preparation and characterization of activated 

carbon obtained from plantain (Musa paradisiaca) fruit stem. Journal of Chemistry, 2017. 

[45] Yang, X., Kang, K., Qiu, L., Zhao, L., & Sun, R. (2020). Effects of carbonization conditions on 

the yield and fixed carbon content of biochar from pruned apple tree branches. Renewable 

Energy, 146, 1691-1699. 

[46] Kabenge, I., Omulo, G., Banadda, N., Seay, J., Zziwa, A., & Kiggundu, N. (2018). 

Characterization of banana peels wastes as potential slow pyrolysis feedstock. Journal of 

Sustainable Development, 11(2), 14-24. 

[47] Obayomi, K. S., Bello, J. O., Yahya, M. D., Chukwunedum, E., & Adeoye, J. B. (2020). 

Statistical analyses on effective removal of cadmium and hexavalent chromium ions by 

multiwall carbon nanotubes (MWCNTs). Heliyon, 6(6), e04174. 

[48] Zubair, M., Ihsanullah, I., Aziz, H. A., Ahmad, M. A., & Al-Harthi, M. A. (2020). Sustainable 

wastewater treatment by biochar/layered double hydroxide composites: Progress, challenges, 

and outlook. Bioresource technology, 124128. 

[49] Lu, H., Zhang, W., Yang, Y., Huang, X., Wang, S., & Qiu, R. (2012). Relative distribution of 

Pb2+ sorption mechanisms by sludge-derived biochar. Water research, 46(3), 854-862. 



[50] Hadoun, H., Sadaoui, Z., Souami, N., Sahel, D., & Toumert, I. (2013). Characterization of 

mesoporous carbon prepared from date stems by H3PO4 chemical activation. Applied 

Surface Science, 280, 1-7. 

[51] Auta, M., & Hameed, B. H. (2011). Preparation of waste tea activated carbon using potassium 

acetate as an activating agent for adsorption of Acid Blue 25 dye. Chemical engineering 

journal, 171(2), 502-509. 

[52] El Qada, E. N., Allen, S. J., & Walker, G. M. (2008). Adsorption of basic dyes from aqueous 

solution onto activated carbons. Chemical Engineering Journal, 135(3), 174-184. 

[53] Bhatia, S. K., Gurav, R., Choi, T. R., Kim, H. J., Yang, S. Y., Song, H. S.,Park,J. Y., Park, 

Y.,Han., Y.H.,Choi., Y.K., Kim., S. H., Yoon,J. J., & Yang, Y. H. (2020). Conversion of 

waste cooking oil into biodiesel using heterogenous catalyst derived from cork 

biochar. Bioresource technology, 302, 122872. 

[54] Wang, L., Chen, L., Tsang, D. C., Kua, H. W., Yang, J., Ok, Y. S.,Ding, S., Chi, D.H., & Poon, 

C. S. (2019). The roles of biochar as green admixture for sediment-based construction 

products. Cement and Concrete Composites, 104, 103348. 


