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Abstract  Avocado seeds are produced as a byproduct 

in households and industrial settings where avocados are 

used. These seeds become waste without economic or other 

advantages if not appropriately managed. Moreover, 

technology is needed to transform avocado seed waste into 

products with economic or practical benefits. One such 

technology involves converting avocado seed waste into 

biochar. Biochar can enhance carbon sequestration, 

nutrient retention, and water retention in soil. This research 

examines how different pyrolysis temperatures affect the 

characteristics of biochar produced from avocado seeds. 

The results show that pore formation begins at 400 °C of 

pyrolysis, although it is more clearly visible at a 

temperature of 500 °C. FTIR analysis revealed that the 

available functional groups in the biochars were O–H, C-H, 

C=C, and C=O. The C content and C/N ratio of biochar 

increased with increasing pyrolysis temperature; however, 

H, O, N, H/C, and O/C decreased with increasing pyrolysis 

temperature. The dominant element content of avocado 

seed biochar is K2O, P2O5, and SO3, categorized as 

macronutrients. Through this analysis, the biochar from 

avocado seeds has the potential to serve as a soil 

amendment.  

Keywords  Avocado Seed, Biochar, Characteristics, 

Waste Management 

1. Introduction

The avocado stands out as a highly significant fruit due 

to its rich nutritional profile and is extensively consumed 

and cultivated globally [1]. The avocado is found 

abundantly in tropical and subtropical regions; the avocado 

has been historically consumed as a food source [2]. The 

processing of avocados in various industries results in 

substantial by-products, including avocado seeds. With an 

annual estimated production of four million metric tonnes 

of avocado fruit, the seed comprises approximately 

13–18% of the overall fruit [3]. 

Avocado seeds are produced by households and 
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industrial operations that utilize avocados. If not managed 

properly, avocado seeds become waste without economic 

or other benefits. Several of these by-products are presently 

not fully utilized, leading to increased waste disposal 

expenses through methods such as onsite incineration and 

landfill disposal. Furthermore, these practices contribute to 

environmental pollution and pose potential health risks. 

Avocado organic waste primarily consists of seeds and 

husks with a small amount of pulp. This waste is often used 

as fertilizer and a soil improver through landfilling and 

composting [4]. Avocado industrial processes generate 

substantial waste from peeling, shelling, cutting, and oil 

extraction. Avocado seed oil can serve as a feedstock for 

biodiesel production [5]. Avocado seed waste can be 

converted into activated carbon, which has been prepared 

to exhibit relatively good efficacy in reducing ammonium 

levels in aqueous solutions [6]. 

As a result, technology is required to convert avocado 

seed waste into products with economic or other useful 

benefits. One technology that can be used is converting 

avocado seed waste into biochar. Biochar is a solid 

substance generated through the thermochemical 

conversion of biomass (feedstock) under oxygen-free or 

limited-oxygen conditions. Avocado seed biochar has the 

potential to enhance agricultural soils and sequester carbon 

[7]. The properties of biochar vary depending on the 

substrate and the production method used, and the most 

common approach involves biomass pyrolysis. This 

process requires precise temperature control to ensure the 

material's desired properties and performance [8]. Adding 

biochar to soil improves cation exchange capacity and 

stabilizes organic carbon in soils containing pyrolyzed 

carbon [9]. Applying avocado seed biochar to soil 

represents an alternative technique that enhances soil 

physicochemical characteristics and soil functioning as 

part of the ecosystem and the broader environment over the 

long term [7]. Due to its structural and porous properties, 

biochar proves effective in adsorption [10]. Biochar 

derived from avocado seeds is produced and utilized 

primarily as a substitute for soil conditioners [11]. 

The quality of biochar is influenced by both the type of 

raw material and the manufacturing process, with one of 

the key influencing factors being the pyrolysis temperature. 

Biomass, such as avocado seeds, is processed at 

temperatures ranging from 400 to 600 °C to produce solid 

(bio-char) and liquid (bio-oil) products, with or without a 

catalyst. Optimal conditions for bio-oil production (37.5%) 

were found to be at 600 °C with a heating rate of 50 °C/min 

in the presence of a KOH catalyst. Avocado seed pyrolysis 

demonstrates potential as a technology for producing 

sustainable fuels and valuable compounds [12]. Biochars 

produced at higher temperatures have a more pronounced 

impact on soil fertility than those made at lower 

temperatures [13]. Pyrolysis of avocado seeds at 500 °C, 

with a heating rate of 10 °C/min and a retention period of 

20 minutes, in a liquid product (32%), solid product "char" 

(34%), and gaseous product (34%), with a biomass 

conversion rate of 67%, and avocado seed pyrolysis shows 

promise as a method for producing activated carbon, 

biofuel, and valuable compounds [14]. 

Pyrolysis biochars (500-600 °C) have demonstrated the 

potential for use as soil additives and an efficient technique 

for carbon sequestration, nutrient retention, and water 

retention. The porous structure of high temperature 

biochars can support soil microorganism activity, enhance 

water absorption, and increase soil density. Additionally, 

the high alkalinity of biochar can help neutralize acidic soil, 

thereby improving soil fertility and plant growth [15]. 

Biochar begins to decompose at pyrolysis temperatures 

below 400 °C, particularly between 220 and 350 °C [16]. 

Pyrolysis is a process that involves heating organic 

materials to temperatures exceeding 400-500 °C in the 

absence of oxygen. This process converts the original 

biomass into solid biochar, condensable oil, and gaseous 

fractions due to enhanced cracking and carbonization 

reactions [17]. The pyrolysis of avocado seeds can cause 

the thermal degradation of the polymeric components of 

avocado seeds, primarily starch, but also cellulose, lignin, 

and hemicellulose, at temperatures ranging from 250 °C to 

500 °C [18]. Torrefaction and pyrolysis were conducted 

using a rotary furnace at temperatures ranging from 150 °C 

to 900 °C to increase the concentration of synthesis gases 

(H2, CO) and CO2 [19]. Therefore, this study aims to 

investigate the impact of different pyrolysis temperatures 

on the characteristics of biochar derived from avocado 

seeds, a global problem due to the consumption and use of 

avocados as raw material in the global food industry. 

2. Materials and Methods 

2.1. Material Preparation 

The samples consisted of avocado seeds (Persea 

americana) obtained from traditional markets. These 

avocado seeds were washed and cleaned using water to 

remove dirt, such as soil and husk. Then, they were cut into 

slices resembling chips and air-dried for 24 hours. 

Following this initial drying phase, the avocado seeds were 

further processed by drying them in an oven at 105°C for 

24 hours. Avocado seeds that have undergone this oven 

process are now ready to be used in the production of 

biochar through a pyrolysis process (Figure 1).
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Figure 1.  Raw materials 

2.2. Pyrolysis Process 

Avocado seed samples, prepared for biochar production, 

are placed into a porcelain cup with a volume of 50 ml and 

covered with a cup lid. Subsequently, the porcelain cup is 

wrapped with aluminum foil to suppress material-oxygen 

interaction during combustion. The prepared porcelain cup 

is then inserted into the muffle furnace, with pyrolysis 

temperatures ranging from 300, 400, 500, and 600 °C. The 

muffle furnace temperature gradually increases from room 

temperature to the desired level, typically taking 40-60 

minutes. The porcelain cup containing avocado seeds is 

allowed to burn for 4 hours. After these 4 hours, the muffle 

furnace is turned off, and the samples/biochar can only be 

retrieved once the temperature inside the muffle furnace 

returns to room temperature, which generally takes about 

12 hours. The step of producing biochar can be seen in 

Figure 2. 

 

Figure 2.  The flowchart of producing biochar from avocado seed 

2.3. Parameter Analysis 

In this research, several variables were observed, 

including images of the surface morphology of biochar, 

functional groups, crystal conditions, and chemical content 

such as carbon (C), hydrogen (H), nitrogen (N), and 

elements contained in biochar (Table 1). 

Table 1.  The Instrument Used for characteristics of biochar 

No Instrument Observed variable 

1. 

Field Emission Scanning 

Electron Microscopy 

(FESEM) with the Thermo 

Scientific Quattro S FESEM 

Surface morphology 

2.  

Fourier Transform Infrared 

Spectroscopy (FTIR) with the 

PerkinElmer Spectrum Two 

equipped with a Universal 

Attenuated Total Reflectance 

(UATR) accessory 

Functional groups 

3. 
X-Ray Diffraction XRD 7000 

Shimadzu 
Crystal condition 

4. Leco CHN 628 

Carbon (C), Hydrogen 

(H), Nitrogen (N) 

content 

5. 

Omnian ED- XRF 

PANalytical Epsilon 3 XLE 

X-ray fluorescence 

spectrometer. 

Element content 

3. Results and Discussions 

3.1. Scanning Electron Microscope (SEM) 

Scanning Electron Microscopy (SEM) is one of the most 

applicable techniques for estimating the morphological 

features of materials [20]. SEM can help reveal the surface 

condition of particles. Previous studies have used SEM to 

examine biochar's porosity and particle distribution [21, 

22]. Figure 3 displays the SEM images of avocado seed 

biochars at temperatures of 300 °C, 400 °C, 500 °C, and 

600 °C, magnified at 5000x. 

 

Avocado seed biochar under 300 °C 
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Avocado seed biochar under 400 °C 

 

Avocado seed biochar under 500 °C 

 

Avocado seed biochars under 600 °C 

Figure 3.  SEM image surface for biochar avocado seed 

In these images, the focus is on the effect of temperature 

during pyrolysis on the condition of pores (porosity) in 

avocado seed biochar. Biochar exhibits high porosity and 

abundant surface functionalities, enabling it to retain water, 

nutrients, and pollutants in the soil [23, 24]. Figure 3 shows 

that variations in pyrolysis temperature affect the surface 

morphology of avocado biochar. At a pyrolysis 

temperature of 300 °C, the biochar surface did not display 

any clear pore formation. However, at a pyrolysis 

temperature of 400 °C, pores on the surface of the biochar 

began to form. The formation of pores became more 

clearly visible at a pyrolysis temperature of 500 °C. At a 

pyrolysis temperature of 600 °C, cracking started to occur 

in the pores that had formed. The biochar sample retained 

its unique macrocellular morphology due to the partial 

degradation of the lignin component [25]. 

The structure of biochar appears consistent at pyrolysis 

temperatures of 400 °C, 500 °C, and 600 °C, but at a 

temperature of 600 °C, cracking begins to occur within the 

biochar's pores. These findings align with the results of 

Mohanty et al. [26] and Mutolib et al. [21].  

Cracks in the pores form at 600 °C, and these cracks 

become more pronounced as the pyrolysis temperature 

increases. Due to mineral crystallinity and aromatic 

patterns, the pore structure in biochar becomes more 

enriched with rising temperatures [27]. The porosity of 

biochar can have a significant impact on soil microbes. 

Biochar can act as a microbial habitat, providing a home 

for beneficial microbes and facilitating microbial 

colonization [28, 29]. These biochar structures play a vital 

role in shaping soil physical properties and the availability 

of nutritional elements for plants [30]. 

3.2. Fourier Transform Infrared Spectroscopy (FTIR) 

From this FTIR spectroscopy, there are several 

important regions and can be interpreted as follows 

wavenumber (Figure 4). The effect of temperature changes 

in the pyrolysis process on avocado seed biochar functional 

groups was determined through FTIR measurements on the 

sample. The pyrolysis spectrum varies with each increase 

in heating temperature. The wave number 3264.74 cm-1 

indicates the presence of free OH absorption. At higher 

temperatures, the intensity of specific functional groups in 

the FTIR spectrum may change. Meanwhile, the aliphatic 

CH strain was determined at a wave number of 2920.64 

cm-1, which was supported by a CH3 bending strain in the 

wave number range of 1440.95 cm-1. Noticeably, the 

vibration bands of hydroxyl (O-H) and aliphatic (C-H) 

groups tend to decrease with increasing temperature, as 

observed in the FTIR graph. The intensity continues to 

decrease from a temperature of 300 °C and disappears at a 

temperature of 600 °C because the decomposition of these 

groups leads to the formation of melting rings, especially at 

high pyrolysis temperatures, which consistently in pore 

characteristics in avocado samples [31]. 
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Figure 4.  FTIR spectra of biochar avocado seed under different pyrolysis temperatures 

The increase in the intensity of the C=C functional group 

at the wave number 1680-1600 cm-1 in the FTIR spectrum 

with increasing temperature during the pyrolysis process 

usually indicates changes occurring in the biochar 

composition and molecular structure. Increasing the 

temperature from 300 °C to 600 °C during pyrolysis can 

enhance the intensity of the pyrolysis reaction, producing 

more C=C double bonds in the biochar. This heightened 

intensity reflects the formation of additional double bonds 

in the biochar during the hotter pyrolysis process. Higher 

temperatures can also influence the carbonization reaction, 

which involves the creation of double bonds in the carbon 

structure, resulting in biochar with an increased number of 

C=C double bonds. Elevated temperatures can promote the 

formation of more aromatic carbon structures in biochar. 

Aromaticity often includes C=C double bonds in the 

aromatic ring, consequently intensifying the C=C 

stretching band in the FTIR spectrum. The aromatic 

structure exhibits greater strength compared to the aliphatic 

structure [32-33]. 

Meanwhile, the C=O carbonyl absorption is observed at 

the wave number 1614.92 cm-1, supported by the C-O-C 

ester absorption in the wave number range of 1017.44 and 

1078.78 cm-1. C=O double bonds in functional groups such 

as ketones or carboxylic acids also increase in intensity 

with rising pyrolysis temperature. Changes in the FTIR 

spectrum can reflect the decomposition and restructuring 

of organic components in biomass into biochar. Higher 

pyrolysis temperatures can lead to a more stable carbon 

structure in biochar. Some functional groups containing 

C=O can be transformed into denser carbon structures with 

stronger bonds, consequently increasing the C=O intensity 

in the FTIR spectrum [34]. 

3.3. X-Ray Diffraction Analysis (XRD) 

X-Ray Diffraction (XRD) is a method that involves 

irradiating a material with incoming X-rays and then 

measuring the intensity and angle of scattering as they exit 

the material. Materials are identified through XRD analysis 

based on their diffraction patterns. 
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Figure 5.  XRD diagram of biochar avocado seed under different pyrolysis temperatures 

Figure 5 illustrates the XRD spectra at temperatures of 

300 °C, 400 °C, 500 °C, and 600 °C. The pyrolysis process 

alters the structure of the biochar from amorphous to 

crystalline as the temperature increases. The XRD results 

show that the crystal and amorphous indexes decrease as 

the pyrolysis temperature rises and undergo significant 

changes at 300 °C, 400 °C, and 500 °C. However, at a 

temperature of 600°C, the sample appears to have reached 

a saturation point. The diffraction peak of 2-theta at 300 °C 

is relatively high at 19.4°. After increasing the temperature 

to 400 °C, 500 °C, and 600 °C, the peak shifted to 23.7°, 

23.8°, and 24.1°, respectively. Based on the data, there is 

no further increase in crystallinity at temperatures of 

300 °C, 400 °C, 500 °C, and 600 °C, indicating that the 

formation of double bonds (C=C) in biochar is not very 

significant and pointing to a lack of crystalline order in the 

structure. 

XRD analysis of biochar pyrolyzed at 300 °C, 400 °C, 

500 °C, and 600 °C shows the presence of relatively wide 

and less sharp diffraction peaks. These peaks indicate that 

biochar at these temperatures tends to have an amorphous 

or semi-amorphous structure [35]. Biochar at these 

temperatures may possess good adsorption potential for 

organic and inorganic compounds in waste. Its unique 

properties can be utilized in environmental restoration, soil 

quality improvement, and treating waste due to biochar's 

ability to interact with various components in the 

environment, such as pollutants or heavy metals [36-38]. 

3.4. Ultimate Analysis 

In the ultimate analyses, as depicted in Table 2, it 

becomes evident that with an increase in pyrolysis 

temperature from 300 °C to 600 °C, there is a notable 

increase in the carbon content of the biochars, ranging from 

63.76% to 74.18%. Conversely, the hydrogen content 

experiences a decrease from 5.05% to 2.77%, while the 

oxygen content drops from 16.00% to 8.60%. This 

observation implies that raising the pyrolysis temperature 

leads to a higher degree of carbonization in the biochars, 

causing them to become progressively more aromatic, as 

indicated by Chen et al. [39]. Due to the pyrolysis process, 

the biochars exhibit an increase in carbon content 

compared to the original biomass, accompanied by 

deoxygenation resulting from the loss of functional groups 

during pyrolysis. The reduction in hydrogen and oxygen 

levels corresponds to the breakage of weaker bonds within 

the biochar structure, a change favored by higher 

temperatures. Furthermore, the decrease in hydrogen 

content can be attributed to the higher proportion of 

hydrogen compounds in the volatile matter, as discussed by 

Sánchez et al. [40]. Additionally, the nitrogen contents in 

the biochar decrease from 1.79% to 1.61% with increasing 

pyrolysis temperature.
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Table 2.  Ultimate analysis of biochar avocado seed under different 
pyrolysis temperatures 

 
Pyrolysis temperature 

300 °C 400 °C 500 °C 600 °C 

C (%) 63.763 69.269 73.394 74.176 

H (%) 5.053 3.995 3.359 2.77 

N (%) 1.766 1.797 1.751 1.61 

O (%) 15.000 16.000 9.100 8.600 

H/C 0.079 0.057 0.045 0.037 

O/C 0.235 0.230 0.123 0.115 

The decrease in H/C ratios and the increase in O/C ratios 

with rising temperature indicate a growing level of 

aromaticity in the biochar, as noted in the study by Mui et 

al. [41]. The O/C ratios of the biochar were at their lowest 

at 600 °C, whereas they were highest at 300 °C. This 

signifies that biochar produced at higher temperatures has 

lower oxygen content, as discussed in the research 

conducted by Fu et al. [42]. 

3.5. Element Content of Avocado Seed Biochar by 

X-Ray Fluorescence 

The elemental composition of biochar determined 

through X-Ray Fluorescence (XRF) analysis is presented 

in Table 3. The results from XRF analysis detected a total 

of 8 elements: K2O, P2O5, Fe2O3, SO3, MnO, ZnO, CuO, 

and Rb2O. It's important to note that the data represents the 

percentage of each element rather than the actual 

concentration. The percentages of elements SO3, MnO, 

ZnO, CuO, and Rb2O decreased as the pyrolysis 

temperature increased. However, K2O, P2O5, and Fe2O3 did 

not show a clear pattern in relation to pyrolysis temperature. 

The presence of these elements in biochar is influenced by 

the process of partial diffraction or devolatilization 

occurring at elevated temperatures, as indicated in studies 

by Hossain et al. [43] and Claoston et al. [44]. According to 

the XRF analysis, K2O, P2O5, and SO3 are the dominant 

elements among these, and all three are classified as 

macronutrients. 

Table 3.  Element of biochar avocado seed under different pyrolysis 
temperatures 

Element 

content 

(%) 

Raw 

material 

Pyrolysis temperature 

300 °C 400 °C 500 °C 600 °C 

K2O 83.930 88.407 89.200 89.532 88.405 

P2O5 7.768 6.747 6.413 6.627 7.533 

Fe2O3 1.174 0.661 0.594 0.625 0.836 

SO3 5.284 3.467 3.176 2.610 2.731 

MnO 0.129 0.079 0.067 0.073 0.059 

ZnO 0.348 0.200 0.151 0.148 0.099 

CuO 0.223 0.140 0.106 0.105 0.073 

Rb2O 0.518 0.295 0.213 0.216 0.140 

3.6. Potential Application of Avocado Seed Biochar as 

Soil Amendment 

Land use for diverse activities and purposes is rising and 

becoming more intensive, affecting the land component's 

quality [45]. Furthermore, ongoing agricultural 

intensification with inorganic fertilizers has reduced soil 

quality [46]. Soil amendments can be employed to address 

this problem, and one such material is biochar.  

Biochar, an organic material rich in carbon, results from 

heating organic matter in an oxygen-deprived environment, 

a process known as pyrolysis. It has been verified that the 

carbon content in avocado seed biochar falls within the 

range of 63.76% to 74.18% (as shown in Table 1). Carbon 

in biochar exhibits remarkable stability, taking more than a 

century to decompose. Consequently, amending soils with 

biochar represents an effective means of carbon 

sequestration. Biochar functions by sequestering carbon, 

storing it within the soil, and preventing it from undergoing 

decomposition, as elucidated by Lehmann et al. [47]. 

Pyrolysis processes, through biochar formation, contribute 

to reducing the amount of carbon dioxide in the atmosphere 

[10]. 

On the other hand, avocado seed biochar also contains 

essential macronutrients such as Nitrogen, K2O, P2O5, and 

SO3. When used as a soil amendment, it enhances various 

soil attributes, including physical and biochemical 

properties, soil fertility, and productivity. Over the long 

term, it contributes to soil improvement by promoting soil 

aggregation, enhancing water retention, modifying pH 

levels, and fostering microbial activities. This overall 

enhancement of soil quality has the potential to reduce the 

need for chemical fertilizers over time, as discussed in the 

study by Nepal et al. [48].  

4. Conclusions 

In this study, we investigated how varying pyrolysis 

temperatures affect the properties of biochar derived from 

avocado seed waste (Persea americana). The temperature 

at which pyrolysis occurs plays a crucial role in shaping 

the characteristics of biochar. At 400 °C, pores began to 

form on the biochar's surface, becoming more pronounced 

at a pyrolysis temperature of 500 °C. As the pyrolysis 

temperature increased from 300 °C to 600 °C, we 

observed an increase in the carbon content and C/N ratio, 

accompanied by a decrease in H, O, N, H/C, and O/C 

values. This was expected since higher pyrolysis 

temperatures lead to greater devolatilization, resulting in 

biochar that is predominantly composed of carbon. FTIR 

analysis revealed functional groups in the biochar, 

including O–H, C-H, C=C, and C=O. The primary 

elements found in avocado seed biochar are K2O, P2O5, 

and SO3, which are categorized as macronutrients. Based 

on our analysis, biochar produced from avocado seeds 

shows potential as a soil amendment. 
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