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1.0 Introduction 

Water is a basic source for existence of life on earth. The increase in industrialization and modernization 

has contributed negatively to clean water resources. Many substances such as heavy metals, dyes, 

pharmaceuticals, surfactants, pesticides, personal care products and others have contaminated the water 

resources (Rasheed et al., 2020). These pollutants are environmentally hazardous to human beings and 

animals (Siyal et al., 2018). Biomass is available from several sources all over the world and has numerous 

roles to play for sustainable development.  In addition to being a food source to animals and renewable 

raw material, biomass can be used for energy production, carbon sequestration and as activated carbon 

(Cheng et al., 2009; Jain et al., 2016).  

 

Utilization of biomass to produce activated carbon is a good approach in pollution control strategy in two 

ways. Firstly, it can fix the carbon of biomass that prevents the production of CO2 or CH4; and secondly, 

it produces activated carbon which is industrially useful and environmentally benign materials that can go 

into the soil and enter natural carbon cycle process (Danish and Ahmad, 2018). Hong et al., (2020) 

reported that heavy metals in excess of the stipulated minimum are harmful to human health and aquatic 

life due to their toxicity and bioaccumulation. Excessive concentration of heavy metals such as, Lead (Pb) 

and Cadmium (Cd in water could cause irritation of central nerve system and damage to kidney and liver) 

and many other diseases (Genchi et al., 2020; Siyal et al., 2018). Trace metals are those having density 

greater than 5 gcm-3. Most often this term denotes metals that are toxic. These include Al, As, Cd, Cr, 
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Tons of biomass are produced every year including organic agricultural and forestry 

by-products but they are of limited value. Mostly, in the developing countries, the 

biomasses are considered as waste and are being burnt or thrown to liter the 

environment as part of teaming solid waste. Presently, there are no sustainable 

long-term management strategies to use biomass. The utilization of biomass to 

produce activated carbon is a good approach that is industrially useful and 

environmentally benign materials. The adsorption technique is using adsorbents in 

the removal of heavy metals from water therefore, biomass can be converted to 

the adsorbent and utilized as a waste-to-wealth commodity in water purification. 

In this review, the suitable process for conversion of biomass to cheap and simple 

means of obtaining activation carbon as adsorbent is presented. The potential uses 

of biomass and the conversion stages including carbonization, pyrolysis, gasification, 

and activation were discussed. This work depicts that the issue of solid waste 

utilization to solve existing issues with locally available and cheap materials is 

beneficial to man and the environment. 
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Co, Pb, Hg, Ni, Se, and Zn which could be discharged from industries, farmlands, municipal urban water 

runoffs, and agricultural activities into surface water and can cause pollution (Maitera et al., 2011). 

 

Previous literature published those conventional technologies for the treatment of contaminated water, 

such as precipitation, electrochemical treatment, ion exchange, membrane separation, and adsorption 

have been used globally for the removal of heavy metals from aqueous solution (Chakraborty et al., 2020).   

Among the treatment processes, adsorption has been proven to be one of the most suitable and universal 

methods, which offer remarkable advantages such as fast, ease of operation, availability, and efficiency (Ni 

et al., 2019). Various adsorbents have been employed, ranging from natural products to synthetic materials 

which would directly determine the removal efficiency via adsorption. Carbon materials, such as activated 

carbon, graphene, and fullerene, were found to be promising adsorbents for removing heavy metals from 

aqueous solution due to their stability and large surface area (Ni et al., 2019). Date Palm fibers are 

lignocellulosic materials, which consist of three vital components: Cellulose (40-50%), hemicellulose (20-

35%) and lignin (15-35%) (Shafiq et al., 2018) and may be used as adsorbent to remove heavy metal ion 

from water. 

 

Each date tree produces 20kg of dry leaves yearly (Ismail, 2012) and there are about 105 million trees 

available worldwide on an area of over a million hectares (Ahmad and Danish, 2012). The area under date 

palm cultivation in Nigeria was estimated over 1,466.00 ha and an estimated annual production of nearly 

20,000 tones date fruit per annum (Abdullahi, 2015). The date tree leaves, stems, and branches are 

considered as waste and are being burnt.  

This study reviews biomass as a potential waste to wealth material with regards to conversion into 

activated carbon and utilization as adsorbent. The Date Tree Leaf (DTL) is reviewed as the potential 

biomass source in production the of activated carbon. 

2. Biomass 

Organic materials originating from living matter or complexes of organic and inorganic materials are 

collectively referred to as biomass. Biomass includes but not limited to only living organisms, such as plants 

and animals, but also the excrement of animals, sludge, and waste wood (Cha et al., 2016). Sometimes, it 

is referred to as stored energy, a renewable organic material derived from plants and animals that can 

serve as sources of energy. Biomass is made up of carbohydrate and has less energy storage problems 

when compared with other renewable sources such as solar and wind (Schlemmer et al., 2021). Wastes 

such as agricultural/agro-industries wastes and municipal wastes and purposely grown energy crops such 

as sugarcane, corn, wheat, etc. are the main sources of biomass (Abioye and Nasir, 2015). 

 

Biomass can be converted into several useful forms of energy using different processes briquette and bio-

char. There are several factors which could affect the choice of conversion process; these can include 

(Adams et al., 2018): the type of usage, quantity, and characteristics of biomass feedstock, the desired form 

of the energy environmental. In addition to being a food source to animals, and renewable raw material, 

it can be used for energy production, carbon sequestration and, as an essential element to produce hydro 

chars and activated carbons (Jain et al., 2016). Figure 1 shows a biomass-to-power supply system. 
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Figure 1: Biomass-to-power supply system (Heidari et al., 2018) 

Due to the potential reduction in greenhouse gas (GHG) emissions, society has recognized the usage of 

waste biomass as a sustainable resource. According to  Ahmed et al., (2019), by balancing the production 

of plant biomass and its utilization in the future, it is possible that zero GHG emissions can be achieved. 

For energy recovery, diverse methods of utilization of biomass have been found environmentally friendly 

and economically viable. The major chemical constituents of biomass are hemicellulose, cellulose, and 

lignin; and minor chemical components are protein and oil. On an average, the quantitative proportion of 

hemicellulose, cellulose, and lignin in biomass are observed in the range of 20–35, 40–50, and 15–35%, 

respectively (Danish and Ahmad, 2018). 

 

It has been reported by Abioye and Nasir, (2015) that the constituents of lignocelluloses are strongly 

intermeshed and are chemically bonded by either non-covalent forces or covalent linkage, and their 

composition varies from one plant species to another. Biomass can be converted to biofuels and 

bioproducts via thermochemical processes, such as pyrolysis and gasification. The net carbon dioxide 

emissions from biofuel use are considered zero or negative because the released of CO2 is recycled from 

the atmosphere captured during photosynthesis (Qian, et al., 2015). In addition, since biomass contains a 

low amount of sulphur and nitrogen, its combustion  as a source of energy may result to lower emissions 

of harmful gas, such as nitrous oxides (NOx) and sulphur dioxide (SO2)  compared to most of fossil fuels. 

Such advantages of biomass make it a promising renewable energy resource.  

 

The use of agricultural by-products as bio sorbent material were found to (Chakraborty et al., 2020) purify 

heavy metal contaminated water and has become increasingly popular through the past decade, because 

they are less expensive, biodegradable, abundant and efficient. Cost is an important parameter for 

comparing the sorbent materials. The expense of individual sorbents varies depending on the degree of 

processing required and local availability (Saka and Mas, 2012).  

http://www.azojete.com.ng/
file:///C:/Users/HP/Downloads/AZOJETE%20VOL%2018%20NO%201/silaskiman@gmail.com


Arid Zone Journal of Engineering, Technology and Environment, March, 2022; Vol. 18(1):65-78. ISSN 1596-2490; e-ISSN 2545-5818; 

www.azojete.com.ng 

 

Corresponding author’s e-mail address: silaskiman@gmail.com    68 

 

It is stated that an adsorbent can be termed as a low-cost adsorbent if it requires little processing, is 

abundant in nature, or is a by-product or waste material from some selected industries (Chakraborty et 

al., 2020). Thus, there is an urgent need that all possible sources of agro-based inexpensive adsorbents 

should be explored and their feasibility for the removal of heavy metals should be studied in detail (Saka 

and Mas, 2012). 

 

The generation of bioenergy in terms of liquid, gaseous, and solid fuels from biomass wastes has been an 

important field in research and development. Low-cost, abundance, renewability, and high lignocellulosic 

content of agricultural biomass make them promising precursors for cost-effective activated carbons 

(Ahmed, 2016). Biomass can be classified based on the types existing in nature, which include wood and 

woody biomass, herbaceous biomass, aquatic biomass, animal and human waste biomass, and biomass 

mixtures (Jekayinfa and Orisaleye, 2020). 

 

It has been widely reported that the thermal degradation characteristics of lignocellulosic materials are 

profoundly influenced by their chemical composition (cellulose, hemicellulose, and lignin), and TG and 

DTG curves provide semi- quantitative understanding of the thermal degradation processes occurring 

during thermochemical conversion under various atmospheres (Roma, et al., 2009). Furthermore, Mudryk 

et al., (2021) found that the processes of thermal processing of herbaceous biomass generate significant 

amounts of waste in the form of ashes. Figure 2 shows the contributions of biomass sources to the overall 

technical potential. 

 

Figure 2: Contributions of biomass sources (Jekayinfa and Orisaleye, 2020) 

2.1. Types of Biomass 

Woody biomass includes components whose major constituents are carbohydrates and lignin including 

live trees, forest and manufacturing residues, or consumer waste materials (Jekayinfa and Orisaleye, 2020). 

Another type of biomass is the herbaceous biomass which is obtained from plants with a non-woody stem 

which dies at the end of the growing season (Picchio et al., 2020). It includes grain and seed crops from 

the food processing industry and their by-products. Herbaceous crops can be sub-divided into agricultural 

residues and energy crops (Jekayinfa and Orisaleye, 2020). 

 

Aquatic biomass includes algae and emerging plants. These include marine or freshwater algae, macroalgae 

or micro algae, seaweed, kelp, lake weed, and water hyacinth (Heidari et al., 2018). Aquatic weeds have 

exceptionally high reproduction rates and are rich in cellulose and hemicellulose with a very low lignin 

content, which makes them efficient as biofuel crops. The three common fast-growing aquatic weeds in 

Nigeria are water hyacinth, water lettuce, and bracken fern (Jekayinfa and Orisaleye, 2020). Municipal solid 

waste refers to classes of wastes considered as trash (Srinilta, 2019). They are found to be highly non-
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homogeneous, being a mixture of residential, commercial, and industrial wastes (Conti et al., 2020; Ferrari 

et al., 2020). Globally, and particularly in developing countries, the management of municipal solid waste 

constitutes an important environmental concern (Maalouf, 2020). 

2.2. Date Tree Leaves (DTL) Biomass 

Date palm is a soft edible fruit (Alam et al., 2021) and its fruits are popular among the people of northern 

Nigeria, it was found that the date palm tree is an economic crop which is grown in the arid region of 

Northern Nigeria from latitude 10° N in the Sudan savannah and the Sahel region (Dada et al., 2012). It is 

originated from the Middle East and North Africa and was introduced to Nigeria from North Africa during 

the Trans-Saharan trade by pilgrims and traders from the Middle East (Abdullahi, 2015). The date fruit is 

a good source of food providing, fiber, carbohydrates, minerals, and vitamins besides having anti-mutagenic 

and anti-carcinogenic properties, it is antioxidant and anti-inflammatory and provides protection to the 

liver, stomach, and kidney (Al-Abdoulhadi et al., 2011; Kamarubahrin and Haris, 2020). 

 

Based on literature, (Ahmed, 2016), an adult date palm tree has a trunk or stem of 15-25 m high and 

fronds or leaves that look like feathers with 3-5 m long, there are about 150 leaflets in each frond which 

can be up to 30 cm in length and 2cm in breadth, while the full span of the crown of the palm tree is about 

6-10 m height. It is a feather palm, characterized by compound leaves with a series of leaflets on each side 

of a common petiole, originating from one growing point at the apex (Ahmad and Danish, 2012). However, 

(Ismail, 2012) discovered that date palm tree produces large quantity of agricultural waste. For example, 

each date tree produces about 20 kg of dry leaves yearly.  

 

DTL are lignocellulosic materials, which consist of three vital components: Cellulose (40-50%), 

hemicellulose (20-35%) and lignin (15-35%) also, lignin is the most important constituent and has complex 

chemical constituents within the DTL waste material, as it is a three-dimensional polymer of phenyl 

propane units linked together by C–C or C–O–C bonds (Shafiq and Alazba, 2018; Parthasarathy and 

Narayanan, 2014). DTL waste has been used in various forms for different heavy metals removal from 

wastewater. The removal of Pb2+, for example, has been investigated using DT trunk, DT leaves, DT leaves 

ash, and palm leaf base (the petiole) (Yadav et al., 2013). Several naturally available materials like plant 

wastes and agricultural products have been tried as adsorbents for the removal of metals. The advantages 

associated with the use of plant materials are little processing, good uptake capacity, free availability, the 

minimization of chemical or biological sludges and easy regeneration (Rajamohan et al., 2014). Figure 3 

shows the DTL biomass. 
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Figure 3: Date Tree Leaves (DTL) biomass 

2.3. Carbonization, Pyrolysis and Gasification of Biomass 

Because of the diversity of raw biomass and biofuel, there are many ways to improve biomass fuel quality 

and achieve extensive utilization and higher efficiency such like the thermo-chemical upgrading of biomass 

fuel, which includes torrefaction, carbonization, pyrolysis, gasification and liquefaction (Qi et al., 2018). 

Carbonization involves the conversion of organic containing residue into carbon or a carbon containing 

residue through pyrolysis, furthermore, the process is carried out in an oxygen free environment at a 

temperature of about 500°C-700°C (Bones et al., 2019). According to Ahmed, (2016), the carbonization 

is a phase to enriching carbon content in carbonaceous material by eliminating non-carbon species using 

thermal decomposition while in the process, the temperature has the most significant effect, followed by 

heating rate, nitrogen flow rate, and finally, residence time.  

 

Carbon is a raw material for several industrial products and their production from various bio-resources 

is an active area of research, (Ahmed et al., 2019). The char is a solid carbonaceous residue with a high 

content in fixed carbon (>75%), which can be used directly as fuel, as briquettes or as precursor for 

activated carbons production (Roma et al., 2009). Effective utilization of biochar is critical for improving 

economic viability and environmental sustainability of biomass thermochemical technologies (Qian et al., 

2015). Normally, higher temperatures (600–700 ºC) result in reduced yield of char while increasing the 

liquid and gases release rate, however, the obtained char usually exhibits little adsorption capability, and 

an activation step is required to expand initial porosity created by carbonization (Ahmed, 2016). Figure 4 

depicts the preparation of the biomass-derived porous carbon. 
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Figure 4: Preparation of the biomass-derived porous carbon 

The word pyrolysis is derived from the Greek words’ ‘pyro’ meaning fire and ‘lysis’ meaning decomposition 

or breaking down into constituent parts. It is a process for decomposing organic materials thermally under 

oxygen-free conditions in the temperature range, 300-900 ºC (Adams et al., 2018). During thermal 

decomposition, cellulose, hemicellulose and lignin that comprise biomass undergo their own reaction 

pathways, including cross-linking, depolymerization and fragmentation at their own temperature, 

producing solid, liquid and gaseous products (Cha et al., 2016). 

 

Earlier, Adams et al., (2018) stated that pyrolysis operates in anaerobic conditions where heat is usually 

provided externally and the constituents of biomass are thermally cracked to gases and vapors which 

usually undergo secondary reactions, thereby giving a broad spectrum of products. 

 

On the other hand, three phases are produced when biomass is subjected to pyrolysis processes: char, 

liquid, and gas (Roma et al., 2009). Pyrolysis has over the years been the most efficient route, by which 

bio-waste can be thermally degraded at 400–500 ºC in the presence of inert gases to produce biochar 

(solid), bio-oil (liquid), and gaseous fuel (CO, CH4, and H2) as products (Bharath et al., 2020). Figure 5 

shows the flow diagram of the simplified pyrolysis process. 

 

 

Figure 5: Flow diagram of the simplified pyrolysis process (Bharath et al., 2020) 

The solid product obtained in pyrolysis process is known as char/biochar or charcoal and contains around 

half of the carbon of the original organic matter and, based on the heating rate applied to the biomass to 

reach the intended pyrolysis temperature, pyrolysis is classified into slow pyrolysis and fast pyrolysis 

(Mulabagal et al., 2017). The solid and liquid products are referred to as char and bio-oil, respectively, 
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whereas the gaseous mixture containing CO, CO2, H2, and C1-C2 hydrocarbons are called syngas (Cha et 

al., 2016). 

 

Gasification transforms biomass into primarily a gaseous mixture (syngas containing CO, H2, CO2, CH4, 

and smaller quantities of higher hydrocarbons) by supplying a controlled amount of oxidizing agent under 

high temperature (greater than 700) (Qian et al., 2015). According to Adams et al., (2018), the gasification 

process thermo-chemically converts an organic feedstock (e.g., liquid, or solid fuel) into its gaseous 

components which depend on the gasification temperature.  

 

2.3.1. Hydrothermal carbonization 

Hydrothermal carbonization is an effective technology to carbonize wet biomass to evade the energy 

concentrated pre-drying step. Normally, in the HTC procedure, the wet biomass remains heated in a high-

pressured container at comparatively lower temperatures i.e., 150–350 ºC. The HTC process has been 

introduced successfully and applied practically (Ahmed et al., 2019). Feedstocks with high moisture and 

ash content are particularly reported to be suitable for hydrothermal processing and include feedstocks 

such as manures, sewage sludge, DDGS, food waste, municipal wastes, and aquatic biomass such as micro- 

and macroalgae (Adams et al., 2018). During hydrothermal carbonization, water acts as a solvent and as a 

catalyst that facilitates hydrolysis and cleavage of lignocellulosic biomass, water possesses high ionization 

constant at high temperatures and is responsible for hydrolysis of organics which can further be catalyzed 

by acids or bases (Jain et al., 2016). The hydrothermal conversion is a promising biomass-to-oil approach 

(Liu and  Zhang, 2009). Figure 6 is a graphic diagram of biomass applications. 

 

Figure 6: Graphic diagram of biomass applications (Khan et al., 2019) 

3. Activated Carbon 

Activated carbon (AC) is a microcrystalline form of carbon with high porosity and surface area for removal 

of impurities from soil, liquids, gases, and solids. the processes involved in carbon activation following raw 

materials preparation, low temperature combustion, and activation (Le and Nguyen, 2020). The raw 

material in this case could be coal, wood, carbon materials, coconut shell, fruits shells, derived biomass, 

etc. Due to the pore structure characteristics of straw AC, it has potential in the application of wastewater 

treatment and air purification, several studies have described the manufacturing processes of AC (Bones 

et al., 2019; Danish and Ahmad, 2018; Le and Nguyen, 2020; Silas et al., 2019) AC is a porous, black 
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carbonaceous material that is prepared by physical or thermal activation and chemical activation (Bones 

et al., 2019). 

 

It was found that (Danish and Ahmad, 2018) the high surface area, well-organized macro, meso, and micro-

pores, and a wide range of chemical functional groups present on the surface of activated carbon make it 

a versatile material which has numerous applications. The AC prepared from rice husk and sugarcane 

bagasse by Liu and Zhang, (2009) had good adsorption capacities with respect to arsenic, humic acid and 

phenol, the promising results were obtained when carbonaceous material prepared from coconut shell 

was utilized as adsorbent for wastewater treatment. Ni et al., (2019) produced activated carbons from 

nutshell and removed almost 100% of Pb (II), 90-95% of Cu (II) and 80-90% of Zn (II) from water.  

 

Activation is a process of converting carbonaceous materials into activated carbon by thermal 

decomposition in a furnace (convectional heating) or a microwave using a controlled atmosphere and 

heat. Physical activation, chemical activation, combined chemical and physical (Physiochemical) activation 

and microwave-induced activation are the methods being employed for the preparation of activated 

carbon (Abioye and Nasir, 2015). 

3.1 Physical Activation 

Physical activation, also called gas activation, uses gas, such as steam, CO2, and ozone, to activate biochar 

at temperatures above 700 ºC (Qian et al., 2015). Physical activation can be divided into two steps. In the 

first step, the unstructured parts of the carbonized material are decomposed selectively while fine pores 

enclosed in the carbon structure are opened, thereby increasing the internal surface area (Cha et al., 

2016). 

The development of porosity is the major function of the activating agent during the activation process, 

and this is usually accomplished through a controlled carbon burn-off and elimination of volatile matters 

(Abioye and Nasir, 2015). The authors further reported that the level of carbon burn-off greatly depends 

on the temperature and duration of activation as well as other experimental parameters such as gas flow 

and furnace type and ultimately determine the quality of the activated carbon. 

3.2 Chemical Activation 

Chemical activation is a step process in which the carbonization and activation are carried out 

simultaneously and usually in the temperature range of 300–95 ºC thus influencing the pyrolytic 

decomposition and, therefore, resulting in the development of a better porous structure and increased 

carbon yield while Potassium hydroxide (KOH) and zinc chloride (ZnCl2) are the most used activating 

agents (Abioye and Nasir, 2015). Cha et al., (2016) found that in chemical activation, char is doped with a 

chemical agent and micropores are formed by subsequent dehydration and oxidation. Activated carbons 

prepared by pyrolysis of mixtures of carbon precursor/alkaline hydroxide were investigated. It was 

reported that NaOH is more efficient in the activation of low structural ordered materials, whereas KOH 

is more effective for the highly ordered materials, which indicates differences in the activation performance 

of both hydroxides (Tay et al., 2009). Several studies are published on the utilization of biomass as 

adsorbents as shown in Table 1. 
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Table  1: Reviews on adsorption from previous studies 

Objective Method of 

synthesis 

Characterization Findings Reference 

Study of leaves of populous 

tree for adsorptive removal 

of MO in aqueous medium 

Impregnati

on 

FTIR, XRD, SEM Populous leaves, is an 

excellent alternative in 

the removal of MO 

dye from aqueous 

solution 

(Shah et al., 

2021) 

Synthesized magnetized 

mesoporous activated carbon 

and its application for the 

removal of MB and MO from 

dye solutions. 

wetness 

impregnati

on 

method 

FTIR, XRD, 

SEM, BET 

The adsorbent shows 

efficient adsorption 

ability for an anionic 

dye 

(Azam et 

al., 2020) 

adsorption capability of the 

prepared Ct-PAC hybrid 

beads using a cationic 

surfactant. 

Impregnati

on 

FTIR, SEM, Ct-PAC-HDA is a 

promising adsorbent 

for the elimination of 

reactive dyes. 

(Vakili et al., 

2020) 

 

4. Conclusion and Recommendation 

The carbonaceous adsorbents in the treatment of wastewater such as activated carbon from biomass 

were found to have advantages like, high pollutant removal capacity, adequate sensitivity, productivity, 

simple synthesis, and cost-effective (waste to wealth). Therefore, the utilization of biomass such as the 

Date Tree Leaf is a suitable strategy for the decontamination of heavy metals from contaminated waters. 

Many researchers reported the prevalent of heavy metals in water in Maiduguri, Borno State, yet there 

are plantations of date palm where the leaves are considered as solid waste and mostly burnt therefore, 

this study recommends the utilization of DTL for the treatment of heavy metals which are harmful to 

human after a thorough investigation of the adsorbent’s characteristics, effects, and safe use of treatment 

of contaminated water. 
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