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Abstract: The combustion of fossil fuels is intensifying global warming and destructing the ecosys-
tem with negative human health impacts as well. Even so, other anthropogenic activities have
unfortunately constituted pollution also to our environment, say, in the form of waste waters. Beside
these, the existing technologies for waste water treatment have problems such as high costs, sludge
disposal challenges, etc. Thus, it is now important to find economically viable and safe alternatives
to decontaminate waste waters. Hence, low cost, renewable, easily accessible, and readily prepared
biosorbents have become favourable alternatives to traditional counterpart for the elimination of
pollutants from aqueous systems. Fortunately, these biosorbents also have requisite and comparable
properties necessary for adsorption of pollutants. Many studies have been reported on the application
of biosorbents for pollutants removal. However, this paper provides an overview of biosorbents
preparation, properties, their applications in pollutants removal and related use. Biosorbents are
usually used in raw or processed forms such as activated carbon (AC), biobar (BC), and charcoal
(CC) for removal of pharmaceuticals, pesticides, organics, inorganics, mycotoxins, etc. from aqueous
systems. Besides classical sorption of the pollutants, biosorbents have prospect of applications as
electrodes in the microbial fuel cells, green packaging materials, energy storage devices, catalysts,
soil remediation agent, carbon sequestration, etc. Hence, further concerted investigations should be
exercised to develop feasibly best conditions for the preparations and modifications of biosorbents.
In addition, mean pore size, pore size distribution, porosity, surface functionality, and zeta potential
studies are necessary to be had about biosorbents, especially novel types. There is need for develop-
ment of biosorbents for specific tasks. Another essential thing is to determine desorption studies of
these novel biosorbents. Focus should also be directed on more economically viable and sustainable
biosorbents to enhance their use. Again, it is suggested that more suitable biomasses be identified to
enable successful preparation of efficient biosorbents. More so, biosorbents can be recycled after use
to avoid littering and possible pollution.
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1. Introduction

The combustion of fossil fuels is intensifying global warming and destructing ecosys-
tem with negative human health impacts as well. As a result of these environmental
challenges and decrease in fossil fuel feedstock, the need and use of biomass or renewable
materials have become increasingly popular [1–4]. Lignocellulosic biomass is abundant
and is an alternative renewable resource to traditional fossil chemicals. In addition, there
is continuous search at the moment for new sustainable products with amenable proper-
ties [5,6]. Meanwhile, infiltration of the environment with heavy metals, radionuclides,
organic pollutants, and mycotoxins with their impact on the ecosystem are of serious poten-
tial danger for all [7]. Means of getting rid of metal ions as a case in point include physical,
chemical, and biological technologies [8,9]. However, the challenges of these technologies
in pollutant treatment include, among others, copious sludge generation, safety problems,
high cost, and lack of expertise [7,10]. Meanwhile, nowadays, the use of biosorption for
pollutants cleaning is being paid much attention because of some inherent benefits [11,12]
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with much potential. In biosorption, ions or molecules are removed from aqueous phase by
biomolecules, biomass (also lignocellulosic biomass), or its derivatives [13–15]. In addition,
low cost, rapid regeneration, and easy access of biomass make them expediently promising
precursors for the production biosorbents [16,17]. Thus, the advantages of biosorption
include the use of renewable feedstocks [18,19] readily available, decrease in chemical
or biological waste, high chances of biosorbents and metal recovery, and so on [7,20].
Therefore, we report the potentials of biosorbents and some related applications of these
emerging biomaterials.

2. Adsorption Process

Adsorption may be considered as accumulation of adsorbate at the liquid-solid in-
terface or gas-solid interface. There are two kinds of adsorption: chemical adsorption
(chemisorption) and physical adsorption (physisorption) [21,22]. Physical adsorption, also
known as physisorption, occurs when the attractive forces present between adsorbate and
adsorbent are weak, like Van der Waals forces. It has low enthalpy of adsorption (i.e., ∆H
adsorption = 20 to 40 KJ/mol) and occurs with development of multilayer of adsorbate on
adsorbent. This phenomenon decreases with an increase in temperature and usually takes
place at a lower temperature much below the boiling point of the adsorbate [22,23]. While
chemical adsorption (chemisorption) takes place when the attractive forces between the ad-
sorbate and adsorbent are chemical forces of attraction. Here, only a single layer formation
of the adsorbate on adsorbent takes place and it has a high enthalpy of adsorption (i.e., ∆H
adsorption = 200 to 400 KJ/mol). This phenomenon first increases and then decreases with
a rise in temperature [22,24]. Often, most adsorption processes are controlled by physical
forces [21,22]. More so, the adsorbate could be regenerated from the sorbent’s surface.
Usually, the rate of adsorption increases with increase in adsorbent dosage and vice versa,
and rate of adsorption can be high if contact time is long and vice versa. More so, high rate
of adsorption is found if adsorbate concentration is low and vice versa. Then, low rate of
adsorption is obtained when pH is low and vice versa. Furthermore, low rate of adsorption
is obtained if the temperature is too low or too high [21,22]. Thus, the possible mechanism
routes of biosorption process are given in Figure 1.
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3. Preparation of Sorbents from Lignocellulosic Biomass

Chemical, biological, and thermochemical processes are used for the conversion
of biomass into sorbents. However, the thermochemical approach is often preferred
because of faster processing duration, higher product, employment of entire biomass,
and energy proficiency [18,25]. Hence, charcoal (CC), biochar (BC), and activated carbon
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(AC) are pyrogenic carbonaceous material (PCM) often derived from biomass [20,25–31].
In addition, sorbents could be prepared directly or by using catalyst/template [16]. For
instance, preparation of hydrochar entails application of hydrothermal carbonisation (HTC).
HTC involves the use of water for the transformation of biomass at about 100–350 ◦C to
form hydrochar [18]. The traditional HTC synthesis of carbon materials is affected under
harsh conditions. The improved HTC has become a more promising route since it holds
potential of begetting high carbon efficiency and abundant functional groups on the product
surface. Further, the rediscovered solvothermal approach of elevated pressure HTC and the
thermocatalytic mild temperature conversion (LTC) process at atmospheric pressure have
become important in the carbonisation process [32]. Furthermore, production of porous
carbon material in one-pot step in an ionic liquids (ILs) medium without any support is
achievable under the ionothermal carbonisation method of [18]. More so, gentle heating
rate pyrolysis of biomass at about 400 ◦C can produce high amount of BC that enhances
the soil fertility, cation-exchange, etc. On the other hand, if the pyrolysis is performed
at higher temperatures (550–600 ◦C), lower amounts of BC is produced. The BC is high
in aromatic carbon, microporosity, and alkalinity [18], but very low porosity and surface
area [3]. However, this characteristic can be enhanced by physical activation [3]. In brief,
preparations of biosorbents involve carbonization and activation processes. Carbonisation
at elevated temperature under inert condition produces BC by removing the volatile matter
through degradation [20,33–35]. The four stages of the carbonisation are: (a) moisture-
drying at ≤200 ◦C; (b) at 170–300 ◦C there is formation of methanol and acetic acid, tars,
then CO and CO2; (c) production of biochar as pyroligneous liquids and light tars are
removed at 250–300 ◦C; and (d) at >300 ◦C; there is expulsion of volatile and noncarbon
species to enhance carbon content of the biochar [20,36]. It is useful that suitable biomass
with strong reproducibility and process methods be selected to enable efficient preparation
of sorbent [20,37]. In addition, for efficient use and sustainability enhancement, biosorbent
can be recycled after use so as to avoid littering and possible pollution.

3.1. Activation Process

Sorption capacity can be improved by increasing the surface area through direct acti-
vation or by activation after pyrolysis [38]. Activation is aimed at producing more active
and functional sorbents [1,39,40]. Hence, biosorbents are activated so as to remove ad-
sorbed unwanted materials [40–43], and to make functional groups become available for
sorption [44–47]. Thermal activation has been known to be quite effective in forming strong
sorbents [48–51]. More so, modification may be carried out on biosorbents in order to intro-
duce non-carbon moieties to surface as to increase their sorption capacity [25,52]. We can
choose to carry out modification after or instead of activation [25]. For physical activation,
steam/pyrolysis/plasma heating is involved with activating agents such as nitrogen and
carbon dioxide [1]. Further, in physical activation the impregnation of chemicals may be
used along carbonisation (100–1000 ◦C as the case may be). Thus, these are some reported
physical activation processes: carbonisation/impregnation of KOH [53,54], steam/N2 [55–57],
CO2 [58–60], carbonisation only [61,62], and pyrolysis [63,64]. Since there is release of
volatile basic compounds during the pyrolysis, the surface acidity is increased [61]. In gen-
eral, for dual step process of physical activation, the precursor of the sorbent is carbonised
at 400–700 ◦C, followed by activation with steam, air, or CO2 [65]. On the other hand, for
single-step process, carbonisation and activation take place concurrently at 600–800 ◦C [66].
In another way, biosorbent can be chemically activated with the means of hydrogen per-
oxide, zinc chloride, phosphoric acid, potassium hydroxide, nitric acid, sulphuric acid,
hydrochloric acid, sodium hydroxide, steam, potassium carbonate, etc. [1]. The activating
agents may be combined in the course of this: zinc chloride and nitric acid; phosphoric acid
and nitric acid; hydrochloric acid and zinc chloride; sulphuric acid and sodium hydroxide;
sulphuric acid and ammonium thiosulphate; succinic acid and sodium bicarbonate, and so
on [1]. The highly active surface and presence or absence of groups like acidic hydroxyl,
carbonyl, etc. can stimulate the uptake capacity of sorbents [55,67]. Now for a single-stage
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process of chemical activation, the material is subjected to dehydrating agents like H3PO4,
ZnCl2, KOH, and NaOH [68]. Otherwise, the stuff is carbonised to form biosorbent at
400–600 ◦C before chemical activation, known as the dual-stage process [69]. Further, we
have another activation involving physical and chemical processes. Several literature have
demonstrated such activation processes [1,36,53,57,70,71]. Oftentimes, physicochemical
activation entails chemical addition before carbonization, or carbonisation prior to the
chemical addition [72,73]. However, because Zn has been prohibitively classified as toxic
heavy metal, its use in biomass activation has recently decreased. More so, its readiness of
leaching into water [1] is a concern too. It is being found that physiochemical activation
results in more pore structure and larger surface area. Lastly, microwave activation has
also been recently used to produce sorbents. Thus, we can take advantage of the fact
that this process is fast, has delocalised heating, is specific, clean, and has ease of regula-
tion [69,71,74]. These different activation processes have similar potentials. The critical
thing is the condition of the activation and perhaps the precursor used.

3.2. Some Characteristics of Biosorbents

Good biosorbents are supposed to have efficient surface area and porosity proper-
ties. They should also have high regenerability [1,25,49]. Hence, the adsorption capacity
is function of the surface area, total porosity, and the surface chemistry [1]. For biosor-
bents to be deployed as a commercial grade, the surface area should be ≥500 m2/g [1].
Furthermore, smaller biosorbent particles have shorter path for diffusion, increased to-
tal surface area, and higher micro pore volume. This will in turn enhance the sorption
power of the sorbent than those with bigger particles [75,76]. Sorbents with larger particles
will have longer path for diffusion and lower active sites causing poor adsorption [77].
Appropriate surface area, porosity, particle, and functional groups on biosorbent make
them suitable for decontamination of soils and water laden with heavy metals and organic
compounds [78]. Furthermore, affinity to particular elements can facilitate its preferential
uptake capacity as it was found for phenol adsorption in the presence of nitrogen [79].
The presence of π-electron donor/acceptor moieties in adsorbents can increase adsorption
efficiency [80]. Additionally, high amount of ash in biosorbent favours adsorption of polar
organic compounds [80].

3.3. Activated Carbon

AC is a carbonaceous material that is amorphous with high internal surface area and
porosity [1]. It is produced from carbon source and amended to be used as sorbent of
contaminants from gases and liquids [25,81–83]. Generally, the common sources of ACs
are petroleum coke, lignite, bone char, peat, natural or synthetic polymers wood, coal,
and other biomasses [1]. Raw material to be used for ACs production should be cheap,
abundant, highly carbonaceous, and have low amount of ash, sulphur, and other impurities
such as chloride and heavy metals [1]. Therefore, continuous need for energy storing device,
potable water, environmental technologies are increasing the general demand for nascent
ACs [84]. ACs are commonly applied for the treatment of wastewaters and emissions [1].
More recently, bioderived ACs are much desired because they are more sustainable, low-
cost, high in carbon content, low in inorganic content, etc. [1,85]. More so, with the
increasing amount of biomass waste generation, it is necessary to study the conversion
of such waste to value-added products such adsorbents for removal of pollutants from
wastewater. Therefore, olive stones activated carbons (OSACs) have been used in the
removals of phenol (635 mg/g), iodine (1495 mg/g), nitrophenol, chlorophenol, ethanol,
methylene blue (667 mg/g), Pb (148 mg/g), remazol red B, amoxicillin, safranin, and
cadmium (200 mg/g) from wastewaters [1]. Chowdhury et al. [36] has also found that
biosorbent from lignocellulosic biomass have demonstrated excellent capabilities for the
removal of contaminants from waste aqueous stream [36]. Thus, ACs are effective in
wastewater treatment by adsorption of the organics and inorganics [1]. Besides sorption,
bioderived ACs can find use as catalysts [2,18,86,87] for anaerobic reduction and in the
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production radicals to oxidise pollutants of effluents [88,89]. They are also used in microbial
fuel cells as electrodes [25,89,90]. Furthermore, these materials have demonstrated very
efficient and superior capabilities for the esterification of diacids in aqueous solution than
the commercial analogues [91,92].

3.4. Biochar

Biochar is an alternative to AC for decontamination of pollutants from environ-
ment [80,93]. BC can be sustainably produced from organic and agricultural wastes biomass
feedstocks, sewage sludge, and forest residue [78,94]. Due to blockage of pores, BC ob-
tained by carbonisation has a surface area of <300 m2/g [73]. However, these locked
pores can be removed by activation [95] as earlier highlighted. Unlike ACs, BCs are pro-
duced from more diverse feedstocks in a less energy-intensive thermal conditions [25,96].
Thus, BC’s surface area and mechanical hardness are often lower than ACs. There are
increasing applications of BC in waste-water treatment [97,98]. Principally, sorption ten-
dency/properties of BCs have resulted into many related applications. Hence, biochar
acts as fertilizer [25,99–103], soil remediation agent [104] (like ACs [105,106]), and carbon
sequestration [18,25,107–110]. Additionally, biochar is used in making green packaging
materials for fruits and vegetables [106]. Recently, biochar is also used for amendment in
concrete [111,112] and to enhance toughness capability of cement-based composites [5].
Applications of BC and AC are also overlapping in their recent times [25]. Activated carbon
can be taken as BC if the AC is not withdrawn after use, or it was produced from renewable
materials similar as BC [25,113]. However, the use of BC can affect efficacy of pesticides,
soil organisms, and half-lives of organics and some sediments [78].

3.5. Charcoal

Charcoal (CC) is a carbonised wood used as fuel or reductant [114,115]. CC can be
formed when BC is burned as a fuel [25]. About 70% production of charcoal is located
in Africa [116–118] and used as domestic fuel or exported. Thus, CC can be used for
making barbeques [119], metallurgy [120], sodium cyanide, carbon disulfide, or silicon,
etc. [25]. Charcoal can be produced industrially using state-of-the-art facility [25]. Usually,
traditional means such as earth mounds are used for the production of CC. There are
environmental health issues because of emissions of VOCs, carbon monoxide, methane,
and fine particulate matter [25,120,121]. The highlight and demonstration of lignocellulosic
materials sorbents is given in Table 1 and Figure 2.
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3.6. Miscellaneous Lignocellulosic-Based Sorbents

Once again, biosorbents are useful for getting rid of pharmaceuticals, pesticides, gas,
organic and inorganic contaminants [33]. Mesoporous lignocellulosic-based sorbent from
rice straw was fabricated using green protocol [122]. The procedure is environmentally
friendly, economically feasible, and can effectively adsorb Pb (II) (952 ± 31 mg/g). This is
due to the sulfonic groups, mesoporous nature, and the large surface area [122]. There is
much prospect in this for wastewater treatment [122]. Similarly, Peach shell and Myriophyl-
lum spicatum were demonstrated biosorbents for Cu, Pb, uranium, and mycotoxins [7]. Fur-
thermore, starbon has been known to preferentially adsorb and separate precious/critical
metals at a very low concentration [123]. For this reason, starbon and other bioderived
mesoporous materials are considered as suitable for water treatment/purification [18], chro-
matography [19,91], catalyst supports, drug delivery systems [124], and so on. Methyl blue
and Rhodamine decontamination by sugarcane bagasse sorbent has been reported [125].
The methyl blue sorption was independent to the surface area variation unlike Rhodamine.
Pehlivan et al. [126] also reported bagasse for the treatment of As (V) (22.1 mg/g). Gus-
mao et al. modified (using succinic anhydride (SCB 2) and EDTA dianhydride (EB))
sugarcane bagasse for the sorption of ether diamine [127]. The performance capacities
of the SCB 2 and EB modified sorbents for ether diamine were 869.6 and 1203.5 mg/g,
respectively. At 90 min and pH of 10.0, the equilibrium conditions were attained. Similarly,
sawdust has been explored as an abundant and low-cost adsorbent for the removal of
dyes [21], phosphate [128], etc. from wastewater with much potential for environmental
remediation purposes.

Rice husk adsorbent extracted by sol-gel was used for ampicillin adsorption under
batch condition. The optimum temperature and pH for the process are 45 ◦C and 9,
respectively. More so, % removal of ampicillin decreased as adsorbent increased from
0.4–0.6 g [129]. Incinerated rice husk was efficiently applied for treatment of Cu [130]. In
addition, rice husk derived AC under carbon dioxide, pyrolysation, and sodium hydroxide
is reported [131]. With higher surface area, 899 m2/g, this adsorbent was used for removing
methylene blue. Reddy et al. [132] similarly confirmed that H2O2-treated rice husk AC
adsorbed methylene blue better than AC of peanut shell. Junaid et al. [133] conducted the
removal of dyes with rice husk sorbent. The optimal condition was at 240 min contact
time, 93% removal, pH 3.0, adsorbent dosage 8.0 g, and dye solution of 200 mL. Gupta
and Mote [134] established that saw dust (4.56 mg/g), grain husk ashes (11.11 mg/g),
lemon skins (12.65 mg/g), and sugarcane bagasse (5.12 mg/g) performed lower for Cr (VI)
sorption than rice husk (16.94 mg/g) [134]. More so, modified banana peels eliminated
95.96%, 100%, 100%, 97.41%, and 76.74% of coloration, TSS (total suspended solids), COD,
BOD, and tan plus lignin, respectively [135]. Similarly, Abdulfatai et al. [136] applied peels
of banana for sequestration of Zn, Pb, and Cr in wastewater. About 88.9% Cr removal
was observed when the peels were activated with 0.5 M sulphuric acids. The decrease in
the adsorbent particle size expectedly showed enhanced removal of these heavy metals.
Furthermore, the account of Krishni et al. [137] indicated that methyl blue sorption (optimal,
109.89 mg/g) is directly proportional to pH of the solution and the initial concentration
using banana leaves sorbent. In another development, 77% removal efficiency of Cr (VI)
was achieved using banana peel adsorbent with initial metal concentration 100 mg/L.
However, when the amount of metal was decreased, 95% removal was observed [138].

Use of lemon stem sorbent for treatment of aqueous Ni (II) was found to be optimal
at pH 5.0, according to Gönen and Serin [139]. The data fitted nicely into Freundlich and
Langmuir isotherm models. In addition, Ur (VI) was removed with orange peel from
aqueous system [140], with contact time 60 min and pH 4.0 optimal condition. Langmuir
model was more suited for the adsorption data. Mafra et al. [141] treated synthetic aqueous
effluent with orange peel adsorbent against Remazol Brillant blue. Increase in temperature
decreased the sorption efficacy. The adsorption data conformed to Freudlich and Langmuir
isotherm models. Acid treated coconut coir was applied for the adsorption of cationic and
anionic dye as reported by Ong et al. [142]. The coconut coir showed lower adsorption
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capacity on anionic dye A07 (10 mg/g) than cationic dye MB (121 mg/g). Ahmad et al. [143]
reported optimal sorption capacity of 500 mg/g for Hg (II) with sorbent prepared from
waste of coconut milk processing. H2SO4 treated coir-pith AC sorbed optimally at contact
time 4 h, pH 5.0, Pb concentration of 200 mg/L, and dosage 1 g/L [144]. Coir-pith sorbent
activated with ZnC2 was applied for removal of phenol (92.58 mg/g) by Subha and
Namasivayam [145]. Physical and endothermic processes defined the sorption.

Again, adsorption capacity and specific capacitance of tissue paper–derived activated
carbon (T-AC) were found to be greater than that of hardboard-derived activated carbon
(H-AC) [146]. Further, porous carbon encapsulated transition metal nanocatalysts of
commercial tissue paper have been fabricated by ArifulAhsan et al. [147]. Adsorption and
desorption behaviors of tetracycline hydrochloride by activated carbon-based adsorbents
derived from sugar cane bagasse modified with ZnCl2 were investigated. This activated
carbon showed a high BET surface area of 831 m2 g−1 with the average pore diameter
and pore volume of 2.52 nm and 0.45 m3 g−1, respectively. The batch experimental results
were described by Freundlich equation, pseudo-second-order kinetics, and the intraparticle
diffusion model. An amount of 239.6 mg g−1 maximum adsorption capacity was obtained
at 318 K. Tetracycline hydrochloride and activated carbon were bonded together by π—π

interactions and Cation—π bonds [148].

Table 1. Highlight of sorption capacity of some Biosorbents.

Adsorbate Adsorbent (Adsorption Capacity, mg/g) Ref. Respectively

Safranin Olive stone (526); Spirulina sp. Algae (54); [149,150]
Bisphenol A Olive stone (2.7); Ulva prolifera (9); [151,152]

Cadmium
Olive stone (200); Diplotaxis harra (32);

Glebionis coronaria (58); Solanum
elaeagnifolium (18.9)

[71,153–155]

Copper

Olive stone (34); Orange peel (9);
Sugarcane bagasse (13); Coffee residues

(70); Corn cob (31.35); Sal bark (51.4);
mango (42.6); Jackfruit (17.4); Peanut

shell (25.39); Papaya Seeds (212)

[22,156–159]

Lead
Olive stone (149); Moringa oleifere (12.24);

Solanum elaeagnifolium (20.6); Banana
Peel (7.97)

[22,155,160,161]

Nickel
Olive stone (24), Brown algae (64), Green

algae (92); Waste black tea (90.91);
Solanum elaeagnifolium (6.5)

[155,160,162]

Methylene blue dye
Olive stone (667); Bamboo (454); Fox
nutshell (968); Biochar (114); Milled
biochar (354); Banana peels (109.89)

[137,163–167]

Chromium

Olive stone (7); Alga Pterocladia (66);
Biochar (21); Rice husk (16.94); saw dust

(4.56); Coffee residues (45); Green tea
leaves (99%); Peanut shell (27.86)

[22,134,159,168–171]

Cobalt

Olive stone (16); Diplotaxis harra (26);
Glebionis coronaria (46); Spirulina sp (96);

Activated charcoal (50); Black Tea
Waste (15.39)

[153,154,156,172,173]

Zinc
Olive stone (16); Bagasse pith (147);
Waste black tea (166.67); Solanum

elaeagnifolium (7); Black Tea Waste (12.24)
[55,155,162,173,174]

Iodine Olive stone (1540); Desert plant (1178);
Acorn shell (1209); [175–177]

Phenol Olive stone (635); Fox nutshell (75);
Avocado kernel AC (90); Sawdust [79,165,178,179]

Chlorophenol Olive stone (11); Wheat husk biochar (93); [1,61]
Hg (II) Desiccated Coconut waste (500) [143]
As (V) Sugarcane bagasse (22.1) [126]

Reactive black 5; Congo red Coffee waste (77.52; 34.36) [180]
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Moringa oleifere Lam seed adsorbent removed 12.24 mg/g Pb (II) [181]. Meneghel et al. [182]
found optimal adsorption of 7.864 mg/g for Cd with Moringa oleifere Lam seeds. The opti-
mal conditions were contact time 160 min, pH 7.0, and 400 mg of adsorbent. On the other
hand, AC under same condition removed 32.884 mg/g. NaOH-treated Moringa oleifere
seed removed Mn, 5.61 mg/g (95% removal efficiency) according to Marques et al. [183]. In
another development, removal efficiency of 13–100% for organic and inorganic pollutants
was found with Olive Stone ACs (OSACs) obtained via chemical activation. On the other
hand, the performance of the OSACs obtained by physical activation had removal efficiency
ranged between 12% and 99.2% for organic and inorganic pollutants [1]. OSACs have been
used for wastewater treatment [1] containing phenol, chlorophenol, nitrophenol, ethanol,
iodine, methylene blue dye, remazol red B dye, safranin, amoxicillin, and several heavy
metals. Excellently high adsorption capacities of 667, 1495, and 635 mg/g with respect
to methylene blue, iodine, and phenol, respectively, had been found. Another extremely
high adsorption capacity has been recorded for safranin dye as 526 mg/g [1] using OSAC.
More so, high absorption capacities for heavy metals using this ACs was found; lead
with 148 mg/g and cadmium with 200 mg/g. it is important to note that the efficiency
of the adsorption capacity depends on the method and conditions of activation relative
to the adsorbate [1]. Besides these, bioderived sorbents can be used for gas adsorption
and storage [184]. Zhao et al. [185] have found significant sorption capabilities for CO2
(4.3 mmol g−1 at −208 ◦C and 1 bar) for biocarbonaceous materials. They were selective for
CO2 against N2 at both low and high temperatures [185]. By extension, biocarbonaceous
materials have also been investigated in energy storage. Therefore, broad bean shells S and
N dual-doping porous carbon materials were observed to provide specific capacitance of
202 F g−1 and current density of 0.5 A g−1 as cycling performance for electric double layer
capacitors [186]. In fact, porous carbon material has the ability of stable performance in
lithium ion batteries and sodium ion batteries, and thus can be widely applied in the field
of energy storage devices [18,186,187]. Furthermore, recent studies have used biochar as a
raw material for electrodes in microbial fuel cells [188] and special supercapacitors [25,189].
In addition, when biocarbonaceous materials are formed at high temperatures (>1200 ◦C)
they become a useful electrode in electrochemical energy and fuel cell [18,36].

4. Shortcomings about Biosorbent Studies

In as much as there many interests in biosorbents, such studies are dearth of experi-
mental details [1]. Most studies of biosorbents do not have data about pore size distribution,
pore volume, functional groups, etc. [22]. In addition, there has been paucity of tailor-made
biosorbents for specific pollutant removal. In reality, the pollutant should be defined first,
and then one can choose the suitable sorbent, perform preliminary simulation process,
optimise, estimate cost, and design the industrial-scale system [1]. It is again important to
have a basic/universal standard test for biosorbent. In addition, many of these studies in
most cases are lacking feasibility and economic analyses.

5. Conclusions

Natural and anthropogenic (especially) activities tend to constitute pollution to our
environment. Beside these, the existing technologies for waste water treatment have
problems such as high costs, sludge disposal challenges, etc. Thus, it is now important to
find economically viable and safe alternatives to decontaminate waste waters. Hence, low-
cost, renewable, easily accessible, and readily prepared biosorbents have become favourable
alternatives to traditional counterparts for the elimination of pollutants (pharmaceuticals,
pesticides, organics, inorganics, mycotoxins, etc.) from aqueous systems. Biosorbents are
usually used in raw or processed forms such as AC, BC, and CC. Besides classical sorption
of the above stated pollutants, biosorbents have prospect of applications as electrodes in
the microbial fuel cells, green packaging materials, energy storage devices, catalysts, soil
remediation agent, carbon sequestration, etc. More recently, novel biosorbents from tea
waste and coffee waste have been prepared and found suitable for removal of inorganic
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and organic pollutants. Therefore, in as much as biosorbents have demonstrated efficient
capacities for decontamination of pollutants, it will be appropriate to have a universal
standard test for biosorbents. Hence, further concerted investigations should be exercised
to develop feasibly best conditions for the preparations and modifications of biosorbents.
In addition, mean pore size, pore size distribution, porosity, surface functionality, and zeta
potential studies are necessary to be had about biosorbents, especially novel types. There
is need for development of biosorbents for specific tasks. Another essential thing is to
determine desorption studies of these novel biosorbents. Focus should also be directed on
more economically viable and sustainable biosorbents to enhance their use. Again, it is
suggested that more suitable biomasses be identified to enable successful preparation of
efficient biosorbents. More so, biosorbents can be recycled after use to avoid littering and
possible pollution.
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