
Chapter 11
Removal of Toxins from the Environment
Using Date Palm Seeds

Basma Al-Najar, Mohamed Bououdina, J. Judith Vijaya, Radhika R. Nair,
and Tetiana Tatarchuk

Abstract Seeds of date palm trees are becoming one of the nature solutions for
pollution as their interesting adsorption properties can compete with other con-
ventional adsorbents such as activated carbons. In the Middle East, where massive
amounts of palm pits are being disposed daily, researchers are interested in exploit
these waste in beneficial applications such as water treatment from toxins. This
chapter is reviewing the latest research that investigates the possible routes of
extracting useful substances from palm dates including oil, cellulose and phenol. It
also focuses on the chemical composition, surface morphology and microstructure
of the treated palm seeds. Such remarkable properties reflect the outstanding
behavior of the extracts during adsorption experiments. It is discussed here, how
palm seeds can be effectively applied in heavy metal (Cu, Pb, Zn, Cr, Au, Br and
Ni) removal from aqueous solution. Degradation of dyes (Rhodamine B (RhB),
Methylene blue (MB), Congo red (CR) and Crystal violet (CV)) and other pollut-
ants are also considered under different experimental conditions.
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11.1 Introduction

Clean water scarcity has been a global environmental issue due to the different and
massive amounts of pollutants that residue daily as a product of industrial activities
(Natarajan et al. 2018; Naushad et al. 2015a). Such pollutants include heavy metals
(Kobielska et al. 2018; Shahat et al. 2015), dyes (Abbas and Ahmed 2016;
Javadian et al. 2014), acids (Salman and Al-saad 2012) and also microbes
(Li et al. 2018). Research studies have focused on the removal techniques of
these un-degradable pollutants through several chemical and physical methods
such as adsorption (Danish et al. 2012; Rajamohan et al. 2014), catalysis (Zhou
et al. 2018) and filtration (Barnaby et al. 2017). Adsorption has been one of the
effective routes to get rid of these pollutants and it depends mainly of the applied
adsorbent which has to own certain chemical and physical properties (Ahsaine
et al. 2018; Mittal et al. 2016) as well as being safe to environment (Banerjee et al.
2018). Activated carbon (Ac) (Farooq et al. 2017) nanoparticles (Khosravi et al.
2018) and biosorbents (Wen et al. 2018) are well known adsorbents for the
removal of pollutants from aqueous solutions. Biological, green or echo-friendly
materials has emerged to be efficient adsorbers to pollutants beside their low cost,
easy preparation and environmental friendly (Amiri et al. 2017; Naushad et al.
2015b) such as walnut shell (Banerjee et al. 2018) coconut (Johari et al. 2016; Etim
et al. 2016) and tea (Shen et al. 2017). Among these bio-adsorbents and in
particular regions of the word (Middle East and North Africa) (Al-Mutairi 2010),
the seeds of palm dates fruit have shown a great potential to be an excellent catalyst
for adsorption procedures (Ahmed 2016). Due to the high consumption of dates in
various regions, millions of tons of date pits are produced daily. Aside with their
applications in biodiesel production (Al-Muhtaseb et al. 2016), in batteries
(Izanzar et al. 2018) and other environmental applications (Jamil et al. 2016;
Naushad et al. 2015c), it has been reported that date pits can be an excellent
alternative to activated carbon which is used excessively for pollutants removal
procedure (Al-Mutairi 2010). Palm dates have shown to possesses interesting
properties such as high porosity and high surface area that makes it low cost and
clean adsorber after undergoing extraction and pre-treatment stage (Ahmed 2016).
Several research works focused on the applications of palm dates for water
treatment and in particular for the removal of metals (Mahdi et al. 2018), dyes
(Daoud et al. 2017) and others through adsorption. Physical and chemical
treatment is very essential as it could dramatically affect the adsorption process
as well as it alters the morphology of the adsorbent and the grain size and hence the
surface area which is the key factor of the adsorption process (Gueu et al. 2006).
This chapter provides an over view of the extraction characteristics of palm dates
as well as a particular focus on its applications in the removal of metals, dyes and
other from water.
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11.2 Extraction Procedures and Synthesis Methods of Date
Palm Seeds

Dates are the fruit of the palm tree. It has a very important nutritional value. It has
been considered an important food in the past. Dates contain a large proportion of
important minerals for the human body in its construction and protect it from many
of the disease (Farsi et al. 2007). Date seed has also many benefits for human and
animals and it is an important part of date represented the steel body, and is
rectangular in shape, and pointed at both ends, and occupies the center of the fruit,
and weighing between 0.5 and 4 g with length of 12–20 mm and usually the length
of the seed is equal to three times the width. Date seeds represent 10–20% of the total
weight of the fruit and contain protein, carbon hydrate, fiber, foodstuff, ash, fat water
and oil (Barreveld 1993). It also contains many of important elements such as
sodium, Potassium, Calcium, Iron, Copper, Magnesium, Manganese, Zinc and
phosphorus. The common names are, date seeds, dates pits, date kernels, date stones,
date pips (Ali et al. 2015). The different ripening stages of date palm according to
days post pollination (DPP) shown in Fig. 11.1 (Ghnimi et al. 2017).
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Fig. 11.1 Schematic diagram of different ripening stages of date palm according to days post
pollination (DPP). (Ghnimi et al. 2017)
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Bio-fuel production from date palm seed oil (Pheonix Canariensis) is a new trend,
and solvent extraction is one of the traditional technique used for this purpose. This
is a cheapest method and it is applied to produce oil such as Jojoba oil, soybean oil,
palm oil and jatropha oil from oil seeds (Devshony et al. 1992). Many factors which
affect the solid liquid extraction, like particle size, physical and chemical properties
of the solvent solubility, temperature and solvent agitation. The extraction equip-
ment also requires safety considerations such as, environmental factors, solvent and
dust loadings and working environment. The main application of this procedure
includes the extraction of oil from oil seeds and metal salts fro their ores (Rahman
et al. 2007). Rate of extraction of oil from date seed depends on type of solvent,
partial size of date seed, time of extraction and temperature (Mohsen et al. 1995).

The aim of this work is to produce bio-oil from date palm seeds by conventional
Soxhlet apparatus method. The yield of this production is optimized with respect to
grain size of the crushed seeds, extraction time and choice of the solvents used
(Abd-Alla and El-Enany 2012). The obtained bio-oil were charcterized using Fourier
Transform Infrared Spectroscopy (FT-IR) for the identification of functional groups
and Gas Chromatography – Mass Spectrum for the identification of fatty acids
composition, iodine value, saponification value and kinetics value are determined
by this method (Abd-Alla and El-Enany 2012).

Phoenix canariensis (Date palm) is mainly found in the Canary Islands and in
countries like Australia and California. The Canary Island Date Palm, a very large
palm grown for its rounded crown and its massive trunk, is mainly used in parks and
gardens for avenue planting. The norm of chemical parameters of Phoenix
canariensis are shown in Table 11.1 (Nehdi et al. 2010). For its growth, it requires
a well-drained fertile moist, organic rich and loamy soil. It has a longer life span up
to 150 years with less water requirement. The different methods used, for the
extraction and synthesis are discussed below. The date palm seeds vary in amount
of their oil, starch and other components. The seed is usually obtained from a small
embryo and hard endosperm made up of cellulose.

Date palm seed weigh approximately 5.6–14.2%, in that 6.46% I moisture, 5.22%
protein, 16.2% fiber, 8.49% fat, 62.51% carbohydrate and 1.12% ash. It contain
several minerals like potassium, magnesium, calcium, phosphorous, sodium, iron
and several acids like, fatty acids, oleic acid and lauric acid. The chemical
composition, physical and chemical properties of Phoenix canariensis shown in
Table 11.2 (Nehdi et al. 2010).

Table 11.1 Norm of
chemical parameters of
Pheonix canariensis (Nehdi
et al. 2010)

Parameter Norm

Saponification value ISO 3657

Para-anisidine value ISO 6885

Peroxyde value ISO 3960

Acid value ISO 660

Unsaponifiable matter ISO 3961

Iodine value ISO 3596
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11.2.1 Solvent Extraction Using Soxhlet Apparatus
for Protein Fraction from Date Palm Seeds

The seeds are manually isolated, soaked in water and washed to remove any
remaining dirt. The flesh of the date is air dried for a week, and further dried
overnight at 40 �C. The seeds are ground into a fine powder and defatted by
extraction with hexane using a Soxhlet apparatus. The defatted powder is then
dried to form a date seed powder (DSP). The Fig. 11.2 shows schematic diagram
of conventional Soxhlet apparatus used in the laboratory and the outline diagram of
the apparatus (Luque de Castro and Priego-Capote 2010).

The preparation of oil from date palm seed is carried out by placing 15 g of dried
DPSP into an extraction thimble and sealed with a piece of cotton wool. The thimble
is then inserted in a Soxhlet extraction flask. Anti-bumping agent granules are added
before adding 300 ml of hexane to a cleaned dried and weighed round bottom flask.
The extraction unit is then placed over an electric heating mantle. The temperature of
the heater is adjusted to boil the hexane.

Table 11.2 Chemical
composition, physical and
chemical properties of
Pheonix canariensis date palm
seed (Nehdi et al. 2010)

Component
Chemical composition of seeds

Moisture content (%) 10.20 � 0.25

Oil - dry matter (%) 10.36 � 0.29

Ash - dry matter (%) 1.18 � 0.02

Protein 5.67 � 0.15

Carbohydrate 72.59 � 0.28

Potassium 255.43 � 0.02

Magnesium 62.78 � 0.18

Calcium 48.56 � 0.56

Phosphorous 41.33 � 0.66

Sodium 8.77 � 0.22

Iron 3.21 � 0.34

Properties of seed oil
Saponification number 191.28 � 0.50

Iodine number 76.66 � 0.28

Free fatty acids 0.59 � 0.02

p-Anisidine value 3.67 � 0.18

Peroxide value 3.62 � 0.56

Unsaponifiable matter 1.79 � 0.22

Index of refraction 1.456 � 0.01

β – Carotene 5.51 þ 0.03

Chlorophyll 0.10 þ 0.02

Physical state at room temperature Liquid
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When the solvent starts to boil, some amount of hexane drips out from the
condenser into the sample chamber where it extracts the oil from the DPSP. The
extraction is continued for 10 h or until the solvent in the sample chamber becomes
colorless which indicates that it was free from oil and that all the oil had been
extracted (Ibrahim et al. 2012). At this point, the heat source is switched off. The
sample is removed from the thimble and left overnight to dry at room temperature.
The defatted date palm seed powder (DDPSP) is kept in plastic container at �20 �C
until further use.

11.2.2 Extraction of Cellulose from Date Palm Seeds by Van
Soest Analysis Method

The seeds of date palm are collected and directly isolated from date fruit, which are
fully ripped. The obtained sample is washed with distilled water to remove any
adhering date flesh, then air-dried and preserved at �20 �C. The as-dried date seeds
are ground into powder with a microphyte disintegrator FZ10 in order to pass a
495 μm sieve. The size of the samples must be small to make sure the reaction
reagent and fibers are optimum during the extraction process. Powdered date seeds
(20 g) are sequentially subjected to Soxhlet extraction with water and petroleum for
8 h. each and followed by alkaline extraction: consistency (5%); NaOH (2%);
temperature (70 �C) and treatment time (160 min) (Al-Hooti et al. 1998). The

Fig. 11.2 Schematic diagram of conventional Soxhlet apparatus. (Luque de Castro and Priego-
Capote 2010)
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bleaching step is carried out with acidified sodium chlorite (1.7%). The cellulose is
extracted from holo cellulose with 10% KOH, containing 1% H3BO3 for 10 h at
room temperature with a solid-to-liquor ratio of 1/25.

11.2.3 Extraction of Date Palm Seed Oil by Supercritical
Carbon Dioxide Method

The collected date palm is usually preserved in a refrigerator. The flesh is separated
from the seed manually and washed to eliminate any traces of impurities. Pure
carbon dioxide (99.99%) which is equipped with supercritical fluid extractor is
used throughout the experiment. 10 g of sample and size 2 mm of maximum
dimension is weighed accurately in a glass dish that has been dried previously in
an oven and set to operate at 103� 2 �C for 4 h (Hosam andWissam 2011). The dish
is weighed after cooling in the desiccators. The ground date seeds are sieved using
plates of 0.5, 0.4, 0.3 and 0.2 mm pore size. Supercritical Carbon Dioxide (SC-CO2)
extraction is conducted at constant temperature and pressure, 40 �C and 30 MPa for
different particle size. The schematic diagram of supercritical carbondioxide
(SC-CO2) apparatus shown in Fig. 11.3 (Pradhan et al. 2009).

SC-CO2 extraction of date’s fruit seed is carried out using laboratory-scale
supercritical fluid extraction system. In this method a continuous flow of CO2 gas
with 99.9% purity is passed into the extractor with a flow rate of 24 mL/min and a
temperature range of 40, 50, 60, 70 and 80 �C and a pressure range of 27.6, 34.5 and
41.4 MPa were used. An approximate amount of fine date palm powder were placed
in an extraction vessel and extraction is set to be 40 min. The extracted oil is
collected by placing a vial at the outlet of the restrictor (Crabbe et al. 2001).

Fig. 11.3 Schematic diagram of supercritical CO2 apparatus. (Pradhan et al. 2009)
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11.2.4 Extraction Method for the Identification of Biomedical
Protein from Date Palm Seed and Flesh

The seeds are manually removed from the fruits and washed to remove any remained
date flesh. The seeds are air dried at room temperature and the flesh is cut into small
pieces. Date seed and flesh are ground into powder using a precooled mortar in the
presence of liquid nitrogen. The powder is further ground into fine powder by using a
blender. All date samples are then kept at �80 �C until further use (Ambigaipalan
and Shahidi 2015).

11.2.4.1 TCA-Acetone (TCA-A) Extraction Method

1.5 g of seed (2.0 g of flesh) powder issuspended in 12 mL of ice-cold extraction
buffer [50 mMTris-HCl (pH 8.5), 5 mM EDTA (pH 8.5), 100 mMKCl, 2% v/v
2-mercaptoethanol] and vortexed for 15 min at 4 �C. After centrifugation (15,000 g,
10 min, 4 �C), the supernatant is collected and precipitated overnight with four to
five volumes of acetone containing 10% w/v TCA at – 20 �C.

The supernatant is removed after centrifugation (15,000 g, 30 min, 4 �C) and the
pellet is washed twice in ice-cold acetone/0.2% DTT. The pellet is incubated for 1 h
between the two rinsing steps at�20 �C. After centrifugation at 10,000 g for 5 min at
4 �C, the supernatant is removed and the pellet is air-dried. The pellet is then
resuspended in 400-μL resolubilisation buffer (7 M urea, 2 M thiourea, 4% w/v
CHAPS) and vortexed for 1 hr. at room temperature. After centrifugation (10,000 g,
10 min, 4 �C), the supernatant is collected (Carpentier et al. 2005).

11.2.4.2 (Phe) Extraction Method

In Phe extraction method, 1.5 g of seed (2.0 g for flesh) powder is suspended in
10 mL of ice-cold extraction buffer [50 mMTris-HCl (pH 8.5), 5 mM EDTA
(pH 8.5), 100 mMKCl, 2% v/v 2-mercaptoethanol, 30% w/v sucrose] and vortexed
for 30 s Ice-cold Tris-buffered phenol (pH 8.0, 10 mL) is then added to the sample
and vortexed for 15 min at 4 �C. After centrifugation (15,000 g, 10 min, 4 �C) the
phenolic phase is collected and re-extracted with the same volume of extraction
buffer and vortexed for 30 s. After centrifugation (15,000 g, 10 min, 4 �C) the
phenolic phase is collected and precipitated overnight with 5 volumes of 100 mM
ammonium acetate in methanol at �20 �C (Saravanan and Rose 2004). The
supernatant is then removed after centrifugation (15,000 g, 30 min, 4 �C) and the
pellet is washed twice in ice-cold acetone/0.2% DTT. It is then centrifuged and
suspended in buffer.
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11.2.4.3 TCA-Acetone-Phenol (TCA-A-Phe) Extraction Method

In this TCA-A-Phe extraction method, 1.5 g of seed (2.0 g for flesh) powder of is
suspended in 10 mL of 10% w/v TCA in acetone and vortexed for 30 s. After
centrifugation (15,000 g, 10 min, 4 �C) the supernatant is removed and then 10 mL
of 100 mM ammonium acetate in methanol at �20 �C was added, vortexed for 30 s
and centrifuged (15,000 g, 10 min, 4 �C). The supernatant is removed after centri-
fugation and washing steps were repeated twice with 10 mL of ice cold acetone at
�20 �C. After centrifugation (15,000 g, 10 min, 4 �C), the supernatant is removed
and the resultant pellet is air dried at room temperature to remove residual acetone
(Wang et al. 2006). The following steps (Phe extraction, methanol/ammonium
acetate precipitation, and pellet resolubilisation) are performed in the same way as
in Phe extraction method.

11.2.5 Preparation and Extraction of Date Palm
Nanoparticle by Agar Well Diffusion Method

Date seeds are soaked in water to remove any adhering date flesh, air-dried, then
further dried in an air oven at 60 �C. The dried date palm seeds are ground and
passed through 1–2 mm screens to produce date palm seeds flour or date-pits
powder. The powder is then kept in the freezer at �20 �C (Saleh and Otaibi
2013). About 5 g of date palm seed powder is weighed and poured into a flask
including 20–50 mL of 38% hydrochloric acid solution. The flask is then kept under
stirring at a speed of 1000 rpm at a temperature of 30 þ 2 �C. The date palm seed
nanoparticles were filtered through a Millipore filter having a pore size of 220 nm.
Alternately, the solution was centrifuged at about 9000 rpm for about 15 min to
isolate the date palm seed nanoparticles.

11.2.6 Preparation and Extraction of Date Palm by Acid
Hydrolysis

Date palm seeds are extracted with ether for 11 h and with aqueous methanol
(70%) for 18 h in a continuous extraction apparatus (Soxhlet) until exhaustion. The
aqueous extract is concentrated to a small volume and partitioned successively
with chloroform and n-butanol. The n-butanol extract is then fractionated on a
silica gel 60 (63–200 mesh) column chromatography and eluted with chloroform
followed by step-wise addition of methanol to afford four fractions (Nagwa et al.
2009). Each fraction is subjected to sephadex and eluted with a mixture of
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methanol and water. All separation processes were performed using Whatman
No. 1 paper with (S1) n-butanol-HOAc-H2O (4:1:5, top layer) and 15% aqueous
HOAc. The solution of each compound in 6% aqueous HCl is refluxed for 2 h. The
reaction mixture is diluted with water and extracted with ether.

11.2.7 Preparation and Extraction of Date Palm by FRAP
(Ferric Reducing Antioxidant Power Assay) Method

The date palm samples were packed in polyethylene bags, sealed and stored at
2–8 �C. The pits were removed from the flesh, washed to get rid of any adhering date
flesh, and air-dried. Then, they were further dried at about 50 �C for 4 h. Date pits of
each variety were separately milled up to 1–2 mm and then preserved at 2–8 �C.

About 0.02 g of powdered date seeds was shaked with 5 mL of solvent in a glass
tube at room temperature, two times for 30 min and then centrifuged. Water,
methanol:water (50:50, v/v), methanol, DMSO and water:methanol:acetone: formic
acid (20:40:40:0.1) (3) were used as solvents. The extraction was carried out using
these solvents to compare the antioxidant activities and the total phenolic contents of
each extract.

In ferric reducing antioxidant power assay method, reduction of a ferric-
tripyridyltriazine complex to its colored ferrous form in the presence of antioxidants.
The FRAP reagent contained 5 mL of 10 mmol/L solution of TPTZ (2,4,6-tripyridyl-
s-triazine) in 40 mmol/L HCl, 5 mL of a 20 mmol/L solution of FeCl3and 50 mL of a
0.3 mol/L acetate buffer solution, pH 3.6 was maintained and warmed at 37 �C. The
date palm seed extract of 50 μL was mixed with 1.5 mL FRAP reagent and after
incubation at 37 �C for 10 min, the absorbance of the reaction mixture was measured
at 593 nm (Benzie and Strain 1996).

11.2.8 Preparation and Extraction Date Palm Seed by
Aqueous and Ethanolic Method

Palm date was collected at the initial growth stage and stored in a refrigerator at 4 �C,
then removed the flesh of date from the pits. The pits were dried and crushed to fine
powder. Fruits and seeds were defatted by using n-hexane then extracted three times
with 500 ml methanol at room temperature for 24 h by a magnetic stirrer. To obtain
crude methanol, the extracts were filtered and centrifuged at 6000 radius centrifu-
gation force for 30 min at 3 �C (Pujari et al. 2011), then the supernatant was
concentrated under low pressure at 40 �C for 1 to 2 h using a rotary evaporator.
These extracts were stored in dark glass bottles at �4 �C. Also, the dry date palm
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seeds were soaked in water (1:5 w/v) at 40 �C then stirred for 24 h at a temperature of
4 �C. This mixture was centrifuged at 6000 RCF for 20 min and the precipitate was
discarded and the supernatant liquid was stored at 4 �C. The flowchart for the
procedure of Ethanolic and aqueous extraction was shown in Fig. 11.4 (Al-Farsi
and Lee 2008).

Fig. 11.4 Flowchart for the extraction procedure for Ethanolic and aqueous method. (Al-Farsi and
Lee 2008)
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11.2.8.1 Ethanolic Extract

100 g of the fresh blended date palm seed were extracted exhaustively with 1 L of
ethanol and the mixture sieved, then the remaining ethanol in the extract was evapo-
rated to obtain the concentrated extract, which was reconstituted in distilled water at a
concentration of 1 mg/ ml and stored in the refrigerator (Amani et al. 2016).

11.2.8.2 Aqueous Extract

100 g of the fresh blended date palm seed were extracted exhaustively with 1 L of
water and the mixture sieved, then the remaining methanol in the extract was
evaporated to obtain the concentrated extract, which was reconstituted in distilled
water at a concentration of 1 mg/ ml and stored in the refrigerator.

11.2.9 Preparation and Extraction of Date Palm Seed by
Isoelectric Precipitation Method

The date palm seeds were soaked in water, washed to remove any adhering date
flesh, and then air-dried. The fine powdered samples were collected, stored and then
further dried at 50 �C. Date pits, of each variety, were separately milled up to
1–2 mm and then preserved at �20 �C. Lipid extraction was carried out with a
SER 148 solvent extractor equipped with six Soxhlet posts. The extraction was
carried out for 30 min, with thimbles immersed in boiling petroleum ether, and
60 min of reflux washing (Besbes et al. 2009). After removing solvent, using a
rotavapour apparatus, the obtained defatted date seeds were used for preparation of
fibro-protein extract.

The fibro-protein extract from defatted date seed was prepared according to the
isoelectric precipitation method. The defatted date seed flower was mixed with
distilled water (1:10 w/v), adjusted to pH 10 with NaOH and after stirring for at
least 40 min, was centrifuged at 6500 g for 20 min at 4 �C. Then, the residue was
mixed with distilled water (1:5 w/v), readjusted to pH 10 and centrifuged following the
same process. The supernatant liquid of both centrifugations were blended and used as
mother solution for DSFPE production (Tsaliki et al. 2002). This solution was adjusted
at pH 4.5 with 0.1 HCl, centrifuged, freeze and lyophilized to obtain the DSFPE.

11.2.10 Preparation and Extraction of Date Palm Seed by
Aqueous Ethanolic Method

In this method, date palms and flesh and pits were separated. Palm seeds were
washed to remove adherent fruit material. After washing and drying, seeds were
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roasted and grounded to obtain fine date seeds powder, which was stored in plastic
jars at ambient temperature. The solvent extraction was carried out using aqueous
ethanol followed by extraction. In this method, 50 g of date seeds powder was added
in 149 mL of aqueous ethanol in 250 mL conical flask, 1 mL of acetic acid and
40 mL of distilled water were added into flask. The mixture of solvent and date seeds
powder was placed in orbital shaker for 3–4 h at 280 rpm with controlled temper-
ature of 20 �C. The mixture was filtered through Whatmann filter paper No. 2. The
solvent was evaporated using rotary evaporator under reduced pressure at 40 �C. The
final extract was stored at – 40 �C (Farsi et al. 2005).

11.2.11 Different Method for the Preparation and Extraction
of Anti – oxidant from Date Palm Seeds

11.2.11.1 Decoction Method

The date palm seeds powder is boiled in a process called decoction method in order
to obtain a thick liquid solution which is rich in antioxidants. 5 g of sample is mixed
with 100 ml deionized water and boiled at 100 �C for 30 min in water bath. Then, the
mixture is centrifuged at 10000 rpm for 10 min. The liquid portion is filtered using
muslin cloth, and the filtrate is used to determine the antioxidants (Lee et al. 2008).

11.2.11.2 Hydro-alcoholic Method

Antioxidants can be extracted from date palm seeds by the hydro-alcoholic cold
separation method. In this method, 10 g sample is mixed with petroleum ether
ethanol 90% at a ratio of 1:1 (v/v) in flask capped by cotton wool and shaken on a
rotary shaker for 24 h. The solution is centrifuged at 10000 rpm for 10 min and
filtered using eight layers of muslin cloth. The combined filtrate is concentrated in a
rotary evaporator at 60 �C under reduced pressure to evaporate the petroleum ether
and yield a thick solution. The hydro-alcoholic method achieved higher amount of
total phenols and flavanones than methanolic and aqueous method. It is found that
higher yield of antioxidants was achieved by the decoction method compared to the
hydro-alcoholic method (Milovanovic et al. 2007).

11.2.11.3 Ultrasound Method

In this method, in a 25 ml flask, 2.5 g powdered date palm seeds were mixed with
20 ml methanol and the mixture is sonicated at 20 khz for 30 min at a temperature of
23 �C filtered using eight layers of muslin cloth. The combined filtrate is concen-
trated in a rotary evaporator at 60 �C under reduced pressure to evaporate the
methanol. This method shows better yield and reduced time, and the effect of
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ultrasound mainly depends on the nature of the solvent used for extraction. The
solvent in the ratio of 3:1 i.e. acetone: water with chloroform yields a high amount of
phenol from date palm seeds (Pan et al. 2011).

11.2.11.4 Solvents Method

In this 1 g of fine form of date palm seeds were mixed with suitable solvents such as
acetone, DMF, methanol, ethyl acetate and ethanol. Then the solution kept in a water
bath for 60 �C for 4 h and then centrifuged at 10000 rpm for 10 min and filtered using
muslin cloths. Then the obtained filtrate was concentrated using a rotary evaporator
at 60 �C under reduced pressure. It was found that, the antioxidant extraction yield is
influenced by the nature of the different solvents used and its concentration. For the
extraction of anthocyanins, acid such as methanol or ethanol is used, DMF used as a
solvent to extract polyphenol from tea than acetone (Paniwnyk et al. 2001).

11.2.12 Determination of Phenolic Content from Date Palm
Seed by Folin-Ciocalteu Method

The date palms were purchased; pits removed and were stored in a refrigerator at
4 �C until used. The extraction procedure was carried out on the date seed powder. In
a 125 mL Erlenmeyer flask, 1 g of date palm seed fine powder were mixed with
20 ml de-ionised water (20:1 ratio). The flask then placed in a water bath for 25 �C
for 1 h, then the obtained solution was centrifuged at 1000 rpm for 10 min and then
filtered. The solvent was evaporated by using a rotary evaporator at 60 �C (Hong
et al. 2006).

Finally, the sample was analyzed for total antioxidants (TA), total phenolic
(TP) and total flavonoid (TF) using a spectrophotometer. The same procedure was
followed with all the solvents.

11.2.13 Extraction and Preparation of Silver Nanoparticle
from Date Palm Seeds by Microwave Assisted Green
Synthesis

In this extraction method, date palm seeds were dried, powdered, sieved and stored
in the form of fine powder. From this, 0.3 g of date palm fine powder was mixed with
25 ml of double distilled water and exposed to microwave at 300 W. After cooling,
the obtained reddish brown extract was filtered and stored at 5 �C. Similar procedure
was followed for the synthesis of silver nanoparticle, 1 ml date palm extract mixed
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with 10 ml silver nitate solution and then irradiation at 300 W for 30 s in microwave.
After cooling, this mixture was mixed with 0.1 ml 4-nitrophenol solution and
1.85 ml sodium brohydride solution (Aitenneite et al. 2016).

11.2.14 Extraction Method for the Identification Protein from
Date Palm Seed by HPLC – PDA Analysis

The pits separated from the flesh of date palm, crushed into fine powder and around
100 g are taken in a flask. The fine powder was equally separated in individual flasks,
immersed and extracted three times with 500 ml of n-hexane. The flask was shaken
for 24 h with 3 h interval using a magnetic stirrer, and then filtered with Whatman
filter paper. The solvent was removed under reduced pressure at 40 �C using a rotary
evaporator to obtain hexane crude extracts.

The immersed seeds were separately extracted three times with methanol
(500 ml) at room temperature for 24 h using a magnetic stirrer. The methanolic
extracts were filtered and then centrifuges at 6000 for 30 min at 3 �C. The superna-
tant liquid was concentrated under reduced pressure at 40 �C for 1–2 h using a rotary
evaporator to obtain methanol crude extracts. The n-hexane and methanol extracts
were kept in dark glass bottles at �4 �C. Also, the dry date palm fruits were soaked
in water (1:5 w/v) at 40 �C then stirred for 24 h at 4 �C (Wang et al. 2004). The
mixture was centrifuged at 6000 RCF for 20 min to discard the precipitate and the
supernatant was stored at 4 �C.

11.2.15 Extraction of Date Palm Seed by Ultrasonication
Assisted Extraction

Dried date palm seeds were powdered to a uniform particle size. Sample-to-solvent
ratio was kept constant for all the procedure. Extraction carried out in ultrasonic
bathat 35KHz. Samples (2 g) were powdered and placed into Erlenmeyer flasks
(250 mL) Samples were exhaustively extracted with different proportions of
ethanol-water (from 0% to 100%) at different extraction time (from 5 to 45 min),
in different ratios of aqueous ethanol to raw material (from 10 to 70 mL/g) and at
extraction temperature varying from ambient temperature to 65 �C. Absolute
methanol and 50% ethanol were used for extraction. Mostly, ethanol was selected
as extraction solvent due to its low toxicity (Vijay et al. 2012). The mixtures were
centrifuged at 2000 � g for 20 min at 4 �C and the supernatants were collected for
the antioxidant activity determination. Figure 11.5 shows the experimental set up
design for the ultrasonication assisted extraction method (Luque de Castro and
Priego-Capote 2010).
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11.2.16 Estimation of Flavonoid Content in Date Palm Seed
by Aluminum Chloride Colorimetric Method

Date palm seeds were collected and dried into powder with uniform particle size. In
this method, sample-to-solvent ratio was kept constant for all the procedure, i.e. 1 g
seed powder in 50 ml solvent. Absolute methanol (Merck, Mumbai) and 50%
ethanol were used for the extraction.

Aluminum chloride (AlCl3) colorimetric method was used for flavonoids deter-
mination. 0.5 mL of each plant extract was separately mixed with 1.5 mL of
methanol, 0.1 mL of 10% aluminum chloride, 0.1 mL of 1 M potassium acetate
and 2.8 mL of distilled water. The reaction mixture was allowed to stand at room
temperature for 30 min and then further analyses were conducted (Dobias et al.
2010).

11.3 Physico–Chemical Characteristics of Date Palm Seeds

11.3.1 Date Palm Seeds as a Precursor for Porous Carbon

There are many reports about using of date palm seeds as low-cost sorbent in the
adsorption process for the purification of removal wastewater from pollutants. This
approach has few options: the use of non-activated date pits as solid adsorbent and
the use of activated date palm seeds carbons (biochar) obtained from date palm
seeds as adsorbent for hazardous dyes and heavy metals from wastewater (Fig. 11.6).

Activated carbons can be prepared from date palm seeds by using two steps:

Step 1 – carbonization: means thermal treatment (pyrolysis) of the carbon pre-
cursors under inert gas atmosphere and high temperatures (600–700 �C) to obtain
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flaskelectrical
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Fig. 11.5 Schematic
diagram for the
experimental set up for
ultrasonication assisted
extraction method. (Luque
de Castro and Priego-Capote
2010)
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a biochar – a stable solid rich in carbon; but very often the obtained biochar
shows low adsorption capacity and needs an activation step to increase its pore
volume, porosity and surface area;

Step 2 – activation:

• physical activation: using of CO2 atmosphere or steam at temperatures above
700 �C; the high level of internal carbon mass is undesirable so it must to be
removed to obtain a carbon with well-developed structure (Ahmadpour and
Do 1996; Belhachemi et al. 2009);

• chemical activation: the carbonization of the palm date pits precursor in the
presence of chemical activators such as KOH, K2CO3, NaOH, Na2CO3, AlCl3,
FeCl3, ZnCl2, H3PO4 H2SO4 at temperatures lower compared to the physical
activation (400–800 �C) and for shorter periods of time; these conditions help
to get activated carbons with high surface area and porosity (Ao et al. 2018);

• physico-chemical activation: simultaneous combination of physical and
chemical activations after carbonization process in the temperature range
600–850 �C with using the potassium hydroxide, zinc chloride or
orthophosphoric acid (as dehydrating agents) and CO2 or steam
(as oxidizing agents) leading to obtain a high porous structure (Ahmed 2016).

A wide number of studies have reported the preparation of activated carbon from
date palm seeds by application physical or chemical activation. Ogungbenro et al.
(2017) reported about activated carbon prepared from palm date seeds by physical
activation for CO2 capture applications. It was shown, that the optimal temperature
for thermal treatment is 800 �C, while activated carbon obtained at 900 �C had the
highest CO2 adsorption capacity equal 141.14 mg/g. Md. A. Islam et al. (2015)
prepared mesoporous activated carbon from palm date seed by alkaline activation of

Fig. 11.6 Activated carbon preparation from date palm seeds

11 Removal of Toxins from the Environment Using Date Palm Seeds 223



hydrochar. The activated carbon had high BET surface area equal 1282.49 m2/g and
the maximum adsorption capacity in regarding to methylene blue dye 612.1 mg/g.
A. El Nemr et al. (2008) prepared activated carbon from date palm seed by
dehydrating methods using boiling for 20 h with concentrated sulfuric acid (98%,
2.0 l). Its capacity to remove toxic chromium from different aqueous solutions was
evaluated, reaching a maximum adsorption capacity 120.48 mg.g�1 (for Cr
(VI) concentration is 75 mg.l�1 and carbon adsorbent concentration is 4 g.l�1).

Magnetic biocomposite was fabricated by (M. Gazi et al. 2017) through the
co-precipitation of palm seed-based biochar in the presence of magnetite particles
(Fig. 11.7). Such magnetically separable palm seed-based biochar was investigated
for the removal of Ni2+ ions. The as-prepared biocomposite has a surface area of
135 m2.g�1 and a saturation magnetization of 65.8 Am2.kg�1, with the Ni
(II) removal ability reaching 87% (28 mg.g�1) at pH 3. It was shown that the
magnetic biocomposite can be regenerated without loss of its activity.

11.3.2 Chemical Composition, Surface Morphology
and Microstructure

The different techniques used for physico-chemical characterization includes surface
morphology, microtexture and element composition of date palm seeds biomass,
such as FTIR, SEM, BET, TG-DTA-DTG etc. Approximate analysis have shown
that the chemical composition of palm date seeds is follow: 4.9% moisture, 76.6%
volatile matter, 10.8% ash, 7.7% fixed carbon (Hani H. Sait et al. 2012).

Scanning electron microscopy (SEM) observations usually reveal a porous
microstructure of activated carbon. From Fig. 11.8a it is clearly seen that crushed
raw date seeds have non-porous microstructure. After thermal treatment (for exam-
ple, at 900 �C) the porosity increases and large pores clearly seen on the activated
carbon texture (Fig. 11.8b), which leads for increasing of adsorption capacity in
regarding to CO2 (A. E. Ogungbenro et al. 2018).

Fourier-transform infrared spectroscopy (FTIR) helps to obtain information
about the lignocellulosic composition of palm date seeds and the presence of
different surface functional groups (alkene, ester, aromatic, alkanone, alcohol,
hydroxyl, ether and carboxyl) (A. E. Ogungbenro et al. 2018). Usually the FTIR
spectra of palm date seeds and activated carbon consists of several main adsorption
peaks (Table 11.3). The broad adsorption peak at 3500–3500 cm�1 corresponds to
free hydroxyl groups on the palm date seeds surface. The peak around ~2900 cm�1

related to asymmetric and symmetric stretching modes of the C–H bond of –CH2

group. The peak around 1700 cm�1 corresponds to the stretching vibration of
carboxyl group (–COOH, –COOCH3) and carboxylic acids or their esters. The
peaks at 1500, 1380, and 1100–1150 cm�1 are related C–C and C–O bonds
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Fig. 11.7 Magnetic palm seed-based biochar and it’s activity in nickel removal (a) magnetically
separable palm seed-based biochar; (b) adsorption isotherms for magnetic biochar at different
temperatures; (c, d) adsorption-desorption cycles using HCl (c) and H2O (d) regenerants).
(Reprinted from M. Gazi et al. (2017), Copyright (2017), with permission from Elsevier)

Fig. 11.8 SEM of crushed raw date seeds (a) and carbon samples after physical activation (b) with
enhance adsorption capacity for CO2 capture. (Reprinted from A. E. Ogungbenro et al. (2018),
Copyright (2018), with permission from Elsevier)
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(Table 11.3) (D. Pathania et al. 2016). As pyrolysis occurs, infrared peaks become
less intense due to fragmentation of correspondent functional groups. The bands
around 3500 and 2900 cm�1 disappear due to decrease in moisture amount and
aliphatic compounds in the seeds. The physical and chemical activation leads to
stretching of the carbonyl group C¼O (observed in the peak at ~1700–1600 cm�1)
(Ogungbenro et al. 2018).

M.A. Al-Ghouti et al. (2010) investigated the adsorption mechanisms of methy-
lene blue dye onto date palm seeds through FTIR spectroscopy (Fig. 11.4). The
FTIR data indicated interactions of the methylene blue molecules with functional
groups on the data palm seeds surface (Fig. 11.9a). The hydrogen bonding between
the seed’s surface hydroxyl groups and the nitrogen atoms of dye molecules and
electrostatic attraction as two mechanisms of adsorption on the palm pits surface
were observed (Fig. 11.9b and c).

11.4 Palm Seeds Applications in The Removal of Pollutants
from Water

Treated palm dates stones is a potential bio-adsorber that has been used effectively to
eliminate residuals and un-degradable materials such as metals (Danish et al. 2012),
dyes (Daoud et al. 2017) and acids (Salman and Al-saad 2012) from aqueous
solutions. Adsorption is well known as an efficient chemical approach that depends
mainly in chemical bonding between adsorber and adsorbents (Ahmed 2016) and
hence it is highly affected by the chemical and physical conditions of the medium
such as pH (Mahdi et al. 2018), temperature (Danish et al. 2017), time (Al-Saidi
2016), string speed (Islam et al. 2015) and initial concentration of the adsorber and
pollutants (Salman and Al-saad 2012). Table 11.4 illustrates the different pollutants
used for adsorption procedures applying palm seeds stones.

Adsorption process would reach an equilibrium stage where no more pollutant
can be adsorbed. The amount of the adsorbed pollutants at equilibrium and at any
time can be calculated applying the following Eqs. (11.1–11.2)

Table 11.3 The main absorption peaks and corresponding functional groups in palm date seeds

Wavenumber
(cm�1)

Functional groups of raw date seeds/activated carbon from palm data
seeds

~3500–3300 O–H (existence of water, phenols, alcohols, carboxylic acids)

~2900–2950 C–H (CH2 and CH3 stretching vibrations)

~1700–1600 C¼O (stretching vibration of carboxyl groups (–COOH, –COOCH3)

~1530 Aromatic ring

~ 1390–1450 C–C (presence of alkanes)

~ 1100–1150 C–O (existence of alcohols, esters, ethers, carboxylic acids)
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Fig. 11.9 Adsorption mechanisms of removing MB dye using date pits adsorbent: (a) FTIR
spectra of the raw date pits and raw date pits-MB loaded samples respectively; (b) hydrogen
bonding between methylene blue dye molecule and OH-groups on the seeds surface; (c) electro-
static attraction between dye molecule and the cellulose unit of the seeds surfaces; (d) SEM
micrographs for the raw date pits and (e) raw date pits-MB loaded samples respectively. (Reprinted
from M.A. Al-Ghouti et al. (2010), Copyright (2010), with permission from Elsevier)
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qe ¼
Ci � Ceð ÞV

W
ð11:1Þ

qt ¼
Ci � Ctð ÞV

W
ð11:2Þ

where Ci, Ce, and Ct (mg/L) are the liquid phase concentrations at initial, equilib-
rium, and time t (min), respectively, V is the solution volume (mL) and W is the
adsorbent mass used (g) (Pathania et al. 2016). Hence the removal efficiency can be
also determined from the equation:

R% ¼ Ci � Ceð Þ
Ci

� 100 ð11:3Þ

Different fitting models can be chosen to explain the behavior and mechanism of
a certain removal procedure with consideration to the different parameters such as
equilibrium, adsorption constants, adsorption energy, adsorbed solute and concen-
tration solute. These models include Pseudo (Islam et al. 2015) Langmuir,
Freundlich, Koble–Corrigan, Redlich–Peterson, Tempkin, Dubinin–Radushkevich
and Generalized isotherm equations (El Nemr et al. 2008).

11.4.1 Heavy Metal Removal

The idea of heavy metal removal by applying extracts from palm seeds has been
proposed since many years because of it low cost and availability (Gueu et al. 2006).

Table 11.4 Examples of metals that can be removed applying palm seeds adsorbers

Heavy
metal Experimental conditions

Max obtained
removal efficiency
(%) References

Copper
(Cu)

Solution (50 mL) C0: 300 mg.L�1, pH¼ 4 44 Gueu et al.
(2006)

Lead (Pb) Solution (50 mL) C0: 300 mg.L�1, pH¼ 4 51 Gueu et al.
(2006)

Zinc (Zn) Solution (50 mL) C0: 300 mg.L�1, pH¼ 4 41 Gueu et al.
(2006)

Chromium
(Cr)

C0: 125 mg.l�1, pH 1.0, speed: 200 rpm,
27 �C

70 El Nemr
et al. (2008)

Gold (Au) Solution (100 mL), HCl (0.5 Mol.L�1),
speed (150 rpm), 25 � 0.1 �C

90 Al-Saidi
(2016)

Bromide
(Br)

Solution (50 mL), C0: 200 mg L�1 pH¼ 4 57 Al-Ghouti
et al. (2017)

Nickel (Ni) Solution (10 g L�1); Co ¼ 1.0 mM
pH ¼ 6, room temperature

80 Mahdi et al.
(2018)
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Activated carbon was extracted from the seed shell of palm trees and used to prepare
an adsorbent (GA) for heavy metals (Cu, Pb and Zn). The catalyst was characterized
in term of Ash content, acidity group and surface area (95 m2 g�1), which plays the
major role in the adsorption process. Adsorption test was carried out with a metal
solution of 300 mg/L for each Cu, Pb and Zn with three different adsorbent mass
(2, 4 and 6 g). The results were compared with other adsorbent extracted from
coconut shell. It was found that a considerable percentage of metal was adsorbed due
to the precedence of GA adsorbent as the removal increases with GA amount. The
process was shown to be more efficient with Pb metal as it reached 50.67% in
30 min. It was also seen that the adsorption percentage raised dramatically by
changing the pH from 2 to 4 and then remains almost steadily from pH 4 to
10 (Gueu et al. 2006).

Activated Carbon from date palm seeds were also used for the adsorption of
chromium Cr+6 from wastewater. Full adsorption kinetics were applied using dif-
ferent amount of Cr+6 (25, 50, 75, 125 mg�1) in 100 mL of water. During a period of
180 min, a 100% of removal efficiency was achieved at 25 mg/L of Cr+6. This
efficiency decreased gradually with increasing the initial concentration until
reaching 70% at 125 mg/L and pH 1 which was found to be the optimum acidity
for the reaction. The removal efficiency was affected negatively by raising the pH
level of the medium (from 1 to 8) (El Nemr et al. 2008).

Date pits have been involved in the removal of Nobel metals (Au) pollutants from
water. Dried and crushed date pits of palm trees in KSA have been through several
chemical treatments before applying it as an adsorbent. The characterization of the
adsorber was investigated in term of morphology and chemical properties. Scanning
electron microscopy observations showed a smooth surface that become rougher by
the adsorption of Au particles (Fig. 11.10a–b). Batch adsorption procedure with
100 mL of aqueous solution and 10 mM of Au ions with presence of 0.5 molL-1 of
HCl showed a remarkable percentage of removal efficiency. Figure 11.10c shows a
maximum of 90% in 120 min where the reaction reached its equilibrium. It is shown
that the first stage (40 min) experienced higher rate of adsorption due to the
availability of adsorption sites that eventually will be filled with the Au particles
which prevents further adsorption and the reaction reaches equilibrium. For further
explanation of the Au attachment to the to the palm seed sdsorber, FTIR was applied
before and after the adsorption process to investigate the difference in chemical
bonding (Fig. 11.10d). A shift in the hydroxyal group was noticed after adsorption
which indicates the formation of new hydrogen bond which cause the Au particles to
interact with the adsorber. Also, several shifts to lower wavelengths were seen in
other existing bonds. XRD analysis was also carried out to confirm the pure metallic
Au formation on the surface of the adsorber (Al-Saidi 2016).

Date pits were applied to desalinated water to clear Bromide ions. It went through
the conventional physical and chemical treatments to prepare two adsorbents
(roasted and unroasted) that were compared with commercial activated carbon
(Al-Ghouti et al. 2017). SEM images showed a narrow pore microstructure associ-
ated with both roasted and unroasted. However, the roasted adsorbent showed more
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pure surface with less contaminations. The adsorption process was shown to be
affected by the pH of the medium as pH 4 (weak acidic medium) showed the
maximum adsorption of 57% of Br. This was explained as the higher values of pH
(pH 8 and 11) might change the ionization and the charge on the adsorbent surface
and hence affect the uptake of the negative Br- ions. In the other hand, the excess of
the Hþ in the weak acidic medium (pH¼ 4) changes the anion groups on the surface
to cationic groups that assess the adsorption process. With further increase in acidity
(pH ¼ 2), the adsorption was found to be decreased because of the creation of
chlorine ions that negatively affect the process (Al-Ghouti et al. 2017).

Two adsorption isotherm fittings (Freundlich and Langmuir) were applied to
explain the mechanism of the process. It was indicated clearly that the non-linear
model (Freundlich) fits well with the adsorption behavior (Fig. 11.11a). Kinetic
models showed that the surface functional groups as well as the pore microstructure
of the date pits adsorber highly influenced the efficiency of the adsorption. It was
also shown that the grain size affects the kinetics of the removal as three different

Fig. 11.10 SEM images of RDPs taken (a) before and (b) after adsorption of Au(III); (c) FT-IR
spectra of RDPs (A) before and (B) after adsorption of Au(III); (d) the effect of time on removal
percentage of Au(III) by RDPs. Conditions: test solution (100 mL), HCl (0.5 mol L�1), RDP doze
(0.1 � 0.001 g), shaking speed (150 rpm), and temperature (25 � 0.1 �C). (Al-Saidi 2016)
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ranges of grain size were investigated (0.5–1, 0.25–0.5 and 0.125–0.25 mm). With
larger range of grain size, more fluctuation was observed in the first 60 min of the
adsorption process where all the sizes have the same behavior after reaching the
saturation level (Fig. 11.11b). The effect of the initial concentration and the
adsorbant mass were also reported (Al-Ghouti et al. 2017).

Moreover, Ni2+ and Cu2+ ions were shown to be effectively removed from
aqueous solution by applying biochar samples prepared from palm dates pits using
different calcinations temperatures (350, 450 and 550) and time periods (1, 2 and
3 h). adsorption procedures were carried out through Batch experiment (Fig. 11.12a)
and all samples showed a considerable efficiency in the removal of Ni and Cu ions
with the maximum rate for the sample with highest calcination temperature and time
(550 �C at 3 h). Therefore, the latter sample was chosen for further experiments to
investigate the effect of pH, particle size and contact time. It was shown that as pH
increases from 2 to 6, the adsorption capacity increases too by 30% (Fig. 11.12b).
The lower adsorption in lower pH medium referred to the creation of Hþ ions that
decrease the active adsorption sites in the adsorbent. It is well-known that the pH of a

Fig. 11.11 (a) Adsorption isotherm fitting to experimental data using Freundlich and Langmuir
isotherms for roasted date pits adsrorber; (b) effect of particle size on the removal efficiency of Br-
with roasted palm date pits: mass 1.0 g, KBr initial concentration 200 mg L�1, and pH 4, at particle
size 0.5–1.0 mm, 0.25–0.5 mm, and 0.125–0.25 mm. (Al-Ghouti et al. 2017)
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medium would highly affect the surface functional groups such as carboxyl
(COOH), Amino (NH) and hydroxyal (OH hence strongly affect the adsorption
process. Experiments also revealed that at a certain particle size range (0.6–1.4 mm)
of the prepared adsorber, the removal efficiency reached its maximum. Lower and
higher ranges of sizes caused lower rates of removal efficiencies. This was more
noticeable in the case of Ni adsorption (Fig. 11.12c) (Mahdi et al. 2018).

11.4.2 Removal of Dyes

Dyes are one of the most found pollutants in water and most of them are organic and
non-biodegradable, thereby they accumulate in water causing serious problems to

Fig. 11.12 (a) Fixed bed adsorption arrangement; (b) effect of pH on the adsorption of Cu2+ and
Ni2+ onto biochar (room temperature; biochar: solution ¼ 10 g L�1; Co ¼ 1.0 mM); (c) effect of
biochar particle size on the adsorption of Cu2+ and Ni2+ (room temperature; biochar: solu-
tion ¼ 10 g L�1; Co ¼ 0.5 mM). (Mahdi et al. 2018)
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environment habitat and human health (Ahsaine et al. 2018; Pathania et al. 2015).
Date seeds were shown to have a considerable effect during the removal process of
these dyes from water. Table 11.5 shows some of the dyes that can be adsorbed by
treated date seeds adsorber.

Mesoporous activated carbon was produced from palm tree seeds and applied for
the degradation of MB dye that reached its maximum (450 mg.g�1)) around 700 min
(Islam et al. 2015). It was also shown that the amount of the dye removal depends on
the amount of the palm seeds adsorbent (Fig. 11.13a). At a very low concentration
(50 mg.L�1), almost no removal achieved whereas by increasing the amount grad-
ually to 100, 200, 300, 400 and 500 mg.L�1, the removal efficiency started to
increase too until it reached its maximum at the highest amount of adsorbent.

Table 11.5 Examples of dyes that can be removed using palm dates seed adsorber

Dye Color Chemical composition

Max
obtained
removal
efficiency References

Rhodamine
B (RhB)

67% Danish
et al.
(2017)

Methylene
Blue (MB)

99% El
Messaoudi
et al.
(2016)

Congo Red
(CR)

76% Pathania
et al.
(2016)

Crystal
Violet (CV)

99% El
Messaoudi
et al.
(2016)
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Performing the adsorption experiment with different pH showed that the removal
efficiency is better at higher pH (10 and 12). Adsorption isotherm studies showed
that the Pseudo second order model has better fitting to the adsorption behavior
(Fig. 11.13b) (Islam et al. 2015).

Also, activated carbon from date seeds has been applied efficiently for the
removal of RhB dye (Danish et al. 2017). FESEM images taken before and after
the adsorption process revealed the difference in the morphology of the adsorbent
after attachment with the dye. Figure 11.14a showed lower porosity for the adsorbent
after dye adsorption confirming that the dye molecules are attached to the adsorbent
and significantly blocking the pores. EDS analysis showed changes in elemental
composition of the adsorbent as a result of the dye attachment as the carbon weigh
percent increased slightly due to the attachment with the organic dye that contains
carbons in its chemical chain. The effect of pH and initial concentration were
confirmed too showing the same trend of the previous studies. Intensive analysis
was carried out to explain the behavior of the adsorption by applying various fitting
models and Box-Behnken design experiment Fig. 11.14b where the number of
parameters such as dosage, concentration, time, temperature and pH were taken
into account simultaneously. Moreover, the process maintained its efficiency over
four adsorption cycles (Fig. 11.14c) (Danish et al. 2017).

Furthermore, Congo Red (CR) dye was shown to be efficiently removed from
aqueous solution by applying the palm seeds adsorber (Pathania et al. 2016). FTIR
used to study the effect of the adsorption and to have more understanding to its
mechanism, revealed several peaks shift into higher/lower wavelengths which indi-
cates weakness/strength of the corresponding bonds. New peaks immerged as a
result of the attachment between the dye and the adsorbent as well as the creation of
new chemical bonds (Fig. 11.15a). Similar to other studies, the adsorption was
influenced by pH and initial concentration. Moreover, the effect of temperature
was examined too and higher temperature medium (55 �C) showed higher

Fig. 11.13 (a) Effect of contact time and initial concentration on removal of MB onto HTC–
PDS3 at 30 �C (b) Adsorption isotherm fitting to experimental data using Pseudo first and second
order isotherms. (Islam et al. 2015)
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Fig. 11.14 FESEM images of activated carbon extracted from date seeds (A) before and (B) after
RhB adsorption; (b) 3D response surface graph for adsorption capacity versus (a) time and
adsorbent dose (b) temperature and adsorbent dose (c) temperature and time; (c) Adsorption
efficiency and reusability of activated carbon from dates pits for RhB in various recycles. (Danish
et al. 2017)
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adsorption capacity, due to the higher diffusion of the dye molecules into the
adsorbent pores. The effect of the ionic strength of the medium (Fig. 11.15b) by
adding different amount of NaCl salt from 0 to 1.5 M, indicated that the removal
efficiency was positively enhancing from 83.45 to 89.83%, respectively. The pres-
ence of NaCl increases the dye agglomerates and hence causes better attachment to
the adsorber (Pathania et al. 2016).

It is very essential to mention here that the influence of pH, temperature and initial
concentration is different and the trend is changing form a study to another based on
many reasons including the chemical reaction between the dye and the adsorbent as

Fig. 11.14 (continued)

Fig. 11.15 (a) FTIR spectrum of the date pits adsorber before (a) and (b) after adsorption; (b)
effect of ionic strength for CR dye adsorption onto date pits [dye concentration 20 mg/L, sorbent
dosage 0.60 mg, pH 2.0, contact time 120 min, temperature 30 �C]. (Pathania et al. 2016)
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different dyes and different absorbents combination is not necessarily affected by
experimental conditions in the same manner. Table 11.2 illustrates the chemical
composition of different dyes.

Another study, investigated the efficiency of the treated palm seeds on the
adsorption of the reactive dye (BEZAKTIV Red S-MAX) and compared with the
commercial activated carbon. Three temperatures where applied for the adsorption
experiment (298, 308 and 318 K) and the results was similar to previous studies as
the maximum adsorption occurred at the highest temperature (Fig. 11.16a). How-
ever, for pH effect, the result was different than other reported studies. It was found
that the optimum pH for the reaction is 8 while at pH 10 the adsorption decreased
(Fig. 11.16b). This was related to the surface properties of the adsorbent and the
degree of ionization of the dye (Daoud et al. 2017).

On the other hand, another study showed different effect of the initial concentra-
tion when Crystal violet (CV) dye was adsorbed by treated palm seeds

Fig. 11.16 (a) Effect of solution temperature on dye uptake on RPK (date pits), NJK (other
adsorbers) and CAC (activated carbon); (b) The variation of the pH Effect on the adsorption of
dye uptake on RPK (date pits), NJK (other adsorbers) and CAC (activated carbon). (Daoud et al.
2017)
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(El Messaoudi et al. 2016) as the adsorption was found to increase with increasing
the dye concentration (in other words with decreasing the actual amount relative
amount of adsorbent to dye) (Fig. 11.17a). This was explained as the enhancement of
mass transfer rate that increases the effective mass ratio of the dye/adsorbent. The
same behavior was also seen with MB dye using the same adsorbent. The combined
effect of temperature and dye concentration showed that the influence of temperature
is almost unnoticeable until reaching a certain dye concentration of 480 mg.L�1

where higher temperature causes a higher adsorption rate (Fig. 11.17b)
(El Messaoudi et al. 2016).

11.4.3 Other Pollutants

Palm dates seeds have also shown to be efficient in the removal of other pollutants
such as Nitrophenols which is a highly toxic acid that comes from pesticides
applications, refineries and manufacturing. A statistical analysis design was applied
for the adsorption batch experiment depending on pH, time, concentration, temper-
ature and speed of shaking with a comparison of activated carbon. It was found that
the efficiency of the removal of the date pits is 15% higher than the activated carbon.
Toxicity analysis were performed too (Al-Mutairi 2010).

Chemically and thermally treated date stone were applied to remove three types
of Drin pesticides (aldrin, dieldrin and endrin) from aqueous solutions. Three
particle size ranges of the adsorbent were prepared and the smaller sizes were
associated with the highest removal efficiency due to their larger surface area and
hence this size range was applied for further investigations. It was shown that each

Fig. 11.17 Effect of (a) initial concentration of and (b) temperature in the adsorption of CV dye.
(El Messaoudi et al. 2016)
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type of acids has different response to the palm date adsorber and the Aldrin showed
the highest amount of adsorption with time before it reaches equilibrium
(Fig. 11.18a). It is very essential to mention here that the treatment of the date
stone highly influenced the adsorption process (Fig. 11.18b). The effect of temper-
ature was examined too as the temperature of the medium was raised gradually from
10 to 40 �C (by 5 �C in each interval). For the three acids, it was found that the
removal percentage was decreased with increasing temperature. This result was
different than results reported in previous mentioned studies and it was related to
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the solubility of the pesticides as increasing temperature will make them more
soluble and hence affect negatively their bonding with the palm seeds adsorber.
(El Bakouri et al. 2009).

Palm seeds were found to be effective for the adsorption of other pollutants too.
For examples acids, that undergo the same removal mechanisms of dyes and metals
and the same fitting models can be applied (Salman and Al-saad 2012). Moreover,
activated carbon was extracted from palm dates and used to remove
2,4-Dichlorophenoxyacetic acid. Three isotherms models were applied to fit the
behavior of the removal (Lamgmuir, Freundlicn and Temkin) at three different
temperatures 30, 40 and 50 �C. Here the effect of temperature is related to the
chemical nature of the adsorbent. Endothermic nature materials tend to attach more
with the adsorber in high temperatures whereas exothermic behaves in opposite way
and its bonding with adsorber become weaker at higher temperatures (Salman and
Al-saad 2012).

11.5 Conclusion

This chapter focused on the applications of date seeds in the removal of different
pollutants from wastewater. Most of these pollutants are metals, dyes and acids
which are very difficult to be biologically degraded in nature causing major hazard to
the environment. It was shown that the stones of the palm dates represent a great
potential adsorber for these different pollutants with a very high rate of removal that
can be compared with other well-known adsobers such as activated carbon. Studies
revealed that the extraction and treatment procedure of the date stones adsorber
affect greatly the removal efficiency. This comes along with the adsorption exper-
imental parameters mainly pH, temperature and initial concentration. Understanding
the adsorption kinetics needs fitting with standard adsorption models that take into
account all of these different factors. Therefore, it can be concluded that the palm
date stones which is mostly considered as a food waste can be turned to an efficient
adsorber of highly toxic pollutants. Such treated water can be reused in other
domestic applications heading in the way of sustainable water resources and cleaner
environment.
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