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a b s t r a c t

The objective of this work is to study the adsorption of lead and cadmium on raw date pits. In a 
second phase we cross linked carboxylic functions from Diethylenetriaminepentaacetic dianhy-
dride (DTPAD) on raw date pits in order to evaluate any improvement of the adsorption capacity 
of the adsorbent. We used mathematical models of Langmuir, Freundlich, Temkin and Dubin-Ra-
dushkevich to represent the adsorption isotherms and evaluate which model fits correctly the 
adsorption mechanism. It was observed that the adsorption capacity of raw date pits (RDP) was 
increased after the functionalization of RDP with DTPAD. According to Langmuir isotherm, the 
maximum uptake capacities (qmax) were 15.625 mg and 59.17 mg of lead(II) per gram of RDP and 
modified-RDP respectively, while they were 8.55 mg and 89.3 mg of cadmium(II) per gram of 
RDP and modified-RDP respectively. The adsorption energy for RDP powder was 22 kJ/mol and 
10 kJ/mol for Pb2+ and Cd2+ respectively, suggesting that the process of the adsorption of Pb2+ 
is a chemisorption while an ion exchange process is dominant in the adsorption of Cd2+. The 
adsorption energy was around 8.45 kJ/mol and 7.07 kJ/mol on modified-RDP powder for Pb2+ 
and Cd2+ respectively; inducing that an ion exchange reaction occurs for Pb2+ and a physisorption 
takes place for Cd2+. We performed FT-IR spectroscopy to characterize the raw and the modified 
powder. The analysis of the powder via scanning electronic microscopy indicates the formation 
of linking bridges.
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1. Introduction

Contamination of wastewaters with metal ions such as 
cadmium, lead, chromium, arsenic, nickel and zinc, due 
to their toxicity, and non-biodegradability [1–2] stands as 
a critical problem for the environment, the human health, 
and most living organisms. This contamination is carried 
through the wastewaters network [3], from the industrial 
areas, where industrial processes, such as batteries, electri-
cal accumulators, and dyes manufacturing units discharge 
aqueous effluents containing heavy metals. 

The wastewaters of the industrial areas of Rouiba and 
Reghaïa, in the district of Algiers are treated on a dedicated 
treatment plant situated along the Reghaïa river.

Various methods have been developed to remove toxic 
metal ions from aqueous solutions, such as reverse osmosis, 
ion exchange, precipitation, electro dialysis and adsorption. 
Adsorption is the most widely used one [4]. 

Our research is part of the so called Green chemistry, 
an environment respectful chemistry that aims to develop 
natural and cheap adsorbents. In recent years, a great inter-
est has been devoted to the use of lignocellulosic materials 
such as agricultural wastes or by products for the removal 
of metal ions, due to their low cost and abundance [5].
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Algeria is a country located in North Africa known 
for its variety of dates, and according to the UN Food & 
Agriculture Organization (FAO), Algeria produces about 
690 000 metric tons of dates per year. “Ghers” is a variety 
of dates largely processed and marketed as paste. Manufac-
turers of date juice and paste of dates reject high quantities 
of pits. On average a date pit is about 10% of the date’s fruit 
weight [6].

According to previous researches, raw and activated 
date pits have been found to be an effective adsorbent for 
the removal of iodine, phenols, methylene blue [7], dyes 
[8–10], heavy metals [11–15], pesticides [16], as well as 
adsorption of aluminum [17], gold [18], and cobalt [19]. 

As will be discussed in more details later, both modified, 
and unmodified powder of date pits have an adsorption 
capacity worth considering, as a cost effective and econom-
ical alternative for decontamination of wastewaters. 

In today’s world, technologies such as enzyme pro-
cessing, and fermentation are used to leverage date waste 
by products by transforming them into bio-fuels, biopoly-
mers, bio -surfactants, organic acids, antibiotics, industrial 
enzymes and others, hence turning date waste into a valu-
able commodity [6].

Other researchers have used activated carbon of raw 
date pits, and tested it in the field of wastewater treatment, 
but due to its high operating cost, they are looking for a low 
cost vegetal biomass, with the capacity to remove heavy 
metal ions [20]. A chemical modification of this vegetal bio-
mass may eventually improve its adsorption efficiency [21].

In our study, we developed a biomass based on the 
powder of date pits. As the date stones powder is mainly 
composed of cellulose, hemicelluloses, pectin and lignin 
[22], we thought to test this biomass as adsorbent of heavy 
metals, as was the case with other plant materials such as 
mongo stones [23] and Douglas fir barks [24] in others stud-
ies. Mongo stones adsorb lead and cadmium with a qmax of 
1.9 mg/g and 21.05 mg/g respectively [23]. Whereas Doug-
las fir barks adsorb lead with a qmax of 24.65 mg/g and cad-
mium with a qmax of 12.36 mg/g [24].

In a previous research [25], after the oxidation of pri-
mary alcohols of hemicelluloses and cellulose with NaOBr 
catalyzed by TEMPO(2,2,6,6-tetramethylpiperidin-1-oxy) 
radical, the adsorption capacities are improved (59.17 
mg/g for lead and 8.65 mg/g for cadmium compared to 
those of native date pits, which are 15.62 mg/g for lead and 
6.55 mg/g for cadmium. This physiochemical process of 
elimination of TM (Trace Metal) in the presence of a bio-
mass is known as the biosorption. 

We call a biomass, a set of live or dead vegetal com-
pounds such as bacteria, yeasts, mushrooms, algae, and 
other agricultural and alimentary (food) waste. The surface 
onto which the fixation of the pollutant happens is named 
the biosorbent [26].

Given the availability of the biosorbent (adsorbing bio-
mass) at economical cost, and that it is chemically stable, 
with a remarkable selectability vis-à-vis the TM and organic 
compounds, along with the possibility of regeneration, the 
biosorption became an economical alternative.

The complex structure of the biosorbent, and its specific 
characteristics, such as the presence of complexing groups, 
a reduced specific surface, and a slight porosity make the 
biosorption mechanism particular [27].

Biosorption is about an equilibrium state on the inter-
face between the biosorbent and the solution containing 
the metallic cation. The adsorption sites present in the 
biomass favor the ion exchange between the proton on 
the surface of the adsorbent and the metallic cation in the 
solution. This mechanism is rendered possible due to the 
adsorbent sites that are the phenols functions within the 
condensed tannins, the lignin, and the pectins. In addi-
tion the hydroxyl groups found in hemicelluloses, cellu-
lose and carboxylic acids groups of pectin represent the 
adsorption sites. 

We have evaluated the increase of this adsorption capac-
ity by adding some carboxylic acids groups of Diethylene-
triaminepentaacetic dianhydride (DTPAD). The assumption 
being that the adsorption takes place on hydroxyl and car-
boxylic acids groups.

The DTPAD is a strong chelator reagent; it reacts with 
hydroxyl groups of cellulose, hemicelluloses or lignin in 
order to release chelating groups on solid support as car-
boxylic acid and amino groups.

This adsorption study of the raw date pits modified 
with DTPAD, is an original research topic. No previous 
report has been published on this matter.

2. Experimental 

2.1. Materials 

2.1.1.  Dates of Ghers category were used for this experiment

The raw date pits (RDP) were collected from Ghardaia 
palm grove located in the southern Algeria. The raw date 
pits were washed with distilled water to eliminate all dirt 
and inherent pulp, dried in a ventilated oven at 105°C for 
2 h; then crushed and sieved to 250 µm size particles. The 
powder was stored in a desiccator at room temperature for 
further use. 

Stock solutions of metal ions were prepared from 
Pb(NO3)2·4H2O and Cd(NO3)2·4H2O at 1000 ppm. Milli-Q 
deionized water (Millipore system) was used to prepare all 
the solutions and suspensions. The solvents and reagents 
were supplied by (Sigma, VWR).

2.2. Material functionalization 

To improve the adsorption capacity of date pits, we 
functionalize this raw material with DTPAD, as shown in 
Fig. 1. A quantity of DTPAD (2.03 g, 5.68 mmol) were dis-
solved in 8 ml of Dimethyl Sulfoxide (DMSO). Then this 
solution was added to 4 g of RDP into a 25 ml flask. Two 
treatments were carried out:

(i) Vacuum impregnation was applied for 30 min.
(ii) The mixture was directly heated in an oil bath at 

75°C under stirring conditions for 24 h. 

Once the reaction was completed, it was filtered out 
through a glass frit of porosity 3, and the solid obtained 
was washed with ethanol, then with deionized water until 
a pH of 7 was reached for the filtrate [28,29]. This solid was 
freeze-dried and weighed. The mass yield of the synthesis 
is 72.68%.
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2.3. Batch adsorption studies

Aqueous solutions of the heavy metals were prepared 
in initial concentrations of 20 ppm to 500 ppm of Pb2+ and 
from 10 ppm to 250 ppm of Cd2+. The solutions were pre-
pared with HNO3 acid at 3%, the pH was adjusted with HCl 
0.01 mol/l and NaOH 0.01 mol/l.

Batch experiments were performed at 22 ± 2°C and car-
ried out at pH of 5.6; then 50 mg of RDP/ modified-RDP 
was added to 50 ml of metal ions solution. The mixture was 
stirred for 2 h. After that, the suspension was filtered out 
using a glass frit of porosity 3. The concentration of resid-
ual heavy metals in the filtrate was determined by flame 
atomic spectrometry at 283.6 nm in the concentration range 
0–10 ppm for lead and at 228.8 nm in the concentration 
range 0–3 ppm for cadmium, with a Perkin Elmer Analyst 
400 spectrophotometer.

The quantity of metal adsorbed by the adsorbent was 
calculated according to the below Eq. (1).

q C C
V
me e= −( )0  (1)

where qe (mg/g) is the adsorbed quantity of metal ions at 
equilibrium; C0 (mg/l) is the initial concentration of the 
metal ions solution; Ce (mg/l) is the concentration of resid-

ual heavy metal at equilibrium; V (ml) is the volume of the 
solution.

2.4. Adsorption isotherms

Four mathematical models, with two parameters, 
namely Langmuir, Freundlich, Temkin and Dubin-Radu-
shkevich models were tested to study the adsorption iso-
therms of lead and cadmium on raw date pits (RDP) and 
modified date pits (modified-RDP). The linear form of the 
models allowed us to determine their parameters and then 
recalculate the amount of heavy metal adsorbed at equilib-
rium by the powder of date pits (raw/modified) according 
to the heavy metal equilibrium concentrations.

2.4.1. The Langmuir isotherm 

This model is widely used for adsorption studies. It rep-
resents the equilibrium distribution of metal ions between 
solid and liquid phases. The following Eq. (2) is used to 
model the adsorption isotherm.

q q
bC

bCe
e

e

=
+max 1

 (2)

Fig. 1. Synthesis process for the functionalization of raw date pits with DTPAD.
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where qe is the quantity (mg) of metal adsorbed per gram 
of the biosorbent material; Ce is the metal concentration 
in solution at equilibrium; qmax is the maximum uptake 
corresponding to the site saturation, i.e. the formation 
of the monolayer on the surface of the adsorbent and b  
is the Langmuir constant related to the energy of adsorp-
tion [30].

The Langmuir isotherm is based on these assump-
tions: metal ions are chemically adsorbed at a fixed 
number of sites; each site can hold only one ion; all sites 
are energetically equivalent and there is no interaction 
between the ions.

When the initial metal concentration rises, adsorption 
increases as long as the binding sites are not saturated. 

The following equation represents the linear form of the 
Langmuir isotherm. It allows the calculation of the adsorp-
tion capacities and the Langmuir constant.

1 1 1 1
q b q C qe e

= +
 max max

 (3)

The qmax and b are obtained from the slope and intercept 
of the plots [31].

The dimensionless constant separation factor or equilib-
rium parameter RL is the essential characteristic of the Lang-
muir isotherm and is defined as:

R
bCL =

+
1

1 0

 (4)

where b is the Langmuir constant and C0 is the initial con-
centration of the metal ions solution. An RL value between 0 
and 1 indicates a favorable adsorption, whereas the adsorp-
tion is unfavorable if RL is greater than 1. Also RL value equal 
to 0 indicates an irreversible absorption and RL = 1 means 
that the adsorption is linear [32].

2.4.2. Freundlich isotherm 

Freundlich model is an empirical model. It is applied 
to heterogeneous surfaces sorption or surfaces supporting 
sites of varied affinities. It supposes that the stronger bind-
ing sites are occupied first and that the binding strength 
decreases with the increasing degree of sites occupation 
[33]. 

The general Freundlich equation is:

q K Ce F e
n=

1
 (5)

where Ce is the concentration (mg/l) of the adsorbate in 
liquid phase at equilibrium; qe: the amount adsorbed at 
equilibrium (mg/g); KF: the adsorption capacity; n: the 
adsorption intensity.

The linear form of the Freundlich adsorption isotherm 
was used to evaluate the adsorption data and is represented 
as:

ln ln lnq K
n

Ce F e= +
1  (6)

The values of KF and n are calculated from the intercept 
and the slope of the Freundlich plots respectively. Accord-

ing to Kadirvelu and Namasivayam [34], n value between 
1 and 10 represents a beneficial adsorption. The parameter 
n is usually greater than unity. A larger n value means that 
the system is more heterogeneous; indicating a multilayer 
adsorption [35].

2.4.3. Temkin isotherm

Temkin isotherm model [36] considered the effect of 
adsorbate - adsorbent interactions on adsorption isotherms 
and supposed that (i) the heat of adsorption of all the mol-
ecules in the layer would decrease linearly with coverage; 
(ii) the distribution of binding energies adsorption is uni-
form, up to some maximum level. The Temkin isotherm is 
expressed in the following form:

q
RT
b

K Ce
T

T e= ( )ln  (7)

The linear form of Eq. (7) is given by Eq. (8) below 

q B K B Ce T e= +ln ln  (8)

where qe is the adsorbed amount at equilibrium (mg/g), Ce 
is adsorbed equilibrium concentration (mg/l). bT (J/mol) is 
the Temkin constant related to adsorption heat; B = RT/bT; KT 
(l/g) is the equilibrium binding constant corresponding to 
the maximum binding energy.

The adsorption energy variation ΔQ (J/mol) is calcu-
lated with the Eq. (9), where qmax is the highest quantity 
adsorbed given by the Langmuir model.

ΔQ b qT= ⋅ max  (9)

2.4.4. Dubinin–Radushkevich isotherm 

The adsorption isotherm is given as:

q q e De D
B

RT
Ce= −

+


















ln 1
1

2

 (10)

where BD is related to the free energy of sorption per 
mole of the adsorbate as it migrates to the surface of the 
adsorbent from infinite distance in the solution (kJ/mol2); 
qD (mg/g) is the Dubinin–Radushkevich isotherm constant 
related to the degree of adsorbate sorption by the adsor-
bent surface; qe(mg/g) the amount adsorbed at equilib-
rium; R is the gas constant (J/mol·K) and T is the absolute 
temperature in Kelvin. 

The linear form of D-R Eq is:

ln ln lnq q B RT Ce D D
e

= − +











1 1
2

 (11)

The D-R equation has the advantage of estimating the 
mean free energy of adsorption E (kJ/mol) from the appro-
priate parameter BD as:

E
BD

=
1

2
 (12)
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The Polanyi adsorption theory postulates that a fixed 
volume of adsorption sites are close to adsorbent surface 
and the existence of an adsorption potential over these sites. 
The adsorption potential is related to an excess of adsorp-
tion energy over the condensation energy and is indepen-
dent of temperature [13].

Polanyi adsorption potential can be expressed as: 

ε = RT ln(1 + 1/Ce)  (13)

The average adsorption energy calculated from D-R 
isotherm provides important information about its proper-
ties: E < 8 kJ/mol means that the physisorption dominates 
the adsorption mechanism, when 8 < E< 16 kJ/mol ions 
exchange is the dominant factor; whereas when E >16 kJ/
mol the adsorption is dominated by the intraparticle diffu-
sion [37].

3. Results and discussion

3.1. Determination of equilibrium time

Fig. 2 shows that the kinetic of cadmium adsorption on 
the RDP powder is rapid. The adsorbent is saturated at 99% 
after 40 min. Thus, we choose a contact time of 2 h to ensure 
that adsorption reached equilibrium. 

3.2. Determination of zero point charge pHzpc

The pHZPC is an important parameter to be determined. 
At this value, acidic or basic functions on the surface of the 
adsorbent do not contribute to the pH of the solution; so at 
pH ≥ pHZPC the surface is charged negatively, consequently 
the adsorption of cations will be more favorable. 

The pHZPC is the point where the curve of final pH vs. 
initial pH crosses the line that correspond to the equation 
final pH=initial pH.

To evaluate pHZPC, 0.01 M NaCl solutions with a pH 
between 3 and 9 were prepared; then 0.15 g of the raw date 

pits powder is brought into contact with 50 ml of each solu-
tion. The suspensions are stirred for 24 h at room tempera-
ture. Each solution was then filtered out and the final pH 
was measured. As we can see in Fig. 3, pHzpc = 5.6

3.3. Determination of adsorbent mass

The effect of the mass of adsorbent and the adsorption 
performance was studied by varying the mass of the RDP 
powder from 0.05 to 1 g in 50 ml of cadmium solution, i.e. a 
ratio of 1 to 20 g/l. 

As shown in Fig. 4, when the weight increases from 
0.05 g to 1 g the adsorbed amount decreases from 6.7 mg 
Cd2+/g adsorbent to 3 mg Cd2+ /g adsorbent.

Fig. 2. Effect of time on removal percentage of Cd2+ by RDP. Test 
conditions: 50 ml of cadmium solution, RDP dose 1 g/l, shaking 
speed 350 rpm, temperature 22°C.

Fig. 3. Determination of zero point charge pHZPC.

Fig. 4. The effect of RDP weight on the uptake (mg/g) and per-
centage removal of cadmium: initial concentration cadmium 
ions: 100 mg/l, temperature 22°C, pH 5.6.
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The adsorption efficiency increases from 6.3% to 56%. 
So the optimal adsorbent weight is 0.5 g. This result is sim-
ilar to that found in the work of N.M. Hilal [13]. For our 
batch experiences, we chose to use a mass of 50 mg RDP 
powder.

3.4. Isotherms

The results for each model are presented in Table 1. 
The adsorption isotherms of date pits towards Pb2+ and 
Cd2+ ions, as shown in Fig. 5, indicate that when the con-
centration of metal ions increases, the adsorption capacity 
increases. 

The determination coefficient R2 and the absolute error 
average were calculated to compare the four isotherms 
models. As it can be seen from Table 1, high correlation 
coefficients of Langmuir, Freundlich, Temkin and Dubi-
nin-Radushkevich linear form, indicate that these models 
described correctly the adsorption process of Pb2+ and Cd2+, 

in the range of the concentration of these ions in the present 
study.

Langmuir model can represent experimental points 
with the correlation coefficient R2 = 0.93 and R2 = 0.98 for 
Pb2+ and Cd2+ respectively.

The monolayer values (qmax) found for the powder mod-
ified by DTPAD are 59.17 mg/g for Pb2+ and 89.3 mg/g for 
Cd2+ ; while the qmax values of unmodified date pits powder 
were 15.62 mg/g for Pb2+ and 8.55 mg/g for Cd2+ . Compar-
ison between qmax values shows that powder modified by 
DTPAD can absorb Pb2+ nearly 4 times more than raw pow-
der; and can absorb Cd2+ 10 times more than raw powder. 
These results reveal that the functionalization of the date 
pits powder with DTPAD improves the adsorption capac-
ity, producing an interesting material in terms of its chemi-
cal functionality and application.

As can be seen, the calculated RL values are between 0 
and 1, indicating that the adsorption of Pb2+ and Cd2+ onto 
raw and the modified powder is favorable within the range 
of the concentrations used.

For the Freundlich model, n calculated is greater than 
1 for the adsorption of Pb2+ /Cd2+ on RDP and modified 
RDP, and over the entire range of concentrations studied, 
this means that adsorption is favorable, and that the sorp-
tion intensity is good at high concentrations but weak at 
lower concentrations. The high value of n indicates the 
heterogeneity of the surface of the adsorbent and a high 
value of the intercept KF is indicative of high sorption 
capacity.

The correlation coefficients show that the model of Tem-
kin gives the best fit of the experimental points. In addi-
tion, we noted that the energy of adsorption of lead and 
cadmium are similar to those calculated by D-R model.

The plots of ln qe versus RT ln(1+1/Ce), gave straight 
lines with R2 > 0.96, inducing that the Dubinin-Radushkev-
ich isotherm was adequate for the adsorption process. 

The values of qD and BD calculated from the intercepts 
and slopes of the plots respectively shown in Table 1 indi-
cate: (i) the higher values of qD, the higher is the adsorption 
capacity. (ii) the values of qD are higher for the modified-RDP 
powder than for the RDP powder, showing that the modi-
fied powder exhibited higher adsorption capacity than the 
unmodified powder. 

After using the D-R model, it was found that irrespec-
tive of using raw or modified-material the values of energy 
of adsorption E for Pb2+ are always greater than those for 
Cd2+.

Since the value of E is the energy required to transfer 
one mole of adsorbate to the adsorption sites of adsorbent 
from the bulk solution, therefore the highest energy val-
ues have shown that it needs more energy to transfer Pb2+ 
onto the surface of adsorbent than Cd2+ , and this resulted 

Table 1
Isotherm constants of Pb2+ and Cd2+ biosorption by raw and modified biosorbent

Model Parameters Raw adsorbent Modified adsorbent

Pb2+ cd2+ Pb2+ cd2+

Langmuir Qmax (mg/g)
b (l/mg)
R2

RL

15.625
0.2873
0.9369 
0.01–0.15

8.55
0.0249
0.9874
0.14–0.89

59.17
0.00357
0.9906
0.31–0.92

89.3
0.00086
0.9918
0.82–0.99

Freundlich KF

n
R2

8.97 
8.88 
0.984

0.71
2.2
0.9434

1.32
1.844 
0.9749

0.14
1.173
0.9843

Temkin B
bT (J/mol)
KT (l/g)
ΔQ (J/mol)
R2

1.51
1631.70
213.050
25495.4
0.9829

1.93 
1280.80
0.229
10947
 0.9551

13.48
183.14
0.0322
10836.6
0.993

8.64
285.93
0.02
25529.7
0.9992

D-R qD (mg/g)
BD

E (J/mol)
R2

22.06
6.10–6

22361
0.99

25.34
5.10–9

100000.99
 0.9622

162.75
7.10–9

8451.54
0.9835

176.34
1.10–8

7071
0.9888
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in stronger adsorbing tendency toward Cd2+ than Pb2+ [38]. 
The adsorption energy for RDP powder was 22 kJ/mol and 
10 kJ/mol for Pb2+ and Cd2+ respectively, and this suggests 
that the adsorption process of Pb2+ is a chemisorption (E > 
16 kJ/mol), whereas the ion exchange process is dominant 
in the adsorption of Cd2+ (8 kJ/mol < E < 16 kJ/mol).

The adsorption energy was around 8.45 kJ/mol for Pb2+ 
and 7.07 kJ /mol for Cd2+ using modified-RDP powder; this 
supposes that an ion exchange reaction occurs for Pb2+ and 
a physisorption for Cd2+; we can infer from this that the 
structure of the adsorbent is modified. In fact, it indicated 
that the adsorption of Cd2+ was different from that of Pb2+ 

.i.e. the shrinking of the polymer chain changes the surface 
properties of date pits powder. 

Error estimation: An absolute error average Δqe is calcu-
lated as follows:

Δqe
n

qe exp qe calc
n

= −( )∑1

1

  . .  (14)

Major values reported in Table 2 are less than 2 mg/g.
Some adsorption results obtained with other vegetal by 

products were given in (Table 3), except that the experimen-
tal conditions were not similar for all.

3.5.  Structural characterization by infrared spectroscopy  
analysis

The characterization of the modified raw powder with 
DTPAD, shows that the intensity of the bands increased 
(Fig. 6); this is an indication that the modification has taken 
place. The analysis of FTIR spectra shows, an increase in the 
intensity of the band OH of the carboxylic acids at 3374 cm–1. 

Fig. 5. Isotherms adsorption of Pb2+/Cd2+ onto RDP and modified RDP. Pb2+ - RDP (a) Pb2+ - modified RDP (b) Cd2+ - RDP (c)  
Cd2+ - modified RDP (d).
Conditions: Adsorbent 50 mg, solution volume 50 ml, T = 22°C, pH = 5.6.
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The carboxylic acids band C=O at 1740 cm–1 is not visible 
after the chemical modification of RDP, this is due to over-
lap with the band C=O conjugated to NH2 of the proteins at 
1656 cm–1

 (Table 4) [40] and to COOH supplied by DTPAD 

and the increase in the band at 1088 cm–1 is attributed to 
tertiary amines function.

3.6. Measurement of carboxylate content by conductimetry

The carboxyl content of RDP and modified-RDP is 
determined by conductimetric titration. 50 mg of RDP or 
modified-RDP are suspended into 15 ml of 0.01 M hydro-
chloric acid solution. After 30 min of stirring, the suspen-
sions are titrated with 0.01 M NaOH (Fig. 7). 

The degree of oxidation DO is calculated per-below the 
equation:

DO
C V V

m C V V
=

−( )
− −( )

162

36
2 1

2 1
 (15)

where C is NaOH concentration (mol/l), V1 and V2 are the 
volumes of NaOH (l) and m (g) the mass of RDP or mod-
ified-RDP, 162 is the molar mass of the glucose unit pres-
ent in glycoside bond, whereas 36 represents the difference 
between the molecular weight of an AGU and that of the 
sodium salt of glucuronic acid moiety [41].

The first part of Fig. 7 corresponds to the neutralization 
of the excess of H+. The second one corresponds to the neu-
tralization of carboxyl groups of the RDP/modified-RDP. 
The third stage corresponds to the excess of OH–. V1 is the 
equivalent point between the first and the second part, V2 
is the equivalent point between the second and the third 
portion. 

Thus, (V2–V1) is the amount of NaOH necessary to neu-
tralize the carboxyl groups in the sample. The degree of oxi-
dation of the raw powder is equal to 16.70% and increases 
to 25.53% for the modified powder. 

Table 2
Absolute error average Δqe (mg/g)

Model RDP Modified-RDP

Pb2+ Cd2+ Pb2+ Cd2+

Langmuir 0.60 1.20 2.60 1.02
Freundlich
Temkin
D-R

0.80
0.80
1.00

1.20
1.40
1.20

2.06
4.90
3.50

0.90
5.20
1.80

Table 3
Comparative evaluation of RDP, modified RDP and some 
agricultural products as biosorbents for lead and cadmium 
reported by other studies

Biosorbent qmax 

(mg/g) Pb2+

qmax 

(mg/g) Cd2+

Reference

Date pits 2.891 – [12]
Date pits 7.40 6.02 [13]
Activated date pits 33.44 17.24 [13]
Date pits – 39.57 [11]
Mongo stones 1.90 21.05 [23]
Cocoa pod 5.31 12.15 [23]
Banana peel 7.97 – [21]
Orange peel 7.75 – [21]
Douglas fir barks 24.65 12.36 [24]
Activated carbon 
cashew nut shells

28.90 17.29 [39]

Sugarcane bagasse 
mod. by EDTAD

333.0 149.0 [28]

Cellulose modified 
by EDTAD

232.0 112.0 [28]

RDP 15.62 8.55 This study
Modified-RDP 59.17 89.3 This study

4000 3500 3000 2500 2000 1500 1000 500
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72

Frequency (cm-1)

 modified RDP
 RDP

Fig. 6. FTIR spectra of RDP and modified-RDP.

Table 4
FTIR spectra assignment for RDP and modified-RDP

IR peak 
of RDP 
(cm–1)

IR peak of 
modified 
RDP (cm–1)

Difference Assignment

3360 3374 +14 –OH groups 
2930 2924 –6 aliphatic C–H group
1740 – carbonyl stretch of carboxyl
1646 1656 +10 protein C=O stretching, 

C=O carboxylates
1518 1516 –2 C=C in aromatic ring
1436 1430 –6 C–O carboxylates
1370 1372 –2 C–H deformation in 

hemicelluloses and 
celluloses

1238 1240 +2 syringyl ring and C–O 
stretch in lignin,
C–O carboxylic acid group, 
C–N stretch group

1148 1150 +2 C–O–C stretch in cellulose 
and hemicelluloses

1072 1088 +16 C–O stretching of primary 
alcoholic groups,
Tertiary amines
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3.7. Scanning electron microscopy (SEM)

The raw date pits powder observed by using scanning 
electron microscopy, shows a texture in the form of hetero-
geneous aggregates (Fig. 8 a and b). The powder modified 

by the DTPAD has a more homogenous and dense matrix 
structure, and more pores appear (Fig. 8 c and d).

It seems that cross linking of the powder by the carbox-
ylic acid functions of DTPAD lead to the formation of link-
ing bridges. 

3.8. Surface area of adsorbents

Surface area is calculated by B.E.T (Brunauer, 
Emettet, Teller) method. The raw powder has a surface of 
0.7016 m2/g and the powder modified by DTPAD has a sur-
face of 0.8696 m2/g.

4. Conclusion

The present study provided a great deal of significant 
information on the adsorption phenomena. The study of 
the adsorption isotherms of the two heavy metals, lead and 
cadmium on the native powder of date pits and the powder 
modified by diethylenetriaminepentaacetic dianhydride, is 
conducted under the following experimental conditions: 
50 mg of RDP/modified-RDP, concentration of Pb2+ (20–
500 ppm) and (10–250 ppm) for Cd2+, pH = 5.6, with the 
temperature of 22°C, and continuous two hours stirring at 
350 rev/min (revolution per minute). 

Our results show that raw date pits, the “Ghers” vari-
ety has a capacity of adsorption of 15.625 mg/g of lead and 

Fig. 7. Conductimetric titration curves of RDP and modi-
fied-RDP.

(a) (b)

(c) (d)

Fig. 8. SEM micrographs for RDP (a, b) and modified-RDP (c,d).
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8.55 mg/g of cadmium, which are acceptable values com-
pared to other values found using different varieties of date 
pits mentioned in the literature (reference section). 

The chemical modification by attaching new groups of 
carboxylic acid from DTPAD to the raw powder improves 
its degree of oxidation with an increase from 16.17% to 
25.53%, therefore the adsorption capacity of lead reaches 
59.17 mg/g and that of cadmium 89.3 mg/g .

Considering the results calculated by using the different 
models, and the experimental figures, we find the accept-
able level of the average errors is the Freundlich isotherm 
model followed by Langmuir, Dubinin-Radushkevich and 
then Temkin isotherms.

Regarding the level of the error average, between the 
experimental figures and the results calculated by the mod-
els, we consider that the Freundlich isotherms gave the best 
fit, followed by Langmuir, Dubinin-Radushkevich and then 
Temkin isotherms, 

We conclude that the raw and the DTPAD modified date 
pits have the capacity for the retention of lead and cadmium. 
Considering their availability at a low operating cost, they 
can stand as an alternative biomass to remove these heavy 
metals from the industrial wastewaters. 

References

[1] U. Garg, M.P. Kaur, G.K. Jawa, D. Sud, V.K. Garg, Removal of 
cadmium (II) from aqueous solutions by adsorption on agri-
cultural waste biomass, J. Hazard. Mater., 154 (2008) 1149–1157.

[2] Y.S. Al-Degs, M.I. El-Barghouthi, A.A. Issa, M.A. Kharaisheh 
G.M. Walker, Sorption of ZN(II), Pb(II), and Co(II) using nat-
ural sorbents: Equilibrium and kinetic studies, Wat. Res., 40 
(2006) 2645–2658.

[3] A. Gunay, E. Arslankaya, I. Tosun, Lead removal from aqueous 
solution by natural and pretreated clinoptilotite : Adsorption 
equilibrium and kinetics, J. Hazard. Mater., 146 (2007) 362–371.

[4] L.V.A. Gurgel, R. Pereira de Freitas, L.F. Gil, Adsorption of 
Cu(II), Cd(II) and Pb(II) from aqueous single metal solutions 
by sugarcane bagasse and mercerized sugarcane bagasse 
chemically modified with succinic anhydride, Carbohydr. 
Polym., 74 (2008) 922–929.

[5] A. Abdolali, W.S. Guo, H.H. Ngo, S.S. Chem, N.C. Nguyen, K.L. 
Tung, Typical lignocellulosic wastes and by-products for bio-
sorption process in water and wastewater treatment: A review, 
Biores. Technol., 160 (2014) 57–66.

[6] M. Chandrasekaran, Ali. H. Bahkali, Valorization of date palm 
phoenix dactylifera fruit processing by-products and wastes 
using bioprocess technology - Review, Saudi J. Biol. Sci., 20(2)
(2013) 105–120.

[7] B.S. Girgis, A.A. El-Handawy, Porosity development in acti-
vated carbons obtained from date pits under chemical activated 
with phosphoric acid, Micropor. Mater., 52 (2002) 105–117.

[8] F. Banat, S. Al-Asheh, L. Al-Makhadmeh, Evaluation of the use 
of raw and activated date pits as potential adsorbents for dye 
containing water, Process Biochem., 39 (2003) 193–202.

[9] Z. Belala, M. Jeguirim, M. Belhachemi, F. Addoun, G. Trouvé, 
Biosorption of basic dye from aqueous solutions by date stones 
and palm - trees waste : Kinetics, equilibrium and thermody-
namic studies, Desalination, 271 (2011) 80–87.

[10] H. Babaci, H. Aksas, K. Louhab, Biosorption of anionic dye 
bazaktiv yellow HE-4G on mixture of olive stone and date 
pits in packed bed column, Asian. J. Chem., 27(11) (2015) 4029–
4033.

[11] M.A. Al-Ghouti, J. Li, Y. Salamah, N. Al-Laqtah, G. Walker, 
M.N.M. Ahmad, Adsorption mechanisms of removing heavy 
metals and dyes from aqueous solution using date pits solid 
adsorbent, J. Hazard. Mater., 176 (2010) 510–520.

[12] S.E. Samra, B. Jeragh, A. M.El-Nokrashy, A.A. El-Asmy, Bio-
sorption of Pb2+ from natural water using date pits: A green 
chemistry approach, Mod. Chem. App., 131(2) (2014) 1–8.

[13] N.M. Hilal, I.A. Ahmed, R.E. El-Sayed, Activated and non-ac-
tivated date pits adsorbents for the removal of copper(II) and 
cadmium(II) from aqueous solutions, Int. Scholar Res. Net., 
(2012) 1–11.

[14] M.I. Kandah, F.A. Abu Al-Rub, L. Bawarish, M. Bawarish, H. 
Al-Tamimi, R. Khalil, R. Saada, Adsorption of cadmium onto 
activated and non-activated date pits, Eng. Technol., 38 (2010) 
204–208.

[15] H. Qaid Naji Museed Alarique, E.S. Al-Aghbari, W.M. Al-Sha-
wafi, N.A. Sallam Al-Areqi, Kinetics and retention chromato-
graphic of chromium (VI) sorption from aqueous solution 
using roasted powder of date pits, Int. J. App. Sci. Eng. Res., 
5(6) (2016) 493–508.

[16] H. El-Bakouri, U.J. Moriollo, R. Rojas, A. Ouassini, Drin pesti-
cides removal from aqueous solutions using acid treated date 
stones, Biores. Technol., 100(10) (2009) 2676–2684.

[17] S.A. Al-Muhtaseb, M.H. El-Naas, S. Abdallah, Removal of alumi-
num from aqueous solutions by adsorption on date –pit and BDH 
activated carbons, J. Hazard. Mater., 158 (2008) 300–307.

[18] H.M. Al-Saidi, The fast recovery of gold (III) ions from aque-
ous solutions using raw date pits: Kinetic, thermodynamic and 
equilibrium studies, J. Saudi Chem. Soc., (2013), in press, avail-
able online 10 July 2013. 

[19] S.A. Al-Jlil, Equilibrium study of adsorption of cobalt ions 
from wastewater using Saudi roasted date pits, Res. J . Environ.
Toxicol., 4(1) (2010) 1–12.

[20] A. Demirbas, Heavy metal adsorption onto agro-based waste 
materials: A review, J. Hazard. Mater., 157 (2008) 220–229.

[21] W.S. Wan Ngah, M.A.K.M. Hanafiah, Removal of heavy metal 
ions from wastewater by chemically modified plant wastes as 
adsorbents: A review, Biores. Technol., 99 (2008) 3935–3948.

[22] M. M-D-Hussein, W.A. Helmy, H.M. Salem, Biological activ-
ities of some galactomannans and their derivatives, Phyto-
chemistry, 48(3) (2012) 394–403.

[23] B.I. Olu-owolabi, O.U. Oputu, K.O. Adebowale, O. Ogunsolu, 
O.O. Olujimi, Biosorption of Cd2+ and Pb2+ ions onto mango 
stone and cocoa pod waste: Kinetic and equilibrium studies, 
Sci. Resear. Essays, 7(15) (2012) 1614–1629. 

[24] C. Astier, Adsorption du plomb et du cadmium sur le sapin de 
Douglas, doctoral thesis, Limoges (France) 2010.

[25] L. Daddi Oubekka, N-E. Djelali, V. Chaleix, V. Gloaguen, 
Adsorption of lead(II) and cadmium (II) on raw and modified 
date pits by TEMPO/NaBr/NaOCl as adsorbent, Revue Rou-
maine de chimie, 61(3) (2016) 175–185.

[26] B. Volsky, Z.R. Holan, Biosorption of heavy metals, Biotechnol-
ogy Process, 11 (1995) 235–250.

[27] G. Crini, Recent developments in polysaccharide- based mteri-
als used as adsorbents in wastewater treatment, Prog. Polym. 
Sci., 30 (2005) 70–80.

[28] O. Karnitz Junior, L.V.A. Gurgel, R.P. Pereira de Freitas, L.F. 
Gil, Adsorption of Cu(II), Cd(II), and Pb(II) from aqueous sin-
gle metal solutions by mercerized sugarcane bagasse chemi-
cally modified with EDTA dianhydride (EDTAD), Carbohydr.
Polym., 77 (2009) 643–650.

[29] K.A.G. Gusmão, L.V.A. Gurgel, T.M.S. Melo, L.F. Gil, Adsorp-
tion studies of methylene blue and gentian violet on sugarcane 
bagasse modified with EDTA dianhydride (EDTAD) in aque-
ous solutions: Kinetic and equilibrium, J. Environ. Mange., 118 
(2013) 135–143.

[30] M. Toor, B. Jin, Adsorption characteristics, isotherm, kinetics, 
and diffusion of modified natural bentonit for removing diazo 
dye, Chem. Eng. J., 187 (2012) 79–88.

[31] J.C. Igwe, A.A. Abia, Adsorption isotherm studies of Cd(II), 
Pb(II) and Zn(II) ions bioremediation from aqueous solutions 
using unmodified and EDTA–modified maize cob, Eclitica 
Quimica, 32(1) (2007) 33–42. 

[32] J.U.K. Oubagaranadin, N. Sathyamurthy, Z.V.P. Murthy, Eval-
uation of Fuller’s earth for the adsorption of mercury from 
aqueous solutions: A comparative study with activated car-
bon, J. Hazard. Mater., 142 (2007) 165–174.



L. Daddi Oubekka et al. / Desalination and Water Treatment 98 (2017) 233–243 243

[33] K. Vijayaraghavan, T.V.N. Padmesh, K. Palanivelu, M. Velan, 
Biosorption of nickel (II) ions onto sargassum wightii: Appli-
cation of two-parameters and three–parameters isotherm 
models, J. Hazard. Mater., 133 (2006) 304–308.

[34] K. Kardirvelu, C. Namasivayam, Activated carbon from coco-
nut coir pith as metal adsorbent: adsorption of Cd(II) from 
aqueous solution, Adv. Environ. Resear., 7 (2003) 471–478.

[35] S.O. Lesmana, N. Febriana, F.E. Soetaredjo, J. Sunarso, S. Ism-
adji, Studies on potential applications of biomass for the sep-
aration of heavy metals from water and wastewater, Biochem. 
Eng. J., 44 (2009) 19–24.

[36] S. Gupta, B.V. Badu, Utilization of waste product (tamarind 
seeds) for the removal of Cr(VI) from aqueous solutions: Equi-
librium, kinetics, and regeneration studies, J. Environ. Man-
age., 90 (2009) 3013–3022. 

 [37] A.A. Zamani, R. Shokri, M.R. Yaftian, A.H. Parizanganeh, 
Adorption of lead, zinc and cadmium ions from contaminated 

water onto peganum harmala sides as biosorbent, Int. J. Envi-
ron. Sci. Techol., 10 (2013) 93–102.

[38] M.S. Onyango, K. Kojima, O. Aoyi, E.C. Bernardo, H. Matsuda, 
Modeling and solution chemistry dependence of fluoride 
removal from water by trivalent-cation-exchanged zeolite F-9, 
J. Colloid Interface Sci., 279 (2004) 341–350. 

[39] S. Tangjuank, N. Insuk, J. Tontakoon, V. Udeye, Adsorption 
of lead (II) and cadmium (II) ions from aqueous solutions by 
adsorption on activated carbon prepared from cashewnut 
shells, Sci. Eng. Technol., 28 (2009) 110–115.

 [40] A.B. Albadrin, C. Mangwandi, G.M. Walker, S.J. Allen, M.N.M. 
Ahmad, M. Khraishen, influence of solution chemistry on 
Cr(VI) reduction and complexation onto date-pits/tea-waste 
biomaterials, J. Environ. Manage., 114 (2013) 190–201.

 [41] Y. Habibi, H. Chanzy, M. Vignon, TEMPO-mediated sur-
face oxidation of cellulose whiskers, Cellulose, 13 (2006)  
679–687.


