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Abstract 

In this study, low-cost biosorbent has been produced from the precursor pistachio shells (PPS). The physicochemical 

properties, and chemical composition of PPS and the active surface functional groups involved in adsorption were identified 

using BET and N2 adsorption isotherm, pHPZC and FTIR. The PPS biosorbent was applied for the elimination of lead (II) and 

aluminum (III) from real water samples, where the efficiency was evaluated as functions of pH value, the initial Pb(II) and Al 

(III) amount, concentration of adsorbent, adsorption time, temperature and co-existing ions. The results showed that the PPS 

biosorbent showed excellent adsorption efficiencies towards Pb(II) and Al(III) with a maximum adsorption capacity of 35.08 

and 12.77 mgg-1,  for Pb(II) and Al(III) , respectively.The adsorption kinetic and isotherm reflect that the adsorption of Pb(II) 

and AL(III) onto PPS biosorbent obeyed pseudo-2-order and Langmuir isotherm model, respectively.An endothermic and 

spontaneous adsorption process of Pb(II) and AL(III) was confirmed by the calculated thermodynamic functions. 
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___________________________________________________________________________________________________

1.  Introduction 

The major source of lead within the environment is 

from plastics, wrapping up apparatuses, cathode 

beam tubes, ceramics, fastens pieces of lead blazing 

and other minor item, steel and cable reclamation. 

Lead can result within the wide extend of biological 

impacts depending upon the level and length of 

presentation [1]. Within the environment, lead ties 

emphatically to particles such as oil, silt and sewage 

slime so its evacuation is of awesome concern [2].  

Aluminum is the foremost copious metal within the 

earth’s crust [3,4]. In acidic situations aluminum is 

discharged as Al (III) ions [5], which are inalienably 

harmful to numerous organisms [6]. After 

coagulation, flocculation and filtration there will be a 

few leftover broken down aluminum within the 

treated water [7]. It is presently well known that this 

metal is toxic  to a variety of  living beings [ 8-11]. 

The heavy metals, having unsafe impacts on 

wellbeing and environment, can be treated from 

wastewater by utilizing different physicochemical 

strategies [12]. Adsorption, precipitation, 

phytoextraction, ultrafiltration, reverse osmosis, and 

electrodialysis are the foremost habitually favored 

strategies [13]. Among them, adsorption gets 

significant intrigued with the tall effectiveness in 

heavy metal expulsion. Adsorption has illustrated its 

proficiency and financial achievability as a 

wastewater treatment handle compared to the other 

filtration and partition strategies, and has picked up 

significance in mechanical applications [14]. 

Activated carbon is the foremost commonly utilized 

adsorbent within the adsorption forms due to its 

increased adsorption capacity, high surface range, 

and increased degree of surface reactivity, while, it 

encompasses a generally increased cost, increased 

operation costs, and issues with recovery for the 

mechanical scale applications [15]. This driven to a 

look coordinated to creating low-cost and locally 

accessible adsorbent materials with greatest 
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adsorption capacity [16, 17]. A wide assortment of 

materials such as bark/tanin-rich materials, lignin, 

chitin, chitosan, dead biomass, sawdust, peat 

greenery, adjusted fleece, altered cotton [18], banana 

essence [19], rice husk [20], and leaves [21] are being 

utilized as substituted options to costly adsorbents. 

 

The objectives of the present study can be 

represented as: 

i) Design, preparation and characterization of 

pistachio shell derived biosorbent (PPS) using 

BET and N2 adsorption isotherm, pHPZC and 

FTIR.  

ii) Batch sorption experiments utilizing Pb (II) and 

Al (III) as pollutants. 

iii) Investigating the ideal factors like pH, the initial 

metal ion amount, adsorbent mass, temperature, 

isotherms, thermodynamics, and oscillation time. 

iv) Elucidation of adsorption kinetics, 

thermodynamic, isotherm and desorption studies. 

2.1. Experimental 

2.2. Materials and solutions 

The stock solution 1000 mg/L of lead ion as 

adsorbate was prepared bydissolving 1.5984 g of 

Pb(NO3)2 (supplied by Sigma-Aldrich (Germany)) in 

1000 mL of solution using acidified doubled distilled 

water.  

The stock solution 1000 mg/L of aluminum adsorbate 

was prepared bydissolving 8.9426 g of AlCl3.6H2O 

[supplied by Sigma-Aldrich (Germany)] in 1000mL 

of solution using acidified doubled distilled water. 

 

2.3. Instrumentation 

The surface area of the adsorbent was obtained from 

N2 adsorption measurements made at 77K and using 

the BET equation. Chemical functional groups 

present in PPS were examined before and after metal 

ion adsorption using Nicolet FTIR 

spectrophotometer. The type and amount of 

functional groups on the PPS were determined using 

Surface acidity and Boehm titration techniques. 

The moisture content is determined by heating 0.05 g 

of the adsorbent in an oven at (110) 
o
C overnight and 

then it was cooled to room temperature in desiccators 

and then weighed. The ash content of the prepared 

adsorbent is determined to measure minerals present 

as impurities in the adsorbent which remain upon 

burn off of the carbonaceous portion during 

pyrolysis. About 0.5 g of adsorbent was put in muffle 

furnace for about 6 h at 700 
o
C and then the final 

weight was recorded. The pHPZC was determined as it 

is reported in previous work. The pH of solutions was 

determined using aHANNA pHmeter (Hi 931401, 

Portugal). The batch sorptionexperiments were 

carried out at 240 rpm on a Shaking Water Bath 

(Nickel Electro Ltd., NE5, UK). The amounts of lead 

and aluminum were analyzed using UV-Vis 

spectrophotometer (Chrom Tech., Ltd., and USA) at 

520 nm using PAR and at 535 nm for Al
3+

 using 

ECR as a complexing agent, respectively. 

 
2.4. Preparation of precursor of pistachio shells 

The precursor of pistachio shells (PPS) was 

first washed free of dirt and inherent pulp portion, 

and dried in an electric oven at 110 °C for 24 h. The 

dried shells were crushed to give a pale yellow semi 

powder which became easy to weight and impregnate 

and then sieved and particles of 0.063-0.500 mm size 

were used as adsorbent (PPS).  

 

2.5. Batch test 
Batch tests were performed by stirring 0.025 

g of PPS with 25 mL H2O solution of metal ion 

solution in 250 mL Erlenmeyer flasks placedin 

thermostated water bath shaker at different 

concentrations (1 -45 mg/L) of Al
+3

 and (5- 100) 

mg/L of Pb+2, pHs (2-7), temperatures (27.0 °C - 47.0 

°C), doses of PPS (0.005 - 0.0625 g) and NaCl 

concentrations (5- 200 mmole/L) at the range of 

shaking rate of 200-220 rpm.  
The maximum adsorption capacity of metal 

ion removed by PPS (qm), and the metal ions 

removal percentage (R %) are determined using Eqs. 

(1) &(2): 

 

qm = (�����)

 × V   (1)                                                                                                

R % = (�����)
�� × 100    (2)                                                           

Where qm is the maximum adsorption 

capacity (mgg
-1

), Co and Ce are the initial and 

equilibrium state concentrations of the metal ions 

(mg/L), m is the mass of the adsorbent used (g) and V 

is the solution volume of the metal ions (mL), 

respectively. 

 

2. 5. Desorption Studies 
Desorption tests were performed using various 

desorbingagents: absolute ethanol, HNO3, HCl, 

NaOH and NaHCO3 with concentrations between 

(0.01 to 0.5 M). Briefly, 0.2 g of PPS loaded Pb (II) 

or PPS loaded Al (III) was immersed in 10mL of 

eluent solution for 72 h with shaking at 150 rpm. The 

bulk solute concentration in solution was measured as 

previously described. Then the desorbed metal ion 

concentration wasanalyzed spectrophotometrically 

after the suspension was shaken for a fixedtime. The 

desorption efficiency (D, %) of Pb and Al can be 

calculated using equation, Eq. 3 
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Desorption % =  
�������� �
���� �� ��(  ) !"� !#(   ) 

$���% !������� �
���� �� ��(  ) !"� !#(   ) X 100%(3) 

Where qd and qa are the desorption capacity 

(mgg
-1

) and adsorption capacity, respectively. 

 

3. Results and discussion 

3.1. Characterization of PPS  

3.1.1. Surface pH,  pHPZC and moisture %:  

The adsorbent may contain various elements 

originating from the raw material or generated during 

modification and manufacture, the quantity of these 

elements (e.g., useless minerals) may be varied from 

1 to 20 %. These elements are often the content so 

called ash content decreased to 0.1 to 0.2 %. The 

elements other carbon is the responsible for 

determining surface properties like surface pH, point 

of zero charge and the functional groups of the PPS. 

Table 1 summarized the surface characterization of 

the PPSand the moisture and ash content of 

precursors pistachio shells (PPS). 

Table 1 

Physicochemical parameters of PPS  

      

The surface pH of PPS introduces a valuable 

indication for nature of the functional groups found 

on the PPS surface. In solution, bronsted acidic 

groups of the carbon surface tend to give their 

protons to H2O molecules and hence the charge of the 

surface becomes negative. Alternatively, Lewis bases 

accepted protons from solution becoming positively 

charged. It is known that most of the oxygen 

containing functionalities behaves as bronsted acids, 

donating protons to the aqueous media and so being 

responsible for pH < 7 of carbons [22]. However, the 

basic characters come from two types of 

contributions; the adsorption of protons by the 

aromatic basal planes of the carbons and by surface 

complexes (i.e., pyrone-like structures) [20].The pH 

of the slurries of PPS was found to be 6.37. This may 

be taken as evidence that acid functional groups 

slightly predominate on the surface of PPS. The 

pHPZC is the pH at which the net surface charge 

equals to zero. [23]. It allows quantifying the acidic 

or basic character of the carbon. The pHPZC and the 

pH of the solution determine the charge on the 

surface that will be present; the carbon surface is 

+vely charged and surface sites are protonated at 

pH<pHPZC and, but at pH >pHPZC is -vely charged. 

[24]. The pHpzc value of PPS is 6.57 as shown in 

Table 1.  

3.1.2. FTIR spectra 

     The IR spectrum of the precursor (natural 

pistachio shells; PPS) is presented in (Fig. 1a, b). The 

data indicate existence of bands at 3422, 1741, 

1600(sh), 1540(sh), 1512 and 1056 cm-1 attributed to 

the presence of OH (phenolic and/or carboxylic), 

COOH, C=C, C=N and C-N groups, respectively. 

The IR spectrum of the precursor pistachio shell PPS 

with Pb(II) is shown in (Fig. 1a). The data shows that 

the bands at 2066, 1383 and 1337 cm
-1 

assigned to the 

lactonic OH groups are shifted to lower 

wavenumbers  in comparing  to the spectrum of PPS 

alone (Fig. 1a,b) which are observed at 2128, 1377 

and 1333 cm
-1

, respectively. Fig. 1b illustrates the IR 

spectrum of the PPS loaded with Al
3+

 ion. The results 

show the observation of new bands at 1655 and 1598 

cm-1 assigned to ν (COOH) vibration. Also, the bands 

at 1598 and 1510 cm
-1 

are assigned to ν (COOH) 

vibration. These [25].bands are obscured in the IR 

spectrum of PPS (Fig. 1b) due to the destruction of 

hydrogen bond. Bands at 438 and 407 cm-1 are 

assigned to ν(Al-O) and ν(Al-N) vibration, 

respectively[26]. 

 

 

 

 

 

 

 
Fig. 1: FTIR spectra of (a) [PPS and PPS*Pb]     (b) [PPS and PPS*Al] 

Acidic groups 

(mmol/g) 

Basic groups 

(mmol/g) 

Surface 

pH 

pHPZC Moisture 

content % 

Ash 

content % 

Carboxylic Lactonic Phenolic Total 

0.626 3.632 0.747 5.005 0.740 6.37 6.57 3.810 0.691 
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3.2. Adsorption of Pb (II) and Al (III) onto PPS  

3.2.1. Influence of pH  

Fig. 2 shows the effect of pH on Pb(II) and Al(III) 

ion adsorption onto PPS. It is noted that Pb(II) and 

Al(III) ion uptake gradually increases with the 

increase of pH of Pb(II) and Al(III) ion solution from 

pH 2 to (3 and 5) and it reaches its maximum pH at 

(4-7 and 6-7) for PPS. In acidic  medium (pH < 2) the 

lower removal  metal ion is likely due to the presence 

of metal in solution as free Mn
+
 ions competing with 

prorogated sorption sites of adsorbents (-COO and –

NH2). Moreover, this leads to the electric of repletion 

between Mn
+
 ions and the functional groups which 

possess positively charged on the surface of PPS. The 

PPS surface with increasing pH of the solution, begin 

to be greet negatively charged because of increases of  

OH- groups, this leads to further electrostatic 

interaction of ions of Mn
+
 with negative functional 

groups and facilities the adsorption of Mn+ ions. The 

determination of Pb
2+

 and Al
3+

 was possible to carry 

out at pH 5-7and 4-7, respectively. Therefore, this pH 

range was selected as the working pH for subsequent 

work. 

 

 
Fig. 2: Influence of pH on removal of Pb (II) (Ci = 25 mgL-1) & Al 

(III) (Ci = 8 mgL-1) ionon PPS 
 

3.2.2. The impact of initial metal amount  

The influence of start metal ion amount on the 

sorption capacity of PPS towards Pb (II) and Al (III) 

is displayed in Figure 3. It is demonstrated that the 

amount of Pb (II) or Al (III) adsorbed per unit mass 

of PPS increases with increasing initial metal ion 

concentration in the sample solution. The start 

amount of metal ions increases from 5 to 100 mgL-1 

and from 1 to 45 mgL
-1 

for Pb(II) and Al(III)  at 27° 

C, At equilibrium (qe), the amount adsorbed 

increases from  4.89 to 35.90 mgg-1and from (0.977 

to 12.473 mgg
-1

for Pb(II) and Al(III),  respectively. 

This may be accounted for by the fact that the rise  

in the start amount of adsorbate works as a driving 

force to overcome the metal ion's mass transfer 

resistance between the solid and aqueous phases. [27] 

At higher Pb (II) and Al (III) ions amounts, 

adsorptioncapacity reaches aplateau indicating 

saturation ofavailable functional groups on PPS 

 
Fig. 3: Influence of initial amount of Pb(II) and Al(III) ions on the 

adsorption capacity of PPS 

 

3.2.3. Influence of PPS mass 

Figure 4 shows the influence of PPS mass on the 

removal of Pb(II) and Al(III) from aqueous solutions. 

The removal of metal ion is changed with the change 

of PPS dose and it rises with a rise in mass of PPS. 

The removal % of Pb(II) and Al(III) ions by PPS 

increased rapidly with increase in dose of adsorbent 

up to 0.025 g, then gradually increased with further 

increment in dose of adsorbent up 0.05 g and 

thereafter remained unchanged. The R % of Pb(II) 

and Al(III) ions increased from (54.34 % to 81.72 %) 

and (37.38 % to 96.28 %) as the mass of PPS raised 

from (0.005 to 0.0625 g), respectively. The rise in the 

amount of metal ion adsorbed may be because of the 

increase in the available adsorption surface groups. 

[28]. 

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

40

50

60

70

80

90

100

 
 

R
%

Adsorbent dose (g)

 Pb2+

 Al3+

Fig. 4: Influence of PPS mass on removal% of Pb(II) (Ci = 50 

mgL-1) and Al(III) (Ci = 8 mgL-1) on PPS. 
 

3.2.4. Influence of contact time 
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     The influence of contact time on the adsorption of 

Pb(II) and Al(III) onto PPS is presented in  Figure 5. 

The shapes of kinetics curves are similar and formed 

of a rapid start removal followed by a slow diffusion 

reaching a plateau. This can be explained by the 

larger surface area present at the start for the removal 

of Pb(II) and Al(III) onto PPS. Thus, about 80% of 

adsorption capacity of Pb(II) and Al(III) is attained 

within the first 60min. The adsorption of the Pb(II) 

and Al(III) on the PPS reaches equilibrium after 120 

min. A contact time of 120 min was used in the 

following experiments.  

0 50 100 150 200 250 300

8

12

16

20

24

28

32

36

 

 

q
e
 (

m
g

/g
)

t (m in)

 Pb2+

 Al3+

 Fig. 5: Influence of contact time on removal of Pb(II) ion (Ci = 50 

mgg-1) and Al(III) ion (Ci = 20 mgg-1) onto PPS 
 

3.2.5. Kinetic studies 

     In the present study two models were used to 

investigate the kinetics of the the removal of Pb and 

Al onto PPS [29],[30].  

Pseudo-1- order kinetic model [31]   

The linearized form is given by Eq. 4: 

log(*+ − *-) = ./0*+ − 12
3.565 7                            (4) 

Where qt and qe are the amount of metal ion 

adsorbed per adsorbent unitmass (mgg-1) at time 

t(min) & at equilibrium, respectively. k1 is constant 

of equilibrium (1/min)  that were gained from the 

slope & intercept of linear plots of log (qe–qt) vs. t 

(Fig. 6a). 

Pseudo-2- order kinetic model [31]   

The linearized form can be presented by Eq. (5): 

�
8� = 9

:;8�; + 9
8� t(5) 

     Where, qt and qe are the amount of metal ion 

adsorbed per adsorbent unit mass (mgg-1) at time t 

(min) & at equilibrium, respectively. K2 is rate 

constant of the pseudo-second-order (g/(mg*min)). qe 

and k2 can be identified from the intercept & slope of 

drawing t/qt against t (Fig. 6b) [33]. 

Intra-particle diffusion model [34], [35] is 

expressed Eq.6 : 

q� = k?��t6.@ + C                                    (6) 

Where kint(g/mg*min
1/2

) is the constant of adsorption, 

the intercept is C, both C and kint are calculated by 

drawing qt vs. t0.5 (Fig. 6c). 

     The Boyd kinetic data [36] is expressed by Eq.7: 

B(7)=1− C
D; ∑ 9

F;G9�F exp(−K3 L7)                    (7) 

Where B(t) is mathematical function of F, 

F(t) is the fractional achievement of equilibrium at 

time (t) and is determined from Eq. 8: 

B = M(N)
M(O)                                                (8) 

     Where q(e) and q(t) are the adsorbent capacity at 

equilibrium & time t, respectively.  

Eq. 8 is modified to Eq. 9  

L(7) = P√R − SR − {F;U(-)
5 }W

3
              (9)                               

 

Herein, the pseudo-1-order, pseudo-2-order, 

intraparticle diffusion and Boyed models were used 

to study the removal behavior of Pb and Al onto PPS. 

the results are presented in Figure 6 (a-d) and Table 

2. The values of R
2 

revealed that the adsorption 

procedure is well fit with the pseudo-2- order kinetic 

model indicating a chemisorption mechanism of the 

metal ions. The intraparticle diffusion model 

elucidates that the removal of Pb(II) and Al(III) by 

PPS involved three steps; Rapid 1st step due to  

diffusion of Pb(II) and Al(III) to the PPS surface, 

linear 2
nd

 step is the intraparticle diffusion due to , 

diffusion of Pb(II) and Al(III) from the PPS surface 

to the inside pores, and third equilibrium step. 

Furthermore, as it can be noticed from Figure 6c 

and6d, none of the straight lines in the intraparticle 

diffusion and Boyed models passed through the 
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Table 2 

Kinetic parameters for the adsorption of Pb(II) and Al(III) onto 

PPS 
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Fig. 6: Kinetic models for adsorption of lead(II) and 

aluminium(III) by PPS (a) pseudo-1- order, (b) pseudo-2-order,  
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Fig. 6: Kinetic models for adsorption of lead(II) and 

aluminium(III) by PPS (c) intraparticle diffusion and (d) Boyd 
model 

 

3.2.6. Influence of temperature 

The influence of temperature on removal% 

was studied at 27, 37 and 47°C. The results are 

presented in Figure 7 and Table 3. As it can be 

noticed, the maximum amounts of Pb(II) & Al(III) 

removed by PPS are found to increase from 35.9 

mgg-1 to 44.47 mgg-1 and from 12.47 mgg-1 to 15.38 

mgg
-1

 as the temperature rises from 27 to 47 °C, 

respectively. The increase in adsorption capacity may 

be brought about by chemical reactions between PPS 

sites and metal ions or by the  raised rate of Pb(II) 

and Al(III)  molecule intraparticle diffusion into the 

carbon pores at higher temperatures[37]. 

 
Table 3 

Influence of temperature on adsorption capacities of Pb(II) and 
Al(III) by PPS 
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0
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35
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q
e
 (

m
g

/g
)

C
i
 (mg/L)

 27°C

 37°C

 47°C

(a)

 
 

Model Kinetic 
parameter 

Metal 

Pb(II) Al(III) 

 qe, exp (mgg-1) 35.90 12.473 

Pseudo-1- 

order 
equation 

qe1 (mgg-1) 8.453 5.020 

k1 (min-1) 0.0182 0.0069 

R2
1 0.9312 0.8605 

Pseudo-2- 

order 

equation 

qe2 (mgg-1) 36.50 12.392 

K2 (g/mg. min) 0.0099 0.00676 

R2
2 0.9999 0.9972 

Intra-particle 

diffusion  
equation 

Kint 

(mgg-1.min1/2) 

0.6307 0.3672 

C 28.273 6.5221 

R2
int 0.7606 0.9221 

Boyd equation Intercept 1.3266 0.446 

R2 0.7802 0.8605 

Metal Qmax(mgg-1) 

27°C 37 °C 47 °C 

Pb(II) 35.900 40.510 44.470 

Al(III) 12.473 14.083 15.378 



 DEVELOPMENT OF PILOT SCALE SYSTEM FOR PRODUCTION  .. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 10 (2023)  

 

265

0 10 20 30 40 50
0

2

4

6

8

10

12

14

16

 

 

q
e
 (

m
g

/g
)

C
i
 (mg/L)

 27°C

 37°C

 47°C

(b)

 Fig. 7: Influence of temperature on maximum capacities of (a) 

Pb2+ and (b) Al3+ ions by PPS 
 

3.2.7. Thermodynamic studies of Pb(II) and 

Al(III) by PPS 

The thermodynamic parameters including Gibbs free 

energy (ΔG
0
), enthalpy (ΔH

0
), and entropy (ΔS

0
) are 

determined by Eq. 11 &12  

∆G° = −RTLn ^_                                    (11) 

Ln ^_ = �∆`°
a$ + ∆b

a                                    (12)                                  

Where, Kd is Langmuir constant, R is gas constant 

(8.314 J/mol K) and T is the temperature (K), 

respectively.  

The (ΔS°) and (ΔH°) values are gained from the 

intercept & slope of Ln Kd versus 1/T plot (Van’t 

Hoff), Figure 8. The plot of Ln Kd versus 1/T (Figure 

8) was linear over the temperature range used. The 

thermodynamic parameters are presented in Table 4. 

Analysis of the data in Table 4 revealed that the 

adsorption of Pb and Al onto PPS is an endothermic 

(+ve ΔH
0
 ) and  spontaneous process( -ve ΔG

0
)[38]. 

 
Table 4: Thermodynamics Parameters for the adsorption of Pb(II) 

and Al(III) on PPS 

 

Metal 

∆H° 

(KJ/mol) 

∆S° 

(KJ/mol) 

∆G° (KJ/mol) 

27°C 37°C 47°C 

Pb(II) 30.4043 0.1087 -2.2115 -3.1846 -4.4156 

Al(III) 23.3939 0.0813 -1.0056 -1.7979 -2.6327 
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Fig. 8:Van’t Hoff isotherm for removal of Pb(II) and Al(III) onto 
PPS 

3.2.8. Adsorption Isotherms 

Langmuir isotherm model 
The linear form of Langmuir isotherm modelis given 

by Eq.13 [36]: 

cO
MO = 9

1dMe + cO
Me                                   (13)                                               

     Where, qeis the adsorption capacity of metal ion at 

equilibrium (mgg-1), qmis the theoretical maximum 

capacity of adsorption (mgg-1), Ce is the amount of 

metal at equilibrium (mg/L) and kLis Langmuir 

constant (L/mg).  

The Langmuir isotherm plot is obtained by plotting 

Ce/qe against Ce (Figure 9a)... 

     The fundamental characteristics of the Langmuir 

isotherm can be expressed by a dimensionless 

separation factor, RL, given in Eq.14  

fg = 9
9hidcj             (14)                                    

     Where KL is Langmuir constant and C0 is the 

highest initialmetal concentration (mgL-1). The 

RLvalue can give an idea about the type of the 

isotherm: (RL> 1), unfavourable; (RL = 1), linear; (0 < 

RL< 1), favourable; (RL = 0), irreversible. (Table 

5).In our study, the values of (RL) in the present 

study are less than 1 confirming that PPS adsorbent 

exhibits favorable metal ion adsorption 
Freundlich model [39] 

The adsorption isotherms of adsorption of Pb(II) and 

Al(III) onto PPS is shown in Figure 9b [39]. 

The linear form of Freundlich Isotherm can be 

presentedas in Eq. 15: 

./0*+ = ./0kU + 9
F ./0                 (15)                                                                                       

Where kF and n are Freundlich constants, kF and n are 

the indicator of adsorption capacity and adsorption 

intensity, respectively (Fig. 9b). 

  

Table 5 

Langmuir and Freundlich isotherm Parameters 

M Langmuir  parameters Freundlich  parameters 

qm 

 (mg/g) 

KL 

(L/mg) 

RL R2 n KF R2 

Pb 36.630 1.0074 0.0109 0.9997 3.242 13.294 0.8841 

Al 12.771 1.2448 0.0158 0.9989 2.906 5.0506 0.9202 

The calculated results of isotherm parameters are 

shown in Table 5. According to the values of R
2
, it is 

strongly suggested that the adsorption of Pb(II) and 

Al(III) onto PPS fits well with the Langmuir isotherm 
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and the adsorption is a monolayer adsorption and 

takes place on homogeneous surfaces. 
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Fig. 9 : (a) Langmuir and (b) Freundlich plot for the adsorption 

Pb2+ and Al3+ by PPS 

 

3.2.9. The influence of foreign ions 

The influence of different foreign cations such as 

calcium 
2+

, Mg
2+

, Na
+
, K

+
 and Na

+
 as well as anions 

(F−, Cl−, acetate and oxalate) on the adsorption of 

Pb(II) and Al(III) using PPS was estimated. The 

results in Table 6, show that the studied anions and 

cations do not interfere in the removal % of Pb(II) 

and Al(III)on the PPS, up to  200 mgL
-1

. 

 

Table 6 

Influence of interferents on the removal percentage of Pb(II) and 
Al(III) onto PPS 

 

 
          

 

 

 

 

 
 

 

 

 

3.2.10. Influence of NaCl  

     The influence of NaCl on the adsorption of Pb(II) 

and Al(III) is presented in Figure 10. It was shown 

that when ionic strength increased, the adsorption 

capacity decreased. The adsorption capabilities fell 

from 32.74 to 28.32 mgg
-1

, from 9.209 to 9.007 mgg
-1

 

for Pb2+ and Al3+, respectively, when the 

concentration of NaCl increased from 0.01 to 0.2 M. 

Pb
2+

 and Al
3+

and Na
+
 cations may have been 

competing with one another for the active sites on the 

adsorbent surface, which could account for this. 
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Fig. 10: Influence of NaCl on the adsorption of Pb(II) (Cₒ=50 

mgL-1) and Al(III) ions (Cₒ=12 mgL-1) by PPS 

 

3.2.11. Desorption studies 

     Desorption of Pb(II) and Al(III) from the metal 

ion loaded PPS was performed  using 0.05, 0.10 and 

0.20  M HCl. The percentage of desorption with 0.20 

M of HCl is shown to be 97.19 and 96.60 % for 

Pb(II) and Al(III), respectively, Table 7.  

 

 

4. Conclusion 
The present study investigates the adsorption of 

Pb(II) and Al(III) on PPS. The following results have 

been obtained: 

 (1) Precursor Pistachio Shells(PPS) can be a suitable 

adsorbent for the removal of Pb(II) and Al(III) from 

real water samples 

(2) The adsorption of Pb(II) and Al(III) on PPS was 

found to be pH-dependent 

 (3) The adsorption increased with the increase in 

dosage of the adsorbent.   

(4) The pseudo-2- order kinetic model agrees very 

well with the dynamic behavior for the adsorption of 

Pb(II) and Al(III)  from aqueous solution onto PPS.  

(6) Thermodynamic parameters suggested that the 

adsorption of Pb(II) and Al(III) on PPS is of a 

spontaneous and endothermic nature.  

 

Foreign ion            

(200 mg/L) 

R% 

Pb(II) Al(III) 

F- 96.86 94.33 

Cl- 98.43 93.80 

Acetate 98.77 91.857 

Oxalate 84.31 87.89 

Mg2+ 71.95 66.6 

Ca2+ 74.95 69.80 

Na+ 99.77 93.73 

K+ 95.29 93.86 
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Table 7 

Desorption % of Pb(II) and Al(III) ionsfrom PPS adsorbent 
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