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ABSTRACT 
Adsorption of ferric ion onto residues of cypress tree
system. Batch experiments have been carried out as a function of initial concentration of ferric ion (
temperature, and agitation period. The equilibrium isotherms 
maximum percentage removal achieved is 73 %
L-1, pH = 1.15, and dosage = 10 g L-1. Depending on the adsorption thermodynamic model, the adsorption mechanism of aqueous ferric 
ion onto DSCT follows Freundlich isotherm model (
and 1.488, respectively. The experimental data are fitted into Lagergren pseudo
studies. The kinetic parameters, rate constant, equilibrium sorption capacities and rel
kinetic model. The pseudo-second order kinetic model has much more reasonable to correlate the experimental data 
system (R2 = 1.0 approx.). Several diffusion models are used to describe the transporting of ferric ion 
Keywords: ferric ion, seeds of cypress Tree, Freundlich isotherm

1. INTRODUCTION 
 Heavy metals, such iron, could be found in wastewater 

from a number of industrial processes such as the waste from 

mining, refining of metals, and the combustion of fossil fuels or 

wood. These are considered as major sources of pollutants [1].

the other hand, the iron ion is found in the groundwater through 

multiple sources such as wells located in shale, sandstone, and 

alluvial deposits [2]. In ground water, the level of iron ion seldom 

exceeds 10 mg L-1 [3]. Iron ion present in the form

or ferrous (Fe+2) ion, and this depends on the pH, dissolved 

oxygen concentration, dissolved and total organic carbon 

(DOC/TOC) ratio, color, humic and other organic acids, exposure 

to sunlight and chloride concentration [4, 5]. Ferrous ion is 

chemically unstable in water and exists in this state only between 

pH 4.0 and 5.0 in low oxygen conditions [6]. As pH and the partial 

pressure of oxygen (pO2) (well-oxygenated water) increase, 

ferrous ion oxidizes to its ferric (Fe3+) forms such as insoluble 

ferric hydroxide, Fe(OH)3. In these forms it is possible for this 

insoluble iron to remain suspended in solution, especially in 

moving waters such as rivers and streams. However, ferric ion 

may make a metal complex through chelating with inorganic and 

organic ligands and be water soluble. 

 Iron can be potentially toxic to the human health and 

causes many environmental impacts at high concentrations [3,

9]. Moore reviews iron as an inorganic contaminan

summarizes relevant production, chemistry and toxicity [10]. 

case that the concentration of iron ion in the water is higher than 

0.3 mg L-1, it leaves macular pigment brown on the clothes while 

doing laundry [11]. In addition, the high concentration of iron ions 

in water causes foul taste and unpleasant odors. This is as a result 

of the emergence of bacteria that grow on the iron ion, especially 

in wastewater distribution mains [2]. Because of its high toxicity, 
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system. Batch experiments have been carried out as a function of initial concentration of ferric ion (
temperature, and agitation period. The equilibrium isotherms system is analyzed by Langmuir and Freundlich adsorption models. 

% through the experiments conditions of 5 minutes of adsorption, T = 50 
. Depending on the adsorption thermodynamic model, the adsorption mechanism of aqueous ferric 

follows Freundlich isotherm model (R2 = 0.995). The capacity (Kf) and intensity (n) of Freundlich adsorption are 
The experimental data are fitted into Lagergren pseudo-first order and pseudo

. The kinetic parameters, rate constant, equilibrium sorption capacities and related correlation coefficients are calculated for each 
second order kinetic model has much more reasonable to correlate the experimental data 

Several diffusion models are used to describe the transporting of ferric ion o
Freundlich isotherm, sorption, pseudo-second order. 

Heavy metals, such iron, could be found in wastewater 

from a number of industrial processes such as the waste from 

mining, refining of metals, and the combustion of fossil fuels or 

considered as major sources of pollutants [1]. On 

the other hand, the iron ion is found in the groundwater through 

wells located in shale, sandstone, and 

[2]. In ground water, the level of iron ion seldom 

form of ferric (Fe+3) 

his depends on the pH, dissolved 

oxygen concentration, dissolved and total organic carbon 

(DOC/TOC) ratio, color, humic and other organic acids, exposure 

5]. Ferrous ion is 

chemically unstable in water and exists in this state only between 

pH 4.0 and 5.0 in low oxygen conditions [6]. As pH and the partial 

oxygenated water) increase, 

) forms such as insoluble 

. In these forms it is possible for this 

insoluble iron to remain suspended in solution, especially in 

moving waters such as rivers and streams. However, ferric ion 

metal complex through chelating with inorganic and 

Iron can be potentially toxic to the human health and 

at high concentrations [3, 7-

9]. Moore reviews iron as an inorganic contaminant in water and 

summarizes relevant production, chemistry and toxicity [10]. In 

case that the concentration of iron ion in the water is higher than 

, it leaves macular pigment brown on the clothes while 

ncentration of iron ions 

in water causes foul taste and unpleasant odors. This is as a result 

of the emergence of bacteria that grow on the iron ion, especially 

in wastewater distribution mains [2]. Because of its high toxicity, 

it has to be finding a variety of safe ways to reduce the high 

concentrations of iron ion in the wa

 For tracing iron ion into recommended limit, a number of 

chemical and physical approaches were used such as supercritical 

fluid extraction, bioremediation, oxidation with oxidizing agent 

[12-14]. Conventional methods for the removal of heavy metals 

from waters are often cost prohibitive. 

considered an alternative technology for metal sequestering to be 

cost-effective, efficient processes

Recently, some studies have been directed toward using the 

surfaces of the natural organic or inorganic adsorbents for the 

removal of the iron ion from the aqueous solutions. For example, a 

high-level of ferric ion have been removed from a model aqueous 

solution using zeolite [15], activated carbon [16, 

[18], jojoba seeds [19], quartz and bentonite [20]. Based on such 

recent works, natural seeds of fruits and trees can be used to 

remove toxic heavy metals from water.

is removed from in aqueous solution by using adsorption onto 

Strychnos potatorum seeds [21].

 Cypress tree is a perennial tree, conical

meters (80 feet) high and originated from the East (Mediterranean 

region). It is an evergreen tree with dark green foliage, small 

flowers and round brown-gray cones w

The main components of cypress tree seeds are protein, some fatty 

acids (containing a-pinene, camphene, sabinene, b

3carene, myrcene, a-terpinene, terpinolene, linalool, bornyl 

acetate, cedrol and cadinene). Oil 

the use of cold pressing process, leaving a huge quantity of 

industrial residues of cypress tree seeds (called 

Cypress Tree; DSCT). This residue could convert into raw 

cost materials and locally available adsorbents, which can be used 

as an adsorbent to remove ferric ion
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DSCT) has been studied using batch 
system. Batch experiments have been carried out as a function of initial concentration of ferric ion (Fe3+), the dosage of DSCT, 

is analyzed by Langmuir and Freundlich adsorption models. The 
5 minutes of adsorption, T = 50 ºC, Ci = 100 mg 

. Depending on the adsorption thermodynamic model, the adsorption mechanism of aqueous ferric 
) of Freundlich adsorption are 1.795 

first order and pseudo-second order for the kinetic 
ated correlation coefficients are calculated for each 

second order kinetic model has much more reasonable to correlate the experimental data of the sorption 
onto DSCT-adsorbent. 

ety of safe ways to reduce the high 

concentrations of iron ion in the water to allowable levels global. 

For tracing iron ion into recommended limit, a number of 

chemical and physical approaches were used such as supercritical 

fluid extraction, bioremediation, oxidation with oxidizing agent 

Conventional methods for the removal of heavy metals 

ters are often cost prohibitive. Adsorption technology is 

technology for metal sequestering to be 

efficient processes and environmentally acceptable. 

Recently, some studies have been directed toward using the 

ces of the natural organic or inorganic adsorbents for the 

removal of the iron ion from the aqueous solutions. For example, a 

level of ferric ion have been removed from a model aqueous 

lite [15], activated carbon [16, 17], olive cake 

[18], jojoba seeds [19], quartz and bentonite [20]. Based on such 

recent works, natural seeds of fruits and trees can be used to 

toxic heavy metals from water. For example, cadmium ion 

is removed from in aqueous solution by using adsorption onto 

rychnos potatorum seeds [21]. 

Cypress tree is a perennial tree, conical-shaped, about 28 

meters (80 feet) high and originated from the East (Mediterranean 

region). It is an evergreen tree with dark green foliage, small 

gray cones with seed nuts inside [22]. 

The main components of cypress tree seeds are protein, some fatty 

pinene, camphene, sabinene, b-pinene, d-

terpinene, terpinolene, linalool, bornyl 

Oil content can be isolated through 

process, leaving a huge quantity of 

industrial residues of cypress tree seeds (called Defatted Seeds of 

). This residue could convert into raw low-

and locally available adsorbents, which can be used 

adsorbent to remove ferric ion from the aquatic system. Fat 
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can be removed from the residues by washing cypress tree seeds in 

n-Hexan (steam distillation). This process leaves abundant 

proteins and cellulose. Furthermore, it increases the cellulosic 

pores concentrations and then increases the surface active sites in 

DSCT adsorbent. Generally, the DSCT adsorbent includes -OH, -

COO-, -CN and -NH2 functional groups. Therefore, metal ion 

could be adsorbed by DSCT using two suggesting sorption 

mechanism: i) physi-absorption of ferric ion in the cellulosic 

pores, and ii) chemisorptions of ferric ion in the −OH, −COO-, 

−CN and −NH2 functional groups of the DSCT adsorbent. 

Wherein, this adsorbent can be considered as excellent alternatives 

to the chemical remediation, due to its adsorption capacity, low 

cost, and high availability. Studies of Defatted Seeds of Cypress 

Tree as an adsorbent for heavy metal are very limited. Only one 

recent research investigated by using the leaves of the cypress as 

biosorbent for removing heavy metal ions from water [23]. To the 

best of our knowledge, no study has been reported to remove 

ferric ions from aquatic systems using DSCT. The main objective 

of this study is to use DSCT as a low-cost adsorbent to remove the 

large amount of ferric ion from water. The ferric ion is insoluble in 

water, but in any case is soluble in acidic aqueous solution. In 

addition, the sorption mechanism has not been reported yet. 

Therefore, it can perform multiple experiments of adsorption by 

changing some of the variables for each experiment. These 

variables could contribute to finding the optimal conditions for 

adsorption of ferric ion onto DSCT-adsorbent such as the contact 

time, and initial concentration, temperature and DSCT-adsorbent 

dosage. The equilibrium distribution of ferric ion between the 

sorbent and the solution is important in determining the maximum 

sorbent capacity. Isotherm models of the Langmuir and Freundlich 

are used to correlate experimental data of the sorption system. 

Kinetic models of pseudo-first-order and pseudo-second-order can 

test the experimental data to determine the nature of adsorption on 

the surface of DSCT-adsorbent.  

 

2. EXPERIMENTAL SECTION 
2.1. Material and methods. 

2.1.1. Defatted Seeds of Cypress Tree (DSCT). 

 Defatted Seeds of Cypress Tree (DSCT) have been 

collected from the cypress trees that planted in Mutah University 

(Krak, Jordan). The seeds have been washed several times with 

cold distilled water where it followed that by hot distilled water. 

Afterwards, its oil was removed from the seeds by n-Hexan (steam 

distillation).This sample was filtered out by using filter paper 

(Whatman No. 41) and then dried in an oven at 50-60 C for 24 h. 

The dried DSCT-adsorbent was crushed and sieved to 0.425 mm 

(approx.) mesh size. 

2.1.2. Reagents. 

 All chemicals were used as received as analytical grade. 

Ferric ion salt of Fe(NO3)3.6H2O was purchased by commercial 

providers from Fluka Chemika. The NaOH, HNO3 and HCl were 

purchased from Merck. Stock solution (1000 mg L-1) of ferric ion 

was prepared by dissolving exact amount of ferric salt (±0. 01 g) 

in 1000 ml ultrapure deionised water (18 Ω cm). The standard 

model solutions of 30-200 mg L-1 were prepared by appropriate 

dilution. The initial pH of the solution was adjusted using 1% 

HNO3 for all experiment runs. 

2.1.3. Apparatus and Instruments. 

 Atomic Absorption Spectrophotometer, AAS, (Model AA 

100, Perkin-Elmer) was used to analyze the concentration of the 

ferric ion in aqueous solution. The pH of all solutions was 

recorded by pH meter (Orion 520). The temperature was 

controlled using a temperature controller (Gefellschaft Funn 1003, 

±0.1 ºC). Isothermal shaker was also used (Gefellschaft Fur 978). 

Analytical balance is used with ± 0.0001 mg (Sartorius, CP324-S/ 

management system certified according to ISO 9001). 

2.1.4. Equilibrium Studies. 

 The removal of ferric ion was calculated from the mass 

balance, which was stated as the amount of ferric ion adsorbed 

onto the DSCT-adsorbent. It equal the amount of ferric ion 

removed from the aqueous solution. Mathematically can be 

expressed in Equations 1 and 2: 

S

CC
q ei

e

)( 


                                        (1) 

S

CC
q ti

t

)( 


                                          (2) 

Where  

qe: Ferric ion amount adsorbed on the DSCT surface at 

equilibrium (mg g-1). 

qt: Ferric ion amount adsorbed on the DSCT surface at a specific 

time (mg g-1). 

Ci: Initial concentration of ferric ion in the aqueous solution (mg 

L-1). 

Ce: Equilibrium concentration or final concentration of ferric ion 

in the aqueous solution (mg L-1). 

Ct: The final concentration of ferric ion in the aqueous solution 

(mg L-1) at a specific time. 

S: Dosage (slurry) concentration of DSCT-adsorbent and it is 

expressed by Equation 3: 

v

m
S                                                          (3) 

where ν is the initial volume of ferric ion solution used (L) and m 

is the mass of DSCT-adsorbent. 

 The percent adsorption (%) was also calculated using 

Equation 4: 

%	���������� = 	
�����

��
× 100%                          (4) 

2.1.5. Effect of Dosage. 

 Adsorption measurements were made by a batch technique 

at a temperature of 50 (± 1 ºC). Different doses of DSCT (2, 6, 10, 

20, 30, 40 and 100 g L-1) were placed in a 100 mL stopper, plastic 

flask containing 50 mL of aqueous ferric ion (Ci = 100 mg L-1, pHi 

= 1.15). The solutions were shaken vigorously using thermostatic 

mechanical shaker for 3.0 h. The agitation speed (300 rpm) was 

kept constant for each run to ensure equal mixing. At the end of 

the equilibrium, the flasks were removed from the shaker and then 

the supernatant solution in each flask was filtered using filter 



Adsorption of ferric ion onto defatted seeds of cypress tree: Equilibrium and kinetic studies 

Page | 1159  

paper (Whatman No. 41). The filtrate samples were analyzed. All 

the reported results were the average of at least triplicate 

measurements. 

2.1.6. Effect of Contact Time. 

 Adsorption measurements were made by a batch technique 

at a temperature of 50 ºC (± 1 ºC). The stopper, plastic flasks, 

containing 50 mL of initial concentrations (Ci = 100 mg L-1, pHi = 

1.15) of Ferric ion and 10 g L-1 of DSCT were shaken vigorously 

using thermostatic mechanical shaker (300 rpm) for a known 

period in the interval of 5 to 180 min with increment of 10 min 

from 10 to 60 min then 30 min from 60 to 120 min and then 60 

min from 120 min to 180 min. At the end of the equilibrium, the 

flasks were removed from the shaker and then the supernatant 

solution in each flask was filtered using filter paper (Whatman No. 

41). The filtrate samples were analyzed. All the reported results 

were the average of at least triplicate measurements. 

2.1.7. Effect of Initial Concentration. 

 Adsorption measurements were made by a batch technique 

at a temperature of 50 (± 1 ºC). The stopper, plastic flasks, 

containing 50 mL of different initial concentrations (Ci = 30, 50, 

100, 150 and 200 mg L-1) of ferric ion and 10 g L-1 of DSCT-

adsorbent were shaken vigorously using thermostatic mechanical 

shaker for 3.0 h. The agitation speed (300 rpm) was kept constant 

for each run to ensure equal mixing. At the end of the equilibrium 

time, the flasks were removed from the shaker and then the 

supernatant solution in each flask was filtered using filter paper 

(Whatman No. 41). The filtrate samples were analyzed. All the 

reported results were the average of at least triplicate 

measurements. 

2.1.8. Effect of Temperature.  

The adsorption experiments were carried out by shaking 

vigorously the stopper, plastic flasks containing 50 mL of 100 mg 

L-1 (pHi = 1.15) of ferric ion and 10 g L-1 of DSCT-adsorbent 

using thermostatic mechanical shaker at constant contact time (3 

h) and agitation speed (300 rpm) with varying temperatures (20, 

30 and 40 ºC). At the end of the equilibrium time, the flasks were 

removed from the shaker and then DSCT was filtered using filter 

paper (Whatman No. 41). The filtrate samples were analyzed. All 

the reported results were the average of at least triplicate 

measurements. 

2.1.9. Isotherm and kinetic models. 

 The isotherm experiments were conducted by using 30, 50, 

100, 150 and 200 mg L-1 of ferric ion solutions. The initial pH was 

adjusted by using 1% HNO3 solution (pHi = 1.15). The mixtures 

containing 0.5 g DSCT and 50 mL of ferric ion solutions were 

stirred under the shaking conditions of 300 rpm, 120 minutes and 

50 °C. Afterwards, the flasks were removed from the shaker, and 

then DSCT solid was filtered by filter paper (Whatman No. 41). 

The filtrate supernatant solutions were analyzed. All the reported 

results were the average of at least triplicate measurements. 

 For the kinetic studies, a number of samples containing 0.5 

g DSCT and 50 ml of ferric ion solutions (Ci = 100 mg L-1) were 

placed in the 100 mL flasks. The initial pH was adjusted by using 

1% HNO3 solution (pHi = 1.15). These flasks were agitated using 

a temperature-controlled shaker (T = 50 °C) at 300 rpm for 120 

minutes. Afterwards, the flasks were removed from the shaker at 

every 10 minutes in the first 60 minutes and then 30 minutes until 

the end of 180 minutes. The DSCT solid was filtered using filter 

paper (Whatman No. 41). The filtrate supernatant solutions were 

analyzed. All the reported results were the average of at least 

triplicate measurements. 

 

 

3. RESULTS SECTION 
3.1. Dosage Effects. 

 Figure 1 clarifies the removal percentage of the ferric ion 

from the aqueous solutions using different dosages of DSCT-

adsorbent (2, 6, 10, 20, 30, 40 and 100 g L-1). Where, it shows that 

the removal percentage increased with increasing doses of the 

DSCT-adsorbent. This behavior is expected because of the 

increase in dose lead to increased surfaces of adsorption, and thus 

increases the numbers of the ferric ion that attached to adsorbent 

surfaces. These results in Figure 1 show that the maximum and the 

minimum removal of ferric ion onto DSCT-adsorbent is 76 and 73 

% (approx.), respectively, according to the mentioned variables 

(100 g L-1 of DSCT-adsorbent). From another direction, we find 

that the increase in the dosage does not affect significantly the 

percentage of adsorption. This is due to the reason that the ferric 

ion taking the enough time (120 min.) to bind with the most 

functional groups in case of utilizing the low dosage of adsorbent. 

This means that ferric ion may create and activate of some new 

activation sites (functional groups) on the DSCT particles. 

Furthermore, this could guide us for the presence of pores inlets 

on the adsorbent surface. This could allow more number of ferric 

ions to pass deeply inside the DSCT adsorbent. While in case of 

utilizing the high dosage of DSCT-adsorbent, these functional 

groups may not be utilized or come properly in contact with non-

available enough ferric ion. 

 
Figure 1. The effect of dosage for adsorbing ferric ion onto DSCT-
adsorbent (T = 50 C, Ci = 100 mg L-1, 1% HNO3 aqueous solution, rpm 
= 300, adsorbent dosage = 2, 6, 10, 20, 30, 40 and 100 g L-1, t = 120 min). 
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3.2. Effect of Ferric ion concentration. 

 The effect of ferric ion concentration on the sorption 

system was investigated between 30 and 200 mg L-1. Figure 2 

shows the percentages of removal of variant concentration of 

ferric ion by using 10 g L-1 of DSCT- adsorbent at 50 °C and 120 

minutes of contact time. It shows that the percentage of removal 

decreases with the increase in the initial concentration of the 

solutions. For example, the removal percentage was 93 % using 

low level concentration (30 mg L-1); while it was 87 % using high-

level (150 mg L-1). At high-level concentrations, the available sites 

of adsorption become fewer. The presence of high amount of 

ferric ion creates a highly competitive on the pores and cracks of 

the adsorbent particle surfaces. This makes the surface of the 

adsorbent closes faster by large numbers of ferric ion, resulting in 

leaving many sites in the adsorbent that cannot adsorb any more of 

iron ion. However, we find that the increase in the initial 

concentration does not affect significantly the percentage of 

removal. This is due to the reason that the iron ion taking the 

enough time (120 min.) to adsorb on the surface of the 10 g L-1 of 

DSCT-particles. This result compatible with the recent studies, for 

example natural olive cake [18], zeolite [15], bentonite and quartz 

[20] in addition to other reported example by Karthikeyan [24]. 

 
Figure 2. The effect of initial concentration for adsorbing ferric ion onto 
DSCT-adsorbent (T = 50 C, Ci = 30, 50, 100, 150 and 200 mg L-1, pHi = 
1.15, rpm = 300, adsorbent dosage = 10 g L-1, t = 120 min). 

3.3. Effect of Temperature. 

 Figure 3 shows the percentages of removal of 100 mg L-1 

of ferric ion solution by using 10 g L-1 of DSCT- adsorbent and 

120 minutes of contact time at varying temperatures (30, 40 and 

50 ºC). The maximum removal percentage was 78 % (approx.) and 

achieved at 50 ºC, while the lowest percentage was 70 % (approx.) 

at a temperature of 30 ºC. This is due to the increase in 

temperature leads to accelerate the speed of ferric ion that can be 

transferred from a bulk solution to the adsorption sites. Thus, the 

ferric ion can be activated and then hasten the interaction between 

ferric ion and adsorbing sites [25-27]. This behaviour trend can be 

observed in our previous studies for the sorption of ferric ion onto 

various adsorbents such as using natural quartz, bentonite [20] and 

silica [28]. However, The chemisorptions of Fe3+ ions on DSCT 

surface has been found non-highly affected by raising the value of 

temperatures. This indicates to the weakly chemical interaction of 

ferric ion onto the DSCT surface (chemisorptions). 

 

 
Figure 3. The effect of temperature for adsorbing ferric ion onto DSCT-
adsorbent (Ci = 100 mg L-1, pHi = 1.15, rpm = 300, adsorbent dosage = 
10 g L-1,t = 180 min). 

3.4. Isotherm Modeling. 

 The experimental data for the adsorption equilibrium are 

analyzed by well-known isotherms, such as the Langmuir and 

Freundlich sorption models. The Langmuir sorption model is 

based on the theoretical principle that only a single adsorption 

layer (monolayer) can be formed on the outer surface of the 

DSCT-adsorbent and after that no further adsorption takes place. It 

represents the equilibrium distribution of ferric ion between the 

DSCT-adsorbent and aqueous phases. Therefore, this theory can 

be applied in this study. The linear form of the Langmuir model 

[29] is given by Equation 5: 

e

e

e C
qbqq

C

maxmax

11


                                            (5) 

 A plot of 
ee qC versus

eC , gives a straight line of slope 

max1 q  and intercept )b q (1 max
 as shown in Figure 4. It can be seen 

that the isotherm data have yielded excellent fits within the 

Langmuir isotherm based on its correlation coefficient value (R2 = 

0.991). The value of maximum adsorption capacity, qmax, and 

adsorption affinity, b, were calculated to be 27.8 mg g-1 and 0.051 

L mg-1, respectively. The calculated qmax and b in the laboratory 

scale has a good capacity of adsorbent and stronger adsorption 

affinity of ferric ion for adsorbing on DSCT. These results agree 

qualitatively with those published results on the use of the palm 

fruit bunch and maize cob for the removal of ferric ion from the 

aqueous phase [30]. 

 
Figure 4. Linear Langmuir isotherms for adsorbing ferric ion onto DSCT-
adsorbent (T = 50 C, Ci = 100 mg L-1, pHi = 1.15, rpm = 300, adsorbent 
dosage = 10 g L-1, t = 120 min). 

 Freundlich model is commonly used to describe: (i) non 

ideal and reversible adsorption; and (ii) the adsorption 
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characteristics of the heterogeneous surface. The Freundlich 

equation does not consider all sites on the adsorbent surface to be 

equal. Furthermore, it is assumed that, once the surface is covered, 

additional adsorbed species can still be accommodated (adsorbate-

adsorbate interaction). In other words, the linearized Freundlich 

isotherm model is expressed as in Equation 6 [31]: 

efe C
n

Kq ln
1

lnln                                      (6) 

 The Freundlich constants Kf and n indicate the adsorption 

capacity and the adsorption intensity, respectively. They are 

calculated from the intercept and slope of the eqln  vs. eCln  plot 

(see Figure 5). It can be seen that the Freundlich model fitted the 

experimental data well, rather than a Langmuir isotherm model 

based on its correlation coefficient value (R2 = 0.995). This 

indicates for the heterogeneous assembly of ferric ion on the 

DSCT surface. In this case, the Freundlich constants Kf  and n 

were found to be 1.795 and 1.4881, respectively. The magnitudes 

of Kf and n show easy separation of the aqueous ferric ion and 

they indicate favorable adsorption. The intercept Kf value is an 

indication of the adsorption capacity of the adsorbent; the slope 

1/n indicates the effect of concentration on the adsorption capacity 

and represents adsorption intensity or surface heterogeneity [32, 

33]. It becomes more heterogeneous as its value gets closer to 

zero. A value below unity implies a chemisorptions process [34]. 

As seen, the value of “n” was found high enough for separation. 

This model has been widely applied to describe the adsorption of 

ferric ion onto several adsorbents such as natural bentonite (NB) 

[20], natural quartz (NQ) [20], olive cake (OC) [18], and chitin 

[24] (see Table 2). 

 
Figure 5. The linearized Freundlich isotherms for adsorbing ferric ion 
onto DSCT-adsorbent (T = 50 C, Ci = 100 mg L-1, pHi = 1.15, rpm = 
300, adsorbent dosage = 10 g L-1, t = 120 min). 

 The effect of isotherm shape is discussed from the direction 

of predicting the weather and adsorption system is “favorable or 

“unfavorable”. It was previously reported [35.] that the 

dimensional analysis, separation factor, or equilibrium parameter 

“RL” was as an essential feature of the Langmuir isotherm to 

predict adsorption system to be “favorable or “unfavorable” by 

Equation 7: 

RL = 1/(1+bCi)                                     (7) 

Where, Ci is the initial ferric ion concentration (100 mg L-1). The 

calculated RL was 0.164, indicating for the favorable adsorption.  

 The apparent Gibbs free energy of sorption G is the 

fundamental criterion of spontaneity. If G is negative in value, 

then the reaction occurs spontaneously at a given temperature. The 

Gibbs free energy change G can be calculated using 

thermodynamic Equation 8: 

∆G = −RTln ��                                  (8) 

Where, R is the universal gas constant (8.314 J mol-1 K-1) and T is 

the absolute temperature in Kelvin and b is the equilibrium 

constant, related to the Langmuir constant, b (= 0.051). 

kL = b × MA                                        (9) 

where, MA is the molar weight of ferric ion. Equilibrium constant 

(kL) is equal 2848.09 L moL-1.The value of standard Gibbs free 

energy change (G) calculated at 50 C is found to be 20.038 kJ 

mol-1. This negative sign value shows the spontaneous nature of 

sorption system. 

3.5. The Temkin isotherm model. 

 The Temkin isotherm takes into accounts of indirect 

interactions of the adsorbate-adsorbate (ferric ion) on adsorption 

isotherms. The Temkin isotherm equation assumes that the heat of 

adsorption is simply a function of surface coverage, and the heat 

of adsorption of all the molecules in layer decreases linearly with 

increasing uniform coverage. The Temkin isotherm proposes that 

the decrease in the heat of adsorption is more linear rather than 

logarithmic as already suggested implicitly by the Freundlich 

equation. The Temkin isotherm is commonly used in the form of 

following equation Equation 10 [36]: 

�� = � ln � + � ln��																																																				(10) 

where, B = RT/ bT, bT is the Temkin constant related to the heat of 

the sorption (J mol-1), A is the Temkin isotherm constant (L g-1), R 

is the gas constant (8.314 J mol-1 K-1), and it is the absolute 

temperature (K). 

 Figure 6 shows the linear plot of Temkin isotherm of ferric 

ion sorption onto DSCT-adsorbent at 50 ºC. The constants A and 

B are calculated from the intercept and slope of the plot and are 

listed in the Table 1. The regression parameter R2 is calculated to 

be 0.973, which gave a close fit to the ferric ion adsorption onto 

DSCT-solid particles.  Therefore, it is seen that this isotherm is 

applicable to the description of equilibrium data. The adsorption 

heat of ferric ion onto DSCT-surface was calculated (bT = 14.4445 

kJ mol-1). 

 
Figure 6. Temkin sorption isotherm of ferric ion onto DSCT-adsorbent (T 
= 50 C, Ci = 100 mg L-1, pHi = 1.15, rpm = 300, adsorbent dosage = 10 g 
L-1, t = 120 min). 

 We can note that, by comparing the values of linear 

regression coefficients (R2) of the examined three isotherm 

models, the Freundlich model gave much better fitting Langmuir 

model and then Temkin model. 
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Table 1. The parameters for Langmuir and Freundlich. 

Langmuir T/ 0C qmax (mg g-1) b (L mg-1)  R2 

50 27.8 0.051  0.991 

Freundlich T/ 0C n  kf   R2 

50 1.48809 1.79499  0.995 

Temkin T/ 0C A  B bT 

(kJ mol-1) 

R2 

50 9.565 0.186 14.4445 0.973 

 To justify the validity of NCS-adsorbent for the removal of 

ferric ion from the aqueous solution, the adsorption potentials, as 

shown in Table 2, have compared with the adsorbents like natural 

bentonite (NB) [20], natural quartz (NQ) [20], olive cake (OC) 

[18], natural zeolite (NZ) [15] activated carbon [16, 17], eggshell 

[30], chitosan [31] and chitin [32]. Apparently the maximum 

removal of ferric ion onto NCS-adsorbent was greater than chitin, 

carbon, NZ, NQ and NB adsorbents. The heterogeneity adsorption 

capacity for NCS-adsorbent represented by Freundlich model has 

matched with the heterogeneity adsorption of NB, NQ, OC and 

chitin adsorbents. However, the obtained results are not agreed 

with adsorption into carbon, chitosan, NZ and eggshell adsorbents. 

Table 2. Adsorption isotherm of ferric ion onto natural adsorbents. 

 

3.6. Effect of Contact Time. 

 Adsorption of ferric ion was measured at a given contact 

time using a solution concentration of 100 mg L-1. The plot in 

Figure 6 reveals that the rate of removal is higher at the beginning. 

This rapid adsorption of ferric ion is due to the non-reacted 

adsorption sites of DSCT-adsorbent, which are available in large 

and high at the beginning of the reaction. It is clear from Figure 7 

that the removal rate increased with increasing contact time, so as 

to reach equilibrium after 120 min of interaction achieving the 

maximum removal of 77 % (approx.) (see Tables 3 and 4). In the 

first stage of sorption is being fast, especially during the first five 

min. But then the adsorption of ferric ion is being quite slow over 

the remaining period stages of the contact time (i.e. 5 to 120 min). 

This may indicate that the adsorption occurs mainly at the surface 

of the solid and some extent in the internal pores. 

 
Figure 7. The effect of contact time for adsorbing ferric ion onto DSCT-
adsorbent (T= 50 ºC, Ci = 100 mg L-1, pHi = 1.15, rpm = 300, adsorbent 
dosage = 10 g L-1). 

Table 3. Calculated and experimental data to the pseudo-first-order 

model. 

T (0C) k1 (min-1
) qe, cal , (mg g-1) qe, Exp, (mg g-1) R2 

50 0.085 7.66 1.11 0.666 

Table 4. Calculated and experimental data to the pseudo-second-order 

model. 

T (0C) k2, g mg-1 

min-1) 

qe, cal , (mg 

g-1) 

qe, Exp, (mg g-1) R2 

50 0.197 7.66 7.69 0.999 

 It was found that the adsorption capacity of ferric ion onto 

DSCT-adsorbent, within the study conditions, is somewhat similar 

as using Feldspar [37], Defatted jojoba [19], and cotton fiber [38]. 

3.7. Kinetic Modeling. 

 Quantifying the changes in the sorption with time requires 

an appropriate kinetic model to be used. The obtained results from 

batch experiments have been analyzed using different kinetics 

models such as Legergen pseudo first-order [39] and pseudo 

second-order models [40]. 

 Legergen pseudo first-order model is given by Equation 11: 

ln(�� − ��) = ln �� − ���                    (11) 

 Where tq a ferric ion concentration is adsorbed on DSCT-

adsorbent at any time (mg g-1) and k1 is the adsorption rate 

constant (min-1). A linear plot of ln(qe- qt) against t gives the slope 

= k1 and intercept = lnqe. 

 The equation that describes the pseudo-second order [40] 

model is given in the following linear Equation 12: 
�

��
=

�

���
�
�
�                                           (12) 

Where, k2 is the adsorption rate constant (g mg-1 min-1). 

Parameters of k2 and qe are found from the intercept and slope of 

t/qt versus t linear plot, such that qe=1/slope and k2= 

(slope)2/intercept. The rate constants of pseudo-first order, k1, and 

pseudo-second order, k2, are determined from Figures 8 and 9, 

respectively. These values are 0.085 min-1 and 0.197 (g mg-1 min-

1). 
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Ref. 
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qmax 

(mg g-1) 

b 

(L mg-1) 

R2 Kf �
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R2 

Natural bentonite 

(NB) 

20.96 0.005 0.938 0.202 0.775 0.992 [20] 

Natural quartz 

(NQ) 

14.49 0.004 0.961 0.115 0.780 0.996 [20] 

Olive cake (OC) 58.48 0.015 0.96 2.164 0.628 0.992 [18] 

Natural zeolite 

(NZ) 

7.35 0.014 0.998 3.353 0.106 0.954 [15] 

Feldspar(NF) 25.00 0.046 0.94 1.70 0.621 0.997 [37] 

Jojoba seeds (DJS) 333.33 0.0026 0.992 1.795 0.933 0.999 [19] 

Natural Cotton 

(NCF) 

49.75 0.019 0.993 1.114 0.840 0.997 [38] 

Carbon 6.14 0.274 1.00    [16] 

Eggshells 5.99 1.285 0.983 3.0 0.608 0.959 [43] 

Chitosan 90.09 2.413 0.999 55.27 0.301 0.982 [44] 

Chitin 1.40 0.2591 0.975 2.45 0.67 0.995 [25] 

Coal of Date Palm 

Seeds (CDPS) 

23.8 0.3286 0.904 2.119 2.651 0.995 [45] 

DSCT 27.78 0.0511 0.991 1.795 0.672 0.995 - 
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Figure 8. Legergen Pseudo-first order for adsorbing ferric ion onto 
DSCT-adsorbent (T = 50 C, Ci = 100 mg L-1, pHi = 1.15, rpm = 300, 
adsorbent dosage = 10 g L-1). 

 The goodness degree of the linear plot can be judged from 

the value of the determination coefficient (R2). Figures 8 and 9 

show that R2 is equal 0.666 and 0.999, respectively. The 

adsorption of ferric ion on the DSCT-adsorbent is regarded as 

pseudo second-order rather than pseudo-first-order estimating a 

chemisorptions process. According to adsorption rate constants as 

shown in Tables 3 and 4, ferric ion is faster adsorbed on the 

DSCT-adsorbent for pseudo second-order kinetics model. This 

was confirmed by the equilibrium contact time that determined 

from their kinetic curves. 

 
Figure 9. Pseudo-second order for adsorbing ferric ion onto DSCT-
adsorbent (T = 50 C, Ci = 100 mg L-1, pHi = 1.15, rpm = 300, adsorbent 
dosage = 10 g L-1). 

Table 5. Adsorption kinetics of ferric ion onto various natural adsorbents. 
 

Adsorbents 

Pseudo-first order Pseudo-second order  

Ref k1 

(min-1) 

R2 k2 

(g mg-1 min-1) 

qe R2 

Natural bentonite (NB) 0.066 0.89 0.337 0.649 0.99 [20] 

Natural quartz (NQ) 0.057 0.76 0.552 0.746 0.99 [20] 

Olive cake (OC) 0.061 0.89 0.018 15.97 0.99 [18] 

Natural zeolite (NZ) 0.045 0.88 0.040 20.00 1.0 [15] 

Feldspar(NF) 0.378 0.83 0.035 8.85 1.0 [37] 

Jojoba seeds (DJS) 0.053 0.77 0.181 6.45 1.0 [19] 

Cotton Fibers (NCF) 0.035 0.826 0.657 8.93 1.0 [38] 

Carbon   0.048 13.04 1.0 [16,45] 

Eggshells   0.403 1.92 1.0 [43] 

Chitosan 0.0306 0.96 0.032  1.0 [44] 

Coal of Date Palm Seeds 

(CDPS) 
0.011 0.592 0.10242 3.534 0.99 [45] 

DSCT 0.085 0.666 0.197 7.69 1.0 - 

 The pseudo-first-order and pseudo-second order kinetic 

models could not identify the diffusion mechanism. Thus to 

determine the diffusibility of the ferric ion into the pores of the 

DSCT-adsorbent, Weber-Moris intraparticle diffusion model [41] 

can be used in the form Equation 13: 

qt = kint t
0.5 + C                                            (13) 

Where C is constant, qt the amount of ferric ion adsorbed at a time 

(mg g-1) and kint is the intra-particle diffusion rate constant (mg g-1 

min-0.5). A plot of qt vs. t0.5 giving straight line confirms an intra-

particle diffusion sorption as shown in Figure 10. The plot is not 

totally linear and the moreso do not pass through the origin. This 

is indicative of some degree of boundary layer control and this 

further show that the intra-particle diffusion could not be the only 

mechanism involved. This plot presents multi-linearity, which it 

indicates that two or more steps occur. The first, sharper portion 

(ca. t0.5 range from 0 to 0.87 min0.5; i.e. from 0 up to 5 min of 

adsorption period) is the external surface adsorption or 

instantaneous adsorption stage. It is non-controlled and fast 

adsorption process. The second portion is the gradual adsorption 

stage (ca. t0.5 range from 0.87 to 0.982 min0.5; i.e. from 5 up to 40 

min of adsorption period), where the intraparticle diffusion is rate-

controlled. The third portion is the final equilibrium state where 

the intraparticle diffusion starts to slow down due to extremely 

low solute concentrations in the solution and chemisorptions stage 

is taken part on the DSCT surface and pores (which already has 

been successfully explained by pseudo-second order kinetic model 

from 40 to 180 min of adsorption period). 

 
Figure 10. Weber-Moris intra-particle diffusion kinetic model for 
adsorption of ferric ion on DSCT-adsorbent starting (T = 50 C, Ci = 100 
mg L-1, pHi = 1.15, rpm = 300, adsorbent dosage = 10 g L-1, t = 0-180 
min). 

 Film diffusion mass transfer rate equation is presented by 

Equation 14: 

�� �1 −
��

��
� = −�	�                                       (14) 

Where, k (min-1) is the liquid film diffusion constant. A plot of 

ln[1 - (qt/qe)] vs. t should be a straight line with a slope –k if the 

film diffusion is the rate limiting step [42]. Figure 11 shows the 

film diffusion mass transfer stage from 5 to 90 min of adsorption 

process. Therefore, this stage could be considered as the rate 

controlling and limiting step with the value of k = 0.011 min-1. 

 
Figure 11. Film diffusion mass transfer rate model presented be Boyd et 
al [38] (T = 50 C, Ci = 100 mg L-1, pHi = 1.15, rpm = 300, adsorbent 
dosage = 10 g L-1, t = 0-180 min). 
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4. CONCLUSIONS 
 Defatted Seeds of Cypress Tree (DSCT-adsorbent) has the 

ability to remove ferric ion from aqueous systems. Where we can 

achieve the highest removal for the aqueous ferric ion (ca. 94 %) 

by applying the following parameters: low initial concentration of 

ferric ion (30 mg L-1), 100 g L-1 dosage of the DSCT-adsorbent, 50 

C, 120 min of contact time, and 300 rpm. Freundlich isotherm is 

applicable to describe the equilibrium data. Sorption of the ferric 

ion into DSCT surface is heterogeneous, favorable and 

spontaneous in nature. Sorption process is associated with 

uncontrolled rate during the first 5 min of contact time achieving 

the removal percentage of 76 %. The mechanism of adsorption is 

detected as chemisorptions, which explained by pseudo-second 

order kinetic model, especially from 40 to 180 min of adsorption 

period. The chemisorptions of ferric ion onto DSCT-adsorbent is 

the rate limiting step (R2 = 0.999). We can describe the adsorption 

mechanism of ferric ion on DSCT through three steps: (i) the 

uncontrolled rate of the external surface adsorption or 

instantaneous adsorption stage within 0 to 5 min of adsorption 

period. (ii) The intraparticle diffusion stage within 5 up to 40 min 

of adsorption period. (iii) Chemisorptions stage and final 

equilibrium stage within 40 to 180 min of adsorption period. This 

approach can be applied and recommended for purifying drinking 

water resources by using the DSCT material as natural membrane. 
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