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ABSTRACT 

Removal of Cd(II) from  aqueous solution through 

adsorption using flax seeds was studied. Adsorption 

parameters such as pH, adsorbent particle size, adsorbent 

dosages, and initial concentrations of metal ions were 

studied. All experiments were conducted at room 

temperature. Langmuir and Freundlich adsorption 

isotherm models were applied to describe the quantitative 

uptake of Cd(II) ions by adsorbent. The results show that 

the maximum adsorption removal reach to 77 %   for Cd 

(II) onto flax seeds, at optimum operating conditions: pH 

of 5, particle size of 75µm, adsorbent dosage of 2 g/100 

ml and metal concentration of  5 mg/L . The equilibrium 

adsorption data for Cd(II) were better fitted to  Freundlich 

adsorption isotherm model than Langmuir. The study 

concludes that the use of flax seeds as an economic and 

locally adsorbent for removing Cd(II) from polluted 

solution is effective. Thus offering a low cost material 

show potential use it to remove heavy metals. 

Keywords: Flax Seeds, Adsorption, Cadmium, 

Adsorption Isotherm. 
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Introduction  

Heavy metals when they present in the environment is 

a complex problems due to their harmful effect. Many 

kinds of industries, mining and agriculture are discharge 

polluted and toxic wastewater[1]. In general,  cadmium is 

the major available type of heavy metal in the 

aquaticenvironment, and cadmium  recognized as a toxic 

and  posing widespread threat to humans and wildlife, 

cause cancer,lung insufficiencybone lesions, hypertension 

and cause of renal disturbances[2]. Cadmium drain to the 

environment from many industrial wastes such as  

cadmium-nickel batteries, mining, dyes, alloy 

manufacturing, electroplating,  

Plastic and pesticides [3,4,5]. The treatment of 

polluted water or industrial wastewater is the major 

concern of researchers. Adsorption technique has strongly 

used to remove the heavy metals especially Cd(II) ions 

from industrial wastewater. 

Granular activated carbon (GAC) is an active material 

for adsorption process to remove heavy metals, by using a 

biofilm attached to GAC, the adsorption of metal by gram 

of GAC can be increase[6].Still there is a need for  locally 

available, cheap and natural waste.  Many corps like 

wheat, flax, sunflowers and potato can accumulate 

amount of Cd that present in soil, however it can be used 

for adsorption process[7], Different low cost adsorbents 

were suggested by many researches [8,9], still there is a 

necessity to find a convenient materials as an adsorbent to 

uptake cadmium from wastewater [10,11,12]. The 

maximum adsorption for cadmium was 99% when barley 

hull ash was used as an adsorbent [13]. Sugar cane 

bagasse are an agricultural waste produced, has given  

good adsorption capacity for cadmium from which the 

adsorption rate depended on agitation rate, pH and contact 

time[14]. Minerals, like clay, also, could be used as a 

natural resource and  low cost adsorbent, the experiments 

of cadmium adsorption onto clay succeeded with low 

concentration ranges for cadmium[15,16]. Defatted flax 

seeds was recycled to remove organochlorine compounds 

and the results were effective[17]. This is because of the 

flax seeds is a highly berserk fiber, so that it receives the 

higher accumulation of Cd and adsorption onto it, either 

due to acidification or ionic exchange[18].In order to 

describe the adsorption process many models have been 

utilized like Freundlich and Langmuir models [19]. 

Isotherm models was used to evaluate cadmium 

adsorption onto ground pine cone([6].From these models 

the adsorption capacity, intensity, the maximum amount 

of intensity, and the adsorption affinities between the 

adsorbent and the adsorbate could be depicted. The goal 

of this paper is to study the potential utilization of flax 

seeds in the removal of Cd (II) ions from aqueous 

solutions by adsorption process depending on many 

factors, and to represent the equilibrium isotherm models. 

MATERIALS AND METHODS 

Materials 

Adsorbents Preparation 

Flax seeds was purchased from herpes shop, washed 

with tap water and distilled water many times. The wetted 

flax seeds were dried in oven at 150 °C for 2 hours. The 

dried flax seeds were grounded into powder by house 

blender and sieved to the desired particle size for 

experimental uses. Table 1 shows the chemical 

compositions of flax seed, which it constitutes from 

linoleic acid (fatty acid), carbohydrates (organic lignin), 

fiber (cellulose), protein and phenolic acid, each of these 

components belongs to an organic component. These 

components have carboxylic, phenolic and hydroxyl 

functional groups and they are able to react with the 

adsorbete molecules[20,21]. 
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Table 1: Composition of Flax Seeds 
 

composition amount 

Moisture % 

Protein 

4.23 

21-30 g/100g 

Fat 38-40 g/100g 

Ash 3.45 g/100g 

Fiber(cellulose,lignin) 

Linolenic acid(fatty acid) 

Carbohydrates 

Phenolic acid 

28 g/100 

23 g/100g 

29 g/100g 

1 g/100g  

Fe 5-6 mg/100g 

Zn 4.43 mg/100g 

Cu 1.9 mg/100g 

Ca 236.4 mg/100g 

Na 27-30.12 mg/100g 

Mg 422.5 mg/100g 

Mn 2.73 – 3 mg/100g 

K 882 mg/100g 

Adsorbent Characteristics 

The pore structure and images of the powdered 

samples before and after  Cd(II) adsorption were observed  

using a scanning electron microscope (SEM), model 

AIS2300C (USA), Angstrom Advanced ,coated with 

gold. FTIR spectra analysis was difficult to done because 

the grounded flax seed is greasy. 

Adsorbate Solution 

1000 mg/L stock solution of Cd(II) ions was  prepared. 

2.036 g of pure saltCdCl2.2H2O has dissolved in 1L of 

deionised water  and used for all experiments with 

required dilution. Cd(II) ions in the solutions after 

equilibrium were determined by AA-6200 Atomic 

adsorption flame emission spectrometer (Shimadzu, 

Japan). 

The removal efficiency  (R%) of Cd(II) was calculated for 

each run as follows: 

100
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(%) 



e

eo

C
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R                                        (1) 

where Co and Ce are initial and equilibrium 

concentrations. The equilibrium adsorptions   Cd(II)  

by adsorbents were calculated as follows[22] 
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where, qe, the equilibrium adsorption capacity (mg/g); Co 

and Ce are the initial and  the equilibrium concentrations,  

(mg/L). V is the volume of solution (L), and m is the 

adsorbent mass (g). 

Methods 

Effect of   pH 

The effect of pH on Cd(II) adsorption onto flaxseeds 

was studied, thus, the dosage flaxseeds was 2 g/100 ml, 

and particle size 150 μm, while,  pH was ranged from 2 to 

8 of the samples using 0.1M H2SO4 and 0.1M NaOH and 

measured with pH meter type (3110,WTW,Germany). 

Cd(II) concentrations was 5 mg/L for all solutions during 

the experiments. Samples were agitated in shaker 

(GEMMY orbit shaker, model VRN-480) for a period 

equal to 3 hours with 200 rpm (until equilibrium was 

reached), thereafter, samples were left in contact with 

adsorbent for 24 hours filtered with filter paper ( 

Whatman  filter GF/C (1.2μm)) in order to analyze them. 

Effect of Particle Sizes 

Flax seeds were grounded and sieved with standard sieves 

in order to fit the desired particle size (75, 150, 300 and 

600 µm), each size was included in batch test. Tests were 

carried out in five sets of flasks  with 100 ml volume 

contained distilled water, 2 gm of flax seeds, 5 mg/L Cd 

concentration and pH 5, were shaking with 200 rpm for 3 

hours. Samples were left in contact with adsorbent for 24 

hours, and then filtered with filter paper in order to 

analyze them. 

Effect of Adsorbent Dosage 

The impact of the adsorbent amount on the equilibrium 

adsorption for each Cd(II) were investigated with flax 
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seeds of 0.5, 1, 2, 3 and 4 g in six sets of 100 ml water, 

was contain cadmium with 5 mg/L, 75 μm and 5 for 

concentration, particle size and pH. The samples were 

shaken for 3 hours at speed of 200 rpm at room 

temperature. Samples were left in contact with adsorbent 

for 24 hours, and then filtered with filter paper in order to 

analyze them and then applying the Langmuir and 

Freundlich adsorption isotherms. 

Effect of Metal Ions Concentrations 

Different Cd(II) ions solutions were prepared, the initial 

concentrations were as follows 2.5, 5, 10, 15, 20 and 30 

mg/L, in order to study the initial concentration effect, at 

room temperature and optimum conditions obtained 

previously to apply the Langmuir and Freundlich 

adsorption isotherms. 

RESULTA AND DISCUSSION  

Structure Of Flaxseeds (SEM) 

In the SEM (Figure 1) of flax seeds composite, the 

images at higher magnification ( before and after  ) give 

an idea of the morphology and size of the particles. It is 

clearly show that flax seeds particles have a rough 

surfaces, which give more surface area[22]. In general 

after Cd(II) has been adsorbed, the morphology of the 

surface changed. The uptake of  Cd(II) ions onto  the 

adsorbent can be seen as porous. 

 

 
 

 
 

Figure1:  SEM image of flaxseeds  before (up)  and after (down) adsorption

Optimum pH Results 

Adsorption of metal ions onto adsorbent is related to 

pH of aqueous solution. Many tests of pH from 2 to 8 

were carried out. In general, Figure 2 shows the 

adsorption of Cd(II) onto flax seeds is low at pH 2 , 

thereafter, it  increased to reach its maximum value at pH 

5, however it decreased to a constant rate at pH 6, 7 and 

8. The adsorbent components have the ability of donation 

of an electron pair to form complex with metal ion, or 

bind heavy metals by exchange of hydrogen ions for 

metal ions, the chemical composition of flax seeds 
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facilitate of the adsorption process (23). At low pH, protons 

compete with metal ion for sorption sites on the adsorbent 

surface [24]. On the other hand, the greatest cadmium 

removal was at pH 5 and at higher pH, the lower number 

of H+ with higher surface negative charge results in more 

cadmium adsorption (16). When the aqueous medium 

became alkalinity medium, the adsorption decreased, 

because of  some functional groups are deprotonated to 

release H+ ions competing with Cd (II) ions to reduce the 

uptake process.  Similar results were reported by other 

researches[8,25].
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Figure2:  pH effect on the percentage removal rate of Cd(II)

Optimum Particles Size Results 

Figure 3 shows that the rate of cadmium adsorption 

decreases with the increases of the flax seeds particle size, 

hence, the percentage removal of Cd(II) decreased from 

75, 70, 55, 50, and 45% with increasing of the particle 

size to 75, 150, 300, 425, and 600 μm  respectively. This 

can be related to the fact that the particle size when 

decrease this will increase the surface area[11,16] 

 

 

 
Figure3: Particle size effect on the percentage removal rate of Cd(II)

Optimum Adsorbent Dosage Results  

It is quite clear from Figure 4 that the optimum value 

of adsorbent dosage was between 1 to 2 gm at 75% 

removal rate. Less removal rates were obtained for 

dosages less than 1 gm and more than 2 gm. when the 

amount of adsorbent increased, adsorption of Cd (II) will 

increase, this is related to the increasing of large number 

of active surface area on the adsorbent when the 

adsorbent dosage increase[26] 

However, when the adsorbent dosage increased, the 

percentage removal started to decrease with low 

concentrations while the ration between metal and 
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adsorbent mass stayed constant, so, any addition of 

adsorbent is not effective. Other investigators were 

reached the same results[27, 28].   
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Figure 4: Adsorbent dosage effect on the percentage removal rate of Cd(II)

Optimum metal Ions Concentration Results 

In this study, the initial concentrations of Cd(II) were 

taken as 2.5,  5,10, 15, 20 and 30 mg/l ,at pH 5 using 2 

g/100 ml flaxseeds and 75 μm particle size. Cd(II) ions 

analysis revealed that, the percentage removal was 

decreased from 77-69% when  metal ions concentration 

increased from 2.5 to 30 mg/l. However uptake of Cd (II) 

by unit weight of the adsorbent was increased (Figure 5). 

Similar observation  was reported in many works[29]. In 

low concentration the removal efficiency is high, because 

the active adsorbent particles  sites are limited and they 

can uptake a small number of metal particles. However, at 

high metal concentration the adsorbent particles active 

sites are covered[11].
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Figure5: Initial metal ions concentration effect on the percentage removal of Cd(II)

Adsorption Isotherm 

Equilibrium uptake of Cd(II) was investigated with 

sorbent weight of  2 g of flax seeds in contact with 100 

mL of solutions and at pH 5. The flasks were shaken at 

200 rpm and the equilibrium concentration of the 

remaining Cd(II) was determined by atomic adsorption 

flame emission spectrometer. The analysis of the isotherm 

data is important to make models, actually represent the 

results. Two adsorption isotherms were used to fit the 

equilibrium data using Langmuir and Freundlich models. 

Langmuir Isotherm 

Lamgmuir model is suitable for studying the monolayer 

adsorption, because the process is take place at 

homogeneous sites. Constant energy process and there is 

a saturated monolayer of adsorbate molecules on the 

adsorbent particle surface [30, 31]. 

.The Langmuir model is: 
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where Ce is the equilibrium concentration (mg/L), qe is the 

amount adsorbed at equilibrium (mg/g), qmis the 

maximum amount of adsorption  on the adsorbent surface 

(mg/g) and KL is the Langmuir constant (L/mg) related to 

energy adsorption capacity. Langmuir equation can be 

fitted with a straight line equation as follows: 

m

e

mLe

e

q

C
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C
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The values of KL and qm were calculated from the slope 

and intercept of the linear plots of Ce/qe versus Ce,  

Langmuir adsorption can be clear up by means of RL and 

it is a constant that it could be concluded from it if the 

adsorption is favorable or not, it  calculated by [32]: 

oL

L
CK

R



1

1
                                                          (5) 

where Co is the initial Cd(II) concentration (mg/L). The 

favorable adsorption when RL values between 0 and 1.   

The linear plot of the Langmuir isotherm for Cd (II) 

adsorption is  shown in Figure 6 and Table 2 respectively. 

From tables, the maximum adsorption capacity, qm, for 

complete monolayer coverage are found 7.57 mg/g. RL 

value obtained is listed in Tables 2. RLvalue for the 

adsorption shows that the adsorption process favorable 

.KL obtained value is 0.022 L/g 
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Figure 6: Langmuir   adsorption models for Cd(II) on flax seeds. 

Freundlich Isotherm 

The Freundlich model is an equation depend on the 

adsorption on the heterogeneous surfaces. The Freundlich 

model can be expressed as [25]: 

efe C
n

Kq ln
1

lnln                                             (6) 

where qe mass of adsorbate is adsorbed per unit mass of 

adsorbent (mg/g), Ceis the equilibrium concentration of 

adsorbate (mg/l),Kf  indicates adsorption capacity and n 

an intensity factor of the adsorption process , which varies 

with the heterogeneity of the adsorbent. The adsorption is 

better favorability when 1/n is to be greater . The 

fractional values of 1/n ranged between 0 and 1. The 

constants Kf and 1/n were calculated from the intercept 

and slope of the plot of lnqe versus lnCe. Figure 7 shows 

the  linear plot of  Freundlich isotherm for adsorption of 

Cd(II) onto flax seeds. The calculated parameters are 

shown in Table 2. The Freundlich isotherm model was 

found best fitted with experimental data as the value of R2 

equal to 0.99 (Table 2). Kf is a Freundlich constant that 

shows the adsorption capacity on heterogeneous sites 

level. The adsorption intensity given by the Freundlich 

coefficient (1/n) is smaller than unit indicating the 

favorable adsorption[32]. These results indicate the 

Freundlich equation represents  a better fit than  

Langmuir. The Langmuir equation is shown a 

homogeneous adsorption, while Freundlich equations is 
demonstrated a heterogeneous adsorption. The 

correlation coefficients  are shown in Table 2. R2 value of 

the Freundlich shows that the adsorption process is better 

in compared with values obtained from Langmuir plot, 

this indicate that the heterogeneous adsorption occurred 

on surfaces [25,32] 
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Figure7: Freundlich  adsorption models for  Cd(II) on flax seeds 

 

Table 2: Langmuir and Freundlich  isotherm parameters for Cd (II) 

 

Adsorbent Langmuir model Freundlich model 

Flax seeds qm(m

g/g) 

KL(L/mg) RL R2 n Kf R2 

Parameters values 7.57 0.022 0.98 0.910 4.6 0.3 0.990 

 

CONCLUSIONS  

This study indicate that flax seeds have a good 

capacity of adsorption for Cd(II). The percentage 

removal depended on pH, adsorbent particle size, 

adsorbent dosage, and adsorbate concentration,. The 

maximum adsorption capacity was found at pH 5, 

particle size 75µm, adsorbent dosage 2 gm, and initial 

adsorbate concentration 2.5 mg/L. The adsorption 

isotherms had fitted better with Freundlich equation 

compared with Lamgmuir equation. This material can 

be successfully used as an environment friendly product 

for removal of heavy metals from industrial wastewater. 
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