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Abstract 
Heavy metals are environmental pollutants that nowadays a lot of efforts are 
made to remove them. In this research, the sawdust modified with 
diethylenetriamine as an effective adsorbent for Fe (III) removal from water 
samples was conducted. First, the sawdust was modified by diethylenetriamine. 
SEM analysis showed that the particle surface is changed by modification. Then 
the effective factors in Fe (III) removal such as pH, adsorbent dose, shaker speed 
and contact time were studied and optimized. The optimum conditions were 
employed for various Fe (III) concentrations (20–300 mg L-1) and in all cases, the 
removal rate was significant. The adsorbent has high capacity for Fe (III) removal 
in a way that it removed more than 95.0±0.3 % of Fe (III) (50 mg/L) by 1.5 g/L of 
adsorbent in 15 minutes. The Langmuir and Freundlich isotherms were applied to 
the adsorption process and their constants were evaluated. The adsorption 
equilibrium data fitted well to Langmuir isotherm. The maximum Langmuir 
adsorption capacity of Fe (III) ions was 200.0 mg/g. According to kinetics 
experiments of Fe (III), the adsorption process had more conformity to pseudo-
second-order kinetic model. This method was successfully applied for Fe (III) 
removal from potable water, well water, river water and industrial wastewater 
samples. 

Keywords: Fe (III), Modified Sawdust, Removal, Diethylenetriamine, Langmuir 
Isotherm. 
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Fig. 1. SEM images of a) sawdust b), sawdust + HCl c), modified sawdust by diethylenetriamine  
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Fig. 2. Effect of pH on Fe (III) removal 
(Volume= 100 ml., Initial Fe (III) conc. = 50 mg/L, 

adsorbent dose = 2.0 g /L, Contact time= 30 min, shaker 
speed= 100 rpm) 
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Fig. 3. Effect of adsorbent dose on Fe (III) removal 
(Volume=100 ml, Initial Fe (III) conc.= 50 mg/L, pH =3, 

Contact time= 30 min, shaker speed=100 rpm) 
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Fig. 4. Effect of contact time on Fe (III) removal 
(Volume= 100 ml., Initial Fe (III) conc.= 50 mg/L, pH 
=3, adsorbent dose=1.5 g/L, shaker speed=100 rpm) 

_e�b)�V� W
9� �
+� %�� 4#� I��� (III) 

,-��'):COG rss �@�+ 
�!�� La@_ 4#� (III)qs K�) �@�+ 
�!�� �$ �$
5c
/q/rK�) 
�!�� �$ ��$ �Q�' rss 
 ���1$�$ ��$pH �����y(

0

20

40

60

80

100

0 1 2 3 4 5

R
em

ov
al

(%
)

Adsorbent dose (g/L)

70

75

80

85

90

95

100

0 20 40 60 80 100

R
em

ov
al

(%
)

Contact time (min)

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

����J�� 	 ��
,-� �,#aB dx.doi.org/10.22093/wwj.2017.62973.2253 
34

����� � �� 	
�� Journal of Water and Wastewater 

�����
���� ����� ����� Vol.29, No. 2, 2018 

��#NZ)X�� �&-$ 
� �o
G X�� �"-
�+ 4#� \(G %��� �*�� 5(/ %
#(III) 
Table 1. Comparison of the proposed method with other adsorption methods for Fe (III) removal 

Adsorbent Con. of Fe(III) 
(mg/L) 

Contact time 
(min) 

Removal 
(%) 

qm
)(mg/g 

Ref. 

Modified chitosan 280 150 Not given 243.54 5
Chitosan/(Polyvinyl 
Alcohol)/Zeolite Electrospun 
Composite Nanofibrous 

1.12-56 Not given 99 6.16 9

Aluminum oxide 
Nanopowder 

25-100 50 Not given 14.28 14 

Modified Montmorillonite and 
Kaolinite 

10-250 Not given Not given Mont. :22.6 
Kaolinite: 9.3 

15 

Modified Montmorillonite and 
Kaolinite 

10-50 300 55.4 Kaolinite: 9.7 
Mont. :23.8 

17 

Raw and treated clinoptilolite 20-400 30-40 Not given 104.0 23 
Bentonite and Coal bottom ash 536-3194 30 82 Bentonite : 1667 

Coal bottom ash: 182 
24 

Dowex-Marathon resin 2800-8400 50 Not given 23860 25 
Modified sawdust  5-300 15 100~ 200.0 This 

study 
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Fig. 5. Effect of the initial Fe (III) concentration on Fe 
(III) removal 

(Volume= 100 ml., Contact time= 15 min, pH =3, 
adsorbent dose=1.5 g/L, shaker speed=100 rpm.) 
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Fig. 6. Langmuir isotherm for Fe (III) adsorption on 
modified sawdust 
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Table 2. Langmuir and Freundlich isotherm parameters 

for Fe (III) adsorption on modified sawdust 

Langmuir isotherm 
parameters 

Freundlich isotherm 
parameters 

qm

(mg/g) 
kl

(L/mg) 
RL

Kf

(mg1-n Ln /g) 
n

200.0 0.03 0.40 24.70 2.77 

�$ �
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Table 3. Kinetic parameters for Fe (III) adsorption on 

modified sawdust 
Pseudo- First -order equation 

Concentration 
(mg/L) 

qe, exp 
(mg/g) 

K1

(min-1)
qe

(mg/g) 
R2

50 32.34 0.036 2.11 0.877 
200 98.33 0.025 13.36 0.778 

Pseudo-second-order equation 
Concentration 

(mg/L) 
qe, exp 
(mg/g) 

K1

(min-1)
qe

(mg/g) 
R2

50 32.34 0.137 32.25 0.999 
200 98.33 0.012 100 0.999 
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Table 4. Fe (III) removal from real samples 
(Volume=100 ml., absorbent dose=1.5 g/l, shaker 

speed=100 rpm,  
contact time=15 min., pH=3) 

Sample Added 
(ng/mL) 

Founda

(ng/mL) 
Recovery 

(%) 
Tap water 0 

50 
100 

Not 
detected 

Not 
detected 

0.1±6.1 

~ 100 
~ 100 
93.9 

River water 1 0
50 

100 

Not 
detected 

Not 
detected 
4.4±0.1 

~ 100 
~ 100 
95.6 

River water 2 0 
50 

100 

Not 
detected 

Not 
detected 
6.2±0.1 

~ 100 
~ 100 
93.8 

Well water 10 
50 

100 

Not 
detected 

Not 
detected 
1.5±0.05 

~ 100 
~ 100 
98.5 

Industrial 
wastewater 

10 
50 

100 

Not 
detected 

Not 
detected 
6.8±0.2 

~ 100 
~ 100 
93.2 
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