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Abstract - Iron nanoparticles were synthesized by wet method. The reaction was 
done using iron salts as a source of iron, glucose was used as a reducing agent and 
trisodium citrate was used as a capping agent. The synthesized iron nanoparticles 
were added to hay powder in order to increase the desorption efficiency of hay. A 
new adsorption system contains iron nanoparticles–Hay was applied for removal of 
cadmium from polluted waters. The formation of iron nanoparticles was monitored 
using sevral instruments; UV-Vis spectra showed iron nanoparticles formation by 
exhibiting the characteristic surface plasmon absorption maximum at 350 nm. 
Transmission electron microscope (TEM) and scanning electron microscope (SEM) 
were used to identify the size and the morphology of iron nanoparticles. The images 
indicate that the synthesis of iron nanoparticles were in the range of 15-80 nm and 
were spherical in shape. The synthesized iron nanoparticles were applied for removal 
of heavy metals such as cadmium from polluted waters and flame atomic absorption 
spectroscopy (FAAS) was used for determination of the concentrations of cadmium 
before and after the addition of iron nanoparticles. 
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في إزالة بعض المعادن الثقیلة من المیاه الملوثة وتطبیقھ منتج نانو -تبن  -جدید یحتوي على حدید  تركیب نظام امتزاز  

   2وزینب طھ یاسین العبد الله 1بسام عاشور رشید العبد العزیز 

  العراق –كلیة التربیة للعلوم الصرفة، جامعة البصرة، البصرة   -2، مركز علوم البحار -1
 

لوكوز المستخدم كعامل كجزیئات الحدید النانویة بالطریقة الرطبة. وإجراء التفاعل باستخدام أملاح الحدید كمصدر للحدید والتم تصنیع  -لمستخلص ا
ُ   َّ                                            اختزال واستخدم ثلاثي سترات الصودیوم كعامل تغطیة. تمت إضافة جزیئات الحدید الم صن عة إلى مسحوق القش لزیادة كفاءة امتصاص القش.  یحتوي نظام                                                                           

تم تطبیق نظام الامتزاز الجدید لإزالة الكادمیوم من المیاه الملوثة. تمت مراقبة تكوین جزیئات الحدید  .القش –زاز الجدید على جسیمات الحدید النانویة الامت
امتصاص البلازمون  تكوین جزیئات الحدید النانویة من خلال إظھار UV-Vis النانویة باستخدام العدید من اجھزة التحلیل الالیة ، وأظھرت أطیاف

لتحدید حجم وتشكل  (SEM) والمجھر الإلكتروني الماسح (TEM) . تم استخدام المجھر الإلكتروني الناقل)نانومتر350 (السطحي الممیز بحد أقصى 
واستخدام جزیئات  كل: تم تطبیقكرویة الش كانت نانومتر 80 -15 جزیئات الحدید النانویة. تشیر الصور إلى أن تخلیق جزیئات الحدید النانویة في النطاق

لتقدیر تركیز الكادمیوم قبل  (FAAS) الحدید النانویة لإزالة المعادن الثقیلة مثل الكادمیوم من المیاه الملوثة باستخدام مطیاف الامتصاص الذري للھب
  وبعدھا..إضافة جزیئات الحدید النانویة

  
 المجھر الالكتروني النافذ.الامتزاز ، مطیافیة الامتصاص الذري ،  الحدید النانویة ،جزیئات  :الكلمات المفتاحیة

 
 
Introduction 

Currently, pollution of water has become a chief difficulty. Therefore, in order to produce a 
material lighter in weight and  stronger, for replacing toxic chemicals, and for removing 
contaminants from groundwater nanoproducts were used (Morose, 2010). The exclusive properties 
of nanomaterials provide great potential to produce new breakthrough in technology,hence 
exploration of nanotechnology was necessary.  
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Quite a lot of studies documented nanoparticle synthesis using cost-effective, green, 
biocompatible methods excluding the use of material which are toxic. Many approaches such as 
chemical and biological methods have been used to synthesize metallic nanoparticles (Singh et al., 
2008). Metallic nanoparticles are used increasingly in many fields, involving consumer, food, 
health care medical and industrial purposes, because of their new chemical and physical properties. 
These properties include high electrical conductivity, optical, electrical, thermal and biological 
properties (Gurunathan et al., 2015). Commonly, traditional chemical and physical methods are 
hazardous and expensive (Li et al., 2014; Gurav et al., 1994; Tao et al., 2006). 
Overall, nanoparticle synthesis is being performed by three different methods, involving biological, 
physical and chemical approaches. From all these procedures chemical reduction is the most 
appropriate approach for nanoparticle fabrication. The formation of high yield metallic 
nanoparticles is performed via using chemical reduction method. This procedure is simple, 
economic and fast and can have an enhanced nanoparticle distribution by regulating parameters of 
the experiment (Dang et al., 2011). The presence of a large number of active sites within the 
nanoparticles is the main factor that results in cleaning the contamination sites and thus these 
materials display higher adsorption. If the size is further more minimized then the increased 
adsorption is correlated with an increased surface area of the adsorbent. This criteria play an 
essential role with increasing the capacity to eliminate the pollutants from organic compounds and 
wastewaters (Gupta et al., 2012; Mostafa et al., 2015; Auffan et al., 2009; Abdullah et al., 2020). 

Previously, there is a preexisting method used frequently to remove inorganic and organic 
contaminants from wastewater. This includes adsorption by using various materials like alumina 
zeolites for elimination of metals from solutions (Martínez-Castañon et al., 2008). Moreover, hay 
is an agricultural byproduct it has important role. Hay can also be used to soak up oil spills and 
leave sanitary water behind. The current study establishes for the first time the use of iron 
nanoparticles-hay as a system of adsorption. The new system is mixed adsorption system from 
green chemistry and metal nanoparticles. The idea of this study is to enhance the adsorption value 
of hay by adding nanoproduct such as iron nanoparticles. 
 

 
Materials and Methods 
Adsorbents and Chemicals 

Hay is a bio sorbent material, cheap and extremely offered lignocellulosic wastes in Iraq. Hay 
crushed to a size of 150 µm. The powdered materials have been carefully washed with deionized 
water to remove dirt and then dried up in the air for 24 hours. 
Synthesis of Nanomaterials 

Iron nanoparticles was synthesized using wet method (Della Gaspera, 2021), iron salt was used 
as a source of iron, glucose sugar was used as a reducing agent and trisodium citrate was used as a 
masking agent. Equal volume of this mixture was put on a hot plate stirrer for 1 hour at 100 °C. the 
black color appeared indicating the formation of iron nanoparticles. 
Preparing of a new system (iron nanoparticles-hay) 

The dry crashed hay was sieved to make a homogenized substance then mixed with synthesis 
iron nanoparticle, this system becomes ready to test the adsorption of cadmium as a pollutant, 
mechanical shaker was applied to ensure well mixing and penetration of the cadmium ions in the 
proposal system including a high surface area which was created by iron nanoparticles with the 
hay substances simultaneously. The new system for adsorption is forming from mixing iron 
nanoparticles-hay then the polluted solution of cadmium was added. Figure (1) shows this 
schematic diagram. 
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Figure 1. Schematic diagram showing the preparation of cadmium nanoparticles 

 
Three stages of adsorption were done the first stage the adsorption was carried out using hay only 
the second stage was done using iron nanoparticles only, and the third stage the mixture of iron-
hay were done. 0.1 g of hay was used as adsorption weight and 0.01 g of iron was used as an 
adsorption weight. 
Results and Discussion 
Characterization of iron nanoparticles 
Transmission electron microscopy  

Transmission electron microscope operated for imaging iron nanoparticles (Cac Centre, 
Baghdad, Iraq). Figure (2) shows the shape and size of the synthesized iron nanoparticles. The 
result indicates that the iron nanoparticles were just about spherical in shape, and with an average 
diameter of 15-80 nm. 

 

 
Figure 2. TEM image for synthesized iron nanoparticles 

 
Scanning electron microscopy -energy dispersive x-ray 

Scanning electron microscope (SEM-EDS) University of Basrah faculty of Pharmacy type 
ZELSS was used to examine the morphology of the surface. The image shows the shape is spherical 
and the size in the range of nanomaterials. Energy dispersive x-ray (EDX) shows the elementary 
analysis and the exist of iron on the surface (Figs. 3 a & b). The results from SEM are similar to 
the result from TEM. 
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Figure 3. Shows (a) SEM images (b) illustrates the elementary micro analysis for EDX. 

 
UV-Visible Spectrophotometery 

The plasmon spectra is the main issue that can be examine by UV-Vis Spectrophotometer type 
U-1500 Spectrophotometer, Hitachi. Figure (4) shows the appearance of surface plasmon 
resonance peak (SPR) at 350 nm. This is in agreement with many studies (Dolci et al., 2020; 
Abdallah & Al-Haddad, 2021). 

 
 
 
 
 

 
 
 
 

 
Figure 4. UV-Vis absorption spectrum of iron nanoparticles offer the plasmon peak at 350 nm. 

Application of new adsorption system (iron nanoparticles-hay) for removing cadmium 
The agricultural wastes metal adsorption and biosorption wastes reflected a complicated 

procedure affected by several factors (Roniboss et al., 2021). Moreover, metal oxide can be used 
for this purpose (Ramachandran et al., 2020). Here in hay was used for removal of cadimium from 
an aqueous solutions. Synthesize iron nanoparticles were applied for removing cadmium from an 
equeous solutions also. First of all standard calibratin curve of cadmium was done at the range of 
0.05-2.5 ppm (Figure 5). 

 

% Removal =
(A° − A�)

A�
  ∗ 100 − − − −(1) 

Where A◦ = initial absorbance, At = absorbance at time (t). 
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Figure 5. Calibration curve of Cadmium (II) ions. 

 
Then the optimum conditions were done as follows: 
The effect of contact time 

The effect of contact time on the removal of cadmium ions by adsorption on hay was examined 
as a function of time at a fixed initial concentration (2 mg.l-1) at different periods (15-60 min). 
Figure (6) presented that the rate of adsorption of metal on hay was fast at the beginning, then the 
adsorption slows down to a point of equilibrium which was at 15 min. This can be explained by 
the fact that the velocity is high at the onset of the adsorption on the surface of hay because the 
functional centers are empty but when these active centers are enclosed by the cations, the 
aforementioned, adsorption begins to slow down and optimum contact times was at 15 min. The 
removal percentage of metal on hay was found to be 96.3 %. 

 

 
Figure 6. The effect of contact time on Cd(II) adsorption onto hay. 

 
The effect of the dose of adsorbent 

The effect of hay dosage on the adsorption was monitored at different weights of the adsorbent 
in the range of 0.1-1.5 at 25°C. As shown in Figure (6) the results indicated an increase the removal 
rate of cadmium ions with the increase in hay dosage from 0.1-1.5, the removal percentage of 
cadmium ions increased quickly to 95.6% as seen in Figure (7). 
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Figure 7. The influence of adsorbent dose on removal (%) of Cd. 
 
The reason for such way might be ascribed to greater surface area and great number of vacant 

sites on the surface of adsorbent to correlate with cadmium ions. 
Accordingly the adsorption procedure was done using the addition of iron nanoparticles to the 

hay in order to form a new adsorption system the concept of this addition is to increase the surface 
aria of the adsorbent because the high the surface area to the volume ratio of nano materials. Table 
1 shows these results 
 
Table 1.Adsorption (%) of cadmium on iron nanoparticles-hay using AAS at optimum conditions 
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Abs. 
Cd(pp

m) 

      0.016 0.05 

      0.028 0.1 

      0.034 0.2 

      0.069 0.5 

      0.136 1 

100 N.D 96.7 0.007 100 N.D 0.215 1.5 

100 N.D 85.9 0.04 96.0 0.0114 0.285 2 

 
Hence , only two concentrations ware examined before and after the addition of iron 

nanoparticles. The results showed that the iron nanoparticles-hay system had a high ability to 
adsorb the heavy elements, as the adsorption rate reached 100% of the original concentration of 
the solution (1.5 ppm) of Cd. And the adsorption rate reached 100 % of the original concentration 
of the 2 ppm Cd solution due to the high surface area and the ability of the hydrophilic iron 
nanoparticles to attract the largest amount of the aqueous Cd (II) solution. 
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Conclusion 
The current study demonstrates for the first-time the use of metal nanomaterials to enhance the 

adsorption system. Synthesis of iron nanoparticles was done using wet chemistry which is simple, 
fast and economical method. The hay is very good adsorbent. The use of natural straw as a 
feedstock instead of chemicals is part of the green chemistry. The present study showed that hay is 
suitable for removing of the cadmium from the aqueous solution. However, adding nanomaterials 
on the hay surface make it more active as an adsorbent surface due to the increase in the surface 
area of adsorption. 

New value provides a capable method to release inorganic polluted materials from polluted 
water by iron nano product-Hay. The ability of (iron nanoparticles-hay) to adsorb heavy metals 
such as Cd was studied, so the adsorption rate of concentration of 1.5 ppm was 96.7 % by iron 
nanoparticles, however, using iron nanoparticles-hay as a new adsorption system increase the rate 
of adsorption to 100%. The obtained results showed that adding the nanomaterials to the hay 
surface increase the percentage of adsorption and the use of iron increased the efficiency of the 
adsorption process. 
According to the guidelines which provided by world health organization (WHO) the permitted 
concentration of Cd in the drinking water is 3ppb. In this study, the system used was able to absorb 
2000 ppb of Cd resulting in fresh water with 100% efficiency of the system.  
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