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Abstract 
 

   As a result of the critical importance of crude oil in modern industrial society, oil spills, specifically those involving crude oil, 

generate substantial environmental and ecological difficulties. In contrast to conventional treatment approaches, nanotechnology has 

demonstrated its efficacy in remedying oil spills This type of pollution could occur during oil investigation, transit, or storage. This 

study adopted a straightforward and economical method utilizing iron oxide magnetic nanoparticles for oil spills cleanup.  Magnetite 

Fe3O4 MNPs were synthesized using the co-precipitation technique, which involved combining ferric and ferrous ions in an alkaline 

solution at 80°C and a pH of 14. MNPs were characterized using X-ray diffraction (XRD), Fourier-Transform Infrared Spectroscopy 

(FTIR), transmission electron microscopy (TEM), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy 

(EDX), and vibrating sample magnetometer (VSM). To improve their stability and efficacy, MNPs were coated with 

ethylenediaminetetraacetic acid (EDTA). Three samples of crude oil with different APIs (23, 28.4, and 40.3) were used to study the 

ability of coated MNPs for oil spill cleanup.  Removal experiments were conducted at 25°C with a mass range of adsorbent (0.02-

0.06 g). A neodymium magnet was utilized to extract the oil-contaminated magnetic nanoparticles from the water. The gravimetric 

oil removal (GOR) for APIs 23, 28.4, and 40.3 were 11.4 - 3.35, 7.19- 2.15, and 4.81 to 1.16 g/g, respectively. Experimental results 

demonstrated an inverse relationship between GOR and the API value, indicating that as the API value decreased, GOR increased, 

and vice versa. Furthermore, as the mass of the adsorbent material increased (0.02-0.06g), the GOR value decreased. 
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1- Introduction 
 

     Water is a key element needed for life on Earth. 

Today's aquatic environment is heavily contaminated, and 

natural watercourses have been seriously damaged [1]. 

Due to the high global oil consumption (Iraq, like many 

other countries, depends on oil for both energy and 

financial resources [2]), it is challenging to prevent oil 

spills. Millions of tons of energy were wasted as a result. 

Globally, it’s estimated that 400.000 tons of oil leak 

annually. For example, the tanker BFC2, transporting 

4,750 tons of Basrah petroleum oil, capsized near Khor 

Al-Zubair on the 22th August 2006. A crack measuring 

1.5 meters in length developed in the bump room of the 

cargo pump tanker due to this calamity; approximately 

10–15 tons of oil were spilled, instantly causing 

substantial leakage in this area [3]. In 2019, oil spread 

from Brazil's northeast and southeast, impacting about 

2,000 kilometers of shoreline [4]. The Gulf of Mexico had 

the most significant unintentional release of oil in history, 

commencing on the 20th of April, 2010. This incident 

occurred when a sudden outburst of natural gas ruptured a 

cement well cap that had been recently fitted to seal a 

well drilled by the Deepwater Horizon oil platform. A 

crude oil disaster transpired in the Gulf of Mexico, 

releasing around 4.9 million barrels of oil [5]. These 

disasters, among numerous others, caused environmental 

damage and economic destruction.  

   In response to this tendency, several researchers have 

focused on oil recovery in the regions where oil spills 

have occurred to avoid the dispersal of pollutants, which 

causes additional issues [6]. Effective decontamination 

and rapid cleanup are critical for protecting the ecology 

and aquatic biota. The oil-slick layers that cover the 

water's surface must be removed. Since the traditional 

methods, which classified into booms and skimmers as 

mechanical techniques, dispersants, and in-situ burning as 

chemical, in addition to biological treatment, proved to be 

ineffective, the utilization of nanotechnology in the 

remediation of oil spills in water is becoming increasingly 

important [7–11]. Adsorption is regarded as a 

straightforward, practical, and cost-effective method for 

treating oil spills, in contrast to other procedures utilized. 

Typically, sorbents are most efficiently employed in the 

latter phase of oil spill remediation and for retrieving 

small accumulations of oil that are not easily recoverable 

by alternative oil cleanup methods [12] 

   Nanomaterials with distinctive characteristics such as 

superparamagnetism, minuscule dimensions, excellent 
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recyclability, environmentally friendly properties, 

exceptional stability, low toxicity, and robust adsorption 

capacity have the ability to remediate water tainted with 

oil [13, 14]. The outstanding oil recovery efficiency and 

remarkable magnetic characteristics of nanostructured 

magnetic nanoparticles (MNPs) and nanocomposites 

make them ideal candidates for oil spill cleanup. 

   Iron oxide nanoparticles have desirable characteristics 

such as small size, stability, superparamagnetic 

capabilities, rapid response to magnetic fields, and superb 

dispersion in oils. These qualities make them highly 

effective for collecting oil spills and treating water. Iron 

oxides that have been extensively researched in the 

domains of oil and gas are hematite -(α-Fe2O3), magnetite 

-(Fe3O4), and maghemite -(γ-Fe2O3) [15, 16]. Magnetite 

MNPs are superparamagnetic (1 to 100 nanometers) in the 

nanometer range. This indicates that magnetite at the 

nanoscale cannot retain its magnetization once the 

external magnetic field is removed. This made magnetite 

nanoparticles widely used in technology, science, and 

medicine due to their distinct properties. The extensive 

utilization of magnetite nanoparticles has prompted the 

advancement of diverse techniques for their production. 

Several conventional methods for magnetite nanoparticle 

production include pyrolysis of organometallic 

compounds, polyol-process, microemulsion, 

hydrothermal, sol-gel, and co-precipitation [17].  

   Co-precipitation is the most commonly employed 

technique. Through the utilization of bivalent and 

trivalent hydrated salt ions, magnetite nanoparticles are 

produced in a controlled atmosphere with the presence of 

a strong base. Eq. 1 reveals the chemical reaction. 
 

 2 Fe+3 + Fe+2 + 8 OH-                            Fe3O4 + 4 H2O                        (1) 
 

   Due to their chemical activity, MNPs easily oxidize in 

air, which causes a loss of general dispersibility and 

magnetism. Therefore, developing protective strategies to 

chemically stabilize MNPs against degradation after 

synthesis is crucial for many applications. These 

approaches include greasing or coating with organic 

species, including surfactants or polymers, or coating with 

an inorganic layer, such as silica or carbon. Notably, in 

many cases, the protecting shells stabilize the 

nanoparticles. Depending on the desired application, they 

can also be used for further functionalization, for instance, 

with other nanoparticles or various ligands [18].  

   Ethylenediaminetetraacetic acid (EDTA) is 

environmentally friendly, stable at high temperatures, 

salinity, and pH conditions, and a relatively cheap 

chemical. With these properties, EDTA has gained 

significant importance in nanoscience, being used as a 

stabilizer in the fabrication of nanoparticles. It efficiently 

controls the morphology and size of nanoparticles [19]. 

EDTA functionalization adsorbent not only possesses 

good adsorption behaviors, but it also does not cause any 

secondary pollution [20]. Many studies have shown that 

EDTA has a strong affinity for iron oxide nanoparticles, 

which might make it easier for colloids to spread out, 

lower high surface energy, and stop nanoparticles from 

sticking together [21,22]. EDTA surface chemistries on 

the Fe3O4 nanoparticles are shown to be highly effective, 

and magnetic active sorbent materials [23] 

   No reports of oil spill recovery using coated magnetite 

with EDTA as an adsorbent have yet been published. In 

this work, Fe3O4 MNPs were synthesized and coated with 

EDTA to study their efficiency in oil spill removal from 

the water surface, employing three samples of Iraqi crude 

oil with different APIs (23,28.4,40.3).  
 

2- Experimental work 
 

 2.1. Material 
 

   The materials used in this study included the following: 

All substances utilized were of the analytical grade 

reagents and required no additional processing. Ferric 

chloride hexahydrate (FeCl3.6H2O 99%), ferrous chloride 

tetrahydrate (FeCl2.4H2O 98%), 

ethylenediaminetetraacetic acid (EDTA, C10H18N2O8, 

99%) and HCl (37% concentration) are from CDH, India. 

Sodium chloride (NaCl 99.5%) is from Alpha Chemika, 

India. The properties of crude oil, which was taken from 

Al-Dura Refinery (Basrah crude oil), (Location: EBS-

OM-S2 Site), and (Naft Khana) in Iraq are displayed in 

Table 1.     
         
Table 1. Crude oil properties  
Property Basrah Crude 

Oil 

Naft 

Khana 

East Baghdad 

S2 

Sp.Gr. at 15.6 oC 0.88490 0.823 0.9158 

API 28.40 40.3 23 

Viscosity (Cst) at 

26.7C 

19.4 3.056 58.5 

 

2.2. Preparation of Fe3O4 MNPs 
 

   MNPs were synthesized by co-precipitating ferric and 

ferrous ions in an alkaline medium as follows: 6.5 g of 

FeCl3.6H2O and 5.56 g of FeCl2.4H2O, representing a 1:2 

(Fe2+/Fe3+) molar ratio, were dissolved in 50 ml of 0.5 M 

HCl solution. Subsequently, 500 ml of 1.5M NaOH was 

added dropwise to the solution while vigorously mixed 

(600 rpm) and heated to 80 degrees Celsius as a 

precipitation agent. The reaction environment's pH value 

was 14. A black precipitate of Fe3O4 was generated. After 

being separated by a neodymium magnet, the Fe3O4 

precipitate was repeatedly cleaned with deionized water 

until the suspension turned neutral. Finally, the precipitate 

was dried for four hours at 50°C and then permitted to 

rest for a few hours at room temperature. 
 

2.3. Coating with EDTA 
 

   EDTA was used to coat Fe3O4 MNPs. After adding 

0.615 g of EDTA to a solution of 4.48 g of MNPs in 

water, the suspension was agitated for 1 hour at 50°C  

[24]. The precipitates were separated magnetically. The 

solution was rinsed with deionized water until its pH had 

been eliminated to seven. Subsequently, the residue was 

dispersed in 200 ml of deionized water and subjected to 

ultrasonic treatment for 30 minutes. The resultant 

substance was a black precipitate comprising EDTA-

MNPs, which was subsequently isolated from the liquid 

phase. Then, it was subjected to drying at a temperature of 
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80 °C for a duration of 3 hours. The dried material was 

then pulverized using a mortar. Fig. 1 shows the synthesis 

of Fe3O4 and coating with EDTA. 

 

 
Fig. 1. Synthesis of Fe3O4 and coating with EDTA 

 

 2.4. Characterization techniques 
 

   The resulting magnetic nanoparticles (MNPs) 

underwent characterization using XRD analysis. This 

analysis used an X-ray diffractometer (Shimadzu SRD 

6000, Japan). This characterization aimed to confirm the 

structure and presence of the magnetite phase in the 

MNPs. The TEM investigation used the electron 

microscopy instrument (EM 900, Zeiss).  The SEM 

pictures were acquired using the Oxford instrument model 

TE SCAN, Vega III lm-CZECK. The average particle size 

and the particle size distribution of MNPs and coated-

MNPs were determined by AFM (type Angstrom, 

Scanning Probe Microscope, Advanced Inc, AA 3000, 

USA), The surface area was quantified with the Brunauer-

Emmett-Teller (BET) technique., employing a 

micrometric ASAP 2020 equipment. The magnetism at 

room temperature was measured using a VSM, MDK6). 

FTIR was conducted using a spectrometer (IR-Affinity-1, 

Shimadzu, Japan). This analysis aimed to verify the 

presence of the maghemite phase and ascertain that the 

magnetic nanoparticles (MNPs) were coated with EDTA. 
 

2.5. Oil removal experiment  
 

   The investigation on oil removal was conducted 

utilizing the GOR technique, which is outlined in Fig. 2, 

as reported elsewhere [25]. A solution of (80 ml) of 

artificial seawater containing 3.5% sodium chloride 

(NaCl) was carefully poured into a 100 ml beaker. A 

quantity of crude oil (API 23, 28.4, 40.3) weighing 0.2 g 

was dropped into the water surface. Subsequently, a 

measured amount of EDTA- Fe3O4 weighing 0.02-0.06 g 

was evenly distributed over the oil spill. The oil's EDTA- 

(MNPs) were retrieved using a magnet bar after 5 

minutes. The experiments were performed three times to 

ensure accuracy, and Eq. 2 was utilized to measure the 

GOR, g/g) 
 

GOR =
 m2 – m3 

𝑚1
                                                                                       (2) 

 

   The variable m1 represents the mass of the adsorbent, 

while m2 represents the entire mass of the beaker, which 

includes the oil spot, adsorbent, and water. Alternatively, 

m3 specifies the mass of the remaining oil (the mass of the 

beaker after removal). 
 

 
Fig. 2. Illustration depicting the process of gravimetric oil spill removal 
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3- Result and discussion 

 

  3.1. Characterization 

 

   The crystal structures of Fe3O4 were analyzed using 

XRD techniques, which provided evidence for the 

presence of the magnetite phase. Fig. 3 illustrates the X-

ray diffraction patterns of MNPs showing that the 

magnetite Fe3O4 possessed a highly crystalline structure. 

The observed peaks at 2θ values of 30.3, 35.7, 43.4, 53.8, 

57.3, and 62.9 correspond to the diffractions of 220, 311, 

400, 422, 511, and 440 ̊ crystal faces of Fe3O4 spinel 

structure, which agree with (Al-Alawy et al., 2018)[26]. 

The crystallite size of MNPs was determined using 

Scherer’s Eq. 3:    

                                                                              

D =
Ƙ∗𝜆

𝛽∗𝐶𝑂𝑆𝛳
                                                                                            (3) 

 

 
Fig. 3. XRD pattern of magnetite nanoparticles 

 

   Where D is the mean size of crystallite (nm), K is the 

form factor (around 0.9 for magnetite and maghemite 

(dimensionless) [27], 𝜆 is the X-ray wavelength (nm), 𝛽 is 

the FWHM (radians), and 𝛳 is the XRD angle (degrees). 

The crystallite size of MNPs is (15.1 nm) using Scherer’s 

formula and the FWHM the strongest peak values 

obtained from XRD. 

    SEM and TEM images of the Fe3O4 nanoparticles were 

presented in Fig. 4, and, Fig. 5, to visually depict the 

shape of the nanoparticles and provide information on 

their particle size distribution. Based on the (SEM) 

pictures, it can be shown that the nanoparticles tended to 

adhere to one another, resulting in the formation of 

agglomerates, ultimately assuming a spherical 

morphology (refer to Fig. 4). 

 

 
Fig. 4. SEM images of magnetite 

 

   The TEM picture demonstrates the presence of ultrafine 

particles with irregular forms (Fig. 5). Based on the 

diminutive dimensions of particles, it can be posited that 

their morphology exhibits a dot-encircled, nearly 

spherical configuration.  

   The particle size distribution analysis indicates that the 

particles are dispersed throughout a range of 
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approximately 7-18 nm, with an average size of around 

15.1 nm. The particle sizes detected in the (TEM) 

micrograph were consistent with the (XRD) analysis 

results. The particles exhibit a mostly spherical 

morphology and tend to overlap, forming an aggregated 

structure. 

 

 
Fig. 5. TEM images for magnetite 

 

   As shown in Fig. 6, the presence of peaks corresponding 

to iron (Fe) and oxygen (O) in the EDX spectra provides 

evidence supporting the development of magnetite 

nanoparticles, according to the percentages listed in Table 

2. 

 

Table 2. Elements in the EDX examination 
Element Atomic % Atomic % 

Error 

Weight % Weight % 

Error 

O 67.3        0.5 37.1         0.3 

Fe 32.7        0.1 62.9         0.1 

 
Fig. 6. EDX pattern of magnetite nanoparticles 

 

   The results obtained from the BET approach indicate 

that the specific surface area of MNPs was 83.85 m2 /g; 

this can lead to a conclusion that the synthesized 

magnetite exhibits the properties of nanoparticles with a 

vast specific surface area compared to the surface area of 

commercial magnetite, which was 3.36 m2/g. additionally, 

the surface area of EDTA-magnetite was found to be 

97.64 m2/g which proved that EDTA enhanced the 

surface area of magnetite. 

   According to Fig. 7, the saturation magnetization (Ms) 

of the synthesized magnetite MNPs powder was 42.4745 

emu/g, obtained from the VSM test at ambient 

temperature. 

   The result of the AFM test, picture of particles, and 

particle size distribution for MNPs and coated MNPs are 

shown in Fig. 8 and Fig. 9, respectively. The mean 

diameters of magnetite and EDTA-magnetite were found 

to be 30.8 and 78.9 nm, respectively.  

   FTIR was utilized to validate the occurrence of the 

magnetite phase and verify the attachment of functional 

groups from EDTA to the surface of the iron oxide. Fig. 

10 displays the (FTIR) spectra of (a) pure MNPs, (b) 

(EDTA), and (c) EDTA- Magnetite. 

   

3.2. Gravimetric oil removal    

      

   This work employed three crude oil samples with varied 

APIs (23, 28.4, and 40.3) in oil removal tests. It is well 

known that raising the API facilitates more excellent oil 

dispersion. One possible explanation for the dispersive 

behavior that has been found is that the oils being studied 

have different chemical compositions. As evidenced by 

the data in Table 1, the oil's API and viscosity value 

exhibit an inverse correlation.  

a b 
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Fig. 7. Magnetization curve of magnetite 

 

 

 
Fig. 8. AFM picture and particles size distribution for magnetite 
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Fig. 9. AFM picture and particles size distribution for EDTA-magnetite 

 

 
Fig. 10. FTIR spectra of (a) Magnetite (b) EDTA (c) EDTA- magnetite 

 

   That is to say, the viscosity decreases as the API 

increases It is plausible that oils with weaker 

intermolecular cohesion forces exhibit a higher degree of 

dispersion [31]. Oil sorption is a multifaceted 

phenomenon influenced by various characteristics of the 

oil, such as its API, density, viscosity, and adsorbent 

material, including its porosity and surface area. Fig. 11 

(Error bar) depicts the impact of API on the (GOR, g/g) of 
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the oil samples under investigation, with adsorbent 

quantities of 0.02g and 0.06g. As evidenced, the oil with 

the lowest API (23) exhibited the highest (GOR) values 

(11.4 and 3.35 g/g), in contrast to samples with the 

highest APIs (28.4 and 40.3), which had a lower GOR 

(7.19, 2.15 and 4.81, 1.16 g/g). These results can be 

attributed to the inverse relationship between API and 

viscosity. Lower viscosity decreases oil adherence to the 

adsorbent surface, resulting in reduced  oil adsorption 

capacity [32] 

 

 
Fig. 11. Dependence of GOR on the tested oil API) at 

m1=0.02and 0.06)  

 

   Fig. 12 illustrates the relationship between (GOR g|g) 

and the quantity of adsorbent materials ranging from 0.02 

g to 0.06 g. The results demonstrate a clear trend of 

decreasing (GOR) when the adsorbent amount increases 

from 0.02 to 0.06 g. specifically, the GOR values fell 

from 11.4 to 3.35 g/g, 7.19 to 2.15 g/g, and 4.81 to 1.16 

g/g for crude oil samples with (APIs) 23, 28.4, and 40.3, 

respectively.  

   Previous studies have also documented this decline in 

oil adsorption capacity (g/g) as the quantity of adsorbent 

increases [33–35]. The observed decline in adsorption 

capacity may be due to the aggregation of the adsorbent. 

Consequently, the sorbent's surface area experienced a 

reduction, thereby impeding the infiltration of oil spills 

into the interior pores that are accessible for oil sorption 

[36].  

   The high GOR of EDTA-magnetite nanoparticles can be 

attributed to their nanosize and low density, which allow 

them to float with the oil on the water surface. 

Additionally, organic species (EDTA) enhanced the 

dispersion of iron oxide particles and facilitated 

penetration into the oil. The high surface area of coated 

nanoparticles led to high adsorption, and the 

superparamagnetic properties of magnetite nanoparticles 

allowed for easy removal using an external magnetic field 

[37]  

                                                             

 
Fig. 12. Correlations between the GOR and the mass of 

EDTA-magnetite 

 

4- Conclusions 

  

   Fe3O4 MNPs were synthesized using a co-precipitation 

process at a temperature of 80°C. The resulting MNPs 

were then coated with EDTA. The coated MNPs 

exhibited a high adsorption capacity (GOR g/g) and 

effectively removed oil spills from water surfaces. GOR 

experiments were conducted at room temperature using 

three crude oil samples with different (APIs) (23, 28.4, 

and 40.3).  The results indicated that the crude oil sample 

with the lowest API gravity (23) exhibited the highest 

values of oil removal efficiency (10.5 and 2.45 g/g). 

   The XRD and FTIR analyses conducted on the 

magnetic nanoparticles (MNPs) provided evidence of the 

presence of the magnetite phase. The determined 

crystallite size was approximately 15.1 nm. The particles 

exhibit a mostly spherical morphology.  

EDTA-Magnetite shows less agglomeration when 

compared with bare MNPs synthesized. So, EDTA acts as 

a surfactant (reducing the MNP's agglomeration) and 

leads to an enhanced surface area, as shown in the BET 

test.  

   The superparamagnetic character of the synthesized 

MNPs was confirmed using the VSM test, resulting in 

improved oil separation efficiency using the magnetic 

separation technique. The BET analysis revealed that 

EDTA enhanced the surface area of the synthesized 

magnetite. FTIR was employed to confirm the presence of 

functional groups of (EDTA) on the iron oxide surface. 

The analysis revealed that the crystal structure of 

magnetite remained unaltered. 

   In addition to being low-cost, biocompatible, and easily 

prepared, EDTA-Magnetite exhibits paramagnetic 

properties, a high surface area, low toxicity, and ease of 

application. 
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 EDTA ـبتنظيف الانسكابات النفطية باستخدام الجسيمات النانوية المغناطيسية المطلية 
 

 2 زيد نضال شريف، 1 بسمة عباس عبد المجيد، ، *1 جلال عودةمها 
 

 ة، كلية الهندسة، جامعة بغداد، بغداد، العراقلكيمياويقسم الهندسة ا 1
 جامعة كيرتن، قسم الهندسة الكيمياوية، استراليا 2

 
  الخلاصة

 
 قدقتصاد. والتي تؤثر سلبًا على البيئة والا المياه،الانسكابات النفطية أحد المصادر الرئيسية لتلوث تعد    

ة ي الحضار فللنفط الخام  الكبيرةللأهمية  أو النقل أو التخزين. نظراً  التنقيبأثناء  الانسكابات النفطية تحدث
يئية بالنفط الخام، تؤدي إلى تحديات  الناتجة عنالصناعية المعاصرة، فإن الانسكابات النفطية، وخاصة تلك 

جة ي معالكبيرة. وعلى النقيض من أساليب المعالجة التقليدية، أثبتت تكنولوجيا النانو فعاليتها ف وإيكولوجية
اطيسية واقتصادية باستخدام الجسيمات النانوية المغن بسيطةالانسكابات النفطية. اعتمدت هذه الدراسة طريقة 

باستخدام تقنية الترسيب المشترك، والتي تتضمن دمج  MNPs 4O3Feلأكسيد الحديد. تم تصنيع المغنتيت 
 (، والتي تم14درجة مئوية ودرجة الحموضة  80أيونات الحديديك وأيونات الحديدوز في محلول قلوي عند )

، التحليل الطيفي للأشعة تحت الحمراء لتحويل فورييه. (XRDتشخيصها باستخدام حيود الأشعة السينية )
(FTIR)تروني النافذ ، المجهر الإلك(TEM،) ( المجهر الإلكتروني الماسحSEM)التحليل الطيفي للأشعة ، 

نانوية الجسيمات ال تم طلاء .(VSM) ومقياس مغناطيسية العينة الاهتزازية (،EDX)السينية المشتتة من الطاقة 
م ت. وفعاليتها هايتثبات ( لتحسينEDTAثنائي أمين رباعي الأسيتيك ) الإيثلينبحمض ( MNPsالمغناطيسية )

 )مقياس الكثافة النوعية حسب معهد النفط الأمريكي( API ذات قيماستخدام ثلاث عينات من النفط الخام 
 أجريت تجارب الإزالةالمطلية على تنظيف الانسكاب النفطي.  MNPs( لدراسة قدرة 23،28.4،40.3مختلفة )

استخدام مغناطيس  جم(. تم 0.06-0.02المازة ) من المادة باستخدام اوزان مختلفة ةحرارة الغرفعند درجة 
( GORية )الوزنزالة قيم الإمن الماء. كانت  بالنفطالجسيمات النانوية المغناطيسية الملوثة  لفصلالنيوديميوم 

 1.16 - 4.81و ،2.15 - 7.19، 3.35 - 11.4هي  40.3و API: 23 .28.4لنماذج النفط ذات قيم
 وزن ة بينما زياد API( تزداد كلما قلت قيمة GORالازالة الوزنية ) أنمن التجارب جم/جم، على التوالي. وجد 

 .المادة المازة كان له تأثير معاكس
 

 ، المغنتيت.EDTAالانسكاب النفطي، الجسيمات النانوية المغناطيسية، النفط الخام،  الكلمات الدالة:
 


