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Abstract
Fe3O4 nanoparticles were generated by chemical precipitation process. In order to assess the result of stirring process on the nanoparticles' properties, two types of stirrings (mechanical and magnetic) were used. Oleic acid covered the nanoparticles as surfactant performer. Vibrating sample magnetometer (VSM) examined the magnetic characteristic of the nanoparticles. Hysteresis loop characterized the magnetic nanoparticles. X-ray diffraction (XRD) investigated the fine grains sample. The XRD diagrams show the presence of the most powerful apexes fit to the orientations of crystal surfaces of the spinel form of the nanoparticles. The average dimensions of the nanoparticles was evaluated by Scherrer approximation. The mean particle dimensions were 11nm (chemical mixer) and 13nm (magnet mixer). The scanning electron microscope (SEM) images verified the spherical shape of the nanoparticles. Fourier transform infrared spectroscopy (FTIR) confirmed the constitution of Fe-O bonds and validated the spinel ferrites configuration.
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چكيده
نانوذرات Fe3O4 با فرآیند رسوب شیمیایی تولید شدند. به منظور ارزیابی نتیجه فرآیند همزدن بر روی خواص نانوذرات، از دو نوع همزن (مکانیکی و مغناطیسی) استفاده شد. اسید اولئیک نانوذرات را به عنوان عامل سورفکتانت پوشش داد. مغناطیس سنج نمونه ارتعاشی (VSM) ویژگی مغناطیسی نانوذرات را بررسی کرد. حلقه های پسماند، ویژگی های  مغناطیسی  نانوذرات را مشخص کردند. از طریق پراش اشعه ایکس (XRD) نمونه، ریز دانه های بررسی شدند. نمودارهای XRD وجود قوی‌ترین راس‌ها را نشان داده اند که متناسب با جهت‌گیری سطوح بلورین اسپینلی نانوذرات هستند. میانگین ابعاد نانوذرات با تقریب شرر ارزیابی شد. میانگین ابعاد ذرات 11 نانومتر (همزن شیمیایی) و 13 نانومتر (همزن آهنربایی) بود. تصاویر میکروسکوپ الکترونی روبشی (SEM) شکل کروی گونه  نانوذرات را تایید کردند. طیف‌سنجی فروسرخ تبدیل فوریه (FTIR) تشکیل پیوندهای Fe-O را تأیید و پیکربندی فریت‌های اسپینل را صحه گذاشته است. 
.کليدواژهها: فریت ، نانوذره، همرسوبی، اسپینل
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Introduction
In many fields, tiny magnetic particles are very noticeable [1-5]. High crystalline nanoparticles can be used in a wide range of technical fields. Ferrite spinel nanoparticles may exhibit superparamagnetic properties. Due to the distinctive electrical and magnetic characteristics of spinel ferrites, they are commercially valuable materials. There are many reports about the synthesis processes of ferrite nanoparticles by different methods such as: sol-gel [6-8], co-precipitation [9-11], hydrothermal [12-14], chemical mechanics [15], refluxing [15, 16], thermal decomposition [17], solvothermal method [18], ultrasonic bath [19], laser ablation [20], [21], microwave [22], precursor [23] and combustion [24-28]. Due to the remarkable properties of iron oxide magnetic nanoparticles such as: super paramagnetic, high coercivity, low Currier temperature, high magnetic sensitivity, non-toxicity, biocompatibility and low production cost, much attention has been paid to research in this field [29-31].
Among all the properties mentioned above, the magnetic property is significantly dependent on the size of the nanoparticles. Ferromagnetic materials contain domains, each of these areas contains groups of spins that have similar orientations and are separated by the walls of the domains. By reducing the particle size, the walls of these domains will not be able to exist in terms of energy and we will have only one domain. Therefore, super paramagnetic phenomena occur [32]. Super paramagnetism is one of the fields in which there is a great deal of interest in research and applications.
 There are various methods for the preparation of  nanoparticles, including arc discharge, microemulsion, mechanical milling, laser ablation, sol-gel and high-temperature decomposition of organic and sonochemical precursors, and so on. Co-precipitation method as a no expensive method and low temperature process can be considered as a desirable alternative to conventional powder production techniques with proper control of   nanoparticle size. Chemical co-precipitation method has the ability to produce high purity metal oxides. On the other hand, if in this method the production conditions such as solution pH, process temperature, concentration of solutes and surfactants and stirring speed are well controlled, nanoparticles with the desired shape and size can be synthesized.
Here,  magnetic nanoparticles have been synthesized using co-precipitation method.   Magnetic and geometric properties of the nanoparticles are investigated via VSM, SEM and XRD. The FTIR is utilized to confirm the constitution of Fe-O bonds and validated the spinel ferrites configuration in the octahedral and tetrahedral sites related to the spinel configuration. This is a complete complement to the previous reports provided by the author [33,34].

Materials and methods

The reagents used for the synthesis included: Ferric chloride ( FeCl3. 6H2O) and ferrous chloride( FeCl2. 4H2O) salts in the molar ratio 1:2, Na(OH), HCl, Oleic acid and ethanol. Water is used as a solvent and all materials are used without additional purification. The reaction in the process is as follows:




Two mixtures were produced via mixing of 1ml (2 moles) of (FeCl2. 4H2O) and 4ml (1mole) of (FeCl3. 6H2O) as long as 2000 rpm stirring (mechanical and magnetic separately) for 3min performed. Then, 25ml of 1mole Na (OH) solution added in drops to the mixtures. Immediately, a color changing to dark- black in the solution is appeared (magnetite feature) for both samples. For removing the anionic electric charge on the nanoparticles outside, 0.5 ml of 2 moles HCl is added to the mixture. The reactants were stirred with a magnetic stirrer during precipitation.

After all, 5 ml of surfactant and coating (oleic acid) was added to the solution.  At reaction temperature of 80 ̊C, the precipitation liquids were stirred for 1h and then the temperature dropped to room temperature. The precipitates were first washed with deionized distilled water to remove impurities in the final products and then with ethanol to remove excess surfactants from the solutions. To separate the supernatant liquids (ethanol plus water), the mixtures were centrifuged. The supernatants were then drained. The centrifugation was continued until a thick black precipitate remained. The remaining sediments were dried for 24 hours and ground into fine powder to make two samples for XRD, FTIR, SEM and VSM.



Results and discussion

Figure.1 depicts the XRD diagram of the produced nanoparticles using magnetic stirring.  Figure.2 shows the XRD diagram of the nanoparticles generated by mechanical stirring. Characteristic peaks for  labeled by their Miller indices ((220), (311), (400), (422), (511) and (440)) were distinguished in the both samples. These peaks indicate that generated nanoparticles were nearly pure spinel form . The particle size can be estimated from the broadening of diffraction peaks. The  mean nanoparticle size can be evaluated by well-known Deby- scherrer equation, . Here, d is the mean dimension of the crystallite, k represents the constant Debay-Scherer coefficient (0.89),  Indicates X-ray wavelength (1.54056),the line broadening (in radians) is denoted by , which is obtained by measuring the full width at half of the maximum peaks and  specifying the Bragg angle.  Using the Debye-Scherrer equation, the average nanoparticle sizes were ~ 11 and ~ 13 nm for mechanical and magnetic stirrer samples, respectively. The lattice parameter obtained using the XRD data is found to be in the range 8.3582 to 8.3651. 
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Figure1: X-ray pattern for Fe3O4 nanoparticles produced by magnetic stirring 
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Figure2: X-ray pattern for Fe3O4 nanoparticles produced by mechanical stirring[33].

The magnetic properties of the nanoparticles were evaluated using VSM with a magnetic field in the range of -1000 to 1000Oe, a saturation magnetization () and a coercive field () at room temperature. The behavior of nanoparticles is generally determined by their magnetic properties. By applying a magnetic field H, the magnetic moment () of the particle tries to be parallel to the direction of the magnetic field. The saturation magnetization of nanoparticles produced by mechanical stirring was  and for the magnetic stirring sample was. The Coercivities of the nanoparticles were very small. It indicated that the magnetic nanoparticles were super paramagnetic. 

The saturation magnetization of the nanoparticles depends on their size. The larger nanoparticle’s size results the larger saturation magnetization. The saturation magnetization of a single domain depends on the number of the magnetic moments within it. The particle with larger size has more magnetic moments and has the larger saturation magnetization.    This behavior can be related to another reason: reducing the particle size leads to increasing of disordering of the magnetic moment directions on the external surfaces of the particles. It results a reduction on the particle’s saturation magnetization. Due to the growth in the order of the system’s magnetic moment’s directions, we have a reducing in the saturation magnetization. 


Figure 3: The VSM diagrams of the magnetic nanoparticles synthesized by mechanical stirring (curve 1) and magnet stirring (curve 2).
Figures 4 and 5 depict the FTIR spectra of the  nanoparticles synthesis by different stirring. In Figure 4, the absorption band at 553cm-1 and the absorption band at 557cm-1 in Figure 5 may be attributed to the vibration of the Fe-O functional group corresponding to the tetrahedral sites of the ferrite spinel structure. The two peaks around 3407 cm -1 in Figure 4 and 3406 cm -1 in Figure 5 are associated with the hydroxyl (OH-) group. Corresponding absorption bands for C-H group are distinguishable at 2852 and 2853 cm-1 in figures 4 and 5 respectively. The peaks at 1445 cm-1 in figure 4 and 1441 cm-1 in figure 5 belong to the C-O group.
[image: figg4gil]

Figure4: FTIR result of synthesis by mechanical mixture[33]
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Figure5: FTIR result of synthesis by magnetic mixture

Figures 6 and 7 show the SEM graphs of the samples. The shape of the nanoparticles is nearly spherical and there is an aggregation between the nanoparticles.  The aggregation can arise from the low concentration of surfactants in colloidal solution or due to drying process. Utilizing of the oleic acid surfactant for the sample coating may give a greater role to the heat drying of the samples for the aggregation.

[image: fig 6 ]
[image: ]Figure 6: SEM graph of  nanoparticles synthesis by mechanical stirring[33]
Figure 7: SEM   graph of  nanoparticles synthesis by magnet stirring
Conclusions 

Fe3O4 nanoparticles were produced by chemical precipitation method. Two samples were prepared in separate, using mechanical and magnet stirring. The SEM images showed the morphology of the generated nanoparticles was near spherical and the average crystallite size of the magnetite nanoparticles was estimated via XRD analysis. The mean sizes were found to be 11nm for mechanical stirring sample and 13nm for magnet stirring one. Those sizes both suitable for technological applications. The XRD analysis also showed that the generated magnetite nanoparticles were in inverse spinel crystallite structure. The VSM demonstrated the nanoparticles showed super paramagnetic behavior at room temperature. Therefore, magnetite nanoparticles can be regarded a soft magnetic material due to their low coercivity. FTIR absorption spectroscopy confirms the reverse spinel structure and the presence of the organic surfactant, elements in the samples. measurement showed that nano particles are spherical.
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