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Using the auto combustion sol-gel method, nanoferrite crystalline aligns of Dy3+ replaced Zn-Fe spinel ferrite with the chemical 
formula DyxZn1-xFe2-xO4 (x= 0.00, 0.05) were successfully synthesized. In this process, citric acid was utilized as energy (fuel) in a 
3:1 ratio to metal nitrate. Using XRD and FT-IR, the crystal structure and phase of dysprosium zinc was examined. Using the XRD 
method, the crystal size, lattice constant, cation distribution, and porosity were ascertained. FT-IR spectroscopy is used to infer 
structural study and the redistribution of cations between octahederal (A) and tetrahederal (B) site of Zn material. According to 
morphological research, the temperature during sintering is what causes grain to form and grow. Utilizing the Hysteresis Loop 
Technique, saturation magnetism and magneton number are determined. In Zn-Fe ferrite, the saturation magnetization rises with 
increasing density x, utilizing the Sol-gel auto-combustion method at a comparatively low temperature. Using nitrate citrate, the 
nanocrystallite DyxZn1-xFe2-xO4 was created. The combustion process and chemical gelation are unique. Using citric acid as a 
catalyst, their metal nitrates nanoferrites underwent a successful chemical reaction and were obtained as a dried gel. FT-IR, UV-
Visible, VSM and XRD were used to characterize the produced nanoferrite powders. Magnetization and hysteresis were measured 
using the VSM technique. The FT-IR verifies that the synthesized substance is ferrite. The size of the nanocrystalline ferrite material, 
DyxZn1-xFe2-xO4, was determined by X-ray using the Scherrer method to be between 16.86 to 12.72 nm average crystallite size. 
Magnetization and hysteresis were measured using the VSM technique. 
Keywords: Autocombustion technique; VSM technique; FT-IR spectroscopy; UV-Visible Spectroscopy; XRD method 
PACS: 75.50.Gg,  75.75.+a, 76.60.Es 

1. INTRODUCTION
Substituted rare earth materials with different ferrites are emerging as promising materials with a range of uses. 

Depending on the kind and quantity of rare earth element utilized, the addition of a small amount of rare earth to iron 
oxide samples changes their electrical, magnetic, and structural properties. Two categories exist for rare earth ions: one 
has a radius that is similar to that of iron ions, while the other has a radius that is larger [1]. This variation in ionic radii 
will cause micro strain, which could cause the spine's structure to deform [2]. Because of their large ionic radii, rare 
earth ions replaced Fe3+ in the ferritin mixture, resulting in limited soluble in the spinel lattice [3]. It is discovered that 
the rare earth ions are a promising addition to enhance ferrites' magnetic characteristics [4–5]. Sm3+ doped Cu–Zn 
ferrite [6] and La3+ doped Ni–Cu–Zn ferrite [5] are two examples of rare earth doped ferrites. 

Researchers used a variety of techniques to create zinc ferrite nanoparticles, such as hydrothermal, solgel auto-
combustion, combination, sonochemical, the microemulsion, reverse micelle, and high energy ball milling [7-10]. Due 
to its low cost, heat at low temperatures treatment, and ease of handling in comparison to other methods, sol-gel 
autocombustion is one of the most widely used methods for preparing nano-scale ferrite powder [11]. The physical 
properties of zinc ferrite nanoparticles are influenced by grain size and cation distribution at A- and B-sites in the spinel 
ferrite lattice. Doping spinel ferrite nanoparticles with different rare earth ions in small amounts has recently emerged as 
a promising strategy for improving their physical properties [12]. 

In the current study, dysprosium-doped Zinc ferrite was synthesized using the sol-gel auto combustion 
method [13]. The following techniques were used to characterize these ferrite materials: electrical resistivity, magnetic 
hysteresis, TGA-DTA, XRD, FT-IR. This dysprosium doped Zn ferrite material's catalytic activity was investigated for 
the breakdown of hydrogen peroxide. It had demonstrated that the rate constant increases as the amount of Dy in 
ZnFe2O4 [x=0.0, 0.050] increases. 
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2. MATERIALS AND METHODS 
2.1 Materials 

Chemicals of reagent grade purity were used. We prepared solutions of zinc nitrate, iron nitrate, dysprosium 
nitrate, and ammonia in deionized water. The added to a beaker containing 0.25 M zinc nitrate solution. Added to it 
after that were solutions of dysprosium nitrate and 0.25 M iron nitrate. This mixture was mixed with citric acid solution, 
and ammonia solution was added while stirring continuously to bring the pH to 7. To create gel, this mixture was 
agitated and heated to 80℃ for three hours. To get Dy-Zn ferrite powder, this gel was heated on a hot plate between 
300℃. This powder was used for characterization after being calcined for 4-5 hours at 500 0C. 

 
2.2 Characterization techniques 

The structural characterization and phase identification were examined using X-Ray Diffraction (XRD), (Rigaku 
miniflex 600), fitted with a high-intensity Cu-k radiation source (λ = 1.5406) in the 2θ range (20°–80°) with a step size of 
0.0260 at room temperature. FTIR (Thermo Nicolet, Avatar 370) recorded the room temperature Fourier transform infrared 
spectra in the wavenumber range of 4000-400 cm−1. A Vibrating Sample Magnetometer (VSM) with a maximum applied 
magnetic field range was used to measure the magnetic characteristics of the sample at room temperature. 

 
3. RESULT AND DISCUSSION 

3.1 XRD Analysis 
The X-ray diffraction structure for ZnDyxFe2-xO4 (x= 0.00, 0.05) spinel ferrite nano particles that were synthesized 

using the sol-gel method. The samples of Zn composites were sintered for five hours at 500 °C.  The XRD was used to 
determine the structure of the crystal and crystalline phase pattern. This is an extremely useful method for calculating 
crystalline parameters. 

Fig. 1(a). The diffraction peaks observed in the XRD pattern of prepared samples corresponded to the crystal 
planes (311), (400), (332), (530), (631) and (643) respectively. The presence of all diffraction peaks of nanoparticles 
that have been synthesized makes certain the formation of the cubic inverse spinel structure, the sign denotes the mixed 
impurity phase of DyFeO3. Because of its larger ionic radius, the substitution of Fe3+ions by Dy3+ ions have a solubility 
limit. As a result, the amount of Fe3+ ions that can be replaced by Dy3+ ions are limited. Because of its larger ionic 
radius, the substitution of Fe3+ ions by Dy3+ions have a solubility limit. As a result, the amount of Fe3+ ions that will be 
replaced by Dy3+ ions are limited. As a result of an excess substitute of Dy3+ ions, it is expected that DyFeO3 phase will 
develop together the grain boundaries, as observed [14]. 

The crystallite sizes were determined using equations 1 are shown in Table 1, and the W-H plots βcosθ versus 
4 sin θ for samples that were synthesized are shown in Fig. 1(b). The intercept used to determine the crystal size (D) 
was calculated was provided by a linear plot, and the strain value was computed by a straight line fitting of the slope. 
The crystallite sizes of Zn DyxFe2-xO4 are smaller than those of pure zinc ferrite due to differences in the ionic radii of 
doped ions and substituted ions from the interstitial sites, and the results are consistent with ref. [15,16,17]. 

Figure 1 depicts an XRD pattern. The average size of the crystallite (Dm) was calculated using the Debye Scherrer 
formula, which is given as: 

 D = kλ/βcos θ (1) 

Where, k is 0.9 for spinel ferrites; λ is the1.54 indicates the x-ray wavelength; β is the FWHM of the most intense peak, 
and is the diffraction angle of the most intense peak. 

The average lattice parameter 'a' can be calculated using the formula:  

 a = √ℎଶ + 𝑘ଶ + 1ଶ (2) 

Where, d is the crystal plane spacing; hkl is the miller index value 
The average lattice constant for all samples was found to be in the range of 8.44 to 8.33. The ionic radiuses. The 

average lattice parameter 'a' was explained using the ions Dy 3+ and Fe3+. The average lattice parameter was found to 
decrease as the Dy3+ doping content increased. The following formula can be used to calculate X-ray density ρx: 

 ρx =
଼ெே௔య, (3) 

where, 
M is the molecular weight of the composition Z=8 for spinel structure represents the number of molecules per unit cell, 
N is the Avogadro number (6.0221×1023), and a3 is the volume of the unit cell.  

The X-ray density was calculated to be between 7.48 and 21.23 g/cm3. Because Dy3+ has a higher molar weight 
than Fe3+, the relationship between X-ray density and quantity is almost linear [12]. This means that the X-ray density 
increases as the amount of Dy3+ doping increases.  
The Micro-strain calculated by using this formula  

 Micro-strain = ఉ ௖௢௦ ఏସ (1015) (4) 
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Micro-strain was calculated to be between 0,0021 and 0.0029. As the concentration of Dy3+ doping increases, the 
micro-strain decreases. At x = 0.00, 0.05 the highest value of micro-strain was observed. The dislocation density of the 
nanoparticles that can be calculated using the following equation: 

 δ = ଵ஽೥(1015)  (5) 

Where, D is the crystalline size. 

 
Figure 1(a). XRD Analysis of Dy 3+ Zn ferrite (x=0.00,0.05) 

  
Figure 1(b). Hall – Williamson plots of ZnDyFe2O4 (x=0.00, 0.05) 

Table 1. Measurement of Lattice Constat, Density and Micro-strain, etc. 

Content x Interplanar 
distance 

Lattice parameter 
(Aº) 

X ray 
Density 

Crystalline 
size (nm) 

Micro-
strain 

Dislocation Density 
(×1014) line/m2 

0.00 2.5465 8.4469 4.2597 17.77 0.0021 0.0084 
0.05 2.5120 8.3323 4.4378 12.83 0.0029 0.0237 

 
3.2 FT-IR Analysis 

As shown in Fig. 2, the FT-IR spectra of theZnDyxFe2-xO4 samples are obtained in the 4000 to 500 cm-1 range. 

 
Figure 2. FT-IR spectra of Dy3+doped Zn ferrite (x=0.00,0.05) 
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Ferrite exhibits two prominent oxygen-metal frequencies [18]. The tetrahedral (A) and octahedral (B) metal 
stretching, which are thought to be the typical bands of spinel structure, were associated with the higher frequency band 
(υ1) and lower frequency band (υ2) which were observed in the range of 532-516 cm-1 and 432-416 cm-1 [19]. 

The absorption frequency values, n1 and n2 that as the Dy3+content increased, the absorption frequency υ2 was 
slightly moved towards a higher frequency and υ1 towards a lower frequency side. This is explained by the Fe3+ions on 
the tetrahedral site shifting in the direction of the oxygen ions, which reduces with the Fe3+-O2 distance. The basic 
frequency and central frequency decrease as the site radius increases, which changes to the underside Literature has 
documented similar reports [20-21]. 
 

3.3 VSM Analysis 
For VSM analysis Figure 3 shows Hysteresis loop of Zn Dy3+doped Zn ferrite(x=0.00,0.05). The Saturation 

Magnetization (Ms), Coercivity (Hc), and Remnant ratio (R=Mr/Ms) of each sample are listed in Table 2. The values of 
Ms and Mr for pure zinc ferrite have decreased from 1248.0914 to 041.0400 emu/g and 301.2114 to 301.2114emu/g, 
respectively, while the coercivity has increased from 058.8889 to 050.5556 Oe. The decrease in Ms with Dy content is 
in line with the findings of ferrites doped with rare earth elements [22]. Tables show that there is a direct correlation 
between the size of the nanoferrite particles and the value of MS [23]. 

Table 2 shows that when Dy3+ is substituted, the magnetization values decrease. The site use of the cations and the 
changes in the exchange effects brought about by the adding of dysprosium can be used to explain the trend. The 
primary source of magnetic properties is Fe3+ on the cubic spinal B-sites. Due to its strong octahedral preference, the 
dysprosium ion takes up residence at the B-site, causing the Fe3+ ion to migrate to the A-site. 

 
Figure 3. Hysteresis loop of Zn Dy3+doped Zn ferrite(x=0.00,0.05) 

Table 2. Measurement of Saturation Magnetization (Ms), Coercivity (Hc), and Remnant ratio 

Composition (x) Hc (Oe) Mr (emu/gm) Ms (emu/gm 
0.00 050.5556 301.2114 1248.0914 
0.05 058.8889 301.2114 041.0400 

 
3.4 UV-Visible analysis 

The Diffuse Reflectance Spectroscopy (DRS) optical absorption spectra in the absorption mode for ZnDyFe2O4 
nanoparticles (where x = 0.00, 0.05) within the UV-visible range are shown in Figure 4. 

 
Figure 4. Absorbance spectra of ZnDyFe2O4 system (x=0.00,0.05) 
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These samples were prepared at room temperature and sintered at 500°C. Three absorption bands are observed at 
416 nm and 518 nm, which is in line with the XRD findings. The composition and heat treatment of the samples 
influence the nature of this absorption, as shown in Figure 4. Three different types of electronic transitions are seen in 
the optical absorption of ZnDyFe2O4 samples. Specifically, for the x = 0 composition sample, electronic transitions 
related to charge carriers are observed in the wavelength range of 200 to 800 nm within the optical region. 

The calculated band gap energy decreases from 2.9807 to 2.3938 eV for samples sintered at 500°C [24]. 

 Energy band gap=1240/π(nm) (6) 
 

4. CONCLUSION 
Spinel ferrites nanoparticles have an important role in our daily lives and are used in a variety of applications 

including medical sectors, nano electronics, and the treatment of waste water, among others. Dysprosium (Dy3+) 
substituted Zn nanoferrites with the general formula ZnDyxFe2-xO4 (x = 0.00, 0.05) were successfully synthesized using the 
sol-gel autocombustion method, which is the simplest method for producing such nano ferrites. The decrease in average 
crystalline size from 16.86 to 12.72 nm is the result of Dy3+ substitution on the structural characteristics of zinc ferrite. 

FT-IR was used to confirm the spinel phase structure. The characteristics of spinel structure are divided into two 
primary frequency bands: the higher frequency band υ1 (approx. 532 cm-1) and the lower frequency band υ2 
(approx. 432 cm-1). The absorption peaks are referred to as higher frequency bands υ1 due to the tetrahedral site of 
inherent increasing vibration. Lower frequency bands υ2 are referred to as octahedral stretching bands. 
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ДОСЛІДЖЕННЯ СТРУКТУРНИХ, МАГНІТНИХ ТА ОПТИЧНИХ ВЛАСТИВОСТЕЙ НАНОФЕРИТІВ ЦИНКУ, 

ЛЕГОВАНИХ ДИСПРОЗІЄМ ШЛЯХОМ ЗОЛ-ГЕЛЬ АВТОЗГОРЯННЯ 
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Використовуючи золь-гель метод автоматичного спалювання, було успішно синтезовано кристалічні угруповання 
нанофериту Dy3+, заміненого шпінельним феритом Zn-Fe з хімічною формулою DyxZn1-xFe2-xO4 (x= 0,00, 0,05). У цьому 
процесі лимонна кислота використовувалася як енергія (паливо) у співвідношенні 3:1 до нітрату металу. За допомогою XRD 
та FT-IR досліджено кристалічну структуру та фазу диспрозію цинку. Методом XRD встановлено розмір кристалів, 
постійну ґратки, розподіл катіонів і пористість. FT-IR спектроскопія використовується для висновку про структурне 
дослідження та перерозподіл катіонів між октаедральним (A) і тетраедральним (B) матеріалом Zn. Згідно з морфологічними 
дослідженнями, температура під час спікання є причиною формування та росту зерна. Використовуючи методику петлі 
гістерезису, визначають магнетизм насичення та число магнетонів. У фериті Zn-Fe намагніченість насичення зростає зі 
збільшенням щільності x, з використанням методу золь-гель автоспалювання при порівняно низькій температурі. 
Використовуючи цитрат нітрату, створено нанокристалліт DyxZn1-xFe2-xO4. Процес горіння і хімічне гелеутворення 
унікальні. Використовуючи лимонну кислоту як каталізатор, їхні наноферити з нітратів металів пройшли успішну хімічну 
реакцію та були отримані у вигляді висушеного гелю. FT-IR, UV-Visible, VSM та XRD були використані для 
характеристики отриманих наноферитових порошків. Намагніченість і гістерезис вимірювали за допомогою методу VSM. 
FT-IR підтверджує, що синтезована речовина є феритом. Розмір нанокристалічного феритового матеріалу, DyxZn1-xFe2-xO4, 
був визначений рентгенівським методом за допомогою методу Шеррера, коли середній розмір кристалітів становить від 
16,86 до 12,72 нм. Намагніченість і гістерезис вимірювали за допомогою методу VSM. 
Ключові слова: техніка автозгоряння; техніка VSM; FT-IR спектроскопія; УФ-видима спектроскопія; метод XRD 




