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The Effect of Polyethylene Glycol (PEG) Concentration of Super-Paramagnetic  
Zn0.8Ni0.2Fe2O4 Ferrites Nanoparticles on Magnetic Properties (Ms, Hc)

In this study, super-paramagnetic Zn0.8Ni0.2Fe2O4 ferrite nanoparticles were synthesized simultaneously with the PEG layers 
covering using the hydrothermal method. The X-ray Diffraction (XRD) was used to determine the structure of ferrite, the Scanning 
Electron Microscope (SEM) indicated that the average size of particles was approximately 10.7-13.1 nm, respectively, and PEG 
affected to change the average size of the particle, besides, they can be a good candidate for the agglomeration of the particles, 
this lead to keep the super-paramagnetic state of them. Additionally, the Vibrating Samples Magnetometer (VSM) revealed that 
the magnetization saturation Ms of samples reached the highest value (28.47 emu/gr) with 0.15 g/5 ml PEG concentration. The 
high saturation magnetization of super-paramagnetic Zn0.8Ni0.2Fe2O4 ferrite nanoparticles promises a good ability for applica-
tions such as microwave absorbing materials, X-ray clothing protection, MRI contrast image enhancement, target drug delivery,  
and gas sensors.
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1. Introduction

Magnetic materials have created great expectations in the 
last few years [1-3]. Magnetic materials demonstrate excellent 
ability in microwave absorbing materials when they reach a su-
perparamagnetic state (the particles with an average size less than 
10 nm, and the coercive force Hc, the remanence Mr towards zero 
value) [4-6]. Besides, the superparamagnetic materials exhibit 
their high potential applications such as drug target delivery, MRI 
contrast enhancement, gas sensors, cancer treatment, magnetic 
nanofluids, stealth painting layers in the military [7-13], and so 
on. To keep the superparamagnetic state of ferrites, surfactant 
plays an important role in preventing agglomeration, good stabil-
ity, and uniform particle sizes. Applying in the biomedical field 
requires non-toxicity and compatibility with the human body. 
Polyethylene glycol (PEG) is the best candidate for coating these 
superparamagnetic particles [12,14,15].

In application for cancer treatment, V.J. Sawant and col-
leagues studied PEG coating of zinc ferrite and cobalt towards 

breast cancer treatment [12], CoFe2O4 and ZnFe2O4 nanopar-
ticles were surface functionalized with PEG and Chitosan, the 
effects of PEG and Chitosan coating over ferrites for Curcumin 
release have been elaborated, and the Chitosan coated Curcumin 
loaded Zinc ferrite nanohybrid exhibited higher drug delivery 
and anticancer effects. Besides, the effect of the PEGylation 
process on the magnetic properties and biocompatibility of 
the synthesized nanoparticles was also studied by Sedigheh 
Cheraghali and colleagues [14]. The results show that the PEG-
coated MnZn ferrite nanoparticles with hierarchical structure 
synthesized in the study can be considered as an MRI contrast 
agent at concentrations between 0.1 and 0.3 mg/ml. 

There are various techniques adopted for the synthesis of 
nanosized zinc nickel ferrite, including co-precipitation [17], 
sol-gel techniques, and hydrothermal methods. In this study, we 
use the co-precipitation method combined with hydrothermal 
conditions to synthesize at a low temperature, to investigate the 
effects of PEG concentration on Zn0.8Ni0.2Fe2O4 nanoparticle’s 
magnetic properties.
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2. Experimental procedure

2.1. Chemicals

All chemicals used were FeCl3.6H2O, ZnCl2, NiCl2.6H2O, 
NH4OH, and PEG purchased from Sigma Aldrich (USA). Only 
ethanol was obtained from Xylong (China). 

2.2. The synthesis process of super-paramagnetic 
Zn0.8Ni0.2Fe2O4 ferrite nanoparticles

The pure Zinc, Nickel, and Ferric salts were dissolved in 
doubly distilled water to get a solution with a concentration 
of 0.1 M. Then, the PEG solution was dropped by drop to the 
above solution. The mixture was then heated to 60°C under stir-
ring at 500 rpm. Next, the 25% ammonia solution was added to 
precipitate the mixtures. Add PEG solution before the ammonia 
solution to prevent agglomeration of particles when precipita-
tion occurs. The hydroxides of Zinc, Nickel, and Ferric were 

formed. After that, they were poured into a Teflon stainless steel 
autoclave and heated to 140°C in 6 hours. Finally, the mixture 
was washed with ethanol to remove the impurities and dried 
at 100°C for 4 hours. The superparamagnetic Zn0.8Ni0.2Fe2O4 
ferrite nanoparticles were collected, displaying a brown color. 
Fig. 1 illustrated all the steps of the process.

2.3. Characterizations

X-ray diffraction (XRD) method was used to analyze the 
structure of super-paramagnetic ferrites Zn0.8Ni0.2Fe2O4 nanopar-
ticles (Bruker D8 diffractometer) with Cu-Kα radiation. Fourier 
Transform Infrared (FTIR) Spectroscopy (Model: TENSOR37-
BRUKER) was used to confirm the chemical bonds present in 
the samples. The morphological analysis was carried out by 
Scanning Electron Microscope (SEM, S-4800). The magnetic 
properties of samples were determined using a Vibrating Sample 
Magnetometer (VSM, MICRO SENSE 3474-140).

Fig. 1. The super-paramagnetic Zn0.8Ni0.2Fe2O4 ferrite nanoparticles process
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3. Results and discussions

3.1. The effect of the PEG’s concentration on the 
structure and nanoparticle size of super-paramagnetic 

Zn0.8Ni0.2Fe2O4 ferrite nanoparticles

Fig. 2 shows the X-ray diffraction spectrum of 
Zn0.8Ni0.2Fe2O4 nanoparticles with PEG’s different concentra-
tions from 0.075 g/5 ml to 0.2 g/5 ml. XRD spectrum is taken 
with a scanning angle from 20°- 70°, the spectrum clearly shows 
6 peaks: (220), (311), (400), (422), (511), (440) of 5 samples. 
Based on the peak angles of the spectrum, we can conclude that 

the XRD spectrum has a pretty good crystallization degree, cor-
responding to the standard (JCPDS 52-0277) for the Zinc Nickel 
spinel X-ray diffraction pattern.

The crystallite size of each composition was then deter-
mined by the Scherrer relation [17]:
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where K is constant, taken by 0.89; D is the crystallite size, 
λ is the X-ray wavelength, β is the full width at half maximum 
(FWHM) measured in radians, and θ is the Bragg angle. The 
values of XRD parameters are listed in TABLE 1.

Fig. 2. XRD patterns of Zn0.8Ni0.2Fe2O4 nanoparticles ferrites synthesized with PEG’s different concentrations: a. 0.075 g/5 ml; b. 0.125 g/5 ml; 
c. 0.15 g/5 ml; d. 0.175 g/5 ml; e. 0.2 g/5 ml
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TABLE 1

The 2θ, FWHM, and average crystallite size of Zn0.8Ni0.2Fe2O4 
nanoparticles

PEG’s concentration 
samples (g/ml) 2θ (°) β (FWHM) 

in radian
Average crystallite 

size (nm)
0.075g/5ml 17.68

17.68
17.67
17.67
17.68

0.0175 8.3
0.125g/5ml 0.0168 9.2
0.15g/5ml 0.0134 10.3
0.175g/5ml 0.0142 10.2
0.2g/5ml 0.0161 9.1

The average crystallite size rises from 8.3 nm to 10.3 nm 
when the PEG’s concentration increases from 0.075 g/5 ml to 
0.15 g/5 ml. Then, the crystalite size decreases from 10.3 nm to 
9.1 nm. The values of the calculated crystallite size from Scher-
rer’s formula varied from 9.1 nm to 10.3 nm with the change in 
PEG concentration. So, adding PEG’s concentration reaches the 
highest average crystallite size at 0.15 g/5 ml.

The FTIR was used to confirm the bonding of samples 
with and without PEG. In Fig. 3 with PEG, the wave number 
displayed at 1000.92 cm–1 is a stretching vibration of the C-O 
group [18]. In addition, the wavenumber at 3405.9 cm–1 was 
related to the stretching vibration of the –OH group (hydroxyl) 

[19,20], a common peak in PEG. So, the FTIR spectrum con-
firmed the PEG appearance.

Fig. 4 displays the size distribution of Zn0.8Ni0.2Fe2O4 nano-
particles after covering by PEG. And, the aim of using PEG layers 
is to prevent the agglomeration of ferrite nanoparticles and keep 

a.

c.

b.

d.

Fig. 4. SEM images of super-paramagnetic Zn0.8Ni0.2Fe2O4 ferrites nanoparticles with PEG concentration of a. 0.075 g/5 ml; b.0.125 g/5 ml, 
c. 0.15 g/5 ml, d. 0.175 g/5 ml and e. 0.2 g/5 ml

Fig. 3. FTIR of samples with and without PEG
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them stable in a super-paramagnetic state [14]. The SEM analyses 
show the spherical morphology of Zn0.8Ni0.2Fe2O4 nanoparticles, 
and the average size is approximately 10.7-13.1 nm, the addi-
tion of PEG’s concentration (from 0.075 g/5 ml to 0.15 g/5 ml) 
lead to the increase of the size of Zn0.8Ni0.2Fe2O4 nanoparticles, 
respectively [21]. The average nanoparticle size of samples 
with 0.175 g/5 ml and 0.2 g/5 ml were 12.4 and 12.1 nm, with 
a variation of 0.1 nm. In conclusion, the increase in the PEG 
concentration does not highly affect the average nanoparticle 
size. In addition, the small average size leads to the one direction 
of the particle, respectively.

3.2. The effect of PEG’s concentration on magnetic 
properties of super-paramagnetic Zn0.8Ni0.2Fe2O4 ferrite 

nanoparticles

The magnetic properties of super-paramagnetic Zn0.8Ni0.2 
Fe2O4 ferrite nanoparticles are displayed in Fig. 5 and TABLE 2. 
It is noted that the Ms value of super-paramagnetic Zn0.8Ni0.2 
Fe2O4 ferrite nanoparticles increased (19.69 to 28.47 emu/gram) 
with increasing PEG’s concentration from 0.075 g/5 ml to 
0.15 g/5 ml, and then, decrease to 26.95 emu/gr with increasing 

PEG’s concentration to 0.2 g/5 ml. Compared to the covering 
layers of oleic acid and 1-pentanol as we had studied before 
[16,22], the PEG layers demonstrated the highest Ms value with 
the same heating temperature (140°C).

TABLE 2 indicates that the PEG layers are not affected by 
the super-paramagnetic state of Zn0.8Ni0.2Fe2O4 ferrite nanopar-
ticles. All samples exhibit a coercivity force (Hc) and remanent 
magnetization (Mr) that reach zero, indicating they have achieved 
a super-paramagnetic state. The maximum magnetization satu-
ration was at 0.15 g/5 ml PEG’s concentration. In our previous 
study [23], the super-paramagnetic state of Zn0.8Ni0.2Fe2O4 
ferrite nanoparticles had been applied to microwave-absorbing 
materials. It reached a very high microwave absorption percent-
age, which is also indicated in another study [24].

4. Conclusions

PEG layers cover the super-paramagnetic Zn0.8Ni0.2Fe2O4 
ferrite nanoparticles. The study demonstrated that the magnetiza-
tion saturation value increased with increasing PEG’s concentra-
tion from 0.075 g/5 ml to 0.15 g/5 ml, the highest magnetization 
saturation value reached 28.47 emu/gr with 0.15 g/5 ml PEG’s 
concentration. The high value of magnetization saturation pro
mises a good ability for microwave-absorbing materials, MRI 
contrasts image enhancement, target drug delivery, and X-ray 
clothing protection.
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