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Synthesis and characterization of structure magnetic properties of 
Fe3O4@ZnO- C nanocomposite have been done through the precipitation 
method. This study aimed to discover the effect of concentrations/thickness of 
carbon layer on crystal structure and magnetic properties of Fe3O4@ZnO-C 
nanocomposites. Fe3O4 and Fe3O4@ZnO were the samples used in the study, and 
variations in the amount of carbon were 0.2, 0.1, and 0.05 g. Nanocomposites 
were characterized using X-ray diffraction (XRD), Fourier-transform infrared 
spectroscopy (FTIR), and vibrating sample magnetometer (VSM). Based on the 
results of XRD, it has been found that the crystal structure for Fe3O4 was cubic, 
while ZnO was hexagonal wurtzite. The addition of carbons to Fe3O4@ZnO 
caused a broadening of the diffraction peaks and a decrease in the degree of 
crystallinity. The bonds formed on Fe3O4@ZnO-C nanocomposites, i.e. Fe-O 
bonds indicated the formation of Fe3O4, Zn-O bonds showed the formation of 
ZnO and C-O, C-H, and O-H bonds revealed the presence of a carbon layer 
originated from glucose. The VSM results showed that the magnetic saturation 
decreased with increasing carbon mass. Overall, the carbon-coated 
nanocomposite material with a carbon mass variation of 0.2, 0.1, and 0.05 g 
showed superparamagnetic properties with a magnetic saturation of 18.23 
emu/g, 19.33 emu/g and 22.05 emu/g, while for the coercive field of 92.29 Oe, 
92.90 Oe and 89.60 Oe, respectively. Based on these characterization results, 
Fe3O4@ZnO-C nanocomposite materials can potentially be developed as 
biomedical materials, such as the materials for photothermal therapy for cancer 
cells. 

 

1. Introduction 

Material applications in the biomedical field have 
been widely conducted, including diagnostic materials, 
therapies, and many more. Some diagnostic methods, 
such as fluorescence imaging (FL), photoacoustic 
imaging (PAI), and magnetic resonance imaging (MR), 
have been explored to enhance the accuracy and 
efficiency during treatment. At the same time, materials 
for therapies include photothermal therapy, chemical 
therapy, and others. Gadolinium-based contrast agents 
are the most commonly used. However, a high-dosage 
application can be toxic and cause side effects, such as 
skin thickening, soft tissue calcification, and impaired 
mobility. Iron oxide (Fe3O4) nanoparticles are more 

promising to be developed than gadolinium-based 
contrast agents because Fe3O4 has better 
biocompatibility and pharmacokinetics [1, 2]. 

In the last decade, studies about these biomedical 
materials have focused more on Fe3O4-based since they 
are biocompatible, easy to synthesize, and can be 
combined with other nanocomposite materials [2,3]. In 
biomedical applications, Fe3O4 can be combined with 
other materials, such as luminescence materials or 
biocompatible materials [3, 4]. Types of luminescence 
materials that are being used include those from the 
cluster. The kinds of luminescence materials used are 
from the groups of lanthanide [5, 6], metal-
semiconductor [7, 8], and carbon/graphene [9, 10, 11]. 
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ZnO is one of the luminescent components of the metal 
semi-conductors group. ZnO is approved as a non-toxic 
material because there is no evidence of carcinogenicity, 
genotoxicity, or reproductive toxicity in humans [12]. In 
addition to the luminescence properties associated with 
the quantum size effect, ZnO nanoparticles combined 
with magnetic materials can produce magneto-optical 
materials in the application of bio-imaging materials 
and other imaging methods. Some biocompatible 
materials are polymers, including dextran, albumin, 
polyethylene glycol, and polyvinyl pyrrolidone, which 
have been used as coating materials on Fe3O4 [13]. Folic 
acid [14], chitosan [15], and silica [16] are examples of 
other coating materials. 

Magnetic nanoparticles coated with organic and 
inorganic materials might improve stability, dispersion, 
and functionality. A strong bond (such as a ZnO-based 
interfacial covalent bond) is more potential to be 
developed, especially for nanoparticles suspended in a 
biological liquid, as shown by the core-shell of 
Fe3O4@ZnO nanocomposite [3, 8, 17]. This iron-based 
nanocomposite is more stable and safe to be in contact 
with humans than other magnetic nanoparticles. In 
addition, the surface of ZnO is rich with -OH cluster, 
which can easily be functionalized with surface 
engineering by various molecules. 

This study conducted a modification on Fe3O4@ZnO 
by coating it with carbon. This study will determine how 
the carbon layers affect the magnetic properties of the 
Fe3O4@ZnO nanocomposite material, allowing the 
material to be used in the biomedical area. Fe3O4@ZnO 
was used as a contrast agent, while the outer part 
(carbon layer) with good hydrophilicity can be used as a 
photothermal reagent. After being coated with carbon, 
the entire Fe3O4@ZnO-C nanocomposite has good 
biocompatibility and magnetism that can be developed 
as bioimaging and phototherapy materials. 

2. Experimental 

2.1. Materials and Instruments 

The materials used in this study were FeCl3.6H2O 
and FeSO4.7H2O (Merck), NH4OH 21% (Bratachem), 
alcohol 96%, Zn(NO3)2 (Merck), PEG 1000 (Merck), and 
glucose. The characterization instrument used was an X-
ray diffractometer (XRD, Bruker D8 Advance) to 
determine the phase and crystal structure. The chemical 
bonds formed were identified using Fourier Transform 
Infrared Spectroscopy (FTIR, Nicolet iS50 FTIR), and 
Vibrating-Sample Magnetometer (VSM, VSM250) was 
employed to discover the magnetic properties of 
materials. 

2.2. Synthesis of Fe3O4@ZnO 

The synthesis of Fe3O4@ZnO initially started by 
synthesizing Fe3O4 through the coprecipitation method. 
FeSO4.7H2O and FeCl3.6H2O with a molar ratio of 1:2 were 
dissolved in 30 ml of distilled water. The homogeneous 
solution was added dropwise with 30 ml of NH4OH, 
turning the solution black, and subsequently stirred for 
120 minutes at 60°C. The solution was precipitated with 

a permanent magnet and washed three times with 
distilled water. 

Zinc nitrate was dissolved in 100 ml of distilled 
water, and gradually added 30 ml of NH4OH. The zinc 
nitrate solution was mixed into the Fe3O4 precipitate and 
stirred using a magnetic stirrer at 70°C for 24 hours. The 
solution was precipitated, separated from the solvent, 
and washed three times using distilled water. The 
precipitate was then dried using a furnace at 300°C for 2 
hours. Finally, the dried precipitate was ground using a 
mortar and pestle to form Fe3O4@ZnO powder. 

2.3. Synthesis of Fe3O4@ZnO-C 

The synthesis of Fe3O4@ZnO-C initially started by 
synthesizing carbon. A total of 0.53 g of PEG and 1.8 g of 
glucose (1:2) were dissolved in 25 ml of distilled water. 
The solution was stirred using a magnetic stirrer for 30 
minutes at 450 rpm. The solution was dried in an oven 
for 3 hours at 300°C to form carbon and ground into 
powder. 

The following synthesis process combined 
Fe3O4@ZnO with carbon. A total of 0.2 g of carbon 
powder was dissolved into 10 ml distilled water. The 
carbon solution was then mixed with 0.4 g of Fe3O4@ZnO 
powder, which was then stirred using a magnetic stirrer 
for an hour at 80-90°C and dried for 3 hours at 250°C. 
The dried Fe3O4@ZnO-C was ground into powder. 
Further synthesis was conducted similarly for variations 
in carbon mass of 0.05 g and 0.1 g. 

3. Results and Discussion 

3.1. The Analysis of Crystal Structure 

XRD characterization results were used to determine 
the structure of Fe3O4@ZnO-C nanocomposites. A 
wavelength (λ) of 0.15418 and 2θ angle of 20–100° were 
employed in the process. The X-ray diffraction pattern 
of the tested sample is shown in Figure 1. The diffraction 
pattern obtained from the sample characterization 
results was compared with the standard data from the 
International Center for Diffraction Database (ICDD). 

 

Figure 1. XRD patterns of Fe3O4, Fe3O4@ZnO and 
Fe3O4@ZnO-C nanocomposites 
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Based on Figure 1, Fe3O4 nanoparticles have a 
maximum diffraction peak at 2θ = 36.5692°. The results 
of the Fe3O4 synthesis were compared with ICDD 
standard data with a reference code of 01-088-0315. The 
indication of the formation of the Fe3O4 phase was 
supported by the appearance of diffraction peaks at 
Miller indices of (220), (311), (400), (442), (511), (440) 
and (533). The crystal structure formed was cubic with 
lattice parameters of a = b = c = 8.3750 Å. Fe3O4@ZnO 
nanocomposite has a maximum diffraction peak at 2θ = 
36.2552°. The phase formed from the characterization 
results is Fe3O4 which is characterized by the appearance 
of a diffraction peak at the Miller indices of (220), (311), 
(400), (331), (422) and (440), and ZnO phase with Miller 
indices of (100), (002), (101), (102), (103), (112) and (201), 
these indicated the successful formation of ZnO shells as 
supported by the study of Gupta et al. [8]. 

ICDD data with a reference code of 01-088-0315 
showed that Fe3O4 has a cubic crystal structure with 
lattice parameters of a = b = c = 8.3750 Å. Meanwhile, 
ICDD data with a reference code of 01-089-7102 revealed 
that ZnO has a hexagonal structure with lattice 
parameters of a = b = 3.2495 Å, and c = 5.2069 Å. 
Fe3O4@ZnO-C nanocomposite with a carbon mass of 0.2 
g showed the maximum diffraction peak at an angle of 
2θ = 35.527°. The phases formed from the 
characterization of Fe3O4@ZnO-C nanocomposite were 
Fe3O4, ZnO and C. The ICDD data with a reference code of 
01-088- 0315 showed that the Fe3O4 phase has a cubic 
crystal structure with lattice parameters of a = b = c = 
8.3750 Å. ICDD data with a reference code of 00-001-1136 
revealed that the ZnO phase has a hexagonal structure 
with lattice parameters of a = b = 3.2420 Å and c = 5.1760 
Å. The ICDD data with a reference code of 01-073-5918 
indicated that phase C has a rhombohedral structure 
with lattice parameters of a = b = 2.5158 Å and c = 10.2090 
Å. Similar to samples with a mass of 0.1 g and 0.05 g 
carbon, all phases of Fe3O4 have a cubic crystal structure, 
and ZnO has a hexagonal wurtzite crystal structure. 
Meanwhile, carbon has an orthorhombic structure with 
lattice parameters of a = 4.5750 Å, b = 5.3040 Å and c = 
5.6350 Å, which corresponded to ICDD data with a 
reference code of 01-089-8488. 

Figure 1 also shows that the larger the mass of 
carbon used, the broader the diffraction peak produced 
and a decrease in the degree of crystallinity. No peaks 
corresponding to any other phases are detected, 
indicating that there has been no reaction between Fe3O4, 
ZnO and C during the coupling of the magnetite core 
process. As crystalline domain size decreases further, 
peak broadening increases significantly. The absence of 
some Fe3O4 and ZnO peaks in some samples of 
Fe3O4@ZnO can be attributed to a significant broadening 
of the peaks, which results in low signal intensity, peak 
overlapping, and difficulty in peak differentiation. 
Particles with small crystalline domain sizes become 
challenging to analyze due to broad peaks and low 
signal-to-noise ratios, so they are not observable. This 
can be seen clearly in the Fe3O4@ZnO-C nanocomposite 
sample with a carbon mass of 0.2 g, which in this context 
might also indicate a decrease in the crystal size of the 

sample. The crystalline size of Fe3O4 nanostructures 
concerning high-intensity peaks for the crystal plane 
(311) was estimated using Debye–Scherer’s equation (1). 

 𝐷 =
0.94 𝜆

𝐵 cos 𝜃
 (1) 

where 𝜆  is the wavelength of the X-ray radiation 
(0.154056 nm), 𝜃 is the diffraction angle, and B is the full 
width of half maximum (FWHM) which can be seen in 
Table 1. 

Table 1 Crystalline size of Fe3O4 and Fe3O4@ZnO 
nanocomposites 

Sample B (rad) cos θ D (nm) 

Fe3O4 0.0071 0.952 20.39 

Fe3O4@ZnO 0.0054 0.950 27.22 

Fe3O4@ZnO-C (0.2 g) 0.0071 0.952 20.39 

Fe3O4@ZnO-C (0.1 g) 0.0080 0.952 16.11 

Fe3O4@ZnO-C (0.05 g) 0.0084 0.952 16.07 

Based on Table 1, the size of the Fe3O4 crystal was 
obtained at 20.39 nm, and when merging with ZnO, the 
crystal was increased to 27.22 nm. The crystal size 
decreases when nanocomposite Fe3O4@ZnO is coated 
with carbon. The size of the crystal decreases with 
decreasing amount of carbon utilized. This is because 
carbon can prevent the movement of nanoparticles to 
minimize the occurrence of agglomeration [18]. The 
decrease in crystal size in samples Fe3O4@ZnO-C 
compared to Fe3O4 and Fe3O4@ZnO causes a decrease in 
the crystallinity of the nanocomposite, which causes a 
decrease in magnetic saturation, which is related to the 
VSM result in Figure 3 [8]. 

3.2. Functional Group Analysis 

FTIR analysis was employed to identify the 
functional groups present in Fe3O4@ZnO 
nanocomposites by recording spectra in the 
wavenumber range from 400 to 4500 cm-1. The results 
of the analysis of the Fe3O4@ZnO and Fe3O4@ZnO-C 
nanocomposite functional groups can be seen in Figure 
2. 

 

Figure 2. The FTIR spectra of Fe3O4@ZnO and 
Fe3O4@ZnO-C nanocomposites 
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Based on Figure 2, the Fe3O4@ZnO nanocomposite 
shows an absorption peak at 3392.79 cm-1, which is 
associated with the O-H group indicating the presence of 
hydrogen bonds and absorption of water molecules on 
the surface of Fe3O4 nanoparticles [19]. The absorption 
peaks in the 400-500 cm-1 range indicate the presence of 
Zn-O bonds. The absorption bands at 524.64 cm-1 and 
619.15 cm-1 represent the presence of octahedral Fe-O 
and Fe-O tetrahedral bonds, confirming the formation of 
Fe3O4. The Fe3O4@ZnO-C nanocomposite (0.2 g) has a 
functional group with a C-H bond found at 2945.30 cm-

1 [18]. The characteristic absorption of the C-C bond at 
1591.27 cm-1 and 1575.84 cm-1 for Fe3O4@ZnO-C (0.2 g) 
and Fe3O4@ZnO-C (0.05 g), respectively, showed the 
presence of a carbon surface, which originated from the 
inclusive aromatic group in the carbon skeleton [1]. The 
peak at 1091.71 cm-1 and 1120.64 cm-1 was associated with 
the C-O vibration; this possibility is the bond between 
the C and the O atom of Fe3O4/ZnO. The absorption bands 
at 524.64 cm-1 and 796.60 cm-1 are assigned to 
octahedral Fe-O and tetrahedral Fe-O bonds, 
respectively. Zn-O bond vibrations occurred at 416.62 
cm-1 and 445.56 cm-1. The presence of C-O, C-H and O-
H bonds indicated the presence of a carbon layer derived 
from glucose. This proves that the Fe3O4@ZnO-C 
nanocomposite has been successfully performed. 

3.3. The Analysis of Magnetic Properties 

The VSM results were a hysteresis curve used to 
analyze the magnetic properties of Fe3O4@ZnO-C 
nanocomposite. The hysteresis curve of Fe3O4@ZnO-C 
nanocomposite with variations in carbon mass can be 
seen in Figure 3 (a). Based on Figure 3 (a), the values of 
saturation magnetization (Ms), coercive field (Hc), 
remanent magnetization (Mr), and the ratio of remanent 
magnetization to saturation magnetization (Mr/Ms) can 
be seen in Table 2. 

Table 2. VSM characterization results 

Sample 
Ms 

(emu/g) 
Hc (Oe) 

Mr 
(emu/g) 

Ratio 
(Mr/Ms) 

Hmax 
(kOe) 

Fe3O4 68.10 40.22 7.22 0.106 10.000 

Fe3O4@ZnO 66.38 44.92 5.82 0.129 9.997 

Fe3O4@ZnO-C 
(0.2 g) 

18.23 92.29 2.17 0.119 20.194 

Fe3O4@ZnO-C 
(0.1 g) 

19.33 92.90 2.35 0.122 20.188 

Fe3O4@ZnO-C 
(0.05 g) 

22.05 89.60 2.62 0.119 20.201 

From Table 2, the Fe3O4@ZnO-C nanocomposite has 
a narrow curve area for each sample with carbon 
composition variations of 0.2 g, 0.1 g and 0.05 g of 1.3 
kOe.emu/g, 1.4 kOe.emu/g and 1.5 kOe.emu/g, while the 
coercive fields of Hc are 92.29 Oe, 92.90 Oe and 89.60 
Oe, respectively. The saturation magnetization value of 
Fe3O4@ZnO-C nanocomposite decreased with the 
increasing mass of carbon by 22.05 emu/g, 19.33 emu/g 
and 18.23 emu/g due to the carbon diamagnetism. 

Compared to the VSM measurement results of 
Fe3O4@ZnO nanocomposite (without carbon) in 
Figure 3 (b), the Ms value and the Hc coercive field are 
66.38 emu/gr and 44.92 Oe, a significant decrease in 
magnetic saturation occurred at this point. However, in 
biomedical applications, it is reported that low magnetic 
saturation values are better than high saturation values 
because tissue damage due to high magnetic fields can 
be minimized. Salem et al. [20] also reported that 23 
emu/g of Ms was acquired. In comparison, Sabouri et al. 
[21] reached 5 emu/g to 7.88 emu/g of Ms, and many 
other studies resulted in low Ms values. 
Superparamagnetic materials with low Ms values have 
the potential to be developed as photothermal therapy 
and drug delivery system. 

 

Figure 3. Hysteresis curves of (a) Fe3O4@ZnO-C, (b) 
Fe3O4@ZnO and Fe3O4 nanocomposites 

4. Conclusion 

According to the study results on the synthesis and 
magnetic characterization of Fe3O4@ZnO-C 
nanocomposites using the coprecipitation method, it can 
be concluded that the synthesis of Fe3O4@ZnO-C 
nanocomposite with variations in carbon mass was 
successfully conducted, proved by XRD and FTIR results. 
Fe3O4@ZnO-C nanocomposite has superparamagnetic 
properties, and the magnetic saturation value decreases 



 Jurnal Kimia Sains dan Aplikasi 25 (10) (2022): 362–367 366 

with increased carbon mass. Based on its magnetic 
saturation values, Fe3O4@ZnO-C nanocomposite can be 
developed in biomedicine, such as diagnostics and 
therapies, especially photothermal therapy for cancer 
cells. 
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