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Abstract 

In the present study, a novel superparamagnetic nanocomposite composed of magnetite as the core and zeolite coated by 

glutaraldehyde-crosslinked chitosan as the shell has been successfully synthesized. The synthesis steps include coating silica on 

the surface of magnetite nanoparticles and conversion of the silica layer into a zeolite layer, coating of chitosan on the surface 

of the zeolite, and cross-linking reaction of chitosan using glutaraldehyde. The X-ray diffractogram has proven that the 

magnetite nanoparticles formed on the nanocomposite have a cubic structure. The formation of the minerals mordenite, 

clinoptilolite, and quartz on the magnetite surface is also confirmed. Infrared spectral analysis has revealed the existence of Fe–

O–Si and Fe–O–Al bonds between magnetite and zeolite, and C=N bonds between chitosan and glutaraldehyde. The TEM 

image clearly shows that the resulting nanocomposite consists of zeolite-coated magnetite nanoparticles, which are incorporated 

in a glutaraldehyde crosslinked chitosan gel system. Measurements with ImageJ software suggest that the diameter of the 

composite is in the range of 20–75 nm, with an average diameter of 34.06 nm. Magnetic studies indicate that the nanocomposite 

is superparamagnetic with a saturation magnetization of 27.5 emu/g. Since the magnetite nanoparticles is positioned in the core 

of the composite, it is well protected from oxidation and therefore it is expected to have high magnetic stability. This 

magnetically separable nanocomposite is quite interesting and may be applied in the adsorption of heavy metal ions and cationic 

dyes from aquatic medium. 
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1. Introduction 

 

Adsorption techniques using biopolymers are one of 

the most recommended processes for removing or 

reducing heavy metals from industrial wastewater, 

because of their economic and technical advantages [1, 

2]. Chitosan is a superior bio-sorbent because of its 

capability to form complexes with various heavy metal 

ions [3, 4]. Chemically, chitosan is a linear chain of β-

(1→4)-2-acetamido-2-deoxy-d-glucose, which has 

both amine (–NH2) and hydroxyl (–OH) reactive 

groups. These reactive groups can participate in 

chemical reactions via the formation of metal chelates 

[5], making it capable to adsorb various heavy metal 

ions, such as Cu(II), Cd(II), Pb(II), Fe(III), Zn(II), and 

Cr(III) [6–8]. Chitosan has beneficial physicochemical 

properties, e.g. environment-friendly, non-toxic, 

biocompatible, biodegradable, bioactive, bio-

absorbable, and anti-bacterial materials [9]. Recently, 

modified chitosan has also been used in many 

applications including biomedical and biomaterial 

applications [10, 11] as well as drug deliveries to 

enhance their efficacies [12, 13]. However, chitosan is 

susceptible to solubilization in acidic solution [14], 

leading to poor stability and difficulty in removing 

chitosan from aqueous medium when it is used as 

adsorbents. For these reasons, chitosan has been 

combined with some other materials, such as zeolite 

[15].  Ngah et al. [16] has reported zeolite composites 

with glutaraldehyde crosslinked chitosan to overcome 

the instability of chitosan in acetic acid, distilled water, 

and alkaline solution. Zeolite/chitosan composites 

exhibit good adsorption properties for various heavy 

metals [17–19] and are used as membranes for the 

elimination of As, Cd, Cr, and Pb ions [20]. The 

disadvantage of the zeolite/chitosan adsorbent in 

large-scale operations is that it tends to form a gel, 

which is difficult to be separated by using 

conventional separation methods, such as filtration, 

centrifugation, and decantation [21]. Some 

modifications have been made to solve this problem. 
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For examples, previous studies [16–28] has modified 

the composites with magnetite (Fe3O4) so that it can be 

easily separated using a permanent magnetic field 

[25]. 

Although zeolite/chitosan composites have been 

widely used as adsorbents [26–29], the development 

of composites containing zeolite, chitosan, and 

magnetite is rarely reported. Therefore, the 

development of composites containing zeolite, 

chitosan, and magnetite is quite interesting and gives 

opportunity to further explore their possible use as 

magnetically separable adsorbents. Furthermore, it is 

well known that bald magnetite nanoparticles are 

easily oxidized to produce magnetically less material 

of Fe2O3 [30, 31], therefore magnetite should be 

placed as the core to protect it from oxidation. Several 

composites prepared from magnetite and natural 

zeolite have been previously reported [32-35], but 

none of them have concerned with the formation of a 

layered sphere composites where magnetite is placed 

in the core, while zeolite is as the shell (denoted as 

Fe3O4@Zeo). Meanwhile, most recently Deng et al 

[36] have successfully synthesized such material, but 

they do not use natural zeolites.  

In this study, we report the first ever preparation of 

novel superparamagnetic nanocomposite composed of 

magnetite as the core and zeolite coated by 

glutaraldehyde-crosslinked chitosan as the shell. The 

synthesized was initiated by the preparation of 

Fe3O4@Zeo based on the previous procedure [36], i.e. 

coating silica on Fe3O4 nanoparticles (denoted as 

Fe3O4@SiO2) and conversion of the silica layer to 

zeolite. The resulting Fe3O4@Zeo were then coated 

with chitosan via the hydrogen bonds [37]. The coated 

chitosan was crosslinked with glutaraldehyde (denoted 

as Chi-Glu-Chi) to increase the stability and 

adsorption capacity. The final product is magnetic 

zeolite core-shell nanocomposites coated with 

glutaraldehyde-crosslinked chitosan (hereafter 

denoted as Fe3O4@Zeo(Chi-Glu-Chi)). This 

composites is expected to have various active sites 

originating from zeolite and chitosan so that they can 

absorb more metal ions or cationic dyes through ion 

exchange and chelate formation. Moreover, the 

magnetite nanoparticles placed in the core of 

composite are much more protected from oxidation so 

that their magnetic properties can be longer preserved 

and therefore the composites are magnetically 

separable. 

 

2. Experimental 

 

Materials and Instrumentation 

    Chitosan was extracted from shrimp shells collected 

from the beach. All of the chemicals used were 

purchased from E. Merck (Germany), including 

FeSO4∙7H2O (99+%), ethylene glycol (EG, Quality 

level: MQ100), glutaraldehyde (50 wt% in H2O), HCl 

(37%), NaOH (100%), NH4OH (27%), acetic acid 

(>99.9%), tetraethyl orthosilicate (TEOS, 99%), 

tetrapropylammonium hydroxide (TPAOH, 40 wt% 

aqueous solutions), poly(diallyl dimethylammonium 

chloride) (PDDA, 65 wt% in H2O), triethylamine 

(99%),   ethylenediamine (99%), acetone, and ethanol. 

All of those materials were analytical reagent grade 

and used without further purification. Nitrogen (N2) 

gas was purchased from PT Samator Gas Industry, 

Yogyakarta, Indonesia. The distilled water and 

deoxygenated distilled water used in this experiment 

were produced by local laboratories. 

    The X-ray diffractograms were recorded on 

Shimadzu X-ray Diffractometer Model XD-3H, with 

Cu Kα powder irradiated at λ = 0.15406 nm. Infrared 

analysis was carried out by using Shimadzu FTIR-

8010PC spectrometer. The FTIR spectra in the 

absorbance mode were recorded in the range of 4000–

400 cm−1 at room temperature using the KBr disk 

technique. A transmission electron microscope (TEM 

JEM-3010) was employed to determine the 

morphology and size distribution of nanoparticles, in 

which the obtained images were processed using the 

ImageJ software. A vibrating sample magnetometer 

(VSM Oxford 1.2H) with magnetic fields of up to 20 

kOe at room temperature was used to analyze the 

magnetic properties of the samples. Sonication was 

performed using the Ultrasonic Neytech 28H under 

ambient conditions. 

Methods  

    Preparation of Fe3O4 nanospheres 

    The nanospheres of Fe3O4 were synthesized using 

the  previously reported method [34]. FeSO4∙7H2O 

(2.85 g), NaOH (4.25 g), and NaNO3 (0.50 g) were 

dissolved in 25 ml of 1:1 EG/distilled water solution 

in a three-neck flask and heated to 70 ˚C. To expel 

oxygen, N2 gas was bubbled into the solution. The 

solution was stirred for 2h and incubated for a day 

under an N2 atmosphere. The solution of NaOH (1 M) 

was added into the flask until pH = 10, i.e. the 

optimum pH for magnetite formation. The mixture 

was then stirred again at 70 ˚C for 2 h to ensure the 

homogeneity of the solution and to complete reaction.  

The emergence of a black precipitate indicated the 

formation of Fe3O4 particles. The aqueous phase was 

decanted, and the sediment was washed thrice with 

deoxygenated distilled water. Finally, the Fe3O4 

sediment was separated using a permanent magnet, 

dried under vacuum conditions at 50 ˚C for 5 h, and 

stored in desiccators.  

    Synthesis of the silicalite-1 zeolite seed   

    The silicalite-1 zeolite seed  was synthesized using 

the procedure used by Dai et al. [39] with a little 

modification.  TEOS (50 g) was mixed with TPAOH 
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solution (70 ml) and distilled water (50 g). After 

stirring for 12 h at 35 ˚C, the gel was transferred into a 

Teflon and crystallized for 3 days at 120 ˚C to yield a 

silicalite-1 zeolite seed gel. 

    Synthesis of Fe3O4@Zeo nanospheres 

    Firstly, Fe3O4@SiO2 nanospheres were synthesized 

by the existing methods [40] with a little modification. 

Briefly, Fe3O4 nanospheres (1g) were treated in a 

solution of HCl (50 ml, 2 M) followed by ultrasonic 

vibration for 5 min. The Fe3O4 nanospheres were then 

magnetically separated and washed thoroughly with 

distilled water,  and then dispersed in a mixture of 

distilled water (20 g), concentrated ammonia solution 

(1g, 28 Wt%), and ethanol (70 g) under ultra-

sonication. Then, TEOS (5 g) was added to the 

dispersion while magnetically stirring and the reaction 

was allowed to continue for 12 h. The product was 

separated magnetically and washed with ethanol and 

distilled water, and then vacuum dried at 60 ˚C for 24 

h.  

    Secondly, the layer of SiO2 on Fe3O4@SiO2 was 

converted to zeolite using the published procedure 

[36] with a little modification.  The surfaces of 

Fe3O4@SiO2 nanospheres were modified using PDDA 

(a cationic polyelectrolyte); then the negatively 

charged silicalite-1 zeolite seed nanoparticles and 

AlO2
-  was allowed to be adsorbed on PDDA surfaces 

by electrostatic interaction. The nanospheres were 

then heated at 140 ˚C in amine vapor to produce vapor 

phase transport (VPT). The silicalite-1 served as seeds 

for in situ growth, the layered amorphous SiO2 in the 

Fe3O4@SiO2 nanospheres served as a-Si “nutrition 

pool” [36], whereas AlO2
- served as a source of Al in 

the zeolite structure [41]. In a typical synthesis, 

Fe3O4@SiO2 nanospheres (5 g) was mixed with 

PDDA (2 g, Mw = 20.000 g/mol-1) and distilled water 

(200 ml). The Fe3O4@SiO2 nanospheres with 

adsorbed PDDA were magnetically separated and 

washed thrice in ammonia solution (1 M). The product 

was then re-dispersed in 100 ml aqueous dispersion 

containing silicalite-1 zeolite seed nanoparticles (1 g) 

and NaAlO2 (2 g). The Fe3O4@SiO2 nanospheres with 

adsorbed PDDA and AlO2
-, and modified with 

silicalite-1 nanoparticles were magnetically separated 

and washed thrice in ammonia solution (1 M). The 

obtaining nanospheres were put in a porcelain 

crucible, and vacuum in a dry condition at a 

temperature of 30 ˚C. The crucible with the dried 

nanospheres powder was put in an autoclave (100 ml), 

where a liquid mixture of PDDA (0.4 g), ethylene 

diamine (0.1 g), and triethyl amine (2 g) is added first. 

Afterward, the autoclave was closed and heated in an 

oven at 140 ˚C for 72 h. Once cool, the product was 

washed with ethanol and then dried in a vacuum.  

    Preparation of chitosan 

    Chitosan was prepared according to a previously 

reported method [42] with a little modification, which 

includes deproteinization, demineralization, 

decolorization, and deacetylation.  Shrimp shells were 

cleaned and washed thoroughly to remove any 

pollutants and ground to obtain a particle size of 40 

mesh. Deproteination was performed by adding the 

NaOH solution (1 M, 500 ml) to the raw shrimp shells 

(50 g). The mixture was stirred at 65 ℃ for 1 h to 

complete the reaction and filtered. The resulting solid 

phase was washed thrice with distilled water and dried. 

Demineralization was performed by adding the HCl 

solution (1 M, 1:15 w/v) to the washed and dried solid 

phase. The mixture was stirred at 80 ℃ for 1.5 h to 

complete the reaction. After filtering and drying, the 

product of chitin was obtained and then converted into 

chitosan by decolorization and deacetylation. In the 

decolorization step, chitin was bleached using a 

solution of acetone/ethanol (1:1) at room temperature 

for 1 h and then filtered to produce the colorless chitin. 

For deacetylation step, the colorless chitin was mixed 

with a solution of 60% NaOH (1:10 w/v) and stirred at 

90 ℃ for 2 h to form a slurry. Then, the slurry was 

filtered, washed thrice with distilled water, and dried 

to produce chitosan powder. The average 

deacetylation degree (DD%) was determined on the 

basis of the FTIR spectra according to the following 

formula [43]: 

DD% = 100 − [
(A1655/A3450)

1.33
 × 100],   

Where A1655 is the absorbance at 1655 cm−1 of the 

amide I as a parameter of the N-acetyl group content, 

whereas A3450 is the absorbance at 3450 cm−1 of the 

internal standard, i.e. hydroxyl group. The ratio value 

of A1655 to A3450 equals to 1.33 indicates a perfectly 

acetylated chitin. 

    Synthesis of Fe3O4@Zeo(Chi-Glu-Chi) 

    Fe3O4@Zeo(Chi-Glu-Chi) was synthesized 

according to the published procedure [37], with a little 

modification. Fe3O4@Zeo composite (2 g) and 

chitosan (1 g) were mixed with the acetic acid solution 

(2%, 100 ml), stirred, and sonicated for 10 min. Then, 

the mixture was shaken for 30 min, and the 

glutaraldehyde solution (25%, 2 ml) was added. The 

product was sonicated for 60 min, in which the 

NH4OH solution (25%) was added to adjust the pH up 

to 11 and sonicated again for 30 min. The mixture was 

incubated for 2 h, then the sediment was collected 

using an external magnet, washed with deoxygenated 

distilled water until the pH was near neutral (6.5–7.0), 

dried under vacuum conditions at a temperature of 60 

℃ for 12 h, and stored in desiccators. The FTIR, XRD, 

TEM, and VSM methods were used in the product 

characterization.  

 

3. Results and discussion 

 

X-Ray diffraction analysis 

    The X-ray diffractograms of as-synthesized Fe3O4, 
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Fe3O4@Zeo, chitosan, and Fe3O4@Zeo(Chi-Glu-Chi) 

are presented in Figure 1. Figure 1a shows some 

characteristic peaks for Fe3O4, i.e., 2θ = 30.27°, 

35.70°, 43.40°, 54.3°, 57.42°, and 63.10°. These peaks 

match with the crystal plane of {2 2 0}, {3 1 1}, {4 0 

0}, {4 2 2}, {5 1 1}, and {4 4 0}, respectively; which 

are in good accordance with the inverse cubic spinel 

phase of Fe3O4 (ICDD no. 85-1436) [44]. The peak 

intensities of the Fe3O4 sample are relatively high, 

indicating a high crystallinity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The XRD patterns of (a) as-synthesized 

Fe3O4, (b) Fe3O4@Zeo, (c) chitosan, and (d) 

Fe3O4@Zeo(Chi-Glu-Chi). 

     

      The main peaks of Fe3O4 are still detected in the 

diffractogram of Fe3O4@Zeo although with low 

intensities (Figure 1b), indicating that the crystal 

structure of the material is still preserved. The 

decrease in intensity and the widening of the Fe3O4 

peaks are possibly due to the formation of coated 

phase (zeolite) which reduces the X-ray light reaching 

to Fe3O4 material. The diffractogram also shows some 

new characteristic peaks that resemble to the peaks of 

some minerals, namely mordenite (2θ = 25.49°, 

26.05°, and 27.61°; ICDD no.  06-0239) [45]; 

clinoptilolite (2θ = 13.20°, and 19.37°; ICDD no. 47-

1870) [46], and quartz (2θ = 20.82°, ICDD no. 46-

1045) [47]. 

    In Figure 1c, the diffractogram shows two dilated 

peaks at 2θ of 10° and 20° (the first peak not be 

covered fully), which is characteristics to chitosan 

(ICDD no. 039-1894) [48]. The main peaks of 

Fe3O4@Zeo are still detected in the diffractogram of 

Fe3O4@Zeo(Chi-Glu-Chi) (Figure 1d) although with 

low intensities. This phenomenon indicates that, in 

Fe3O4@Zeo(Chi-Glu-Chi), the amorphous chitosan–

glutaraldehyde system covers the Fe3O4@Zeo 

particles without damaging the composite structure.  

 

FTIR analysis 

The FTIR spectra of as-synthesized Fe3O4, 

Fe3O4@Zeo, chitosan, and Fe3O4@Zeo(Chi-Glu-Chi) 

are presented in Figure 2. The spectrum of as-

synthesized Fe3O4 (Figure 2a) shows the peak at 572 

cm−1 related to the stretching vibration of the Fe–O 

bond on Fe3O4 [37, 49]. The peak at approximately 

3482 cm−1, attributed to the stretching vibration of the 

–OH group on H2O, is reinforced by the peak at 1635 

cm−1, belongs to the bending vibration of H–O–H [50, 

51]. The spectrum of Fe3O4@Zeo (Figure 2b) shows 

the new peaks of some functional groups. The peak at 

approximately 1054 cm−1 is referred to the asymmetric 

stretching vibrations of the Si–OH and Al–OH groups 

on the (Si/Al)O4 tetrahedral zeolite [37, 52]. Other 

absorption peaks at 451 and 794 cm−1 are associated 

with the asymmetrical bending and symmetrical 

stretching of Si–O–Si vibrations in quartz, 

respectively [50, 53]. Figure 2 shows that the 572 cm−1 

peak on as-synthesized Fe3O4 (Figure 2a) shifts to the 

586 cm−1 peak on Fe3O4@Zeo (Figure 2b), which is 

accompanied by a decrease in absorbance. These 

observations can be attributed to the formation of Fe–

O–Si and Fe–O–Al bonds on Fe3O4@Zeo. Also, it can 

be attributed to the change in the size of Fe3O4 

nanoparticles, e.g. from large to small [37].  

The spectrum of chitosan (Figure 2c) shows some 

characteristic peaks. The widened peak at 

approximately 3440 cm−1 is related to the stretching 

vibration of NH2 in primary amines and the stretching 

vibration of –OH in the pyranose ring, whereas the 

peak at 2877 cm−1 is due to the –CH stretching 

vibrations in the pyranose ring. The peaks at 1651 and 

1597 cm−1 are associated with the vibrations of –C=O 

in the NHCOCH3 group, whereas the peak at 1381 

cm−1 is originated from the bending vibration of –CH3 

in the NHCOCH3 group. The peak at 1319 cm−1 is 

associated with the pyranose ring complex vibrations 

of the NHCO group, whereas the peak at 1157 cm−1 

comes from the stretching vibration of C–O–C in the 

glycosidic linkage. The peak at 1087 cm−1 is 

associated with the stretching vibration of C–O in the 

secondary OH group [54-57]. The 3440 and 1651 cm−1 

peaks are used to calculate the average DD%, 

according to Equation (2), giving the DD% of 78.35%. 

This value is quite close to that reported by several 

researchers, e.g. 71.02% to 82.20% [58], 87.5% to 

93% [59], and 77% to 92% [60]. 

When glutaraldehyde-crosslinked chitosan 

interacts with Fe3O4@Zeo, no shift in the peak of 

Fe3O4 is observed, indicating that no covalent bond is 

formed between Fe3O4 and chitosan. 
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Fig. 2. The FTIR spectra of (a) Fe3O4, (b) 

Fe3O4@Zeo, (c) chitosan, and (d) Fe3O4@Zeo(Chi-

Glu-Chi). 

 

Moreover, no significant shift in the peak of zeolite 

is detected. The 1072 cm−1 peak in Figure 2d is 

overlapping peaks of 1054 cm−1 peak in Figure 2b and 

the 1087 cm−1 peak in Figure 2c. This IR spectra 

indicate that no covalent bond formed between zeolite 

and chitosan. However, hydrogen and electrostatic 

bonds (which cannot be detected by FTIR) are 

possibly formed. In contrast, changes in other 

characteristic peaks occur. The 1597 cm−1 peak in 

Figure 2c shifts to the 1556 cm−1 peak in Figure 2d, 

accompanied by the increase in its absorbance. These 

observations suggest the crosslinking occurrence 

between the –NH2 group of chitosan and the –C=O 

group of glutaraldehyde. Moreover, the new 

characteristic band appears at 1635 cm−1, which is 

associated with the Schiff base, i.e. the C=N group, 

resulted from the reaction between the –NH2 group of 

chitosan and the –C=O group of glutaraldehyde. The 

band of C-H stretching at wavenumbers of 2700-2800 

cm−1 and C=O stretching around 1750 cm−1 originating 

from the CHO group in glutaraldehyde, are not 

observed in Figure 2d. Hence, no free glutaraldehyde 

is detected, indicating that all glutaraldehydes are 

involved in cross-linking reaction in the composite 

[26]. 

Transmission electron microscopy analysis 

Characterization using TEM has been employed to 

compare the morphology and the particle size. The 

micrographs are presented in Figure 3. Figure 3a 

shows the agglomerations of the as-synthesized Fe3O4, 

which can be identified as the formation of dark 

spheres that widen and stick to one another. This 

agglomeration is due to the magnetic properties of 

Fe3O4 particles; thus, they tend to attract each other. 

Figure 3b shows the presence of Fe3O4 nanoparticles, 

which are quite evenly covered by zeolite, indicating 

that Fe3O4 has been successfully coated with zeolite. 

Figure 3c shows the dispersion of Fe3O4@Zeo spheres 

incorporated in the chitosan–glutaraldehyde system, 

suggesting the success of the formation of composite 

materials. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. TEM micrographs and particle size 

distribution for (a) as-synthesized Fe3O4, (b) 

Fe3O4@Zeo, and (c) Fe3O4@Zeo(Chi-Glu-Chi).  
 

The distribution of particle size has been 

determined using the ImageJ software [61]. The results 

indicate that the average diameter size of as-

synthesized Fe3O4, Fe3O4@Zeo, and Fe3O4@Zeo(Chi-

Glu-Chi) are 31.60, 30.34, and 34.06 nm, respectively. 

It is interesting to note that the average diameter of 

Fe3O4@Zeo is smaller than Fe3O4 bald. Apparently, 

the presence of zeolites edict the growth of Fe3O4 

crystals, making the size of Fe3O4 particles in 

Fe3O4@Zeo smaller.  This is in accordance with the 

interpretation of FTIR spectra changes that have been 

discussed in the previous section. Meanwhile, the 

average diameter of Fe3O4@Zeo(chi-glu-chi) is larger 

than that of Fe3O4@Zeo. This is probably due to the 

layer of glutaraldehyde crosslinked chitosan. 

 

The Magnetic hysteresis curve  

The hysteresis curve provides information about 

saturation magnetization (Ms), i.e. the saturation point 

of the material when it was brought closer to the 

external magnetic field. The increasing magnetic field, 

which comes in contact with the material, causes the 
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change in the magnetic moment up to the saturation 

point. Figure 4 shows the hysteresis curves of as-

synthesized Fe3O4, Fe3O4@Zeo, and Fe3O4@Zeo(Chi-

Glu-Chi) at room temperature. The figure clearly 

shows that Ms decreases when Fe3O4 is modified with 

both zeolite and zeolite–chitosan–glutaraldehyde. The 

Ms values of as-synthesized Fe3O4, Fe3O4@Zeo, and 

Fe3O4@Zeo(Chi-Glu-Chi) are 55.5, 35.2, and 27.5 

emu/g, respectively; which are less than that of bulk 

Fe3O4, i.e. approximately 90 emu/g [61]. The low Ms 

values of the materials synthesized in this study can be 

attributed to small crystallite size of Fe3O4. Moreover, 

zeolite and/or chitosan–glutaraldehyde as 

nonmagnetic materials in Fe3O4@Zeo and 

Fe3O4@Zeo(Chi-Glu-Chi) composites can serve as a 

magnetic shield for Fe3O4, resulting in the decrease in 

their Ms values [62]. Nevertheless, the Ms value of 

Fe3O4@Zeo(Chi-Glu-Chi) of about 27.5 emu/g is still 

sufficient in practice for the separation of the 

composites using a permanent magnet [62], as shown 

in Figure 4 (inset). 

By comparing the Ms values of the three materials, 

it can be estimated that the Fe3O4 contents in the 

Fe3O4@Zeo and Fe3O4@Zeo(Chi-Glu-Chi) 

composites are approximately 54.4% and 49.6%, 

respectively.

 

Fig. 4. Magnetic hysteresis curves at room 

temperature of (a) Fe3O4, (b) Fe3O4@Zeo, and (c) 

Fe3O4@Zeo(Chi-Glu-Chi). Inset: respond of 

Fe3O4@Zeo(Chi-Glu-Chi) to the magnetic field. 

The loops in Figure 4a indicate that the as-synthesized 

Fe3O4 in this study is ferrimagnetic [63], with the 

remanence of 30.13 emu/g. In the case of Fe3O4@Zeo 

(Figure 4b) and Fe3O4@Zeo(Chi-Glu-Chi) (Figure 

4c), the curves were S-shaped over the applied 

magnetic field and did not have loops. Therefore, 

Fe3O4@Zeo and Fe3O4@Zeo(Chi-Glu-Chi) are 

superparamagnetic materials, which only have 

magnetic properties when they are in a magnetic field 

[35, 58-62]. The superparamagnetic property of the 

material allows it to be dispersed with a slight wobble 

when the magnetic field is removed. This property is 

very important in adsorption and various other 

applications [36]. The formation of Fe3O4@SiO2 and 

Fe3O4@Zeo were illustrated in Figure 5. Zeolite on 

Fe3O4@Zeo interacting with Chi-Glu-Chi via 

hydrogen bonds to form Fe3O4@Zeo(Chi-Glu-Chi) 

[15, 64] is illustrated in Figure 6, while the 

crosslinking of chitosan using glutaraldehyde [65] is 

illustrated in Figure 7. 

 
Fig. 5. Scheme formation of Fe3O4@SiO2 and 

Fe3O4@Zeo. 

 

 

 
 
 

Fig. 6. Scheme formation of Fe3O4@Zeo(Chi-Glu-Chi)  

 



 NOVEL SUPERPARAMAGNETIC NANOCOMPOSITE OF CORE-SHELL MAGNETIC ZEOLITE … 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 3 (2022) 

 

45 

 
Fig. 7. Crosslinking of chitosan using glutaraldehyde. 
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Fig. 8. Hypothetical structure of the Fe3O4@Zeo(Chi-Glu-Chi) composite. 

 

The hypothetical structure of Fe3O4@Zeo(Chi-Glu-

Chi) is illustrated in Figure 8. The hypothetical 

structure of the composite (Figure 8) shows the 

existence of active adsorption sites from zeolite and 

chitosan. Therefore, it is expected that this composites 

are able to adsorb pollutants through ion exchange 

mechanisms and/or chelate formation mechanisms. In 

addition, the magnetite nanoparticles are positioned at 

the center of the sphere as a core. This makes the 

magnetite is well protected from oxidation so that their 

magnetic properties will be longer preserved. 

 

4. Conclusions 

 

    The superparamagnetic nanocomposite of 

Fe3O4@Zeo(Chi-Glu-Chi) has successfully 

synthesized. The X-ray diffractogram proves that the 

Fe3O4 formed is a cubic and it does not affected by the 

presence of zeolite and chitosan–glutaraldehyde in the 

composite. The FTIR spectral analysis has revealed 

the formation of Fe–O–Al and Fe–O–Si bonds 

between Fe3O4 and zeolite, resulting in the formation 

of Fe3O4@Zeo. Moreover, the crosslinking between –

NH2 group of chitosan and –C=O group of 

glutaraldehyde produces the Schiff base, C=N group. 

The interaction between Fe3O4@Zeo composite and 

glutaraldehyde-crosslinked chitosan gel system is 

believed to be occurred via hydrogen bonds. The TEM 

images confirms that Fe3O4@Zeo(Chi-Glu-Chi) 

consists of Fe3O4@Zeo particle spheres incorporated 

in the glutaraldehyde-crosslinked chitosan gel system. 

The TEM observations indicates that the diameter size 

of Fe3O4@Zeo(Chi-Glu-Chi) nanocomposites is in the 

range of 15–75 nm, while the average diameter is 

34.06 nm. The VSM study shows that the 

nanocomposites of Fe3O4@Zeo(Chi-Glu-Chi) are 

superparamagnetic, with a saturation magnetization of 

27.5 emu/g. The magnetically separable 
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nanocomposite synthesized in this study is quite 

interesting and may be applied in the removal of heavy 

metals and cationic dyes. 
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