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ABSTRACT - Iron oxide nanoparticles (NPs) have potential in biological, biomedical, and 
environmental applications because of their characteristics such as magnetic susceptibility, 
stability and biocompatibility. However, it also has limitation, such as aggregation of magnetic 
NP. As a result, coating materials should be used to modify the particles’ outer surface. In this 
paper, we focused on the synthesis of iron oxide by chemical reduction method and coating it 
with Fe(III) nitrate, polyvinylpyrrolidone (PVP) and hydrazine. In order to determine effective 
and economical usage conditions, the coating solution at two different concentrations were 
prepared. The effect of coating iron oxide with microcrystalline cellulose (MCC) was prepared 
at different concentrations of iron (III) nitrate on the nanomaterials with respect to 
morphological, thermal, magnetic susceptibility. A good morphology images of FeNp-MCC 
were proved by Scanning electron microscopy (SEM) and transmission electron microscopy 
(TEM). Energy dispersive X-ray (EDX) spectra reveals the presence of carbon, oxygen and 
iron in the synthesized microparticles. TGA analysis showed iron material was successfully 
formed into the surface of MCC. Lastly, the magnetism results proved that cellulose is strongly 
interacting with magnetite nanoparticles. 
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1.0 INTRODUCTION 

Production of cellulose by green plants has received more attention recently owing to its renewable nature, such as 

wood, sugarcane bagasse and corn stover [1]. Cellulose materials such as nanocrystalline cellulose (NCC), 

microcrystalline cellulose (MCC) and nano-fibrillated cellulose (NFC) are widely used in environmental protection, water 

treatment, electronic components, biomedical, and other fields due to their biodegradability, biocompatibility, cost 

reduction and low toxicity [2]. Many materials were found to enhance cellulose material's characteristics and broaden its 

potential uses. Therefore, the addition of cellulose as a reinforcing agent is acknowledged as a current method that can 

result in a major change in the properties of cellulosic materials due to their strength and stiffness [3]. Cellulose are 

particularly useful as reinforcing agents in polymer composites where it can improve the mechanical properties of the 

material. However, a lot of researchers pointed out that their dispersion and alignment is a major weakness. Due to these 

reasons, cellulose fibre-reinforced composites have been less attractive for industrial production. Since better dispersion 

and alignment offer a unique approach to produce oriented structure and functional material with improved properties. A 

way to overcome this problem is a further surface modification on the cellulose before blending it with composite material. 

The development of cellulosic materials with benefits including simple preparation, low cost, high stability and easy 

separation from solution by an external magnetic field (H) is currently the focus of recent research [4].  

According to T. Kimura, the magnetic field is a useful technique for processing weak magnetic materials [5]. When a 

feeble magnetic particle is subjected to a magnetic field, the particle receives a magnetic force so that it is pushed toward 

the location where the field strength is weak or strong, depending on its magnetic nature [1]. If a particle has a magnetic 

moment, it undergoes magnetic alignment. However, cellulose is not magnetically responsive (magnetism). There are 

several types of magnetic characters, which are paramagnetic, ferromagnetic, anti-ferromagnetic, and diamagnetic. Figure 

1 illustrates the differences in the magnetic dipole moments with and without an external magnetic field (H) [6]. 

Paramagnetic atoms and molecules have a magnetic moment but are weakly attracted and affected by a magnet. However, 

ferromagnetic material is strongly attracted by magnets since it has the highest magnetic susceptibility and can be 

permanently magnetized, for example, iron (Fe), nickel (Ni), and cobalt (Co). A magnet strongly repels the dipoles in 

anti-ferromagnetic materials, reducing magnetic susceptibility. Diamagnetic material is weakly repelled by the magnetic 

field, which means it does not have a magnetic moment. This study used microcrystalline cellulose (MCC) due to its easy 
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obtain commercially, low cost, non-toxicity and reusable. Thus, the best way to apply the diamagnetic microcrystalline 

cellulose (MCC) to a magnetic character is to combine it with a ferromagnetic material, such as iron particles [6]. 

Iron oxide nanoparticles (NPs) is considered the most attractive ferromagnetic material due to high saturation 

magnetization, biocompatibility, low toxicity, easy synthesis, and suitable particle shape and size [7]. Many researchers 

have utilized various synthesis methods to produce iron oxide nanoparticles in two different ways, physical and chemical 

methods, such as co-precipitation, sol-gel, micro emulsion, and hydrothermal technique [8]. In this research, the chemical 

reduction method is chosen to modify iron oxide nanoparticles using Fe(III) nitrates (Fe(NO₃)₃.9H₂O) as a starting 

material. In contrast, hydrazine and polyvinylpyrrolidone (PVP) were used as reducing agents and surfactants. According 

to the literature cited by K. Chou, the chemical reduction method was chosen because of its simplicity and low cost in 

synthesizing metal microparticles [9]. In this study, MCC was covered with iron nano particles at different concentrations 

to study the morphology, thermal and magnetic properties. SEM-EDX, TEM, TGA, FTIR spectra and AC magnetic 

susceptibility measurements of the FeNp-MCC were analyzed.   

 

Figure 1. Illustration of the differences in the magnetic dipole moments with and without an external magnetic field 

(H)[6] 

2.0 METHODS AND MATERIAL 

 

2.1 Acid Hydrolysis Process 

Microcrystalline cellulose (MCC) was purchased from Gardner global enterprise at Kuantan Pahang. Firstly, MCC 

was put in a two-necked flask connected by a condenser. The flask was equipped with a reflux system to prevent water 

loss by evaporation. Then, 64 % of sulphuric acid (H₂SO₄) was added into the solution at 45 ⁰C for 60 min. After that, 

deionized water was added at 5 ⁰C to stop hydrolysis. The mixture was then separated by centrifuging to abolish the acid 

solution and washed with distilled water until the water became clear. Finally, the sample was dried at 65 ⁰C using an 

oven until fully dried, and the sample was grinded by using a mortar and pestle for further processing. 

 

2.2 Microcrystalline Cellulose (MCC) Coated with Iron Oxide Nanoparticles (NPs) 

Effect of iron-coated cellulose, especially on the morphology of the iron nanoparticles, was observed by verifying the 

concentration of iron (III) nitrates which is 2.5 % and 5.0 % concentration. In order to reduce cost and toxicity, the 

appropriate iron concentration is important for the formulation of low concentration iron cellulose with controlled phase, 

morphology and magnetic properties. The existing method reported by Dadosh was modified slightly, and the 

experimental technique was used in this study [10]. In detail, dried cellulose was mixed with polyvinylpyrrolidone (PVP). 

Then, the sample with 200 ml of deionized water was sonicated for 20 min at room temperature. Next, the mixture was 

put in a two-necked flask, and different concentrations (2.5 % and 5.0 %) of iron (III) nitrate were added at 70 ⁰C for an 

hour. Following an hour of stirring, the temperature increased up to 100 ⁰C. Hydrazine was then gradually added to the 

solution in the flask until the solution’s colour changed. Then, the solution was stirred continuously at room temperature 

overnight to cool down the solution. The sample was then filtered and repeatedly washed with methanol and deionized 

water. Lastly, the sample was dried at 80 ⁰C for 24 hours.  
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2.3 Characterization Test 

Many different techniques can be used to characterize the iron coated cellulose, such as scanning electron microscopy 

with energy dispersive X-ray (SEM-EDX), transmission electron microscopy (TEM), thermal analysis (TGA), infrared 

spectroscopy (FTIR) and alternating current (AC) magnetic susceptibility 

2.3.1 Morphology Analysis 

The morphology of the composite surface was examined by scanning electron microscopy with energy dispersive x-

ray (SEM-EDX) mapping and transmission electron microscopy (TEM). SEM-EDX analysis was conducted using a 

(Hitachi TM 3030 Plus, Japan) at 5 kV high vacuum conditions. All specimens were sputter coated with gold before the 

examination. An energy-dispersive X-ray analyzer (EDX) was also used to identify iron, carbon, and oxygen elements in 

magnetite microparticles. Next, transmission electron microscopy (TEM), JEOL JEM 1400, was used to measure the 

morphology of the iron-coated cellulose (FeNp-MCC). The sample of FeNp-MCC was measured in colloidal form with 

distilled water as a solvent. 

2.3.2 Thermogravimetric Analysis (TGA) 

Thermogravimetric analysis (TGA) was performed to analyze the thermal properties of iron microcrystalline cellulose 

using a TGA analyzer (Hitachi/STA7000, Japan). The TGA thermograms was obtained by heating the sample under 

nitrogen flow from room temperature to 700 ⁰C at 10 ⁰C/min (heating rate). 

2.3.3 Fourier Transform Infrared Spectroscopy (FTIR) 

The vibrational spectroscopic approach was utilised to determine the specific functional groups within catalyst sample 

using FTIR analysis. FTIR, Perkin-Elmer USA spectra for MCC and FeNp-MCC were obtained with a 400 – 4000 

𝑐𝑚−1 wavenumber range. 

2.3.4 Alternating Current (AC) Magnetic Susceptibility 

Quantum Design MPMS-S5 Squid magnetometer with an AC susceptibility option was used to characterize magnetic 

susceptibility [11]. The measurements were performed with an AC amplitude of 0.05 mTpp, at the temperature of 26 ⁰C 

and a frequency of 5 Hz – 100 kHz. The samples were prepared in water and epoxy suspension to check and stop Brownian 

relaxation. 

3.0 RESULTS AND DISCUSSION 

The morphology of samples via SEM-EDX mapping and TEM were examined to understand changes in the iron 

microparticle performance. 

3.1 Scanning Electron Microscopy with Energy Dispersive X-ray (SEM-EDX) 

Scanning electron microscopy with energy dispersive X-ray analysis was used to examine the samples' surface 

morphology and element composition (SEM-EDX). SEM images of modified microcrystalline cellulose (MCC) by iron 

oxide nanoparticles (NPs) are shown in Figure 2. SEM images showed that the nanocomposite's surface changes when 

the iron concentration increases. The sample for the MCC was found to have a fibril-like structure. For the hybrids, iron-

coated cellulose shows the matrix fibril character and the presence of crystal deposition at their surface, as indicated by 

the circle that represents the deposition of iron cellulose. From the findings that support Vallejo’s research, it was also 

noted that the MCC sample had a fibril-like shape [12].These results indicate that nanoparticles obtained by 5 % iron 

cellulose produced more iron cellulose deposition than 2.5 % iron cellulose.  

 

Figure 2. SEM images for (a) MCC at 100 𝝁𝒎(b) 2.5 % iron-coated cellulose at 100 𝝁𝒎 (c) 5.0 % iron-coated 

cellulose at 100 𝝁𝒎 

In addition to the SEM images, the energy dispersive X-ray (EDX) analysis spectrum of Fe(NO₃)₃.9H₂O nanoparticles 

is shown in Figure 3 and figure 4 respectively. According to the EDX spectrum, the cellulose structures coated with iron 

a b c 
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consist of ferum (Fe), oxygen (O₂), and carbon (C). However, it was necessary to coat the sample with a thin layer of gold 

(Au) to prevent surface charging and create a homogeneous surface for imaging and analysis [13]. Therefore, a small 

amount of Au is present originated from the SEM grid of the sample holder. From the analysis of the results, the main 

constituents of the composition of the prepared material produced are carbon, followed by oxygen and iron elements from 

the synthesis of iron oxide. However, 5.0 % iron coated cellulose produced more ferum than 2.5 % iron-coated cellulose. 

The results of SEM-EDX, show that the sample is composed of a nanocomposite of cellulose and iron oxide indicating 

successful synthesis of iron-coated cellulose. 

  

Figure 3. SEM-EDX images for 2.5 % iron-coated cellulose at 20 𝝁𝒎 

  

Figure 4. SEM- EDX images for 2.5 % iron-coated cellulose at 20 𝝁𝒎 

3.2 Transmission Electron Microscopy (TEM) 

Transmission electron microscopy (TEM) was used to examine the morphology of cellulose materials, the quality of 

their surface coating and their dispersion. Figure 5 displays images of iron microparticles coated with different amounts 

of iron (III) nitrates (2.5 % and 5.0 %). TEM images showed agglomerates of small grains and some dispersed 

microparticles. The images of the samples show well-dispersed, more or less spherical particles. The figure showed that 

iron oxide nanoparticles (NPs) was uniformly covered on the surface of microcrystalline cellulose (MCC), and the 

obtained iron-coated cellulose exhibited good morphology. It was found that iron oxide is well distributed in iron cellulose 

(2.5 % and 5.0%). However, some agglomerates are observed in the microstructures when the iron oxide concentration 

reaches 5.0 % compared to 2.5 % iron-coated cellulose. This result agrees with similar results on the effects of morphology 

on magnetite cellulose nanofibrils [14]. 
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Figure 5. TEM images for (a) 2.5 % iron-coated cellulose at 1 𝝁𝒎 (b) 2.5 % iron-coated cellulose at 500 nm (c) 5.0 % 

iron-coated cellulose at 1 𝝁𝒎 (d) 5.0 % iron-coated cellulose at 500 nm 

3.3 Thermogravimetric analysis (TGA) 

“Thermogravimetric analysis (TGA) is a method for thermal analysis that measures how the physical and chemical 

properties of materials change as a function of decreasing temperature (with constant heating rate) or as a function of 

time” [15]. The thermal analysis curve of microcrystalline cellulose (MCC) and iron-coated cellulose at different iron 

concentrations is represented in Figure 6. The initial degradation temperature (𝑇𝑜𝑛) and maximum weight loss (𝑇𝑚𝑎𝑥) at 

different temperatures have been analyzed. Figure 6 shows that 5.0 % and 2.5 % iron cellulose powder have better thermal 

stability than MCC powder. The weight loss temperature decreased slightly due to incorporating ferromagnetic materials 

in the MCC. From the result, the maximum weight loss in 5 and 2.5 % iron coated cellulose was observed at around 300 

⁰ C. M-G.Ma et al. reported that the weight loss in the region 200 -500 ⁰C can be assigned to the thermal degradation and 

complete decomposition of cellulose in the composite [16]. At the same time, pure MCC showed a temperature of 360 ⁰ 

C. The results are comparable to P. studies’s that reported the common thermal breakdown of cellulose occurs between  

250 ⁰C to 375 ⁰C [17]. TGA study confirmed the difference in thermal behavior between pure MCC and modified MCC. 

 

Figure 6. TGA curve of iron-coated cellulose at different concentration 

3.4 Fourier Transform Infrared Spectroscopy (FTIR) 

Fourier transform infrared spectroscopy (FTIR) of the iron-coated cellulose at different concentrations (2.5 % and 5.0 

%) is depicted in Figure 7. The full spectra were obtained from the 400 to 4000 𝑐𝑚−1 range. 5.0 % iron-coated cellulose 

cellulose exhibits well-defined peaks at 559,879, 1751, and 3001 cm-1. The observed FTIR results for 2.5 % iron cellulose 

showed various peaks at 567,891,1061 and 1624 cm-1. The appearance of distinct peaks (559 and 567 cm-1) is due to the 

presence of iron-oxygen (Fe-O), which confirmed the existence of ferric ions and the union with oxygen ions of a hydroxyl 

group of cellulose to produce iron oxide [18]. In agreement with literature by M.Yadav et al., these results indicated a 

strong interaction between Fe₃O₄ and cellulose [18]. In addition, the small peaks at 879 and 891 cm-1 are due to the 

presence of the nitrate group. Moreover, the band at 1751 and 1624 are due to the stretching vibration of the alcoholic 

hydroxyl (C-O). These spectra also present the vibrational mode characteristics of the organic structure of cellulose. Other 
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than that, the intensity of the 3001 𝑐𝑚−1 peak, which is related to the O-H groups of cellulose, was justified by the non-

availability of the hydroxyl group and their interaction with iron ions [19]. The FTIR data revealed that the synthesized 

micro-particles are iron oxide without major impurities. Lastly, these data demonstrated that the surface of magnetic 

microparticles had been covered with MCC. 

 

Figure 7. FTIR spectra of iron-coated cellulose at different concentrations  

3.5 Alternating Current (AC) Magnetic Susceptibility 

The produced dark brown reddish iron oxide micro-particles are paramagnetic in nature and strongly attracted to the 

magnetic bar. Figure 8 represents the frequency-dependent real and imaginary susceptibility of the synthesized FeNp-

MCC in the water and epoxy suspension. This approach applied an alternating current magnetic field (the excitation) to 

the sample and recorded the subsequent alternating current magnetization (the response). Figure 8 showed a negligible 

difference between water and epoxy suspension; no significant Brownian relaxation was observed. It is because the iron 

oxide particle is fixed in the cellulose matrix, producing a larger effective particle size bigger than 500 nm. A similar 

pattern is found by F. ludwig and H.Remmer et al., the size of the iron oxide core can be estimated greater than 500 nm, 

in which the Neel relaxation time t_N will exponentially increase in this region [20].The trend starts to decay below 10 

Hz. The current instrument's measurement below 5 Hz is extremely difficult due to the high noise level in the lower 

region. Besides that, the 5 % sample has almost the same characteristics as the 2.5 % sample. However, the 5 % sample 

has a higher volume number of smaller particles than the 2.5 % sample. The signal from the sample indicates good 

ferromagnetic properties, but the Neel relaxation of larger particles dominates the relaxation. 

 

Figure 8. AC magnetic susceptibility of iron coated cellulose in water and epoxy suspension 
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4.0 CONCLUSION AND RECOMMENDATION 

In this study, iron-coated cellulose was successfully synthesized by the chemical reduction method. Two different 

conditions are used in this study to produce iron-coated cellulose: iron (III) nitrate concentrations of 2.5 % and 5.0 %. 

Generally, adding iron oxide to cellulose enhances the nanomaterial's morphology, thermal stabilities, and magnetic 

properties. From SEM and TEM images, it was confirmed that the good mixing of iron oxide in cellulose matrix and 

Fe₃O₄ is well distributed in cellulose. TGA result indicates the weight loss temperature for modified cellulose was 

decreased slightly due to the incorporation of ferromagnetic material. In addition, FTIR indicated that the surface of 

magnetite particles was covered with MCC. The magnetic susceptibility response from the modified sample showed good 

ferromagnetic properties, but the Neel relaxation of larger particles dominated the relaxation. To overcome this problem, 

further work will focus on preparing modified cellulose using nano-crystalline cellulose (NCC) as the main ingredient to 

get smaller particles and better relaxation in AC magnetic susceptibility. It can be concluded, 5.0 % iron (III) nitrate 

concentration gives the best iron coated cellulose than 2.5 % concentration. 
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