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ABSTRACT 

A nanocomposite comprising cellulose and nanomagnetite based on rice husk cellulose was used 

as the catalyst for the formation of methyl esters from oleic acid as an alternative method for 

biodiesel production. The resulting nanocomposite properties supported by FTIR, XRD, SEM 

and TEM characterization revealed that nanomagnetite Fe3O4 had impregnated the acetylated 

nanocellulose. The nanomagnetite Fe3O4 obtained had an average size of 30 nm. The best 

conversion of oleic acid to methyl esters for the catalytic application of the nanocomposite was 

89.21%, which was achieved at a reaction temperature of 60°C, reaction time of 5 hours, catalyst 

concentration of 1.5 wt.%, and ratio of oleic acid to methanol of 3:1. Kinetic analysis at different 

temperatures (40, 50, 60 and 70°C) was performed, and a low activation energy of 16.56 kJ/mole 

was obtained. These results indicate that the biopolymer-based nanocomposite utilizing 

nanocellulose from rice husks composited with inorganic Fe3O4 nanoparticles has good potential 

for use as a green biocatalyst, and the proposed reaction can be used as an innovative new method 

to produce biodiesel in the future. 

 

Keywords:  Catalyst; Cellulose; Magnetite; Methyl esters; Nanocomposite 

 

1. INTRODUCTION 

Biodiesel is an alternative fuel that can substitute for petroleum diesel fuel; it is produced through 

chemical reactions from triglyceride fatty acids that are not derived from petroleum. Compared 

to fossil fuels, biodiesel is a promising alternative due to its renewable properties, greenhouse gas 

reduction, biodegradable properties, nontoxicity, sulfur-free gas emissions and environmental 

friendliness (Veillette et al., 2017). Biodiesel functions in a similar way to petroleum diesel, but 

produces significantly less air pollution and is safe for the environment (Degife et al., 2015).  

One method to produce biodiesel is by the esterification and transesterification reactions of fatty 

acids. Esterification and transesterification are important organic reactions between fatty acids or 

triglycerides and low-chain alcohols, which produce esters in the presence of a catalyst. The fatty 

acids and triglycerides that are used can be derived from vegetable oils or animal fats, such as 

free fatty acids (El-Nahas et al., 2017). Currently, biodiesel is produced commercially using 

homogeneous catalysts such as sulfuric acid and sodium hydroxide as these strong acids or bases 

have high catalytic activity and low cost. However, the use of a homogeneous catalyst in the 

catalytic process of transesterification causes the reaction to become corrosive and will also  
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produce acidic or basic waste from the homogeneous catalyst (Colombo et al., 2017). 

Recently, the catalysts used have been replaced with more environmental friendly heterogeneous 

ones (Caetano et al., 2013; Mendonça et al., 2019). The catalysis process using heterogeneous 

catalysts is great interest because it has beneficial characteristics such as high selectivity, long 

catalyst life, easy recovery, repeatability, and temperature stability; the catalyst can also be easily 

separated from the reaction mixture (Climent et al., 2012; Santos et al., 2015). Among such 

heterogeneous catalysts, considerable research has been conducted using inorganic substances 

such as Fe3O4, CaO, Al2O3 and MgO. However, if the inorganic catalyst is not modified, it will 

have low thermal stability and solubility in water; for example, an unmodified Fe3O4 catalyst is 

reversible, causing an unstable reaction. Therefore, several studies have focused on developing 

procedures for nanocomposite synthesis using biopolymers as a support (Sabaqian et al., 2016). 

Biopolymers such as cellulose have the potential to be used as supporting substances in 

heterogeneous catalysis (Eyley et al., 2014; Arantes et al., 2017). 

Cellulose is one of the most abundant and renewable natural polymers; approximately 10111012 

tons per year can be obtained from plants and it has been widely studied worldwide in academic 

and industrial research (Ummartyotin & Manuspiya, 2015). It is a carbohydrate polymer 

consisting of repeating units of β-D-glucopyranose, comprising three hydroxyl groups in each of 

its anhydro-d glucose units, meaning the cellulose molecule has great OH functionality (Lavoine 

et al., 2012). Cellulose can be converted into nanocellulose, which acts as a sustainable 

nanomaterial because of its availability, biodegradability and biocompatibility, because the 

materials produced from nanocellulose can be highly porous. Nanotechnology involving 

cellulose substrates has become a major focus of research because of the exceptional physical 

and chemical properties of nanocellulose. It has the potential to be used as an efficient support 

material because it can form bonds with several functional groups to produce heterogeneous 

catalysts based on biopolymers (Ummartyotin & Manuspiya, 2015; Jabasingh et al., 2016). 

However, the larger the number of OH functional groups, the greater the number of inter-or 

intramolecular hydrogen bonds, making cellulose less attractive as a catalyst-supporting 

substance. This can be avoided by modifying the cellulose surface so that the number of active 

sites will increase and efficiency will be higher (Habibi, 2014; Fatona et al., 2018). Modification 

of the cellulose surface functionalization can be made by acetylation (Sun et al., 2016) or 

phosphorylation (Wanrosli et al., 2013), among other processes. Functionalized nanocellulose 

combined with inorganic nanoparticles can form superior nanocomposites (El-Nahas et al., 2017) 

In this study, cellulose is derived from rice husks, which have a large cellulose content (Helmiyati 

et al., 2017). We converted the cellulose to nanocellulose by mechanical ball milling, whereas 

previous studies used chemical methods (Nahas et al., 2017), and then acetylated it with 

anhydrous acetate to functionalize the surface. Subsequently, the acetylated nanocellulose was 

impregnated with magnetite iron oxide nanoparticles (Fe3O4) to form a nanocomposite. The aim 

of the study is to evaluate the catalytic efficiency of these cellulose-magnetite nanocomposites as 

applied to the synthesis of methyl ester biodiesel from oleic acid. The reaction kinetics of the 

methyl ester synthesis from oleic acid were studied by observing the unreacted oleic acid 

concentration, and in order to determine the activation energy value the effect of temperature on 

the reaction was observed. 
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2. METHODS 

2.1.  Material 

The cellulose from rice husks is in accordance with its use in previous research (Helmiyati et al., 

2017). Anhydrous acetate (Merck) was used for the synthesis of acetylated nanocellulose, while 

iron(III) chloride), iron(II) sulfate (Sigma Aldrich) and NH4OH (Merck) were used as materials 

for the synthesis of nanomagnetite. Oleic acid 90% (Sigma Aldrich) and methanol (Sigma 

Aldrich) were used as methyl ester synthesis reagents. 

2.2.  Preparation of Acetylated Nanocellulose 

The cellulose was modified into nanocellulose using a mechanical ball mill, and was then 

functionalized by using anhydrous acetate to form acetylated nanocellulose (Sun et al., 2016; 

Nahas et al., 2017) with slight modification. An amount of nanocellulose in deionized water was 

mixed with a magnetic stirrer for 1 hour at room temperature at pH 8 by adding NaOH. 25 mL of 

anhydrous acetate (2.5%) was then added and stirred for 1 hour, with the addition of HCl to acid 

condition (pH 4.5). The solution was filtered and then dried by freeze drying for 24 hours, 

whereas previous research has used an oven. The obtained acetylated nanocellulose was then 

characterized by FTIR, XRD, SEM and TEM. 

2.3.  Preparation of Nanocomposites from Acetylated Nanocellulose and Magnetite Fe3O4 

The synthesis of nanocomposite refers to previous studies (Zarei et al., 2018). An amount of 

acetylated nanocellulose added to FeSO4•7H2O (4.17 g) and FeCl3•6H2O (8.1 g) and this mixture 

was placed into a round-bottom flask equipped with a reflux. NH4OH was then added to the 

mixture to obtain a pH of 11. After the reaction was complete, the mixture was washed several 

times with water and ethanol, and the precipitation process was conducted with an external 

magnetic field. Furthermore, the nanocomposites were dried by freeze drying and then 

characterized by FTIR, XRD, SEM and TEM. 

2.4.  Activity of the Catalyst and Analysis of Oleic Acid Conversion into Biodiesel 

The catalytic activity of the cellulose-nanomagnetic nanocomposites was monitored for the oleic 

acid esterification reaction with methanol (El-Nahas et al., 2017; Veillette et al., 2017). This work 

was performed by varying four parameters: the catalyst weight (0.52.5 wt.%), temperature (40, 

50, 60 and 70°C), reaction time (16 hours) and the mole ratio of the reactants, while the amount 

of oleic acid was fixed and that of methanol varied (1:1, 1:2, 1:3, 1:4, and 1:5). Determination of 

the unreacted oleic acid concentration was made by the acid titration method, with KOH as the 

base. The acid value could then be calculated, the conversion of free fatty acids (FFA) determined 

(Hebbar et al., 2018), and characterization made of the methyl ester product by GC-MS QP2010 

Plus with a polar column. 

2.5.  Kinetic Studies and Determination of Activation Energy 

Kinetic studies were conducted by observing the unreacted oleic acid for 60 minutes with an 

interval of 10 minutes. The kinetic was then determined using first order equations and the effect 

of temperature on the reaction kinetics was observed. 

 

3. RESULTS AND DISCUSSION 

3.1.  Synthesis of Acetylated Cellulose -Nanomagnetite Fe3O4 Nanocomposites 

The nanocellulose was functionalized to increase the number of active groups, surface area and 

catalytic efficiency by acetylation using anhydrous acetate to form acetylated nanocellulose. This 

was composited with Fe3O4 precursors, in which the Fe2+ and Fe3+ ions will interact with the OH 

groups on the nanocellulose chain. The OH groups will act as a capping agent or stabilizer so that 

the nanoparticles formed will not agglomerate, and the particle size can be controlled. The 
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addition of NH4OH will form Fe3O4 nanoparticles in the nanocellulose. An illustration of the 

formation of cellulose-nanomagnetite Fe3O4 nanocomposites is shown in Figure 1. 

 

Figure 1 Illustration of cellulose-nanomagnetite Fe3O4 nanocomposites formation 

3.2.  Characterization of Nanocomposites 

3.2.1.  FTIR analysis 

The FTIR spectra of the acetylated nanocellulose can be seen in Figure 2a, with the peak at 

approximately 900 cm-1, showing the main absorption band of the C1-O-C4 β-glycoside bond, 

which is typical of cellulose, and the C-O-C stretching vibration at approximately 1050 cm-1. The 

O-H bending vibration is at approximately 1650 cm-1, the C-H stretching vibration is at 

approximately 2890 cm-1 and the OH functional group stretching vibration is at 33003400 cm-

1. Figure 2b shows the FTIR spectra of magnetite, indicating the main absorption band of the Fe-

O bond at approximately 600 cm-1, which is typical of Fe3O4 nanoparticles (Sabaqian et al., 2016). 

Figure 2c shows that the FTIR spectrum of the cellulose-nanomagnetite nanocomposite has 

similarities to the spectra of acetylated nanocellulose. When magnetite nanoparticles are 

combined with nanocellulose, the Fe-O peak shifts to 595 cm-1 and slightly widens due to the 

occurrence of Fe-O bonds on the surface of the nanocellulose, as illustrated in Figure 1.  

  

Figure 2 FTIR spectra of: (a) acetylated 

nanocellulose; (b) magnetite Fe3O4; (c) 

nanocomposites of cellulose magnetite 

Figure 3 XRD diffraction patterns of: (a) 

acetylated nanocellulose; (b) magnetite Fe3O4; (c) 

nanocomposites of cellulose magnetite 



802 Nanocomposites Comprising Cellulose and Nanomagnetite as Heterogeneous Catalysts  
for the Synthesis of Biodiesel from Oleic Acid 

3.2.2.  XRD analysis 

XRD characterization was performed on the acetylated nanocellulose, magnetite Fe3O4 and 

compared to the nanocomposites of cellulose magnetite, as shown in Figure 3. Figure 3a shows 

that the diffraction patterns of acetylated nanocellulose have a sharp peak at 21.3° and a weak 

peak at 14.2°, which is characteristic of cellulose, which usually has a peak at around 22.4° called 

the intensity of crystalline, and peak at 18.25° called the intensity of amorphous (Helmiyati et al., 

2017). Figure 3b shows that the Fe3O4 nanoparticles have five peaks at 30.20°, 35.50°, 43.10°, 

57.00° and 62.60°. These results correspond well with a study conducted by Sabaqian et al. 

(2016). Figure 3c shows that the diffraction pattern of nanocomposites made of cellulose and 

magnetite have diffraction peaks at approximately 14.2° and 21.3°, both of which are 

characteristic of cellulose (Helmiyati et al., 2014), with peaks also appearing at 30.29°, 35.64°, 

44.85°, 57.54° and 62.55°, which correspond to five Fe3O4 nanoparticle peaks. This shows that 

the Fe3O4 nanoparticles have been composited with the nanocellulose surface, which is supported 

by the FTIR results in Figure 2. 

3.2.3.  SEM analysis 

The surface morphology from the SEM characterization is shown in Figure 4. In Figure 4a, that 

of acetylated nanocellulose shows homogeneous, subtle and short fibrils, while Figure 4b shows 

the cellulose-nanomagnetite nanocomposite with fibrils, which are characteristic of 

nanocellulose. In addition, spherical Fe3O4 nanoparticles can be seen on the surface of the 

nanocellulose (circled in red). This result is supported by the XRD diffraction pattern in Figure 

4. 

 

  
(a) (b) 

Figure 4 (a) SEM micrographs of acetylated nanocellulose at 1000x magnification; (b) 

nanocomposites of cellulose and nanomagnetite Fe3O4 at 2000x magnification 

3.2.4.  TEM analysis 

The TEM characterization results are shown in Figure 5. Figure 5a shows the surface morphology 

of acetylated nanocellulose with a scalebar of 100 nm. The acetylated nanocellulose shows a 

smooth and homogeneous morphology, with the fibers are clearly visible, together with short 

fibrils with an average size of around 165×25 nm (circled in green). Figure 5b shows the surface 

morphology of the cellulose-nanomagnetite Fe3O4 nanocomposite with a scalebar of 100 nm. The 

small dark-colored spots are nanomagnetite Fe3O4, with an average size of around 30 nm (circled 

in red), and located on the surface of the nanocellulose, which is lighter in color. This indicates 

that nanomagnetite Fe3O4 was successfully composited with the acetylated nanocellulose as a 

support material. This result is supported by the previous characterization, which can then be 

used as a catalyst.    
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(a) (b) 

Figure 5 TEM micrographs of (a) acetylated nanocellulose 100 nm scale; (b) cellulose-nanomagnetite 

Fe3O4 nanocomposites 100 nm scale  

3.3.  Catalytic Activity for the Synthesis of Methyl Ester Biodiesel from Oleic Acid 

3.3.1.  Effect of nanocomposite catalyst concentration 

Figure 6 shows that with increasing catalyst concentration, conversion of the product also 

increases. This is due to the increased concentration of catalysts, meaning that there are more 

active sites, which will increase the number of activated complexes of the nanocomposites and 

the level of oleic acid, the impact of which is an increase in methyl ester product. However, when 

the concentration of catalysts was increased to 2.5 wt.%, there was no significant increase in 

conversion. In this work, the maximum amount of catalyst is 1.5 wt.%. The use of nanocomposite 

catalysts comprising cellulose biopolymer and nanomagnetite in this study was more effective 

than those used by Hidayat et al. (2018), namely zeolite impregnated with potassium nitrate. They 

obtained an optimum amount of catalyst of 5 wt.%. 

3.3.2.  Effect of reaction temperature  

Figure 7 show with that an increase in temperature to 60°C the conversion also rises; kinetically, 

the higher the temperature, the greater the number of collisions between particles, and the reaction 

rate will also increase, so the amount of resulting product increases. In this work, the optimum 

temperature for methyl ester formation was 60°C. A similar result was obtained by Cercado et al. 

(2018) using homogeneous catalysts. However, when the temperature was raised to 80°C, the 

conversion tended to decrease. This was due to the boiling point of methanol being approximately 

65°C, so it was possible to evaporate the methanol before it could react with the oleic acid, 

meaning conversion decreased. 

3.3.3.  Effect of reaction time 

Figure 8 shows that an increase in reaction time will increase the conversion, as an increase in 

time will increase the number of activated complexes that form between the reactants and the 

catalyst. The optimum reaction time was obtained at 5 hours. This is longer than that of Hidayat 

et al. (2018) of 4 hours with a biodiesel yield of 83.2%; however, the conversion yield of this 

study is 89.2%.  When the reaction time was increased to 6 hours, the conversion decreased 

because the transesterification reaction produces water byproducts, meaning the reaction is likely 

to undergo a reversible reaction with the longer reaction time.  

3.3.4.  Effect of reactant mole ratio 

Figure 9 shows that with an increase in the amount of methanol conversion also rises, because 

excess methanol in the reaction will shift towards the formation of products. The optimum 

conversion of 89.21% was obtained with a 1:3 ratio of oleic acid to methanol. However, with 

excess methanol (1:4 or higher), conversion decreased, due to the possibility of excess methanol 
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producing byproducts. Using heterogeneous nanocomposite catalysts in this study produced 

better results than Cercado et al. (2018), who employed homogeneous catalysts and obtained 

anoptimum ratio of microalgae to oil of 1:12. 

 

  

Figure 6 Effect of catalyst concentration Figure 7 Effect of reaction temperature 

  

Figure 8 Effect of reaction time Figure 9 Effect of reactant ratio 
 

The catalytic activity for the synthesis of methyl ester from oleic acid obtained the highest 

conversion of 89.21%, with a catalyst weight of 1.5% by weight, reaction temperature of 60°C, 

reaction time of 5 hours, and lower ratio of oleic acid to methanol of 1:3. 

3.3.5.  Analysis of methyl esters using GC-MS 

The formation of methyl esters was characterized using GC-MS to determine the type formed. 

Methyl ester synthesis was conducted under optimum conditions for high conversion (catalyst 

weight 1.5 wt.%, reaction temperature 60°C, reaction time 5 hours, and ratio of oleic acid to 

methanol 1:3). Figure 10 shows the GC-MS results is plot of relative abundance (%) to mass to 

charge ratio (m/z). The peaks at 264.1 (M+-32) and 222.2 g/mol (M+-74), amongst others, are ion 

fragments formed before the methyl ester compound (M+) was formed. 

 

 

Figure 10 Results of methyl esters with GC-MS 
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The type of methyl ester formed as the product is a 9-octadecanoic acid methyl ester compound 

with a relative molecular mass of 296.1 g/mol. 

3.4.  Study of the Reaction Kinetics of Methyl Ester Formation from Oleic Acid 

The esterification reaction of oleic acid with methanol to produce methyl ester can be represented 

by the following reaction, Equation 1: 

 Water ter  Methyl Es Methanol  Oleic Acid                  (1) 

The reaction uses excess methanol so that the reaction kinetics model becomes Pseudo first order, 

as shown in Equation 2:   

kdtLn[OALn[OA]
t


0

]           (2) 

where [OA]t and [OA]0 represent oleic acid concentration at a certain time and initial time 

respectively. The plot of Ln[OA]t to time t can be seen in Figure 11; the slope was calculated to 

determine the rate constant, which depends on the reaction temperature. In Figure 11, it is shown 

that increasing temperatures of 40, 50, 60 and 70°C will increase the reaction rate constant from 

0.0095, 0.0112, 0.0137 and 0.0165 min-1 respectively. This constant (k) depends on temperature, 

according to the Arrhenius equation shown below in Equation 3: 

RT

aE
 Ln A -Ln k                            (3) 

To determine the activation energy of the transesterification reaction for the synthesis of methyl 

ester from oleic acid, ln k vs 1/T was plotted, with the slope of the graph equal to Ea/R. The plot 

of ln k vs 1/T for the temperature variations can be seen in Figure 12. 

 
 

Figure 11 Plot of Ln [OA]t to time Figure 12 Plot of 1/T to ln k 

In Figure 12, the slope of line (-Ea/R) is 1991.8, so the activation value of methyl ester formation 

from oleic acid is 16.56 kJ/mol. The results of the kinetic study in this experiment compare with 

similar work from other researchers, as shown in Table1.  

Table 1 Review of kinetic studies of transesterification reactions 

Catalyst Raw material Ea (kJ/mol) Alcohol solvent Ref 

Nanocomposites of 

cellulose-Fe3O4 

Oleic acid from 

coconut oil 

16.56 Methanol This work 

Al–Sr nanocatalysts BCO from sunflower 

oil 

72.86 Methanol Feyzi et al. 

(2017) 

CaO nanoparticles BCO from Bombax 

ceiba oil 

35.99 Methanol Hebbar et al. 

(2018) 
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Table 1 shows that catalysis using a nanocomposite of biopolymer cellulose impregnated with 

nanomagnetite Fe3O4 can reduce the activation energy; in comparison, Feyzi and Shahbazi (2017) 

obtained an activation energy of 72.86 kJ/mol and Hebbar et al. (2018) one of 35.99 kJ/mol. 

Subsequently, the results of this study show good catalytic activity and the product can be used 

as a green biocatalyst in the future. 

 

4. CONCLUSION 

A cellulose-nanomagnetite Fe3O4 nanocomposites was successfully synthesized, as evidenced by 

the FTIR, XRD, SEM and TEM characterization, which revealed that nanomagnetite Fe3O4 had 

impregnated the acetylated nanocellulose as the support material. Nanomagnetite Fe3O4 with an 

average size of 30 nm in the nanocomposites was obtained. The nanocellulose-Fe3O4 

nanocomposites was applied as a catalyst for the synthesis of methyl esters from oleic acid. A 

molar ratio of methanol to oleic acid of 3:1, catalyst amount of 1.5 wt.%, reaction time of 5 hours 

and reaction temperature of 60°C were employed as the optimum reaction parameters, with a 

conversion yield of 89.21%. The type of methyl ester formed as the product of the GC-MS 

characterization was 9-octadecenoic acid methyl ester, with a relative molecular mass of 296.1 

g/mol. In the kinetics study, a low activation energy of 16.56 kJ/mol was obtained. The synthesis 

of biopolymer cellulose-magnetite nanocomposites using nanocellulose from rice husks with 

Fe3O4 nanoparticles can therefore be used as an effective catalyst for biodiesel synthesis from 

fatty acids such as vegetable oil. 
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