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Abstract – The growing demand for efficient and sustainable water treatment technologies has prompted the 

exploration of biomaterial-based catalysts. This study investigates the synthesis and performance of magnetic 

cellulose microfiber membranes (MGCMFs) derived from sugarcane bagasse, an abundant agricultural waste in 

the Philippines, for the degradation of Rhodamine B (RhB) through peroxymonosulfate (PMS) activation. 

Cellulose microfiber (CMF) were extracted via alkaline delignification and mechanical fibrillation. Magnetite 

nanoparticles (MNPs) were synthesized onto the CMF using a co-precipitation method at varying precursor 

concentrations. Characterizations using SEM, Raman, FTIR, and XRD confirmed successful incorporation of 

MNPs with nanoscale features and magnetic properties. The MGCMF with low MNP content (MGCMF1) 

exhibited 97.81% RhB degradation within 300 minutes, outperforming both the high MNP-loaded (MGCMF2) 

and non-magnetic CMF membranes. Kinetic analysis revealed that MGCMF1 followed pseudo-first-order and 

Langmuir-Hinshelwood models, indicating surface catalysis. These findings suggest that the sugarcane-derived 

MGCMFs offer a promising, eco-friendly solution for dye-polluted water remediation. 
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I. INTRODUCTION 

 

Synthetic organic dyes are widely used in the manufacture of a wide range of colorful 

products, including textiles, paper, cosmetics, and pharmaceuticals. However, these chemicals 

often end up in industrial effluents, becoming major contributors to water pollution. Organic 

dyes are not only persistent in aquatic environments but also toxic, posing risks to aquatic 

organisms such as fish, algae, and invertebrates. They also threaten human health through 

exposure pathways such as contaminated drinking water and ingestion, potentially leading to 

endocrine disruption, as well as carcinogenic and mutagenic effects [1]. One notable example 

is Rhodamine B (RhB), which is carcinogenic and can damage human organs with prolonged 

exposure [1]. The threat posed by RhB and various other synthetic organic dyes necessitates 

the development of advanced water treatment methods. 

 

Advanced oxidation processes (AOPs) have emerged as an effective strategy for degrading 

organic pollutants. AOPs are based on generating highly reactive radicals that non-selectively 

oxidise and break down most organic species in water into less harmful compounds [2, 3]. 

Among these, peroxymonosulfate (HSO5
- or PMS)-based AOPs are of special interest due to 
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their ability to produce sulfate (SO4·
−) and hydroxyl radicals (·OH) [4, 5]. Sulfate radicals are 

generated through the activation of PMS—via heat, transition metals, UV light, or alkaline 

conditions—according to reactions such as: 

 

HSO₅⁻ + Fe²⁺ → SO₄·⁻ + Fe³⁺ + OH⁻        (1) 

 

Hydroxyl radicals can be formed either directly from PMS activation or indirectly through 

the reaction of sulfate radicals with water or hydroxide ions: 

 

SO₄·⁻ + H₂O → ·OH + HSO₄⁻        (2) 

SO₄·⁻ + OH⁻ → ·OH + SO₄²⁻         (3) 

 

In this system, PMS needs to be activated by some external agent or catalysts, including 

heat, ultraviolet (UV) radiation, transition metals and magnetic nanoparticles [4]. One popular 

magnetic catalyst is magnetite nanoparticles (nano-Fe3O4 or MNP) [4-7]. Magnetite 

nanoparticles are attractive in wastewater treatment due to their high adsorption surface, 

inexpensive production cost, and stable chemical structure [7, 8]. Additionally, these particles 

can be separated and recovered in the downstream using an external magnetic field. This 

magnetic recoverability also presents opportunities for the reusability and recyclability of 

MGCMF membranes, which are important considerations for sustainable and cost-effective 

applications [9, 10]. 

 

While magnetite nanoparticles were proven effective, the use of bare nanoparticles has 

some inherent limitations. At high concentrations, the dispersed nanoparticles tend to 

aggregate, creating large particles that settle and thereby reduce their catalytic efficiency [11]. 

To overcome this, attaching MNP on biocompatible templates or substrates such as cellulose, 

chitosan and gelatin has been proposed [10]. Cellulose, particularly the nanocellulose form, is 

attractive as it is cheap and abundant, renewable, and biodegradable [12]. Several studies have 

reported good results from the MNP-nanocellulose combination when used as a catalyst in 

AOPs. For example, Amiralian et al. [13] fabricated MNP-loaded nanocellulose and used this 

to activate peroxymonosulphate (PMS) to remove Rhodamine B (RhB). They reported a dye 

degradation efficiency of 94.9% after 300 min of oxidation at room temperature. Ariaeenejad 

et al. [14] fabricated magnetic Fe/nanocellulose hybrids and used them as a catalyst in a H2O2-

based AOP. They measured removal efficiencies of 98%, 96% and 62% for methylene blue, 

crystal violet, and congo red dyes. 

 

Although nanocellulose is generally considered effective, safe and biocompatible, 

concerns remain regarding some potential adverse effects, specifically after long-term 

exposures. From a wastewater treatment perspective, any unrecovered nanocellulose used in a 

treatment step can easily go undetected because of its size. This can then re-enter potable water 

streams and potentially be ingested by people. To address this issue, a proposed solution is to 

use a larger form of cellulose, called cellulose microfiber (CMF). Beyond being easier to detect 

and recover in the wastewater stream, CMF offer higher mechanical stability, lower separation 

challenges, and reduced health and environmental risks compared to nanocellulose. They can 

also be produced more cost-effectively from agricultural wastes such as rice husks, wheat 
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straw, and sugarcane bagasse [15]. From a processing perspective, producing CMF is less 

intensive compared to producing nanocellulose, which can lead to reduced production costs.   

 

Currently, there are very few reports on using magnetic particle-loaded CMF in a PMS 

system to treat synthetic dyes. Basic questions on the material’s feasibility, suitability in PMS 

activation, and dye degradation efficiency need to be answered. This study aims to address this 

research gap. A magnetite nanoparticle-cellulose microfiber membranes (MGCMFs) was 

fabricated using Philippine sugarcane bagasse as cellulose source. The membrane will be 

characterized and assessed for its effectiveness in degrading the representative pollutant dye, 

Rhodamine B,  within a PMS-based AOP system. Additionally, the valorization of agricultural 

waste, such as sugarcane bagasse, contributes to circular economy practices by converting low-

value residues into high-value products, thereby reducing waste, conserving resources, and 

supporting sustainable development goals [16]. The Philippines generates substantial amounts 

of sugarcane waste annually, making it a suitable candidate for conversion into high-value 

materials. The integration of cellulose with magnetic nanoparticles creates a hybrid system 

capable of acting as both a sorbent and a catalyst for dye degradation. Such multifunctional 

materials are key in addressing water pollution in a cost-effective and environmentally 

conscious manner. 

 

 

 

II. METHODOLOGY 

 

2.1. Materials  

Sugarcane bagasse was collected from a local source. Reagents used include sodium 

hydroxide (NaOH), glacial acetic acid (CH3COOH, NaClO2), sodium chlorite- Technical 

Grade 80% (NaClO2), ammonium hydroxide 25wt% (NH4OH), ferric (III) chloride 

hexahydrate 96% (FeCl3·6H2O), ferrous (II) chloride 98% (FeCl2), peroxymonosulphate 

(PMS), and Rhodamine (RhB). All solutions were prepared using deionised water. 

 

2.2. Extraction of Cellulose Microfiber  

The sugarcane bagasse was washed, air-dried, ground, and sieved. The sieved fibers were 

delignified in 2% NaOH at 80°C, bleached with 1% NaClO2 at 70 °C (pH adjusted to 4), and 

then oven-dried. The pulp was then mechanically fibrillated via sonication and homogenization 

to yield the microcellulose fibers. This process removed lignin and hemicellulose, exposing 

hydroxyl groups essential for nanoparticle anchoring. 

 

2.3. Synthesis of Magnetic Cellulose Microfiber  

Magnetite nanoparticles (MNP) were synthesized onto the CMF using a co-precipitation 

process under a nitrogen atmosphere. The co-precipitation method offers the advantage of 

uniform distribution of nanoparticles while minimizing oxidation [17]. Two types of 

specimens were prepared by changing the amount of Fe3+ (from FeCl3·6H2O) and Fe2+ (from 

FeCl2) precursors. For the first specimen, referred to as MGCMF1, 2.2g and 0.45g of Fe3+ and 

Fe2+ precursors were added, respectively. For the second specimen, MGCMF2, the 

concentrations of precursors were double those of MGCMF1. 25% NH4OH solution was added 

dropwise to precipitate Fe3O4 in situ. After precipitation, a black product was obtained. The 
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precipitate was collected via normal gravity filtration using filter paper, washed with distilled 

water, and air dried. 

 

 

 
Figure 1. Experimental setup for the synthesis of magnetite nanoparticles. 

 

 

2.4. Dye Degradation Tests  

For the dye degradation test, flat membranes were used. These membranes were formed 

from the dried MGCMF using a hydraulic hot press (110 °C, 10 MPa, 1.5 h). RhB degradation 

tests were conducted using 20 mg of the pressed membrane in 100 mL of 20 mg/L RhB solution 

with 100 mg PMS. Each experiment was performed in triplicate to ensure repeatability, and 

the results were statistically reproducible within the reported error ranges. Samples were taken 

every 30 minutes and analyzed at 554 nm using a UV–Vis spectrophotometer. Control 

experiments were conducted using only CMF to isolate the catalytic effect of the MNP. 

 

2.5. Characterization of MGCMF 

Scanning electron microscope (SEM, Hitachi SU3500) was used to image the surface 

morphology of the specimen. Raman spectroscopy (Horiba LabRAM HR) and Fourier 

Transform Infrared (FTIR, Nicolet iS50) spectroscopy were used to confirm the presence of 

functional groups in the cellulose.  

 

X-ray diffraction analysis (Shimadzu XRD 7000) was conducted to detect the presence of 

Fe3O4 and cellulose. The MNP particle size was calculated from the XRD spectrum using 

Scherrer’s equation [18]. The crystallinity index, Icr of cellulose was calculated from the XRD 

spectrum using Segal’s equation [19]: 

 

𝐼𝑐𝑟 =
𝐼𝑐−𝐼𝑎𝑚

𝐼𝑐
x100%                                                                                                                 (4) 

 

where Ic is the intensity at the peak 2θ ~= 22° corresponding to the crystalline region of 

cellulose, and Iam is the intensity at the peak 2θ ∼=15° corresponding to the amorphous region 

of cellulose. 
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III. RESULTS AND DISCUSSION 

 

3.1. Magnetic Cellulose Microfiber Characterization  

Figure 2 shows the SEM micrographs of the pure cellulose microfiber (CMF), pure 

magnetite nanoparticles (MNP), and the two magnetic cellulose microfiber specimens, 

MGCMF1 and MGCMF2. The extracted CMF exhibited a smooth surface, indicative of 

delignification that occurred after the applied chemical treatments [20]. The size of the 

cellulose fibers is in the micrometer scale. Measurements using ImageJ, obtained by analyzing 

SEM micrographs with the software’s line tool calibrated to the image scale bar, show that the 

CMF diameters range from 4.9 to 18.8μm. The presence of smaller fibrils was also detected 

with diameters ranging from 0.34 to 0.4μm. This indicates that the ultrasonication step was 

successful in disintegrating the fibers to the desired degree, and such would also increase their 

surface area [21].  

 

 

 
Figure 2. SEM micrographs (15.0kV, 5.00k magnification) for (a) pure cellulose microfiber 

(CMF), (b) pure magnetite nanoparticles (MNP), (c) magnetic cellulose microfiber 

(MGCMF1), and magnetic cellulose microfiber (MGCMF2). 
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The fabricated MNP appear agglomerated, as seen in Figure 2b. Although the size of 

individual nanoparticles is not apparent in this image, estimates of their sizes were obtained 

using XRD (this will be discussed in a subsequent section). Figure 2c shows that the magnetite 

nanoparticles were successfully grafted onto the surface of the microfiber. While the 

MGCMF1 sample appears smooth, the MGCMF2 sample exhibits a flakey appearance. Given 

that MGCMF2 contains twice the amount of added precursors, this morphology suggests that 

the MNPs likely aggregated and formed a continuous coating over the microfiber surfaces. 

This coating could account for the more pronounced brittleness observed in the MGCMF2 

membranes compared to MGCMF1. MGCMF2 was noticeably fragile and prone to breaking 

easily during handling and experimental procedures, likely reflecting the inherent rigidity and 

poor ductility of the MNPs. 

 

 

 
 

 
 

Figure 3. (a) Raman spectrum of raw sugarcane bagasse fiber (SBF), CMF, MGCMF1, and 

MGCMF2. (b) FTIR spectrum of CMF, MGCMF1, and MGCMF2. 

(a) 

(b) 
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Raman spectroscopy was used to detect the molecular compounds present across the 

different stages of MGCMF fabrication. The obtained Raman spectra of the specimens are 

shown in Figure 3(a). For the raw sugarcane bagasse fiber (RAWSBF) spectra, a strong peak 

at 1603 cm−1 is observed, attributed to phenyl groups present in lignin [22]. This peak 

subsequently disappeared in the CMF sample,  confirming that lignin was successfully 

removed after the chemical treatments and cellulose extraction [23]. The peaks at 1091 and 

2882 cm−1 were also more prominent in the CMF spectrum compared to those in the raw 

bagasse fiber spectrum. These two peaks coincide with the peaks for cellulose and 

hemicellulose, respectively [24]. This means that the delignification process was successful in 

extracting cellulose and hemicellulose. However, this also meant that remnants of 

hemicellulose were not fully removed, which is undesirable in cellulose extraction. Thus, 

additional treatments or longer processing times may be applied to the raw sugarcane bagasse 

fibers to fully isolate the cellulose in future extractions. In the MGCMF1 and MGCMF2 the 

peaks seen at 396, 486, and 597 cm−1 were prominent. These peaks correspond to the vibration 

modes of the Fe-O bonds, confirming the successful synthesis of the Fe3O4 NPs [25]. 

Meanwhile, the bands at 218, 283, and 1301 cm⁻¹ correspond to hematite (α-Fe₂O₃), whose 

characteristic Raman peaks typically appear at ~225, 245, 293, 299, 412, 499, 613, and 1315 

cm⁻¹. In contrast, magnetite (Fe₃O₄) exhibits prominent peaks around ~670 cm⁻¹ and ~540 

cm⁻¹, which are absent or significantly reduced in the present spectra. This clear shift in peak 

positions and intensities suggests a partial phase transformation from magnetite to hematite, 

likely due to oxidation of the particles during Raman testing, induced by the laser-related 

temperature rise of the samples [25-26]. A study by Shebanova & Lazor [26] reported that the 

intensity of these peaks increased with laser power, with rapid oxidation occurring even below 

25mW, making it challenging to prevent [26].  

 

The FTIR spectra of CMF, MGCMF1, and MGCMF2 is shown in Figure 4(b). The FTIR 

analysis reveal distinct transmittance bands at 3261, 2360, 1636, and 1027 cm−1 across all 

samples. These bands correspond to (i) the stretching vibrations of hydroxyl groups (-OH), 

which is indicative of the primary functional groups in lignocellulosic materials; (ii) the -CH 

stretching vibrations in methylene groups; (iii) the bending vibrations of hydroxyl groups (-

OH) from absorbed water; (iv)  and the stretching vibrations of C-O-C in the pyranose rings 

found in lignin, respectively.  

 

A slightly prominent peak at 543 cm−1, which likely corresponds to the Fe-O stretching 

vibrations in the tetrahedral site, was detected in the two MGCMF specimens and confirms the 

presence of magnetite [27]. While additional peaks related to the MNP was anticipated,  

however, the small amount of MNP and the inherent limitations of the FTIR equipment likely 

contributed to the absence of other peaks corresponding to the iron oxide. The transmittance 

band at 3261 cm−1 attributed to the cellulose microfiber is also not clearly visible in the 

MGCMF samples. This may be due to interactions and bond formation between the hydroxyl 

groups of cellulose microfiber and the magnetic nanoparticles, which could have weakened the 

O-H stretching vibrations in the spectra [28]. Furthermore, the low initial concentration of 

cellulose microfiber (0.3% w/v) in the dispersion during synthesis likely contributed to the 

poor resolution of their characteristic spectral features. 
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The XRD patterns of CMF, MGCMF1, and MGCMF2 are displayed in Figure 4, and the 

corresponding spectra exhibit peaks characteristic of both the cellulose microfiber and the 

magnetite nanoparticles. Cellulose is a polymeric material exhibiting a semi-crystalline 

structure. 

 

For the CMF sample, two prominent peaks at 22.12° and 15.83°, corresponding to the (002) 

and (110) lattice planes, respectively, are characteristic of cellulose [13, 29]. These specific 

peaks were selected because they are commonly reported as the primary reflections for 

cellulose I, the native crystalline form typically found in plant-derived fibers. The peak at 

22.12° reflects the crystalline structure of the cellulose I polymorph, as indicated by its sharp 

and narrow profile—features typical of well-ordered crystalline regions [13, 30]. In contrast, 

the broad hump at 15.83° is associated with amorphous regions, which lack long-range order 

and thus produce broader peaks [13, 30, 18]. Other cellulose polymorphs, such as cellulose II 

or III, exhibit different diffraction patterns, but no significant additional peaks corresponding 

to these forms were observed in this sample, suggesting cellulose I as the dominant polymorph. 

The crystallinity index of the cellulose microfiber was calculated to be 60.98%, which is 

typical as this value ranges from 50% to 80% depending on the cellulose source [31]. In a study 

by Jonjankiat et al. [32], the crystallinity index of the CMF extracted from the sugarcane 

bagasse treated with nitric acid and sodium hypochlorite was reported to be approximately 

50%, which means that the crystallinity index of the CMF produced in this study is relatively 

higher. However, this is still at the lower end of the typical range for cellulose microfiber as 

most have crystallinity indexes above 70%. This lower crystallinity could be attributed to the 

ultrasonication step, as some studies suggest that extensive mechanical fibrillation can 

decrease crystallinity due to the high shear forces involved that cause scission to the cellulose 

fibers, leading to a partial collapse of their crystalline structure [33]. Thus, optimizing the 

mechanical processes to balance high crystallinity and small fiber size is crucial. 

 

 

 
Figure 4. XRD spectra for CMF, MGCMF1, and MGCMF2. 
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For the MGCMF samples, the six characteristic peaks of the magnetite particles are 

observed at 2θ values of 30.46o, 35.71o, 43.34o, 53.88o, 57.30o, and 62.90o, corresponding to 

the (111), (220), (311), (400), (422), and (511) lattice planes of magnetite’s inverse cubic spinel 

structure, respectively [30, 34]. The sharp diffraction peaks also indicate the crystalline nature 

of the nanoparticles. Using the Scherrer equation, the average particle sizes of the nanoparticles 

were calculated to be 10.54 ±0.22nm for the MGCMF1 sample and 10.76 ± 0.18nm for the 

MGCMF2 sample, where the uncertainties represent the standard deviation from the sizes 

calculated across multiple diffraction peaks. These sizes are consistent with literature reports 

that reported MNP sizes of 11.3nm [35] and 9nm [34]. 

 

Additionally, it could be observed that the peaks associated with cellulose are not that 

visible in the MGCMF samples, although the MGCMF2 sample has a slight peak at 22.12o. 

This could be due to the high concentration of MNPs in the samples, which may dilute the 

intensity of the cellulose peaks, particularly since the initial microfiber dispersion was only 

0.3% w/v during synthesis. The crystalline structure of the MNPs may also have stronger 

diffraction peaks that dominate the XRD spectra than the cellulose microfiber [36]. This 

observation supports the earlier point regarding the need to increase the CMF content during 

synthesis to ensure it remains detectable after MNP incorporation [36]. 

 

3.2. Degradation Efficiency  

 
Figure 5. C/Co vs time of CMF, MGCMF1, and MGCMF2. 

 

 

Figure 5 shows the plot of C/Co with respect to the time, illustrating the degradation 

efficiency of Rhodamine B in the different catalysts. Among the three specimens tested, 

MGCMF1 demonstrated the highest efficiency, achieving a 97.81% degradation of RhB in 300 

minutes at room temperature. The measured degradation efficiency by MGCMF1 is 

significant, as it exceeds Amiralian et al. [13] reported 94.9% degradation of Rhodamine B 

using the magnetite nanoparticle-nanocellulose hybrid at similar time exposures of 300 min at 
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room temperature. This is encouraging as it confirms that the use of a thicker cellulose fibre 

does not diminish the composite’s efficiency.  

 

Interestingly, the bare CMF and MGCMF2 specimens showed similar degradation profiles 

to each other, indicating negligible catalytic effects. This deviates from the expected outcome, 

where a higher concentration of magnetic nanoparticles (MNPs) is expected to result in greater 

degradation efficiency. MGCMF2, with its higher precursor concentration, should have 

demonstrated this increased efficiency. However, the poor degradation efficiency of the 

MGCMF2 sample may be due to the MNP’s agglomeration, which formed a compact coating 

on the surface of the cellulose fiber, leading to fewer active sites and diminished degradation 

efficiency [37]. MNP’s are desired to be well dispersed as this offers maximum surface area 

for catalytic interaction [13]. The CMF sample also exhibited degradation, however, this may 

be due to the presence of PMS as it can degrade RhB to a certain degree even in the absence 

of a catalyst [13].  

 

To statistically validate these observations, a single-factor ANOVA analysis was 

conducted using OriginPro to compare the degradation efficiency of the untreated pure CMF 

samples and treated MGCMF specimens. Table 1 shows that MGCMF1 exhibited a 

significantly higher degradation efficiency than the uncatalyzed CMF (p = 2.64×10⁻⁷). In 

contrast, the degradation efficiency of MGCMF2, though slightly higher, was statistically 

indistinguishable from that of CMF. This means that although both were able to degrade more 

RhB than the pure CMF sample, only the MGCMF1 sample was able to significantly accelerate 

the degradation process due to the successful catalytic effect of the MNPs on its surface. 

 

 

Table 1. Descriptive statistics and ANOVA results reporting the effect of the MNP content 

on Rhodamine B degradation. 

Degradation 

efficiency 

Mean 

(%, n=12) 

Std. Dev. 

(%) 

F crit P-value Conclusion 

(p<0.05) 

No MNP 

content 

(CMF) 

81.3093 0.3120 - - - 

Low MNP 

content 

(MGCMF1) 

97.8117 0.2724 7.7086 2.641∙10-7 significant 

High MNP 

content 

(MGCMF2) 

82.5909 0.6285 7.7086 0.3417 not 

significant 

 

 

Figure 6 presents the three kinetics models used to evaluate the catalytic degradation of 

Rhodamine B (RhB) across the three samples. Based on the models, MGCMF1 sample’s 

degradation is best described by the pseudo-first-order and Langmuir-Hinshelwood models 

with R2 values (Table 2) of 0.99584 and 0.98552, respectively. This aligns with the literature, 

as most studies regarding the catalytic degradation of RhB in sulfate radical-based AOPs 

typically follow the pseudo-first-order model [38-40]. This means that the concentration of one 
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of the reactants, which in this case is RhB, plays a significant role in the degradation rate. The 

Langmuir-Hinshelwood model further supports the idea that the catalytic process involves the 

adsorption of RhB molecules onto the active sites of the catalyst surface, followed by their 

degradation. The alignment of the MGCMF1 sample with these models agrees well with the 

known mechanisms associated with heterogeneous catalysts that demonstrates high 

degradation efficiency. 

 

 

 
Figure 6. Kinetic models for RhB degradation. 

 

 

On the other hand, the CMF and MGCMF2 samples are best described by the pseudo-

second-order kinetic model as their R2 values (Table 2) are 0.982 and 0.99012, respectively.  
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Table 2. Kinetic parameters and correlation coefficients (R²) obtained from the pseudo-first-

order, pseudo-second-order, and Langmuir–Hinshelwood models for the degradation of 

Rhodamine B using CMF, MGCMF1, and MGCMF2. 

Kinetic model Sample k R2 

Pseudo-first order CMF 0.00593 0.92970 

MGCMF1 0.01359 0.99584 

MGCMF2 0.00616 0.95824 

Pseudo-second order CMF 0.00059 0.982 

MGCMF1 0.00587 0.82459 

MGCMF2 0.00062 0.99012 

Lagmuir-Hinshelwood CMF 0.01706 0.59479 

MGCMF1 0.28296 0.98552 

MGCMF2 0.04618 0.79848 

 

 

Although less common, various literature reports that the kinetics of Fenton oxidation can 

follow the pseudo-second-order model [38,41]. This assumes that the reaction rate is dependent 

on the concentrations of two reactants or species. In oxidation reactions, this could mean that 

the degradation is governed by the interactions between the oxidizing agent (PMS) and the 

organic compound (RhB) shown in Figure 7.  

 

 

 
Figure 7. Schematic illustration of the proposed Rhodamine B (RhB) degradation 

mechanism by magnetite nanoparticle (Fe₃O₄)-functionalized cellulose microfibers (CMFs) 

via peroxymonosulfate (PMS) activation. 

 

 

In this study, the distinction between surface-catalyzed and bulk-solution degradation was 

assessed by comparing reaction rates in the presence and absence of magnetic separation of 

the catalyst prior to PMS addition, as well as by monitoring changes in degradation efficiency 

after repeated catalyst use. The negligible loss in activity upon catalyst removal and the similar 

degradation profiles observed under both conditions indicate that the RhB degradation by these 

samples is predominantly a bulk solution process rather than a surface-catalyzed one. 

Additionally, the similar kinetic behavior observed between the CMF and MGCMF2 samples, 

despite the higher concentration of MNPs in MGCMF2, suggests that the MNPs in MGCMF2 

were not effectively utilized. This could be due to potential issues related to surface catalysis, 

such as MNP agglomeration and deficiency in active sites [37]. 
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IV. CONCLUSION 

 

Magnetite nanoparticles, with particle sizes of approximately 10nm, were successfully 

synthesized onto the surface of cellulose microfiber derived from sugarcane bagasse. The 

characterization techniques were able to confirm the presence of both materials. SEM 

micrographs captured the presence of CMF in the MGCMF membranes, revealing diameter 

sizes ranging from 4.9 to 18.8μm. The presence of smaller fibrils was also detected with 

diameters of 0.34 to 0.4μm. 

 

Dye degradation experiments showed MGCMF1 was the most effective catalyst in the 

OMS-based OAP, registering a RhB degradation efficiency of 97.81% at an exposure time of 

300 minutes. In contrast, MGCMF2 were less effective, attributed to MNP agglomeration and 

the reduction of active catalytic sites. ANOVA analysis further confirmed the superior 

degradation efficiency of MGCMF1, highlighting the effectiveness of the magnetite 

nanoparticle synthesis at this concentration. Kinetic analysis revealed that the MGCMF1 

degradation process followed the pseudo-first-order and Langmuir-Hinshelwood models, 

confirming that surface catalysis was the primary mechanism of degradation. Conversely, the 

CMF and MGCMF2 samples followed pseudo-second-order kinetics, indicating that the 

degradation process in these samples was more influenced by interactions between the PMS 

and RhB in the bulk solution. 

 

The findings of this study demonstrate that microsized cellulose fibers can serve as 

effective templates for MNP, with this combination providing a better degradation efficiency 

compared to a previously reported MNP-nanocellulose catalyst system. The results also 

highlight the importance of controlling the amount of MNPs precipitated onto the cellulose 

surface to prevent the formation of agglomerated MNP structures that may hinder performance. 

The successful combination of magnetite nanoparticles with cellulose microfiber from local 

sugarcane bagasse paves the way for developing efficient and sustainable materials for water 

treatment applications. 
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