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Abstract: Microcrystalline cellulose (CL) extracted from biomass was combined with Mg–Al 

layered double hydroxides (LDH) to develop sustainable hybrid biocomposites using different 

synthesis routes. The influence of the preparation method and calcination temperature on the 

structural evolution and thermal properties of the resulting CL/LDH materials was systematically 

investigated by X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), and 

differential thermal analysis (DTA). The comparative evaluation of the synthesis strategies revealed 

their significant impact on phase transformations and structure–property relationships. Among the 

prepared materials, the CL/LDH-SDS biocomposite exhibited the highest thermal stability, owing to 

the synergistic effect of sodium dodecyl sulfate (SDS) intercalation and the layered LDH 

architecture. These findings demonstrate that optimizing the synthesis route and thermal treatment 

is an effective strategy for tailoring the structural integrity and thermal performance of 

cellulose/LDH biocomposites, highlighting their potential as sustainable functional materials. 
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1. Introduction 

Biocomposites represent a vital and rapidly evolving class of advanced materials that 

have attracted significant attention in recent years for their remarkable performance and 

multifunctionality [1]. These hybrid materials, which combine a polymer matrix with 

nanoscale fillers such as layered silicates, carbon nanotubes, graphene, or metal oxides, offer 

an outstanding balance of mechanical strength, thermal stability, barrier properties, and 

flame-retardant performance even with minimal filler content. Among them, clay-based 

nanocomposites have emerged as particularly promising due to their cost-effectiveness, 

abundance, and ease of incorporation into polymer matrices.  

Incorporating a small fraction of clay into polymers such as poly(methyl 

methacrylate) (PMMA), poly(ethylene terephthalate) (PET), polypropylene (PP), epoxy 
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resins, polyimides, or ethylene vinyl acetate (EVA) can dramatically improve the 

composites' properties. Therefore, researchers and industry players should explore the 

potential of nanocomposites in various applications to enhance the performance of various 

systems and products [2–4]. Using biodegradable polymers as a matrix for nanocomposites 

is a relatively new development. Some of the main biodegradable polymers used for this 

purpose include poly (3-caprolactone), poly (lactic acid), cellulose and its derivatives, 

starch, and poly (hydroxybutyrate). Cellulose, the most abundant and naturally occurring 

polymer, is often preferred due to its biodegradability and affordability [5,6].  

Recent studies have increasingly focused on cellulose as a sustainable polymer 

matrix for the development of advanced composites, with particular emphasis on improving 

its structural and functional properties. In 2012, Yang et al. synthesized 

cellulose/montmorillonite nanocomposites by incorporating clay nanofillers into the 

cellulose matrix, yielding transparent, flexible films with enhanced mechanical strength and 

excellent gas barrier properties. These characteristics make such materials promising 

candidates for various high-performance applications [7]. In another example, Khan et al. 

created antibacterial nanocomposites by dispersing ZnO nanoparticles in the cellulose 

acetate matrix in 2014 [8]. A study conducted by Delhom et al. in 2010 demonstrated the 

use of cellulose-based cotton and layered silicate clay nanocomposites to enhance the flame-

retardant properties of cellulose. The addition of nanocomposites resulted in a significant 

improvement in thermal properties compared to cellulose alone, due to degradation 

temperature by 45°C [9]. Other researchers have also improved cellulose's thermal 

properties by adding clay nanofillers within a polymer matrix. Liu et al. developed three-

component nanocomposite films by combining sodium montmorillonite clay (MTM), a 

relatively high molecular weight water-soluble cellulose derivative (carboxymethyl-

cellulose CMC), and nano-fibrillated cellulose (NFC) from pulp wood, which displayed 

favorable flame-retardant characteristics [10]. 

Our group conducted several studies to improve the properties of cellulose/clay 

nanocomposites based on a microcrystalline cellulose matrix and MgAl–LDH as clay nano-

charges. The current study aims to observe the structural changes of these nanocomposites 

at different temperatures and determine the effect of Hydrotalcite nanofillers on their thermal 

resistance. The researchers developed CL/LDH nanomaterials using composite-P1 via direct 

coprecipitation, composite-P2 after swelling CL and LDH in an aqueous solution, and 

composite-P3 via sonification [11]. A new method has been developed that involves 

modifying Hydrotalcite with a surfactant, specifically sodium dodecyl sulfate (SDS), before 

combining it with CL and swelling the mixture with distilled water. The obtained material 

was denoted composite-P4-SDS. The resulting nanocomposites were subjected to thermal 

treatments at temperatures ranging from ambient to 600 °C in increments of 100 °C. The 

samples obtained at each temperature were immediately analyzed by XRD, FTIR 

spectroscopy, and DTA to monitor their structural evolution and thermal stability. 

2. Materials and Methods 

2.1. Materials. 

Microcrystalline cellulose was purchased from Sigma-Aldrich. Metal salts, 

including magnesium chloride hexahydrate (MgCl2· 6H2O), magnesium nitrate hexahydrate 

(Mg(NO3)2· 6H2O), aluminum chloride hexahydrate (AlCl3· 6H2O), and aluminum nitrate 
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nonahydrate (Al(NO3)3· 9H2O), were obtained from LOBA Chemie with a purity of 99%. 

Sodium hydroxide (NaOH) in pearl form (98% purity), sodium carbonate (Na2CO3, 99.9% 

purity), and sodium dodecyl sulfate (SDS, 99.8% purity) were also provided by LOBA 

Chemie. Urea (99% purity) was supplied by Chemical. 

2.2. Methods. 

The material's powder XRD was obtained using a Philips PW (1800) X-ray 

diffractometer set to 40 kV and 20 mA, and equipped with Cu Kα = 1,5418 Å radiation. At 

a scan rate of one degree per minute, the spectra of the various samples were recorded in a 

2θ range covering 5° to 70° with an angular increment of 0.04°. To obtain the FTIR spectrum 

of the material, a Michelson interferometer was used to separate the ceramic source and 

detector TGS in a JASCO 4100 FTIR spectrophotometer. Using the KBr pellet method, the 

sample's FTIR spectrum was acquired. The pellet was made at a pressure of 5 tons, and the 

sample to KBr ratio was 1:50. With a resolution of 20 cm-1, the matching spectra were 

obtained between 400 and 4000 cm-1. The Shimadzu TA-60 type apparatus was used for 

Thermal analysis (DTA) in air with a linear heating rate of 10°C.min-1 from ambient 

temperature to 600°C. The calcinations were done in a furnace in a flow of air. The 

temperature was raised at a rate of 5°C/min to reach 600°C and maintained for 8h. 

2.2.1. Preparation of MgAlCO3–LDH. 

The solid MgAlCO3 Hydrotalcite was prepared using a simple coprecipitation 

method at pH = 10 [12]. A 60.99g of (MgCl2. 6H2O) and 24.14g of (AlCl3. 6H2O) in 300 ml 

of distilled water were dissolved to make a caustic solution by dissolving 300 ml of water, 

32g of NaOH, and 2.12g of Na2CO3. These two solutions were slowly added while 

vigorously stirring to keep the pH constant at 10. The mixture was refluxed at 70°C for 17h 

under the same vigorous stirring. The resulting solid was collected, washed with hot distilled 

water, and dried at 70°C for 15h. 

2.2.2. Intercalation of MgAlNO3–LDH by SDS. 

The coprecipitation method at constant pH was used to modify the Hydrotalcite by 

mixing two solutions: the first solution contains salts of aluminum nitrate (7.5g of Al(NO3)3. 

9H20) and magnesium nitrate (15.4g Mg(NO3)2. 6H2O) along with 7g of sodium dodecyl 

sulfate (SDS) in 100 ml of distilled water. The second solution is NaOH (6g dissolved in 

100 ml of distilled water). While maintaining the pH at a constant value of 10, both solutions 

were added dropwise under a nitrogen atmosphere while stirring. After the addition, the 

reaction mixture was stirred for 12h at 75°C. The solid obtained after centrifugation, 

washing with distilled water, and drying at 70°C was noted as LDH-SDS. 

2.2.3. Preparation of the biocomposites CL/LDH. 

The CL-LDH nanomaterials were synthesized using four state-of-the-art protocols, 

including MgAlCO3–LDH or MgAlNO3-LDH, denoted MgAl–LDH, as nanomaterials. 

Herein are the possibilities of CL-LDH synthesis and the benefits of this cutting-edge 

innovation. 

a-Protocol 1: The initial step involved dispersing MgAlCO3–LDH clay fillers in a 

solution containing NaOH, urea, and microcrystalline cellulose. The CL solution was 
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prepared using the methodology outlined by Jia et al. [13]. Specifically, a mixture of 28g of 

NaOH and 48g of urea was vigorously stirred in 320 ml of distilled water, followed by the 

addition of 8.14g of CL. The resultant mixture was stirred for 12h and then cooled to 5°C in 

a refrigerator. This cellulose solution was employed in the synthesis of CL–LDH 

biocomposites. In the nanocomposite synthesis, 5% of MgAlCO3–LDH was dispersed in a 

95% cellulose solution (w/w). 

The reaction mixture was left under agitation overnight. Subsequently, the solution 

underwent microwave radiation at 350W for 3min, following previously determined optimal 

conditions [14,15]. The mixture was then centrifuged at 3000 rpm for 12min, and the 

synthesized product was washed with a mixture of distilled water and ethanol (50V/50V) 

before being dried in an oven at 50°C for 7h and the final product was denoted Composite-

P1. 

b-Protocol 2: In this protocol, 0.1g of MgAlCO3–LDH and 1.9g of cellulose were 

separately soaked in distilled water. The solutions were stirred for 2h and mixed at 40°C for 

18h. Microwave energy was then applied to the solution for 3 minutes at 350W. The 

resultant composite CL-MgAlCO3–LDH had a creamy texture. The product was separated 

from the solution by centrifugation for 12min at 3500 rpm and then washed with distilled 

water and ethanol. Finally, it dried at 60°C, where the sample was denoted Composite-P2. 

c-Protocol 3: NaOH, urea, and H2O solution was prepared by adding 3.5g of NaOH, 

6g of urea, and 40mg of H2O to a known amount of MgAlCO3–LDH. The solution 

underwent stirring for a duration of 2h at room temperature, followed by the sonication of 

the MgAlCO3–LDH suspension for a period of 8 min. Subsequently, the solution was cooled 

to 7°C. The ultrasonic treatment parameters were set to Energy: 29254J, Power: 65W, Time: 

8, 36, 50 continuous seconds, with 10 seconds off intervals. A predetermined amount of CL 

was added to the solution to yield a composite comprising 95% CL and 5% LDH. The 

resulting mixture was stirred overnight, subjected to centrifugation at 3500 rpm for 12min, 

and rinsed with a water/ethanol solution. Finally, the sample was dried at 60°C and named 

Composite-P3. 

d-Protocol 4: The CL-LDH–SDS nanocomposite was synthesized by separately 

swelling 0.1 g of MgAlNO3-LDH–SDS and 1.9g of CL in distilled water and stirring the 

solutions for 2h. Subsequently, the swollen samples were combined and stirred at 40°C for 

18 hours. Microwave energy was then applied to the solution for 3 min at 350 W, creating a 

creamy-textured CL-LDH-MgAlNO3–SDS nanocomposite. The product was separated 

from the solution by centrifugation for 12 min at 3500 rpm and was subsequently washed 

with distilled water and ethanol. Finally, the product was dried at 60°C and CL-LDH–SDS 

(Composite-P4-SDS). 

3. Results and Discussion 

3.1. XRD analysis. 

The X-ray diffraction (XRD) pattern of MgAl–LDH (MgAlCO3/MgAlNO3) is 

presented in Figure 1a. The diffraction peaks (00l) observed in the pattern are characteristic 

of a lamellar structure like those reported in previous studies. These peaks indicate that the 

synthesized MgAl-LDH is a pure and well-crystallized LDH phase as Hydrotalcite type 

[16,17]. In the case of calcined LDH, the (003) peak remains delicate and intense up to 

300°C, indicating that the lamellar character of the structure was maintained up to this 
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temperature. Between 300°C and 400°C, the disappearance of the (003) and (110) peaks 

indicates the beginning of the destruction of the lamellar structure. Above 400°C, two new 

peaks emerge at 2θ = 43° and 63°, indicating the appearance of the mixed oxide 

Mg3AlO4(OH) [18]. The XRD pattern of CL is presented in Figure 1b. Three diffraction 

peaks are observed at 2θ = 16°, 22°, and 34°, which are assigned to (110), (002), and (004) 

diffraction planes, respectively [19]. The peak at 2θ = 16° corresponds to hemicellulose 

(amorphous phase), while the peaks at 2θ = 22° and 34° correspond to the crystalline phase 

of cellulose [20]. No change is observed in the pattern up to 300°C. The peak of the 

amorphous phase disappears at 400°C, and that of the crystalline phase becomes less intense 

and broader at this temperature due to the beginning of decomposition of the crystalline 

phase. It coincides with the thermal analysis DTA, which revealed two CL decomposition 

peaks around 370°C and 475°C. 

The XRD pattern of the Composite-P1 (Figure 1c) was characterized by the presence 

of the two phases (LDH and CL). On the spectra at ambient temperature of this compound, 

we observed another peak at 2θ = 20°, which maintained up to 300°C and which shows the 

presence of the cellulose phase in a weak polymerization degree (PD: Degrees of cellulose 

polymerization), in agreement with the result obtained by J. Holladay and Z. C. Zhang [21]. 

In our case, this suggests that the dissolution of the CL in the NaOH/urea medium is 

unfavorable for the dispersion of cellulose in the MgAl–LDH phase, and the CL would be 

in a weakly polymerized state. Up to 300°C, the composite keeps the same behavior as 

MgAl–LDH alone since the peak (003) remains intense and the lamellar character is 

preserved. However, at 400°C, an intermediate phase was formed before forming the mixed 

oxide at 500°C. Changes in coloring accompanied these variations. At 400°C, the 

nanocomposite has taken a black color, which indicates that the organic matter is burnt, and 

at 500°C, a grey color was observed. In comparison, at 600°C, the composite resumed the 

whitish color: organic matter has disappeared.  

Figure 1d represents the XRD pattern of the CL–LDH nanocomposite synthesized 

according to the P2 process (composite-P2). This material has a partially exfoliated structure 

characterized by the dominant presence of the peaks of the CL. The presence of the principal 

peak (003) of MgAl–LDH with a very low intensity suggests the existence of MgAl–LDH 

crystallites. No change was observed up to 300°C. The CL in this structure adopts the same 

behavior as when alone. From 400°C, the CL's disappearance begins, and the mixed oxide 

Mg3AlO4(OH) forms until the CL collapses completely at 600°C. 

The XRD pattern of the nanocomposite developed by the ultrasound method 

(composite-P3) is presented in Figure 1e. This composite was characterized by the presence 

of two phases (CL and MgAl–LDH), and the peaks are intense, well-resolved, and 

symmetrical. The peak at 2θ = 22° includes the crystalline CL and the (006) peak of the 

MgAl–LDH. This nanocomposite remains stable up to 400 °C. From 500°C, the mixed oxide 

appears with additional peaks corresponding to the spinel phase (MgAl2O4). The latter is 

generally observed for calcination temperatures above 600 °C [22]. It suggests that the LDH 

phase in this nanocomposite is less stable, while the CL keeps its structure up to 400°C. The 

presence of the peak around 2θ = 11° (peak 003) on the spectra of the samples calcined at 

500°C and 600°C compared to composite-P1 and composite-P2, may be due to the presence 

of the crystals of the MgAl-LDH hidden by the CL, which reappear after decomposition of 

the cellulose at 400°C. 
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Figure 1f shows the XRD pattern of the nanocomposite CL-LDH–SDS (Composite-

P4-SDS). We note the presence of the characteristic peaks of the CL and a remarkable 

absence of those of the MgAl–LDH, which indicates that this nanocomposite has an 

exfoliated structure [11]. Cellulose is present up to 400°C, which indicates a gain in thermal 

stability of 100°C for the nanomaterial modified by SDS compared to the polymer alone. It 

shows that the clay nanofillers modified by SDS improve the stability of the polymer. 
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Figure 1. XRD patterns of the non-calcined and calcined samples after thermic treatments at 100°C, 300°C, 

400°C, 500°C, and 600°C: (a) MgAl-LDH; (b) CL; (c) composite-P1; (d) composite-P2; (e) composite-P3; 

 (f) composite-P4-SDS. 
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3.2. FTIR analysis. 

The FTIR spectra of MgAl–LDH, microcrystalline cellulose, and the synthesized 

biocomposites are analyzed in Figure 2, both before and after calcination.  
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Figure 2. FTIR spectra of the various samples before and after calcination: (a) MgAl–LDH; (b) CL; (c) 

Composite-P1; (d) Composite-P2; (e) Composite-P3; (f) Composite-P4-SDS. 
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The MgAl–LDH spectrum, as depicted in Figure 2a, displays the characteristic 

MgAl–LDH bands in the range of 450-900 cm-1 with ν(M-O) and ν(M-O-M) (M = Al, Mg) 

[23,24]. The prominent bands include ν(OH) at 3480 cm-1, δ(H2O) at 1635 cm-1, and ν(NO3
-

) for MgAlNO3 and ν(CO3
2-) for MgAlCO3 at 1380 cm-1. In contrast, the CL spectrum in 

Figure 2b demonstrates a broad band centered at 3372 cm-1, corresponding to the stretching 

vibrations of –OH groups. The absorption bands between 1000 and 1200 cm-1 are attributed 

to the C-O stretching on the polysaccharide skeleton. The band at 2902 cm-1 corresponds to 

C-H vibrations in cellulose, which causes the deformed band at 1380 cm-1. Analysis of FTIR 

spectra provides valuable information on the chemical composition and structure of the 

materials under investigation. The results demonstrate the presence of characteristic MgAl–

LDH and CL bands, confirming the successful synthesis of the biocomposites [11]. 

The band observed on the spectrum of MgAl–LDH around 3400 cm-1 (Figure 2) 

corresponds to vibrations valence of the OH–(OH··OH) groups of physiosorbed water and 

OH–(M–OH) groups (M = Mg2+, Al3+) and to O–H of water molecules between sheets [25], 

increases in intensity because it covers both the O–H band of the hydroxyl groups of the 

layers brucite-type of MgAl–LDH and the vibration of elongation of the O–H bonds of the 

alcohol functions of the cellulose [26]. The FTIR spectra of calcined composites reveal a 

decrease in intensity of the bands around 3400 cm-1 and 1630 cm-1, corresponding to 

dihydroxylation and dehydration of MgAl–LDH. The absorption bands located around 2900 

cm-1 and 890 cm-1, observed on the spectra of the composites, are respectively associated 

with the C-H stretching vibration of cellulose [27] and the anti-symmetrical stretching 

vibrations of the C-O-C glycosidic linkage [28]. The evolution of the intensity of these two 

bands was followed as a function of the calcination temperature. We note that these bands 

gradually decrease in intensity when the calcination temperature increases and disappear 

entirely at 400°C for the Composite-P1, Composite-P2, and Composite-P3 (Figure 2c, 

Figure 2d, and Figure 2e), except for the Composite-P4-SDS. For this nanocomposite, the 

bands at 2902 and 897 cm-1 were preserved up to 500°C (Figure 2f) and revealed that the 

microcrystalline cellulose, which degrades at 400 °C, is thermally stable up to 500°C in the 

Composite-P4-SDS, so there is a temperature gain of 200°C for microcrystalline cellulose 

in the composite structure. The result is consistent with that of the XRD analysis (Figure 1b 

and Figure 1f). Consequently, the Composite-P4-SDS nanocomposite exhibits the best 

thermal stability since its degradation temperature increases by 100°C, compared to 

composite-P1, composite-P2, and composite-P3. 

3.3. Thermal analysis DTA. 

The DTA curves of the MgAl–LDH, CL, composite-P1, composite-P2, composite-

P3, and composite-P4 samples are provided in Figure 3. The thermogram of MgAl–LDH 

(Figure 3a) shows that the decomposition of the solid took place in three distinct 

endothermic stages, corresponding to three mass losses. The first stage corresponds to the 

desorption of weakly bound or adsorbed water molecules from the outer faces of the crystals 

(a low-intensity peak at around 113°C, Δm = 10%) [29]. The second stage (peak around 

228°C) was attributed to removing water molecules in the interfoliar domain (Δm = 7%). In 

the third step, carbonates are removed by decarboxylation of the right anions, and water 

molecules are removed by dehydroxylation of the sheets (Δm = 24%). It gives rise to an 

endothermic peak around 390°C [30]. 
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The thermogram of the CL used (Figure 3b) shows an endothermic peak located at 

75.8°C (Δm = 6%), corresponding to the elimination of physisorbed water molecules, and 

two other exothermic crystallization peaks located at 375.4°C and 479.1°C with mass losses 

of 55.7% and 9.2%, respectively, attributed to cellulose degradation [31]. The thermogram 

of the CL-LDH nanomaterial (Figure 3c) prepared according to protocol 1 (composite-P1) 

shows CL decomposition peaks with lower temperatures than cellulose alone. However, the 

peaks are broad, showing that the decomposition is slower. The thermograms of 

biocomposites synthesized by processes 2 and 3 (Figure 3d and Figure 3e) exhibit two 

exothermic peaks at 384°C and 476.7 °C, and at 312.43 °C and 455.45 °C, respectively. 

These peaks correspond to cellulose degradation. The biocomposite produced by process I 

(composite-P1), which has weakly polymerized microcrystalline cellulose (low PD), 

degrades at lower temperatures than observed in the other two processes. It indicates that it 

is less thermally stable. The elimination of water molecules in the interfollicular space of 

MgAl-LDH (peak around 228°C) occurs at a higher temperature for composite-P2, showing 

that these species become more stable when the MgAl–LDH is in a partially exfoliated 

structure. The endothermic peaks at 59°C and 203°C, caused by interlayer water and 

carbonate species between the MgAl-LDH layers, are very weak and cannot be seen 

compared to those of CL. It confirms the exfoliated structure found by the XRD analyses 

(CL is the main component).  

The thermogram of the CL-MgAl–LDH nanomaterial produced using the 

ultrasound-assisted method (protocol 3) reveals exothermic CL decomposition peaks at 

312°C and 455°C. The low-intensity endothermic peaks at 73 °C and 161 °C are caused by 

removing physi-sorbed water molecules and interfollicular space water molecules, 

respectively. A new exothermic peak was observed at 427 °C, which can be attributed to the 

additional phase (Figure 3e) observed on the diffractogram (Figure 1e) at 2θ = 37°. For all 

the developed nanomaterials, the disappearance of the endothermic peak at 389.68 °C 

corresponding to the release of water molecules by dehydroxylation and carbonates from 

MgAl–LDH indicates that these species are more strongly bound within the biocomposites 

and decompose at higher temperatures (typically above 500°C). The two exothermic peaks 

obtained on the thermograms of composite-P1 and composite-P3 (Figure 3c and Figure 3e) 

correspond to the decomposition of cellulose in the composite, for the carbonated cellulose/ 

Mg–Al biocomposite [31]. This degradation takes place at lower temperatures than those 

obtained for cellulose alone. The cellulose structure changed when clay particles were 

added, consistent with the XRD results (the amorphous phase disappeared in composite-P1, 

and another phase appeared in composite-P3). 

Table 1. Thermal degradation parameters from DTA analyses of the synthesized biocomposites. 

Composite T onset (°C) T max (°C) T phase transition (°C) 

MgAl–LDH 113 390 390 

CL (cellulose) 76 479 479 

P1 59 322 230 

P2 67 384 477 

P3 73 427 456 

P4-SDS 68 468 467 
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Figure 3. DTA curves for samples: (a) MgAl–LDH; (b) CL; (c) composite-P1; (d) composite-P2; 

 (e) composite-P3; (f) composite-P4-SDS. 

 

The DTA results, summarized in Table 1, show the thermal degradation parameters, 

such as Tonset, Tmax, and phase transition temperatures (°C), for MgAl–LDH, CL, and 

each biocomposite. 

As a result, the observed variations in degradation temperatures may be attributed to 

structural modifications in the cellulose matrix and the dispersion state of MgAl–LDH 

particles within the composites. In composite-P1, the change in thermal behavior likely 

stems from the dispersion of MgAl–LDH within the polymer matrix, whereas in composite-

P3, it may be related to the distribution of cellulose within the MgAl–LDH phase. For 

composite-P2, the initial degradation temperature of cellulose increased by about 10°C 

compared to pure cellulose, while the second degradation stage occurred at nearly the same 

temperature. This shift suggests a partially exfoliated structure, as evidenced by XRD 

analysis. In the case of composite-P4-SDS, which exhibited a fully exfoliated structure, no 
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endothermic peak corresponding to MgAl–LDH degradation was detected. This indicates 

enhanced thermal stability of MgAl-LDH in the nanocomposite, corroborated by the XRD 

results (Figure 1f). Moreover, the first exothermic peak associated with cellulose 

decomposition (Figure 3f) appeared broader, likely due to the overlapping degradation of 

sodium dodecyl sulfate (SDS). 

4. Conclusion 

Different procedures have been developed to create the biocomposites of 

microcrystalline cellulose/layered double hydroxide (CL/LDH) by dispersing MgAl–LDH 

clay nanofillers in microcrystalline cellulose solutions. X-ray diffraction (XRD), infrared 

spectroscopy, and DTA analyses confirmed the nanoscale dispersion of MgAl-LDH layers 

within the CL polymer matrix using various methods. The biocomposites P1 and P3 were 

characterized by peaks from both phases, MgAl–LDH and CL, whereas biocomposites P2 

and P4-SDS exhibited partial and exfoliated structures, respectively, as evidenced by the 

decrease or disappearance of characteristic MgAl–LDH peaks. The thermal degradation 

behavior of the prepared composites was evaluated by calcining them at different 

temperatures and analyzing the resulting products by XRD, infrared spectroscopy, and DTA. 

Results revealed that the preparation method significantly influences the structural and 

thermal properties of the resulting nanomaterials. Among the tested materials, composite-

P4-SDS exhibited the highest thermal resistance, showing an increase of 100 °C in 

degradation temperature compared to composites P1, P2, and P3, attributed to its exfoliated 

structure facilitated by SDS intercalation. For future work, mechanical performance 

evaluations and long-term thermal cycling studies are suggested further to assess the 

applicability and durability of these bioocomposites. 

Author Contributions 

Conceptualization, S.M. and H.Z.; methodology, S.M.; software, J.H.; validation, H.Z. and 

M.N.B.; formal analysis, J.H.; investigation, M.N.B.; resources, M.N.B.; data curation, S.M. 

and J.H.; writing original draft preparation, S.M. and H.Z.; writing review and editing, J.H. 

and M.N.B.; visualization, M.A.; supervision, M.N.B. All authors have read and agreed to 

the published version of the manuscript. 

Institutional Review Board Statement 

Not applicable. 

Informed Consent Statement 

Not applicable. 

Data Availability Statement 

Data supporting the findings of this study are available upon reasonable request from the 

corresponding author. 

Funding 

This research received no external funding. 

https://doi.org/10.33263/LIANBS152.059
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS152.059  

 https://nanobioletters.com/ 12 of 14 

 

Acknowledgments 

The authors sincerely thank the Laboratory of Chemistry–Biology Applied to the 

Environment and the National Center for Scientific and Technical Research for their 

collaboration in this work. 

Conflicts of Interest 

The authors declare no conflict of interest. 

Abbreviations 

The following abbreviations are used in this manuscript: 

Abbreviation Definition 

CL Microcrystalline Cellulose 

LDH Layered Double Hydroxide 

SDS Sodium Dodecyl Sulfate 

XRD X-ray Diffraction 

FTIR Fourier-Transform Infrared Spectroscopy 

DTA Differential Thermal Analysis 

MgAl-LDH Magnesium-Aluminum Layered Double Hydroxide 

P Protocol 

NFC Nano-fibrillated Cellulose 

CMC Carboxymethylcellulose 

PP Polypropylene 

PMMA Poly(methyl methacrylate) 

PLA Poly(lactic acid) 
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