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Abstract: This study explores the development of nontoxic biocomposite films from methylcellulose 

(MC) and crystalline nanocellulose (CNC). First, a methylcellulose sample (Tylose MH 50) of 

concentration 1.5% (w/w) and crystalline nanocellulose type-1 samples of different concentrations were 

prepared to obtain these biocomposite films. Films were then produced by adjusting methylcellulose 

solution with nanocellulose solution following the casting-evaporation methodology. The molecular 

interactions of crystalline nanocellulose with methylcellulose were investigated using ATR Fourier 

Transform Infrared (FTIR) spectroscopy. FTIR analysis of films revealed a shift of absorption peak in 

the region of 3200-3600 cm-1 to a lower value and found an intense peak at 1031 cm-1 with the 

incorporation of CNC into Tylose MH 50 film. The thermal stability of these films was examined using 

thermogravimetric analysis (TGA), indicating the films' higher stability than MC. Mechanical 

properties were measured by controlled RH by dynamic mechanical analysis (DMA), showing changes 

in Young's modulus from the initial slope of stress-strain plots and storage modulus (E′) as the 

concentration of CNC increased in films. The data were obtained from bionanocomposite films, which 

were not even with variations in thickness as measured by a digital micrometer. The mechanical 

properties of bionanocomposite films showed variation due to the varying local orientation of CNCs in 

MC, as it contradicts work that was previously done in this area which suggests a uniform orientation 

of CNCs in MC biopolymer. Further research on these biocomposite films is expected to find more 

significant uses.  
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1. Introduction 

The increasing interest in using biopolymer and biocomposite materials for 

environmental safety led the researcher to develop newer sustainable, biodegradable polymers 

[1]. Biodegradable packaging materials are produced from renewable biological raw materials 

such as starch, chitosan, agar, cellulose, etc. [2-7]. Among them, cellulose is the most available 

natural biopolymer on the earth and is largely used for preparing composites with other 

biopolymers [8-12]. On the other hand, synthetic polymers have excellent thermomechanical 

properties like strength, durability, flexibility, and heat resistance. Still, they cannot meet 

sustainable demands due to limited supplies of non-renewable petroleum polyolefins 
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(polyethylene and polypropylene) [13-16]. Moreover, biopolymer's advantages over synthetic 

polymers as synthetic ones continuously add solid waste products to the environment. 

Methylcellulose (MC) is a cellulose derivative and can be synthesized from wood, 

cotton, and plant pulps. MC is also called cellulose ether [17]. It has a chemical structure, as 

shown in Figure 1. Partial replacement of the hydroxyl groups in cellulose with methyl groups 

produces MC. MC is modified water-soluble cellulose used as a matrix for biomedical and 

biodegradable nanocomposites. It is a biodegradable, biocompatible, and non-cytotoxic 

polymer with excellent film-forming properties. It can be used in pharmaceuticals, foods, 

agricultural products, construction materials, paints, ceramics, detergents, adhesives, and 

cosmetics [18-25]. The compatibility of MC with CNC was good because of the interaction 

between OH groups in the nanocomposite, which gives H-bond a cross-linked structure (Figure 

1). MC films have weak mechanical properties, high water sensitivity, and poor barrier 

properties. 

Among them, blending polymers with fillers (reinforcing) is the most efficient way to 

modify the properties of polymers with different amounts of fillers [26]. Films produced from 

the blending of biopolymers usually exhibit modified properties compared to films made from 

an individual component [27-29]. Among them, nanosize fillers are useful reinforcing agents 

[30].  
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Figure 1. Path of interaction between MC and CNC in the nanocomposites through H-bonding (up) and 

chemical structure of MC (down). 
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Apart from reinforcing abilities, materials' biocompatibility is considered one of the 

most significant factors. There are so many inorganic resources (such as clay, graphene, 

mineral, etc.) for producing reinforcing fillers. These sources are non-renewable and expensive. 

In contrast, reinforcing agents from natural sources are more environment-friendly since plants 

isolate carbon by absorbing carbon dioxide and thus reduce greenhouse gas concentrations 

[31]. In this case, cellulose nanocrystals (CNC) used to develop bionanocomposites have 

attracted more and more attention in the field of nanotechnology. It has been widely 

demonstrated that incorporating CNC into biopolymers can result in bionanocomposite 

materials with high mechanical, optical, thermal, and barrier properties [32-39], which are the 

main properties required for packaging applications [40-45]. The adhesion properties and 

large-number functional groups in the CNC's surface and biopolymer matrices can be exploited 

to improve the interfacial interactions between CNC and biopolymer matrices [46-59]. 

In this study, methylcellulose and nanocellulose were used as matrix and filler, 

respectively, and amounts of methylcellulose (MC) were adjusted with various concentrations 

of crystalline nano cellulose (CNC) to form bio-composite films. This study has also 

characterized these newly formed bio-composite films with the help of ATR Fourier Transform 

Infrared (FTIR) spectroscopy. Thermo-chemical properties of the bio-composite films were 

determined by Thermo Gravimetric Analysis (TGA). The mechanical properties of the films 

were studied by controlled RH Dynamic Mechanical Analysis (DMA). The electrical 

conductivity of selected bio nanomaterial films was determined by controlled relative humidity 

dielectric analysis (DETA-RH). Optimizing CNC concentrations in newly prepared 

biocomposite films makes it possible to produce effective and environment-friendly materials 

like biodegradable packaging materials, automotive industries, and materials for agriculture 

and pharmaceuticals industries. 

2. Materials and Methods 

2.1. Materials. 

Analytical grade chemicals such as Tylose were purchased from Shin-Etsu, UK. (MH 

50 G4 Granules Ø < 500 µm), and CNC from Celluforce, Canada, were used to prepare 

nanocomposite films without further purification. 

2.2. Nanocomposite films preparation. 

The aim was to prepare films of Tylose with varying concentrations of crystalline 

nanocellulose that would be suitable for testing, particularly by dynamic mechanical and 

dielectric analysis. Tylose MH 50 was selected at a concentration of 1.5% (w/w). A solution of 

nanocellulose (1%, w/w) was prepared and was added to Tylose in defined proportions. 

2.2.1. Method-1 (batch-1). 

To prepare Tylose MH 50 (1.5%, w/w) (Shin-Etsu, UK. MH 50 G4 Granules Ø < 500 

µm), the calculated amount of distilled water was taken in beakers placed on a magnetic stirrer 

with heating. When the water temperature became 35 ˚C, sample powder (0.240 g of Tylose 

MH 50) was added very slowly. After stirring for 1 hour, solutions were kept for 30 minutes to 

settle. After keeping in a sonicator for 15 min, 1% (w/w) CNC solution was prepared. The 

calculated amount of CNC solution was added into Tylose MH 50 solution while stirring in a 
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magnetic stirrer, and the CNC solution was added to it in a dropwise manner. After 30 minutes 

of stirring, sonication for 15 min was performed. Finally, all solutions were poured into Petri 

dishes and dried in an oven at 40˚C for 24 hours. 

2.2.2. Method-2 (Batch-2 and Batch-3). 

Tylose MH 50 (1.5% , w/w) was prepared first. When the water temperature rose to 

35°C, MC powder was added very slowly to the water, and the solution was stirred to prevent 

agglomeration. After stirring for 1 hr and 30 mins, a homogeneous solution was obtained and 

was kept for 30 minutes to settle. Ultrasonication was done for 15 minutes to remove air 

bubbles and further dispersion of the Tylose MH 50. For preparing Tylose MH 50/CNC 

composite films, 1% (w/w) of CNC solution was prepared following the above procedure. 

Different contents of CNC solution (5%, 10%,15% and 20%) were dropwise added into Tylose 

MH 50 solutions with stirring. After 30 mins, ultrasonication for each solution was done for 15 

min. And the homogeneous solutions were poured into plastic Petri dishes. The water was 

evaporated at room temperature for three days, and the films obtained were dried in an oven 

for 48 hours at 40°C. 

2.3. ATR- FTIR characterization. 

The FTIR spectra of the films were recorded in the region of 4000 cm-1 to 400 cm-1 by 

a PERKIN ELMER System 2000 FT-IR instrument with the SENSIR DuraScope accessory. 

This technique was used to analyze structural changes in the nanocomposite films. The spectra 

were analyzed by using Grams software. Films were stored at room temperature. FTIR analysis 

of Tylose MH 50 with different CNC concentrations was performed for each batch and 

compared to evaluate the effects of CNC filling in MC films based on the intensity and shift of 

vibrational bands. 

2.4. Thermogravimetric analysis (TGA). 

A Shimadzu TGA-50 was used to determine the thermal stability of the dried composite 

films. A small portion of the dried composite film was cut and placed in a Pt crucible and 

heated to 800°C at a rate of 10°C /min in purge gas (oxygen) at a flow rate of 60 ml min-1. 

2.5. Dynamic mechanical analysis of composite films. 

The Dynamic Mechanical analysis with a humidity controller (Tritec 2000 Technology) 

was conducted at 1 Hz at 20% RH and 25°C. The dried films were measured in tension at a 

single frequency (1 Hz) and strain (0.1%). The dynamic load was applied here, and the 

measurements were made over time. DMA was also performed with the static load. A force up 

to 6N was applied at 0.2N/min at 20%RH. Stress-strain curves were plotted, and Young's 

modulus values were calculated from the slope. 

2.6. Controlled RH dielectric analysis (DETA-RH). 

A dielectric analyzer with a humidity controller (Lacerta Technology DS6000) was 

used for the measurement. The dried film sample was placed between two parallel plate 

electrodes. All samples were pre-dried for 24 hours before the measurement. After placing the 

sample in the instrument, RH decreased from 20% RH and remained there for about 20 
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minutes. Then RH was increased to 60% at a rate of 1% min. Once the RH reached the target, 

the sample remained at 60% RH for 15 minutes and then decreased from 1% min to 20% RH. 

The response of the sample was measured at five frequencies (0.3, 1.0, 3.0, 10.0, and 30.0 kHz) 

at a constant temperature of 25°C. 

3. Results and Discussion 

3.1. ATR- FTIR analysis. 

The FTIR spectra of Tylose MH 50 (1.5%, w/w) composite film (control and with 

different CNC concentrations) were presented in Figure 2 and Figures S1-S4. 

 
Figure 2. (A) FTIR spectra of Tylose MH 50 (1.5%, w/w) based film (control) of batch-1; (B) FTIR spectra of 

Tylose MH 50(1.5%, w/w) (red) and Tylose MH 50+15% CNC(w/w) (purple) composite films of batch 1; (C) 

Spectral region at 2700-3700 cm-1 of Tylose MH 50 (1.5%, w/w) (red) and Tylose+15%CNC (w/w) (purple) 

composite films of batch-1 and (D) FTIR spectra at the region 800-1800 cm-1 of Tylose MH 50 (1.5%, w/w) 

(red) and Tylose MH 50+15% CNC (w/w) (purple) composite films of batch-1. 
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In FTIR spectra, absorption peaks of 1.5% Tylose MH 50 at 3441 cm-1 and 2835-2906 

cm-1 indicated stretching vibrations of OH and symmetric and asymmetric C-H vibrations, 

whereas peaks at 1642 cm-1 corresponded to OH bending of absorbed water (Figure 2A). The 

bending vibration of OH of absorbed water was difficult to extract due to the cellulose-water 

interaction. These peaks are shown to be MC peaks where OH stretching vibration was in the 

range of 3200-3600 cm-1, symmetric and asymmetric stretching vibration of C-H were at 2835 

-2980 cm-1, and OH bending vibration of water was in 1600-1800 cm-1 [60-65]. Other peaks 

had been observed in the 1453 cm-1 due to CH3 deformation in cellulose. Peaks at 1371 cm-1, 

1311 cm-1, and 1195 cm-1 represented C-H bending in-plane and 1051 cm-1 corresponded to C-

O groups. These peaks are shown to be the cellulose peaks if there are -CH3 bending vibration 

at 1460 cm-1 ,CH bending at 1374 cm-1,1315 cm-1, 1195 cm-1 and CO stretching at 1058 cm-1 

[17, 35, 66]. The peak at 942 cm-1 observed in the Tylose MH 50 composites film control film 

could be associated with C-H monosubstituted out of plane bending for C-H. There was some 

difference observed in IR spectra due to the incorporation of CNC into Tylose MH 50 films 

(Figure 2B). Tylose MH 50 +15% CNC (w/w) films showed a shift in the absorption peaks for 

OH stretching vibration to the lower value (down from 3441 to 3341 cm-1) (Figures 2B and 

2C), which could be due to the interaction of hydroxyl groups of CNCs with OH groups of 

hydrophilic Tylose MH 50 polymer. This shift in peaks, from 3410 to a lower value of 3330 

cm-1 was observed due to the incorporation of CNC into MC films [52]. An intense peak 

appeared at 1031 cm-1 with the incorporation of CNC into Tylose MH 50 film, which is 

assigned to CO stretching (carbonyl groups) (Figure 2D). The lower absorption from 1051 cm-

1 to 1031 cm-1 happened due to the extended time of sonication [52, 64]. These spectra were 

developed by carefully drying the films for 3 days in the air and 24 hours in an oven at 40°C. 

3.2. Thermogravimetric analysis (TGA). 

Figure 3 represents the TGA and DTGA curves of crystalline nanocellulose type 1 

(powder). TGA curves showed that major weight loss occurs between 200-400°C, followed by 

a much smaller weight loss between 450-600°C.  

Table 1. Results of calculated weight loss (%) for selected temperature intervals with onset temperatures of 

degradation of composites films from batch-1. 

Sample Weight loss (%) Onset 

Temperature of 

degradation (°C) 

1st derivative 

(Temperature˚ C) 200-400°C 450-600°C 

Crystalline nanocellulose type 1 (powder) 74.1 5.0 298 309 

DTG curves showed the rate of mass change with temperature, the magnitude of peak 

width at half height provides information on this; the larger the value and the broader the peak, 

the slower the rate of degradation. The onset temperature of degradation of the first process in 

crystalline nanocellulose type 1 (powder) occurred at 298°C. Table 1 shows the result obtained 

from these curves. The magenta-colored DTG curve shown in Figure 3A has a narrower peak 

width. This narrower peak indicated that the rate of degradation was higher. The obtained TGA 

and DTGA curves (Figure 3B) for 1.5% Tylose MH 50 composite film of batch-1 indicate that 

major weight loss occurred between 200-400°C following a much smaller weight loss between 

450-600 °C. DTG curves showed the rate of mass change with temperature, whereas the 

magnitude of peak width at half height provided information on this: Larger values and broader 

peaks showed a slower rate of degradation.  
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Figure 3. (A) TGA curves of crystalline nanocellulose type 1. (B) TGA (red) and DTGA (magenta) curves of 

1.5% Tylose MH 50 composite film of batch-1. (C) TGA curves of 1.5% Tylose MH 50 (red), Tylose MH 50 

+15% CNC (blue), DTGA curves of 1.5% Tylose MH 50 (green) and Tylose MH 50 +15% CNC (magenta). 

The onset temperature of degradation of the first process in Tylose MH 50 (1.5%, w/w) 

film occurred at 283°C. With the incorporation of CNC into Tylose MH 50 film, the onset 

temperature of degradation was increased from 283°C to 308 °C (Figure 3B). Table 2 shows 

the results obtained from these curves.  

Table 2. Results of calculated weight loss (%) for selected temperature intervals are shown together with an 

onset temperature of composites films batch-1. 

Sample Weight loss (%) Onset 

Temperature of 

degradation (°C) 

ΔT 1st derivative 

(Temperature˚ C) 200-400°C 450-600°C 

Tylose MH50 
(1.5%) (w/w) 

89.7 7.70 283  320 

Tylose 
MH50+15% CNC 

(w/w) 

90.1 1.82 308 25.0 330 

The magenta-colored DTG curve (Tylose MH 50+ 15% CNC) shown in Figure 3C had 

a narrower peak width at half height than that DTG curve for Tylose. The addition of crystalline 

CNC made the composite more crystalline resulting in a narrower peak in DTG.  
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Figure 4. (A) TGA curves of 1.5% Tylose MH 50 (blue), Tylose MH 50 +5%CNC (cyan), Tylose MH 50+10% 

CNC (dark red), Tylose MH 50+15%CNC (magenta) and Tylose MH 50+20% CNC (red) films. DTGA curves 

of 1.5% Tylose MH 50 (red) and Tylose MH 50 +5% CNC (green), Tylose MH 50+10% CNC (blue), Tylose 

MH 50+15%CNC (brown) and Tylose MH 50+20% CNC (magenta) films of batch-2. (B) ΔT  values of Tylose 

with CNC composites films of batch-2. (C) TGA curves of 1.5% Tylose MH 50 (blue) and Tylose MH 

50+5%CNC (cyan), Tylose MH 50+10%CNC (dark red), Tylose MH 50+15%CNC (magenta) and Tylose MH 

50+20% CNC (red) films. DTGA curves of 1.5% Tylose MH 50 (red), Tylose MH 50 +5% CNC (green),Tylose 

MH 50+10% CNC (blue), Tylose MH 50+15% CNC (brown) and Tylose MH 50+20% CNC (magenta) films of 

batch-3. (D) TGA curves of 1.5% Tylose MH 50 (red) and Tylose MH 50 +15% CNC (blue) and DTGA curves 

of 1.5% Tylose MH 50 (magenta) and Tylose MH 50 +15% CNC (green) composite films of batches 2 and 3. 
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That narrower peak also indicated a higher rate of degradation. DTG curves showed the 

maximum decomposition temperature at each stage of thermal degradation. From the first 

derivative curve, it is seen that the weight loss occurred very quickly for Tylose MH 50 with 

15% CNC film, whereas the weight loss occurred slowly for Tylose MH 50 film. The first 

derivative peak (°C) also showed more thermal stability of Tylose MH 50+15% CNC than 

1.5% Tylose MH 50 film. 

TGA and DTGA curves of 1.5% Tylose MH 50 composites film batch-2 indicated that 

the major weight loss occurred between 200-400°C, followed by a much smaller weight loss 

between 450-600°C. The onset temperature of degradation of the first process in 1.5% Tylose 

MH 50 film occurred at 299°C. With the incorporation of CNC (5%,10%,15%,20%) into 

Tylose MH 50 film, the onset temperature of degradation increased from 299°C to 317°C, 

314°C, 305°C, and 307°C, respectively, which means the film with 5% CNC was more 

thermally stable than that of neat Tylose MH 50 film and Tylose with CNC films (10%,15%, 

20%) (Figure 4A). The results obtained from these curves are presented in Table 3. The green-

colored DTG curve (Tylose MH 50+ 5% CNC) in Figure 4A had a broader peak width than 

the DTG curve for Tylose MH 50 and other Tylose +CNC composite films. The broader peak 

indicated that the rate of degradation is slower. The effect of adding crystalline CNC makes 

the composite more crystalline, with the result that DTG is a narrower peak. The narrower peak 

also indicates that the rate of degradation is higher. The brown-colored DTG curve (Tylose 

MH 50+15% CNC) has a narrower peak than neat Tylose MH 50 film and other 

nanocomposites films showing a higher rate of degradation with more crystallinity. It was 

expected that with the increase of CNC in composite films, the stability would be increased, 

but there was a variation in stability for all nanocomposites films. DTG curves showed the 

maximum decomposition temperature at each stage of thermal degradation. The first derivative 

peak (°C) also showed more thermal stability of Tylose MH 50+5%CNC nanocomposite films 

than neat Tylose MH 50 film and other nanocomposite films (10%, 15%, and 20%) (Figure 

4A). The ΔT values (difference in onset temperature of degradation of nanocomposite films 

with respect to control film) of different composite films were shown in Figure 4B. From the 

ΔT (Difference of onset temperatures between two samples) values, it is seen that Tylose MH 

50+5%CNC film was more stable than other nanocomposite films. 

TGA and DTGA curves of 1.5% Tylose MH 50 composites film from batch-3 indicated 

a major weight loss between 200-400°C and a very little weight loss between 450-600°C. The 

onset temperature of degradation of the first process in 1.5% Tylose MH 50 film occurred at 

299°C. With the incorporation of CNC (5%, 10%, 15%, and 20%) into Tylose MH 50 film, the 

onset temperature of degradation increased from 299°C to 303°C, 314°C, 311°C, and 320°C, 

respectively which means the film with 20% CNC was thermally more stable than neat Tylose 

MH 50 film and Tylose with CNC films (5%, 10%, and 15%), shown in Figure 4C. The results 

obtained from these curves were also presented in Table 4. The magenta-colored DTG curve 

(Tylose MH 50+ 20% CNC) in Figure 4C had a narrower peak width at half height than the 

DTG curve for neat Tylose MH 50 and other nanocomposite films.   

The effect of adding crystalline CNC made the composite more crystalline as a 

narrower peak became evident, which also indicated that the rate of degradation was higher. 

DTGA curves showed the maximum decomposition temperature at each stage of thermal 

degradation. The first derivative peak (°C) also showed more thermal stability of Tylose MH 

50+20% CNC nanocomposite films than neat Tylose MH 50 film and other nanocomposite 

films (10%,15%, and 20%) (Figure 4C). The ΔT values diagram showing the difference in 
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onset temperature of degradation of nanocomposite films with respect to the control film S1 

was also drawn for different composite films. The ΔT values showed that Tylose MH 

50+20%CNC film was more stable than other nanocomposite films. This is contradictory to 

the results obtained from batch 2, where Tylose MH 50+5% CNC was more thermally stable. 

This could be due to the heterogeneity of films. 

Table 3. Results of calculated weight loss (%) for selected temperature intervals are shown together with the 

onset temperature of degradation of composites films of batch-2. 

Sample Weight loss (%) Onset 

Temperature of 

degradation 

(°C) 

ΔT 1st derivative 

(Temperature˚ 

C) 
200-400°C 450-600°C 

Tylose MH50 (1.5%) (w/w) 85.2 9.67 299  324 

Tylose MH50+5% CNC (w/w) 79.2 12.1 317 18.0 359 

Tylose MH50+10% CNC (w/w) 88.9 5.37 314 15.0 334 

Tylose MH50+15% CNC (w/w) 91.3 2.49 305 6.0 326 

Tylose MH50+20% CNC (w/w) (S1) 84.0 7.23 307 8.0 327 

Tylose MH50+20% CNC 

(w/w)(opstend) (S2) 

87.3 2.7 308 9.0 317 

TGA and DTGA curves of 1.5% Tylose MH 50 composite film of AB P15.4.17 [36, 

37] showed that major weight loss occurred between 200-400°C, and very small weight loss 

occurred between 450-600°C. The onset temperature of degradation of the first process in 1.5% 

Tylose MH 50 film occurred at 301°C.  

Table 4. Calculated weight loss (%) for selected temperature intervals with onset temperatures of degradation of 

composites films from batch-3. 

Sample Weight loss (%) Onset 

Temperature of 

degradation 

(°C) 

ΔT 1st derivative 

(Temperature˚ 

C) 
200-400°C 450-600°C 

Tylose MH50 (1.5%) (w/w) (S1) 82.0 12.0 299  324 

Tylose MH50 (1.5%) (w/w) (t 0.050 

mm) (S2) 

77.2 13.7 302  329 

Tylose MH50 (1.5%) (w/w) (0.037) (S1) 83.8 10.0 303  328 

Tylose MH50+5% CNC (w/w) (S1) 83.9 10.0 303 4.0 328 

Tylose MH50+5% CNC (w/w) (t 0.02 

mm) (S2) 

83.7 11.2 304 5.0 328 

Tylose MH50+10% CNC (w/w) 78.8 10.9 314 15.0 336 

Tylose MH50+15% CNC (w/w) (S1) 91.8 2.12 311 12.0 332 

Tylose MH50+15% CNC (w/w) (opst 

end) (S2) 

90.9 0.383 313 15.0 325 

Tylose MH50+20% CNC (w/w) (S1) 90.9 4.04 320 21.0 339 

Tylose MH50+20% CNC (w/w) (S2) 85.2 5.69 319 20.0 336 

With the incorporation of CNC into Tylose MH 50 film, the onset temperature of 

degradation increased from 301°C to 311°C. Table 5 shows the result obtained from these 

curves. The magenta-colored DTG curve for Tylose MH 50+ 15% CNC had a narrower peak 

width than the DTG curve for Tylose only. From the first derivative curve, it is seen that the 

weight loss occurred very quickly for Tylose MH 50 with 15% CNC film, whereas the weight 

loss was comparatively slower for Tylose MH 50 film. The first derivative peak also showed 

more thermal stability of Tylose MH 50+15% CNC than 1.5% Tylose MH 50 film. The first 

derivative peak also showed more thermal stability of Tylose MH 50+15% CNC film than 

1.5% Tylose MH 50 film. 
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Table 5. Calculated weight loss (%) for selected temperature intervals with onset temperatures of degradation of 

composites films of AB P15.4.17. 

Sample Weight loss (%) Onset 

Temperature of 

degradation (°C) 

ΔT 1st derivative 

(Temperature˚ C) 200-400°C 450-600°C 

Tylose MH50 (1.5%) (w/w) 82.3 11.7 301  326 

Tylose MH50+15% CNC (w/w) 83.9 8.7 311 10.0 335 

Similar to AB P15.4.17, TGA and DTGA curves of 1.5% Tylose MH 50 composite 

film of AB P24.7.17 [67, 68] showed a major weight loss between 200-400°C and minor weight 

loss between 450-600°C. The onset temperature of degradation occurred at 293°C. With the 

incorporation of CNC into Tylose MH 50 film, the onset temperature of degradation increased 

from 293°C to 310°C (Figure 4D). Results obtained from these curves are presented in Table 

6. The green-colored DTG curve (Tylose MH 50+ 15% CNC) in Figure 4D also had a narrower 

peak width at half height than the DTG curve for Tylose only. Other results were also in line 

with AB P15.4.17. 

Table 6. Calculated weight loss (%) for selected temperature intervals with an onset temperature of degradation 

of composites films of AB P24.7.17 & P25.7.17. 

Sample Weight loss (%)  Onset 

Temperature of 

degradation (°C) 

ΔT 1st derivative 

(Temperature˚ 

C) 
200-400°C 450-600°C 

Tylose MH50 (1.5%) (w/w) 79.7 14.0 293  322 

Tylose MH50+15% CNC (w/w) 88.1 3.66 310 17.0 341 

3.3. Dynamics mechanical analysis of nanocomposite films Young’s modulus (YM). 

Young's modulus was determined for films of Tylose and Tylose with nanocellulose 

composite films (batch-1) prepared at 25°C under controlled relative humidity and set at 20%, 

and values were calculated from the ratio of stress to strain.  

 

 
Figure 5. (A) Young's modulus measured at 20% RH and 25°C temperature for pre-dried 1.5% Tylose MH 50 

and Tylose MH 50+15%CNC films of batch-1. (B) Young's modulus was measured at 20% RH and 25°C 

temperature for Tylose MH 50 (1.5%, w/w) and Tylose MH 50/CNC (w/w) composite films of batch-2 and 

batch-3. 
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The increase in Young's modulus (YM) (MPa) of the Tylose MH 50+15%CNC (w/w) 

film indicated increased stiffness of the film. As the concentration of CNC in the composite 

film increased, Young's modulus (MPa) increased by 142% (from 411.05 MPa to 993.17 MPa) 

(Figure 5A). 

It was expected that with the incorporation of CNC to the Tyose MH 50, Young's 

modulus would be significantly enhanced due to the high aspect ratio of CNC and interfacial 

interaction due to hydrogen bonding between CNC and Tylose MH 50 matrix [69]. It was 

observed that there was an increase in Young's modulus (YM) for the incorporation of 10% to 

20% CNC, resulting in increased stiffness of films under controlled relative humidity (RH) and 

controlled temperature at 25°C except for Tylose MH 50+5% CNC film, which was less stiff 

than 1.5% Tylose MH 50 film. However, the amount of fillers is an important factor in the 

fabrication of biocomposite films. The reinforcement started from 10% CNC incorporation to 

Tylose MH 50 matrix film in this batch. All the measurements were carried out at least three 

times for each sample on the same sample. Two samples from Tylose MH 50 +20% CNC films 

were measured to check the homogeneity of the sample (Figure 5B). 

Young's modulus of Tylose MH 50 + 20% CNC (w/w) film was less than that of Tylose 

MH 50+15% CNC(w/w) film. But it was still greater than 1.5% Tylose MH 50 film indicating 

a less stiff film than Tylose with 15% CNC. The higher the value of Young's modulus, the 

higher the stiffness of films. Figure 5B indicated a significant difference in the stiffness of 

composite films of batch-2 and batch-3. 

The calculated Young's modulus of Tylose MH 50 and Tylose MH 50/CNC composite 

films [67, 68] for AB P 15.4.17 are provided in Table 7 at 25°C temperature under controlled 

relative humidity (RH) and set at 20%. All the measurements were carried out at least three 

times for each sample on the same sample. Two samples from Tylose MH 50 (1.5%, w/w) 

films were measured to check the homogeneity of the sample. The present study also indicated 

the homogeneity of both samples (S1, S2) as there was no significant difference in their 

Young's modulus (MPa). 

Table 7. Young's modulus value of Tylose MH 50 (1.5%, w/w, S1, S2) and Tylose MH 50+15%CNC(w/w) pre- 

dried composite films of AB P15.4.17. 

Sample Young’s modulus (MPa) STDEV 

Tylose MH50 (1.5%, w/w, S1) 427.9 28.17 

Tylose MH 50(1.5%, w/w, S2) 498.5 36.98 

Tylose MH 50+15% (w/w) CNC 1626.0 129.5 

3.4. Storage Modulus (SM), E΄. 

The measured dimensions of 1.5% Tylose MH 50 and Tylose MH 50+15% CNC dried 

films prepared for batch-1 are provided in Table 8. The storage modulus (MPa) of the Tylose 

MH 50+15% CNC nanocomposite film was higher than the storage modulus of neat 1.5% 

Tylose MH 50 film.  

Table 8. Sample dimension and analysis of Tylose MH 50 (1.5%, w/w) and Tylose MH 50+15% CNC pre-dried 

composite films of batch-1. 

Sample Sample width (mm) Sample thickness 

(mm) 

Storage 

modulus,E՛ (MPa) 

Tylose MH 50 (1.5%, w/w) 5.683 0.041 707.6 

Tylose MH 50+15% CNC (w/w) 5.410 0.032 1572 
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This increased storage modulus value indicates a strong reinforcement effect obtained 

with the incorporation of CNC. Therefore, higher storage modulus E' (MPa) means stiffer and 

more durable film. Figure 6A showed the storage modulus values of 1.5% Tylose MH 50 pre-

dried composite films of batch-1with respect to time. 

Table 9 provided the measured dimensions of 1.5% Tylose MH 50 and Tylose MH 

50+15% CNC dried films [38, 39], prior to dynamic mechanical analysis at 25°C under 

controlled relative humidity and set at 20%. The storage modulus E՛(MPa) of the Tylose MH 

50+15% CNC nanocomposite film was higher than the storage modulus of neat 1.5% Tylose 

MH 50 film resulting in a stiffer and more durable film. 

Table 9. Sample dimension and analysis of Tylose MH 50 (1.5%, w/w) and Tylose MH 50+15% CNC(w/w) 

pre-dried composite films of AB. 

Sample Sample width (mm) Sample thickness 

(mm) 

Storage 

modulus,E՛ (MPa) 

Tylose MH 50 (1.5%, w/w) 5.681 0.043 1049 

Tylose MH 50+15% CNC (w/w) 5.650 0.033 1464 

The measured dimensions of Tylose MH 50 (1.5%, w/w) and Tylose MH 50+15% CNC 

dried films for batches P24.7.17 & P25.7.17. The storage modulus, E′ (MPa) of the Tylose MH 

50+15% CNC dried nanocomposite film showed a greater value than that of 1.5% neat Tylose 

MH 50(1.5%, w/w) film (Figure 6B). 

3.5. Effect of humidity cycles (EHC) on the properties of tylose MH 50 and tylose MH 

50+15% CNC composite films. 

The mechanical properties of Tylose MH 50 nanocomposite films were investigated 

based on three humidity cycles. The storage modulus measured at 25°C and relative humidity 

(20% & 60%) for 1.5%, Tylose MH 50 film after each successive humidity cycle is presented 

in Table 10. The decreased storage modulus at higher relative humidity (60% RH) was due to 

the hydrogen bonds created between chains in the Tylose MH 50 composite film by the 

absorption-desorption of water [70]. 

On the other hand, the Tylose MH 50+15% CNC composite films showed a higher 

storage modulus than the neat Tylose MH 50 film at 20% and 60% RH (Table 11). The 

humidification cycle increased the water concentration in the interface of the Tylose MH 

50+15%CNC matrix (hydrogen bonds between the chains in Tylose MH 50), which was 

replaced by CNC, which formed CNC-Tylose MH 50 bonds, gave strength to the 

nanocomposite. The ΔE′ values (Figure 6C) show less difference in storage modulus with CNC 

incorporation between 20% and 60% RH in each cycle than the ΔE′ values of neat Tylose MH 

50 film, which indicates the higher strength of Tylose MH 50+15%CNC composite films than 

the neat Tylose MH 50 film at 20% and 60% RH. 

Table 10. The storage modulus measured at 25°C, and relative humidity 20% & 60% for Tylose MH 50(1.5%, 

w/w) pre-dried composite film of AB P24.7.17. 

Relative 

humidity 

(% RH) 

Storage Modulus, E՛ (MPa) 

                      

Observation 

Time 

(min) 

First cycle Time (min) Second cycle Time 

(min) 

Third cycle 

20 62.8 882.2 140.0 926.4 222.3 967.4 1 

60 101.1 743.9 179.8 764.7 260.2 789.2 2 
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Figure 6. (A) The storage modulus for Tylose MH 50+15%CNC (w/w) pre-dried film of AB P25.7.17; (B) 

Storage modulus E՛(MPa) of pre-dried Tylose MH 50(1.5%, w/w) (blue) and Tylose MH50+15%CNC(w/w) 

(red) films with respect to time(mins) of AB P24.7.17. (C) Storage modulus, E՛(MPa) values of Tylose MH 50 

(1.5%, w/w) and Tylose MH 50+15%CNC (w/w) pre -dried films of AB P24.7.17 & P25.7.17. (D) 

Displacement (%) of Tylose MH 50 (1.5%, w/w) pre-dried composite films of batch-1.  
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The displacement (%) of Tylose MH 50 (1.5%, w/w) and Tylose MH 50+15% CNC 

(w/w) composite films with respect to time (min) and relative humidity (%RH) is shown in 

Figure 6D. Displacement was zeroed so that the starting point for both the composite films was 

30 mins before the first cycle. The reduction in displacement was seen for the Tylose MH 

50+15% CNC composite films than Tylose MH 50 film without CNC, which indicated a 

stronger interaction between CNC-Tylose MH 50 film interfaces indicated the increased 

strength of nanocomposite film. The large displacement of Tylose MH 50 (control) films means 

more flexible hydrogen bonds between chains of Tylose MH 50 and between Tylose MH 50 

with water molecules due to the humidification cycle as it increased water content in the 

composite film. 

Table 11. The storage modulus measured at 25°C and relative humidity (20% & 60%) for Tylose MH 50 

+15%CNC (w/w) pre-dried composite film of AB P25.7.17. 

Relative 

humidity 

(% RH) 

Storage Modulus, E՛ (MPa) Observation 

Time 

(min) 

First cycle Time (min) Second cycle Time 

(min) 

Third cycle 

20 26.9 986.6 106.5 1061.0 186.0 1086.0 1 

60 63.4 886.5 142.8 921.6 224.4 224.4 2 

3.6. DETA-RH: nanocellulose concentration. 

The values for complex permittivity ε*, relative permittivity, and dielectric loss at 60% 

RH for Tylose MH 50 (1.5%, w/w) film without CNC of AB P15.4.17 were presented in Table 

12. The sample was kept at 60% RH for 15 minutes, and then RH was decreased to 1% min for 

Tylose MH 50 (1.5%, w/w) film. As the RH increases, the permittivity of the dried films 

increases gradually. There is a gradual increase in relative permittivity when the RH is held at 

60%. When the RH decreases from 60%, the permittivity also decreases. The observed increase 

in permittivity occurs as water is absorbed. Water has a higher value of relative permittivity 

(dielectric constant) than film. 

The plot of dielectric loss Vs. 1/ω was shown in Figure 7A. The measured values of 

slopes showed the conductivity of dried films at 60% RH. The calculated slope had a value of 

0.5078. The electric conductivity calculated at 60% RH was σ conductivity=slope× ε₀ where 

ε₀=8.85 pFm-1
. Therefore, the electrical conductivity for Tylose MH 50 (1.5%, w/w) film was 

8.85 ×0.5078=4.49 Sm-1. 

Table 12. Measured values for permittivity, dielectric loss, complex permittivity ε*, at the end of the plateau at 

60% RH for Tylose MH 50(1.5%, w/w) pre-dried film without CNC. 

Time ° C Frequency Capaci

tance 

Tan 

Delta 

ε' ε'' ε* Ionic 

Conductivity 

Humidity 1/ω ε'' 

Tylose MH 50 (1.5%, w/w) 

5392 24.6 0.3 52.507 0.132 1.586 0.209 1.600 3.49 E-09 60.1 0.531 0.209 

5407 24.6 1 48.838 0.083 1.475 0.122 1.481 6.79 E-09 60.1 0.159 0.122 

5422 24.6 3 46.823 0.053 1.415 0.075 1.417 1.25E-08 60.0 0.053 0.075 

5437 24.6 10 45.618 0.034 1.378 0.047 1.379 2.6E-08 60.1 0.016 0.047 

5453 24.6 30 45.303 0.023 1.369 0.032 1.369 5.29E-08 60.1 0.005 0.032 

The values for complex permittivity ε*, relative permittivity, and dielectric loss at 60% 

RH for Tylose MH 50(1.5%, w/w) film with CNC of AB P15.4.17 [36, 37] were presented in 

Table 13. The values of electrical conductivity in Table 14 are for the Tylose MH 50(1.5%, 

w/w) film without CNC (Figure 7A) and Tylose MH 50 with 15% CNC (w/w) film (Figure 

7B). The value of slope and conductivity in the Tylose MH 50 (1.5%, w/w) film without CNC 
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is low, which indicates the film was less hydrophilic in comparison to Tylose MH 50 with 15% 

CNC (w/w) (Figure 7C) as CNC is more hygroscopic, i.e., absorbed more water. 

 
Figure 7. (A) Plot of dielectric loss Vs 1/ω for pre-dried Tylose MH 50(1.5%, w/w) film without CNC. (B) Plot 

of dielectric loss Vs 1/ω for pre-dried Tylose MH 50+15% CNC (w/w) composite film of AB P15.4.17. (C) Pre-

dried Tylose MH 50+15%CNC(w/w) film: Variation of permittivity ε՛(blue) with increasing relative humidity 

(RH) of 1% min (red) versus time (secs) of AB P15.4.17. 

Table 13. Measured values for permittivity, dielectric loss, and complex permittivity ε*, at the end of the 

plateau at 60% RH for pre-dried Tylose MH 50 +15% CNC(w/w) composite film of AB 15.4.17. 

Time °C Frequency Capaci

tance 

Tan 

Delta 

ε' ε'' ε* Ionic 

Conductivity 

Humidit

y 

1/ω ε'' 

Tylose MH 50+15% CNC (w/w) 

5496 24.8 0.3 77.638 0.168 4.579 0.768 4.644 1.28E-08 60.1 0.531 0.768 

5511 24.8 1 70.309 0.107 4.147 0.444 4.171 2.47E-08 60.1 0.159 0.444 

5526 24.7 3 66.470 0.070 3.921 0.275 3.931 4.58E-08 59.7 0.053 0.275 

5542 24.7 10 64.095 0.046 3.781 0.175 3.785 9.68E-08 59.8 0.016 0.174 

5558 24.7 30 63.194 0.033 3.727 0.123 3.730 2.05E-07 60.0 0.005 0.123 

Table 14. Gradient and electrical conductivity (Sm-1) of Tylose MH 50 (1.5%, w/w) without CNC and Tylose 

MH 50+15%CNC(w/w) pre-dried composite films of AB P15.4.17. 

Figure Tylose MH 50+ %CNC 

(w/w) film 

Gradient Electrical 

conductivity(Sm-1) 

8 0% 0.51 4.49 

9 15% 1.82 16.1 
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4. Conclusions 

Bio-composite films were prepared using methylcellulose (MC) with various 

concentrations of CNC, and their characterizations were determined successfully by ATR 

FTIR, TGA, DMA-RH, and DETA-RH methods. FTIR of all batches of samples showed a 

similar sort of molecular arrangement. With the addition of CNC into the Tylose MH 50 (1.5%, 

w/w) solution, optimal characteristics were provided to increase thermal stability and film 

strength. TGA study of Tylose MH 50+CNC nanocomposite films showed a significant 

difference in thermal stability. An increase in Young's modulus (YM) for all samples indicated 

the presence of CNC in the Tylose MH 50 matrix, pointing to the stiffness of composites films. 

An increase in storage modulus (E) at 1 Hz evidenced the reinforcement of composite films. 

Another important property of nanocellulose is their behavior toward moisture absorption, 

which provides information on their hydrophilic nature. Evaluation of the dielectric analysis 

allows for optimization of this hydrophilic nature based on conductivity and moisture 

absorbance. Further investigations, including mixing time controlled drying temperatures, 

using higher CNC concentrations, and observing their effects on Tylose MH 50 composite 

films characterization, will help to understand bionanocomposite films' mechanical and 

thermal properties. Long mixing time, doubling the volume by adjusting the weight for the 

same coverage, or using smaller Petri dishes can be suggested to analyze the future 

thermomechanical and dielectric properties of bionanocomposite films. 
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Supplementary material 

 

Figure S1. FTIR spectra of Tylose MH 50 (1.5%, w/w) based film (control) of batch- P 27.7.17. 

 

 
Figure S2. FTIR spectra of Tylose MH 50 (1.5%, w/w) (red) and Tylose MH 50+15% CNC (w/w) (purple) 

composite films of batch-1 (P 27.7.17). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wave number (cm-1) 

A
b

so
rb

a
n

ce
 (

A
U

) 
A

b
so

rb
a
n

ce
 (

A
U

) 

Wavenumber (cm-1) 

https://doi.org/10.33263/BRIAC133.274
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC133.274  

 https://biointerfaceresearch.com/ 
23 of 23 

 

 
Figure S3. Spectral region at 2700-3700 cm-1 of Tylose MH 50(1.5%)(w/w) (red) and Tylose+15% CNC (w/w) 

(purple) composite films of batch 1 (P 27.7.17). 

 
Figure S4. FTIR spectra in the region from 800-1800 cm-1 of Tylose MH 50(1.5%, w/w) (red) and Tylose MH 

50+15% CNC (w/w) (purple) composite films of batch 1 (P 27.7.17). 
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