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Abstract 

Cellulose nanocrystal (CNC) was prepared by a unique acid-assisted ultrasonically ball-

milling process. XRD results affirmed that CNC product after milling process was in cellulose 

Iᵦ  structure, while TEM image distinctly showed cellulose nanocrystal features. CNC/TiO2 

composite was prepared by conventional mixing method using distilled water as a medium. 

Surface interactions between CNC and TiO2 in the composite were investigated by XPS and 

FTIR spectra. CNC/TiO2 composite was blended in polylactic acid (PLA) matrix by casting 

in thin layered film using a twin-screw extruder cast machine. Moreover, UV absorption 

performance of CNC/TiO2 composite in PLA film was evaluated by UV-Vis spectroscopy 

and compared with bare PLA, TiO2 particles and CNC in PLA film. UV absorption properties 

of CNC/TiO2/PLA composite film can significantly enhanced by the incorporation of CNC 

and TiO2 in PLA matrix.  
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1. Introduction

Cellulose, the main part of the plant cell wall, is a polysaccharide consisting of long 

chains and linked by 1- 4 glycosidic bonds [1]. The hydroxyl groups in cellulose play an 

important role in physical properties [2]. The cellulose molecules consist of both 

amorphous and crystalline regions connected by hydrogen bonding between the molecules 

[3]. There are various sources of cellulose from plants such as bamboo, sugarcane bagasse, 

cotton, and wheat straw. In sugar production process, sugarcane bagasse is generated 

as a by-product. Meanwhile, high content of cellulose about 40-50% can be founded in 

sugarcane bagasse thus cellulose nanocrystal was considered and extracted from sugarcane 

bagasse [4]. For cellulose modification in nano-scale, surface-active area greatly increases 

relating to the improvement of mechanical and optical properties as flexibility and high UV 

absorption in UVC range [5]. Guo et al. revealed that NFC (nanofibrillated cellulose) had a 

good UV-shielding property, which the unmodified hand cream containing 10 wt% 

lignin-TiO2 @NFC could absorb approximately 90% of UV light [6]. Meanwhile, metal 

oxide materials such as ZnO and TiO2 have been practically utilized for UV shielding 

applications [7]. TiO2 nanoparticles are a one of attractive materials owing to wide optical 

band gap, strong ultraviolet absorptivity, non-toxicity and good photocatalyst material 

[8]. Polylactic acid (PLA) is one of the best characterized biodegradable polymers 

due to its good mechanical properties, thermal plasticity, and easy to process for films 

preparations [9].  However, PLA is poor crystallization rate, low crystallinity, low heat 

distortion temperature, and high cost. Arteaga-Ballesteros et.al. used bacterial cellulose 

disperse into PLA matrix because it has low cost, low density, and acceptable specific strength
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properties [10].  Marra et.al. shown the degradation study of PLA is faster than PLA/TiO2 

composite [11].  In this work, cellulose nanocrystal was incorporated with TiO2 and 

polylactic acid to produce a composite film for the application in transparent films in visible 

region and shielding in UV region. Polylactic acid (PLA) was chosen as polymer matrix 

due to high strength, thermal plasticity and biocompatibility. CNC/TiO2/PLA composite 

films are proposed for suitable material in UV protective utilization. 

2. Experimental

Cellulose nanocrystal was extracted from sugarcane bagasse as wasted agriculture by 

ball-milling-assisted acid hydrolysis process as described in previous work [12]. Firstly, the 

slurry of 1% (w/w) purified cellulose in water was processed by grinding with the acid-

assisted ultrasonically ball-milling process, in which precursor to ball weight ratio was 

specified at 1:3. The milling process was operated at 600 rpm for 5 h with a 10% sulfuric 

solution. The product was filtered in distilled water until the pH became neutral. For CNC/

TiO2 composite at ratio 1:1, CNC slurry was dispersed in distilled water at room 

temperature using a mechanical stirring at 500 rpm for 1 h. After that, TiO2 

nanoparticles were mixed and dispersed in CNC stock and continuously stirred at 500 rpm 

for 1 h. The final suspension was cast onto PET substrate and dried at 50 °C for 12 h to 

remove water and moisture. Finally, CNC/TiO2 powder was dispersed in polylactic acid 

(PLA) matrix and casted in form of composite films using twin-screw extruder cast 

machine. 

The surface morphology of cellulose nanocrystal after acid-assisted ultrasonically milling 

process was monitored by scanning electron microscope (HITACHI, S4700) and 

transmission emission microscope (JEOL, JSM3-ARM-200F). The crystalline 

structure and phase identification of the cellulose composites were investigated by X-

ray diffraction (Rigaku, Smart lab). The surface composition of CNC/TiO2 composite 

was investigated by X-ray photoelectron spectroscopy measurement (PHI5000 

VeralProbll@Ulvac-PHI, Inc, JAPAN) using AlKα at the beamline 5.3 of the Synchrotron 

Light Research Institute (SLRI), Nakhon Ratchasima, Thailand. The chemical constituents of 

cellulose, TiO2, and the composite were investigated by Fourier Transform Infrared (FTIR) 

spectroscopy (Thermo Scientific Nicolet 6700). The FTIR spectra were recorded in the 

region between 4,000 and 400 cm-1. The optical transmittance of the casted films was 
measured in range of 190 to 700 nm using UV-Vis spectrometer (PG, T90+). 

3. Results and discussion

Surface morphologies of raw material and sugarcane bagasse with cellulose exaction were 
monitored using a scanning electron microscope as shown in Fig. 1. The raw material of 

ground sugarcane bagasse in Fig. 1(a) showed rough surface and thick layer with the cell 

wall, lignin, hemicellulose, cellulose and other fiber. In Fig. 1(b), the morphology of 

cellulose with the fine surface was revealed by alkali treatment corresponding to the removal 

of wax, pectin, oil, lignin and hemicellulose. Moreover, cellulose nanocrystal was obtained in 

smooth surface and size reduction of fibrils after the production by the acid-assisted 

ultrasonic ball-milling process as shown in Fig. 1(c). Meanwhile, the length of cellulose 

nanocrystal was identified by TEM image as presented in Fig. 1(d). The typical structure 

and its dimensions were approximately 160 nm in length and 17 nm in width. 

Therefore, uniform nano-scaled of cellulose nanocrystal by acid-assisted ultrasonic ball-

milling process can be obtained as previously reported [13].  
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Fig. 1. SEM micrograph of (a) untreated sugarcane bagasse, (b) cellulose sample after alkali treatment, 

(c) cellulose nanocrystal product after acid-assisted ultrasonic ball-milling process, and (d) TEM

micrograph of cellulose nanocrystal

Fig. 2. XRD patterns of (a) cellulose nanocrystal, (b) TiO2 nanoparticles, and (c) CNC/TiO2 composite
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Fig. 3. XPS spectra of CNC/TiO2 nanocomposite: (a) XPS survey spectra, high resolution of (b) C1s 
scan, (c) O1s scan, and (d) Ti2p scan

The crystalline structures with diffraction patterns of cellulose, TiO2 and CNC/TiO2 

composite were studied using XRD measurement as shown in Fig. 2. In Fig. 2(a), two 

diffraction peaks located at 2θ = 16.5ᵒ and 22.5ᵒ were characteristic of (110) and (200) planes 

assigned to the cellulose Iβ structure in agreement with J. Guo et al. [14]. In Fig. 2(b), 

characteristic peaks located at 2θ = 25.4°, 38.0°, 48.3°, 53.8° and 62.8° were attributing to 

anatase phase of TiO2 corresponding to (101), (004), (200), (211) and (204) planes (JCPDS 

21-1272). Low-intensity peak located at 27.5° corresponded to the typical rutile phase (JCPDS 
21-1276). XRD pattern of CNC/TiO2 composite in Fig. 2(c) was identical to characteristic 
peaks of cellulose with Iᵦ structure and the mixture of two polymorphs of TiO2, in agreement 
with previous work of H. Han research group [15]. The results indicated that the incorporation 
of CNC and TiO2 was formed in composite due to same diffraction pattern with starting 
materials.

The surface composition and chemical state of CNC/TiO2 nanocomposite were 

investigated by using X-ray photoelectron spectroscopy (XPS) as illustrated in Fig. 3. XPS 

survey spectra of CNC/TiO2 nanocomposite in Fig. 3(a) exhibited three major peaks 

corresponding to C1s, O1s and Ti2p composition. Fine scan spectra of C1s in Fig. 3(b) 

indicated three main characteristic peaks of a polysaccharide structure such as cellulose 

corresponding to C-C/C-H, C-O/C-OH and C-O-C component in the molecular chains at 

binding energy 284.8, 286.6 and 288.4 eV [15], [16], respectively. High-resolution O1s spectra 
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in Fig. 3(c) showed peak component at 529.9, 531.5, and 532.9 eV. The main peak at 529.9 

eV was corresponded to O2- in metal oxide lattice ascribed as Ti-O-Ti in TiO2 crystal [17]. 

Meanwhile, the peak at 531.5 and 532.9 eV could be attributed to oxygen adsorbed by the 

hydroxyl groups on TiO2 surface [18]. For the peak at 532.9 eV, oxygen may be combined 

with cellulose surface adsorbed water relating to Ti-OH bonding in the sample [17], [19]. 
Two peaks observed in Ti2p XPS spectra located at 458.7 eV and 464.4 eV were shown 

in Fig. 2(d). These binding energies were related to Ti4+2p3/2 and Ti4+2p1/2 of Ti4+ in TiO2 

lattice due to spin-orbit splitting [20], respectively. Therefore, the existence of cellulose 

nanocrystal and TiO2 nanoparticles in the nanocomposite can be confirmed by the presence 

of C, O, and Ti XPS spectra. 

FTIR spectra of PLA film, CNC/TiO2 composite and CNC/TiO2/PLA composite film as 

shown in Fig. 4. are assigned to different vibrations modes of various functional groups. Fig. 
4(a) showed the characteristic peaks of PLA with the main absorption peak at 2,990, 1,452 

and 1,447 cm-1 corresponding to CH3 stretching vibration. The peak at 1,745 cm-1 indicated 

C=O stretching vibration mode, while the peak at 1,188 cm-1 is C-O-C stretching vibration 

[21]. In Fig. 4(b) and 4(c), the board band peak at 3,600-3,000 cm-1 referred to the stretching 

vibration of the hydroxyl groups of cellulose. The presence of C=O stretching vibration mode 

with the peak position at 1,757 cm-1 confirmed the existence of ester linkage of cellulose 

[22], [23]. For CNC/TiO2/PLA composite film, it showed almost same absorption 

spectra as PLA matrix. These results indicated that no interaction occurred 

between CNC/TiO2 nanocomposite and PLA matrix to the formation of new bonding 

within the composite film corresponding to same diffraction pattern of XRD result. 

Fig. 4. FTIR spectra of (a) bare PLA film, (b) CNC/TiO2 composite, and (c) CNC/TiO2/PLA
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Fig. 5. Transmittance spectra of (a) PLA film, (b) CNC in PLA film, (c) CNC/TiO2 composite in 

PLA film, and (d) TiO2 in PLA film

The composite films in transmission mode were investigated using UV-vis spectroscopy 

in the range of 190-700 nm as shown in Fig. 5. PLA film (Fig. 5(a)) and PLA/CNC film (Fig. 

5(b)) were highly transmittance above 70% in the visible region. Meanwhile, the transmittance 

of the composite of TiO2/PLA film (Fig. 5(d)) in the visible region decreased because of the 

agglomeration of TiO2 in the PLA matrix. On the other hand, higher transparency of 

CNC/TiO2/PLA composite film was shown in Fig. 5(c) comparing with TiO2/PLA film. This 

result indicated that the influence of cellulose nanocrystal is corresponded to good dispersion 

of TiO2 nanoparticles in PLA matrix resulting to the improvement of film transparency. 

Meanwhile, high absorptions in UV region of TiO2/PLA film and CNC/TiO2/PLA film were 

strongly observed due to the influence of TiO2 in the sample. Zeljko et.al. reveal that the 

UV-vis spectrum tends to absorb UV radiation after TiO2 incorporated into PA coating film 

[24]. These results indicated that the presence of clear transparency in the visible region and 

high absorbance in UV region can be obtained by the incorporation of CNC and TiO2 

composite in PLA matrix.  

4. Conclusion

Cellulose nanocrystal with dimension 160 nm-length and 17 nm-width was successfully

prepared by acid-assisted ultrasonic ball-milling process as affirmed by SEM and TEM result. 

Meanwhile, CNC/TiO2 composite was obtained by mixing surface-active process using 

distilled water. The existence of carbon oxygen and titanium on the sample surface was 

interpreted by FTIR and XPS results. For CNC/TiO2/PLA composite films, high transparency 

in the visible region and strong absorbance in UV region were obviously occurred by a good 

distribution of TiO2 nanoparticles accompanying with cellulose nanocrystal in PLA matrix. 

These results can be proposed for the application in UV shielding properties.  
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