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Abstract
In this study, cellulose microspheres from modified cotton linter (CL) and oil palm trunk fibre (OPTF) were fabricated by using simple emulsion method. The cellulose was obtained from the CL and OPTF through the alkaline pre-treatment and acid hydrolysis processes. The emulsion method was performed using polyvinyl alcohol (PVA) as an emulsifying agent. The characterization of  the cellulose  from  CL  and  OPTF were analysed using  Fourier transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD), and the morphological characterizations of cellulose microspheres were later observed under optical microscopy (OM) and field emission-scanning electron microscopy (FE-SEM). Based on the results, FTIR spectra displayed the lignin and hemicellulose had removed after treatments, while XRD revealed that the crystallinity index of OPTF and CL was increased after the treatments. The microspheres, formed with different ranges of size between 80 to 150 µm under OM and FE-SEM, showed the formation of pores on the surface of the microspheres.
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Abstrak
Kajian ini dijalankan bagi menghasilkan mikrosfera selulosa daripada linter kapas (LK) dan gentian batang kelapa sawit (GBKS) melalui kaedah emulsi. Selulosa didapati daripada LK dan gentian GBKS selepas proses pra-rawatan alkali dan hidrolisis asid. Manakala, kaedah emulsi dijalankan dengan menggunakan polivinil alkohol (PVA) sebagai agen pengemulsi. Pencirian selulosa daripada LK dan GBKS akan dianalisa menggunakan analisis transformasi inframerah Fourier (FTIR) dan pembelauan sinar-X (XRD) dan pencirian morfologi bagi mikrosfera selulosa dijalankan oleh mikroskopi optik (OM) dan mikroskop elektron-imbasan pancaran medan (FE-SEM). Berdasarkan keputusan FTIR yang diperoleh, lignin dan hemiselulosa telah berjaya dibuang selepas rawatan, sementara itu, keputusan XRD menunjukkan terdapat peningkatan pada indeks kehabluran bagi GBKS dan LK selepas rawatan. Mikrosfera yang terbentuk juga dapat diperhatikan melalui OM dengan saiz berjulat 80 hingga 150 µm dan FE-SEM pula menunjukkan penghasilan liang pada permukaan kedua-dua mikrosfera. 

Kata kunci:  pengemulsi, lignin, berliang, mikroskop elektron imbasan pancaran medan


Introduction
Microspheres are mostly produced from polymers and ceramics such as poly(D,L, -lactide-co-glycolide) (PLG), poly(ε-caprolactone) (PCL), poly(lactic-co-glycolic acid) (PLGA), calcium phosphate, and hydroxyapatite (HA) [1]. Today, the number of medical applications for natural and synthetic biomaterial continues to expand. The material selection is important due to their chemical, physical, and geometrical effects on the microcarriers. The porosity of the microspheres are one of the important properties needed in medical applications as porosity helps in cell proliferation, viability, and differentiation compared to non-porous microspheres. Furthermore, porous microspheres are preferred due to its high surface area, low density, low thermal conductivity, and good flow ability [2].

Cellulose and its derivatives are natural and low-cost polymer with renewable and biodegradable properties [3]. All of these properties make cellulose as one of the attractive materials in biomedical applications. For example, cellulose-based materials are excellent in prevention of excessive bleeding due to hemostatic agent, wound healing, implantation on connective tissue due to biocompatibility and long lasting stability [4]. As cellulose is known as the polymer with pores, it is suitable for the formation of porous microspheres.

The production of microspheres by thermal phase separation, emulsion polymerization, and spray drying possess a difficulty in maintaining the uniformity and homogeneity in particle size distribution. The most common technique in microspheres fabrication is emulsion method, where the polymer and the solvent are mixed together to appear in one phase under high speed rotation with the addition of emulsifier [5]. 

In Malaysia, oil palm trunk fibre (OPTF) has been underutilised, producing 8.2 million tonnes of waste annually [6]. Usually, the felled oil palm trunk (OPT) is used as compost or burned on the field. Consequently, carbon dioxide, carbon monoxide, and suspended particles of unburned carbon are released to the atmosphere which contributes to global warming and greenhouse effect. In this paper, the objective was to study the effect of microspheres microstructure on different modified cellulose (cotton linter (CL) and OPTF) by using emulsion method. Perhaps, the OPTF has a potential to be used as starting materials in microspheres fabrication. 

Materials and Methods
Materials
Oil palm trunk fibre (OPTF) was provided by Leong Brothers Earthworks Construction, Kluang, Johor while cotton linter (CL) was purchased from Hubei Chemical Fibre, ammonium hydroxide (NH4OH) (28%-30%), hydrochloric acid (HCl) (36%-38%), sulphuric acid (H2SO4) (95%-98%), dichloromethane (DCM) (89.34 g/mol), and polyvinyl alcohol (PVA) (87%-89%), acetone (99.9%) were purchased from Sigma-Aldrich.

Preparation of cellulose from CL and OPTF
The CL was ground and dissolved in 0.5% HCl at a ratio of 1:2 (w/v) for 4 hours at 120 ºC. Then, the hydrolyzed CL was filtered and washed until pH became neutral and dried in an oven for 24 hours at 60 ºC. OPTF was washed to remove dust and dried in oven for 24 hours at 60 ºC. The OPTF was then ground to form powder. 100 g of OPTF powder was dissolved in 1 L 10% NH4OH to remove lignin for 24 hours at 25 ºC. After lignin was removed, the remaining solid was hydrolyzed by 0.5% HCl at 120 ºC for 4 hours. The hydrolyzed powder was filtered and washed until pH became neutral and dried in an oven for 24 hours at 60 ºC. 

[bookmark: _Hlk527193321]Preparation of cellulose microspheres (CM)
Cellulose microspheres (CM) were prepared by undergoing emulsion method, where 0.002 g cellulose powder from OPTF and CL were dissolved in 2 mL DCM for 30 s. 50 mL of 5% PVA (10 ºC) was added to the mixture and stirred for 2 hours at 500 rpm. The emulsion was then subjected to another 500 mL of 1% PVA (10 ºC) and stirred for 6 hours at 500 rpm. Lastly, the microspheres produced were dried under ambient conditions. The microspheres were kept in a dry box prior to analyses.

Characterization: X-ray diffraction (XRD)
Phase and crystallinity index (CrI) of cellulose samples were characterized using X-ray diffraction (XRD) (Bruker D8 Advance Madison, WI, USA). The XRD was performed using radiation of Cu Kα = 1.5458 Ǻ at a diffraction angle (2θ) range from 10 to 80°. Diffraction profiles were carried out with a Gaussian function to determine the CrI of the samples. The CrI of the samples were examined by using Bruker Advanced X-Ray Solutions software, DIFFRACPLUS Evaluation (EVA) with the following equation 1 with slight modifications:

	CrI (%) = ACystal/ATotal x 100			     				                       (1)

where ACrystal is the sum of the areas under the crystalline diffraction peaks and ATotal represents the total area under the diffraction curve between 2θ = 10o-80º.

Fourier transform infrared spectroscopy 
The FTIR spectra of 3 mg CL and OPTF cellulose were recorded using Fourier transform infrared spectroscopy (FTIR) spectrometer (Perkin Elmer Spectrum 400) to observe the functional groups before and after chemical treatments. The transmittance mode and 16 s scanning number were selected ranging from 4000 cm-1 to 600 cm−1. 

Optical microscope (OM)
The size and distribution of CM was analysed by optical microscope (OM) (Axiolab A1.MAT). A small sample was dispersed in water and placed between two glass slides and then observed under OM. The dimensions of CM were determined using digital image analyses with 10x magnifications.

Field emission scanning electron microscope (FE-SEM)
The morphology of CM from CL and OPTF cellulose were observed by using field emission scanning electron microscope (FE-SEM, Zeiss/Supra 55VP). Platinum was used to coat all samples in order to enhance the quality of images and prevent charging with 10x magnification at 1.0 kV.

Results and Discussion
Crystallinity analysis of cellulose from CL and OPTF
XRD diffractogram of OPTF, modified OPTF, CL and modified CL were observed in Figure 1. The spectra shows the changes happened in diffraction pattern of OPTF and CL after undergoing the chemical treatments. The peak intensity (Figure 1) which was observed at 2θ = 15º, 16º, 22º, and 35º confirmed the modified cellulose was type I [7]. Moreover, the peaks corresponded to the crystallographic planes of 110, 10, 200, and 004, respectively. This result was comparable to Lamaming et al. [8] for OPTF and for CL [9]. The CrI of 22.4%, 33.2%, 61.8%, and 60.8% were determined for OPTF, modified OPTF, CL and modified CL, respectively. Based on the findings, CrI of OPTF was lower as compared to CL due to high number of extractives and thick wall owned by OPTF which gives strength to the plant [10]. In addition, the CrI result for the CL suggested that there was no adverse effect of acid hydrolysis on crystalline structure of CL, whereas the CrI of OPTF greatly increased after the hydrolysis due to the elimination of amorphous substances such as hemicellulose and lignin [11]. 
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Figure 1.   X-ray diffraction spectra of (a) OPTF, (b) modified OPTF, (c) CL, and (d) modified CL
Spectroscopic analysis
Figure 2 represents the FTIR spectra of OPTF, modified OPTF, CL and modified CL. Basically, the spectra  look alike with slight differences on the intensity of certain peaks. All spectra showed a peak at ~3400 cm-1. According to Salim and Sorya [12], the stretching vibration of O‒H performed at 3200 cm-1 to 3700 cm-1 was due to the lignocellulosic materials in the fibre, consisting of hemicellulose and cellulose. From the spectra, all samples appeared peaks at 2800 cm-1 to 2900 cm-1 which contributed to C‒H stretching vibrations. Meanwhile, the absorption of water by cellulose can be indicated by a peak at 1500 cm-1 to 1600 cm-1 [13]. The difference of certain peaks can be seen between spectra of CL and OPTF.  Peaks at 1000 cm-1 to 1100 cm-1 which corresponded to the deformation of C‒H in cellulose were observed less prominent on OPTF as compared to CL due to the removal of lignin and hemicellulose [14].

Besides that, the effect of treatment on OPTF had caused the absence of peak at ~1700 cm-1 on modified OPTF which fit to the elimination of hemicellulose on the samples [15]. The peaks at ~1200 cm-1 on the spectra which correlated with the C=O bonding in lignin could be observed at OPTF but changed slightly after chemical treatment on  modified OPTF [16], but no indication on CL samples due to high crystallinity.  Another peak at 800 cm-1 to 900 cm-1 was appointed as amorphous region on the samples [17]. 

[image: ]
Figure 2.   FTIR spectra of (a) OPTF, (b) modified OPTF, (c) CL, and (d) modified CL

Microstructural analysis 
Based on Figure 3, spherical shape of CM shows size of 80 to 150 µm in diameter for CL and OPTF microspheres. The result also showed that the CL microspheres exhibited smaller size as compared to OPTF microspheres. This might be due to the high crystalline region of CL which contributed to more hydrogen bond networks that made cellulose rigid and resistant to solvent and emulsifier reactions than OPTF. Furthermore, difference in size of the microspheres could be related to the stability of the emulsion in the solution. According to Mi et al. [18], the stability of the emulsion was related to the interface energy between the polymer and the emulsifier. Flocculation between the microspheres can be avoided by reducing the interface energy. Besides that, different sizes of microspheres also resulted from the increasing temperature as the solution was stirred for 6 hours after addition of emulsifier. This resulted in increase of temperature which gave effect to the interfacial strength of emulsion where the interfacial strength reduced and destabilised the emulsion, hence causing flocculation [19]. 
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Figure 3.  Optical micrographs of cellulose microspheres fabricated from (a) modified OPTF and (b) modified CL

Surface morphology analysis
Figure 4 shows a formation of porous structure on the surface of microspheres. The pores were formed due to the complete evaporation of solvent that occurred during processing [20]. Besides, the solvent used in this research, i.e., DCM has low solubility towards the water, thus prevents the water to penetrate into the droplet hence supresses the pore formation. This property favours the microspheres to be used as carriers due to the pores that provide maximum surface area for the attachment of substances. In addition, the diameter of the pores < 20 µm was said to be ideal as carriers [21].  
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Figure 4.   Pore size of cellulose microspheres from (a) modified OPTF and (b) modified CL


Conclusion
In conclusion, cellulose microspheres from modified OPTF and CL were successfully prepared using emulsion method. The microspheres from CL and OPTF revealed the size of 80 to 150 µm in diameter and showed a porous structure. The FTIR spectra displayed that non-cellulosic components were removed after treatments, while XRD revealed that there was an increase in crystallinity index after treatment, which were 22.4%, 33.2%, 61.8%, and 60.8% for OPTF, modified OPTF, CL and modified CL, respectively.
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