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Due to its excellent qualities, microcrystalline cellulose (MCC) has been used in several  

applications including polymer composites, packaging materials, and medicinal compounds. 

However, the insufficiency of non-renewable resources has turned the attention of researchers to 

greener strategies for raw materials derived from renewable sources. This work aimed to extract 

microcrystalline cellulose (MCC) from kapok fibre (Ceiba pentandra) by means of chemical 

alkali treatment using 5 % (w/v) NaOH, and acidified bleaching treatment with 2 % (w/v) 

NaClO. The obtained MCC was characterized for its morphology, structural and thermal  

stability, and crystallinity, through scanning electron microscopy coupled with energy dispersive 

X-ray (SEM-EDX), Fourier Transform infrared spectroscopy (FTIR), thermogravimetric (TGA) 

and X-ray diffraction (XRD) analyses. Kapok fibre exhibited rod-like shapes with a smooth 

surface and a diameter of about 7.25 µm. This was transformed into a rough surface and whiter 

colour after going through the process of chemical treatment, in which the fibre diameter also 

decreased to 3.04 µm. The TGA curves for both kapok and MCC indicated weight loss at 

236 °C to 355 °C for the first decomposition stage due to the thermal degradation of cellulose 

and hemicellulose, then further thermal decomposition until 900 °C. XRD analysis indicated 

no significant differences in crystallite size (0.04 - 1.70 nm) and crystallinity index values 

(20.6 - 46.0 %). In conclusion, the cost-effective MCC derived from kapok fibre is a promising 

renewable and sustainable resource which has potential for extensive utilization across many 

industrial applications.  
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In recent times, there has been a concerning trend of 

excessive exploitation of non-renewable resources. 

This unrestricted usage not only has a negative impact 

on environmental sustainability, but also poses a 

significant threat to public health. Numerous researchers 

have been drawn to the use of raw materials from 

renewable sources because of the scarcity of non-

renewable resources. This is also because of the desire 

for renewable sources, and the need for methods that 

are in compliance with environmental regulations 

[1]. Considering this dilemma, cellulose is regarded 

as one of the earth's most abundant and best renewable 

natural biopolymers that can be extracted from plant 

biomass [2, 3]. Cellulose is the polymeric unit of glucose 

with the chemical formula (C6H10O5)n and is made 

up of several repeating units of polysaccharide β-D-

glucopyranose linked by β-1-4-glycosidic bonds. It 

is possible to modify cellulose to create a variety 

of useful derivative products such as nanocrystalline 

cellulose (NCC) and microcrystalline cellulose (MCC) 

for water treatment, agriculture, pharmaceutical and 

many more applications [4-6].  

 

MCC is an odourless, tasteless crystalline 

powder that can be produced by hydrolysing cellulose 

in an acidic medium. It is the pure product of cellulose 

depolymerization obtained by acid hydrolysis of 

native cellulose [7]. In addition, due to its fine particle 

size, large surface area, renewability, mechanical 

strength and water insolubility, it has great potential 

in the pharmaceutical and food sectors (as packaging 

materials, stabilizers, antimicrobial agents), agriculture 

and textile industry (as emerging adsorbents for the 

removal of dyes and heavy metals) and also the 
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medical sector (as an entrapment material) [8-11]. 

According to the literature, numerous sources are used 

in the manufacturing of MCC, such as kapok fibre [12-

14], coconut husk fibre [4], hardwood pulp [15], 

seaweed [5], walnut, almond and apricot stone shells 

[7] and corncobs [16]. 

 

In the context of Malaysia, kapok, sometimes 

referred as ‘kekabu’ in the local vernacular, has  

traditionally been used as a cushioning material for 

pillows and beds. Basically, it is pale yellowish-

brown in colour, light-weight, fluffy and significantly 

hydrophobic [17]. Its structure possesses a hollow 

composition and consists of cellulosic fibres containing 

cellulose, hemicellulose, lignin, pectin and having a 

waxy surface [18]. This distinguishes kapok fibre 

(KF) from other natural fibres due to its porosity, 

which is greater than 80 % [19]. Due to its waxy 

surface, KF is ineffective against hydrophilic agents/ 

substances. Nevertheless, this limitation can be mitigated 

with the implementation of surface modification  

techniques such as chemical and oxidation treatments 

[20]. For example, chemical processing involving the 

use of alkali and acid can effectively remove the 

lignin, pectin, natural oils and wax present on the 

external surface of the fibre. The phenolic chemicals 

that can transform it from hydrophobic to hydrophilic 

are then eliminated by oxidation processes [12]. KF is 

a low-cost material that is now being used in place of 

other types of plant biomass because of its capacity for 

rapid growth, high quantity of cellulose, and excellent 

mechanical properties [21]. In addition to improving 

kapok fibre versatility for usage in industrial  

applications, the manufacturing of MCC from kapok 

fibre would have a positive impact on the regional 

economy. 

 

Thus, in this work, we investigated the extraction 

of MCC from KF (Ceiba pentandra) by means of a 

simple and inexpensive method. The extraction process 

involved chemical alkali (NaOH/NaClO2), and acidified 

bleaching (HNO3) treatments. Morphological and 

structural analyses were carried out using scanning 

electron microscopy equipped with energy dispersive 

X-ray (SEM-EDX), Fourier Transform infrared (FTIR) 

spectroscopy, thermogravimetric analysis (TGA-DTG), 

and X-ray diffraction (XRD). In addition to being 

renewable, economical, accessible, reasonably easy to 

extract, biocompatible and non-toxic, this method is 

also a potential alternate approach to address the 

problems of environmental contamination with a broad 

range of industrial applications. Abdullah et al. (2024) 

employed MCC sourced from KF to investigate 

water flux and methylene blue rejection. The results 

demonstrated a remarkable rejection rate of up to 90 

% [22]. Similarly, Futalan et al. (2022) modified KF 

using the same methodology and implemented it for 

the adsorption of dyes and heavy metal ions from 

aqueous solutions [12]. As MCC surfaces feature 

numerous -OH groups, they encourage surface 

modification that can expand their industrial 

application without any negative effects. The 

motiva tion for  this work is  impl ied by the  

aforementioned benefits of employing these fibres 

for microcellulose extraction, particularly their high 

cellulose content and increasing market demand. 

 

EXPERIMENTAL 

 

Chemicals and Materials 

 

The kapok fibre (Ceiba pentandra) used in this study 

was sourced from Taman Tasik Permaisuri, Cheras, 

Kuala Lumpur. The fibre was separated from the seeds 

and fruit husk. The raw fibre underwent a process in 

which any visible dust and particles were removed. 

Sodium hydroxide (NaOH) pellets, nitric acid (HNO3, 

65 %), and sodium chlorite (NaCIO2, 80 %) were 

purchased from R&M Chemicals (Malaysia) and used 

as received. Deionized water was used throughout the 

experimental procedure [19, 21]. 

 

Extraction of MCC from Kapok Fibre 

 

The process of cellulose extraction was initiated by 

subjecting the kapok fibre (Ceiba pentandra) sample 

to alkali treatment using NaOH solution, as presented 

in Figure 1. In this experiment, 20 g kapok fibre was 

added to 800 mL of 5 % (w/v) sodium hydroxide 

(NaOH) solution, then boiled at 125 °C for 2 hours 

with constant stirring. After that, the sample was 

rinsed repeatedly with distilled water until it achieved 

a neutral pH. Subsequently, the extraction process was 

followed by the conventional acidified bleaching 

technique involving NaClO2 treatment. The sample 

was subjected to a second boiling process using 800 

mL of 2 % (w/v) NaClO2 solution at 125 °C for 2 

hours. A small volume of 60 % (v/v) HNO3 was 

introduced into the mixture. A white sample was 

obtained after two iterations of the NaClO2 treatment. 

 

Characterization Methods 

 

Surface morphological elemental composition analysis 

and mapping of KF and MCC were performed 

using scanning electron microscopy equipped with an 

energy dispersive X-ray analyzer (SEM-EDX, TESCAN 

VEGA 3) at 400x and 1000x magnification. The fibre 

diameter was measured by ImageJ software. The 

functional groups of KF and MCC were analysed by 

Fourier Transform infrared spectroscopy (FTIR) within 

the 500 to 4000 cm-1 range on a Perkin Elmer Spectrum 

400 (FT-IR/FT-NIR) spectrometer. The thermal 

stability of both KF and MCC were characterized 

by employing thermogravimetric analysis (TGA, 

NETZSCH TG). The analysis was conducted in a 

nitrogen environment with a heating rate of 10 °C 

min-1 over a temperature range of 100 - 1000 °C. 
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Figure 1. Overview of MCC experimental procedure. 

 

 
The X-ray diffraction (XRD) patterns of KF and 

MCC were acquired using a PANalytical X’pert 

PRO, employing Cu-Kα radiation with λ=0.15418 

nm. The scanning rate was set at 0.05° 2θ s-1. Average 

particle sizes were calculated using the Debye-Scherrer 

equation, Eq. (1): 

 

D =  
𝐾𝜆

𝛽 𝑐𝑜𝑠𝜃
                  (1) 

 

In the given context, D represents the particle 

size, K denotes Scherrer’s constant (K=0.94), λ is the 

X-ray wavelength (0.15418 nm), β represents the full 

width at half maximum (FWHM) of the diffraction 

peak and θ indicates the angle of diffraction. 

 

The determination of crystallinity in the 

samples was conducted by analysing diffraction 

intensity data through the utilization of an empirical 

approach specifically designed for native cellulose. 

The material’s crystalline to amorphous ratio was 

determined by Segal’s equation, Eq. (2): 

 

Cr. I (%) =  
𝐼200− 𝐼𝑎𝑚

𝐼200
 𝑥 100      (2) 

 

where Cr.I is the crystallinity index, I200 represents 

the highest intensity of the diffraction from the 200 

plane recorded at 2θ = 22.6° and Iam denotes the 

lowest intensity observed at 2θ = 18° (S23 egal 

Creely, Martin & Conrad, 1959) [24]. 

 

RESULTS AND DISCUSSION 

 

Figure 2 shows the morphological characteristics of 

KF and MCC that were seen at 400x and 1000x 

magnification. It can be observed that KF had a  

smooth surface and rod-like shape with a diameter of 

7.25 µm. Chemical treatments caused the surface 

structure to break down and degrade, causing the 

fibre morphology to become tangled, which led to 

the production of MCC with a diameter of 3.04 µm. 

The lower amounts of lignin and hemicellulose 

also resulted in the fibre's rough surface and colour 

change, as well as the reduced fibre diameter. 

  

 

 

 

 

 

Kapok tree Kapok fiber, KF Alkali treatment

800mL 5 wt% NaOH 

(125°C; 2h)

After treatment

NaCIO2 treatment

800mL w/v% NaCIO2

(125°C; 2h) + 60 w% HNO3

After treatmentAfter second 

treatment with 

NaCIO2

After dried in oven

(60°C; overnight)
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Figure 2. SEM images of (a) KF; 400x (b) MCC; 400x, (c) KF; 1Kx (d) MCC; 1Kx. 

 

 

 

Figure 3. EDX analysis image of KF (a) and the related C, O and K elemental mapping images are displayed in 

(b), (c) and (d) respectively. 

 

 

(a) (b) 

(c) (d) 

(c) (d) 

(a) (b) 
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Figure 4. EDX analysis image of MCC (a) and the related C, O, Na, Ca and Cl elemental mapping images are 

displayed in (b), (c), (d), (e) and (f) respectively. 

 

 

The energy dispersive X-ray spectroscopy 

(EDX) and chemical mapping analysis results are 

presented in Figures 3 and 4, respectively, along 

with the elemental composition.  Figure 5 shows 

the distinctive peaks of KF and MCC. The primary 

elements in KF were carbon (C) and oxygen (O), 

confirming the purity of the sample. The EDX analysis 

revealed the presence of sodium (Na), chlorine (Cl) 

and calcium (Ca) after the treatment. Elements are 

represented by red and green for C and O in KF, and 

red, green, blue, and yellow for O, Na, C, and Cl 

respectively in MCC 

 

 

 

Figure 5. EDX spectrum and composition of (a) KF, and (b) MCC. 

 

 

 

 

(b) (c) (a) 

(d) (e) (f) 

Element Atomic % 
C 36.45 
O 45.14 

Na 15.29 
Ca 2.30 
Cl 0.81 

 

Element Atomic % 
C 93.84 
O 5.73 

  
  
  

(a) (b) 
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Figure 6. FTIR spectra of KF and MCC. 
 
 

FTIR analysis was conducted to examine 

alterations in composition, structure and functional 

groups during each phase of MCC isolation. The 

removal of cellulose and lignin in the fibre by 

treatment has the potential to enhance the surface 

topography, solubility and reactivity of KF. The  

alkaline treatment method employed the use of a 

robust base, such as NaOH and NaClO2, to effectively 

eliminate wax, lignin and other contaminants. Figure 

6 displays the spectra of KF and MCC. 

 

Generally, the absorption bands show several 

similar functional groups. Nevertheless, there were 

changes in the intensity of the absorption bands at 

1462 cm-1, 1067 cm-1 and 875 cm-1 .The spectra of 

KF showed a band between 3600  to 3800 cm-1, 

which is indicative of O-H stretching in cellulose, 

hemicellulose and lignin [12]. The peak of the O-H 

group was in the range stated by Vasu et al. (2021), 

which was 4000–2995 cm-1 [6]. Lignin was present 

at 1500–1600 cm-1 corresponding to the aromatic 

skeletal vibration. The presence of C=C unsaturated 

linkages, notably aromatic rings within the lignin, was 

confirmed by the absorption band at 1588 cm -1 in 

KF. Sodium chlorite was used to eliminate the waxy 

material on the surface of the kapok fibres. The 

increase in the intensity of the band at 1462 cm-1 in 

MCC was associated with the presence of the carbonyl 

group (C=O) and potential for wax removal from the 

kapok fibre surface. 

 

The TGA results are presented in Figure 7, and 

illustrates the relationship between weight percentage 

(%) and temperature (°C). The curve demonstrates 

that both samples initiated a degradation process at 

approximately the same time. There were two main 

weight loss processes for kapok fibre and MCC, 

starting with a weight loss of about 3 % in range of 

100 °C to 236.7 °C. At this stage, the weight loss was 

attributed to the evaporation of moisture or any other 

volatile compounds within the samples [20]. The first 

sharp loss was about 60 % from 237 °C to 374 °C, due 

to the elimination of lignin and corresponding to the 

thermal degradation of hemicellulose. The second 

stage of weight loss of 23 % and 30 % was observed 

for the raw and treated fibres, respectively. 
 

 
Figure 7. (a)TGA curves, and (b) DTG curves for the kapok fibre and MCC samples. 
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Table 1. Comparison of activation energy. 

 

Sample Mass change (%) Residual mass (%) Activation energy, Ea, (J/K) 

Kapok fibre 87.24 12.76 21.65 

MCC 82.38 17.62 22.0 

 

 

 
 

Figure 8. XRD diffraction patterns of KF and MCC 

 

 
The DTG analysis results obtained for the 

kapok fibre and MCC indicated thermal stability at the 

same temperature (334.5 °C) but a slight difference 

in DTG levels. The TGA and DTG curves of both 

samples are shown in Figure 6(a) and (b). The weight 

loss trends for kapok fibre and MCC were similar but 

showed differences after 400 °C until end of analysis. 

Table 1 shows the thermal stability of kapok fibre and 

MCC obtained by calculating the activation energies. 

The larger the activation energy, the greater the 

stability. 

 

Figure 8 illustrates the peak patterns observed 

for KF and MCC which presented at 15.8°, 22.5° and 

34.6° corresponding to the (110), (200) and (004) 

crystal planes, showing the characteristics of the 

cellulose structure [18,19,23]. The intensity of the 

peaks observed in MCC was slightly higher in  

comparison to KF, suggesting a greater degree of 

compactness and order in the crystalline structure. 

The crystallite dimension exhibited an increase from 

0.043 to 1.71 nm subsequent to the alkali and acid 

treatment of KF, as shown in Table 2. 

 

The crystallite size increased in parallel with 

the crystallinity degree, as the initial kapok fibre had a 

crystallinity of 20.6 %, which then increased to 46.0 

%. The observed increase can be attributed to the 

degradation of the amorphous component of lignin, 

hemicellulose and kapok fibre, as well as an increase 

in the degree of crystallinity [26]. This is consistent 

with a previous study that showed that the increase in 

crystallinity degree corresponds to an increase in 

crystallite size [25]. 

 

 
Table 2. Comparison of crystallite size of kapok fibre and MCC. 

 

Material 
Crystallite size (nm) 

Average CI (%) 
(110) (200) (004) 

Kapok fibre 0.033 0.055 - 0.043 20.6 

MCC 0.55 3.55 1.01 1.71 46.0 
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CONCLUSION 

 

This paper details the successful extraction of 

cellulose from kapok fibre (Ceiba pentandra). The 

extraction involved alkali and acid treatment, using 

5 % (w/v) NaOH as well as NaClO2 for bleaching. 

The successful removal of amorphous cellulose from 

kapok fibre was achieved through the utilization 

of a 60 % (v/v) HNO3 solution. SEM-EDX, FTIR, 

TGA and XRD results demonstrated that lignin and 

hemicellulose had been removed. Alkali and acid 

treatments produced MCC with a rough surface and 

decreased the fibre dimension from 7.25 µm to 3.04 

µm. The crystallite size and crystallinity of the MCC 

was 1.71 nm and 46.0 %, respectively, which were 

higher than that of kapok fibre.  
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