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Microcrystalline cellulose (MCC) is a purified cellulose derivative. It is a white, highly oriented form of cellulose most 
commonly used in food, cosmetic, and pharmaceutical industries due to its advantageous properties of high crystallinity, 
large surface area, good compressibility etc. MCC is a high value added material that is widely used in pharmaceutical 
companies. For such applications, a large surface area of MCC is important. In this study, MCC was prepared from 
cellulosic fibres with a specific cross-section, i.e. trilobal, to produce trilobal microcrystalline cellulose (TMCC), which has 
a large surface area. This MCC is produced by a simple acid hydrolysis process. The process parameters in the production 
of MCC were optimised to maintain the cross-sectional shape of the fibres, even after conversion to MCC. The obtained 
MCC was characterized by various analytical techniques, such as Fourier transform-infrared spectroscopy (FTIR), 
thermogravimetric analysis (TGA), B.E.T surface and X-ray diffraction (XRD) analyses. The cross and longitudinal 
morphology of the produced MCC was confirmed by scanning electron microscopy (SEM). The study shows that strong 
hydrolysis conditions, such as higher temperatures of 50 to 55 °C, lead to distortion of the cross-section, while lower 
reaction temperatures, i.e. 25 to 30 °C, help maintain a trilobal morphology. It was also found that the thermal stability of 
TMCC is higher, compared to that of regular MCC. The maximum decomposition temperature of TMCC was 304 °C, 
while it was 270 °C for regular MCC. The crystallinity index of all MCC was in a similar range. In addition, the water 
retention value (WRV) of TMCC was higher than that of circular MCC, indicating effectiveness of the increased surface 
area. The maximum WRV for MCC and TMCC was 66 and 85%, respectively.  
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INTRODUCTION 

Cellulose is the most abundant, renewable 
resource, which is also biodegradable, 
biocompatible, and easy to modify.1,2,3 It is a linear 
homopolymer consisting of 1-4 linked β-D-glucose 
units, which form long elemental fibrils linked by 
hydrogen bonding to form microfibrils.4 The use of 
cellulosic materials is gaining importance due to 
their properties and sustainable applications. 
Therefore, it is becoming increasingly important to 
accelerate the transition from traditional to 
environmentally friendly materials, to support the 
transition to equitable, sustainable societies without 
fossil fuels.5 This can be achieved by using different 

 
types of cellulosic materials, such as nanocrystalline 
cellulose,6 cellulose nanowhiskers,7 microfibrillated 
cellulose8 and microcrystalline cellulose.9 These 
forms of cellulose obtained by various methods 
present high surface area, aspect ratio, thermal 
stability and good barrier properties, which makes 
them promising for specific applications.10 

Researchers have reported the synthesis of MCC 
from various feedstocks, such as kenaf fibers,11 rice 
husk,12 cotton linter,13 sawdust,14 rice straw,15 oil 
palm empty fruit bunch,16 groundnut shells,17 corn 
cobs,18 sisal fibers,19 cotton rags20 etc. Currently, 
many researchers are investigating new renewable 
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cellulosic sources based on wastes generated in 
industrial processing; e.g. carpenter waste in 
sawmills. These wood-based raw materials consist 
of hemicelluloses and lignin, along with cellulose, 
and these two components need to be separated 
before such sawmill wastes can be used to 
synthesise MCC.21 An alternative source for 
obtaining cellulose can be the fibres from date palm 
fronds. Firstly, these date palm fibres are delignified 
with various reagents, such as acidified NaClO2, by 
total chlorine free (TCF) processes or their 
combination. After delignification, MCC is 
produced by acid hydrolysis.22 Also, the possibility 
of synthesizing MCC from giant reed has been 
investigated.23 Giant reed must also be delignified 
before MCC synthesis. Actually, all identified plant 
sources need to be pretreated in order to remove 
low molecular weight short chains, such as 
hemicelluloses, lignin and any resins or impurities. 
MCC can then be synthesized by various 
techniques, including chemical processes, reactive 
extrusion, high-pressure homogenization, and steam 
explosion.24  

MCC is a fine, odourless, white, crystalline 
powder with important properties, such as non-
toxicity, biocompatibility, biodegradability, high 
mechanical strength, and low density.25,26 Due to 
these properties, it has attracted much attention in 
recent decades and has been used in various 
industries. In particular, it has been used in the 
food, cosmetic and medical industries as a binder 
and filler in foods, medical tablets,27 etc. In 
addition, it has been used as a reinforcing agent in 
the development of polymer composites.28 MCC is 
also used as a suspension stabilizer, water retention 
agent, viscosity regulator, and emulsifier in pastes 
and creams.29,30 Recent studies have focused on the 
development of smart functional materials based on 
MCC, such as humidity sensor transformers,31 
hydrogels32 and composite films with dielectric 
properties.33 Considering these multiple potential 
applications, as well as the importance of surface 
area for specific applications, it is of interest to 
investigate the possibility of producing MCC with 
different shape in cross-section to increase the 
surface area. 

Literature describes that the most common 
morphology of MCC can be of two types: rod-
shaped34 and spherical.35 The morphology of MCC 
is determined by its cellulose source, and a few 

studies have mentioned the formation of aggregates 
of cellulose particles due to treatment conditions,36 
for example, rod-shaped morphology of MCC 
obtained from bamboo fibre.37 Spherical or granular 
morphology of MCC can be prepared by using 
processes such as granulation or spheronization.38 

In this research, we present a top-down approach 
which allows preparing MCC with the desired 
cross-section shape, starting from cellulosic fibres 
of predefined cross-section.  

 
EXPERIMENTAL 
Material 

Cellulosic fibres with specified morphology, such as 
trilobal and circular (regular) viscose fibres, were 
prepared at the Pulp and Fibre Innovation Center, India. 
Caustic soda (NaOH), carbon disulphide (CS2), 
concentrated sulphuric acid (H2SO4) (98%), zinc sulphate 
(ZnSO4), hydrogen peroxide (H2O2), sodium carbonate 
(Na2CO3) and acetic acid were obtained from Merck, 
India.  

 
Spinning of circular (regular) and trilobal viscose 
fibre 

A standard viscose dope preparation process consists 
of multiple steps, like steeping, shredding, aging, 
xanthation, dissolution, and ripening. Dissolving grade 
pulp was treated in 18% caustic solution in the steeping 
process for 20 min, followed by pressing to remove 
excess alkali from the slurry. Alkaline cellulose, denoted 
as Alkcell, was shredded to break crumbles. This 
shredded Alkcell was aged in a maturing drum for 50 
min at 50 °C, and subsequently reacted with CS2 under 
vacuum to form cellulose xanthate. Cellulose xanthate 
was dissolved in cold alkaline water to form the viscose 
dope. Further, the viscose dope was filtered using 35-
micron mesh and deaerated to remove air bubbles. The 
deaerated viscose dope was used for regular viscose fibre 
spinning. Viscose was spun with a spinneret with 60-
micron capillary and 250 holes. The fibres were 
regenerated into a spin-bath containing: 110-120 g/L of 
H2SO4, 10 g/L of ZnSO4, and 355 g/L of Na2SO4. The 
spin-bath temperature was maintained at 50 °C and 
stretching at 68% was provided to fibres between the two 
gadgets. Fibres were collected on a roller. Formed 
viscose fibres were cut into 38 mm length and washed 
with dilute acid, alkali and further washed with hot 
water. The washed fibres were treated with H2O2 for 
bleaching them, followed by dilute acetic acid for 
neutralization. Finally, these fibres were dried in an oven 
at 105 °C for 20 min. A similar process was followed to 
prepare trilobal fibre using a specialized spinneret with 
trilobal-shaped capillaries. 
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Preparation of microcrystalline cellulose (MCC) 
As described in the schematic for MCC preparation 

in Figure 1, 5 g of each fibre (regular viscose and 
trilobal) was hydrolysed with 55% H2SO4 in a beaker, 
keeping the ratio of H2SO4 to fibre as 20:1, at a 
temperature in the ranges of 25-30 °C, 40-45 °C and 50-
55 °C, under stirring. After completing the hydrolysis 

process, the obtained slurry was quenched with ice-cold 
water and centrifuged. Then, it was washed with water to 
remove excess acid. Finally, it was neutralized with 1.5 
molar Na2CO3 solutions to remove traces of acid and was 
again washed with water. The obtained MCC powder 
was dried in an oven at 80 °C for 1 h. This dried MCC 
was used for further analysis. 

 

 
 

Figure 1: Schematic for MCC preparation 
 
Identification and characterization of MCC 
Gel permeation chromatography (GPC) 

A GPC (Agilent 1260 Infinity II HT GPC instrument 
model) was used to determine the molecular weight 
distribution of pristine fibres and extracted MCC. The 
samples were dissolved in N,N-dimethyl acetamide 
(DMAc) and lithium chloride (LiCl) and used for 
analysis. 
 
Optical microscopy  

The cross-section of regenerated cellulose fibres was 
observed under a Carl Zeiss Axio scope A1 optical 
microscope, in transmittance mode at 100x 
magnification. 

 
Fourier transform infrared (FTIR) spectroscopy 

FTIR spectra were recorded on a Shimadzu 
attenuated total reflection Fourier transform infrared 
(ATR-FTIR) spectrophotometer to analyse the MCC 
prepared from different fibre samples. FTIR spectral 
analysis was performed within the wavelength range of 
400-4000 cm−1 with a resolution of 4 cm−1 and a total of 
45 cumulative scans were taken. 

 
X-ray diffraction analysis (XRD)  

The XRD patterns for all MCC samples were 
obtained with an X-ray diffractometer (D8 Advance, 

Bruker, Germany), using Cu Kα radiation at 40 kV and 
100 mA. Scattered radiation was detected in the 2θ 
diffraction range of 5–50°. The MCC samples were dried 
at 80 °C under vacuum and used for XRD analysis. The 
spectra were recorded for the powder material on a glass 
slide at a scan rate of 4° min-1. 

The percent crystallinity index (%CrI) was calculated 
using the Gaussian model procedure:39  

 (1) 
 
Scanning electron microscopy (SEM)  

The morphology of MCC in cross-sectional and 
longitudinal orientation was observed under a Phenom 
XL (Phenom Pro X, Netherlands) SEM microscope. All 
samples were gold sputtered to avoid charging during 
analysis. Samples were illuminated at 10 kV.  
 
Thermogravimetric analysis (TGA) 

The thermal behaviour of MCC was studied using a 
simultaneous TGA SDT Q600 (TA Instruments). The 
samples weighing from 7 to 12 mg were placed in a 
platinum crucible. The measurements were recorded 
from 25 °C to 650 °C, at the rate of 10 °C per min under 
nitrogen. Thermograms were analysed using Universal 
analysis software. 
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BET surface area 
Specific surface area of MCC was determined by 

adsorption of N2 at low temperatures (BET technique), 
by a surface area analyser (Qunatachrome, Nova-1000e). 

 
Water retention value (WRV) 

0.25 g of MCC was accurately weighed (W0), and 
then transferred into a 250 mL beaker, to which 100 mL 
of water was added. After the soaking time of 1 h, the 
MCC was transferred into a specialized glass tube, 
having a sintered disk at the middle of the tube. A 0.2 
µm filter, with a weight denoted as W1, was placed in a 
tube and MCC was poured into it. The tubes were 
allowed to stand for 30 min. Then, the glass tubes were 
centrifuged in a plastic tube for 30 min at 3000 rpm to 
remove excess water. After centrifugation, the glass 
tubes were removed from the plastic tube and weighed 
(W2). MCC was further dried in an oven at 105 °C for 1 
h and cooled in a desiccator for 1 h. The dry weight (W3) 
was noted down. The WRV of MCC was calculated 
using the formula below: 

 (2) 
RESULTS AND DISCUSSION 

Considering emerging applications of MCC in 
multiple areas, there is a need to find ways to 

improve the properties of MCC, for instance, 
increase their surface area. A simple approach for 
this is to start with a precursor material that has 
larger surface area and find a method to retain it 
even after conversion to MCC. In this study, we 
adopted such a route using viscose fibres of 
different cross-section, viz. circular (regular) 
viscose fibre and trilobal shaped viscose fibre, to 
produce regular MCC and trilobal MCC (T-MCC), 
respectively.  

The spinning of these different types of fibres 
was described in the experimental part of this paper. 
The characterization of the fibres was carried out by 
a number of techniques. The morphology of the 
spun fibre sample, confirmed through optical 
microscopy, is depicted in Figure 2. The 
morphology of regular viscose fibre shows circular 
and serrated shape, as shown in Figure 2 (A) and 
that of the fibre formed with a specialized spinneret 
shows trilobal shape Figure 2 (B).  

Table 1 describes the characteristic properties of 
the precursor cellulose fibre used for the synthesis 
of MCC. 

 

 
 

Figure 2: Optical images of prepared (A) viscose fibre, and (B) trilobal fibre 
 
 
 

Table 1 
Characteristic properties of precursor cellulose fibres 

  
Properties Viscose fibre Trilobal fibre 
Viscosity (mL/g) 178 175 
DP 223 219 
Crystallinity (%) 36 38 
Degradation temperature  294 301 
Weight loss (%) 86.4 87 
WRV (%) 66 73 
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Table 2 
Hydrolysis treatment conditions to form MCC from different precursor fibres 

 

Sample Morphology of base 
fibres 

H2SO4, 
% Time Yield,  

% 
MCC-1 

Serrated 

55 

6 h 77.3 
MCC-2 45 min 74.9 
MCC-3 15 min 71.6 
TMCC-1 

Trilobal 
6 h 75.3 

TMCC-2 45 min 76.0 
TMCC-3 15 min 74.4 

 
Viscosity is an important physicochemical 

property of fibre. In this case, the fibre was 
dissolved in cupraethylene diamine (CED solution) 
and the response to the flow of the solution was 
measured at 20 °C in the capillary viscometer. It is 
the measurement of the resistance to flow of a fluid 
in a capillary, which expresses the molecular 
fraction. This is correlated with the degree of 
polymerization. The result showed that both viscose 
and trilobal fibre have comparable viscosity – of 
178 and 175 mL/g, respectively, and the 
corresponding degree of polymerization was around 
223 and 219, respectively. Other properties, such as 
crystallinity and thermal stability, were comparable. 
However, the WRV of viscose fibre was 66% and 
that of trilobal fibre – of 73%.Hence, the cellulose 
fibres were converted to microcrystalline form by 
the acid hydrolysis method. The precursor cellulosic 
fibres were treated under different hydrolysis 
conditions, while maintaining the concentration of 
sulphuric acid at 55 wt%, to ensure hydrolysis time 
and temperature were varied to alter the kinetics of 
hydrolysis, as noted in Table 2. Further, the yield of 
MCC was observed to be similar for all types of 
precursor fibres and hydrolysis conditions. Thus, it 
further corroborates the fact that optimization of 
hydrolysis conditions only alters the kinetics and 
not the extent of hydrolysis itself. 

Molecular weight distribution  
The GPC analysis provides information on 

molecular weight distribution (MWD), which 
including the number average (Mn) and weight 
average (Mw) molecular weight. Along with this, 
the polydispersity index (PDI) is an important 
parameter for the determination of heterogenic 
distribution of cellulose chains40 and it is calculated 
by Mw/Mn. The results of GPC analysis greatly 
depend on the processing of cellulose, such as 
dissolution, conditioning, treatment etc. In this 
study, the number (Mn) and weight (Mw) average 
molecular weight distribution of pristine fibre and 
its MCC were evaluated. The acid hydrolysis for the 
conversion of fibre into MCC led to reduction in 
both Mn and Mw, as shown in Table 3. 

Figure 3 shows the MWD of fibre and MCC. 
The MWD is observed to be narrow for acid 
hydrolysed MCC, as compared to the raw fibre. 
This can be due to chain breaking during 
hydrolysis, resulting in a decrease in the molecular 
weight of MCC.36 It is observed that the hydrolysis 
of cellulose with a strong acid, such as H2SO4, 
results in the degradation of cellulose and further 
removal of soluble small molecular weight 
components, leading to narrowing of MWD.  

 
Table 3  

Molecular weight distribution of fibres and MCC 
 

Sample Mn (g/mol) Mw (g/mol) PDI 
Viscose fibre 26818 94130 3.51 
Trilobal fibre 33866 130364 3.85 
VMCC 4793 9978 2.08 
TMCC 5315 15118 2.84 
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Figure 3: MWD of Fibre and MCC 

 
Microscopic analysis for understanding 
morphological changes 

The morphology of MCC obtained from regular 
and trilobal shaped precursor fibres was evaluated 
through SEM, as depicted in Figures 4 and 5, for 
cross-section and longitudinal views, respectively. 
Cellulosic fibres with different morphology were 
subjected to acid hydrolysis to convert them into 
MCC, while retaining their original morphology. 
Figure 4 (A)–(C) depicts the cross-section of MCC 
prepared from regular viscose fibre. These 
microscopic images reveal the serrated and oval 
cross-section of MCC, similar to their precursor 
fibres. Further, Figure 4 (D)–(F) illustrate the cross-
section of TMCC, i.e. MCC prepared from trilobal 
cellulosic fibre as precursor under different 

hydrolysis conditions. As observed from the cross-
section, it is evident that lower hydrolysis 
temperature, that is 25-30 °C, allows retaining the 
trilobal shape in MCC, whereas higher hydrolysis 
temperature (50-55 °C) results in distortion of the 
trilobal morphology. MCC prepared from trilobal 
fibres at higher hydrolysis temperature show 
splitting of these lobes into individual fragments. 

Figure 5 presents the longitudinal section of 
MCC prepared from viscose fibres with different 
cross-section, at varying hydrolysis conditions as 
stated above. Figure 5 (A)–(C) shows the 
longitudinal surface of MCC obtained from regular 
viscose fibre and depicts ridges over the length of 
MCC, which correspond to serrations observed in 
the cross-section of these fibres.  

 

 
 

Figure 4: SEM images of the cross-section of (A) MCC-1, (B) MCC-2, (C) MCC-3, and (D) TMCC-1, 
(E) TMCC-2 and (F) TMCC-3 
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Figure 5: SEM images of the longitudinal surface morphology of (A) MCC-1, (B) MCC-2, (C) MCC-3,  
and (D) TMCC-1, (E) TMCC-2 and (F) TMCC-3 

 
Figure 5 (D)–(F) depicts the longitudinal view 

for TMCC prepared from trilobal viscose fibres. 
Interestingly, progressively harsher conditions of 
hydrolysis result in a decrease in the length or 
aspect ratio of MCC for all types of precursors.  
 
Influence of hydrolysis on chemical structure 

Figure 6 illustrates the FTIR spectra for regular 
MCC and trilobal MCC. The cellulose peak shows 
changes in intensity for MCC prepared from 
different cellulosic fibres. The observed peaks in 
the wavelength range of 3660–2900 cm-1 are 
characteristic of the stretching vibration of O-H and 
C-H bonds in polysaccharides. The broad peak at 
3331 cm−1 is characteristic of the stretching 
vibration of the hydroxyl group in polysaccharides. 
The band at 2894 cm−1 is attributed to the -CH 
stretching vibration of all hydrocarbon constituents 
in polysaccharides.41 Typical bands assigned to 
cellulose were observed in the region of 1630-900 
cm−1. The peaks located at 1633 cm−1 correspond to 
the vibration of water molecules absorbed in 
cellulose.41 The absorption bands at 1428, 1367, 
1334, 1027 and 896 cm−1 belong to the stretching 
and bending vibrations of -CH2 and –CH, -OH and 
C-O bonds in cellulose. The band around 1420-
1430 cm−1 is associated with the amount of the 
crystalline structure of cellulose, while the peak at 
897 cm−1 is assigned to the amorphous region in 
cellulose.42 

 
Crystallinity index of MCC after drying  

Figure 7 shows the XRD patterns for all the 
prepared MCC samples. The crystallinity index of 
acid hydrolysed MCC showed peaks at 12.5 (1-1 0), 
20.1 (110), and 22.1 (200), indicating the formation 
of MCC. Acid hydrolysis aims to reduce the 
amorphous regions between microfibrils, while the 
crystalline segments remain intact because the 
kinetics of hydrolysis in the amorphous region is 
faster than in the crystalline region, due to its higher 
permeability.42 Therefore, the conversions of 
cellulose I from the original to cellulose II were 
successfully achieved.43 A similar diffraction 
pattern was observed for all MCC samples. Further, 
it is worth mentioning that all MCC indicated the 
presence of split peaks at 2θ value of 20-23°, 
indicating the conversion of the native cellulose 
structure into cellulose II form. 

The crystallinity index calculated by the 
Gaussian modal curve (eq. 1) shows high 
crystallinity for acid hydrolysed MCC. This 
describes the benefit of reduction of the amorphous 
region in cellulose due to acid hydrolysis and the 
selective retention of the crystalline region. Table 2 
describes the % crystallinity index of the prepared 
MCC. It should be noted that the TMCC formed 
from trilobal cellulosic fibre showed a similar 
crystallinity index, except for TMCC-3 prepared at 
50 °C, which is 64%. Such a reduction is 
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presumably caused by the higher degradation at a 
high reaction temperature, which affected even the 

crystalline region. 

 

  
 

Figure 6: FTIR spectra of MCC 
 

Figure 7: XRD patterns of MCC 
 

 
Table 4 

Crystallinity index of MCC 
 

Sample Crystallinity index (%) 
MCC-1 60 
MCC-2 62 
MCC-3 61.6 
TMCC-1 68.4 
TMCC-2 68.2 
TMCC-3 64.4 

 
 

Thermogravimetric analysis 
The thermal stability of any material is a crucial 

parameter for its use in any application. The TGA 
curves of MCC and TMCC are shown in Figure 8. 
The curves indicate that the degradation occurs in a 
two-stage pattern. The first weight loss stage at 70 
°C is due to the evaporation of water molecules,44,45 
and the second, in the temperature range of 284-305 
°C, indicates the onset of degradation. The major 
decomposition temperature peak for TMCC is 
observed at 270 °C. This could be due to the high 
degree of molecular ordering in TMCC, which 
requires high heat energy for thermal degradation.11 
Table 5 lists the thermal analysis results. As 
observed from the data, the residue remaining at the 
end of degradation for regular MCC was higher 
(20%) than for TMCC samples, even though it 
showed an early onset of degradation.  

 

 
BET surface area 

The BET surface area of MCC has been studied 
and reported in the literature,46 as well as that of 
commercially available MCC (Avicel PH-102).47 
The specific surface area and the pore volume 
mentioned for MCC are 1.32 m2/g and 0.02405 
cm2/g, respectively.48 Table 3 lists the results of 
BET surface area analysis for the different MCC 
prepared in our study. As observed from the data, 
the surface area and the pore volume for MCC 
prepared using regular viscose fibre were too low to 
be determined precisely. TMCC clearly shows 
higher surface area, as expected. However, no 
significant difference in surface area was observed 
by further optimization of the hydrolysis conditions. 
Since there are no voids present in the structure of 
TMCC, the pore size was observed to not change 
with hydrolysis conditions. 

 



Cellulose 

483 
 

Water retention value (WRV) 
Water absorption and retention for any substance 

is an important property of materials, and often, it 
can be tuned by changing the surface area according 
to the required application. Water retention value 
(WRV) in particular can be influenced strongly by 

altering the morphology of the material. As 
illustrated in Figure 9, a significant difference in 
WRV can be observed for viscose and trilobal 
fibres, which is 66% and 73%, respectively, based 
on their morphology.  

 

 
Figure 8: Thermogravimetric analysis of MCC 

 
Table 5 

Thermal analysis and BET surface area 
 

Samples T (°C)a Weight loss 
(%) 

Char residue 
(%) 

Surface area 
(m2/g) 

Pore volume 
(cc/g) 

Pore size 
(Å) 

MCC-1 270.3 84.4 11.8 ND ND ND 
MCC-2 272.1 87.2 13.8 ND ND ND 
MCC-3 269.9 97.6 17.6 ND ND ND 
TMCC-1 290.0 81.6 18.4 2.82 0.00107 4.73 
TMCC-2 295.5 85.4 14.6 2.25 0.00105 4.73 
TMCC-3 304.0 89.1 10.9 3.94 0.00151 4.73 

a: Onset of degradation; ND: Not detected 
 

 
Figure 9: Water retention value (WRV) of MCC 

 
Similarly, the effect of morphology on WRV 

could be observed for MCC. As observed in Figure 
9, the WRV of 85% observed in TMCC represented 
the highest level of WRV, followed by MCC (66%) 
prepared from regular viscose fibres. Further, with 

increasing hydrolysis temperature, a reduction in 
WRV is observed for all types of MCC. Thus, the 
reduction is likely due to shortening of MCC 
(reduced aspect ratio), as observed earlier from 
SEM analysis (Fig. 4). 
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Overall, this study provides a simple approach 
towards tuning the morphology and surface area of 
MCC by adopting a top-down approach of selecting 
a suitable precursor material and adjusting the 
hydrolysis conditions. It further opens up the 
opportunity to exploit such higher surface area in 
specific applications, requiring water retention or 
the possibility of increasing the grafting density of 
different functional groups on the surface of MCC. 

 
CONCLUSION 

Cellulosic fibres of different morphology, 
namely circular and trilobal fibres, were subjected 
to acid hydrolysis under different conditions to 
convert into MCC, with the aim of retaining the 
cross-sectional morphology of initial fibres and 
achieving higher surface area. These MCC were 
characterized using several techniques. TMCC 
presented higher surface area than circular MCC. In 
addition, high crystallinity index and high thermal 
stability could be obtained by optimization of the 
time and temperature of the hydrolysis of cellulosic 
fibres. The water retention value was observed to be 
governed by such hydrolysis conditions, verifying 
the modified surface area and also confirming the 
microscopic analysis of morphology. The findings 
demonstrate a simple way to increase the surface 
area of MCC for important applications, involving 
grafting of different chemical molecules onto the 
surface of MCC. 
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