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Cellulose is one of the most widespread natural polymers developed in the ecosystem 
and have been used in many applications and industrial products since ancient time. 
Although wood and plant fibers are the main sources of cellulose, other sources can 
also be found, including algae, fungal bacteria and even some marine animals (such as 
tunicates). Cellulosic materials are converted into cellulose nanocrystals (CNCs) using 
mechanical or chemical techniques. Cellulose nanocrystals (CNCs) with high 
hydrophilicity have emerged as a promising sustainable material for various 
applications due to increased demand for environmentally friendly, biodegradable and 
biocompatible goods. The performance of nanocellulose in different applications has 
been documented by a large number of studies to date. Herein we review existing 
literature and present an overview of the brief introduction and summarize of recent 
application nanocellulose such as energy and electronic sectors, wastewater 
treatment, biomedical, drilling, food and packaging, vehicle, and concrete with a 
special emphasize on heat transfer application. 
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1. Introduction 

 
Growth in the development and innovation of more sustainable and more efficient material has 

taken place over the last few decades. Therefore, to satisfy this increasing trend, renewable and 
sustainable resources need to be exploited. Over a century ago, cellulose was used as an energy 
source, for building materials and clothing in the form of wood and plant fibers. However, these 
fibers can undergo further mechanical and chemical treatments to produce a more efficient class of 
nanocellulose materials. Nanocellulose can be divided into three main subcategories; 
cellulose nanocrystals, nanofibrillated cellulose, and bacterial nanocellulose (Table 1). In the present 
review, the focus will be on the cellulose nanocrystals. 

 

                                                             
 Corresponding author. 
E-mail address: azwadi@utm.my (Nor Azwadi Che Sidik) 

Open 

Access 



Journal of Advanced Research Design 

Volume 60, Issue 1 (2019) 1-15 

2 
 

Table 1  
Family of nanocellulose materials [8] 

Type of nano- 

cellulose 

Selected references and 

synonyms 

Typical sources Formation and average size 

microfibrillated 

cellulose (MFC) 

microfibrillated cellulose, 

nanofibrils and microfibrils, 

nanofibrillated cellulose 

wood, sugar beet, 

potato tuber, hemp, flax 

delamination of wood pulp by 

mechanical pressure before 

and/or after chemical or enzy- 

matic treatment  

diameter: 5–60 nm  

length: several micrometers 

nanocrystalline 

cellulose 

(NCC) 

cellulose nanocrystals, 

crystallites, whiskers, 

rodlike cellulose 

microcrystals bacterial 

wood, cotton, hemp, 

flax, wheat straw, mul- 

berry bark, ramie, 

Avicel, tunicin, cellulose 

from algae and bacteria 

acid hydrolysis of cellulose from 

many sources  

diameter: 5–70 nm 

length: 100–250 nm (from plant 

celluloses); 100 nm to several 

micrometers (from celluloses of 

tunicates, algae, bacteria) 

bacterial nano- 

cellulose (BNC) 

bacterial cellulose, microbial 

cellulose, biocellulose 

low-molecular-weight 

sugars and alcohols 

bacterial synthesis  

diameter: 20–100 nm; different 

types of nanofiber networks 

 
Nickerson and Habrle first reported cellulose nanocrystals (CNCs) in 1947[1], but a series of 

articles released by Derek Gray and colleagues in the 1990s concentrated on the physicochemical 
characteristics of CNCs [2],[3] prompted the widespread interest in their use. CNCs, also known as 
nanocrystalline cellulose (NCC) or cellulose nanowhiskers (CNW), are the rod-like nanocrystal 
configuration extracted from wood fiber through acid hydrolysis. The acid destroys the amorphous 
part of cellulose microfibrils and yield rod-like cellulose nanocrystals with a diameter of a few 
nanometers and a length varying from tens to hundreds of nanometers [4],[5] as demonstrated in 
Fig. 1. Cellulose nanocrystal stands the wide range of properties such as gigantic surface area, 
excellent stability, captivating mechanical (higher specific strength as well as modulus), and also 
astonishing optical properties. 

 

 

Fig. 1. Extraction of cellulose nanocrystal (CNC) [6]  
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Cellulose nanocrystals have received a significant amount of attention in different areas such as 
energy and electronic sectors, wastewater treatment, biomedical, heat transfer, drilling, food and 
packaging, concrete etc. A brief review is primarily devoted to highlighting recent work by various 
researchers on applications of cellulose nanocrystals in various fields and also exploring the 
perspectives of the application of cellulose nanocrystals on heat transfer technology. 
 

  

Fig. 2. Hierarchical structure of cellulose: top image: plant cellulose; bottom image: bacterial cellulose [7] 
 
 

2. Heat transfer application 
 

Numerous research results have shown that nanofluids have outstanding thermophysical 
properties and are an interesting candidate for applications of heat transfer. Such nanofluids usually 
contain metal oxide particles likes TiO2 and SiO2, but these metal oxides can lead to significant 
pollution issues. Therefore, a study focuses on introducing the potential of using a plant-based 
material such as CNC to develop an enhanced and environmentally friendly material for heat transfer 
applications. Ramachandran et al., [9] measured the thermal conductivity and viscosity of 
nanocellulose with the weight concentration of 40/60% (EG-water) volume ratio. Experiments were 
conducted in the temperature range from 30 °C to 70 °C and in the volume concentration range from 
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0.1% to 1.3%. Results indicated that the thermal conductivity increases with the increase of mixture 
temperature and volume of the nanofluid. The enhancement ratio was 1.104 times at 1.3%. 
Meanwhile, they also found that the viscosity decreases exponentially with temperature and 
increases as the volume fraction increases. The enhancement ratio was 4.16 times at 1.3%. The 
author also proposed a new correlation to predict the thermal properties of CNC.   

The same author [10] carried out combined experimental-statistical approach for effective 
thermal conductivity and relative viscosity determination in (EG-water) mixture. CNC were prepared 
by two different ways, (1) Nanoparticles dispersed in ethylene glycol and water in the ratio of 40: 60, 
and (2) Nanoparticles dispersed in ethylene glycol and water in the ratio of 50: 50 by weight. The 
maximum effective thermal conductivity was 1.127 which is recorded at volume concentration 0.9%, 
temperature of 70 °C and BR of 0.5. Observations showed that effective thermal conductivity 
depends on the particle volumetric concentration and the temperature. The maximum relative 
viscosity recorded was 4.521 at volume concentration of 0.9%, 70 °C and BR 0.5. Relative viscosity 
had proportional relation with volume concentration and temperature.  

Another work by same author [11] experimentally studied the density and specific heat capacity 
for CNC nanoparticles suspended in 40: 60 (by weight) EG and water mixture. Experiments were 
performed using nanofluids with particle volume percentage from 0.1% to 0.9% and temperatures 
30°C to 90 °C. The value of density was found to be highest at a temperature of 30°C and volume 
concentration of 0.9%. Their result also recorded maximum specific heat capacity is 3972J/kg.°C at a 
temperature of 90°C and volume concentration of 0.1%. The author also proposed empirical model 
for relative specific density and relative specific heat capacity. 

Meanwhile, a number of studies on CNC in heat transfer application were carried out by some 
researchers. Samylingam et al., [12] investigated the thermophysical properties of cellulose 
nanocrystal (CNC) – ethylene glycol (EG) + Water (W) based nanofluid and the capable to improve 
the thermal transport and machining performance. Their results prove that the nanofluid capable of 
reducing the heat generated by the cutting tool which leads for improved tool life. Also, CNC based 
nanofluid evidently proved to be superior heat transfer fluid compared to MWF to be used in 
machining operation in conjunction with MQL technique. 

 

                  
       (a)                                                                                            (b)                                   

Fig. 3. (a) Sedimentation observation, (b) Lathe machining setup [12] 

 

In another study, Kadirgama et al., [13] conducted a research to evaluated ethylene 
glycol/nanocellulose-based nanofluid in terms of its thermo-physical properties and its effectiveness 
in machining performances which is temperature distribution in cutting tool and compare its 
effectiveness with MWF. They found out that ethylene glycol/nanocellulose-based nanofluid coolant 
better than the conventional machining coolant which is MWF in MQL cooling system due to a lower 
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percentage of Aluminum of 7.14 wt% cutting tool and more carbon 45.06 wt% with less continuous 
chips formed.  

Furthermore, Anamalai et al., [14] extended this work to investigate  the optimized machining 
parameters (cutting speed, feed rate and depth of cut) for machining using CNC-based nanofluid. By 
comparing between CNC and MWF using MQL coolant system it was found that the selected 
nanofluid concentration (0.5%) shown to have a superior thermal conductivity (0.449 W m-1 K-1) 
than conventional MWF (0.267 W m-1 K-1) at 30 °C. The obtained heat transfer at cutting tool using 
MWF was 1130 J, while CNC-based nanofluid was 863 J. 

Awang et al., [15-16]  proposed a Cellulose Nanocrystals (CNC) as green additives for improving 
tribological properties of lubricants in engine oil. It emerged nano lubricant of CNC particles at 0.1 
wt% concentration was the most suitable concentration for improving properties of SAE 40 engine 
oil. In addition, best results were obtained for nano lubricants with 0.1 wt% of CNC nanoparticles for 
the reduction of COF. Meanwhile, for the wear rate value, the reduction was observed maximum, up 
to 69% when the concentration of 0.1% CNC. Also, it shows that the addition of CNC nanoparticles 
exhibited improved wear behavior compared to the base oil SAE 40. 

Benedict et al., [17-18] numerically and experimentally investigated convection heat transfer 
coefficients of CNC and Al2O3/CNC nanofluilds for different base mixture at concentration of 0.1%, 
0.5%, and 0.9% and working temperature of 30, 50 ,70°C in 40:60(EG:W) base mixture fluid with 
volume concentration of 0.1%, 0.5% ,0.9% and 1.3% in radiator coolant. Their result revealed addition 
of CNC provides a better heat transfer efficiency compared to usage of distilled water as radiator 
coolant.  

Naiman et al., [19-20] studied the performance characteristics and effectiveness of the radiator 
with addition of nanoparticles (CNC). It was found that 0.5% of volume concentration nanofluid of 
ratio 60:40 (EG:W) displays a better rate of heat transfer compared to distilled water. Also, thermal 
conductivity test showed cellulose nanofluids have better thermal conductivity compared to 
Ethylene Glycol and the highest thermal conductivity possessed by 0.5% cellulose nanofluids was 
0.519 W/m.°C . 

 
Table 2 
The variant of CNC study in heat transfer applications 

Author Study Base fluid/oil concentration 

Ramachandran et 
al., [9] 

•experimental 
• thermal conductivity 
•viscosity 

(EG-water) 
40/60% volume 
  

•0.1,0.5,0.9,1.3 

Ramachandran et 
al., [10] 

•experimental-statistical 
approach(theoretical) 
• effective thermal 
conductivity 
•relative viscosity 

(EG-water) 
•50:50 (BR = 0.5) 
•60:40 (BR = 0.6) 

•0.1,0.5,0.9 

Ramachandran et 
al., [11] 

•experimental-statistical 
approach(theoretical) 
• density 
• specific heat capacity 

(EG-water) 
40/60% volume 
  

•0.1,0.5,0.9 

Samylingam et al., 
[12] 

•experimental 
• thermal conductivity 
•viscosity 
•Cutting tool and chip thermal 
analysis 

(EG-water) 
40/60% volume 
  
  

•0.1,0.3,0.5,0.7,0.9,1.1,1.3,.5 
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Kadirgama et al., 
[13] 

•experimental 
• thermal conductivity 
•viscosity 
•Thermal analysis at cutting 
tool 
•Thermal distribution of chip 
•Surface roughness 

(EG-water) 
40/60% volume 
  
  
  
  

•0.1,0.5,0.9,1.3 

Anamalai et al., 
[14] 

•experimental 
• thermal conductivity 
•viscosity 
•Cutting tool thermal behavior 
•Analysis of thermal 
distribution at the chip 
formation 
•Multi-objective optimization 

(EG-water) 
40/60% volume 
  
  

•0.1,0.5,0.9,1.3 

Awang et al., [15] •experimental 
•Tribological properties 
•Worn morphology 
•Kinematic viscosity 
•Viscosity index VI  

engine oil SAE 40 •0.1,0.3,0.5,0.7,0.9 

Awang et al., [16] •experimental 
•Kinematic viscosity 
•Viscosity index VI  

engine oil SAE 40 •0.1,0.3,0.5,0.7,0.9 

Benedict et al., [17] •experimental 
•simulation 1 dimensional 

(EG-water) 
40/60% volume 

0.5 

Benedict et al., [18] •experimental 
• thermal conductivity 
•viscosity 
• density 
• specific heat capacity 

(EG-water) 
40/60% volume 
  
  
  

•0.1,0.5,0.9,1.3 

Naiman et al., [19] •experimental 
•simulation 1 dimensional 
• thermal conductivity 
•viscosity 

(EG-water) 
40/60% volume 
  
  

•0.1,0.5,0.9,1.3 

Naiman et al., [20] •experimental 
•simulation 1 dimensional 

(EG-water) 
60/40% volume 

•0.1,0.5,0.9 

 
3. Biomedical engineering 
3.1 Drug Engineering 
 

Due to their biocompatibility, biodegradability and stimulus sensitivity, nanocelluloses and their 
derivatives are ideal candidates for controlled drug delivery systems. Nanocellulose's unique 
physicochemical, rheological and barrier properties help make sure that air / water and oil / water 
interfaces are stabilized. Their large area-to-volume ratios also give an opportunity for positive 
molecular interactions with drugs that are poorly soluble. Wan et al produced a novel green 
technology of preparing CNC/gelatin hydrogels utilizing gamma which potentially suitable for drug-
delivery applications [21]. Three hydrogels were tested namely, gelatin hydrogel (100% gelatin), 
hydrogel A (cellulose/gelatin), and hydrogel B (CNCs/gelatin) to examine the efficiency of drug 
release, and they were found that CNC/gelatin hydrogel get 20% of riboflavin loading, which 
indicated the higher drug-loading efficiency. In addition, the CNC/gelatin hydrogel being a better drug 
carrier because it was more rigid and exhibited a higher storage modulus and more rigid pores than 
the gelatin hydrogel. 



Journal of Advanced Research Design 

Volume 60, Issue 1 (2019) 1-15 

7 
 

Magnetic nanocellulose alginate hydrogel beads were prepared by Supramaniam et al which act 
as a carrier for ibuprofen delivery application [22]. They modified the CNCs using co-precipitation 
method with iron oxide nanoparticles after extracted from rice husk waste via acid hydrolysis. Then, 
they combined alginate hydrogels beads with Magnetic cellulose nanocrystals. They obtained that 
the encapsulation efficiencies of the beads with 3 wt% m-CNCs relative to alginate increase and 
reaches an optimum level of 38%. Meanwhile, the drug loading started to drop to 3.1% and 1.3% 
when the amount of m-CNCs was increased to 6% and 10%.  

Orasugh and co-authors [23] researched the influence of cellulose nanocrystals (CNC) on the in-
situ gelation behavior of Poloxamer 407 (PM) and in vitro release of pilocarpine hydrochloride from 
the nanocomposites formulations. They found that the addition of nanocellulose to 16.6% (wt/v) 
poloxamer sol-gel led to an increase in the strength of the gel to a higher percentage. The interaction 
between H2O and poloxamer 407 molecules have been reduced by the hydrophilic CNC which 
reducing the temperature of gel formation and the gelation energy. They also obtained that 
compared with the pure PM gel, the reinforcing nature of CNC via H-bonding in the in-situ 
nanocomposite gel has also led to the gel strength increased along with the sustained release of 
loaded drugs. 

Jayaramudu et al., [24] investigated swelling behavior of cellulose nanocrystal (CNC)-based 
polyacrylamide hydrogels produced via free-radical polymerization. They reported that the PAC 
hydrogels showed excellent swelling behaviors in terms of pH, temperature, and temperature with 
pH. The PAC3 hydrogel exhibited a 6 times higher swelling ratio than the initial condition when the 
pH with temperature increasing. They also found that the swelling ratio gradually increased with time 
at room temperature, and the CNC content affected the swelling ratio. 
 
3.2 Tissue Engineering 
 

CNCs have been commonly used in tissue engineering for the past few years due to their highly 
hydrated three-dimensional porous structure which mimics biological tissue, as well as the excellent 
mechanical properties by integrating CNCs. Their usage has been researched in certain applications, 
such as bone tissue regeneration, vascular grafts, injectable tissue scaffolds, and improving bone 
implant adhesion. For instance, Zheng et al., [25] explored the possible mechanisms and therapeutic 
efficacy of NT-loaded PLGA/CNC nanofiber membranes in full-thickness skin wounds in 
spontaneously diabetic mice. They reported that PLGA/CNC/NT resulted in the sustained release of 
NT, which had powerful anti-inflammatory activities by inhibiting IL-1b and IL-6. PLGA/CNC/NT 
nanofiber membranes successfully accelerated collagen deposition and re-epithelialization of 
diabetic wounds. Hence, PLGA/CNC/NT nanofiber membranes for sustained delivery of NT may 
effectively promote tissue regeneration for the treatment of DFUs. 

Shaheen et al., [26]  fabricated the chitosan/alginate/hydroxyapatite/nanocrystalline cellulose 
scaffolds via freeze-drying method. They evaluated effect of impregnation of CNC in the 3D network 
scaffold composed of chitosan/alginate/hydroxyapatite (SC-HA) composite on the properties 
respecting to bone tissue engineering application. Their results revealed that all prepared scaffolds 
containing CNC exhibited a worthy enhancement in their properties such as swelling, porosity and 
compression strength. Moreover, the scaffold with 1.0% CNC showed the highest improvement in 
the forementioned properties.  
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Fig. 4. (a) 3D printed human nose structure before and after chemical crosslinking of GelMA. (b) 3D 
printed small grids and human ear with Ink8020. (c) Fabrication process for 3D printing scaffolds from 
T-CNF/SA hydrogels and scaffolds printed in different forms and designs from the optimum hydrogel 
formulation. (d) Image of a 3D printed human ear with human nasal chondrocytes (hCN)-laden 
auricular constructs and open inner structure formed by Ca2+ ionic cross-linking [27]  
 

Osorio et al., [28] showed that HA/CNC based scaffold, cross-linked with either sulfate half-ester 
groups (S-CNCs) or phosphate half-ester groups (P-CNCs), have potential as bone tissue scaffolds 
through preliminary in vitro protein adhesion studies and simulated body fluid (SBF) testing. They 
found that S-CNC and P-CNC aerogels exhibited ideal scaffold characteristics, including macropores 
in the range of 10–950 mm to allow cell migration, unique mesopore morphology, and a large specific 
surface area to promote cell adhesion and proliferation. In addition, SBF testing showed that aerogels 
were capable of growing HA after a CaCl2 pre-treatment, showing potential for osteoconduction in 
vivo. 

Another work evaluated the thermo-mechanical properties and cell proliferation of cellulose 
nanocrystals (CNC), poly (butylene adipate-co-terephthalate) (PBAT), poly(ε-caprolactone) (PCL) 
films and their bionanocomposites with 2 wt% of CNC obtained by casting technique. They reported 
that the addition of CNCs in the PBAT and PCL matrices induced higher storage moduli due to the 
reinforcement effects of CNCs. Cell proliferation assay of pure CNC indicated CNC contributes to 
osteoblasts proliferation. The nature of the polymeric matrix or the presence of CNC among the films 
practically does not affect the cell proliferation [29].  
 
4. Wastewater treatment 
 

Water can be contaminated by industrial waste that often contains large quantities of heavy 
metals such as lead, copper, mercury, chromium and zinc when disposed incorrectly. Owing to their 
high tendency for bioaccumulation, these heavy metals are highly toxic and could damage the brain 



Journal of Advanced Research Design 

Volume 60, Issue 1 (2019) 1-15 

9 
 

cells, the cardiovascular, central nervous, endocrine, and digestive systems of humans, animals, also 
harm a plant. Therefore, CNC which have demonstrated excellent adsorption capacity are used to 
eliminate heavy metals from wastewater. Liu et al grafted CNC with polyacrylamide and poly (N, N-
dimethylacrylamide) via “macro-RAFT assisted” strategy for the flocculation of kaolin suspension. It 
was found that flocculants with highest carboxylic content appear best flocculation performance. 
Other than that, flocculants with settling time as 2 min also showed efficient flocculation. The author 
also suggested polymer modified cellulose nanocrystals as flocculants might have higher flocculation 
performance, but needs further verification [30]. 

Meanwhile, an adsorption of methylene blue (MB) by self-assembled nanocrystalline cellulose 
(NCC) flakes was investigated by Tan et al., [31]. Their result showed that self-assembled NCC flakes 
have the highest maximum adsorption capacity (188.87 mg/g) compared to other more toxic 
nanomaterials. In addition, their work is greener because it only need water to self-assemble the NCC 
flakes compared to self-assembled carbon nanotubes, which require additional chemicals. 

In other study, Rani and his team [32] produced Banana fiber Cellulose Nano Crystals grafted with 
butyl acrylate for the removal of toxic heavy metal lead (II) from aqueous solution. Their results 
revealed that the removal of Pb (II) increased with the increase in the contact time and reached a 
maximum at 360 min. Also, the removal efficiency increased with the increase of adsorbent dosage, 
contact time and the decrease of initial metal concentration. 
 
5. Energy and Electronic Sector 
5.1 Supercapacitors 
 

Abidin et al., [33] have compared hybrid nanocomposites of PEDOT doped with three different 
carbon materials (MWCNT, GO, and NCC), were successfully prepared using a facile potentiostatic 
method. They reported an incorporation of PEDOT with GO shows the highest specific capacitance 
(120.13 F/g) and excellent stability retention (87.99%) due to the higher mechanical strength and 
larger surface area provided by GO. 

Lyu et al., [34] developed an aerogel based on wood pulp fibre (WPF) and cellulose nanocrystals 
(CNC), for use as a porous substrate for LbL assembly of nanostructural polyaniline (PANI) and 
graphene oxide (GO) or carboxylic multi-walled carbon nanotubes (CMCNT). Their results reveal that 
assembled symmetric supercapacitors also have very high real specific capacitances (1.95 and 1.49 F 
cm-2) and good energy density (168.64 and 113.57 mW h cm-2). Moreover, the aerogel electrodes 
also showed stable cycling performance, good rate capability, and flexibility.  

Kulandaivalu and Sulaiman [35] have designed bilayer composite (PPy/rGO and 
MWCNT/rGO/NCC) film prepared by in-situ polymerization through a vacuum filtration method 
followed by a chemical reduction in the presence of hydrazine vapor. The r-PGMGN showed 
mesopores with high surface area (106.02 m2 g−1) by combining the pseudocapacitance of PPy and 
electrical double layer capacitance of carbon materials in an LBL assembly. They also exhibited a high 
specific capacitance of 882.2 F g−1 at 10 mV s−1 with an extraordinary specific energy 44.6 Wh kg−1.  

 
5.2 Sensors 
 

Hiratani et al., [36] reported that centimeter-scale mono-domain hydrogels with high loadings 
sulfate half-ester-functionalized CNCs with a nematic organization can be fabricated using 
mechanical shearing indicating the potential for novel types of optics and sensors with a wide variety 
of possible stimuli-responsive optical properties. Their results showed higher concentration makes 
the sheared CNC hydrogel (SH4) shrink with a drastic change in the volume ratio (△V/V0 ≈ 0.55). Also, 
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the change in the swelling ratio for SH4 is very sensitive to [NaCl], responding even at ≈10-3 M which 
is much lower concentration in comparison with that for the 1D photonic hydrogel composed of ionic 
block-copolymer (>10-2 M).  

Zhang et al., [37] synthesized a novel dual-emitting fluorescent phosphor from cellulose 
nanocrystal (CNC)- assisted carbon dots (CDs)-grafted SrAl2O4, Eu2+, Dy3+ (SAO) through a facile 
core-shell process for temperature sensing. Their results reveal relatively good cycling performance, 
which illustrates the reusable characteristics of the sensing films for temperature monitoring 
between 243 and 383 K. Additionally, strong linear behavior was obtained for such sensitive sensors.  

Daniyal et al., [38] has been developed an optical sensor for Cu2+ by combining the SPR with 
nanocrystalline cellulose modified by hexadecyltrimethylammonium bromide and graphene oxide 
composite (CTA-NCC/GO) thin film. It was found that the SPR sensor in Cu2+ sensing was enhanced in 
the presence of CTA-NCC/GO when compared with bare gold thin film. Also, CTA-NCC/GO-SPR sensor 
can detect Cu2+ as low as 0.01 ppm until 0.5 ppm. Moreover, CTA-NCC/GO thin film has high binding 
affinity constant towards Cu2+, i.e. 4.075 × 103 M−1. 
 
6. Other applications 
6.1 Drilling 
 

Li et al., [39-40] demonstrated the effectiveness of cellulose nanoparticles (CNPs), including 
microfibrillated cellulose (MFC) and cellulose nanocrystals (CNCs) in enhancing the rheological and 
filtration performances of bentonite (BT) water-based drilling fluids (WDFs). MFC and CNCs were 
added to increase the rheological properties of BT-WDFs, including the viscosity, shear stress, and 
yield point, demonstrating the development in the cuttings transport capacity. Also, CNCs yielded 
better rheological and filtration performances than MFC in BT-WDFs application. 

Song et al., [41-42] investigated effects of CNP dimension and concentration on the rheological 
and filtration properties of the fluids. They found that due to the excellent shear thinning properties 
of water suspensions of CNPs, fluids with CNPs showed similar non-Newtonian fluid behavior to the 
control fluid. In addition, the viscosity, yield point, and gel strength of the fluids increased with an 
increasing concentration of CNPs.  
 
6.2 Food Sector 
 

Hutton-Prager et al., [43] investigated improvements in thermal barrier performance and 
hydrophobicity of Nano-TiO2, nanoclay, and cellulose nanocrystals (CNC) which introduced into 
calcium carbonate coatings common in paper/paperboard applications. From their result, it was 
found coated samples with CNC showed excellent thermal barrier performance; reduced thermal 
conductivity; and improvement in hydrophobicity. Also, an additional 28.3 °C temperature 
difference, or 2.5 times improvement, across the coated substrate and a 22% reduction in k when 2% 
CNC added to the base formulation. 

Oliveira et al., [44] produced aerogels by obtaining cellulose nanocrystals from valorization of 
rice and oat husks for food packaging applications. Their results revealed that water absorption 
capacity of aerogels of cellulose nanocrystals ranged from 264.2% to 402.8% and the aerogel of oat 
cellulose nanocrystals had the highest water absorption.  
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6.3 Oil-Pickering emulsion 
 

Ojala et al., [45] studied preparation and properties of marine diesel oil-in-water (o/w) emulsion 
stabilized by bifunctionalized cellulose nanocrystals (But-CNCs). It was found that bifunctionalized 
CNCs reduced the oil-droplet size in emulsions and acted as a stabilizer. Meanwhile, increasing the 
salt (NaCl) concentration in the emulsions increased the oil-droplet size, but at the highest 
concentration (5% [wt]) the droplet sizes were still over 50% smaller than with the reference sample 
in the absence of electrolytes. 

Pandey et al., [46] reported an oil-in-water emulsions stabilized by cellulose nanocrystals (CNCs) 
with two different degrees of surface charge and aggregation state. Their result showed that 
emulsions stabilized by a-CNCs had faster adsorption kinetics due to the lower electrostatic barrier 
between the particles and the oil/water interface which resulted in a smaller droplet size, a lower 
interfacial coverage owing to the higher aspect ratio of aggregated a-CNCs, a multilayer of CNCs at 
the interface, and a smaller amount of non-adsorbed CNCs in the continuous phase. 

 
6.4 Concrete 
 

Barnat-Hunek et al., [47] studied the impact of ACNF and CCNC on the physical properties, 
durability and microstructure of concrete. They found that in CCNC1 mixture, the compressive 
strength increased by 37.9%, while in ACNF1 mixture, it improved by 23.3%. This is due to different 
structure of both nanocelluloses: ACNF is longer and has lower crystallinity degree than CCNC. 
Meanwhile, the density improved, change pore structure and interface characteristics, concrete ‘s 
strength improved, the freezing-thawing resistance and hydrophobic properties by using 
nanocellulose. 

 
Table 3 
The application of CNC with the specific and product features 

Application field Specific field Product features References 

Heat transfer thermophysical 

properties 

measurement 

CNC + water-EG [9] 

thermophysical 

properties 

measurement 

CNC + water-EG [10] 

thermophysical 

properties 

measurement 

CNC + water-EG [11] 

Machining 

performance study 

CNC + water-EG [12] 

Machining 

performance study 

CNC + water-EG [13] 

Machining 

performance study 

CNC + water-EG [14] 

lubricating additive in 

engine oil 

CNC + engine oil SAE 40 [15], [16] 

Car radiator coolant CNC + water-EG [17] , [18] 

Car radiator coolant CNC + water-EG [19], [20] 
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Biomedical Drug delivery CNC+ gelatin hydrogels + 

gamma radiation 

[21] 

Ibuprofen delivery CNC + magnetic NP + alginate 

hydrogel beads 

[22] 

Drug delivery CNC +Poloxamer 407 (PM) [23] 

Drug delivery CNC +PAC hydrogels [24] 

Tissue/wound CNC+PLGA+ NT [25] 

bone tissue CNC+Chitosan+alginate+SC-

HA 

[26] 

bone tissue P-CNCs /S-CNCs+HA [28] 

tissue CNC+ PBAT+ PCL [29] 

Wastewater treatment flocculants CNC + polyacrylamide  CNC 

+poly(N,N- 

dimethylacrylamide) 

[30] 

adsorbents NCC flakes [31] 

adsorbents CNC + butyl acrylate [32] 

Energy & Electronic 

sector 

 

supercapacitors MWCNT, GO, and NCC [33] 

supercapacitors (CNC) (PANI) (CMCNT) [34] 

supercapacitors (PPy/rGO and 

MWCNT/rGO/NCC) 

[35] 

sensors CNC hydrogel (SH4) [36] 

temperature sensing (CNC)- assisted carbon dots 

(CDs)-grafted SrAl2O4, Eu2+, 

Dy3+ (SAO) 

[37] 

optical sensor CTA-NCC/GO-SPR [38] 

drilling drilling bentonite (BT) water-based 

drilling fluids (WDFs) 

[39], [40] 

drilling CNPs, BT, and other additives 

including sodium hydroxide, 

lignite, polyanionic cellulose 

(PAC), and Rev dust were 

[41], [42] 

Food  Food packaging Nano-TiO2, nanoclay, and 

cellulose nanocrystals (CNC) 

[43] 

Food packaging CNC + poly (vinyl 

alcohol) (PVA)  

[44] 

Oil-Pickering emulsion marine diesel oil-in-

water (o/w) emulsion  

bifunctionalized cellulose 

nanocrystals (But-CNCs) 

[45] 

oil-in-water emulsions 

stabilized 

CNC + HCl, CNC + NaOH [46] 

concrete properties & durability 

of concrete with 

admixture cellulose 

nanocrystals (CCNC)  

concrete with carrot 

cellulose nanocrystals (CCNC) 

[47] 
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7. Conclusion 
 

Cellulose is the most ancient and important natural polymer on earth. It is proved to be an 
excellent replacement for oil, coal, natural gas, and other natural resources and the growing concern 
over white pollution produced by plastic. Nanocellulose is defined as the products or extracts from 
native cellulose (found in plants, bacteria and animals,) composed of the nanoscaled structure 
material. The present article comprehensively reviews the current state of research and future 
development of cellulose nanocrystals in the application through the discussion of selected paper. 
Undoubtedly, cellulose nanocrystals have tremendous potential for greater involvement in industry 
and modern society. 

CNCs have drawn industry and academic community attention because of their interesting 
characteristics such as low cost, extraction from renewable sources, low toxicity, high mechanical 
properties. The high thermal conductivity nanofluid have the ability of acting as a thermal transporter 
by carrying most of the heat produced and thus prolong the tool failure and helps to produce fine 
surface finish on the workpiece for heat transfer sector. Furthermore, their biocompatibility enables 
their usage as tissue scaffolds for bone regeneration and when loaded with bioactive molecules, the 
sustained release of drugs after grafting could improve the medical treatments. Meanwhile, the 
potential to destabilized by contaminants makes them efficient flocculants and give strength to 
membranes for filtration applications in wastewater treatment. In addition, the large surface area 
improves charge storage for supercapacitors, while the porous structures make them ideal for use as 
separators in batteries. There are also possibilities for the use of CNCs in cosmetics and engineered 
food formulations due to the promising characteristics of CNCs and their low toxicity, both of which 
can enhances the health and well-being of civilization. 

Finally, various CNC-based commercial products, inventions and patents illustrate the scientific 
and technological outcome from this multipurpose nanomaterial. Reported literature on cellulose 
nanocrystals have provide the route to remarkable advancement with the aptitude of even greater 
advances foresaw to come in the future.  
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