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Development of cellulose nanofibrils (CNFs) reinforced 
polypropylene (PP) nanocomposites using melt com
pounding processes has received considerable atten
tion. The main challenges are to obtain well-dispersed 
CNFs in the polymer matrix and to establish compatible 
linkages between the CNFs and PP. Manufacturing of 
CNF reinforced PP nanocomposites was conducted 
using a twin-screw co-rotating extruder with the master
batch concept. Modifications of CNFs using maleic 
anhydride polypropylene were performed. The best 
mechanical properties of the nanocomposites are 1.94 
GPa (tensile modulus), 32.8 MPa (tensile strength), 1.63 
GPa (flexural modulus), 50.1 MPa (flexural strength), and 
3.8 kJ m-2 (impact strength), which represents about 36, 
11, 21, 7, and 23% improvement, respectively, compared 
to those of pure PP (1.43 GPa, 29.5 MPa, 1.35 GPa, 46.9 
MPa, and 3.1 kJ m-2). Fracture morphology examination 
indicated good dispersion of CNFs in the PP matrix was 
achieved through this specific manufacturing process. 
MAPP treatments enhanced the interfacial adhesion 
between the CNFs and PP. POLYM. COMPOS., 00:000-000, 
2014. © 2014 Society of Plastics Engineers 

INTRODUCTION 

The unique aspect of polymer composites reinforced 

by various fillers or additives is that the mechanical 
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properties of the material can be tailored to fit a variety 

of uses: construction, transportation, industrial, and con

sumer applications. By selecting a specific reinforcement 

or designing a particular manufacturing process a material 

with desired properties can be achieved. In recent years, 

interest in composites reinforced by renewable materials 

(wood flour/cellulose fibers) has grown tremendously 

because of social requests for low environmental impact 

(biodegradable materials), low-maintenance, and high

durability products [1]. Cellulose, one of the basic struc

tural components of wood fibers, is the most abundant 

polymer on earth and has a great potential for the prepa

ration of novel composite materials with thermoplastic 

resins [2, 3]. When compared to conventional reinforce

ments such as glass fibers or inorganic fillers, cellulosic 

materials offer a series of advantages: lower density 

(1.5 g cm-3), better recyclability and disposal, lower

price, reduced abrasion to processing machinery, carbon 

neutrality, and modifiable surface properties [4--6]. 

Various cellulosic reinforcements have been used in 

reinforcing polymers: wood fibers, paper fibers, pulp 

fibers, rice-husk flour, flax, jute, sisal, microcrystalline 

cellulose (MCC), cellulose nanofibrils (CNFs), and cellu

lose nanocrystals (CNCs) [2, 6-11]. Among them, cellu

lose nanofibrils and cellulose nanocrystals are the 

elementary fibrils of cellulose materials, e.g. cellulose 

nanofibers. With high stiffness and strength, cellulose 

nanofiber as a reinforcing component in polymer compo

sites has been studied intensively [11-19]. As cellulose 

nanofibers are available from pilot-scale production facili

ties in the US, Europe, Canada, and Japan [20-22], a 



renewable nano-scale material from forest products can be 

practically utilized in manufacturing bio composites, inno

vative bio plastics, and advanced reinforced composite 

materials. Selection of the polymer matrix for utilization in 

reinforced polymer composites is also important. Among 

the commodity plastics, polypropylene (PP) is widely used 

because of its low price, light weight, good weatherability, 

design flexibility, recyclability, and its attractive combina

tion of good processability, mechanical properties, and 

chemical resistance [2, 23]. Commercially available PP is 

produced in a wide variety of molecular weights with the 

melt flow indices (MFI) ranging from 0.3 to more than 

1000 g/10 min [24]. Reinforced by filler or fiber, PP can 

be used instead of other commodity thermoplastics and 

even engineering thermoplastics such as polycarbonate 

(PC) and acrylonitrile butadiene styrene (ABS) [25]. Rein

forced PP composites can be produced using various proc

essing techniques including injection molding, compression 

molding, blow molding, extrusion, and thermoforming. 

Recent developments in filled-PP composites show that 

high performance materials can be obtained by reinforcing 

PP using environmentally friendly reinforcements (wood 

fibers/cellulose fibers) [l, 2, 26, 27]. CNFs have also been 

used in reinforcing PP. Adding CNFs in PP was observed 

to improve the mechanical properties and thermostability 

of PP [2, 10, 28]. These advantages of PP and the research 

on filled-PP composites provide the basis to develop 

improved CNF-reinforced PP nanocomposites. 

Melt compounding is the most common method used 

to create thermoplastic polymer nanocomposites. It is 

considered to be cost-effective, flexible for formulation, 

and involves compounding and fabrication facilities com

monly used in commercial practice, such as extrusion, 

injection molding, compression molding, etc. [29]. How

ever, melt compounding is less effective at dispersing 

nanofillers and is limited to low nanofiller loadings 

because of the high viscosity of the nanocomposites 

caused by the addition of nanofillers [29]. As a general 

rule of thumb, the better the nanofiller dispersion, the bet

ter the properties of the final nanocomposite. Nanofillers, 

in essence, agglomerate based on their high specific sur

face area and high surface energy, and it is very difficult 

to disperse them in relatively low surface energy polymer 

matrices, such as PP. The hydrophilic nature of cellulose 

nanofibers [30, 31] causes serious agglomeration during 

direct mixing with the polymer matrix, even in the pro

cess of mixing with polar polymer matrices. Cellulose 

nanocrystal suspensions were directly compounded with 

polar polymers of starch [32] and poly(oxyethylene) 

(PEO) [33] using an extrusion process. Pre-mixing of cel

lulose nanocrystal suspension with the polymer solutions 

was conducted prior to extrusion. Agglomeration or poor 

dispersion of the cellulose nanocrystals within polymer 

matrices was observed [32, 33]. CNF suspensions were 

also directly added into apolar PP [2] and polylactic acid 

(PLA) [34] during the melt compounding process. Serious 

CNF agglomeration in the polymers occurred. Several 
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strategies have been developed to improve the dispersion 

quality of cellulose nanofibers in polymers before or dur

ing melt compounding process: (1) pre-mixing of the cel

lulose nanofiber suspension with polymer using organic 

solvents as the medium prior to extrusion [34-36]; (2) 

generation of highly loaded cellulose nanofiber master

batch in polymers using organic solvents before extrusion 

[37]; (3) pre-treatment of polymers using processing aids 

during extrusion to decrease viscosity [38]; (4) production 

of a carrier system for cellulose nanofibers using a differ

ent polymer matrix before extrusion [39]; (5) improve

ment of the compatibility between cellulose nanofibers 

and polymers using coupling agents [40-42]; (6) grafting 

of chemicals or polymer molecules onto the surface of 

cellulose nanofibers [43, 44]; and (7) drying cellulose 

nanofibers while maintaining their nano-scale dimensions 

[3, 45]. Among them, strategies of (1), (2), and (6) use 

organic solvents. Strategy (3) needs to consider the com

patibility between the carrier polymer and the substrate 

matrix. These strategies induce an extra step, are time

consuming and not compatible with the industrial prac

tices for producing thermoplastic nanocomposites. Drying 

cellulose nanofibers while maintaining their nano-scale 

dimensions has been studied in detail and the dry form of 

cellulose nanofibers can be produced by the spray-drying 

process [3, 45]. Therefore, drying cellulose nanofibers 

and then compounding cellulose nanofibers in a dry form 

with polymer melts through the extrusion process is rec

ommended. The strategies of using processing aids or 

compatibilizers during the extrusion process can also be 

helpful. Simultaneously, using processing aids or compati

bilizers solves the incompatibility problem encountered in 

cellulose nanofibers-reinforced PP nanocomposites. This 

incompatibility is mainly caused by the high density of 

hydroxyl groups on the cellulose nanofiber surface and 

was observed to seriously degrade the mechanical proper

ties of the final composites [4, 8]. 

To avoid the drawbacks induced by the surface 

hydroxyl groups in the melt compounding process, the cel

lulose fiber can be subjected to specific surface modifica

tion to (1) decrease agglomeration during drying, (2) 

provide an efficient hydrophobic barrier, and (3) minimize 

interfacial energy with the nonpolar polymer matrix and 

thus generate optimum adhesion. Further improvement in 

interfacial strength, which is a basic requirement for the 

mechanical performance of any composite, is attained by 

chain entanglement between the matrix macromolecules 

and long chains appended to the fiber surface. The 

hydroxyl groups on the cellulose nanofiber surface can be 

modified using a series treatments, such as silane treat

ments [46, 47], esterification [37, 48], alkaline treatment 

[49], maleic anhydride-grafted polypropylene (MAPP) 

treatment [26, 27, 50], and others [50-52]. For the specific 

cellulose/polypropylene system, coupling agent treatment 

using MAPP has been found to be one of the most effi

cient ways in improving the mechanical properties of 

cellulose composite materials [1, 26, 27, 53]. 
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