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T
he hybridization of two types of short fibres having different lengths and diame-

ters offers some advantages compared to each fibre being used alone in a sin-

gle polymer matrix. In this study, the polypropylene/kenaf fibre/wood flour hybrid

composites were prepared in an internal mixer. The temperature was 190ºC and rotor

speed was 60 rpm. The system was compatibilized by polypropylene grafted maleic

anhydride. Based on dimensional aspects before and after processing, the kenaf as

fibrous filler and wood flour as particulate filler were considered. The weight ratio of lig-

nocellosic fillers was 40%. Dynamic rheological properties such as storage modulus,

complex viscosity, damping factor were evaluated at 190ºC. It was observed that, the

non-linearity region of hybrid composites shifted to lower strains compared to virgin

polypropylene. Due to higher probability of agglomerates formation in the sample con-

taining 40% (by wt) of wood flour, the storage modulus and complex viscosity of this

sample were higher than those of the other samples. A flattened section was observed

in the tan δ diagram which is attributed to different relaxation processes of composite

and neat PP. The Cole-Cole diagrams of samples showed that the relaxation times

shifted to higher values with the addition of fillers and the longest relaxation times were

related to composites with pure wood flour.

INTRODUCTION

Hybrid composites are materials

made by combining two or more

different types of fibres in a com-

mon matrix. They offer a range of

properties that cannot be obtained

with a single type of reinforcement.

The hybridization of two types of

short fibres having different

lengths and diameters offers some

advantages over each fibre alone

being used in a single polymer

matrix. Hybrid composites have

attracted the attention of many

researchers as a way to enhance

mechanical properties of compos-

ites. However, hyb-rid composites

using natural fibres are less studied

and  the most published reports are
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limited to the hybrid composite consisting of one nat-

ural fibre and one non-natural fibre. For example, the

use of natural /glass fibres and talc/carbon fibre has

been reported [1-10].

Due to the necessity of reaching a good balance

between the mechanical properties and processing,

hybrid composite of polypropylene/kenaf/wood flour

has been considered by various researchers.

Mirbagheri et al. studied the mechanical properties of

this type of composite and tried to predict elastic

modulus by Halpin-Tsai and the rule of mixture equa-

tions [11-12]. The effect of using equal ratio of wood

flour/kenaf hybrid on the α and  β transitions of

polypropylene has been reported by Tajvidi et al.

They also reported that  hybrid composite exhibits

tensile and flexural moduli and strength values closer

to those of the kenaf composite, which indicates a

higher reinforcing efficiency of kenaf  compared to

wood flour [13].

On the other hand, since the rheology plays vital

role in designing of processing apparatus, an under-

standing of rheological behaviour of composite melt

is needed. Both capillary and oscillatory measure-

ments have been reported to generate rheological data

for these composites. Due to migration (from wall to

centre) and breaking of wood fibres at high shear rates

in capillary rheometer, the use of dynamic oscillatory

has been recommended [14-19].

Hirstov et al. studied the effect of particle size,

shape of natural fibre, concentration and modification

of compatibilizer on the rheological behaviour of

wood plastic composites by dynamic rheological

experiments [20]. 

The aim of the present research is to study the rhe-

ological behaviour of kenaf-wood flour/polypropy-

lene hybrid composite. The experiments were carried

out in dynamic mode. In this study, the effect of

kenaf/wood flour weight ratio on the rheological

parameters such as: viscoelastic linearity, complex

viscosity, storage modulus, loss modulus and tan δ
were evaluated. 

EXPERIMENTAL

Materials

Polypropylene homopolymer, with a melt flow index

of 3 g/10 min and a density of 0.9 g/cm3 was supplied

by Sabic Co. Wood-flour (WF) was obtained from

Cellulose Aria Co. (Iran). The particle size of wood

flour was between 80-100 mesh. Kenaf was in fibril

form with 6 mm average size. Maleic anhydride graft-

ed polypropylene (PP-g-MA), as coupling agent was

provided by Solvay with the trade name of Priex

20070 (MFI=64 g/min, grafted maleic anhydride

0.1 wt%).

Method

Fibre Preparation
After grinding and passing kenaf fibre and wood flour

through predetermined sieves, they were dried in an

oven at 65 ± 2ºC for 24 h before being blended with

PP.

Composite Preparation

Polypropylene, kenaf fibre and wood flour, were

weighed and bagged according to the various fibre

contents indicated in Table 1. The PP-g-MA concen-

tration was constant at 2 phc (per hundred compound)

for all samples. They were then blended at 180ºC for
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Code Polypropylene content

(% by wt)

Kenaf fibre content

(% by wt)

Wood flour content

(% by wt)

PP-g-MA

(phc)*

PP

KF40

KF30

KF20

KF10

WF40

100

60

60

60

60

60

0

40

30

20

10

0

0

0

10

20

30

40

2

2

2

2

2

2

Table 1. Composition of the studied formulations (wt%).

(*) Per hundred compound.
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8 min at 60 rpm using a Haake internal mixer (SYS

9000 USA). The compounded materials were then

grinded to prepare the granules using a pilot scale

grinder (WIESER, WGLS 200/200 model). The

obtained granules were dried at 105ºC for 4 h. Test

specimens were prepared by compression moulding at

190°C and 20 MPa (Minipress Toyoseiki, Japan). The

specimens were stored under controlled conditions

(50% relative humidity and 23ºC) for at least 40 h

prior to testing.

Measurements

The melt rheological properties of the samples were

determined using a modular compact rheometer

(MCR 300) from Physica in the oscillatory mode. The

measurements were performed in the dynamic mode

and 25 mm parallel plate geometry with gap setting of

about 2 mm. The strain was kept constant at 1% over

the whole frequency range to ensure linearity. The

temperature was 190ºC and the frequency, ω, varied

between 0.1 to 200 rad/s.

The length of the kenaf fibre before and after pro-

cessing was determined using light microscopy. To

study the microstructure of hybrid composites, scan-

ning electron microscopy (SEM), Jeol Jxa-840 from

Japan, was performed on cryogenically fractured sur-

face.

RESULTS AND DISCUSSION

Figure 1 exhibits the aspect ratio of kenaf fibre and

193Iranian Polymer Journal / Volume 17 Number 3 (2008)
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(a) (c)

(b) (d)

Figure 1. Frequency distributions of the aspect ratios of kenaf fibres and wood flour: (a) kenaf fibre before processing; (b)

kenaf fibre after processing; (c) wood flour before processing; and (d) wood flour after processing.
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wood flour before and after processing into compos-

ite. As can be seen, there is a dramatic reduction in the

aspect ratio of kenaf fibre and wood. The mean aspect

ratio of kenaf fibre dropped from 70 to 4 because of

shearing in the internal mixer chamber. These values

were 2 to 0.6 for wood flour, respectively before pro-

cessing. However in both conditions, the aspect ratio

of kenaf fibres are considerably higher than that of

wood flour which means that they can be assumed as

fibrous reinforcement while the wood flour is mostly

particulate. This assumption is valid when the diame-

ters of both fibres are almost intact.

Figure 2 illustrates the range of linearity zone of

samples which was obtained from strain sweep test at

190ºC and 10 rad/s. It is clear that, with addition of

wood flour and kenaf to PP, the non-linearity zone

shifts to lower strain in comparison with virgin PP.

Deviation from linearity for sample containing 40%

(by wt) kenaf is observed at the lowest strain and with

increase of wood content in samples the critical strain

is closer to that of PP. It seems that the main reason

for this behaviour is the different shapes of kenaf and

wood flour. In other words, the non-linearity of sam-

ples is more affected by fibrillar form of kenaf than

particulate shape of wood flour.

Figure 3 shows the variation of the storage modu-

lus versus frequency. As it can be seen in this figure,

due to intrinsic rigidity of kenaf fibre and wood flour,

the storage modulus of composites is higher than PP.

This is also attributed to the solidification of

polypropylene chain on the surface of filler, which

causes high modulus layer of PP matrix surrounding

filler particles. Because of formation of the agglomer-

ates, a secondary plateau region was observed at

lower frequencies. This plateau is well known as

shoulder-like terminal and has been reported for high-

ly filled polymer compound by other researchers [21-

22]. The highest shoulder was related to sample con-

taining 40% (by wt) of wood flour. This is because the

formation of wood flour agglomerates is easier than

that of kenaf fibre. The typical SEM micrograph of

Figure 3. Storage modulus versus frequency for all 

samples. 
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Figure 2. Non-linearity behaviour of samples.
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Figure 4. A typical agglomerates in sample containing 40%

(by wt) wood flour. 

one of the network-type structures is shown in

Figure 4. 

The complex viscosity of samples is illustrated in

Figure 5. It is well established that the addition of

filler into the polymer matrix increases the viscosity

of the melt. The increase of the viscosity depends on

the concentration, particle size, particle size distribu-

tion and shape of the filler [23]. As can be seen in

Figure 5, the highest complex viscosity is related to

the polypropylene containing 40% (by wt) wood

flour. It seems that the effect of PP-g-MA on the

smaller size of wood flour is more than kenaf fibre

which means better interaction between wood flour

and PP matrix, so the melt samples containing higher

Figure 5. Variation of complex viscosity versus frequency of

samples.

Figure 6. Tan δ versus frequency. 

wood content is more homogeneous and shows high-

er viscosity. In addition, the presence of some wood

flour agglomerates causes resistance against the flow

and increase viscosity of samples. On the other hand,

due to orientation of kenaf fibre in flow direction the

flowability sample containing kenaf fibre is easier.   

The frequency dependency of the tan δ is present-

ed in Figure 6 for all samples. The tan δ of neat

polypropylene decreased monotically with frequency

while the filled samples showed a  lower values in the

whole frequencies range and a flattened section at ω
below 10 rad/s. It is well known that, tan δ is the ratio

of G"/G' and with incorporation of filler into polymer

G' increases (as described in previous section) and G''

decreases due to the reduction of energy loss by

porous filler, therefore the tan δ decreases. The flat-

tened section in this curve indicates the relaxation of

the particles (Figure 6).

Figure 7 summarizes the Cole-Cole plots of

polypropylene and other samples containing wood

flour and kenaf fibre. These plots which show the

relationship between the dynamic viscosity and loss

viscosity present the existence of various groups of

relaxation times and give information about mecha-

nism of relaxation and homogeneity of the melt.

Virgin PP shows the semi-circular form and with

addition of the lignocelluloses filler, the Cole-Cole

diagram changes from semi-circular to an irregular

shape. It means the relaxation process of polymer

melt is affected by type and concentration of lignocel-

luloses fillers. The presence of rigid wood and kenaf

in the melt inhibits the relaxation of the system. This

retardation strongly depends on concentration of the

Rheological Behaviour of Polypropylene/Kenaf ...Ghasemi I et al.
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filler in composite. For un-deformable particles, the

changing of Cole-Cole diagram is observed above

25% (by wt) [22]. In our study, the longest relaxation

time was attributed to the sample with 40% (by wt) of

wood. This behaviour can be the result of formation

of agglomerates by wood particles. In other words,

the network type structure which is formed by

agglomeration can improve the retardation and cause

the relaxation process to accomplish at longer times,

that is, low frequencies in the right hand side of the

plots. A tail was also observed in samples containing

higher wood flour (e and f in Figure 7) which indi-

Rheological Behaviour of Polypropylene/Kenaf ... Ghasemi I et al.
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(a) (d)

(b) (e)

(c) (f)

Figure 7. Cole-Cole diagrams of samples: (a) PP, (b) KF40, (c) KF30, (d) KF20, (e) KF10, (f) WF40.
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cates a new mechanism of relaxation by agglomera-

tion phenomena. In other words, there are two relax-

ation mechanisms in these samples.   

CONCLUSION

The aim of this research was to study the rheological

behaviours of polypropylene/ kenaf fibre/wood flour

hybrid composites. The dynamic rheological parame-

ters were evaluated and some results are listed below:

- Before and after processing the particle size analysis

showed that the aspect ratio of kenaf fibre is higher

than that of wood flour which means, it can be

assumed that, the kenaf is in fibre and wood is in par-

ticulate form.

- The non-linearity of the hybrid composite shifted to

lower strain compared to virgin polypropylene. 

- Because of higher probability of formation of net-

work type structure by agglomerates in sample con-

taining 40% (by wt) wood flour, the storage modulus

and complex viscosity of this sample were higher than

those of other samples.

- A flattened section was observed in the tan δ dia-

gram which is attributed to different relaxation

processes of composite and neat PP.

- The Cole-Cole diagrams showed the retardation in

relaxation process with the addition of filler and the

longest relaxation times were related to composite

with pure wood flour filler.
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