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Although lignocellulosic, fiber-thermoplastics composites have been used for several 
decades, recent economic and environmental advantages have resulted in signifi­
cant commercial interest in the use of these fibers for several applications. Kenaf is 
a fast growing annual growth plant that is harvested for its bast fibers. These fibers 
have excellent specific properties and have potential to be outstanding reinforcing 
fillers in plastics. This paper reports the structure-property relationships of kenaf 
fiber reinforced polypropylene (PP) and its impact copolymers. The use of maleated 
polypropylenes (MAPP) is important to improve the compatibility between the fiber 
and matrix. A significant improvement in impact strengths was observed when the 
MAPP was used in the composites. Results also indicate that the impact copolymer 
blends with coupling agent have better high temperature moduli and lower creep 
compliance than the uncoupled systems. The coupling agent also changes the crys­
tallization and melting behavior of these blends. Because of the better adhesion 
between the polymer molecules and kenaf fibers, the coupled samples have more 
restricted molecules than the uncoupled blends. As a result, the crystallization of 
the coupled high molecular weight blends is slower than the uncoupled blends, 
resulting in a lower crystallization temperature (TC) and reduced crystallinity. For 
the lower molecular weight blends, the coupling agent enhances the crystallization 
of polymer matrix and results in a higher crystallization temperature and increased 
crystallinity of the coupled blend. The coupled blends also have more defects in the 
polymer crystals, and the crystallinity of coupled blends is also lower than the un­
coupled blends. This could explain the lower melting temperatures of the coupled 
samples as compared to uncoupled samples. 
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INTRODUCTION 

ignocellulosic based thermoplastic compositesL have been used commercially for a number of 
years. Particulate fillers such wood flour and natural 
fibers such as jute and flax are commonly used by the 
automotive industry for interior applications. Re-
search is now under way on using ramie, one of the 
strongest cellulosic fibers available, as a replacement 
for glass fibers for interior panels for Airbus planes 
(1). The usual method of making the finished automo­
tive interior product is by compression molding of 
non-woven mats of both natural and polypropylene 
fibers. Blended pellets of lignocellulosic-plastics for in­
jection molding have only recently been available in 
substantial quantities in the market. This will greatly 
enhance the use of these renewable particles/fibers 
by the plastics industry for high volume, low cost ap­
plications. 

The use of kenaf, a natural fiber, as a reinforcement 
for polyolefins has been studied in detail and reported 
elsewhere (2, 3). Kenaf, a bast fiber, is extracted from 
the plant Hibiscus cannabinus. Extraction results in 
long filament and lengths greater than 1 m are com­
mon. The filaments themselves consist of individual 
fibers (2 to 6 mm long) which are composites of pre-
dominantly cellulose, lignin and hemicellulose. Crys­
talline cellulose is the main reinforcing element, while 
lignin and the hemicellulose can be the considered as 
the binding matrix. The properties of the fibers and 
filaments can vary according to the source, age, ex-
traction techniques, and history of the fiber. Although 
fiber properties can vary a great deal, earlier work has 
shown that fibers from the same batch with similar 
histories results in composite properties with a re­
markably low variation in properties (3). 

The specific stiffness of 50% by weight kenaf-PP is 
comparable to that of 40% by weight glass-PP com­
posites; details of the comparison of properties are 
published elsewhere (2, 3). The properties of kenaf 
fiber composites compare well with other similar bast 
fibers such as jute. This is because the crystalline cel­
lulose content and microfibril angles of the two fibers 
are fairly similar. Fibers such as hemp and ramie that 
have higher crystalline cellulose contents and smaller 
microfibril angles should result in higher strengths in 
injection molded tests. However, we have noticed that 
in the case of bast fibers, kenaf flows much easier 
than jute and flax fibers (in PP), and therefore, higher 
fiber contents can be achieved. 

There are major challenges to the wide use of kenaf 
fibers in composites. The quality of natural fibers 
varies according to the type, soil, cultivation and fiber 
separation methods and standardizing the quality is 
important. The cost of kenaf currently varies with 
quality and cleanliness from about $ 0.33 to $ 0.88 
per kg, but could decrease with better seed quality re­
sulting in higher yields, improved separation tech­
niques and higher demand. It is also important to 

have a steady supply of high quality kenaf available to 
the industry, with enough supply to last in case of 
crop damage. Moisture uptake of the composites is 
definitely a concern and means to design around this 
is necessary. There are chemical methods to decrease 
fiber water absoprtion and thereby reduce water up-
take in the composite. However, the use of such tech­
niques depends on whether the economics are favor-
able, which at present does not appear to be so. 

The inherent differences between the highly polar 
lignocellulosic fibers and the non-polar polypropylene 
(PP) can result in difficulties in the dispersion of fibers 
along with poor fiber-matrix interactions. Dalvag et al. 
(4) investigated the use of additives other than cou­
pling agents in composites of HDPE or PP. Additives 
included stearic acid, paraffin and polyethylene waxes, 
and mineral oil. Several of the additives (stearic acid 
and paraffin) resulted in prevention of filler agglomer­
ation and led to improved impact strength and elon­
gation at rupture. The additives did not affect tensile 
modulus, and a decrease in strength was attributed to 
possible plasticizing effects. It was also noted that ad­
dition of paraffin wax did not significantly change the 
viscosity of the composite blends. Raj et al. (5) and 
Kokta et al. (6) investigated the use of a number of ad­
ditives in composites of wood flour (often with pre-
treatment) and a variety of polyolefins. Additives in­
cluded stearic acid, mineral oil, and sodium silicate. 
Dispersion was investigated (5, 7) by visual inspection 
under microscope or by measurement of the concen­
tration of aggregates in each sample. In general, the 
additives resulted in improvements in dispersion, ten­
sile modulus and strength, and impact energy. 

Many groups have investigated the use of coupling 
agents to improve the compatibility between the fiber 
and plastic matrix. Several groups have also reported 
the efficiency of MAPP, and cited literature goes back 
to the late 1970s. Recent work (8, 9) suggests that the 
use of maleated polypropylene (MAPP) with suffi­
ciently high molecular weight and anhydride content 
significantly improve the fiber-matrix bonding. The 
formation of covalent linkages between the MA and 
the hydroxyl groups of the cellulose has been indi­
cated through IR and ESCA by Gatenholm et al. (10). 

Earlier work on 50% by weight of kenaf in PP com­
posites indicated that the specific moduli of these 
composites were comparable to that of 40% by weight 
of glass fiber-PP, although the toughness of the kenaf 
composites were lower than the glass composites (2). 
In this study, the properties of PP homopolymers were 
compared to that of PP impact copolymers. The effect 
of coupling agent on the mechanical properties and 
dynamic mechanical behavior are reported. The crys­
tallization and melting behavior of the kenaf compos­
ites were compared using a differential scanning 
calorimeter. Some creep data comparing the effect of 
improved adhesion were also obtained. 
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Table 1. Composition of PP/Kenaf Fiber Blends. 

Sample Polymer Polymer MFR Polymer Kenaf Coupling 
ID Type g/10 min wt% Fiber wt% Agent wt% 

HP Solvay 1602 12 50 50 0 
HP-MA Solvay 1602 12 47 50 3 
ICP1 Amoco 3541 20 50 50 0 
lCP1-MA Amoco 3541 20 47 50 3 
ICP2 Amoco 3143 2.5 50 50 0 
ICP2-MA Amoco 3143 2.5 47 50 3 

EXPERIMENTAL 

Materials 

Kenaf filaments, about 15 cm to 20 cm long, har­
vested from mature plants were cut into lengths of 
about 1 cm. The fibers were not dried to remove the 
moisture present, and the moisture content of the 
fibers varied from 6% to about 9% by weight. In all 
our experiments the weight and volume percent re-
ported was the amount of dry fiber present in the 
blend. A polypropylene homopolymer, PP, and two im­
pact ethylene-propylene copolymers were blended 
with kenaf fibers. The PP homopolymer was Solvay 
1602. The ethylene-propylene impact copolymers were 
Amoco 3541 and Amoco 3143. The coupling agent 
was a maleated polypropylene. 

Batch blending of formulations was performed in a 
one-liter thermokinetic mixer (K-Mixer, Synergistics 
Ltd., Canada). The short fibers, PP and MAPP (if used) 
were compounded in a high intensity kinetic mixer 
where the only source of heat is generated through 
the kinetic energy of rotating blades. The blending 
was accomplished at 4600 rpm, which resulted in a 
blade tip speed of about 30 m/s. The blended mass 
was then automatically discharged at 190°C. A total 
weight of 150 g was used for each batch, and about 
1.5 kg of blended material was prepared for each set 
of experiments. The total residence time of the blend­
ing averaged about 2 min. 

The discharged mass was cooled by pressing in a 
cold press and then granulated. The granules were in­
jection molded into ASTM standard specimens using a 
33 ton Cincinnati Milacron injection molding machine 
at 190°C. The specimens were then stored at 20% hu­
midity and 32°C for at least three days before testing. 
Specimen dimensions were according to the respective 
ASTM standards. 

All composites had 50% by weight of the kenaf 
fibers and the uncoupled composites were designated 
as HP for homopolymer, ICP1 (lower molecular 
weight-Amoco 3541) and ICP2 (higher molecular 
weight-Amoco 3143) for the ethylene-propylene 
copolymers. The blends with MAPP were designated 
as HP-MA, ICP1-MA, and ICP2-MA: the amount of 
MAPP was kept constant at 3% by weight of the com­
posite. Details of the polymer-kenaf blends are listed 
in Table 1. 

Measurements 

All mechanical tests were performed according to 
ASTM standard testing methods. The tensile proper-
ties were tested according to ASTM 638-90 at a 
crosshead speed of 5 mm/min. The Izod impact prop­
erties were tested according to ASTM 256-90 method. 

Differential scanning calorimetry (DSC) measure­
ments of 10 mg samples were performed on a TA 
DSC2910 and two specimens were tested for each 
composite type. The DSC sample was first heated 
from 25°C to 230°C at 2O°C/minute rate to erase the 
previous thermal history. The sample was then cooled 
at 10°C/minute rate to -100°C to recrystallize the 
sample and measure the crystallization temperature 
(TC). After cooling, the sample was reheated from 
-100°C to 230°C at 20°C/minute to measure the 
melting temperature (Tm) and heat of fusion. 

Dynamic mechanical properties of these samples 
were measured on a TA DMA983 instrument under ni­
trogen purge. The measurements were carried out at 
temperatures ranging from -100°C to 180°C at a heat­
ing rate of 2°C/minute. The test frequency was 1 Hz 
and the sample size was 45 mm × 12.5 mm × 3 mm. 

The creep properties of these samples were also 
measured on the TA DMA983. The creep tests were 
carried out at temperatures ranging from -20°C to 
100°C at 10°C increments. At each temperature, the 
sample was first loaded for 10 minutes and then fol­
lowed by a 15-minute relaxation. The initial displace­
ment was 0.3 mm. Master curves were generated from 
the creep data by using the WFL equation at a refer­
ence temperature of 71°C. 

RESULTS AND DISCUSSION 

Mechanical Properties 

The mechanical properties of the PP/kenaf fiber 
blends are reported in Table 2. The potential covalent 
bonding between the anhydride group with the hy­
droxyl groups of the kenaf, along with chain entangle­
ment between the MAPP and PP chains creates a good 
stress transfer interface. As expected, the failure strains 
of the coupled systems were significantly higher than 
the uncoupled composites. The ethylene content of the 
impact copolymers permits higher extensions as com­
pared to the homopolymer composites. In contrast, the 
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Table 2. Mechanical Properties of PP/Kenaf Fiber Blends. 

Sample ID lzod (J/m) Tensile Tensile Failure 
Notched UN-notch Strength Modulus Strain 

(MPa) (GPa) YO 

HP 33.90 87.60 33.30 9.30 1.10 
HP-MA 36.70 167.50 65.80 8.30 1.82 
ICP1 41.30 76.30 25.60 12.99 0.94 
ICP1-MA 74.30 211.95 52.50 7.45 2.48 
ICP2 46.76 118.83 23.34 11.39 0.90 
ICP2-MA 70.54 220.14 50.13 7.91 2.40 

tensile modulus of all the coupled composites were 
lower than the uncoupled systems. In all cases, the 
Izod notched and un-notched impact properties of the 
coupled systems were higher than those of the uncou­
pled composites. As expected, the tensile strengths of 
the impact polymers were less than that of the homo-
polymer, in both coupled and uncoupled composites. 

In all cases the tensile strengths of the coupled 
composites were about twice as much as those of the 
uncoupled systems. There is significant improvement 
in the tensile strengths of the coupled composites. A 
large proportion of the fibers present in the compos­
ites, both coupled and uncoupled, are still in their 
filament form, which results in low aspect ratios. Sep­
aration into their individual fibers would not only in-
crease their aspect ratios, but also greatly increase 
the interface area between the fibrils and matrix. Both 
factors could dramatically increase the strength prop­
erties of the composites. 

The blending in the thermokinetic mixer can cause 
severe fiber attrition. However, the advantage is that 
the fibers are well distributed in the matrix and no 
significant fiber agglomeration was observed. Surface 
material was probably stripped from the fibers and 
this was clearly indicated by the dark brown tinge of 
the matrix after blending. Earlier work indicated that 
there was a wide distribution of fiber lengths in the 
composite blend after injection molding. The median 
fiber length was around 0.5 mm, with both shorter 
and longer lengths present in the blend. Assuming a 
kenaf fiber strength of about 500 MPa and a interfa­
cial shear strength equal to that of matrix shear 
strength (17 MPa, estimated from the Von-Mises crite­
rion using polymer tensile strength), one obtains a 
fiber critical length of about 0.36 mm. In other words, 
the composite strength can be improved if the longer 
fiber lengths can be maintained. 

It is interesting to note the higher tensile moduli of 
the uncoupled blends. This behavior has also been 
observed for flexural data. This could be due to differ­
ences in the polymer morphology. In general, tran­
scrystalline zones are formed parallel to the flow di­
rection where the fibers are predominantly oriented 
during injection moldings (11). 

Thermal Properties 
DSC results of HP and HP-MA are shown in Figs. I 

and 2, and Table 3. The HP-MA has a broader crystal­
lization peak than HP. The crystallization temperature 
(TC) of HPMA is also lower than the HP sample indicat­
ing that the HPMA blend crystallizes slower than HP 
(Fig. 1). The melting behavior of the two samples is 
shown in Fig. 2. The results show that the HP-MA 
sample has a slightly broader melting peak with lower 
peak temperature. The low melting temperature indi­
cates that the HP-MA sample has more defects in PP 
crystals than the HP sample. 

DSC results of ICP blends are shown in Figs. 3 and 
4 and Table 3. The results (Fig. 3) indicate that the 
crystallization behavior strongly depends on the mole­
cular weight of the impact copolymer. In the case of 
the lower molecular weight (higher melt flow index, 
MFI) composites, the coupled system (ICP1MA) had a 
much higher TC than the sample without the coupling 
agent, and the difference is considerable. In the case 
of the high molecular weight ICP2 composites, the 
sample with coupling agent (ICP2MA) had a lower TC 

than the sample without coupling agent. It is not pos­
sible to determine the percent crystallinity with any 
accuracy, since the exact fraction of polymer in the 10 
mg DSC sample is not known. The lower molecular 
weight copolymer composites with coupling agent 
(ICP1MA) have lower Tm than the samples without cou­
pling agent (Fig. 4)—this is due to the larger number of 

Table 3. Thermal Properties of PP/Kenaf Fiber Blends. 

Sample Tc °C Onset Tc °C Hc J/gm Tm °C Onset Tm °C Hf J/gm 

HP 120.7 125.0 46.4 167.3 154.3 47.3 
HP-MA 120.0 125.6 48.0 166.5 153.1 46.2 
lCP1 119.9 124.2 41.5 169.3 158.5 39.2 
lCP1-MA 124.7 130.1 41.5 167.6 151.9 37.5 
ICP2 123.6 127.9 39.6 169.5 155.2 37.4 
ICP2-MA 121.4 126.6 40.7 168.4 155.8 38.6 
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Fig. 1. DSC cooling scans of HP and HP-MA blends. 

defects in the crystals. In case of the higher molecular surface. (iii) The interaction between the AN groups 
weight composites with coupling agent (ICP2MA). the among themselves, within the same molecule or be-
Tm is slightly more than ICP2: in this case, the low tween neighboring coupling agent molecules (12). 
molecular weight MAPP could enhance mobility of the Thermodynamic segregation of the MAPP to the ligno­
polymer chains and enhance crystal quality. cellulosic surface could play a major role in determin-

Several factors must be considered to understand ing the morphology around the fiber. Good interaction 
the crystallization and melting behavior of these blends. between the MAPP and the lignocellulosic surface re­
(i) The presence of a low molecular weight polymer, stricts the mobility of the molecules. Furthermore. the 
which is the coupling agent, and its lubricating effect anydride groups themselves disrupt the regularity of 
on the higher molecular weight polymers. (ii) The pres- the PP chains, which could hinder crystallization or 
ence of coupling agent that results in interactions, create defects in the crystals. On the other hand, the 
covalent and acid-base, between the anhydride (AN) low molecular weight of the MAPP and the inter-
and the hydroxyl (–OH) groups on the lignocellulosic actions between AN groups could favor crystallization 

Fig. 2. DSC heating scans of HP and HP-MA blends. 
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Fig. 3. DSC cooling scans of ICP and ICP-MA blends. 

(12). The glass-rubber transition of the system would 
thus depend on which of above mentioned factors are 
dominant. 

A fourth important factor that has previously been 
neglected is that during blending, some of the surface 
matrix material of the kenaf fibers themselves are 
sheared off from the fiber and blend in with the matrix. 
This sheared material could have lignin and amor­
phous cellulose. and oils and other surface extractives 
that are inherently present in the fiber. This can be 
clearly seen as the dark brown tinge of the polymer 
matrix after blending. In other words. the matrix mate-
rial is a blend of PP and several constituents that are 

contributed by the fiber. These matrix additives may 
also contribute to the reduced Tg. However, in our 
blends, since we are comparing systems that have the 
same amount of fibers, we can assume that the effect 
of the sheared material in modifying the crystallization 
and melting behavior for the same polymer is equiva­
lent. This will be discussed in a future paper. 

In the case of HPMA and ICP1MA, the crystalline 
defects created with the presence of the MAPP could 
be dominant in reducing Tm. On the other hand, for 
ICP2MA the presence of the lower molecular weight 
MAPP enhances the molecular mobility and allows 
better packing in the crystals. This could decrease the 

Fig. 4. DSC heating scans of ICP and ICP-MA blends. 
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Fig. 5. Storage modulus spectra of HP and HP-MA blends. 

number of defects in the crystalline region, and thereby transitions are observed on the E´ spectra, Tg and Ts, 
enhance Tm. The presence of the -OH (on the fiber pointed by arrows. At the Tg transition, the E´ shows a 
surface) and MA interactions and the lower MW of the sudden drop since the glassy amorphous molecules 
MAPP (lubricant effect) could help in increasing the turns to a rubbery phase. At Ts, the polymer starts to 
crystallinity of the higher molecular weight impact co- melt, and the Sample starts to become soft and the 
polymer thereby causing a slight increase in Tm. modulus decreases. The coupled blend, HP-MA, has a 

higher E´ than the uncoupled HP sample for entire 
DynamicMechanicalBehavior temperature range. The HP-MA also has a higher soft­

ening temperature (Ts) than the HP sample (Table 4).Hompolymer/Kenaf Fiber Blends The higher E´ and Ts suggest that HP-MA blend has a 
DMA spectra of these PP/kenaf fiber composites are better adhesion between the PP matrix and kenaf 

shown in Figs. 5 to 10. Figure 5 shows the storage fibers. However, it is confusing why the coupled blends 
modulus (E´) spectra of HP and HP-MA blends. Two (HP-MA) had a higher dynamic storage modulus, while 

Fig. 6. Loss modulus spectra of HP and Hp-MA blends. 
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Fig. 7. Storage modulus spectra of ICP-1 and ICP1 -MA blends. 

the static Young's modulus of the uncoupled (HP) was 
higher. As mentioned earlier, the behavior for higher 
moduli for uncoupled blends was also observed dur­
ing flexural testing. 

The loss modulus spectra (E") of both HP and HP­
MA are show in Fig. 6. Two transitions, a and b, are 
observed around 80°C and 10°C. The a transition is 
related to the relaxation of restricted PP amorphous 
chains in the crystalline phase and the b transition is 
related to unrestricted amorphous PP (13-16). Figure 
6 shows that both the peak temperature and the peak 
amplitude of the a peak of HP-MA are higher than 
that of HP. The HP-MA blend also has a higher peak 
temperature of the b peak than the HP blend. But the 
b peak amplitude of HP-MA is lower than the b peak 
amplitude of HP. In general, the increase in peak tem­
perature indicates a decrease in chain mobility, and 
the E" peak amplitude is related to the amount of 
amorphous PP chains involved in the transition. The 
lower b peak amplitude of HP-MA indicates that the 
HP-MA blend has a lower amorphous content than 
the HP sample. The higher a peak amplitude of HP­
MA sample indicates that the HP-MA blend has more 
rigid amorphous molecules in the crystalline phase 
(crystal defects) than the HP sample. This suggests 
that the crystallinity of HP-MA is slightly higher than 

Table 4. DMA Transition Temperatures of PP/Kenaf Fiber Blends. 

Sample E" Transition Temperatures (°C) Ts (°C) 
ID g b a 

HP 9.3 76.6 161.6 
HP-MA 9.6 79.3 162.4 
lCP1 -47.0 8.6 80.5 163.3 
lCP1-MA -49.3 8.9 79.2 162.1 
ICP2 -46.0 11.4 76.8 164.1 
ICP2-MA -46.0 10.8 79.6 162.9 
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the HP blend. The higher peak temperatures of both a 
and b peaks of HP-MA blend indicate that the PP mol­
ecules are more restricted in HP-MA blend than that 
in HP sample. Because of better adhesion, the poly­
mer chains have more restriction, which results in an 
increase in b transition temperatures. 

Impact Copolymer/Kenaf Fiber Blends 

The DMA spectra of ICP/kenaf fiber blends are 
shown in Figs. 7 to 10. Figures 7 and 8 show the DMA 
spectra of lower molecular weight ICP blends, ICP1 
and ICP1-MA. At temperature below 100°C. the stor­
age E' of the coupled blend, ICP1-MA is lower than 
that of the uncoupled blend, ICP1 (Fig. 7). At tempera­
tures above 100°C. the E' of ICP1-MA is slightly 
higher than that of ICP 1. 

The loss modulus (E" ) spectra of ICP1 and ICP1-MA 
are shown in Fig. 8. Three transition peaks, a, b, and 
g, are observed. The a transition is related to the re­
laxation of “rigid amorphous” PP chains in the crystal-
line phase. The b transition is due to the relaxation of 
unrestricted amorphous PP. The g transition around 
-50°Cis related to the relaxation of amorphous ethyl­
ene segments of the polymer chains. As Fig. 8 shows, 
the b peak temperature of the coupled system is higher 
than the uncoupled system. This suggests that the 
ICP1-MA has more restricted amorphous polypropy­
lene molecules, possibly near the fiber surface. Be-
cause of better adhesion, the polymer molecules are 
more restricted in motion, resulting in less distinct 
and broader transition peaks. The results also show 
that the uncoupled blend, ICP1, has a bigger a transi­
tion peak and a broader transition than the coupled 
blend ICP 1 -MA. 

The DMA spectra of high molecular weight ICP2/ 
kenaf fiber blends are shown in Figs. 9 and 10. Figure 9 
shows the E' spectra of ICP2 and ICP2-MA blends. The 
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Fig. 8. Loss modulus spectra of ICP1 and ICP1-MA blends. 

ICP2-MA E' spectrum has a smaller slope than that of 
ICP2. The ICP2-MA is more flexible at low tempera­
tures (below 40°C—indicating higher toughness) and 
a higher storage modulus at temperature above 80°C. 
Three transition peaks, a, b, and g, are observed (Fig. 
10). The ICP2-MA has a lower b peak temperature 
than the ICP2 blend. This could indicate that the ef­
fect of the fiber-MA interaction at the interface is over-
come by the lubricant effect of lower molecular weight 
MAPP, which lowers the b peak temperature. The same 
observation can be seen in the b onset temperature, 
which is lower for the coupled system than the ICP2 b 
onset. This lower b onset temperature for the coupled 
systems is also observed for both the HP and ICP1 

blends, an indication that the lower molecular weight 
does affect the systems. However, in the HPMA and 
ICP1MA systems, the fiber-MA interactions at the in­
terface are dominant over the lubrication effect, and 
results in higher b peak temperatures. On the other 
hand, the peak amplitude of the ICP2 a transition is 
much higher for the coupled system. This indicates 
more defects in the ICP2MA than the ICP2 composites. 

Dynamic Creep Behavior 

The dynamic creep curves of these PP/kenaf fiber 
blends are shown in Figs. 11 to 13. Figure 11 shows 
the creep compliance of HP and HP-MA blends as a 

Fig. 9. Storage modulus spectra of ICP2 and ICP2-MA blends 
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Fig. 10. Loss modulus spectra of ICP2 and ICP2-MA blends. 

function of time. Surprisingly, there was little differ­
ence in the compliance for the uncoupled and cou­
pled homopolymer composites. At shorter times, the 
compliance of the coupled was lower, while at longer 
times the compliance was higher than the uncoupled 
composites. 

On the other hand, the molecular weights of the 
copolymers have a strong influence on the creep be­
havior of the blends. For the low molecular weight 
impact copolymer ICP1, the coupling agent improves 
the creep behavior significantly (Fig. 12). For the high 
molecular weight impact copolymer ICP2, the influ­
ence of the coupling agent is smaller (Fig. 13). The 

creep behavior of the ICP/kenaf blends, or for any 
composite, is dependent on several factors including 
crystallinity, adhesion between the fiber and polymer 
matrix, and polymer chain entanglements. The high 
molecular weight copolymer has a higher entangle­
ment density than the lower molecular weight poly­
mers, and the effect of the coupling agent on the creep 
of the high molecular weight copolymers is much less 
pronounced. 

CONCLUSION 
The results show that the coupling agent enhanced 

the adhesion between the PP matrix and kenaf fibers 

Fig. 11. Dynamic creep spectra of HP and HP-MA blends. 
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Fig. 12. Dynamic creep spectra of ICP1 and ICP1 -MA blends. 

and resulted in the blends with coupling agent having low molecular weight blends, HP-MA and ICP1-MA, 

higher tensile and impact strengths. In the case of the is slower than the uncoupled samples. The coupled 

Young’s moduli, the uncoupled blends were higher blends also have more defects in the polymer crystals. 

than the coupled systems and this difference was very Thus, the melting temperatures of coupled samples 

significant for the impact copolymers. Future papers are lower than that of uncoupled samples. 

will deal with this phenomenon. The dynamic mechanical properties are also af-


The coupling agent also changed the crystalliza- fected by coupling agents. Better adhesion between 

tion and melting behavior of these blends. Owing to the polymer matrix and kenaf results in the coupled 

the better interaction/adhesion between the polymer blends’ having better high temperature modulus and 

molecules and kenaf fibers, the coupled samples higher softening temperatures than the uncoupled 

had more restricted molecules than the uncoupled blends. The creep properties also improved with the 

blends. As a result, the crystallization of the coupled use of the coupling agent for the impact copolymers. 


Fig. 13. Dynamic creep spectra of ICP2 and ICP2-MA blends. 
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