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Abstract 

 

Water absorption behavior of compression molded composites used for automotive underbody 

shield application was investigated at ambient (23°C) and elevated (70°C) temperatures. Three 

types of composite specimens: all-glass (25% by wt.), all-kenaf (25% by wt.) and hybrid (12.5% 

glass and 12.5% kenaf by wt.) with PET matrix and ACRODUR® binding agent were considered. 

Composite specimens saturated at ambient temperature were subjected to freeze thaw cycling 

ranging from 23°C to -29°C, extended freeze at -29°C and re-drying. To assess the effect of water 

absorption on mechanical properties, standard three-point bending tests were carried out. 

Degradation in mechanical properties was found to be a strong function of water absorption. At 

dry condition, both flexural modulus and strength for hybrid and all-kenaf composite were much 

higher compared to all-glass composite. After saturation, despite being significantly affected by 

water absorption, the mechanical properties of all-kenaf and hybrid composite were comparable 

to the saturated all-glass composites. As expected, the mechanical properties of composites 

saturated at 70°C were severely affected. However, freeze-thaw cycling and extended freeze did 

not have any significant impact on the mechanical properties of the saturated composites. 

Interestingly, the flexural strength for all composites increased after the saturated specimens were 

re-dried. This phenomenon was attributed to the added crosslinking in the ACRODUR® matrix. 

Also, sound absorption tests showed no significant difference when glass fibers were replaced by 

kenaf fibers.  

 

 

 

 

 

1.  Introduction 

Ever growing environmental concerns have resulted in greater interest in using environmentally 

friendly and sustainable materials such as natural fibers for polymer composites. Advantages of 

using natural fibers like reduced carbon footprint, lower cost, biodegradability, non-toxicity, 

reduced health hazard, less abrasion to processing equipment and reasonable specific properties 

make them an attractive alternative to traditional fillers such as glass fibers. Unfortunately, major 

disadvantages of natural fibers like its susceptibility to moisture and humidity and the ensuing 

degradation in mechanical properties can become a challenge for being accepted for exterior 

applications in automobile industry.  

However, it is possible to compensate for these disadvantages by using traditional fillers in 

conjunction with natural fiber to create hybrid composites such that the superior properties of one 

type of fiber complements the ones lacking in the other. As such, an optimal balance between 

performance, susceptibility to environmental degradation and cost/weight savings can be achieved 

through careful design studies for hybrid composites. It might even be possible to replace glass 

fiber with natural fiber entirely. 
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Kenaf fibers have been considered due to its superior mechanical properties among other natural 

fibers and its specific modulus that is comparable to glass fiber [1]. Other attractive features 

include rapid growth, ecological adaptability and less wastage. They can grow very fast and 

survive under a wide range of weather conditions reaching heights of 1.5 – 4.5 m with a woody 

base within 4-5 months [1,2]. 40% of the stalk yields usable fiber, roughly twice that of jute, hemp 

or flax, which means there is less wastage and is economical. In terms of energy consumption, 

only 15 MJ of energy is required to produce 1 kg of kenaf, as opposed to 54 MJ to produce the 

same quantity of glass fiber [3].  

Major issues with natural fibers coming in contact with water include swelling, plasticization of 

material, cracking and localized yielding/damage of matrix and fiber-matrix interface resulting in 

overall degradation in mechanical properties. Moisture transport in polymer composite materials 

occurs through diffusive or capillary processes. The first mode involves direct diffusion of water 

molecules into the gaps between polymer chains. Whereas transport of moisture through capillary 

action involves movement of water deeper into the material either through flaws at the fiber-matrix 

interface, voids in the matrix that are formed during processing, or through pathways formed due 

to micro-cracking caused by swelling and localized damages in the matrix.  

Manufacturing process plays a crucial role in the water absorption behavior of composites as the 

void content varies significantly depending on the fabrication method. Studies conducted by Salleh 

et al. [4] and Mazuki et al. [5] on kenaf hybrid composites show that the time to reach saturation 

is not affected by the source of water (rain, sea or tap water). Salleh et al. [6] conducted water 

absorption tests on long kenaf fiber (20% wt.) and woven glass fiber (16% wt.) hybrid composite 

with polyester matrix fabricated by compression molding. Specimens saturated after 28 days of 

immersion with a total moisture content of 4 – 5.5%. The water absorption at saturation in the 

hybrid composite was found to be similar to all-kenaf composite. Reduction in both modulus and 

strength properties of about 33% were observed. Nosbi et al. [7] reported a decrement of 28% in 

compressive strength and 56% in modulus for pultruded kenaf fiber (70% wt.) reinforced 

composite saturated in seawater. Mazuki et al. [5] conducted tests on pultruded kenaf composites, 

which took 104 days to reach saturation. Water absorption behavior followed Fickian diffusion 

process in both pultruded as well as compression molded kenaf composite [5–7]. Higher 

temperature increases the rate of diffusion due to increase in the mobility of the molecules [8,9].  

In this study, compression molded kenaf and glass fiber hybrid composites were manufactured for 

underbody shield application in automobiles. To be used for exterior application, the material 

needs to withstand exposure to harsh environmental conditions such as humidity, water absorption, 

freeze thaw cycles and maintain mechanical integrity and dimensional stability. These 

environmental conditions were simulated in the lab and its effects on mechanical properties studied 

through flexural test. In addition, resistance to stone chipping due to water absorption also needs 

to be studied. Currently, glass fiber reinforced thermoplastic composite are used for underbody 

shield application, and the aim of this research work is to shift the mindset/mind gap on natural 

fiber reinforced composites and potentially replace glass fiber composites with hybrid or all-kenaf 
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composite. Sound absorption capability of the underbody shield is also investigated. Noise coming 

from tire and road, traffic and outside environment need to be minimized inside the car to enhance 

the rider experience, which ultimately increases the perceived value of the vehicle.  

 

2.  Materials and Methods 

 

2.1. Fabrication of kenaf glass fiber hybrid composite 

Composite materials considered in this study comprise of 25% fiber, 45% PET and 30% Acrodur. 

Composite fabrics with S-Glass fiber with high temperature spin finish, untreated kenaf fiber and 

PET fibers were obtained from Cadillac Products Automotive Company. Acrodur® resin, which 

is a binding agent was provided by BASF. Acrodur supports the use of renewable raw materials in 

the automotive industry. Acrodur is a non-corrosive binding agent that can form hydrogen and 

covalent bonds with the hydroxyl groups present in cellulose through ester groups and turns natural 

fibers into functional and environmentally friendly materials with water as the only byproduct 

[10,11]. Curing in the presence of moisture activates bonding by an esterification reaction between 

the acid group of Acrodur and hydroxyl groups of the natural fiber [11].  

The first step in the fabrication of composite material involves infusing a mixture of Acrodur resin 

and water into the dry fabric (fiber and PET). This is followed by radio frequency heating where 

the water is partially evaporated. The material is compressed in a hot press mold at 250°C with a 

cycle time of 60 s as opposed to more than an hour of curing time at similar temperature for epoxy 

resins thereby significantly reducing the cost of production. All composites are compression 

molded to a final thickness of 3 mm with an areal density of 1200 gsm. Table 1 below shows the 

fiber volume fraction and density for all-glass, hybrid and all-kenaf composites. All-glass and all-

kenaf composite have 25% fiber by wt., whereas hybrid composite has 12.5% glass fiber and 

12.5% kenaf fiber.  
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Figure 1 Fabrication of composite material for underbody shield showing infusion 

of resin and water on both sides of the fabric, followed by RF heating to partially 

evaporate the water 

 

 

Table 1 Volume fraction and density of composites 

 Kenaf Glass fiber Density (g/cc) 

All-Glass 0% 25% 0.375 ± 0.006 

Hybrid 12.5% 12.5% 0.384 ± 0.007 

All-Kenaf 25% 0% 0.391 ± 0.007 

 

2.2. Experimental work 

2.2.1. Water absorption tests 
Rectangular specimens (250 mm, 50 mm, 3 mm) were cut from the compression molded 

composites. Prior to starting the water absorption tests, specimens were conditioned at 23°C and 

50% relative humidity for at least seven days before taking the initial dry weight measurement. 

Water absorption tests were carried out by immersing the specimens in tap water in accordance to 

ASTM D570. Absorption tests were performed on five sets of specimens for each type of 

composite at 23°C, while one set of specimens was subjected to water absorption at 70°C. Each 

set of specimen consists of seven specimens. While immersing the specimens in water, spacers 

were kept between the flat surface of the specimens to allow water absorption.  

Weight measurements were taken after 1, 2, 3, 7, 14 and 28 days, after which the specimens 

saturated. The procedure for taking readings for specimens immersed at 23°C are as follows: the 

specimens were taken out from the water one at a time, placed vertically to allow water to drain 

for 30 s, then surface moisture was wiped off, weight measurement taken and placed back in water. 

Procedure for taking measurements for specimens immersed at 70°C was slightly different. After 

removing the specimens from the water, the specimens were immersed in water at 23°C for five 

minutes, then removed and placed vertically for 30 s, surface wiped off and measurements taken. 

Water absorption percentage was calculated by using the following equation: 

%� =  
���� − �	
�

�	
�

× 100 

Where, %M is the percentage water absorbed, ���� is the mass of the specimen (g) subjected to 

water absorption for a certain period of time, �	
� is the initial dry mass (g).  
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2.2.2. Re-drying and mass loss determination 
To determine mass loss due to water absorption, specimens saturated at 23°C were re-dried in an 

oven at 50°C. Specimens were periodically weighed until the average change in weight was less 

than 5 mg.  

 

2.2.3. Freeze-thaw exposure and extended freezing 
Since these materials are to be used for exterior application, the materials were subjected to freeze-

thaw exposure. In accordance to ASTM D7032, one set of specimens saturated at 23°C were 

subjected to -29°C for 24 h, followed by thawing at 23°C for 24 h. This completes one freeze-thaw 

cycle. Specimens were subjected to five such cycles. Another set of specimens was subjected to 

extended period of freezing at -29°C for 90 days. These specimens were subsequently conditioned 

at 23°C for at least seven days while still being immersed in water for the assessment of mechanical 

properties through flexural tests.  

 

2.2.4. High temperature high humidity 
Dry specimens were subjected to another extreme environmental conditioning of 70ºC and 85% 

relative humidity until saturation was achieved. Periodic weight measurements were taken 

following the procedure described earlier for water absorption.  

 

 

2.3. Mechanical tests 
 

2.3.1. Flexural tests 
Quasi-static three-point flexural tests were performed on composite materials at a strain rate of 1% 

per min in accordance to ASTM D790. Instron servo hydraulic test machine with a 500 N load cell 

was used for all the tests. Calculation of strain was based on the deflection at the middle of the 

specimen monitored from the crosshead displacement of the machine. All the flexural tests were 

performed at 23°C. For instance, the specimens subjected to freeze-thaw cycling were conditioned 

by immersing them in water at 23°C for at least seven days before conducting flexural tests. While 

performing flexural tests on wet specimens, the specimens were taken out of the water one at a 

time and weight measurement taken following the procedure outlined earlier and placed in the 

Instron and tested until failure or up to 10% strain, whichever occurred earlier. 
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2.3.2. Stone chipping test 
To study the impact of stone on the underbody shield, chipping tests were conducted by impacting 

cylindrical projectiles with beveled edges (45°) (Figure 2). Aluminum material was chosen for the 

projectiles as its density is very similar to stone (2.0 – 2.6 g/cc). Mass of projectile was 1.4 g. The 

projectiles impacted the specimen placed at an angle of 30° at a velocity of 112.6 km/h (70 mph). 

At least ten repetition were performed. Comparative analysis was carried out by measuring the 

volume of the indentation for control, saturated (in wet condition) and re-dried specimens.  

 

 

 
Figure 2 Study of impact resistance due to stone chipping 

 

 

2.3.3. Sound absorption tests 

Sound absorption tests were conducted on control specimens in accordance to ASTM E1050. 

Specimens (29 mm in diameter) were tested at a frequency range of 892 Hz to 6296 Hz. Sound 

waves propagating as plane waves in the tube gets partially absorbed upon striking the specimen. 

Normal incidence sound absorption coefficient (ranging from 0 to 1) is calculated based on the 

percentage of sound energy absorbed by the material.  
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3.  Results and Discussions 

3.1. Water absorption test 
For absorption tests conducted at 23°C and 70°C, no visible detachment of glass or kenaf fibers 

into the water or discoloration of the surface of the specimen was observed throughout the entire 

duration of the test. Although, wet specimens did not show any sign of warping, thickness swelling 

was observed for all types of composites. Thickness swelling in all-glass composite was about 2 – 

2.5%. Since the water absorption for both the constituents is negligible, the swelling might be due 

to water seeping into the gaps at the interfaces. Thickness swelling for all-kenaf composite was 

about 4.5 – 5.5%. Hydroxyl and other oxygen containing groups in the cell wall of kenaf fiber 

absorb moisture through hydrogen bonding, which results in changes in dimension. Hemicellulose 

is mainly responsible for moisture absorption, but the accessible cellulose, non-crystalline 

cellulose, lignin and surface of crystalline cellulose can also contribute [2].  

All composites followed a similar trend of water absorption at 23°C, where the rate of diffusion 

was initially high, after which the curve plateaus as it approaches the saturation point (Figure 3). 

Water absorption at equilibrium for all-glass composites were higher at 177% compared to 160% 

for hybrid and all-kenaf composite despite the hydrophilic nature of kenaf fibers. Since the density 

of the natural fiber is significantly lower than glass fiber, more volume of natural fibers is stacked 

to achieve similar areal density for a given thickness for all three types of composites. As such, 

the void content for the all-glass composite is higher than the other two and all the absorbed water 

are trapped and stored in these voids and the interface between fiber and matrix despite the fact 

that water absorption by the constituents (glass fiber, PET and Acrodur) is negligible [12]. 

Whereas, for hybrid and all-kenaf composite, water absorption occurs through capillary action as 

well as due to sorption by the hydrophilic natural fibers. 

Increasing the temperature of water did increase the rate of diffusion significantly. All specimens 

reached the saturation point within 24 h of immersion in water at 70°C. Specimens were still 

immersed in water at 70°C for 7 days. The change in percentage water absorption was less than 5 

mg after 7 days of immersion after which the test was terminated. 
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Figure 3 Water absorption behavior of composites immersed in water at 21℃ 

 

 

3.2. Freeze-thaw exposure and extended freeze test 
No visible changes were observed on the surface of the specimen after freeze thaw exposure or 

extended freeze tests. The specimens were brought back to ambient temperature (23℃), while still 

being immersed in water. No changes in the amount of water absorption was found in either of the 

test specimens.  

 

3.3. Re-drying  
Mass loss determination from the specimens re-dried at 50℃ is shown in Figure 4. For all-kenaf 

composite, mass loss was the highest (2.12%), followed by hybrid (1.87%) and all-glass composite 

(1.25%). No visible detachment of reinforced fibers was observed during the water absorption 

tests. The mass loss observed here might have occurred during handling and wiping off surface 

moisture from the specimens while taking weight measurements. However, the highest amount of 

mass loss (2.12%) is still within allowable limits for automobile applications. Thickness swelling 

for the saturated specimens after being subjected to various conditioning is shown in Table 2. As 

expected, thickness swelling for all-kenaf composite is the highest at 4.5 – 5.5% of the original 

thickness, which is two times higher compared to the all-glass composite (2 – 2.5%). After re-

drying, all the composites do revert back to their original thickness (Table 2). 
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Figure 4  Mass loss determination 

 

Table 2 Thickness swelling in saturated specimens 

 Dry 
Saturated at 

23ºC 

Saturated at 

70ºC 

Saturated and 

freeze thaw 
Re-dried 

All-Glass 3.05 ± 0.04 3.11 ± 0.03 3.12 ± 0.03 3.13 ± 0.02 3.02 ± 0.03 

Hybrid 3.03 ± 0.02 3.16 ± 0.03 3.12 ± 0.02 3.15 ± 0.04 3.01 ± 0.02 

All-Kenaf 3.00 ± 0.01 3.15 ± 0.04 3.14 ± 0.03 3.18 ± 0.04 3.02 ± 0.03 

 

3.4. High temperature high humidity 
For specimens subjected to 85% relative humidity and 70℃, the saturation point was achieved 

within 500 h of test. The criterion for determining the attainment of saturation point is same as the 

ones for water absorption tests. Contrary to water absorption test results, all-kenaf composite had 

the highest amount of moisture absorption at 3.34%, with all-glass composite being lowest at 

2.61%. Since the specimens are not immersed in water like in the water absorption tests, the 

mechanism behind moisture absorption might be slightly different. When the all-kenaf composite 

is exposed to high humidity environment, the hydrophilic groups of the natural fiber absorb the 

water molecules [13,14]. Subsequent layers of water may be formed on top of the ones already 

absorbed. Whereas, in all-glass composite, absorption occurs primarily through water being held 

up by surface tension in the material, since both glass and polymer matrix are hydrophobic. 

Moreover, there might not be enough water molecules in high humidity tests to completely fill 

large amounts of void in all-glass composites, which was the case for the water absorption test 

described earlier. 
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Figure 5 Moisture absorption behavior of composites subjected to 70℃ and 85% 

relative humidity 

 

3.5. Mechanical properties  

3.5.1. Flexural test on dry specimens 
The overall shape of the force displacement curves for all three composites for control specimens 

are similar. The curves exhibit an initial linear monotonic increase in force displacement response 

followed by yielding and post-yield softening, which finally plateaus at a constant force. Flexural 

modulus is calculated by performing linear regression on the initial linear portion of the stress 

strain curve. Flexural strength is defined as the maximum flexural stress. 

With the incorporation of kenaf fibers, both flexural strength and flexural modulus increase for the 

dry specimens. With the addition of 12.5% kenaf fiber in hybrid composites, the flexural strength 

and flexural modulus increase by 46.6% and 44.2%, respectively. However, no significant 

difference in mechanical properties between hybrid and all-kenaf composites was observed. In 

other words, adding 25% kenaf fiber in all-kenaf composite, or adding 12.5% kenaf fiber along 

with 12.5% glass fiber in hybrid composite made no difference in mechanical performance of dry, 

wet or other hygrothermal conditioned specimens. In this regard, using all-kenaf fiber composite 

could be advantageous in terms of cost savings for labor and materials, and results in greener 

composite.  
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Figure 6 Typical force – displacement response for (a) all-glass composite, (b) hybrid 

composite and (c) all-kenaf composite in dry, wet and re-dried conditions 
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(b) 

Figure 7 Comparison of flexural strength for all-glass, hybrid and all-kenaf 

composite in (a) wet condition and (b) re-dried condition 
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Figure 8 Comparison of flexural modulus for all-glass, hybrid and all-kenaf 

composite in (a) wet conditions and (b) re-dried conditions 

 

3.5.2. Flexural tests on saturated specimens 

For all-glass composites, the overall shape of force-displacement response changes after the water 

absorption tests. For the wet specimens, after post yield softening, force response further increases 

before it finally decreases monotonically till the end of the flexural test (Figure 6a). Whereas for 

hybrid and all-kenaf composites subjected to water absorption tests, the overall shape of the force 

displacement response remains the same with both modulus and strength decreasing consistent to 

the severity of the conditions the specimens were subjected to (Figure 6 b and c).  

For the specimens saturated at 23°C, flexural strength increased slightly in case of all-glass 

composite. Water molecules that are absorbed act as plasticizer, which increases the ductility. 

Similar findings was reported by Huang Sun et al. [15] where the flexural properties increased for 

glass polyester composite. Zamri et al. [16] reported increase in flexural properties for jute – glass 

fiber hybrid composite after immersion in water. Flexural modulus of all-glass composite was not 

significantly affected by water absorption.  

Although the flexural strength decreased by 15% and 23% for hybrid and all-kenaf composites, 

the magnitudes of the strength for saturated specimens are similar to all-glass composites. 

Similarly, despite the decrement of about 30% in flexural modulus for hybrid and all-kenaf 

composite, these values are still higher than saturated all-glass composites.    

Following water absorption at 70°C, flexural strength decreased by 10% and flexural modulus 

decreased by 31% for all-glass composites. For both hybrid and all-kenaf composites, significant 

reduction in both flexural strength (40%) as well as flexural modulus (55%) were observed. Again, 

in terms of magnitude, both modulus and strength of all three types of saturated specimens are the 

same. The temperature of water is close to glass transition temperature of PET (~70°C). High 

temperature can cause thermal degradation of polymer and weakening of interfacial strength 

between fiber and matrix leading to decrement in mechanical properties of composites.  

Flexural properties of the specimens subjected to freeze thaw and extended freeze is similar to the 

specimens saturated at 21°C. This finding is corroborated by the water absorption results where 

no significant differences in percentage absorption was found among specimens saturated at 21°C 

and the ones subjected to freeze thaw cycle and extended freeze. Effects of freeze thaw on flexural 

modulus is slightly more detrimental than extended freeze. This can be attributed to the expansion 

of water molecules and contraction of polymer matrix at the same time during freezing. Freeze 

thaw cycles create thermal stress and fatigue, which might result in loss of bonding at fiber matrix 

interface.  
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3.5.3. Flexural tests on re-dried specimens 

Re-drying resulted in increase in flexural strength invariably for all three types of specimens. 

Flexural strength of all-glass composite increased by 51% after re-drying and an increase of 17% 

and 22% was observed for hybrid and all-kenaf composite. Whereas, no significant changes were 

observed for flexural modulus after re-drying. For all-glass composites, the overall shape of the 

force displacement curves changed with an additional hump after initial yielding. An absence of 

post yield softening was observed for hybrid and all-kenaf composite. It can be hypothesized that 

additional crosslinking occurs between carboxylic acid group in Arcodur and hydroxyl group 

present in the fibers during re-drying.  

During processing, a 60 sec cycle time was maintained for the hot press. This amount of time may 

not be long enough for Acrodur resin to achieve a high degree of crosslinking. Also, for curing of 

Acrodur resin in a hot press or an oven, presence of a small amount of moisture is recommended. 

While re-drying, this condition of high temperature for extended period of time and the presence 

of moisture is recreated, thus facilitating crosslinking reaction and increase in the mechanical 

properties. Similar results were observed for specimens subjected to 70°C and 85% relative 

humidity, which were also re-dried before conducting flexural tests.  

Since the composites used in this study was very porous, it is possible that no damage was incurred 

on the matrix due to swelling of the natural fibers when subjected to water absorption. As such, it 

is worth noting that if the density of the composite was higher, then water absorption of natural 

fibers would cause microcracks in the matrix resulting in irreversible changes in the mechanical 

properties even if additional crosslinking was to occur.  

 

3.5.4. Stone chipping test 
Figure 9 shows the volume measurements of the indentation caused by the projectile. Dry and re-

dried all-kenaf has higher indentation volume, which can be attributed to higher surface roughness 

of the natural fibers. Stone chipping on wet specimens had minimal indentation volume due to 

reduced friction between projectile and specimen. Although mechanical properties assessed under 

quasi-static condition show reduced performance for wet condition, these results suggest that 

dynamic tests favor wet condition.  
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Figure 9 Measurement of volume of indentation from stone chipping test shows 

minimal indentation for specimens tested in wet condition 

 

3.5.5. Sound absorption tests 

Sound absorption tests of all three types of composites considered in this study exhibited similar 

behavior at the frequency ranging from 892 Hz to 6296 Hz (Figure 10). The ability of the 

composites to absorb sound energy gets better at higher frequencies. Sound energy is dissipated 

through vibration as the waves are redirected by the fibers and through conversion of sound energy 

into heat. In general, the sound absorption capability increases if multiple materials are used [17]. 

The sound absorption coefficient was not affected after introducing kenaf fibers. This could be 

because the density of all-kenaf composite considered in this study is slightly higher than all-glass 

composite. If the material is too densely packed, it negatively impacts the absorption coefficient, 

especially at higher frequency range (> ~1.8 kHz) [17,18]. This study suggests that replacing glass 

fibers by kenaf fibers does not alter the sound absorption capability of the underbody shield.  
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Figure 10 Sound absorption coefficient of all-glass, hybrid and all-kenaf composites 

 

 

 

 

4.  Conclusions 

Water absorption behavior of all-glass, hybrid and all-kenaf composites were studied at 21°C and 

70°C. At saturation point, which occurred after 672 hours of immersion at 21°C, the percentage 

water absorption for all-glass composite was much higher at 176% compared to 160% for both 

hybrid and all-kenaf composites. For hybrid and all-kenaf composites saturated at 21°C, both 

flexural modulus and strength were significantly affected, whereas the effects in all-glass 

composite were marginal due to the water absorption. Water absorption at 70°C had the most 

adverse impact on the flexural properties of all composites with reduction of strength and modulus 

up to 42% and 54%, respectively for all-kenaf composite. Despite the reduction of properties after 

saturation for hybrid and all-kenaf composite, the absolute magnitude of strength and modulus are 

similar for all three types of composites. Freeze thaw and extended freezing did not have any 

significant effect on the mechanical properties of saturated composites.  

Perhaps, the most interesting result is when the flexural strength invariably increased for all types 

of composites after the saturated specimens were re-dried. This phenomenon was attributed to the 

added crosslinking between carboxylic acid group in Acrodur and hydroxyl group in the fibers 

when the specimens were re-dried. It should however be noted that formation of microcracks for 
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composites with higher density may cause irreversible damage and the added crosslinking might 

not necessarily increase the strength. 

Stone chipping test conducted by striking aluminum projectiles on specimens in dry (control) and 

re-dried condition show significantly higher indentation volume for all-kenaf composites. 

However, results show significantly reduced indentation for the specimens tested in wet condition 

compared to control and re-dried specimen. Sound absorption tests conducted on as-received 

composites suggests that kenaf fibers could be used instead of glass fibers without compromising 

the sound absorption coefficient of the underbody shield.  
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