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Influence of fIller Surface ModIfIcatIon on StatIc and dynaMIc MechanIcal reSponSeS  
of rIce huSk reInforced lInear low-denSIty polyethylene coMpoSIteS

Filler surface modification has become an essential approach to improve the compatibility problem between natural fillers and 
polymer matrices. however, there is limited work that concerns on this particular effect under dynamic loading conditions. therefore, 
in this study, both untreated and treated low linear density polyethylene/rice husk composites were tested under static (0.001 s–1, 
0.01 s–1 and 0.1 s–1) and dynamic loading rates (650 s–1, 900 s–1 and 1100 s–1) using universal testing machine and split hopkinson 
pressure bar equipment, respectively. rice husk filler was modified using silane coupling agents at four different concentrations 
(1, 3, 5 and 7% weight percentage of silane) at room temperature. this surface modification was experimentally proven by Fourier 
transform infrared and Field emission scanning electron microscopy. results show that strength properties, stiffness properties and 
yield behaviour of treated composites were higher than untreated composites. among the treated composites, the 5% silane weight 
percentage composite shows the optimum mechanical properties. Besides, the rate of sensitivity of both untreated and treated com-
posites also shows great dependency on strain rate sensitivity with increasing strain rate. on the other hand, the thermal activation 
volume shows contrary trend. For fracture surface analysis, the results show that the treated lldpe/rh composites experienced 
less permanent deformation as compared to untreated lldpe/rh composites. Besides, at dynamic loading, the fracture surface 
analysis of the treated composites showed good attachment between rh and lldpe.

Keywords: silane coupling agents; strain rate; universal testing machine; split hopkinson pressure Bar; strain rate sensitivity

1. Introduction

natural fiber-reinforced polymer composites have greatly 
gained attention and interest among materials scientists and 
engineers in recent years due to its prominent mechanical 
properties and environmental advantages such as renewability 
and biodegradability [1]. one of the most promising bio-based 
polymers that have attracted many researchers in manufacturing 
thermoplastic polymer composites is linear low-density polyeth-
ylene (lldpe). lldpe has good mechanical properties and it is 
widely implemented in polymeric industry. some of the products 
produced from lldpe are grocery bags, heavy duty shipping 
sacks, agricultural films, pipes, liners for consumers, landscaping 
ties and compost bins [2]. Besides, the low processing tempera-
ture (below 160°C) of lldpe makes composites fabrication 
possible without partial melting or annealing of the filler [3].

nowadays, the addition of fillers into the polymer matrix is a 
fast and cheaper method to modify the properties of the neat poly-
mer [4]. among many types of fillers, natural fillers have a number 
of techno-ecological advantages over synthetic fillers due to their 
renewable nature, abundant resources, very low cost, recyclability, 
environmental-friendliness and non-abrasiveness to processing 
equipment [5].the use of natural filler derived from agricultural 
waste such as banana, bread-fruit, coconut shell, coir, jute, hemp, 
sugarcane bagasse, rice straw, palm oil leaves, sawdust, bamboo 
and rice husk (rh) can be used to reinforce thermoplastic to 
produce bio-composites[6]. rh is one of the major agro-waste 
products, which contains cellulose (25 to 35%), hemicelluloses 
(18 to 21%), lignin (26 to 31%), silica (15 to 17%), soluble (2 
to 5%), and moisture (7.5%) [7]. Besides, most of rice husks are 
used as a bedding material for animal, land filling and the waste 
are burned. therefore, the use of rice husks and its derivatives in 
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the production of thermoplastic polymer composites is attracting 
much attention and has become one of the most important aspects 
of the industry to reduce environmental pollution problems [4]. 
the main purpose of using rh as filleris due to cost reduction 
as the cost of bio-sourced and biodegradable polymers is still 
high. however, like other natural fillers, rh has properties such 
as high hydrophilic due to the presence of hydroxyl groups on 
the rh surface. Furthermore, the existence of non-cellulosic 
components such as lignin and wax may prevent rh from hav-
ing a good interfacial adhesion with hydrophobic thermoplastics 
in composites [8]. therefore, various chemical treatments for 
rh were performed by previous researchers in order to in-
crease the compatibility between rh and polymer matrices [9].

Many researchers have investigated the surface modifica-
tion of natural fillers and their subsequent characterization in 
composites. the examples of chemical treatments used are silane 
treatment, alkaline treatment, acetylation treatment, benzoyla-
tion treatment, peroxide treatment, maleated coupling agents, 
sodium chlorite treatment, acrylation and acrylonitrile grafting, 
stearic acid treatment and permanganate treatment [10]. silane is 
believed to become the most prominent coupling agent that has 
been widely used in composites and adhesive formulations [11]. 
Besides, silane coupling agents also have three main advantages, 
which are: (i) they are commercially available in a large scale; 
(ii) at the one end, the bear alkoxysilane groups of reacting with 
oh- rich surface, and (iii) at the other end, they have a large 
number of functional groups which can be tailored as a function 
of the matrix to be used. additionally, it also has good compat-
ibility between the reinforcing element and the polymer matrix 
or covalent bonds between them [12]. 

a coupling agent is a chemical that functions at the inter-
face to create a chemical bond between the reinforcement and 
matrix. it improves the interfacial adhesion when one end of 
the molecule is tethered to the reinforcement surface and the 
functionality at the other end reacts with the polymer phase [11]. 
it can be observed that γ-aminopropyltriethoxy silane (named 
aps) is widely applied by natural filler reinforced polyethylene 
[13]. therefore, the use of a silane coupling agent can improve 
the interfacial adhesion between the polar hydrophilic rh and 
the non-polar hydrophobic lldpe polymeric chains [14]. 

From previous findings, it has been reported that up to 
a certain filler loading, the mechanical properties of particulate 
natural filler–reinforced composites tend to decrease down to 
a certain extent [15-19]. Besides, the mechanical properties 
of composites also give significant effects under both static and 
dynamic loading. to overcome these problems, rh surface was 
chemically modified using a silane coupling agent that improves 
its suitability as a reinforcing material with lldpe. Besides, rh 
was functionalized with a silane-based coupling agent that may 
react with both filler and the matrix during the mixing process 
that could improve the interfacial adhesion between the filler 
and the matrix. From previous findings, it has been reported that 
both untreated and treated filler had given significant effect to 
the mechanical properties of particulate natural filler-reinforced 
composites [20,21]. unfortunately, this kind of effect was never 

correlated with the mechanical performance of polymer com-
posite under critical condition such as dynamic loading. From 
published literatures, none of previous works have specifically 
reported the effect of silane treatment on the dynamic mechani-
cal properties of particulate natural filler-reinforced composites. 
to overcome the lack of information in this area, this paper has 
been purposefully design to investigate and analyse the capability 
of untreated and treated lldpe/rh composites under various 
loading rates especially dynamic loading. to achieve the aim 
of this study, this experiment was designed to investigate the 
effect of silane coupling agent on the mechanical properties 
of lldpe/rh composites under static and dynamic loading 
using universal testing machine (utM) and shpB equipment. 
Besides, the sensitivity towards strain rate of both untreated 
and treated lldpe/rh composites was also calculated using 
a specific equation. the fractographic analysis was also dem-
onstrated to investigate the failure mechanism of untreated and 
treated lldpe/rh composites under dynamic loading rates.

2. experimental detail

2.1. Material

lldpe was supplied by lotte Chemical titan holding sdn. 
Bhd in pellet form, used as polymer matrix for the composites. 
the density, the melt flow index and the melting point of used 
lldpe are approximately 0.922 g/cm3, 2 g/10 min and 160°C, 
respectively. rh used as filler was obtained from padi Bernas na-
sional Berhad (Bernas) and was ground to obtain the particle 
size of approximately 125 µm. Besides, γ-aminopropyltriethoxy 
silane (named aps) was purchased from lotte Chemical titan 
holding sdn. Bhd in liquid form. the present chemical graft-
ing that involves functionalized γ-aminopropyltriethoxy silane 
coupling agents is shown in Figure 1.

Fig. 1. the chemical structure of silane coupling agents used in this study

2.2. Silane treatment procedure

1 wt. % of silane (weight percentage compared to the rh) 
was dissolved in a mixture of water/ethanol (30/70 volume, re-
spectively). the ph of the solution was adjusted to 4 with acetic 
acid using ph meter. then, the solution was stirred continuously 
for 30 min. after that, 25 g of rh were soaked in solution for 
3 hours and washed with distilled water. the treated rh was fil-
tered and dried in oven at 60°C for 24 hours. similar procedures 
were repeated for 3, 5, and 7% (weight percentage) of silane.
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2.3. characterization Methods

2.3.1. fourier transform Infrared Spectroscopy (ftIr) 

Ftir was used to determine changes in chemical func-
tional groups of untreated and treated rh. the spectra range 
chosen was from 4000 to 450 cm–1 using a Ftir spectrometer 
(perkin elmer). Before testing, a powder form of the untreated 
and treated rh was mixed with kBr powders and cold-pressed 
into a suitable disk.

2.3.2. field emission Scanning electron Microscopy 
(feSeM)

the surface morphologies of untreated rh, treated rh 
and fracture surface of the dynamic loadings treated composites 
were coated with platinum and then examined using FeseM  
(zeizz). 

2.4. fabrication of polymer composites

2.4.1. compounding process

lldpe pallets, untreated and treated rh were mixed by 
BenChop twin screw extruder. the speed rate was kept at 
60 rpm with temperature of 160°C. untreated rh was run first 
and followed by treated rh with five different weight percent-
ages of silane (1, 3, 5 and 7 wt %). untreated and treated rh 
was dried at 60°C for 3 hours in oven to remove the moisture 
contents before being compressed. 

2.4.2 compression molding process

the specimens were compression moulded in hydraulic 
hot press using a button mould with 12 mm (diameter) × 27 mm 
(width). Firstly, approximately 2.1 gram of composites was 
weighed and placed for each button mould cavity. after that, the 
compounded composites were compressed with specific timing 
that involved pre-heating for 20 minutes followed by compressing 
for 10 minutes and cooling for 10 minutes at 160°C. then, the 
moulded composites were cut using a bench saw into 12 mm (di-
ameter) × 18 mm (length) and 12 mm (diameter) × 6 mm (length) 
for both static and dynamic mechanical testing respectively.

2.5. Mechanical tests

2.5.1. Static compression testing

For static testing, the compression specimen was com-
pressed under a constant crosshead speed of 1.08 mm/min, 
10.8 mm/min and 108 mm/min; which corresponds to strain 

rates of 0.001 s–1, 0.01 s–1 and 0.1 s–1, using a universal testing 
Machine. as a precaution step, a thin film of lubricant was pasted 
onto both ends of the compression specimens to eliminate the 
needles effect (i.e., frictional effect) during the test. Five meas-
urements were taken for each strain rate in order to quantify the 
average behaviour of the tested specimens.

2.5.2. dynamic compression testing

the dynamic compression test was performed using the 
compression split hopkinson pressure Bar (shpB) equip-
ment. usually, the shpB equipment consists of a striker bar, an 
incident bar, a transmission bar, and a sample placed between 
the incident and transmission bars as shown in figure 1. when 
a gas gun launches the striker bar at the incident bar, the impact 
causes an elastic compression wave to travel in the incident bar 
towards the sample. when the impedance of the sample is less 
than that of the bars, an elastic tensile wave is reflected into the 
incident bar and an elastic compression wave is transmitted into 
the transmission bar [22].

Fig. 2. the schematic diagram of the split hopkinson pressure bar 
equipment

generally, during shpB operation, a striker bar is launched 
at a speed to collide with the incident bar, generating an incident 
strain pulse, εI, that propagates along the bar until it arrived at the 
specimen. at this point, acoustic impedance mismatch between 
bar and specimen material results in a portion of the pulse being 
reflected back along the incident bar, producing a strain εR, while 
some of the pulse is transmitted through the specimen εT [23]. 
the histories of stress, strain and strain rate during compression 
shpB testing were calculated based on the strain measured on 
the incident and transmitter bars. the equations involved are 
shown as follows: 
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where A, E and c (= E/ρ1/2, ρ is mass density of the bar) are cross-
sectional area, young’s modulus and wave velocity of the bars, 
respectively. L and As refer to the length and cross-sectional area 
of the sample. εr(t ) and εt(t ) are the recorded axial strains of the 
reflected pulse and transmitted pulse, respectively, measured in 
reflected and transmitted bar as function of time. the derivation 
of equation (1)-(3) is closely related with the following assump-
tions and idea [24]:
1. the propagation of wave in the hopkinson bars is well-

approximated by one-dimensional theory where the wave 
dispersion is totally negligible.

2. the stress and strain states in the specimen are homogene-
ous.

3. the friction and radial inertia effect are negligible.

3. results and discussion

3.1. ftIr analysis

the presence of the silane onto the rh surface after the 
chemical treatment was assessed using Ftir spectroscopy. the 
resultant spectra for treated rh and untreated rh are compared 
in Figure 3. From the figure, the peak 3412 cm–1 represents 
the –oh stretching vibration due to hydroxyl group in the rh. 
Besides, the peak at 1728 cm–1is also present in both treated and 
untreated rh. this peak is a C = o that represents the carboxylic 
group from hemicellulose [25]. in addition, the peak at 1514 cm–1 
also exists in both treated and untreated rice husk. this peak 
indicated C = C stretching from lignin that still remains before 
and after the silane treatment.

By comparing the Ftir spectra, a peak at 796 cm–1 ap-
peared for both untreated rh and treated rh. as rh contains 
14.5% of silica, it will hide bands assigned to the stretching 
vibration of si-o-C where a reaction occurred between the si-
lane agent and the rh surface [8]. Furthermore, this stretching 
vibration of si-o-C that is related to silane overlaps with silica 
content in rh that causes the characteristics of silane could not 
be detected by Ftir spectra. Besides that, a new peak appeared 
at 1098 cm–1 after the treatment. this peak is a si-o-si stretching 
vibration that formed after Ch2Ch(o)Ch2-o(Ch2)3sio- group 
has been grafted onto the cellulose molecules [26]. the process 
can be described as follows:

From the peak at Ftir spectra in Figure 3, it can be con-
cluded that cellulose, hemicellulose and lignin do not change in 
the rice husk after the treatment but a new chemical bond has 

been found in the rice husk after the treatment. the Ftir find-
ings also confirm the presence of silane in treated rh after the 
silane treatment, validating the seM analysis. 

3.2. SeM analysis

scanning electron microscopy (seM) provides an excellent 
technique for examining the surface morphology of untreated and 
treated rice husk fillers. it is expected that the surface morphol-
ogy of untreated rice husk will be different to the treated rice husk 
particularly in terms of their level of smoothness and roughness 
[26]. it is important to study the filler surface morphology that 
provides vital information on the level of interfacial adhesion 
that would exist between the filler and the matrix later when used 
as reinforcement filler with and without treatment. 

For standardization, all micrographs of rice husk are taken 
under 500× magnification. Figure 4 (a) shows the seM micro-
graph of untreated rice husk filler. Clearly, the impurities were 
observed on the surface of untreated filler. on the other hand, 
Figure 4 (b) shows only a thin layer coated around the rice husk 
filler. it indicates that 1% of silane was not enough to coat the 
filler with the matrix. Besides, Figure 4(c) also shows a thin 
layer of coating and a few crackings on the rice husk surface. 
thus, it indicates that 3% of silane also was not good enough 
for coupling matrix with fillers. Figure 4(d) shows the seM 
micrograph of 5% of silane. it can be observed that a smooth 
thin layer coating around the filler with a good cracking around 
the rice husk filler. this finding is in line with the one that has 
been documented by gonzalez and his co-workers, where they 
recorded that 5% silane weight percentage was the optimum 
concentration for their natural fiber-reinforced composite speci-
men [27]. Besides, Figure 4(e) shows the deterioration of rice 
husk surface with more cracking. as compared to the 5% of 

Fig. 3. Comparison of Ftir spectra obtained for (a) untreated rh, 
(b) 1% silane-treated, (c)3% silane-treated, (d)5% silane-treated and 
(e) 7% silane-treated
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silane treatment, the rice husk surface looks jagged and broken. 
so, it can be pre-concluded that the 5% of silane showed the best 
chemical surface treatment of silane coupling agent. similar 
observation has been found by lu et al. [26], where they clari-
fied that a tiny thin film appears on the cellulose surface after 
silane modification, which was ascribed to the coupling agent.

3.3. effect of silane coupling agent on mechanical 
properties of untreated and treated lldppe/rh 

composites under a wide range of strain rates

3.3.1. Strength properties

strength properties are the best statistical indicators that can 
be used to evaluate the performance of materials. therefore, the 
ultimate compressive strength (uCs) of untreated and treated 
lldpe/rh composites under a wide range of strain rate loading 
is demonstrated in Figure 5. From the graph in Figure 5, it can be 
clearly seen that treated composites have the highest compres-
sive value compared to untreated composites under both static 
and dynamic loading. For both static and dynamic loading, the 
ultimate compressive strength begins to increase significantly 
at silane concentration of around 3% and reaches its maximum 
value at silane concentration of around 5%. the increase in 
uCs of treated composites is due to the improved adhesion and 
effective wetting of the filler by the matrix [14]. this finding is 
in line with the work reported by huda et al. [28], who state that 
silane coupling agents can minimize the incompatibility between 
the polymer matrix and the filler by improving the interaction 
at the lldpe/rh interface. 

theoretically, the reaction of silane with lignocellulosis rh 
could be interpreted by the illustration of chemical modifica-
tion in Figure 6. Firstly, silane was hydrolyzed in water/ethanol 
solutions to produce silanol and alcohol group. secondly, the 
hydrolyzed alkoxysilanol could be absorbed into the surface of 
the cellulosic parts. after that, a condensation reaction occurs 
between the silanol group (si-oh) and the hydroxyl group on 
the cellulosic surface parts. with this reaction, a covalent bond 
was formed through an ether linkage between the rh surface 
and the silanol groups with water removal. the remaining silanol 
groups were capable of hydrogen bonding or condensing with 
adjacent silanol groups forming –si-o-si- link. lastly, the hy-
drophobic part of the silane on the cellulosic treated rh surface 

Fig. 4. seM images of the surfaces of (a) untreated rh, (b) 1% silane-treated, (c) 3% silane-treated, (d) 5% silane-treated and (e) 7% silane-
treated rh

Fig. 5. the ultimate compressive strength (uCs) of the untreated 
lldpe/rh and the treated lldpe/rh composites under various 
loading rates
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could chemically bound through a covalent bond or interact with 
hydrogen bond. the possibility of hydrogen bonding was higher 
due to the presence of nitrogen in amino group. thus, hydrophilic 
part (treated rh fillers) and hydrophobic part (lldpe) could be 
coupled together with the silane that functions as bridge between 
them. with this mechanism, the adhesion between treated rh 
and lldpe was improved and it is possible for better stress 
transfer to occur from matrix to rh during compounding, thus 
improving the uCs of the treated composites [14]. the presence 
of this remarkable silane bridge between rh filler and lldpe 
composites also improve their strength properties at higher strain 
rate conditions (higher deformation rates) by reducing the dis-
continuity mechanism in form of debonding. this will indirectly 
lead to an increase in compressive strength especially for treated 
rh with better stress transfer mechanism. however, due to the 
excessive damage to the rh surface at 7% of silane treatment, 
the strength properties were seen to deteriorate which somehow 
were still higher than that of untreated lldpe/rh composites. 
this may be attributed to the decrease in inherent strength of the 
single rh particle due to removal of its substances.

3.3.2. Stiffness properties

the compression modulus of untreated and treated lldpe/
rh composites under various loading rates is shown in Figure 7. 
the bar graph in Figure 7 clearly shows that the relationship be-
tween strain rate and compression modulus was almost identical 
under both static and dynamic loading rates where treated speci-
men shows higher stiffness properties than that of its counterpart 
(untreated specimen). the highest compression modulus was 
recorded by 5% silane-treated lldpe/rh composites for both 
static and dynamic testing. For example, at strain rate of 0.001 s–1 
and 1100 s–1, the compression modulus for untreated lldpe/

rh composites is 0.0067 gpa and 0.730 gpa. Meanwhile, the 
compression modulus for 5 % treated-composites was found 
increase to 0.116 gpa and 0.886 gpa.

this increment in compression modulus was due to the 
silane treatments that enhance the filler/matrix adhesion and 
increase the stiffness of treated composites [30]. according to 
demir et al. [31], the increase in the modulus is due to the silane 
treatment that can be attributed to the better disparity in the hy-
drophobic matrix and also better filler/matrix adhesion. thus, 
the improved adhesion increases the restriction to deformation 
capacity of the matrix in the elastic area that is increasing the 
modulus. theoretically, it is well-known from the chemistry of 
coupling agents on glass fibers that the efficient stress transfer 
from a matrix to a filler that has been treated with a coupling 
agents gives the improvement in the modulus [31]. similar 
finding has been reported by Maziad et al. [14], where they 
speculated that the modulus of the chemically treated composites 
exhibited higher modulus values than untreated composites due 
to the presence of a strong interface between the rh and matrix. 
thus, the load transfer between the rh and matrix occurred 
through the strong rh/matrix interface that gives the modulus 
value of a well-bonded composite increase. similar with strength 
properties, excessive removal of stiffer substances at 7% of si-
lane treatment had slightly decreased the stiffness properties of 
tested lldpe/rh composites. yet, the compression modulus 
for treated lldpe/rh composites with 7% of silane treatment 
is still higher than that of untreated lldpe/rh composites.

3.3.3. yield Behavior

generally, the yield stress may be defined as the stress at 
which materials experience a major micro structural deformation 
[32]. it would be essential to determine the stress strain value 
at the yield point, so that we can identify the effect of silane 
treatment as well as strain rate towards the elastic deformation 
of lldpe/rh composites at both static and dynamic loadings. 
thus, the yield stress and yield strain of untreated and treated 

Fig. 6. the illustration of aps silane molecules on rh filler sur-
faces [29]

Fig. 7. the compression modulus of the untreated lldpe/rh and the 
treated lldpe/rh composites under various loading rates
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the yield stress increased up to 5% treated silane lldpe/rh 
composites before it started to show reduced values. according 
to parida et al. [33], the increment of yield stress value is due to 
the improvement of the interfacial adhesion between filler and 
matrix that is enhanced by silane coupling agent.

another phenomenon was reported by shanmugan et al. 
[34], who state that good filler matrix adhesion resulting from 
physical modification, such as formation of rough surface that 
occurs on the filler surfaces during chemical treatment, improved 
the yield stress of treated composites. on the contrary, the yield 
strain decreased with the increasing strain rates for both untreated 
and treated lldpe/rh specimen. For both static and dynamic 
loading, the yield strain for 5%treated silane contributes the 
lowest value. it is believed that the difficulty of debonding and 
voiding (due to the remarkable silane bridge between rh and 
lldpe) leads to composites brittleness (less deformation) as 
a result of the high yield stress and restriction of plastic flow [35]. 
all the information gathered from the effect of silane coupling 
agent on mechanical properties of lldpe/rh composites are 
grouped together and summarized in taBle 1.

Fig. 8. the yield stress and the yield strain of the untreated and the 
treated lldpe/rh composites under a wide range of strain rates

taBle 1

the overall properties of untreated lldpe/rh composite and treated composites under various loading rates

LLDPE/RH with different 
filler content

(%)
Strain rates (sˉ¹) yield stress (Mpa) yield strain (Mpa) ucS (Mpa) compression modulus 

(Gpa)

untreated

0.001 3.3±0.4249 0.106±0.0085 4.45±0.356 0.067±0.0188
0.01 6.9±0.2830 0.073±0.0028 8.13±0.277 0.131±0.0194
0.1 11.79±0.9550 0.0583±0.0010 15.57±0.466 0.157±0.0167
650 13.67±0.6647 0.0256±0.0107 24.9±0.283 0.558±0.0127
900 15.8±0.8490 0.0211±0.0106 28.5±0.490 0.690±0.0181
1100 17.45±0.4950 0.0172±0.0038 33.7±0.710 0.730±0.0143

1% silane

0.001 3.62±0.5012 0.0989±0.0039 5.18±0.821 0.079±0.0137
0.01 7.52±0.3113 0.0719±0.0023 9.39±0.540 0.150±0.0145
0.1 12.38±0.2444 0.0561±0.0019 16.10±0.589 0.165±0.0114
650 13.96±0.3651 0.0243±0.0028 26.30±0.712 0.619±0.0136
900 16.41±0.3279 0.0189±0.0045 28.99±0.857 0.735±0.0138
1100 18.34±0.4007 0.0179±0.0013 34.44±0.575 0.780±0.0158

3% silane

0.001 4.1±0.2902 0.0951±0.0032 5.83±0.436 0.096±0.0206
0.01 8.21±0.5201 0.0689±0.0054 11.78±0.727 0.169±0.0197
0.1 13.16±0.3079 0.0554±0.0041 17.98±0.661 0.180±0.0131
650 14.13±0.2601 0.0191±0.0045 28.00±0.804 0.685±0.0162
900 16.89±0.2563 0.0179±0.0027 30.75±0.473 0.740±0.0262
1100 20.32±0.1457 0.0165±0.0087 36.89±0.696 0.819±0.0192

5% silane

0.001 4.87±0.1387 0.0921±0.0037 6.83±0.520 0.116±0.0110
0.01 9.68±0.2804 0.0641±0.0063 13.25±0.332 0.198±0.0172
0.1 14.73±0.3024 0.0532±0.0042 20.98±0.359 0.220±0.0143
650 15.02±0.179 0.0181±0.0012 29.19±0.638 0.736±0.0223
900 17.51±0.2200 0.0173±0.0052 32.95±0.468 0.769±0.0189
1100 24.53±0.3802 0.0141±0.0017 38.89±0.563 0.886±0.0101

7% silane

0.001 4.29±0.8003 0.0941±0.0053 6.33±0.471 0.103±0.0116
0.01 8.35±0.3057 0.0682±0.0066 11.65±0.982 0.163±0.0114
0.1 13.53±0.4258 0.0566±0.0020 17.10±0.510 0.189±0.0102
650 14.06±0.7702 0.0120±0.0012 27.86±0.788 0.704±0.0106
900 16.78±0.6750 0.0183±0.0065 29.33±0.842 0.745±0.0146
1100 29.67±0.1361 0.0167±0.0083 36.20±0.455 0.832±0.0104

lldpe/rh composites were obtained under various levels of 
strain rates, as shown in Figure 8. From Figure 8, it is clearly 
seen that the relationship between strain rate and yield stress 
is most similar under both static and dynamic loadings, where 
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3.4. effect of silane coupling agent on rate sensitivity 
of untreated and treated lldpe/rh composites under 

a wide range of strain rates

3.4.1. Strain rate sensitivity and thermal  
activation volume

in this study, the strain rate sensitivity has become our 
main consideration due to the fact that every material will react 
differently under various loading rates. this information is also 
crucial in order to predict the magnitude of changes for tested 
material under different strain rate conditions. with the value 
that is obtained from the strain rate sensitivity, each material 
can be compared to one another. thus, the strain rate sensitiv-
ity was calculated using an established parameter which can be 
expressed as follows:
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where, σ1 and σ2 is the flow stress at a fixed strain (in this case, 
the strain used was 0.025) under different strain rates. Besides, 
there is a significant relationship between the strain rate sensi-
tivity and thermal activation volume of materials, as previously 
reported by Choi et al. [36]. therefore, the derivation of thermal 
activation volume can be expressed by the following equation:
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where, k is the Boltzmann Constant and T is the absolute tem-
perature. 

in summary, all calculated strain rate sensitivities and 
thermal activation volumes of untreated and treated lldpe/rh 
composites under static and dynamic loadings are grouped in 
table 2. From the results shown in table 2, it can be seen that both 
untreated and treated lldpe/rh specimens showed positive 
increment in strain rate sensitivity, with increasing strain rates, 
from static to dynamic regions. however, thermal activation 
volume shows a decrement pattern with an increasing strain rate.

at dynamic loading, the mobility of the molecular chain 
is restricted and it contributes to the lower thermal activation 
volume of both untreated and treated composites. therefore, at 
static loading, the entanglement of the polymer chains increases 
with an increase in the thermal activation volume [37]. thus, it 
can be seen that the filler treatment does not give any significant 
relationship with the rate of sensitivity and thermal activation 
volume of lldpe/rh composites.

3.5. post-damage analysis

3.5.1. physical analysis

Figure 9(a), (b), (c), (d) and (e) show the photographs of 
untreated, 1% silane-treated, 3% silane-treated, 5% silane-treated 
and 7% silane-treated under different static loadings (0.001 s–1, 
0.01 s–1 and 0.1 s–1) whereas Figures 10(a), (b), (c), (d) and (e) 
show the photograph of lldpe/rh composites under dynamic 
loadings (650 s–1, 900 s–1 and 1100 s–1). the failure characteris-
tics of tested composites were observed to be completely differ-

taBle 2
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ε = 0.025

untreated
0.001 to 0.1
0.1 to 650

650 to 1100

static
static to dynamic

dynamic

0.2845
2.1152
7.4132

1.3256 × 10–20

1.7830 × 10–21

5.0870 × 10–22

1% silane
0.001 to 0.1
0.1 to 650

650 to 1100

static
static to dynamic

dynamic

0.1719
1.8740
9.2189

2.1927 × 10–20

2.0124 × 10–21

4.0908 × 10–22

3% silane
0.001 to 0.1
0.1 to 650

650 to 1100

static
static to dynamic

dynamic

0.1788
1.7611

19.1918

2.1089 × 10–20

2.1415 × 10–21

1.9644 × 10–22

5% silane
0.001 to 0.1
0.1 to 650

650 to 1100

static
static to dynamic

dynamic

0.2323
1.9456
21.6692

1.6231 × 10–20

1.9383 × 10–21

1.7404 × 10–22

7% silane
0.001 to 0.1
0.1 to 650

650 to 1100

static
static to dynamic

dynamic

0.1652
1.9231
16.518

2.2834 × 10–20

1.9611 × 10–21

2.2831× 10–22
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ent between static and dynamic loading. From Figure 9, it can be 
seen that strain rate applied gives significant effect towards the 
deformation behavior of both untreated and treated lldpe/rh 
composites. the increments of applied strain rate make the 
samples shorter (at specific applied load of 3 kn as shown in 
Figure 9. thus, itis physically proven that untreated and treated 

lldpe/rh composites experienced higher deformation rate 
with an increase of strain rate loading (under static condition).

although the failure can be categorized under micro bulk-
ing phenomenon, no crack existed for both untreated and treated 
lldpe/rh composites. it is believed that when a composite 
material is subjected to a compressive load, several major failure 

Fig. 9. lldpe/rh composites (a) untreated (b) 1% silane-treated (c) 3% silane-treated (d) 5% silane-treated and (e) 7% silane-treated at static 
loading loadings
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modes were detected such as filler micro buckling. these failure 
modes were related to composites that have poor, intermediate 
and high levels of fiber/matrix adhesion [38]. as Canché et al. 
[39] pointed out, the matrix contributes to the composite strength 
by avoiding filler bending and buckling because it hinders 
their ability to bend. thus, when the matrix starts yielding, the 

misaligned filler tends to buckle but the matrix surrounding 
them, after yielding, tends to strain harden and the specimen is 
capable of carrying more loads. in comparison, composite with 
optimum 5% treated lldpe/rh composites recorded the high-
est thickness after compressed under both static and dynamic, 
proving that better adhesion of lldpe/rh resulted in less 

Fig. 10. lldpe/rh composites (a) untreated (b) 1% silane-treated (c) 3% silane-treated (d) 5% silane-treated and (e) 7% silane-treated at dy-
namic loading loadings
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deformation experienced by the treated composites. Figure 11 
shows the schematic diagram of failure modes generated from 
experiment run on untreated and treated lldpe/rh compos-
ites tested at both static and dynamic loadings. interestingly, 
the images in Figure 9 and Figure 10 show good correlation 
with the result discussed in Figure 7 and Figure 8. Besides, 
for dynamic loading, matrix cracking occurs and all the tested 
composites experience severe catastrophic fracture. to further 
investigate the fracture behavior, untreated and treated lldpe/
rh composites under dynamic loading will be observed using 
seM equipment. the details of the finding have been discussed 
in the next sub-section. 

3.5.2. fracture Surface analysis

Figure 12 shows the seM micrograph of untreated and 
treated lldpe/rh composites under 300× magnification of 
the dynamic compression fracture at a high strain rate loading 
1100 s–1 of strain. From fractographic analysis, it was observed 
that the fracture surface of treated composites is relatively smooth 
compared to untreated composites at dynamic loading, due to the 
enhancement of the applied stress during high strain rate load-
ing. in this figure, it was observed that untreated  lldpe/rh 
composite tend to be pulled-out under dynamic loading that 
causes the presence of holes and voids. the holes and voids did 

Fig. 11. the schematic diagram of untreated and treated lldpe/rh composites at static and dynamic loading

�
Fig. 12. the fracture structure of lldpe/rh composites, (a) untreated (B) 1% silane-treated (C) 3% silane-treated (d) 5% silane-treated and 
(e) 7% silane-treated at dynamic loading
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not appear on the fracture surface of the treated lldpe/rh 
composites. Besides, the good attachment between the rh and 
lldpe was seen under the micrograph. the adhesion between 
the filler and the matrix was enhanced due to the presence of 
silane coupling agent in the treated composites.

theoretically, the better filler-matrix adhesion can be seen 
when less filler was pulled out, less holes were present and there 
was a good attachment between the filler and matrix. the adhe-
sion between silane treated rh filler and lldpe matrices was 
strong enough so that the filler was rather broken under stress 
[40]. this observation is in good agreement with the explanation 
made in Figure 5 and Figure 8, where the treated composites 
recorded higher uCs and yielded stress compared to untreated 
composites. thus, this proves that rh filler treatment with 
silane coupling agent is effective in enhancing the mechanical 
properties of lldpe/rh composites under high strain rates  
loading. 

4. conclusion

the influence of filler surface modification on the static and 
dynamic mechanical responses of lldpe/rh composites was 
successfully investigated using a conventional universal testing 
machine and a split hopkinson pressure bar equipment, up to 
nearly 1200 s–1 of strain rates, respectively. From the overall 
results, the following conclusions can be drawn:
• the effectiveness of silane treatment on rice husk (rh) 

particles was successfully confirmed using Field emis-
sion scanning electron Microscopy (FeseM) and Fourier 
transform infrared (Ftir).

• results show that the silane treatment of rice husk (rh) 
particles gave significant effects on the compressive proper-
ties of the lldpe/rh composites. Quantitatively, treated 
lldpe/rh composites (with optimum of 5% silane weight 
percentage) recorded higher compression properties, in 
terms of ultimate strength, stiffness yield behaviour, as 
compared to untreated lldpe/rh composites.

• furthermore, it was found that the strain rate sensitivity 
of both untreated and treated lldpe/rh composites in-
creased with increasing strain rate, whereas thermal acti-
vation values show a contrary trend. unfortunately, it was 
recorded that the silane coupling agent does not give any 
significant trend on the strain rate sensitivity and thermal 
activation volume of both untreated and treated lldpe/rh 
composites.

• from the fracture surface analysis, it was observed that the 
treated lldpe/rh composites experienced less perma-
nent deformation compared to its counterpart (untreated 
lldpe/rh composites) under static loading. Meanwhile, 
under dynamic loading, it was observed that untreated 
 lldpe/rh composites tend to be pulled out (debond) due 
to poor bonding, and thus, enhance the formation of holes 
and voids. however, these holes and voids did not appear on 
the fracture surface of the treated lldpe/rh composites. 

Besides, good attachment between rice husk (rh) filler and 
lldpe matrix was observed for treated lldpe composites 
due to the presence of silane coupling agent.
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