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 A B S T R A C T 

In this study, the main aim was to correlate the barely straw (BS) content with mechanical (e.g. impact 

strength and Shore hardness) and physical (e.g. water absorption (WA)) properties of BS/polystyrene 

butadiene rubber (SBR) composites. BS/SBR composites were prepared with 10, 20, 30, and 40% BS 

content. All composites showed to have improved mechanical properties in comparison to neat SBR. 

The impact strength slightly increased with increasing BS content up to 30% and then decreased. Shore 

hardness also showed a slight increase with increasing the content of BS. As expected, increasing BS 

content resulted in an increase in WA. Most importantly, a robustand positive correlation was found 

between BS content and impact strength, Shore hardness, and WA properties. The correlation indices 

between BS content and impact strength, Shore hardness and WA were r2 = 0.711, r2 = 0.966 and r2 = 

0.943, respectively. Therefore, straw could to used as alternative raw materials for conventional wood 

in reinforcement of polymer composites.  

 تادايين ليمر مركب من مطاط الستايرين بيو على خصائص بو   ة من قش الشعير المقوأالعلاقة بين نسبة الألياف 

   3على حامد و 3محمد الرميص و3أسامة السحيتينة و2،1عبدالرؤوف طريش  و3محمد الذيب  و2،1أنور الشيباني*

 طرابلس ،المركز الليبي لبحوث اللدائن1
    جامعة سرت ،مركز البحوث والاستشارات2
              زليتن   ، الجامعة الاسمرية ،كلية الهندسة3

                                         

 الكلمات المفتاحية:

 كومبزت

 عيرقش الش

 بيوتادايينمطاط الستايرين 

 مقاومة الصدم 

 الصلادة

 الملخص 

بوليمر مركب )كومبزت(   وخواصلمقوأة  الهدف الرئيس ي من هذه الدراسة هو تحديد العلاقة بين محتوي الألياف ا

حيث تم في هذه الدراسة الربط بين  من الستايرين بيوتادايين )المادة الحاضنة( وقش الشعير )الحشوة(. مكون  

محتوى القش والخواص الميكانيكية )مثل مقاومة الصدم والصلادة( والخواص الفيزيائية )مثل امتصاص الماء(.  

أظهرت النتائج تحسن  % من قش الشعير.  40و    ،30  ،20  ،10  ،0تم تحضير بوليمرات مركبة تحتوى على نسب  

اصية الصدم بمقدار طفيف بزيادة نسبة القش حتى  حيث زادت خالخواص الميكانيكية مقارنة بالوليمر الأصلي. 

تناقصت.30 ذلك  وبعد  القش.  %  نسبة  بزيادة  أيضا  هي  زادت  شور  أخرى   صلادة  جهة  خاصية    ،من  زادت 

معاملات  النتائج أوضحت وجود علاقة قوية بين محتوى القش وهذه الخواص.    سبة القش.صاص الماء بزيادة نامت

2r  =و  2r،= 0.966 2r 0.7 =17الارتباط بين محتوى القش ومقاومة الصدم وصلادة شور وامتصاص الماء كانت  

التوالي.    ،0.943 تقوية وتعزيز خواص   ،وبذلكعلى  في  الخشب  بديلة عن  الشعير كمادة  يمكن استخدام  قش 

 البوليمرات.   
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1. Introduction 
Natural fiber (NF) reinforced polymer composites (NFRPCs) have 

enormous attention in recent years [1]. They possess several 

advantages over synthetic-fiber-reinforced composites, including 

renewability, biodegradability, low weight, low cost, and noncorrosive 

[2-3]. Moreover, NFRPCs could be burn up with no or less residue, 

energy produced during burning might be recovered with good rate 

[4]. NFRPCs are used in many applications such as transportation, 

construction, furniture, electronics and packaging [1, 5]. NFRPCs are 

a type of biocomposites prepared using NFs derived from plants, 

minerals, and animals. Plant fibers are the most popular of the NFs, 

used as reinforcement in NFRPCs [6]. Plant fibers can be subdivided 

into nonwood  fibers and wood fibers. Fibers from plant consist of 

cellulose, hemicelluloses, and lignin. 

Nonwood  fibers are one of the important alternative resources for 

fibrous from  conventional wood in order to develop eco-friendly 

composites. [7]. Nonwood materials such as barely (BS),and wheat 

straw (WS) are used to  fabricate  NFRPCs [8-9]. It was reported that 

BS has been utilized successfully as a filler for many types of plastics 

[10-12]. According to Masłowski et al. [10], using straw in the field of 

NFRPCs could reduce the costs of their production. In addition, straw 

may modify natural rubber, resulting in composites with high 

performance in certain enhanced applications. Other results found by 

Zhang et al. [11] showed that straw could be used to produce 

straw/linear low-density polyethylene composites with good 

performance. Parareda et al. [12] investigated the feasibility of 

incorporating BS as reinforcement in a biobased polyethylene in order 

to develop a fully biobased and recyclable material. They claimed that 

the BS was effective filler to produce biobased composites for semi-

structural and engineering purposes.BS was used also to reinforce 

other polymers such as polypropylene [13], high density polyethylene 

(HDPE) [14], recycled HDPE [15], and thermoplastic starch [16]. 

However, BS is mostly used as concrete or elastomeric fillers [17-

18].In this present study, the feasibility of using BS particles as 

reinforcement in a polystyrene butadiene rubber (SBR) matrix to 

develop a fully recyclable biocomposites  were evaluated. The 

evaluated properties were mechanical (e.g. impact strength and Shore 

hardness) and physical (e.g. water absorption (WA)) properties. It is 

important to declare that properties of SBR and other types of rubber 

are known to be weak which limit their uses.  As a result, reinforcing 

fillers could be used to enhance their properties [19]. Generally, the 

literature about using BS to reinforce SBR is scarce [12] in comparison 

to other nonwood materials like WS.  

2. Experimental work 

Materials  

BS was used as fillers in this study. BS was collected from local farms 

in Zliten city in Libya (It is located 160 km to the east of Tripoli). SBR 

from Parc Scientific(UK) was used as a matrix. 

Methods  

Preparation of Straw  

BS was  washed and dried at room temperature for 48 h. Afterwards, 

BS were ground and sieved to get a particle size of 212 µm. 

Preparation of Composites  

BS were dried in an oven for 4 h at 60 °C,    with SBR. Mixing was 

carried out using a twin screw extruder (Brabender, Germany) (L/D 

ratio of 48) with a screw speed of 70 r.p.m. at 180 oC. Composites with 

BS contents of 10, 20, 30, and 40% wt. were prepared. Information 
about composites prepared in this study are presented in Table 1. 

Table 1: Composites prepared in this study. 
Sample SBR, % BS, % 

SBR 100 0 
SBRB1 90 10 
SBRB2 80 20 
SBRB3 70 30 
SBRB4 60 40 

Characterization 

Mechanical properties  

Charpy impact examination was accomplished  using (CEAST Resil 
Impactor tester) with impact energy of 15 J at room temperature. Five 

samples  from each composite were measured according to ASTM 

(D256-10).  

Shore hardness  A  measurements were  performed  by a Durometer, 

Shore A scale according to ASTM (D2240). 10 hardness 

measurements per composite were performed. 

Water absorption test  

The WA investigation was done in agreement with ASTM D570. It 

was carried out by soaking the samples in distilled water for 10 days 

(240 h) at room temperature. Before that, composites were placed in 

an oven at 60 °C for 24 h, to eliminate the moisture. Then the 

composites were weighed. Composites were soaked in water and 

weighed by time. Three samples of each composite were used in this 

investigation. WA was calculated as follows: 

WA (%) = M1 - M0 / M0 x 100 

where M1 is the mass of the sample after immersion (g) and M0 is the 

mass of the sample before immersion (g). 

3.  Results and discussion  

Mechanical properties  

The impact strength and Shore hardness properties of SBR  and 

BS/SBR composites are presented in Table 2. Standard deviations 

values in parentheses in Table 2. Overall, the impact strength and 

Shore hardness of all composites were slightly higher than that of neat 

SBR. 

Table 2: Mechanical properties of SBR and BS/SBR composites. 

Sample Impact strength, KJ/m2 Shore hardness A 

SBR 2.63 (0.02) 95.20 (0.2) 

SBRB1 3.50 (0.04) 95.70 (0.5) 

SBRB2 4.45 (0.02) 95.90 (0.4) 

SBRB3 4.46 (0.02) 96.10 (0.5) 

SBRB4 4.41 (0.06) 96.60 (0.3) 

As shown in Fig. 1, impact properties were slightly increased with 

increasing BS content. After 30% BS loading the impact strength 

started to decrease. Similar observation was reported by Hyvärinen 

and Kärki [9]. They found that the use of BS slightly improved the 

impact strength of BS/polypropylene composites. Similarly, it is in 

line with many studies [20-21], which they reported that the impact 

properties of NFRPCs  could be increasing the filler content. Guo et al. 

[22] studied the impact properties of polypropylene/carbonate 

composites and declared that the these properties may increases at low 

filler loading, and decreases with more  filler addition. In fact, the 

impact resistance of NFRPCs us depended on many factors such as 

rigidity of filler, interfacial properties and filler size and 

dimensions [23-24]. As stated by Rasib et al. [24] the higher impact 

strength possibly due to the proper shape and small size of the filler, 

which results  excellent  filler dispersion. In fact, reinforcements can 

occur with small filler size even if the interface  among the filler and 

rubber polymer is weak [25]. This effect of filler content is not always 

true. For example, several studies [26-28] reported that the increase in 

filler content decreases the toughness, the capability of polymer to 

absorb energy and, finally the impact strength. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig. 1: Impact strength and Shore hardness A of SBR and SBR/BS 

composites 

Filler content appears to have insignificant effects on the Shore 

hardness of SBR/BS composites. This is because increasing BS 
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content resulted in a slight increase in the Shore hardness, as can be 

seen in Fig.1. For rubbery materials, the strength and hardness can be 

improved via adding of reinforcements [29]. Masłowsk et al. [10] 

declared that using straw as a filler could lead to improve wide range 

of rubber properties such as: mechanical (including the hardness), and 

barrier properties. They also found that the hardness properties of 

NFRPCs increased with increasing straw loading. Practically, 

hardness properties are based on the resistance of substances to 

penetration. In point of fact, fillers normally results an increase in the 

hardness properties associated with more resistance to plastic 

deformation. Generally, the hardness value increases with increasing 

the filler content. This would be clear in the case of small filler size 

and homogeneous distribution of filler. Many factors affect the 

NFRPCs hardness such as polymer type, and filler type and shape. 

Hardness in NFRPCs is surface properties directly connected to the 

filler loading [30]. 
Correlation of straw content and mechanical properties  

As shown in Figs. 2 and 3, the impact strength and Shore hardness 

results of SBR/BS composites were highly correlated with the straw 

content.  

 
Fig. 2: Effect of straw content on impact strength of SBR/BS 

composites 

These results indicate very strong positive relationships, which means 

a strong positive correlation between straw content and these 

properties. The coefficient of determination in the case of straw 

content and impact strength was (r2= 0.711): indicating a strong 

correlation and very strong positive relationship. 

Similarly, the coefficient of determination in the case of straw content 

and Shore hardness depicts a very strong positive association 

(r2=0.966). Thesevery strong positive relationships, allow essentially 

all the measured points to be on the same line, so the graphs were 

linear, as shown in Figs. 2 and 3. This means that these properties 

increased almost linearly with increasing straw content. This may 

indicate that the straw content can be considerable parameter that 

correlates with these properties of BS/SBR composites. Indeed, the 

correlation between them is still unclear. This is because the literature 

about barley straw-reinforced SBR is scarce. 

 
Fig 3: Effect of BS on Shore hardness of composites prepared in this 

study 

Water absorption 

The obtained WA values of SBR and SBR/BS composites are revealed 

in Fig. 4. Fig. 4 illustrates the percentage of WA of SBR and SBR/BS 

composites at room temperatures for period of 240 h (10 days). As 

expected, WA in the SBR and all SBR/BS composites increased with 

soaking time and thereafter it became almost constant. SBR showed 

an insignificant trend of WA. The neat SBR absorbed less than 0.40 

% water after 10 days of immersion in water. WA of SBR/BS 

composites were higher than that of SBR.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: WA of SBR/BS composites 

 

Correlation of straw content and WA properties 

The WA results of the 240 h water immersion test were highly 

correlated with the straw content. As is evident from Fig. 5, WA 

results showed a very strong correlation with straw content (r2= 

0.943).It increased progressively and almost linearly more from the 

less filled composites (10%) to the more filled composites (40%). 

Nonetheless, the percentage of WA of these composites seem to be not 

too high. As in woody materials, the composition and properties of BS 

as non-woody materials plays an important role in reinforcing 

polymers. Wood and nonwood materials are mainly composed of 

cellulose, hemicellulose, lignin, and other materials. 

 

 
Fig. 5: Effect of straw content on WA of SBR/BS composites 

It is important to declare that all non-wood materials if compared 

against wood materials, consist of lower cellulose [9] and lignin 

content [30]. Chemical composition of NF (e.g. cellulose content) is 

an important factor concerns their properties [8, 32]. Higher cellulose 

and lignin, better filler dispersion and strong adhesion normally 

provide better strength to the NFRPCs[33-34]. On the other hand, 

lignin may perform as a matrix to hold cellulose fibers together. 

Diffusion of lignin into the fiber walls increases stiffness and allows 

stress transfer between the matrix and the cellulose fibers. 

Accordingly, the low cellulose and lignin content of straw can be the 

reason for the slight improvements on the mechanical properties in 
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comparison to woody materials as known in the literature. Moreover, 

the skin of the straw appears to be smoother , which may affect the 

pull-out resistance of fibers adversely [18]. Furthermore, the existence 

of non-poplar materials (e.g. cutin or wax) in the BS surfaces may 

reduce its application in bio-composite field [33]. According to all of 

these differences non-woody reinforced polymers were found to 

provide less improvement in the mechanical properties than wood 

fiber-reinforced ones, as pointed out by Hyvärinen and Kärki [9]. 

Basically, the superior properties of the NFRPCs can be based on its 

microstructure, void content, stress transfer efficiency, and filler 

chemical composition [35-36]. On the hand, non-woody like: BS, 

suppose to provide a vast low-cost potential alternative to wood fibers 

in producing NFRPCs[8]. On the whole, the obtained results in this 

study confirmed that BS could to be used as substitute of wood 

material to reinforce polymers where mechanical properties should not 

be crucial, and they would not be exposed to a high moisture 

environment. 

4. Conclusions 

The conclusions from this present study can be as a following: 

• BS could to be proposed as a potential alternative for wood 

as a raw material source for reinforcing polymers. 

• Composites showed to have improved mechanical 

properties in comparison to neat SBR. For example. the 

impact properties were slightly increased with increasing 

filler content up to 30% and, then decreased. In a similar 

way, hardness properties increased with increasing the 

amount of BS. 

• The use of BS as a reinforcing materials in SBR matrix 

caused an increase in the WA. As expected, the increase in 

WA was increased with increasing the BS content. 

Nonetheless, the percentage of WA of these composites 

seem to be not too high. 

• Very strong positive correlation was demonstrated between 

BS content and mechanical (impact strength and hardness) 

and physical (WA) properties. This may indicate that the 

straw content can be considerable parameter which 

correlates with these properties of NFRPCs. Since the 

literature about BS reinforced SBR is scarce, additional 

research should be carried out to confirm this effect.  

• Ecological and economic benefits, solving typical 

agriculture problems and reducing the pressure on forest 

resources can be reached with straw utilization in the field 

of polymer composites. 

• Comparison with wood fibers, non-wood materials such BS 

appears to provide less reinforcement effect for polymer 

matrices. 
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