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ABSTRACT 

 

Carbon fiber reinforced polymer composites (CFRP) are widely used in 

variety of applications such as flexible aerodynamic surfaces on aircraft, under water 

flexible vehicles, flexible robotic skeletons and engineering applications. Epoxy 

resins (ER) are usually employed as the polymeric matrix, in which the fabric 

laminates are embedded. Although Carbon fabric/resin composites possess 

outstanding mechanical performance and good process-ability, however, ER are 

relatively brittle which causes a major problem for the performance of the final 

structure. In our present study, a woven carbon fiber reinforced polymer composite, 

with nitrile-butadiene rubber (NBR) as the polymeric matrix were fabricated by hand 

layup method followed by compression molding. Different concentrations (5,10,15 

and 20 part per hundred, phr) of an ER were added to the NBR formulations and 

compared with similarly-processed CFRP reference material produced without NBR. 

Various static and dynamic mechanical properties were examined experimentally. 

The results revealed that CFRP composite containing 10 phr epoxy resin showed 

significant improvement in the impact strength and flexural strength due to the good 

energy absorbing of NBR. In addition, tensile strength decreased while elongation at 

break percentage increased because of high strain capability and elastic recovery of 

the nitrile rubber. The dynamic mechanical test results such as tan delta, glass 
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transition temperature Tg and loss and storage modulus results showed good fiber 

matrix interfacial adhesion between the carbon fabric and the polymeric matrix. 
 

Keywords: Carbon fabric/resin composites, CFRP, ER, NBR, hand lay up method, 

compression molding, tensile strength, impact strength, flexural strength, dynamic 

mechanical test. 

 

1. INTRODUCTION 

 

Composites can be defined as materials that consist of two or more distinct phases 

(matrix phase and dispersed phase) separated by a distinct interface. Polymer matrix 

composites (PMCs) comprise of a polymer as the matrix material which loaded up with a 

variety of reinforcements. This type of composites is utilized in variety of composite 

applications for example aerospace, automotive industries because of their lower density, high 

strength to elasticity ratio and high modulus to density ratio1. Carbon fiber reinforced polymer 

composites (CFRP) are composites that are composed of polymeric matrix in which the carbon 

fabric (CF) are embedded as the reinforcing phase. CFRP are widely used in variety of 

applications such as flexible aerodynamic surfaces on aircraft, under water flexible vehicles, 

flexible robotic skeletons and engineering applications2. Epoxy resins (ER) have been 

extensively used as matrices for fiber reinforced composites because of their good mechanical 

properties, high adhesion strength and good electric resistance3. However, ER are relatively 

brittle which causes a major problem for the engineering performance of the final structure. 

The major drawbacks of carbon fiber reinforced epoxy composites are poor impact resistance, 

low strain to failure and delamination4. To overcome this weakness, scientists have been 

toughening the formulations with nano and micron-scale particles in the last three decades5. 

Elastomers (rubber) are polymers that have common characteristics, such as high elasticity, 

viscoelasticity and glass transition temperature (Tg) far below room temperature6.  They 

consist of long polymeric chains with high molecular mass molecules that are joined into a 

three-dimensional network structure7. Several  research  teams have  explored the  

modification of  the  properties of the CFRP epoxy resins matrices  by introducing  various  

toughening  agents  such  as  reactive liquid  rubber8,  micron scale rubber particles and nano 

rubber particles9-10. One of  the  main  objectives  behind  the  modification  of  the  CFRP 

resin matrix is to  improve  the  fracture toughness  of  the  resin  without  sacrificing  intrinsic  

properties  like  the  glass  transition temperature (Tg)  and its  elastic  modulus. These 

composites have high impact resistance, because of absorbing energy and shock ability of 

elastomers, in addition to high elastic deformation and strain to failure as a result of high strain 

capability of elastomers2-11. Some attempts to enhance the interfacial bonding between layers 

of laminates were achieved by coating the CF layers at first by ER/rubber blend then the fabric 

was adhered together with epoxy resin12. In our present study, a new CFRP design was 

fabricated, using nitrile-butadiene rubber (NBR) loaded with different concentration of ER as 

CFRP composite outer layers. Meanwhile the laminates layers were adhered together by epoxy 

resin. NBR was utilized for its good abrasion, tear and impact resistance properties. It also has 
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good resistance to aromatic hydrocarbons and mineral oils13. NBR and epoxy resin are polar 

polymers that can achieve good adhesion between CFRP laminates layers. This can overcome 

the problem of delamination which CFRP composites having epoxy resin matrix suffer from. 

The effect of different concentration of ER on the properties of NBR compounds was studied 

before applying it in the CFRP composites. A correlation between the NBR/ER compounds 

properties and it influence on the CFRP properties were built up. 

 

2. EXPERIMENTAL 
 

2.1. Materials 
 

NBR compound: Acrylonitrile butadiene Rubber (NBR) trade name (KRYNAC 3950 F) 

containing 38.5%±1.5 acrylonitrile content with specific gravity 0.99 was supplied by Lanxess 

Deutschland Gmbh, Germany. N-(1,3-Dimethylbutyl)-N'-phenyl-p-phenylenediamine 

(6PPD) was used as an antioxidant. Vulcanizing system comprise of elemental sulfur together 

with 2-Mercaptobenzothiozole (MBT) and tetramethylthiuramdisulphide (TMTD) as 

accelerators. Zinc oxide and stearic acid were used as activators. Fast extrusion furnace carbon 

black (FEF N550) was used as reinforcement. Aromatic oil (commercial grade) was used as 

plasticizer. All rubber ingredients were of commercial grades provided from El Nasr 

Pharmaceutical Chemicals Co., Egypt. Adhesive materials: Pure epoxy resin and amine 

hardener (trade name Euxit 50) was obtained from Swiss Chemical Industries Co., Egypt. 

Fabric: Bidirectional carbon fiber fabric (CF) was supplied by SAERTEX GMBH& Co.KG, 

Germany. It is composed of two sets of interlacing unidirectional fibers (longitudinal and 

transverse directions (0°/90°). 
 

2.2. Compounding and mixing of NBR compounds 
 

Mastication and mixing of NBR compounds were carried out using a water cooled 

two roll mill (152×330mm2) operated at a friction ratio 1:1.4 according to ASTM D3182-89. 

Oscillating Disc Rheometer (ODR), MDR 2000, Alpha Technology rheometer, was used to 

determine the cure time (t90) of each NBR compound according to ASTM D2084-17 standard. 

Then the rubber compounds were vulcanized in electrically hydraulic press at 150ºC at a 

pressure of 13.5 MPa for the optimum cure time (t90) determined from the rheometer. The mix 

formulations and tc90 value of each compound are given in Table 1. 
 

2.3. Fabrication of CFRP composite laminates. 
 

2.3.1. Fabrication of the CFRP/ER composites 

 

For preparation of CFRP/ER composites sample, two layers of CF were covered on 

both sides by ER using hand layup technique. Afterwards the CF/ER layers were laid one at 

the top of the other in a stainless mold, taking into consideration the CF orientation. Teflon 

sheets were placed on the mold surface to avoid the adhesion of the ER layer to the mold 

surface. Then the mold was left overnight to cure. 
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2.3.2. Fabrication of the CFRP/NBR composites 

            

For preparation of the CFRP/NBR composite samples, the two layers of CF were 

covered on both sides by ER. Then the CF/ER layers were placed one at the top of the other, 

taking into consideration the CF orientation. Two un-vulcanized NBR sheets prepared by the 

two roll mill, having the same dimension of the CF layers, were placed on both sides of the 

CFRP/ER as the outer layers of the whole composite samples in a stainless mold. Then the 

sample was cured in the hot hydraulic press under constant pressure (200 Kg/cm). The 

hydraulic press was preheated to 120ºC for 30 minutes, and then temperature was raised to 

150ºC for curing time which was recorded by rheometer (Table 1). 
 

Table 1: Formulations of NBR/ER compounds 
 

 

 

 

 

 

 

 

 

 

 

 
 

a) part per hundred. 

b)N-(1,3-Dimethylbutyl)-N'-phenyl-p-phenylenediamine, 

c)2-Mercaptobenzothiozole. 

d)Tetramethylthiuramdisulphide 
 

2.4. Characterization 

 

2.4.1. Mechanical properties 
 

2.4.1.1. Tensile Properties. 
 

a) Tensile test of NBR samples 

          A dumbbell shape test specimens were cut from NBR vulcanized rubber sheets using a 

standard dumbbell shape Zwick cutter. Tests were performed using a Zwick tensile testing 

machine (Model Z010) with 10 KN load cell.  

b) Tensile test of CFRP samples 

          The CFRP samples were cut from the prepared laminates according to ASTM D3039-

17. The specimens were rectangular shaped of dimension 20 x 150 x 2mm3. The test was 

Compound code Ingredients, phra 

NBR20 NBR15 NBR10 NBR5 NBR0  

100 100 100 100 100 NBR 

5 5 5 5 5 Zinc oxide  

2 2 2 2 2 Stearic acid  

1 1 1 1 1 6PPDb 

5 5 5 5 5 Plasticizer (aromatic oil) 

1 1 1 1 1 MBTc 

0.5 0.5 0.5 0.5 0.5 TMTDd 

1 1 1 1 1 Sulfur 

30 30 30 30 30 (FEF N550) 

20 15 10 5 0 Epoxy resin (Euxit 50) 

Rheometric behaviors at 150 ºC 

4.51 5.01 5.05 4.49 4.05 Cure time t90,min:sec 
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carried out using the Zwick tensile testing machine with 100 KN load cell. The T.S and E% 

data were automatically recorded by the machine. 
 

2.4.1.2. Flexural strength of CFRP composites 

         Three-point bending flexural test was carried out on the tensile testing machine, 

according to ASTM D790-17.The CFRP samples were cut from composites sheets in a 

rectangular shape of dimension 20 x 150 x 2mm3. 
 

2.4.1.3. Tear Strength of NBR samples 

          Rectangular shape samples were cut with dimensions 150 ×15×2mm3 from the NBR 

vulcanized sheets. This test was carried out on the tensile testing machine according to ASTM 

D624-12.The tear strength, KN/m, of the various NBR samples was automatically recorded 

by the machine. 
 

2.4.1.4. Hardness test (Shore A) 

        A Zwick analogue hardness tester (Material PrÜFung, Germany) was used to determine 

the hardness of the prepared NBR composites samples to Shore A according to ASTM 2240-

15.Hardness values, Shore D, of the CFRP composites samples were measured according to 

ASTM 2240-15. 
 

2.4.1.5. Impact test of CFRP composites 

        The CFRP samples were cut in a rectangular shape of dimension 20 x 150 x 2 mm3. Each 

specimen was supported as a horizontal simple beam and is broken by a single swing of the 

pendulum with the impact line midway. Tests were performed using amsler pendulum impact 

testing machine with hummer (21.6) according to ASTM D6110-18.  
 

2.4.2. Dynamic Mechanical Analysis (DMA) 

        The Dynamic Mechanical Analysis (DMA) was performed on TA Instruments (Model 

Q800, TA Instruments, USA) from 30°C to 200°C at a heating rate of 5 K/min, and at a 

frequency of 1 Hz in the tension mode. Sample size was 6.5 ×11×2mm3.Tan delta, storage 

modulus and loss modulus were determined. 
 

2.4.3. Scanning electron microscope (SEM) 

          The morphologies of composite laminates were examined by Scanning Electron 

Microscope (SEM), Model Quanta 250. The machine was equipped with FEG (Field Emission 

Gun) Energy Dispersive X-ray Analyses Unit (EDX), with accelerating voltage (30 K.V) to 

deliver ultrahigh resolution. The fractured surfaces of the samples were examined. 

 

3. RESULTS AND DISCUSSION 
 

The goal of our study is to improve the fracture toughness of CFRP composites. It is 

well known that CFRP composites which have resins as a matrix suffer from brittleness which 

causes poor damage tolerance to impact of the composites made from epoxy resin. In our 

present study a new design of CFRP laminates was implemented by employing NBR elastomer 

as the outer layers of the CFRP composites. Different loadings of epoxy resin (ER) were added 
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to the NBR compounds to enhance the adhesion between NBR and the CF. CFRP composites 

are prepared as laminates in which the polymers and the CF layers are arranged in the sequence 

NBR-CF-ER-CF-NBR.  The CF surfaces were covered by ER, using hand layup technique, 

before assembling the composite together with the NBR outer layers. In order to access the 

functionality of incorporating NBR in the composites, the experimental work was planned as 

follows:  

1- Study the effect of ER loadings on the properties of the NBR compounds. 

2- Study the effect of NBR/ER compounds, as the CFRP outer layers, on the composites 

properties. A control sample of CFRP laminates, having ER as the polymeric matrix and two 

layers of CF as the reinforcing phase, was prepared to hold a fair comparison.   

 

3.1. Effect of ER loadings on the properties of the NBR compounds. 
 

3.1.1. Tensile properties of NBR/ER compounds  

           A series NBR/ER blends was prepared having different ER loadings. The ER 

concentrations used were 5, 10, 15 and 20 phr.  A control sample of NBR was also prepared 

for comparison. Figure1 shows the effect of ER loadings on the tensile strength (T.S), 

elongation at break percentage (E%) and tear strength properties of NBR/ER compounds. It 

can be seen that the T.S and tear strength values increase as the ER loading in the NBR matrix 

increase. However the ultimate T.S value was observed at ER loading 10 phr. Moreover, E% 

values increase proportionally by increasing the ER content up to 20 phr. The improvement in 

T.S and tear strength can be attributed to the inclusion of ER in the NBR matrix increases the 

degree of crosslinking via the reactions between thiol groups, formed during curing process, 

and the epoxide groups of ER14. These additional bonds increase the T.S and tear strength of 

the NBR compounds15. Meanwhile, ER form a localized entanglement in the NBR network 

structure, because of its polarity and chemical reactivity, which improve the interfacial 

interaction between ER and NBR which leads to an increase of the E% values16. In this way 

the ER acts as a reinforcing agent in the NBR/ER compounds. Depending on these results we 

can postulate that the reinforcement action of ER on of NBR properties may lead to an 

improvement in the mechanical properties of the CFRP composite laminates.  
 

3.1.2. Hardness of NBR/ER compounds 

            Hardness property of elastomers indirectly indicates the stiffness and rigidity of the 

material by measuring the resistance of the material to be indented by indentor17. The stiffness 

of the elastomeric materials depends on the crosslink density which increases by forming 

crosslinks during curing process18.  The hardness values (Shore A) of NBR compounds 

containing different loadings of ER, ranges from 0 to 20 phr, are shown in Figure 2. It is clear 

that the hardness of the NBR/ER compounds decreases as the ER loading increases. This 

indicates a decrease in the NBR/ER stiffness as the ER content increase due to a decrease in 

the crosslink density between NBR chains. This may be referred to the reaction between the 

ER and the thiol group formed during sulfur vulcanization which retards the formation of 

sulfur crosslinks between NBR chains. 
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Figure 1: Effect of ER concentration on tensile properties of NBR/ER compounds. 

a) T.S; b) E%;  c) Tear strength. 

 

 
Figure 2: Effect of ER concentration on the hardness (Shore A) of NBR/ER compounds. 

 

3.2. Properties of CFRP/NBR composite laminates 

 

3.2.1. Tensile properties  
 

The NBR/ER compounds studied in the previous section were applied as outer layers 

to the CFRP composites having ER matrix. The samples were denoted as F1NBR0, F1NBR5, 

F1NBR10, F1NBR15 and F1NBR20 in which the ER concentration in the NBR outer layers were 

0, 5, 10, 15 and 20phr respectively. A control sample (F1) composes of ER matrix and CF as 

reinforcement was used to evaluate the effect of NBR on the CFRP properties. Figure 3 shows 
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that the tensile strength (T.S) and elongation at break of the composites. It is clear that the T.S 

of the composites decreases by the introduction of NBR in the composites matrix. On the other 

hand, the E% values F1NBR composites containing 5, 10 and 15 phr ER increases dramatically 

in comparison with F1. Lower T.S values of fabric reinforced polymeric composites were 

previously related to the bi-directional orientation and the undulations of the roving in the 

fabric, due to the woven arrangements19. During the tensile test the woven arrangements tend 

to align with the effort direction, resulting in micro-cracks in the polymeric matrix of the 

composite. This generated an interfacial stress which affected on mechanism of stress transfer 

and produced low value of T.S of the F1NBR composites. The T.S can be modified by changes 

in the lamination process and/or sequence of the layers of the fabrics. 
 

 
Figure 3: Effect of using NBR layers on the tensile properties of CFRP composites. a) T.S; b) E%. 
 

The enhancement in the E% property for all CFRP/NBR composites is due to the high 

elongation to failure of elastomers12. NBR has high strain capability and elastic recovery that 

enable it to undergo more elastic deformations under stress than fibers20-21. Thus, NBR grants 

the CFRP elastic and flexibility behavior that permit it to undergo more strain before failure 

than F1 composite.  
 

3.2.2. Flexural strength  

         The flexural strength of laminates is an indication to the highest stress resistance 

through the material at its moment of failure22. Figure4 shows that F1NBR10 composite 

laminates had the highest value of flexural strength. The enhancement in the flexural strength 

of the F1NBR10laminate was due to better mechanical properties of NBR10 compound as have 

been shown before (sections3.1.1).In addition, flexible behavior of NBR elastomer adds more 

elastic deformation to the CFRP/NBR laminates. 
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Figure 4: Effect of using NBR layers on flexural strength of CFRP. 

 

3.2.3. Impact strength  

 

Figure 5 shows that the impact strength of F1NBR laminates are higher than that of 

F1. The impact strength ultimate increase is for F1NBR10 that contains 10 phr ER in the NBR 

outer layers of the CFRP laminate. The improvement in the impact strength is 400% when 

comparing F1NBR10value to that ofF1.This enhancement in the impact strength indicates a 

strong interfacial adhesion between laminates layers which inhibit the delamination and 

debonding; in addition to protecting fibers from breakage and matrix from cracking during 

impact testing. The adhesion between layers of laminate at the interface may be due to physical 

and chemical adsorption interactions between the ER molecules and the CF surface. 

Meanwhile, ER inside the NBR matrix form a localized entanglement network structure within 

NBR matrix14,16.This lead to the formation of three dimensional cross linked network structure 

on the interface between NBR matrix and CF layers which enhance the interfacial bonding 

between laminates layers12. Moreover, the interlacing of CF yarns produce irregularities on 

the fiber surface in which the ER in the NBR matrix and on the CF surface may flow through 

surface pores according to mechanical interlocking theory23. 
 

 
Figure 5: Effect of using NBR layers on impact strength of CFRP composites. 



 Sawsan Fakhry Halim, et al., J. Chem. & Cheml. Sci. Vol.9(1), 1-15 (2019)  

10 

3.2.4. Dynamic mechanical properties (DMA) 

          All samples were examined by Dynamic Mechanical Analysis (DMA) tool. The DMA 

characteristic parameters were storage modulus (E′ ), loss modulus (E″ ) and loss factor tanδ . 

The E′  parameter measures the stored energy, representing the elastic portion whereas E″  

measures the energy dissipated as heat, representing the viscous portion24. Tanδ  is defined as 

the ratio of loss modulus to storage modulus: tanδ  = E''/ E'. The glass transition temperature 

(Tg) values of samples were deduced from the peak of tanδ   vs temperature curves given by 

the machine. Also, the height and the shape of the tan delta curve are dependent on the amount 

of amorphous regions in the composites structure25,26. 

 
Figure 6: Effect of using NBR layers on storage modulus (log E') and loss modulus (log E'') of CFRP. 

 

Figures 6 illustrates the effect of the temperature on the E' and E'' values of all 

composites. As it can be seen, E' of all composites decreases as the temperature increases. 

When temperature increases, the composites components motion increase due to losing their 

tight packing arrangement which led to decrease in the storage modulus. The F1NBR 

containing different ER loadings show lower E' than F1due to the elastic behavior of NBR, 

resulting in low storage modulus and stiffness degree of laminates27. However the E' increased 

with increasing concentration of ER inside the NBR matrix up to 20 phr (F1NBR20). Thus, the 

most important problem of using higher concentrations of ER (≥ 20phr) in the NBR outer 

layers is that the laminates may become brittle and show low impact strength. These results 

are compatible to a large extent with the results of tensile strength and impact strength of 
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laminates. Same behavior was observed regarding the loss modulus (E'').F1 had the highest E'' 

curve which indicate high chains mobility at the ER/CF interface which means poor adhesion. 

Upon introduction of NBR layers in the composites (F1NBR0-20) E'' values of composites 

decrease due to a decrease in the internal friction and restriction of mobility of the polymer 

chains at the interface and decrease of energy dissipation. This indicates better adhesion 

between F1NBR0-20 composites layers than F1 composites.  

           The tanδ  values indicate the damping property of the material, it is called mechanical 

loss factor or damping factor28.The CF/matrix interfacial adhesion can be explained from tanδ  

curve and its peak, which also represent the glass transition temperature (Tg) of laminates25. 

Figure7 shows that tanδ  curves of all laminates samples increases by increasing the 

temperature until reaching maximum level in transition region and then decreasing in rubbery 

region. The glass transition temperature can be determined from this transition region. The 

peak height of tanδ  curve, which represent  Tg, is directly proportional to ability of laminates 

to dissipate energy as a result of highly degree of molecular motion at the interface29. 
 

 
Figure 7: Effect of using NBR layers on tan delta of CFRP composites. 

 

The Tg of laminates depends on the mobility of the chains at the interface and 

interaction between fiber and matrix30. Table 2 show that F1 has highest peak height of tanδ 

curve than F1NBR composites. All CFRP/NBR composites laminates have higher Tg value 

than F1 as a result of strong interface which is characterized by lowering in tanδ height and 

less energy dissipation. F1NBR10 has the highest Tg value which indicates good interfacial 

adhesion between CF and  polymeric NBR/ER matrix as a result of formation of three 

dimensional cross-linked network structure on the interface between NBR/ER matrix and CF 

layers12. 

 
Table 2: Peak height of tanδ  andTgvalues of CFRP composite laminates 

 

 F1NBR0 F1NBR5 F1NBR10 F1NBR15 F1NBR20 

Peak height  0.175 0.182 0.180 0.2 0.25 

Tg, °C 117.5 100 125 102 87.5 
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3.2.5. Morphology characterization (SEM) 
         Fracture mechanism of laminates after impact depended on many factors like bonding 

strength between fiber and matrix, debonding and delamination between layers. High crack 

resistance may be obtained by strong interfacial bonding between fibers and matrix, lower 

delamination and fewer voids31. The fractured surfaces of the composites were examined by 

scanning electron microscope (SEM) in order to investigate the fracture mechanism of the 

composites. Figure 8 show fractograph of the composites F1, F1NBR0 and F1NBR10 after 

impact fracture. F1 composites compose of two CF layers with embedded in ER matrix. The 

CF is bidirectional composed of two sets of interlacing unidirectional fibers (longitudinal and 

transverse directions) with orientation (0°/900). The CF layer in the composites have the 

orientation [(0°,90°)(0°,90°)]. The SEM image in Figure 8 show a high localised delaminations 

between plies interconnected by 0° transverse and 90° longitudinal fibers (across fabric 

0°/90°). Partial 0° broken fibers as inner layers can be observed. 

          The SEM image of F1NBR0 which consist of two outer layers of NBR and two inner 

layers of CF bonded together by ER layers is shown in Figure 8. Extensive carbon fibers 

breakages, many matrix cracks and highly delamination between layers of laminates matrix 

(ER) cracking can be seen in SEM of F1NBR0. This indicates a poor interfacial bond strength 

between NBR0 and CF. NBR10 consisted of two outer layers of nitrile rubber containing 10 

phr of ER bonded to two inner layers of CF. SEM images of F1NBR10 show strong interfacial 

adhesion between CF/NBR10 and CF/ER interfaces which inhibit failure due to delamination, 

only micro cracks in the ER matrix and partial broken fibers  is observed. Such results refer to 

the strong adhesion and bonding at the CF, NBR and ER interfaces which enhance crack 

resistance of laminates32. This interprets the high impact resistance of the F1NBR10. 
 

 
Figure 8: SEM of fractured surface of F1, F1NBR0 and F1NBR10 
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4. CONCLUSION 

 

A new design of Carbon fabric reinforced polymers (CFRP) composites was set to 

enhance the fracture toughness of composites having epoxy resin (ER) as a matrix. The 

composites were prepared as laminates in which two carbon fabric (CF) layers were embedded 

in ER Euxit 50. NBR elastomer was adhered to the outer surfaces of the composite laminates 

to overcome one of the major problems CF/ER composites. Different loadings of ER were 

added to the NBR compounds before adhering on the composites outer layers. The ER loadings 

applies were 5, 10, 15 and 20 phr. The tests results revealed that the composites having design 

NBR-CF-ER-CF-NBR where the NBR were loaded with 10 phr possess the highest impact 

resistance, flexural strength, tear strength and elongation at break. The SEM examination 

revealed a good interfacial adhesion between the composites layer, having NBR outer layer 

matrix, which inhibit the delamination and deboning of the laminates layers upon fracture.  
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