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    Abstract


    Fiber reinforced polymer composites (FRPCs) are rapidly growing interests in market share in structural applications due to higher modulus/strength and good corrosion resistance associated with lower weight, and design flexibility. The purpose of this work is to compare hardness, three-point bending, impact and fracture properties of different reinforcement/epoxy composites. Two types of composite fibers/fabrics were studied: Carbon woven fabric and basalt woven fabric. Therefore, basalt fabric-reinforced epoxy composites (BFRCs) and carbon fabric-reinforced composites (CFRCs) were manufactured by open molding method. The effects of the fiber weight fraction and matrix on the mechanical properties were analyzed. A comparison was performed on the mechanical properties such as hardness, flexural strength/modulus and impact strength for BFRCs and CFRCs in accordance with ASTM standards. It was exhibited that CFRCs showed the higher hardness, higher flexural strength and modulus in comparison with BFRCs. In addition, the flexural strength/modulus increased with increasing the content of fabrics for both composites. Moreover, the fracture surface of epoxy showed a flat feature while the composite failure took place in a bridged fiber appearance after the loading flexural. In contrast to hardness, flexural strength/modulus, higher impact strengths were obtained from BFRCs than CFRCs because of the formation of the delaminated layers in the structure.
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    Introduction


    In recent years, basalt fibers have taken an increasing attention for possible replacement of conventional glass fibers [1] because of their advantages such as cost of environmental cost and increased physical and chemical properties. In addition to having non-toxic, non-combustible characteristics, basalt fibers have higher chemical stability and higher tensile strength than those of E-glass fibers in compare to carbon fiber, and their failure strains are bigger [2]. Because of these favorable properties, they can be extensively useful for numbers of application fields, like chemical industry, automobile industry, construction, packing and high temperature-insulation applications.


    Carbon fibers are commonly preferred reinforcement elements which are used in applications that require higher strength and modulus. But they have some disadvantages like lower strain to failure, poor impact resistance, and very high electrical conductivity. The applications of carbon fibers range from Sporting goods to Rocket casings in Aerospace/Aircrafts industry because of providing a more weight saving. In addition, the carbon fibers have found a potential use in the Medical industry including implant materials, and machinery such as turbines, compressors, windmill blades etc. [3]. Basalt and carbon fibers are used to obtain superior mechanical properties in the longitudinal fiber direction. In this case, why do the people use the basalt and carbon woven fabrics? Although carbon fibers indicated an excellent mechanical, chemical and physical properties, it is produced costly and have a brittle behaviour. However, two-dimensional basalt or carbon fabrics have attracted attentions due to their balanced properties and easy handling during the fabrication process of composites.


    Polymer materials can be divided into three types, which are thermoplastic, thermosetting and elastomer polymer. They have got different properties because their molecular arrangement differs chemically. Thermosetting are stiffer and stronger than the thermoplastics. Thus, they can be used at high temperature applications. However, these are restricted to moulding only. Polymers will be incorporated with some reinforcements to generate a composite so that the mechanical properties of polymer improve in most practical applications. Polymer matrix composites have generated a significant amount of attention in current material research field because the structural components are manufactured with fibers/fabrics composites, and hence leading to a high strength-to-weight ratio [4]. Industry often faces some scientific problems for the composites. The lack of knowledge/understanding/mass production or new processing technique, materials, standardization/design/solution methods and recycling are the key fields, which must be developed. Thus, then the costs for the composites will be decreased, and can found many new applications. Another obstacle may be added as the lack of long durability and performance when servicing at various environment/temperature, especially for polymer composites.


    In the last few years, basalt fibers have been used as reinforcements for thermoset plastics such as epoxy, polyester and vinyl ester resin to manufacture composite's structural parts. Among them, epoxy is one of the most important matrix that has found a special place for the thermoset polymers due to having its excellent mechanical properties associated with chemical and corrosion resistance [5]. Lopresto, et al. [6] investigated some mechanical property using E glass and basalt fiber to evaluate the substituting the basalt fibers for the glass fibers. The experimental results exhibited that basalt revealed higher for elastic modulus, compressive, bending strength, impact force and energy, but a better tensile strength was obtained for the glass fibers [7]. Dorigato and Pegoretti [8] studied the tensile and fatigue behavior of epoxy reinforced with woven basalt, E-glass and carbon fibers. They reported that a higher performance of the laminate was obtained using basalt fabrics when compared to glass fiber composite [9-33]. Colombo, et al. [10] found a higher mechanical property against vinyl ester and indicated a more compact failure mode since fibers did not tend to explode. Wei, et al. [11,12] demonstrated that the better acid resistance was obtained for the basalt reinforcements when they were treated with sodium hydroxide hydrochloric acid solutions in various times. Wei, et al. [13] found that anti-seawater corrosion properties of the both composites like basalt and glass fibers were the same approximately [14]. Carmisciano, et al. [15] indicated that a higher flexural modulus and interlaminar shear strength was obtained for the basalt fiber composites had when compared with E-glass fibers; however, a lower flexural strength was observed, while similar electrical properties were provided. Fiore, et al. [16] investigated the glass-basalt/epoxy composites for ship applications using a three point-bending tests. Tensile tests were also carried out to evaluate the impact number and position of basalt layers. The results exhibited that the existence of external layers of basalt could cause the highest escalations in mechanical properties of hybrid laminates with respect to glass fiber reinforced plastic laminates. He, et al. [17] analyzed the impact damage modes and mechanical properties of glass, aramid and basalt fiber reinforced epoxy composites. At high impact energy, basalt laminate exhibited a progressive damage with the fibers on the back-face tension fractured layer by layer, and aramid beam displayed a progressive evaluation [18]. The basalt polyester composites under static three-point bending loading and low-velocity impact loading were analyzed by Gideon, et al. [19], with the conclusion that unidirectional laminate indicated a superior performance with respect to woven and cross-ply in static loading, but cross-ply and woven laminate composite were superior in dynamic loading condition, respectively. In addition, vinyl ester-basalt fiber reinforced composites were used as matrix [20-22]. Basalt fibers can be used with thermoplastics like polypropylene, phonelic and polyethylene. The mechanical properties including tensile and ﬂexural strength of various polymers improved when basalt and other fibers were introduced [23]. Szabo, et al. [24] studied the static behaviour of polypropylene composites reinforced with different short fibers with varying in proportion of reinforcements (5%, 15% and 25%), produced by compression moulding. The mechanical properties of composites were strongly influenced by fiber content and the direction of fibers. SEM of fractured surface of samples showed that the damage form was pull out in transverse and debonding in longitudinal directions [25]. Song, et al. [26] studied the mechanical properties of basalt fiber reinforced polyamide (PA) 1012 composites were prepared by melting blending method. Test results showed that the optimal tensile and flexural strength of silane treated BFRP/PA1012 were 83.4 and 120 MPa, respectively [27]. Akinci, et al. [28] studied the mechanical and morphological behaviour of basalt filled in low density polyethylene (LDPE) with 10 to 70 wt.% polymer composites. It was found that increased in addition of basalt filler to the LDPE resulted in a decrease in elongation at break values [29-39]. Subargia, et al. [40] studied the effect of different tourmaline micro/nano particle loading (0.5 to 2 wt.%), with and without a surfactant to enhanced dispersion of the tourmaline particles on the mechanical properties of BFRP/epoxy composite laminates. The results revealed that incorporation of tourmaline particles in the BFRP/epoxy composites improved the tensile and flexural strength and modulus. Mingchao, et al. [41] studied the chemical durability and mechanical properties of unidirectional basalt fiber reinforced epoxy composites. The composites were immersed in eight kinds of chemical mediums at 15, 30, and 90 days. In alkali mediums, the flexural strength declined gradually. The tensile strength of BFRP (640 MPa) was much lower when compared to GFRP (1029 MPa) composites. The flexural strength of BFRP was about 716 MPa [42]. Bulut, et al. [43] studied the mechanical properties covering tensile, flexural and impact testing of basalt fiber reinforced epoxy composite containing graphene nano-pellets (GnPs). It was found that the incorporation of GnPs fillers at 0.1 wt.%, tensile strength was 240 MPa, flexural strength was 273.91 MPa, and impact strength was 110 kJ/m2, but it was followed a decreasing trend for GnPs at 0.2 and 0.3 wt.%, respectively.


    The impact testing played an important role for optimizing the process, matrix/fiber type and interface. De Rosa, et al. [44] studied the impact performance of two woven fabric laminates including basalt/vinyl ester and E-glass/vinyl ester composites. The results indicated that maximum impact energy was 22.5 J, degradation of specimens were not exceeding more than 15% based on the flexural strength and modulus. Moreover, much more delamination area was observed for E-glass/vinyl ester composite than that of basalt/vinyl ester laminate composites. Manikandan, et al. [37] studied the effect of NaOH and H2SO4 on mechanical properties of BFRP/unsaturated polyester composites. The tensile strength of BFRP composites for untreated, acid treated and base treated were found to be 9.8, 24.5 and 35.45% greater than that of GFRP composites, respectively. In the impact tests, acid treated BFRP composites was 69.33% greater impact strength than GFRP composites. Botev, et al. [45] investigated the impact strength of polypropylenes (PP) filled with short basalt fibers was four times higher than that of unfilled PP. The interfacial interactions were further improved by addition of poly(propylene-gmaleic anhydride). Moreover, the tensile strength for the materials was increased by 10%, 21% and 40%, but impact strength was found to be increased by 13%, 24% and 29% for 5, 10 and 20 wt.% of PP-g-MA in the blend, respectively. Shishevan, et al. [46] compared the low velocity impact performance of BFRP/epoxy and CFRP/epoxy composites under various energy levels. Basalt fibers showed a better impact performance than CFRP. The results of the last materials showed that the change of fabrication process and curing conditions improved the impact property of BFRPs up to 13%.


    As a result, this study aims to develop a basalt fabric/carbon fabric epoxy composites and accordingly comparisons of some mechanical properties such as hardness, impact and three point-bending measurements on the epoxy-based composites were made in accordance with ASTM standards.


    Experimental Details


    Materials


    Basalt and carbon fabric reinforced polymer laminates (BFRCs and CFRCs) were fabricated through compression molding method. Two different types of reinforcements employed were: Basalt dry fabrics, 200 g/m2 (plain-weave), and carbon dry fabric, 180 g/m2 (plain-weave), supplied from Mctechnic Inc. Thermosetting bisphenol-A epoxy (SR 8500) and amine-system harder (SD 860x) was applied as the matrix system in a ratio of 100:30. Mixture of epoxy with modified aliphatic amine hardener was supplied by the same company.


    There were two kinds of basalt and carbon woven fabrics used in this study for making epoxy-based composite as reinforcements. Hand lay-up and molding technic were used for the preparation of fabric reinforced thermosetting epoxy resin matrix composites. The production process consists of six steps that include: a) Mold preparation, b) Fiber/fabric preparation, c) Resin preparation, d) Resin impregnation, e) Laying-up in molding and applying the load, f) Curing of produced composite laminates. Some part of the production steps are shown in Figure 1. The characteristics and mechanical properties of basalt and carbon fabrics were given in Table 1.


    
      Figure 1: Preparation stages of composites. a) Basalt plain fabrics; b) Carbon plain fabrics; c) Manufacturing of hand lay-up process of epoxy composites. View Figure 1

    


    
      Table 1: The characteristics properties of the woven basalt and carbon fabrics (Sources: Manufacturer data sheets). View Table 1

    


    The specimens (150 mm × 150 mm × 4 mm) were made from steel square laminates and then used for the mechanical characterization. A releasing agent was applied on mould to remove the laminated composite easily and to provide more accurate surface finish. For preparing the laminate, the stacking consisted of placing the basalt fabric or carbon one above the others. For the current study, for each configuration of basalt/epoxy composite laminate, a total of fourteen plies of basalt woven fabrics and plain carbon fibers were stacked in every laminate composite. Off course, the mixture of the resins should spread well between the fabrics. Both the bottom and the top layers of the laminates covered by the mold sheet. These were also coated with the releasing agent to make the separation easy after curing process. The assembly was pressed between plate's mould at a load of 1 MPa for 24 hours and then allowing to cure to the ambient temperature. Finally, post curing was done at 50 ℃ for 24 hours. The weight fraction (wt.%) of the both composites including basalt and carbon fibers were 0%, 40% and 60% for every panel of composite laminate.


    Microstructure


    The microstructures of the epoxy based composites including basalt and carbon fabrics were examined by Scanning Electron Microscope (SEM) of their cross-sections mounted in a transparent resin and polished up to 6 µm by diamond paste.


    Mechanical testing


    According to the ASTM specification, different mechanical tests such as hardness, impact (ASTM D256) and flexural test (ASTM D790) were carried out using the epoxy based composites. At least five tests for each condition were performed on the whole composite samples. The hardness of the composites was measured by Rockwell B hardness method, and the mean of at least five readings was taken.


    Flexural test


    The flexural tests are the most common experiments to characterize the produced materials with three-point bending machine. The tests were carried out according to ASTM D-790 standard. A Universal Testing Machine (UTM) model 3365 by Intron was equipped with a load cell of 10 kN. The ﬂexural testing was particularly conducted with ﬁve prismatic samples for each composite, having the following dimensions: 64 mm × 12.7 mm × 4.2 mm. For all tests to be conducted, the span length depth ratio was about 16 mm and cross-head speed was about 2 mm/min. The mean value of the data points obtained was taken as the measured result. The load was applied at the middle of the sample until the sample was fractured, as shown in Figure 2. The fracture surfaces were examined using a photograph. During the test, the initiated load was recorded by an attached computer system.


    
      Figure 2: Three-point bending testing machine. View Figure 2

    


    The flexural strength can be calculated with the following equation:


    σ f = 3P×L 2b× d 2 (MPa)(1)


    Where σ f is the flexural strength (MPa), P is the maximum load (N), L is the support span (mm), b is the measured specimen width (mm), and d is the measured specimen thickness (mm). Further, the flexural modulus may be fixed from the slope of the initial straight line part of the load-deflection curve using this equation:


    E f = L 3 4b× d 3  ΔP ΔX (GPa)(2)


    Impact test


    The impact test was performed with a standard instrument falling-weight impact analysis system with a specimen support. The impact test was used to determine the amount of energy that was required to break the specimen. In this test, an un-notched Izod Impact test was used according to ASTM D256. The specimens were kept in a cantilever position, and a pendulum has swung around the specimen. The impact energy (J) was calculated using a dial gauge that was fitted on the machine. For each test, five specimens from the composites were tested and the results were averaged. All the samples were maintained at room temperature. The surface morphology of the carbon and basalt fibers after the fracturing the specimens were characterized.


    Results and Discussion


    Microstructures of the composites


    Figure 3 shows a SEM image of typical microstructure of a BFRC containing 40 wt.% of basalt fibers. This low magnification image indicates that fibers in the structure were orientated for both directions, namely parallel and cross-sectional view. This microstructure covers a few porosities in the epoxy matrix. It might be due to formation of buble or gas introduction during the production cycle. In addition, distributions of the fibers did not seem to be uniform because lower contents of the fibers were used. It was exhibited in Figure 3b that some fiber's fractures from the ends or surface were observed under higher magnification for the most of the fiber's cross-section because of an achievement of enough bonding between the fabrics and the matrix. Figure 4 exhibits a SEM image of typical microstructure of a CFRC containing 60 wt.% of carbon fibers. This micrograph shows that fibers were orientated in both fiber direction and normal section. A few porosities can be observed in the resin. Figure 4b reveals the microsture of the carbon epoxy composite under high magnification. This SEM image indicated more uniform distributions of fibers in the structure. Moreover, a few fibers fracturing from the ends was observed, but some debondings were also evidenced. This might be some fibers were fractured or having got some defects during mechanical processing stage because fibers/particles have very sensitive against the mechanical contacts or defected areas over the reinforcement surface. These micrographs showed that the distribution of fibers and interface bonding/interactions between the fibers and matrix was found to be the most significant factor affecting on the mechanical properties for both tested epoxy composites.


    
      Figure 3: SEM image of microstructure of a BFRC containing 40 wt.% of fibres. a) Lower magnification; b) Higher magnification, indicating fiber fractures from ends in the epoxy resin. View Figure 3

    


    
      Figure 4: SEM image of microstructure of a CFRC containing 60 wt.% of fibres. a) Lower magnification; b) Higher magnification, exhibiting more uniform fiber distributions in the structure. View Figure 4

    


    Density and hardness results


    Density and hardness of both types of epoxy composites are indicated in Table 2, Figure 5a and Figure 5b. Average sintered density of EP, 40 wt.% BF, 60 wt.% BF reinforced composites were 1.123, 1.598 and 1.908 g × cm3, respectively. However, the density decreased considerably for carbon fabric reinforced composites such as 40 wt.% CF and 60 wt.% CF laminates were about 1.41 and 1.464 g × cm-3, respectively. The theoretical density was also calculated. The maximum error was found for BF60 reinforced composites, but it was very low for CF60 laminates, which showed that the interface bonding was much better for carbon fabric composites. The hardness increased from 41 HRB, 48 HRB to 60.3 HRB for EP matrix, 40 wt.-% BF and 60 wt.% BF-reinforced epoxy composites, respectively (Figure 5b). The improvements in BFs for 40 wt.% and 60 wt.% in comparison with EP matrix were about 17%, 47% respectively. However, the hardness increased more significantly with increasing the carbon contents. The improvements in CF40 and CF60 composites were more or less 105%, 122%, respectively. The strengthening of EP was achieved by forming an enough interface bonding between the matrix and fibers, especially for the carbon reinforced composites.


    
      Figure 5: a) The density of the laminate composite; b) Hardness of the laminate composite. View Figure 5

    


    
      Table 2: Average maximum force to break composites, standard deviation, its flexural strength and flexural modulus (the data quoted are all average results taken from a minimum of five tests). View Table 2

    


    Load vs. extension behaviour


    Typical load versus extension tests for flexural strengths was shown in Figure 6a, Figure 6b, Figure 6c, Figure 6d and Table 2 for EP matrix, its BF and CF reinforced epoxy composites. The flexural strength was obtained by taking the maximum load as the failure load for all the specimens. These figures indicated a linear behavior before the load reached its maximum level, followed by a gradual drop to a low value in the flexural strength. The flexural strength of EP was found to be about 83 MPa, which was shown in Table 2. The flexural strength increased with incorporation of both fabric types used. However, the maximum flexural strength was achieved for 60 wt.% CF composites. Similar trends were observed for BF reinforced composites. The ultimate flexural strain of BF40 composite was more than CF40 composite (Table 2). In brief, the improvement of fabric dispersibility and achievement of a good interfacial bonding between the epoxy and carbon fabrics, CFRCs led to a better flexural strength and modulus than those of BFRCs (Figure 3 and Figure 4).


    
      Figure 6: Typical loads and extension curves for BFRCs and CFRCs. a) EP matrix; b) BF40 fabric; c) BF60-fabric; d) CF40-fabric; e) CF60-fabric. View Figure 6

    


    Flexural strength


    Figure 7a and Figure 7b show the experimental results of the flexural strength/elastic modulus of the epoxy composites, respectively. It was obvious that the flexural strength of carbon fabrics had significantly higher values than that of the basalt fabrics and the pure epoxy resin. The presence of the carbon fabrics in the EP matrix more effectively enhanced the tensile strength from 83 MPa to 700 MPa and the strength increased by about 743% due to the higher strength of the carbon fibers and an achievement of quite enough interface bonding between the fibers and the epoxy resin. However, the strength of EP increased by 332% for BF60 reinforced composite. This result indicated both flexural and modulus properties of the composites made with 28 layers were slightly larger than 14 layers composites, but the differences were not significantly high. The improvement in strength of BF40 reinforced composite was about 14% when compared to 60 BF reinforced composites. However, it was contrary to the previous study carried out by Katsiropoulos, et al. [34]. The trends in the young modulus were similar to the flexural strength of the composites. Combining the results in Figure 7a and Figure 7b, it was clear that the flexural/modulus of the EP resin increased gradually with the incorporation of both fabrics for different weight fractions. As the fabric-filled epoxy composite subjected to loading, the fabrics acted as carriers the applied load and stress transferred from the matrix along the fibers, resulted in good mechanical properties or requiring higher forces to break the composite specimens, as shown in Table 2. The carbon fabric having higher modulus of elasticity resulted in more improvements in stiffness for the final laminate composites. The young modulus and strengths of carbon/epoxy composites were also improved by the addition of carbon nanotubes (CNTs), but the flexural properties of the composites were improved by applying silane process or adding reinforcements [24,27,28,35,40,41]. Especially, the silane-treated CNT composites indicated about 34% and 20% larger flexural modulus and strengths than acid-treated epoxy composites, respectively. Another result indicated that the flexural modulus of the B1-6 structures equaled to 19.5 GPa, which was more or less 118% higher than that of GFRC laminate [15].


    
      Figure 7: a) The flexural strength of laminate composites; b) The flexural modulus of laminate composites. View Figure 7

    


    Fracture surface


    The common failure modes under flexural loadings cover compressive failure, tensile failure, shear and/or delamination, wherein failure by compression is the most common type [34]. Figure 6 indicates the photographs of the failure surfaces of EP, and its BF/epoxy and CF/epoxy composites, respectively. It could be seen in Figure 8a that EP showed a brittle behavior because the matrix failed in flat feature, but Figure 8b shows quite a different failure behavior. Epoxy resin has high modulus and good dimensional stability. However, these highly crosslinked networks are inherently brittle and consequently have limited utility requiring high fracture strength. Some specimens from epoxy composites did not indicate a fully break up laminate into two halves, which might be due to the bridging effect of the basalt and carbon fabric layers and fabric configurations [19]. A whitening region was observed for BF reinforced composite while fracturing the fabrics. This might be coming from the debonding or delamination [35]. BF reinforced composite failed in a rumpled fiber appearance after flexuring load, but there was a some difference for CF reinforced composite, as shown in Figure 8c, respectively. The buckling stress effectively transferred along the carbon fibers so that the higher flexural strength was obtained for this type of composite because of the more brittle property. It can be seen that some cracks occurred along the center line of buckling load, which were resulted in the lower elongation and higher strength. In carbon fibre/epoxy system, shear failure can also occur in compression, with the transition from buckling to shear depending on matrix shear modulus and fibre shear strength. Figure 9 shows the application of flexural force against epoxy resin, basalt and carbon fabric reinforced composites. This figure indicated that crack initiation, delamination layers and failure of smooth surface were responsible evidence for EP, BFRC and CFRC, respectively.


    
      Figure 8: Photographs showing side and front views of failure surfaces loaded in flexural testing of the epoxy composites. a) EP matrix; b) BF40 reinforced composite; c) CF40 reinforced epoxy composites. View Figure 8

    


    
      Figure 9: Application of flexural force on epoxy and 60 wt.% fabric reinforced composites. a) Epoxy resin, exhibiting an initiation of cracks from the outer surface; b) BFRC, showing smooth surface, but not clear delamination; c) CFRC using the flexural testing, indicating fiber failure and delamination of layers. View Figure 9

    


    Impact strength


    The impact resistance of the epoxy composite is to measure the total energy dissipated in the material before final failure occurs. The impact strengths of the epoxy composites including carbon and basalt fabrics was given in Table 2 and Figure 10. It was shown that the impact strength was made from different contents of the basalt and carbon fabrics including numbers of plies in the epoxy resin. The first evidence from this figure indicated that higher impact strength was obtained from the basalt fabrics than the carbon fabrics because of the formation of the delaminated layers in the structure. The second clear result was evident: higher weight fraction of the composites gave better impact properties for both types of the composites. In other words, 60 wt.% fabrics composite exhibited higher impact strength than 40 wt.% of fabric reinforced composite. In general, the impact strength of the epoxy was primarily determined by the impact strength of the matrix, while the impact strengths of BFRC or CFRC were basically determined by the impact strengths of the basalts or/and carbon fibers. The impact strengths of BFRCs were found to be larger due to the role of the numbers of the plies and large numbers of BF reinforced epoxy interface, so there were higher possibilities of debondings and delamination's, which were less obvious for CF reinforced composites. In contrast to the hardness, the flexural strength/modulus and the impact strengths measured were around 15.9 and 10.8 for BFRCs and CFRCs, respectively. The improvement in BF composites was about 47% in terms of impact energy. Figure 11a and Figure 11b shows the photographs of the fracture surfaces of BF40 and BF60 reinforced composite, respectively. It was observed that fiber pulling-out, fiber debonding/delaminating was dominated on the fracture surface of BF reinforced composites. This confirmed that there exists a poor interface bonding between the fibers and the resin, which was not the case for CF reinforced composites, and this indicated higher mechanical properties (Table 2). Moreover, Figure 11 shows the photographs of side and front views of the representative failures loaded in impact testing of the epoxy composites. Figure 11c and Figure11d indicates the failure surfaces of CF40 and CF60 reinforced composites, respectively. This surface covered the brittle failure fracture, where the samples were broken through all the layers with abundant amount of carbon fibers ruptures, which confirmed the better interfacial bonding, but the other types of the composites revealed more combinations of matrix and fiber fractures, exhibiting the poor bonding between the fibers and the epoxy, and thus leading to lowering mechanical properties. The basalt fibre reinforced laminate was found to be tougher than the glass fiber reinforced composite [36]. The impact behaviour of the acid-treated basalt fibre reinforced composite were greater than the acid-treated glass fibre reinforced composite. The deformation and energy absorption properties of geopolymeric concrete were improved considerably when adding the basalt fibre, but not significant improvement was achieved for dynamic compressive strength. Increasing matrix strength led to decreasing the deformation capacity and increase of energy absorption capacity for basalt fibre reinforced geopolymeric concrete [37,38]. Basalt fibers indicated higher toughness performance than CFRPs [46], which is a good agreement with the present study.


    
      Figure 10: The impact energy of the tested epoxy and its composites. View Figure 10

    


    
      Figure 11: Photographs exhibiting side and front views of representative failures loaded in impact testing of the epoxy composites. a) BF40 reinforced composites; b) BF60 reinforced composites; c) CF40 reinforced composites; d) CF60 reinforced composites. View Figure 11

    


    Conclusions


    The following conclusions were drawn from the current study on basalt and carbon reinforced epoxy composites including different weight fraction of fibers.


    • Basalt fabric-reinforced epoxy composites (BFRCs) and carbon fabric-reinforced composites (CFRCs) were manufactured by hand lay-up and compression molding method. Mechanical properties such as hardness, flexural and impact strength were investigated in accordance with ASTM standards and a comparison is made for both composites.


    • The experimental results indicated that hardness of the composites changed with type of fabrics and increased with increasing wt.% for both fibers/fabrics. The incorporation of the carbon fabrics in the resin more effectively enhanced the flexural strength from 83 MPa to 700 MPa and the strength increased by about 743% due to an achievement of quite enough interface bonding between the fibers and the epoxy resin. However, the strength of the epoxy increased by 332% for BF60 reinforced composite. In contrast to this, impact strength was better for BFRCs than CFRCs.


    • Furthermore, fracture surface of the resin indicated a flat feature, but BF/CF-reinforced composite failed in/bridged fiber appearance after the flexural loading. Incorporation of basalt fibers into the epoxy resin exhibited a significant improvement, which was about 47% when compared to carbon fibers in the impact strength because of higher possibilities of delamination's and debondings.
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