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Influence of composite architecture and interfacial bonding on their impact properties

Resistance to impact thrust is one of the most important requirement along with many others for defining suitable applications of any composite materials. In this present work, the influence of composite architecture and composite interfacial bonding strength on the impact performance of flax reinforced PP composites have been investigated. In this regard two different composite architecture through conventional film stacking method and through DREF (DR. E. Fehrer open-end friction spinning process) yarn consolidation method have been produced and to alter the fibre-matrix interfacial bonding the flax fibres are treated with MAgPP (Maleic Anhydride grafted Polypropylene). Finally, the notch Izod impact behaviour of all composite samples are evaluated and compared.

Introduction

Since last few decades with rising ecological concerns and public awareness related to sustainability, a growing interest has been observed in the use of bio-based, environment-friendly, sustainable materials. Development of natural fibre reinforced thermoplastic composites (NFRTC) fits well with the above scenario [1]. Several studies on NFRTC materials have already been carried out and these studies have concluded that NFRTC can successfully replace the glass-reinforced polymer composites in the areas of automobiles, constructions, households, packaging, etc. [2]. However, these reported studies mainly focus on the mechanical (tensile and flexural) properties of the NFRTC materials and only a few of them have investigated the impact responses of the NFRTC materials [3,4]. There is a high chance that during their service life, NFRTC materials can be subjected to accidental impact forces which may result from tool drop, stone strike, crash impacts, etc. Hence, it is necessary to understand the impact responses of the composite laminates.

In general, the impact thrust are of two types namely low velocity impact (LVI) by a large mass (dropped tool) and high velocity impact (HVI) by a small mass (small arms fire). Natural fibres have very low modulus, strength and work of rupture than the high performance synthetic fibres (HVI-resistant materials) such as aramid, ultra-high-molecular-weight polyethylene, etc. Hence, the composite made of natural fibres are suitable for the application where the materials are subjected to LVI only. Generally, the LVI performance of a NFC is studied in three different ways, through the Charpy impact test method, Izod impact test method or through the drop-weight impact test method. Among these test methods Izod method of impact testing is very popular for evaluating the impact behavior of natural fibre reinforced polymer composites and all composite samples in this present study are tested by Izod impact test method.

Two different composite structures have been developed to investigate the influence of composite architectures on their impact behavior. The first one through DREF yarn consolidation method and the second one through conventional film stacking method. Reinforcing flax yarns are treated with MAgPP in order to alter the composite's interfacial bonding. The fibre to matrix ratios in each composite Structure structures are varied at 40 wt %, 50 wt% and 60 wt% levels respectively. In this way, in total nine sets of composite samples have been produced to investigate the effect of composite architecture and interface on their impact properties.

Experiment

MAgPP treatment of flax yarns

In the present study, MAgPP treatment of the flax yarns are carried out in a boiling solvent medium which is made of 80% xylene and 20% toluene. The process is conducted in a reaction kettle which is fitted with a flowing water condenser to avoid the solvent lost during the treatment. 5 wt% MAgPP is dissolved in the boiling solvent (T = 130 ± 5 °C) with a yarn to solvent ratio of 1:25. The yarns in hank form are then socked in the boiling solvent for 10-15 min. After socking, the hanks are washed several times with the xylene heated just above 80 °C to remove the un-bonded MAgPP from the yarn surface. Finally, the washed samples are dried in an air oven at 105 °C for overnight. Exposure to xylene and toluene can cause acute and chronic effects (such as mild headache, fatigue etc.) in human body systems. Hence proper protection such as use of hand gloves, face mask, safety goggle etc. is taken care and the whole experiment is conducted inside a hood.

Manufacturing of DREF yarn

The DREF or friction spinning system is an open-end spinning process was developed by Dr. E. Fehrer, in 1973. This process produces core-sheath structure hybrid yarn at very high delivery rate and without altering the feed core yarn twist. In the present work, a flax yarn is used as core whereas PP is used as sheath. During DREF spinning, the flax yarn is fed as core to the yarn formation region while the PP slivers (sheath components) are fed from the back side of the machine. After feeding, the PP slivers are opened up into individual fibre entity by a pinned beater and are transferred to the yarn forming zone to wrap over the core flax yarn. DREF yarn having different flax content i.e. 40 wt%, 50 wt% and 60 wt% respectively are manufactured after varying the PP sliver feed rate with respect to the constant core yarn feed rate of 40 m/min. An image of produced DREF yarn having 50% flax and 50% PP is shown in Fig. 1.

Preparation of composite laminates

In this present study, two different unidirectional composite structures through DREF yarn consolidation method and through conventional film stacking method have been manufactured. In case of DREF yarn consolidations, the hybrid yarns are wound over a spring-loaded rectangular metallic frame in a parallel configuration in layer-by-layer manner. While in case of film stacking method, pre-weighed and predetermined (based on fibre to matrix ratios) number of PP strips having 20 mm width are placed evenly between the parallel wound flax yarn layers. All stacked yarn layers are then wrapped with a thin PP film and subsequently tied with a PP filament. The metallic frame having stacked yarn sample is then placed in the groove of female mold half and subjected to consolidation after closing the mold. Consolidation is carried out at 190 °C temperature, with 8 bar consolidation pressure and 8 bar vacuum pressure for 5 min. After curing, whole set-up is cooled down to below 100 °C without releasing the consolidation pressure. The images of the produced DREF yarn consolidated composite and film stacked composites are shown in Fig. 2.

Scanning electron microscopy (SEM)

Effect of MAgPP treatment on flax fibres are studied through SEM image analysis. This study is carried out in the following manner. Initially, a small amount of MAgPP treated and untreated flax fibres are placed over a metallic sample holder with the help of a double-sided carbon tape and are subjected to a gold coating. After coating, the samples are examined using a scanning electron microscope (SEM ZEISS EVO 50) at an accelerating 5-30 AC voltage.

Testing of composite laminates

In the present study, the composite laminates are tested for their tensile and Izod Impact behaviors. The tensile properties of the MAgPP treated and untreated flax reinforce composite samples are tested according to ASTM D638 test method in order to assure the effectiveness of MAgPP treatment on Flax fibres. Tensile testing is carried out at 2 mm/min test speed after clamping the composite sample over an area of 40 mm  20 mm at both ends leaving 100 mm gauge length. The thickness of all tensile test specimen varies between 3.3 and 3.7 mm. The notch Izod impact behavior of the composite samples is tested in an impact strength tester, according to ASTM D256-97 test method. The specimens for notch Izod impact test have a dimension of 64 mm  12.7 mm  3.5 (±0.2) mm. Before testing a V-shaped notch is engraved in all specimens using a notch cutting machine on the shoulder side of 12.7 mm dimension of the specimen or on the side parallel to the direction of the application of molding pressure. The notch etched on the test specimens has a notch angle of 45 ± 1°with a radius of curvature at the apex of 0.25 (±0.05) mm. The depth under the notch of the specimen is 10.2 mm. All the tests are carried out at 27 ± 2 °C temperature and 65% RH. Each reported value represents the average of five samples.

Experimental design

The main aim of this present work is to study the influence of composite architecture and composite interfacial bonding strength on the impact performance of flax reinforced PP composites. DREF yarn having three cores to sheath ratios are manufactured after using MAgPP treated and untreated flax yarn as core to study the influence of interface on their impact properties. In order to study the influence of composite architecture on composite's impact properties, two different composite architectures with three different flax to PP ratios are manufactured through conventional film stacking method and through DREF yarn consolidation method. The details of all composite sample produced in this study are tabulated in Table 1. 

Effect of composite's interface on their impact behavior

Photographs of the MAgPP treated and untreated flax reinforced Izod impact tested composite samples are shown in Fig. 5. It is observed that all composite samples fail with a valid fracture mode i.e. no longitudinal cracking reaches to the remote sample end. However, lots of pulled out fibres are observed at the impact fracture end of the untreated flax reinforced composite samples while a sharp failure is observed in case of MAgPP treated flax reinforced composite samples.

The Izod impact strength values of MAgPP treated and untreated composites are shown in Fig. 6. It is observed that the impact strength of the composite samples decrease up to 33% as the flax fibre content in the composite structure increases from 40% to 60%. A further 30% decrement in the impact strength of the unidirectional composite samples is observed after the MAgPP treatment of core flax yarn. Untreated flax yarn offers a poor fibre matrix interfacial bonding, on the other hand, MAgPP treatment of the reinforcing yarn improves the fibre-matrix interaction. A strong flax-PP interface is beneficial to the tensile and flexural properties of the composite samples but, it has a detrimental effect on the impact strength. Because the energy absorption during impact testing in the form of fibre-matrix de-bonding, sample deformation and fibre pull out is suppressed by the strong interface [7,8]. Hence, untreated flax yarn reinforced composites show higher impact strength than the MAgPP treated flax reinforced composites.

Effect of composite architecture on their impact properties

The photographs of Izod impact tested DREF yarn compressed and film stacked composite specimens are shown in Fig. 7. It is observed that both the composite samples break completely and the line of fracture along the sample width lies almost in a plane. Moreover, no fibre pull out is observed at the impact failure ends of both composite samples.

The impact strength of DREF yarn compressed and Film Stacked composite samples are reported in Fig. 8. The impact strength of both the types of composite specimens show around 20% decre- ment when the flax content in the respective composite structure increases from 40% to 60%. The impact strength of the composite samples having non-uniform fibre-matrix distribution is mainly determined by the matrix deformation [9]. The matrix deformation during impact testing of the composite samples having 40% flax content is more than those of the composites having 60% flax. Cabral et al. [10] have observed a similar effect on jute-PP composite system when the jute content goes beyond 20%. However, at constant fibre content the hybrid yarn reinforced composites exhibit around 10% higher impact strength than the film stacked composites. There is no fibre pull out observed in the impact fracture surfaces of both composite samples. Hence the impact strength of the composite samples is mainly dependent on the amount of energy absorbed to break the flax fibres, matrix and the fibre matrix interphase. The DREF yarn composites have higher fibre bundle-matrix interface area than those of film stacked composites, thus the DREF yarn compressed composites exhibit better impact strength than film stacked composites.

Conclusions

In the present work, the influence of composite architectures and composite interphase on their impact behavior have been investigated. Two different composite structure, first one through DREF yarn consolidation method and the second one through conventional film stacking method have been manufactured. Reinforcing flax yarns are treated with MAgPP in order to alter the composite's interfacial bonding. The tensile strength of the composite laminates improves when the flax fibres are treated with MAgPP which confirms the improved fibre-matrix interfacial bonding after MAgPP treatment. A negative effect on the impact properties of the composite samples is observed when the reinforcing flax fibres are treated with MAgPP. The DREF yarn compressed composites have better fibre matrix distribution in its structure which results in better impact performance than the film stacked composites. 
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 1 Fig. 1. Flax-PP (50:50) based DREF yarn cross-section.

3. Results and discussions 3 . 1 .

 31 Effect of MAgPP treatment on flax fibre SEM images of the MAgPP treated and untreated flax fibres are reported in Fig. 3. It is observed that after the treatment MAgPP forms a continuous protecting layer around the core flax. Beside this continuous layer, some microspheres are also observed on the MAgPP treated flax fibre surface. Literature reveals that MAgPP reacts with the various functional groups of flax fibre through ester linkage formation and enhances the fibre-matrix bonding of the resultant composite system [5,6]. Tensile strength of the MAgPP treated and untreated flax core based DREF yarn compressed composites are shown in Fig. 4. As expected, the mechanical properties of both types MAgPP treated and untreated flax reinforced PP com-posites increases with increasing flax content which is mainly due to improved fibre matrix interaction.
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 2 Fig. 2. The cross-sectional images of hybrid yarn (DREF yarn) reinforced (DYC) composite and film stacked (FSC) composite.
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 3 Fig. 3. SEM images of (a) untreated flax fibres (b) MAgPP treated flax fibres.
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 4 Fig. 4. Tensile strength of the MAgPP treated and untreated flax core based DREF yarn compressed composites.
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 5 Fig. 5. Photographs of the MAgPP treated and untreated flax reinforced Izod impact tested composites.
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 6 Fig. 6. Izod impact strength of the MAgPP treated and untreated flax-PP composites.
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 7 Fig. 7. Impact fractured composites having different composite architecture.
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Table 1

 1 Details of produced composite samples.

	Sample No.	Flax cont. (%)	PP cont.(%)	Surface treatment of flax fibre	Method of composite fabrication
	1	60	40	Untreated	DREF yarn consolidation
	2	50	50	Untreated	DREF yarn consolidation
	3	40	60	Untreated	DREF yarn consolidation
	4	60	40	Treated with MAgPP	DREF yarn consolidation
	5	50	50	Treated with MAgPP	DREF yarn consolidation
	6	40	60	Treated with MAgPP	DREF yarn consolidation
	7	60	40	Treated with MAgPP	Film stacking method
	8	50	50	Treated with MAgPP	Film stacking method
	9	40	60	Treated with MAgPP	Film stacking method
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