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Abstract

Different type of fillers (wood flour, hemp, cotton fibres and recycled tetra-pack carton cellulose) were mixed with polypropylene (PP) and polylactic acid (PLA). Obtained composites (filler content 40 wt%) mechanical properties were evaluated. Interfacial adhesion modifiers (maleinated polypropylene), impact strength modifiers (ethylene-octane copolymer) influence on the increase of compatibility and improving of composites properties were discussed. It was shown that the most significant increase of PLA composites flexural strength, modulus and impact strength was observed if as reinforcement recycled tetra-pack cellulose fibers was used.
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Introduction

The need to develop new polymer materials derived from renewable natural resources is a growing up very fast. Many biopolymers that are available for this purpose, for example, polylactic acid is relatively new. PLA is thermoplastic polymer, made from 100% renewable sources like corn, potatoes, wheat and other starch rich products [1]. In the textile industry, textile fabricating processes in different stages create various waste materials such as ﬁbres, sliver, yarn and woven. Textile production and consumption are continually increasing [2]. The objective of this research was to use waste natural fibres of different origin (hard wood (HW), recycled tetra pack carton cellulose (CF), hemp (H) and cotton (C) fibres) as low cost filler for PLA to produce composites with suitable mechanical properties for structural materials which are comparable with similar polypropylene (PP)/ natural fibre composites.

The main disadvantage of natural fibres containing thermoplastics composites is the poor compatibility between hydrophilic filler and hydrophobic polymer matrix, therefore interfacial adhesion between polymer matrix and fillers needs to be improved to optimize the properties of composites [3,4].

The objective of this study was to evaluate the mechanical properties of PP and PLA composites containing different origin fiber (wood flour, hemp and cotton fibers, recycled tetra-pack carton cellulose). The effect of modification with modifiers maleinated polypropylene or ethylene-octane copolymers, on the improvement of interaction at the interface and toughness of composites also were investigated.
Materials and methods

Our work aim was to increase the impact strength of composites, minimally impairing the strength of other indicators. As a matrixes we used two PP (Mosten MA, Mosten GB) with different melt flow index (12.6 and 1.9 g/10 min) and PLA grade Biomer L-9000 ( MFI=5.3 g/10 min.). As adhesion modifiers were used, two maleinated polypropylene - Licomont AR504 (MAH) and Exxelor VA1015, with different groups of maleinated concentration (3.5 and 0.94 %). The impact resistance modifiers were ethylene-octane-copolymers (EOC) Engage 8003, Engage 8100, Engage 8137, which differ with  melt flow index (MFI) values and octane group concentrations (18, 35, 39%). As a filler we use hard wood flour (HW) - Lignocel  HBS (150-500) with fiber length size = 0,2(2 mm, tetra pack carton cellulose  fibers waste (CF) with fiber size = 1,00 mm, hemp fibres (HF) textile waste with fiber size ( 1 mm and cotton fibres (C)  textile waste with fiber size = 1,00 mm.
Prior to mixing all fillers were dried for 24h at 1050C. Compounding of components was done with two-roll mill  at 180°C and  2000C. Injection molded samples were prepared at 200oC for flexural and impact tests. Flexural properties of composites were measured in accordance with ASTM Standards D790 M. Tensile tests of composite specimens were measured in accordance with ASTM Standard D638 M. Impact strength  was measured with impact pendulum device  Zwick 5102 according to the Standard  ASTM D 256 M. 

Results and discussion

Experimental

The highest MFI between the three matrixes have PP (MA) - 12.4 g/10 min., therefore flexural elongations at break of this PP is the greatest. PLA matrix in turn has the greatest flexural and tensile strength and flexural modulus values, but the PLA is brittle in terms of impact strength (15,7 kJ/m2), compared with the two PP (not break) (Table 2). 
Table 2.

Mechanical strength properties of matrixes
	Matrix
	MFI, g/10 min

1900,C; 2,16kg
	σflex, 

MPa
	Eflex, 

MPa
	(break,

 %
	σimpact, 

kJ/m2

	PP (MA)
	12,4
	36,5
	1540
	1078
	not break

	PP (GB)
	1,98
	41,7
	1481
	722
	not break

	PLA
	5,3
	73,2
	2749
	111
	15,7


All the selected polymers can be processed at temperatures lower than 200oC, so they are suitable for polymer matrix composites with natural fibers. The melting temperatures (PP - 1650C, PLA - 1700C) are slightly lower than the natural fiber thermal destruction temperature (T ≥ 2000C). It is important to such a thermoplastic polymer composites  obtaining technologies. 
It was assumed that the composite based on matrix of PP with a higher melt flow index, to deliver a better impregnation of fibers, which could positively influence the interfacial interaction between components and composite strength. However, as weПрослушать
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tttttttthereetttttttthere see there are small differences between PP composites containing PP with different fluidity, while the PLA based composites exhibit significantly higher strength properties, compared with the PP matrix composites. The highest mechanical properties values showed composite with CF filler and PLA matrix (flexural strength – 115 MPa, modulus – 5600 MPa, impact strength – 9,3 kJ/m2). 
During the work experience we observed that the greatest results of the strength of composites are if filler fiber length is approximately 1 mm [reported in Interacademia conference 2010, Riga]. Filler injection, as was able to expect, reduced the composite impact strength compare with pure polymers because in presence of any fillers reduces capacity of polymer deformation. Прослушать
На латинице
 

Словарь - Открыть словарную статью
As shown by research, the PLA composites flexural strength improves (from 101,6 MPa to 115 MPa) with the increase of CF content (up to 40 wt %), but the impact strength decreases. On the one side it can be explained by the greater strength of the polymer itself, on the other hand - with a better compatibility of filler and PLA matrix, to compare with the PP. PLA also is more hydrophilic polymer due to the presence of ester groups in its structure.Прослушать
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From the literature it is known that the natural fiber composites to provide the strong adhesive interaction between polymer matrix and natural fibres widely are used maleinated polymers waxes. These modifiers efficiency mainly depends on the maleic acid group concentration and molecular weight. Usage of both adhesion modifiers causes increase of impact and flexural strength, in the case of PP composites (Fig.1), while the flexural modulus values (for unmodificated PP(MA) 3647 MPa and PP(GB) 3531 MPa) in the case of  Licomont  ( 3919 MPa  for PP(MA) and 3650 MPa for PP(GB)) practically unchanged, but in the case of  Exxelor (3310 MPa for PP(MA) and 3102 MPa for PP(GB) ) even  slightly decline, compare with raw polypropylene matrix. Differential effects of modifiers on strength parameters may be related with differences of initial a values of polypropylenes. Flexural and impact strength values are determined by crushing the sample. In this case, significant role play adhesive interaction on the interface of components, which increase in the presence of modifiers.  The flexural modulus is determined from initial linear stage of the stress - strain curves. Therefore, low molecular modifier additions slight decrease polymer matrix modulus and may reduce also composite modulus.
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Fig.1 Flexural strength (a) and impact strength (b) of PP composites depending of the used modifiersПрослушать
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We own work, as already mentioned, use three polymer matrix, in between the PLA - a low impact strength values. Entering the fillers values impact strength is reduced further, so the impact strength improvement we also used the ethylene-octane copolymers (with a different group of octane concentration and different melt flow index and their influence on the PLA composites strength parameters. It was first established as EOC add affect PLA strength and deformation capacity. As it could be expected, EOC addition independently of the composition, significantly decreased PLA tensile strength (Fig.2 a) and increase the tensile breaking elongation (( values increased from 11.1% to 29.8%) with increasing concentration of octane group EOC). Analogous to the EOC effect on the impact strength of PLA (Fig.2 b), but compare with the PLA raw, just adding some EOC 8137 PLA increased the impact strength.
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 Fig.2 Tensile strength (a) and impact strength (b) of PLA+40 wt% composites depending of the used modifiersПрослушать
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Conclusions
Comparison of the three polymers PP(MA), PP(GB), PLA showed, that PLA have greater mechanical  properties: strength and modulus.  Comparison of the influence of different fillers type (HW, CF, H, C) showed that independent on the polymer type, higher values of all mechanical strength parameters were obtained if cellulose fibers were used.
 Additions of adhesion modifiers significantly improve mechanical strength parameters of PP composites. The greatest values of impact strength of PP composites were obtained if Exxelor was used as modifier.

 Efficiency of impact strength modifiers is depended on the concentration of octane groups in EOC - PLA composites. The greatest values of impact strength exhibit PLA composites with 5 wt% EOC 8137, which have the greatest melt flow index and concentration of octane groups.
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