PROCEEDING FORM (1-3 pages with the given font types)



1. Introduction
Polymer blends are intimate mixtures of different commercially available polymers with no covalent bonds between individual component polymers (1(. Blending of polymers has been the subject of intensive research in both academic and industrial laboratories. The main goal of blending is modification of mechanical properties, improvement of impact strength at low temperatures, in particular abrasion resistance and, last but not least, improvement of processability(2(.   The final materials are mostly characterized by combinations of the useful properties of the components of the polymer blend, superior to those of single polymers.        It is well known that morphologies of a partially miscible polymer blend depend on its composition, morphology and preparation conditions. The thermoplastic polyurethanes, TPU, are micro phase-separated systems composed of relatively flexible soft segments (SS) and stiff hard segments (HS). The soft segment consists mainly of polyethers or polyesters while the hard segment is composed of the diisocyanate component and the so-called chain ‘extender’, a low-molecular-weight diol. The hard segments are able to aggregate, forming separate microdomains with a regular crystallite-like structure consisting of chain segments aligned in parallel. The TPU domains are stabilised by hydrogen bonds between the NH group as donor and the carbonyl of another urethane group as acceptor [3]. The glassy or semi-crystalline HS domains act as physical crosslinks and   reinforcing fillers, while the SS phase causes the flexibility. Polypropylene (PP) belongs to the family of polyolefins, it is a vinyl polymer having hydrogen atom substituents (-H2C-CH2) n or (H2C-CRH-)n. The idea of selecting PP as the second component comes mainly because of its ease of processing, chemical resistance, high melting point which giving high temperature stiffness, good rigidity and heat resistance and relatively low cost (4(.The aim of this work was to study the effect of different blending ratios of PP in blends with TPU on the dynamic mechanical properties, mechanical properties and morphology.   

2. Materials and Methods
Polyurethane (Desmopan 300) was commercial product of Bayer, Germany.It is a polyester-type TPU with hard segment formed by the addition of butanediol to diphenyl methane-4-4’-diisocyanate (MDI). Isotactic polypropylene ( Novolen 1100 N, MFI= 12 g/ 10 min)) was supplied by BASF, Germany. The pure polymers and TPU/PP blends were prepared in a Haake Record 90 twin-screw extruder. The samples used for the measurements were prepared by pressing the extruded granules in a hydraulic press at 220°C. 
The dynamical mechanical properties of the pure TPU, PP and TPU/PP blends were measured using a Dynamic Mechanical Analyser 983 TA Instruments. The primary viscoelastic functions, storage modulus (E’), loss modulus (E’’)  were measured at a constant frequency of 1 Hz as a function of temperature varied within the range from -100 to 250°C with a heating rate of 5°C/min. The sample length between the clamps was approximately 25 mm.  All the samples were cooled to –100°C using liquid nitrogen.

Mechanical testings

Mechanical properties of pure TPU, PP and TPU/PP blends were measured on an Zwick             ( Model 1005) tensile machine.Tests were performed at ambient temperature (23 oC ) and a crosshead speed of 50.00 mm / min. At least five test speciments of  30.00 mm x 13.0 mm x 3.5 mm were tested for each blends composition, and the average value is reported.
Wide-Angle X-Ray Diffraction (WAXD)  
The wide-angle X-ray diffractograms of the plates were taken by a Philips diffractometer PW1710, with monochromatized CuK( radiation in the diffraction range 2( = 5-40o.
Optical microscopy

Polarization micrographs of microtomed samples were given by optical microscopy (Leica, Model DMLS) equipped with a video camera. 

3. Results and Discussion
The curves of the loss modulus versus the temperature for the pure components (TPU and PP) and TPU/PP blends are shown in Figure 1.
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Figure 1. Curves of loss modulus (E'') for pure TPU,PP and TPU/PP blends
For pure TPU on E’’/T curve one sharp intense peak appeared at -24.6 oC, which corresponds to the glass transition of  soft segment of TPU (5,6). In pure PP three transitions can be distinguished in the E''/T curve. The (-transition or glass transition at 25.1 oC for the amorphous parts of the semicrystalline PP (7).On the higher temperatures was seen the         (- transition at 87.0 oC which is related to the crystallites, and the relaxation occures due to the presence of rigid amorphous molecules present in the crystalline phase .The intensity of the (- maximum depends of molecular weight of PP. The ( - peak at -45.3 oC is due to motions of small-chain groups like methyl and ethylene [8]. The TPU/PP blends show two relaxation transition peaks located  at higher temperature of -24.5 °C (Tg of pure TPU) and below 25.1 °C (Tg of pure TPU).This shift of the E''/T peaks and the broadness and decrease in the peaks intensity of the blends suggested that the TPU and PP are partially miscible (9). The effect of temperature on E' measured from the pure TPU and PP, as well as from the TPU/PP blends, is shown in Figure 2.
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Figure 2. Curves of storage modulus (E') for pure TPU,PP and TPU/PP blends.

In all cases, E' is observed to decrease monotonically with increasing temperature. The curve of storage modulus for TPU/PP blends is shifted to a higher values of E’ with the addition of PP and the curves E’/T for the blends are between the E’/T curves of the pure TPU and PP.
Table 1. Dynamic mechanical properties for pure
              TPU,PP and TPU/PP blends.

	TPU/PP
	Tg(TPU)

( °C )

 E"
	Tg(PP)

(°C )

 E"
	E'/GPa

at

25° C


	(
(°C)
	(
(°C)

	100/0
	-24.6
	/
	0.033
	/
	/

	80/20
	-21.7
	/
	0.262
	/
	/

	60/40
	-21.6
	18.7
	0.810
	82.7
	-66.4

	50/50
	-22.0
	21.3
	1.281
	81.8
	-59.4

	40/60
	-20.8
	23.0
	1.667
	79.4
	-66.4

	20/80
	-18.6
	24.7
	3.000
	83.9
	-59.4

	0/100
	/
	25.1
	3,838
	87.0
	-49.5


Mechanical properties

Figure 3 shows the stress-strain curves for pure TPU ,PP and  TPU/PP blend series. Table 2 shows the mechanical property data for all materials studied. The elongation at break of the blends was reduced when the PP increases in the blends. Stress-strain curves show ductile → brittle transition with the addition of PP to the TPU above 20 wt.%. Young modulus stepwise decreases between TPU/PP 80/20 and TPU/PP 60/40 blends.  These facts indicate substantial structural change in TPU/PP blends between 80 and 60 wt.% of TPU.
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Figure 3. Stress-strain curves for pure TPU,PP and TPU/PP blends
Table 2.   Summary of the tensile properties
	TPU/PP
	Tensile strength

N/mm2
	Elongation at break

( % )
	Young modulus 

(MPa)

	100/0
	3.0
	2500.0
	19.75

	80/20
	1.3
	84.0
	37.70

	60/40
	7.1
	8.0
	243.2

	50/50
	14.6
	17.0
	446.3

	40/60
	15.1
	19.1
	480.3

	20/80
	17.4
	7.0
	645.3

	0/100
	31.4
	33.0
	933.8


WAXD analysis

Weak reflections (signed with arrows) superimposed on amorphous diffraction halo indicate low degree of crystallinity of pure TPU (Figure 4). Diffractograms of PP and TPU/PP samples reveal mainly reflections characteristically for stable monoclinic (-phase of semicrystalline isotactic polypropylene (Figure 4).  The coexistence of the PP and TPU peaks in diffractogram of TPU/PP 80/20 indicate cocrystallization of both crystalline phases TPU and PP (Figure 4). Obviously, crystallization of TPU in matrix phase follows the crystallization of higher temperature (-phase in dispersed PP by solidification of the TPU/PP 80/20 melt.
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Figure 4.  Diffractograms of PP, TPU/PP 80/20 blend
                 and TPU (arrows sign weak TPU reflections).
Optical microscopy study

Polarization micrographs of all samples reveal spherulitic morphology of matrix phase. Micrograph of pure PP exhibits irregular fowers-like spherulites (figure 5a ).The addition of TPU to PP matrix phase significantly increases spherulite size as shown Figure 5b for TPU/PP 40/60 blend. The appearance of well-developed spherulites with higher addition of TPU is in a good accordance with recently proven enlarging of spherulites in PP blends with addition of different elastomers (EPDM and styrenic rubber block copolymers) [10-13(.
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Figure 5.  Polarization micrographs of (a) pure PP,
                 (b) TPU/PP 40/60, and (c) TPU/PP 60/40.

                 (Mark is 100 μm).
Like mentioned elastomers, dispersed melt of TPU enables easier migration of the PP chains during the solidification process in the blend, thus enhancing the spherulite growth of PP. Significantly (unproportionally) lower part of dispersed TPU area in micrographs of TPU/PP blends till 60 wt.% of TPU in comparison to corresponding TPU content indicates partial inclusion of TPU chains as a transport medium into PP spherulites. The consequence could be partial miscibility of TPU chains with amorphous PP phase in inter- and intraspherulitic PP regions as were confirmed by DMA. Partial miscibility, as well as lower melt. viscosity of TPU than PP, could cause spherulitic PP morphology as a matrix phase even in TPU/PP 60/40 blend (Figure 5c). These results, as well as stepwise change of ductility and Young modulus, may indicate the shift of PP matrix → TPU matrix inversion in content region between TPU/PP 60/40 and TPU/PP80/20 blends.

4. Conclusion
The shift of the E''/T peaks and the broadness and decrease in the peaks intensity of the blends, as well as,  the curves E’/T for the blends are between the E’/T curves of the pure TPU and PP suggested that the TPU and PP are partially miscible. The curves of storage modulus for TPU/PP blends is shifted to a higher values of E’ with the addition of PP.    Stress-strain curves show ductile → brittle transition with the addition of PP to the TPU above 20 wt.%. Diffractograms of PP and TPU/PP samples reveal mainly reflections characteristically for stable monoclinic (-phase of semicrystalline isotactic polypropylene. Polarization micrographs of all samples reveal spherulitic morphology of matrix phase.
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