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Introduction

Polymer blends have provides an efficient way to fill new requirements for material properties [1]. Most polymers are immiscible from the thermodynamic point of view. It is widely known that the presence of certain polymeric species, usually suitably chosen block or graft copolymers, can alleviate to some degree these problems as results of their interfacial activity [2]. There are a few methods for the determination of the coefficient of interfacial tension for the polymer blends compatabilized with block or graft copolymer. Among the methods, rheological techniques can be conveniently used for the determination of the interfacial tension coefficient between the components of blends. Knowing the morphology and rheology of the blends quantitatively, it is possible to estimate the interfacial tension from the relaxation time [3]. In the present work, we demonstrate the influence of the graft polypropylene-g-poly(styrene-co-acrylonitrile) (PP-g-SAN) copolymer as a compatabilizer on the morphological and rheological properties for the poly(styrene-co-acrylonitrile) (SAN)/polypropylene (PP) blends. In addition, the interfacial tension of the SAN/PP blends compatabilized with PP-g-SAN copolymer could be estimate from the relaxation process which obtained from rheological properties of the blends. This leads to an interpretation of the compatabilized SAN/PP blends properties based on the interfacial tension and on the morphology. 

Experimental

Blends of SAN and PP were prepared in 8/2 SAN/PP weight concentration using a 42 mm diameter twins screw extruder, with a 7:1 length to diameter screw. Concentration of PP-g-SAN copolymer, ranging from 0 to 20 wt% (phr) with respect to the whole weight fraction of 8/2 SAN/PP blend was used. Dynamic measurements were carried out on ARES in oscillatory shear at 6 % strain in the parallel-plate arrangement with 25 mm plate under dry nitrogen atmosphere. For all measurement, it has been verified that the behavior of the sample was linear viscoelastic.

Results and discussion

Morphology

The morphology of the 8/2 SAN/PP blend compatabilzed with PP-g-SAN copolymer was studied using scanning electron microscopy. Figure 1 show the number average radii of the dispersed phase as functions of the concentration of PP-g-SAN copolymer added to the blends. It is observed that the SAN and PP show droplet dispersion type morphology, and PP droplet size decreased with the increase of weight fraction of PP-g-SAN copolymer in the blends. While the PP-g-SAN copolymer content was higher than 1 phr, the dispersed droplet increased with increase of compatabilizer content. This phenomenon might be due to segregation and formation of PP-g-SAN copolymer as a third phase in the SAN/PP blends. This compatabilizer segregation in blends is probably due to weak interaction between the compatabilizer and the phases of the blends [4]. Also, as will be discussed next section, it is thought that this morphology may affect to the rheological properties, especially relaxation process. 

Determination of interfacial tension compatabilized SAN/PP blends

The interfacial tensions of the SAN/PP blends compatabilized with PP-g-SAN copolymer can be determined from shear oscillations directly. For this purpose, the relaxation time spectrum, H((), which is related to experimental values of G’ and G” was introduced as follows:
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where H(() can be calculated by several methods. In this study, the relaxation spectra were calculated using the Tschoegle method [5]. A more appropriate way to make evident the long relaxation time process of the blends is to plot the weighted relaxation spectrum ((H(() as a function of log(() [6,7]. These plots are shown in Fig. 2 for the components SAN and PP. In Fig. 2, the peaks of the relaxation time spectrum represent relaxation time of the pure SAN and PP. From Fig. 1, relaxation times of the SAN and PP were founded at 0.6 and 1.2 sec, respectively, this result is consistent with the values calculated from generalized Maxwell model. The calculated values from generalized Maxwell model for the SAN and PP were 1.1 and 1.6 sec, respectively. Therefore, estimation of relaxation time from relaxation spectrum is reliable. Figs. 3 and 4 show the weighted relaxation spectrum of uncompatabilized and compatabilized 8/2 SAN/PP blend with PP-g-SAN copolymer. In Fig. 3, two peaks are observed for the 8/2 SAN/PP blend at about 0.7 and 14.2 sec, respectively. One is related to the phases of the blend components (SAN and PP) and the other peak corresponding to the long relaxation time was associated with the contribution of the interface [3,7]. As shown in Fig. 2, relaxation times of the SAN and PP are so close that the superimposed broad peak is represented at about 0.7 sec for the 8/2 SAN/PP blend. Also, it is observed that the relaxation sepectrum for the blends show an additional peak except compatibilized with PP-g-SAN copolymer 20 phr in Figs. 3 and 4. Table 1 show the relaxation time of the 8/2 SAN/PP blend compatabilized with PP-g-SAN copolymer, respectively. In Table 1, relaxation times of the interface and average radius of droplet for the compatibilized 8/2 SAN/PP blend were obtained from relaxation spectrum and SEM data, respectively, and these values were applied to the the Palierne and the Choi-Schowalter emulsion models in order to estimate the interfacial tension of the compatibilized 8/2 SAN/PP blend. Especially, the interfacial tension between SAN and PP, which calculated from the Choi-Schowalter emulsion models, is corroborated to the value obtained by harmonic mean equation (3.78 mN/m). From the Table 1, it is observed that the long relaxation time associated with the relaxation interface is shifted to higher values when PP-g-SAN copolymer are added to the 8/2 SAN/PP blend. While the PP-g-SAN copolymer content was higher than 1 phr, the long relaxation time is shifted to lower values. In addition, it is not possible to observe an additional relaxation time for the 8/2 SAN/PP blend compatabilized with PP-g-SAN copolymer at concentration 20 phr. As mentioned morphology section, in morphology of 8/2 SAN/PP blend compatabilized with PP-g-SAN copolymer, the droplet size of PP decreased with increasing compatibilizer concentration up to 1 phr, which might be induce to decrease interfacial tension between SAN and PP. Therefore, cohesive force, proportional to the interfacial tension, in SAN/PP blends decrease with increasing compatabilizer concentration 1 phr, and then the long relaxation time of the dispersed phase is longer as shown in Table 1. Also, it is observed that the blends’ interfacial tensions calculated from the Palierne and the Choi-Schowalter emulsion models were significantly reduced by adding the PP-g-SAN copolymer. While the concentration of PP-g-SAN copolymer is higher than 1 phr, the relaxation time decrease with increasing compatabilizer concentration which might be induce to increase interfacial tension between SAN and PP again as shown in Table 1. However, in compatabilized system, the main effect in reducing particle size is known to be the decrease of droplet coalescence rather than the case of droplet breakup owing to reduced interfacial tension [1], therefore the values of interfacial tension obtained from our experiment should be considered as estimated [7]. 
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Table 1. Zero shear viscosity ((o), relaxation times ((), and interfacial tension (() for the compatibilized 8/2 SAN/PP blends with PP-g-SAN copolymer. 

	Concentration of PP-g-SAN (phr)
	(o( 103 (Pa s)
	( (sec)
	Ri ((m)
	( 1 (mN/m)
	( 2 (mN/m)

	0
	8.15
	14.2
	1.05
	2.21
	3.50

	0.3
	9.40
	29.7
	0.59
	0.59
	0.94

	0.5
	8.82
	30.1
	0.57
	0.57
	0.91

	1
	9.54
	37.4
	0.44
	0.35
	0.56

	3
	9.33
	30.5
	0.56
	0.56
	0.89

	5
	7.16
	23.5
	0.54
	0.68
	1.09

	10
	8.66
	20
	0.51
	0.76
	1.29

	20
	7.64
	-
	-
	-
	-


* (1 and (2 were calculated from the Palierne and the Choi-Schowalter emulsion models, respectively.
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Fig. 1. Number average radii of the PP droplet in             Fig. 2. Weighted relaxation spectrum for pure
8/2 PP/SAN blends with PP-g-SAN copolymer                SAN and PP at 190 oC. SAN((); PP(()
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Fig. 3. Weighted relaxation relaxation spectrum             Fig. 4. Weighted relaxation spectrum of 8/2 S
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