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Abstract

                A preparation of conductive polypyrrole/poly(vinyl Chloride) (PPy/PVC) composites , conducting PPy phase in a PVC matrix has been developed. This process involves encapsulating PVC particles with a thin layer of PPy, and subsequently compacting this PPy- encapsulated PVC powder by compression molding. The electrical conductivity of the pre-localized PPy/PVC composites were determined. The tensile properties, dynamic mechanical behavior, and hardness of PPy/PVC Composites were studied as a function of PPy content.  When 0.5 wt% of  PPy/PVC Composites , this value is much lower than those of the conventional conductive composite materials containing a random distribution of PPy fillers. The samples with a PPy content of 2 wt% or above have high conductivity and still preserve reasonable mechanical properties.
الخلاصة 
        تضمنت الدراسة تحضير تراكيب بوليمرية موصلة من البولي بايرول والبولي كلوريد الفنيل , من خلال مزج كميات من (PPy) مع ( PVC ) ان هذه العمليات تتضمن تكوين شرائح رقيقة   من البولي بايرول مع دقائق البولي كلوريد الفنيل ، حيث تم استخدام تقنية القولبة بالكبس لكبس النماذج الحضرة  .

       وتم حساب التوصيلية الكهربائية للشرائح المحضرة من البولي بايرول / بولي كلوريد الفنيل حيث لوحظ زيادة التوصيلية الكهربائية بزيادة كميات ( PPy ) .

      كما درست الخصائص الميكانيكية للشرائح المحضرة كمنحنيات الاجهاد التوتر , الاستطالة , معامل يونك والصلادة .

ووجد ان نسبة اكثر من  (%5 وزن ) من البولي بايرول تقلل من التوصيلية الكهربائية ، وان نسبة (%2 وزن )من البولي بايرول او اعلى منها تعطي توصيلية وخواص ميكانيكية مناسبة .
Introduction
           The electrical characteristics of a polymer can be substantially modified when the polymer is mixed with a conductive filler such as metal powder, carbon black, graphite or an intrinsically conducting polymer powder. These conductive polymer composite     materials retain some of the advantages of conventional polymers, such as density, cost, and process- ability. Therefore, they present tremendous potential as an alternative to metals in specific applications and widen the range of applications of conductive polymer composite materials(Chan, 1996; Ruckenstein et al ,1995 ; Kuhn, 1999 ; Olmedo et al, 2003 ; Wang et al , 2003 ).

            The morphological features of the conductive filler phase in conductive polymer composite materials can be distinguished into the so-called “random” and “segregated” distributions (Kusy ,1999 ; Knackstedt et al., 2005) It has been noted that the segregated distribution of the conductive filler phase in a polymer matrix leads to the formation of a conductive network at a rather low critical content of conductive filler. One approach to attain the segregated distribution of the conductive filler phase  based on compression molding of a dry-blended mixture consisting of a conductive filler (e.g., metal powder or carbon black) and a conventional polymer powder (e.g., poly(vinyl Chloride) and polystyrene). 
             In the absence of any shear, the conductive filler particles remain essentially located at the interface between polymer particles, building up a continuous conductive network (Coler, 1998) . It has been found that carbon black can also be selectively localized at the interface between two polymer phases of an immiscible polymer blend when it is mixed with carbon black in the melt (Asai et al., 2002 ; Gubbels et al. , 2004) .
           Another way to form a segregated distribution of the conductive filler phase is to deposit a continuous metal coating on polymer particles, and then to compact the coated polymer powder by compression molding at a temperature below the glass transition of the polymer at high pressure. Molding by this method may break some of the metal sheaths around the polymer particles, permitting polymer particle-to-particle fusion while maintaining a continuous conductive network (Hochberg, 1997; Crosby et al., 1997; Narkis et al., 1996) . We refer to this process as the prelocalization of the conductive phase. This process involves chemical plating or vacuum coating of a polymer powder with silver, nickel or copper. It is obviousthat this approach is relatively complicated and expensive. A scale up for industrial production may be difficult. 

            In addition, the metal layer is relatively brittle, chiefly when it is thin, and it may be stripped off during the processing procedure.  Recently we have developed a novel process for preparation of conductive polypyrrole/poly(vinyl Chloride)(PPy/PVC) composites by the pre-localization of an intrinsically conducting PPy phase on the surface  of a PVC powder. This process involves encapsulating PVC particles with a thin layer of PPy, and subsequently compacting this PPy-encapsulated PVC powder by compression molding. It has been found that chemical polymerization of pyrrole monomer in the    presence of a PVC powder, previously dispersed in an aqueous solution of FeCl3,leads   to the deposition of PPy on the surface of the PVC particles as the PPy precipitates. We report here the electrical and mechanical properties of the pre-localized PPy/PVC composites.

Experimental Part 

          Pyrrole (Riedel-de Haen, 98%). PVC (SG4) was used as received in powder form without further purification. The encapsulating of PVC particles was carried out according to the following procedure: FeCl3 used as oxidant was dissolved in distilled water (0.22 M FeCl3 aqueous solution). The PVC powder was added to the solution with stirring at 25°C, and then the pyrrole monomer was gradually added in drops to this reaction system, which was continuously stirred during the reaction process. It was observed that the color of the PVC powder dispersed in the reaction system changed gradually from light yellow to dark brown within a few minutes. The reaction time was about 1 h. The resulting powder was filtered, washed with distilled water, and then dried under vacuum at 50 °C. The nitrogen and chlorine concentrations in the PPy-encapsulated PVC powders . These PPy-encapsulated PVC powders were compression molded at different temperatures and different pressures to obtain bulk solid samples (Pantea et al., 2002) .
        Electrically measurements for the solid samples ,the conductivity measurements instrumental for the Component Composites ,(2x2×0.2) cm. The conductivity (G)(Ohm) and capacity (C)(F/m) measured for the samples, for different temperature (27-100) oC  this instrumental found in Basra university   (Chen et al., 2001) .  

               The typical dimensions of the samples for the measurements of mechanical properties are (30×10×0.2) cm. The measurements of the dynamic mechanical properties of the PPy/PVC composites were performed with a dynamic mechanical Compression Setup(the compression setup was designed and build up with maximum applied pressure (15) tons. Supplied with heating system suitable for pressing samples under controlled temperature, pressure and time).  The tensile properties of the PPy/PVC composites were determined using instrone testing instruments model 1193, the Iraqi state company for petrochemical industries (SCPI) presents. The hardness of the PPy/PVC composites was measured with using shore instrument type-D supplied by MIFG.Co.INC., U.S.A., (SCPI) (Chan et al., 2003; Qian , 1999)  .

Results And Discussion
           Based on the PPy to the chlorine in PVC, the PPy contents in the  PPy/PVC composites were calculated. The results and the original ratios of the pyrrole monomer to the PVC powder in the reaction system are calculated values of the PPy content are much lower than the original ratios of pyrrole monomer to the PVC powder. 
              These results confirm that chemical polymerization of pyrrole monomer in the presence of a PVC powder, previously dispersed in an aqueous solution of FeCl3, leads to deposition of the PPy on the surface of the PVC particles as the PPy precipitates. The deposited PPy forms a thin conductive sheath encapsulating the PVC particles. When this PPy-encapsulated PVC powder is compression molded into bulk samples without excessive destruction of the PPy sheaths, a conductive PPy . 
           Although the dependency of the electrical conductivity on the thickness of the PPy sheath has not been established, 2 wt% of the PPy seems to be the optimum content at which the PVC particles may be entirely encapsulated. However, this optimum PPy content will depend on the particle size of the PVC powder.
           Samples obtained by compression molding of the PPy-encapsulated PVC powder at 150°C and 6 Ton. show a decrease in electrical conductivity by 1 to 2 orders of magnitude when compared with samples prepared at 120°C and 10 Ton. Two factors may be responsible for this result. One is the thermal decay of electrical conductivity during compression molding at elevated temperatures because of degradation of the PPy. Another is the partial destruction of the PPy sheaths because of the flow of molten PVC during the molding process (Chen et al., 2001)  .
          Fig. 2 shows the breaking stress (tensile strength) yield stress of the PPy/PVC composites with different PPy contents. The samples were prepared by compression molding at 120°C and 10 Ton. A drastic decrease in tensile strength occurs at the PPy content of 1.6 wt%, and the tensile strength remains unchanged at higher PPy contents. These rsults suggest that the PVC particle-to-particle fusion is prevented because the thicker and relatively perfect PPy sheaths formed at high PPy contents are not easily broken under the molding conditions of 120 °C and 10  Ton. Hence, the dual continuity requirement polymer matrix and conductive filler phases remain continuous cannot be satisfied. The dual continuity requirement must be met in order to obtain the conductive polymer composite materials with both high conductivities and desirable mechanical properties (Narkis et al., 1996) . However, the samples with 2 wt% of PPy still preserve considerable conductivity and reasonable tensile strength. It should be noted that the composites containing 3.0 wt% or more of PPy exhibit noticeable yield behavior and possess higher elongation values (or breaking strain), while the pure PVC samples exhibit typical brittle fracture behavior (see Fig. 3). This fact implies that the PPy networks in the PPy/PVC composites influence the tensile properties(Chen et al, 2001) . 

             Fig. 4 shows that the Young’s  modulus of these composites decreases linearly as the PPy content increases. This result suggests that the fusion of the PVC particles is minimized at higher PPy contents (Chen et al., 2001) .

                Hardness measurements are useful for monitoring the mechanical properties of thin films and the surface changes of solid materials. Actually, encapsulating PVC particles with a thin layer of PPy corresponds to the surface modification of the PVC particles. Therefore , this method can be applied to characterizing the PPy/ PVC composites(Chen et al., 2001)  . Show in Fig. 5 .
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Fig. 1. The electrical conductivity of the PPy/ PVC composite samples prepared by compression molding as a function of Ppy content.
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 Fig. 2. The breaking stress (tensile strength)and yield stress of the Ppy/ PVC composite with different of Ppy contents.
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Fig. 3. The breaking strain (breaking elongation)and yield strain of the Ppy/ PVC composite with different of Ppy contents.
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 Fig. 4. The Young’s modulus of the Ppy/ PVC composite with different of Ppy contents.
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 Fig. 5. The Hardness of the Ppy/ PVC composite with different of Ppy contents.
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