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Te automotive ;ndust,y ;, the la,gest manufactm­iag industry in the world. Over 70 separate companies employ more than four million people. At current build rates of 17 million units annually, there are esti­mated to be over 350 million operable vehicles on the earth today. While steel still accounts for approximately 90% of the weight of a vehicle, plastic usage continues to increase due to styling latitude, cost and weight sav­ings, and low temperature impact performance. Of the nearly two billion pounds of plastics utilized in auto­motive applications, approximately 30% of plastic components are painted. For the painted applications, performance attributes are governed by the environ­ment to which the component is exposed, e.g., interior versus exterior. Key attributes that must be attained in painted plas­tic applications, irrespective of the environment, in­clude adhesion and abrasion resistance. Additional per­formance requirements attributed to exterior environments include chip and "gouge" resistance. Gouge resistance is defined as the cohesive behavior of a painted plastic when exposed to compressive shear events, e.g., a shopping cart hitting a painted bumper in a parking lot, a low speed impact between two vehicles' bumpers, and the like. All of these performance behav­iors are linked to some property or properties of the plastic, the paint, or the paint/plastic interface, but little 
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has been done to understand the influence of process­ing parameters on the performance of the painted plas­tic composite. A plastic material known as thermoplastic poly (olefin) (TPO) is gaining acceptance in automotive ap­plications due to its light weight, low cost, and recycla­bility. TPO is a blend of elastomer and poly( olefin), most often poly(propylene) homopolymer or a poly (propylene )/poly( ethylene) impact copolymer. The TPO's performance has been found to be influenced by the fabrication methods ( such as injection molding) commonly utilized in forming automotive parts. Since the injection molding process retains a high cost of capital due to the equipment and tooling utilized, en­gineers would like to produce as many parts per hour as possible on this equipment to attain payback in shorter periods of time. The high shear rates utilized to accomplish high filling velocities of the molten pellets into the tool impart the shear dependent morphology within the injection molded fabricated TPO parts.1-3 The shear induced morphology resultant from the in­jection molding process imparts "boundary layering," the thickness and intercompatibility of which deter­mines the ultimate cohesive tensile strength of the plastic alloy. 4 The cohesive integrity of the TPO compo­nent is affected by the degree of dispersion of the elas­tomer within the poly( olefin) matrix and the degree of crystallinity of the compound within the injection molded substrate. Processing parameters that influence the performance properties of the plastic include melt viscosity ra�o of the poly( olefin) to the elastomer, melt and mold temperature, and rate and temperature of cooling. Thermoplastic poly( olefin) still remains somewhat of a nuisance for painters due to its inherently low sur­face free energy which often results in poor wettability and low adhesive strength. Adhesion to an untreated ( e.g., no flame- or plasma-pretreatment) weak bound­ary layered TPO plastic is dependent upon the ability of an adhesion-promoting primer formulation ( of which a chlorinated poly( olefin) resin is most often the primary component) to wet the surface, diffuse into the top subsurface morphology, and swell and en­tangle with the amorphous regions ( e.g., elastomer or amorphous poly(propylene) of the plastic substrate). 5·8 The type of chlorinated poly( olefin) (CPO) utilized in enhancing adhesion to the TPO substrate is influ­enced not only by the crystallinity of the CPO, which is influenced in part by the degree of chlorination, but also by the degree of maleation on the CPO backbone.9• 10 Higher maleation levels provided greater topcoat interlayer adhesion with the CPO containing adhesion promoter, while CPO formulations with higher chlorine levels resulted in poorer gasoline resist­ance of the topcoated composite (higher chlorine lev-
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Rgure 1-SLID0 compressive shear delamination apparatus. 
Counterface BOB 

Loading Profile Matching 10 cm RAO x 4.3 cm Wide 
Real Automotive Fascia l<apton Coaled els resulted in greater solvency of the adhesion pro­moter in gasoline, thus resolvation). Solvent levels in the adhesion-promoting primer formulation were also found to influence topcoat adhesion. The effect of topcoat type on the adhesive/ cohesive integrity of painted TPO composite was evaluated through the use of a device capable of applying a com­pressive-shear load to the part.11 A schematic of the de­vice, herein termed SLIDO, is shown in Figure l. In the SLIDO CSD testing protocol, the sample ( e.g., a painted TPO plaque) is placed on a translating stage (referred to as the "test sample" in the figure). A load is applied to the top surface of the test sample through a 10.2 cm ( 4 in.) aluminum "bob." The panel, heated if desired by infrared heaters located directly above the panel area, is then translated under the bob at a fixed acceleration and velocity, producing an instrumented load/ displacement profile. When damage is incurred within a painted TPO part, e.g., the fascia, the customer cannot discern whether the damage is adhesive or cohesive (Figure 2). Figure 2-Compressive shear damage inflicted within painted TPO. 
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