EXECUTIVE SUMMARY





Background





The dairy industries have been faced with increasing pressure to become more vigilant and responsible for the more efficient use and “disposal” of the packaging used to deliver milk products to consumers. The dairy industries produce High Density Polyethylene (HDPE) milk bottles that are being introduced into the waste stream after a single use at a rate of at least 25,000 tonnes per annum. With such a vast amount of HDPE being generated as waste, it becomes imperative to find ways of extending the life cycle of milk bottles into post-bottle applications. One way to achieve this in an integrated manner is by introducing recycled HDPE into the manufacture of milk crates.





Typically, milk crates are manufactured from polypropylene (PP).  Until recently, recycled resins have not been incorporated into the material formulations for milk crates. The ideal target would be to use 100% recycled milk bottle content, however, the technical characteristics of recycled HDPE may not permit this to be the case.





The “Milk Crates from Milk Bottles” project explores the possibility of manufacturing milk crates for the dairy industry out of recycled HDPE milk bottles 





It has been found that while recycled milk bottle resin is an extremely tough material, it has uncooperative flow characteristics for typical injection moulding applications.  Therefore, the conventional approach to injection moulding could not be used for this project.  A new approach to part moulding and material selection has been used.





The project set out to discover how much recycled HDPE could be used in a newly designed crate that met or exceeded the requirements of the dairies and to estimate the cost of manufacture to assess competitiveness with existing materials.





The project was conducted in the following stages:





The design of seven existing milk crates was evaluated to discover their advantages and limitations so that new designs could be optimised.





The behaviour of the Milk Bottle resin and blends with other virgin resins was evaluated for its suitability for use as a crate material in both processing (flow and cycle time) and material (toughness, shrinkage and stiffness) characteristics.





Flow analysis software was used to estimate the size of moulding equipment need to mould crates from 100% milk bottle resin as well as validating key design changes.





New blends of milk bottle resin and other polymers were developed that met the performance needs of crates used in dairies. These were evaluated in moulding trials on existing crates. 





A number of new crate design options were developed to incorporate new design features that improved the performance of crates in the handling of milk packages. These were reviewed by National Foods and one final design was selected as meeting the visual and performance requirements of the dairies.





The material selected as the optimum was moulded on an existing crate tool for property validation and field trials.





A costing model was developed from data from the moulding trials and quotations from tool designers and moulders to assess the economics of moulding a crate from recycled HDPE.





The projects’ outcomes are summarised below:





1.  It was found that the design of existing crates often incorporated a number of weaknesses that could be remedied by improved design.





2.  The design features of the new crate would make them more durable ,easy to handle and cause less damage to the bottles being packed resulting in fewer “leakers”.





The new design incorporating 8 design innovations is shown below.
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Although it was also shown that 100% milk bottle resin could be used to mould a successful crate by using a large injection moulding machine (1200 tonne clamp force and extreme moulding conditions), the optimum blend used over 85% recycled milk bottle content and moulded at conventional conditions on a 1200 tonne clamp force moulding machine.





The cycle time for moulding HDPE crates was in some cases found to be 10 to 20 seconds longer than conventional PP crates however the chief factors controlling the cycle time could be addressed in a new (thinner wall) design through improvements in gating design and cooling efficiency. This is reinforced by the observation that the cycle time in some moulds (eg Brickwood) was identical to PP ie 60 seconds.





The higher shrinkage of HDPE (2-2.5%) was significantly greater than that of PP (1.5-1.7%). This meant that new tooling would be required for crates made from recycled HDPE. Existing crate tools produced crates that were up to 10 mm (4%) smaller in internal dimensions than existing PP crates illustrating the magnitude of the difference. 





The moulding of the crates at Viscount (SA) for the proposed field trial found that the recycled HDPE crates could be handled through the packing line with no problems but shrinkage issues meant that 1litre cartons and 2 litre bottles were a tight fit. Forklift handling was also affected by shrinkage and consequently these crates were not put into the distribution system.





The Victoria University of Technology Packaging Centre tested the performance of the crates against the standard PP crates and found that the PP crates failed in drop tests greater than 350mm whereas the HDPE crates passed drop tests at 350mm, 500mm, 600mm,and 700mm before failing at 800mm. The HDPE crates were noted to be more flexible and deform more readily than PP crates. The evaluation of the crates will continue until September 2001.





The costing model was based on a crate weight of 1200 grams, a cycle time of 60 seconds, a tooling cost of A$150,000 and the use of machine costs ranging from $60- $120 per hour. The model predicts that for the use of a 1200 clamp force machine, that a crate could be produced at around the current cost at which crates are sold to dairies.





Conclusions





It is possible to make a crate that meets the requirements of the dairies using a high percentage of recycled HDPE milk bottle resin by using novel blend technology and larger than normal moulding machines.





In order to manufacture crates from recycled HDPE milk bottles, the design of a new crate tool is essential to correct for the higher shrinkage shown by HDPE over PP.





The introduction of a new design can incorporate many improvements to the physical and moulding performance of the existing crates.





The cycle time and cost of the recycled HDPE crate should be comparable to the PP crates currently being used by the dairies ie 60 sec cycle and a final cost in the region of $4 each.
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