The Hard-Plas Process
How the process works?
Author: Anthony Baxter
Hard-Plas is a polymer hardening process that can achieve a hardness of up to 7 Mohs, or 178 Brinell, which is equivalent to that of quartz. The basic process involves plasticising the outer surface of the polymer and then, through hydrolysis and condensation reactions, a layer of silica is infused into the surface of the polymer. Silica, or silicon dioxide, is the substance found in sand and quartz and is well known for its hardness properties. 
The first stage of this process is to plasticise the outer surface of the polymer. In order to do this the polymer is placed in a pressure vessel and heated to above 125oC, then supercritical carbon dioxide and methanol are added in order to plasticise the surface. The plasticising process involves breaking the bonds between polymer chains and allows the chains to space further apart, increasing the free volume. 
Once the surface is plasticised water and an alkoxide, tetraethoxylsilane  (TEOS) are added into the chamber. The TEOS reacts with the water in a hydrolysis reaction producing silicon dioxide ethanol as a by-product. This is an example of a sol-gel process and creates a diphasic substance with liquid and solid phases. The solid phase can contain either particulate or polymer chains and these become infused in the surface of the polymer whilst a drying process removes the liquid phase. The silica infuses up to a depth of 20microns and when dried produces the hardened polymer.
The Hard-Plas process achieves a hardness of up to 7 Mohs, or 178 Brinell, in polymers, and this hardness is equivalent to quartz. The process can achieve parts with edge radii of 150nm, but grinding, sharpening and polishing can be carried out if required. 	Comment by Alexander M Cosic: Same as opening sentence, put the next sentence at start of this section?
The use of this process in manufacturing disposable plastic medical sharps can eliminate risks of contamination and injury that occasionally occur through the use, cleaning and disposal of steel blades. The plastic alternative can be disposed of using a hot plate which causes the sharp edges to ‘fold’ reducing the risk of injury and infection to those working with medical sharps. Whilst the cost of a single steel blade would be cheaper than the polymer option, total costs on a blade lifecycle level are believed to be lower for the polymer implementation.
The process now needs to be developed in order to make it viable for large scale manufacture. Whilst the process works on a small scale it is likely that parameters will need to be optimised for large scale manufacture. In addition there are other areas in the medical industry that would be suited to this process and these could be developed in the future. 
Justification of the bid
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Rosti Medical Plastic’s Hard-Plas process
What is needed for next phase
Working with companies in the medical industry, this process and been used in developing a disposable scalpel. The feasibility study phase of this is complete and the next phase of developing it for commercial viability. The technical capability of the Hard-Plas process is known and the ability of the research team to deliver results is demonstrated by success to date with developing an application of the process for the medical industry. As the Hard-Plas technology is still in its infancy, there are many opportunities for development. Unfortunately, until the process utilised in mass manufacture, income streams for the company are limited. Therefore the request is for funding the next phase of developing the manufacturing viability of the process for this application. In total, the expected cost of this next phase is £500,000, over the next twelve to eighteen months. After this period, the income from the sales of scalpel blade manufacturing tools is expected to fund the next feasibility studies and further work.
How funding will be used

Rather than develop the complete manufacturing environment in house, or sell the process itself to other companies, it is believed that developing tooling for a specific application would be more beneficial to both companies. The initial outlay for tools and materials will need funding, as currently there are no other sources for these elements, as they are developed internally. Promotion and consumer acceptance trials and samples in early stages are expensive but necessary for launching new technology. As with the feasibility stage, working with external companies required meeting with them and in later stages delivering tools to their site and working away from the main Rosti building. Finally, it is assumed a small margin for additional costs, such as meeting relevant standards and obtaining certification as well as writing in formal contracts for terms of sale and service incurring legal fees. Once commissioned, it is expected that the daily operation of the plant will be by partner companies, with tool sales and service contracts being the main source of income for Rosti.
Justification of request
It is believed that developing each application of the process is better for both the end user of the process (as it is more tailored to specific requirements) and the company (as separation means more long term opportunities). A number of options have been considered for what to investigate next, partially guided by experience with the medical industry contacts. There is no point developing the process for an application that is not required.
An example suggestion is polymer hypodermic needles, or the Hard-Plas needle. These carry the same contamination and safety problems in disposal like scalpel blades. Further, if a hospital already has ancillary equipment to utilise the polymer scalpels (such as hotplate disposal) then part of the feasibility needs no further investigation.
It is believed that there are many opportunities within the medical industry as contacts are already established here. Income from mass manufacture of scalpel blades is expected within twelve months, rising rapidly to cover all the costs of running the business six to twelve months after that. This income is then expected to fund the other developments and sustain the business. However, for long term growth of the company, new prospects in alternate industries are desired. It is hoped that in time, our reputation of delivering benefit to our partners in the medical industry will help sell offerings to new partners in new industries.


Opportunities and Threats
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What is the potential for business growth?
Following the technical success to date of the application of the Hard-Plas process to scalpels, it is being tested. During this development, crucial links have been built up with potential clients and customers and the company is confident that the scalpel will make it into the market place over the next year. This would not only provide an income for the Medical Plastics division but also recognition in the marketplace and a solid platform on which to launch further products such as the Hard-Plas needle. 
It is predicted that the investment can be returned within 2 years, with a 50% return on capital within 3 years, once the process is developed for mass manufacture and a number of clients are onboard. A long term income can be secured through the provision of service contracts for each client, to allow the process to continue to fit their needs.
Over the long term, further development of other products will be sought to ensure the continuing growth of the business. This could either be as a result of medical companies approaching Rosti Medical Plastics once the company is a more established name within the medical industry or a similar feasibility study approach to that of the Hard-Plas scalpel. In the medical equipment industry the market growth is around 5% per year and is expected to continue to grow over the next 5 years, it is also characterised by highly differentiated products, which the Hard-Plas process is able to produce. 	Comment by Alexander M Cosic: Worth referencing?
Threats
In this business model the company would be entering a period of development. However, there is no guarantee that the needle technology developed will be viable either in terms of the product itself or the cost to the customer. This risk will be mitigated through the support from the investment and knowledge base. It is also minimised due to the parent company Rosti Plastics retaining a share in the company and who have much experience and success in the plastics industry. 
There is also the threat of another company developing a product with a similar function, via a differing solution before our company can get the product to market. However, the Hard-Plas technique is already very established and the new development would involve applying the technique to a new product so our company should be ahead of any competition. 
The process is highly energy intensive and the product itself cannot be recycled. In the current climate with sustainable legislation and commitments coming in to companies this is not ideal. However, the chosen product area is such that the parts are critical; where safety comes above many other considerations and this should subside some of the concerns. 
In this industry legislation is a vital element of entering the market place. The initial trials for the scalpel do give confidence that this will not be an issue, particularly as the scalpel complies with British Standard 2982:1992 – “Specification for Materials and packaging of surgical scalpels with detachable blades”. 

Ancillary factors that influence viability
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Consumer Perception 
Scalpels, and the majority of other invasive surgical instruments, are traditionally manufactured using stainless steel or carbon; and conform to the requirements of British Standard BS 2982:1992. Due to the nature of their application, the consumer perception of using a disposable plastic equivalent could be an inhibiting factor in the implementation of Hard-Plas process in the medical area. This is because whilst the advantage of reducing the cross contamination risk associated with re-usable traditional scalpels is transparent, the actual performance and dependability of a hardened polymer scalpel will be matter of debate amongst practitioners and patients alike. 
British Standards 
In order to address this issue the primary measure would be to secure certification of BS 2982:1992.  However, Rosti Medical Plastics are relatively confident of approval as the edge sharpness and performance of the Hard-Plas polymer scalpel compare to traditional cutting medical instruments, as the process achieves a surface hardness of at least seven Mohs. From a user-centred viewpoint, accreditation from the British Standards Institution will help dispel any reservations they may have had on the quality, and subsequently the dependability, of disposable plastic scalpels.
Trials
To demonstrate the effectiveness of the Hard-Plas process and the performance of the polymer scalpels, consumer acceptance trials will be offered, for example, in hospitals. The costs of these trials have already been incorporated in the budget, and subsequently the bid for funding. By initially providing the instruments it is Rosti Medical Plastics aim to convince even those most sceptic al on the effectiveness of the product by practical demonstration. It is also hoped that the trials will be published in medical journals, to add further credibility to the innovative process. 
Once the issue of consumer perception of Hard-Plas polymer scalpels is addressed, it will be a simpler process of integrating the implementation of the process into different areas of application. The example of the Hard-Plas needle swill be greatly aided in terms of development by the preliminary success of the polymer scalpels. 
Manufacture
Currently the manufacturing 
ISO 13485:2003 
The contract manufacture of health care and non- healthcare products to include production, assembly, packaging and sterilization where indicated
The primary objective of ISO 13485:2003 is to facilitate harmonized medical device regulatory requirements for quality management systems. As a result, it includes some particular requirements for medical devices and excludes some of the requirements of ISO 9001 that are not appropriate as regulatory requirements. Because of these exclusions, organizations whose quality management systems conform to this International Standard cannot claim conformity to ISO 9001 unless their quality management systems conform to all the requirements of ISO 9001. 
Place polymer in a pressure vessel and heat to 125oC


Add supercritical CO2 to plasticise  the polymer surface


Add TEOS and water to infuse the surface with Silica and produce the required hardness









Destination of funding
Sales	Equipment	Equipment Overheads	People	Materials	Trials	Publicity	Transport	Other e.g. Legal	200000	50000	150000	50000	10000	10000	10000	20000	