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Abstract

Consumption of commercially available polymer based materials in the oil and gas exploration and recovery industries is on the rise, as are the demands for higher performing materials in more demanding environments. The use of high priced and high value engineering polymers has traditionally been accomplished by using off-the-shelf grades with adequate properties to solve the application problem. In many cases, the material of choice is a compromise; the polymer manufacturers are unable to provide a uniquely tailored base resin for each and every application, and the formulators, converters, and compounders do not have clear performance targets, knowledge or capabilities that would allow them to design a material grade for every unique application.

Providers of high performing materials to these demanding industries can not afford to wait on better resins to come along, they need to pursue and in fact drive the creation of novel, application specific materials to meet existing and projected future needs. This pursuit is a key tenet of Hoerbiger’s Engineered Materials development programs. With the diversity of resin types, resin conversion methods and the smorgasbord of ingredients available to the materials scientist today, there is tremendous value in understanding the application requirements in high detail, and designing materials with a tailored balance of properties to meet the specific demand.
Introduction
In many fields of materials science, the demand for non-metallic, polymer based materials in challenging engineering applications is ever increasing. This demand is driven in part by growing encounters with environments where material properties need to be able to withstand higher temperatures, higher pressures and higher chemical resistance than those traditionally served with off-the-shelf offerings and generic polymer based materials. In the broad field of petroleum based energy exploration and recovery, we are proceeding into a new era of challenges for our materials scientists as the development of new and re-invigoration of existing reservoirs occurs. The tools in use or being developed to allow the industry to run deeper, operate longer and at more extreme conditions in reservoir development depend in many cases on the viability of polymer based hardware components, and as such we need to keep up with these demands in material design.

This paper presents some of the basics and basis for polymer based material design in demanding applications noted above, and attempts to demonstrate the value in application specific material development to solve unique or niche applications in petroleum exploration and recovery. The authors contend that for the benefit of the industry as a whole, we need to provide the guidance and be the drivers of new materials development to address todays needs in this vital industry. That guidance can only come from application focused product development, with input from experts spanning the value chain from wellhead to laboratory.

Polymers 101

The family of polymers that is broadly and inexplicitly termed “engineering polymers” is often considered to be the place to start when designing components for these demanding applications. This family includes but is not limited to such base polymer types as nylons (polyamides or PA), polyimides (PI), polyaryletherketones (PAEK), polyphenylene sulphides (PPS) and polytetrafluoroethylenes (PTFE’s).  Some would argue as to what polymer families truly belong in the engineering polymer family, but that argument is pointless; the key requirement is “Does the material solve your problem?”

Enhancement or modification of physical properties such as stiffness, elongation, dimensional retention, fracture resistance, cyclic fatigue resistance, creep and other properties of interest is generally accomplished by adding such components as fibers, inert or reactive filler particles, beads, metallic powders, or in fact combining different polymer types through mechanical blending or chemical reaction.  Referring to 
Figure 1
 below, we can demonstrate in the simplest sense the considerations made by the materials scientist in developing an application specific material. It is crucial that good science accompanies the ingredient selection, the means by which those ingredients are brought together in mixing, blending, compounding or other methods, and the conversion of the powders, pellets or granules into a melt molded or preformed article from which we derive our desired part. 
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Figure 1   Modification of the base polymer properties is carried out through many means, one of which is the careful selection of additives or fillers as depicted above. The appropriate selection from an almost infinite range of additive types and the clear scientific understanding of the impact of those additive types acting alone or in combination with the other ingredients is critical to the development of application specific polymer based materials.
When selecting polymer based materials for demanding applications, the supply chain today can be described generally as that depicted in Figure 2, below. This depiction is not intended to represent all cases that exist, but is representative of a large proportion of higher performing materials and their pathway to the application space.
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Figure 2 Commonly, the delivery of a “part” to the end user in the field passes through a number of hands, each with their view of how to fulfill their contributing step to the delivery of desirable features and benefits to that requested part. Each of the first three contributors in this figure can significantly impact, positively or negatively, the performance of that delivered part depending on how they do their job. Most commonly, there is insufficient consideration of these impacts on the desired performance of the part in the field.
It is a common experience that when an engineer is sourcing a polymer based material for some application that they will have some set of criteria about the application space (temperatures, pressures, chemical environment) and perhaps some more detailed information on target mechanical properties (modulus, tensile strength, density, coefficient of expansion, thermal conductivity etc.)  Anyone reading this paper can pick up the phone and call a customer service representative at a stock shape provider and list a few of these requirements and selection will be made based on ASTM or ISO compliant physical property measurements. Sometimes this is sufficient; in the demanding applications we deal with on a daily basis, it usually isn’t, or at the very least we could do much better in providing a material that will last longer in that application, and provide the end user with more value.

A principle caveat here is that more often than not, your application will be running nowhere near the conditions under which the specific properties are measured. ASTM and ISO and other specifications have their place and purpose, but they are often weak guides for selection criteria in critical service applications.

What is “Application Specific Material Design”?

For some indeterminate proportion of the applications in the oil and gas sector that use polymer based components (seals, packings, insulators, thermal barriers, wear components etc.) an off the shelf, tried and true material is certainly sufficient; historical performance and consistency in the application environment lead to the “if it isn’t broken, don’t fix it” axiom. The challenges and requirement for stricter scientific and engineering consideration arises when changes occur in the environment in which those components need to perform – higher temperatures, higher pressures, desires for longer service life, changes in chemical environment etc. This is where the authors believe there is value in changing the model of problem solving, from a number of perspectives.

In the simplest sense, the technical solution to a challenging problem requires simultaneous consideration of all impacted or impacting technical contributions and their harmonious coexistence. There is no value in a materials scientist coming up with a material that will perform in extreme conditions if we can’t mold it or machine it. There is no value in an engineer designing a clever part if we can’t fixture it, contain it or install it into its application location. If we have no knowledge of the directions and frequency of applied mechanical stresses to the part in consideration, we cannot hope to solve the problem from an engineering or science basis, and getting lucky isn’t a responsible form of risk mitigation, in my humble opinion.
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Figure 3  To really understand and define the application environment, and know that as many factors as possible have been considered, the contributors at the inception phase of the project need to come from lab to wellhead. This figure is over-simplified for brevity, but demonstrates that it isn’t the material alone, or engineering alone that will have the best chance of solving the application problem. This may seem intuitively obvious, but in practice for sake of speed or cost, sometimes we forget or ignore this requirement.
Consider any application in which the current polymer based material (whether elastomeric, thermoplastic or thermoset based) is not meeting expectations of lifetime or service performance; very simply, the part is not doing what it was expected to do. The vendor or seller of this part is contacted, complaints and inquiries are made, and hopefully solutions are found. Often in our industry, the person at the wellhead or in the field who has first hand knowledge and hands-on experience with that failed part is many steps removed from the communication chain that begins with the scientist or engineer in the lab trying their best to translate all the information, data, photos and opinions into what they think is wanted and will work.

So, simply, an application specific material design for a polymer based article:

1. Considers the impact or contribution from the reaction systems which make the base polymer

· PEEK from Victrex is not the same as PEEK from Evonik which is not the same as PEEK from Solvay, differing in modulus and elasticity

2. Considers the individual and combined functionality of additive(s) or filler(s) which impart the desired balance of properties in the proposed material

· if additive A gives a desired response and additive B gives a desired response, is the combination of additive A+B in the formulation positive as well?

3. Determines the best means by which the powder / granulate / flake / mixture is converted into the solid fused part

· hot or cold molding, injection molding, resin transfer molding, extrusion, post-molding stress relief, annealing, curing etc.

4. Defines machining and assembly requirements

· should the part be milled, molded to net shape, water jet cut, or ground to net shape?

· what impact do the methods used to achieve net shape have on the part – does it get hot, do we impart micro-cracks, do we change the nature of the material in any way?

5. Considers the specific environment that the part will be subject to in service

· “typical” is not good enough; will the part see corrosives, abrasives, temperature or pressure extremes during upset or transitory operation?

· what is upstream of the component location; how does the article interact with other portions of the connected process stream?

· design for the worst, hope for the best

· in critical service, the cost of over-engineering weighed appropriately against cost of failure

6. Assesses opportunities for application testing in as close to in-service conditions as possible

· if the expected lifespan of the part is measured in years, effort is warranted in doing good science to understand critical performance factors and failure modes

7. Places the materials scientist in the same room as the drilling engineers or maintenance crew, along with the design engineers, application engineers etc.

· reduce the errors in translation from the service site to the design lab; touch it, see it, understand it.

The Value in Using Application Specific Product Design Principles

It has been stated earlier in this paper that the need to change our approach in applying polymer based materials to our engineering problems is for only a portion of the total application space; if the existing solution works, use it. 

Simply, the principles and methods being suggested here are nothing new, but in the authors’ experience represent the exception rather than the rule in the industry.  An as yet unmentioned but significant consideration with regards to materials meeting the application needs is what the future holds. The polymer industry is in a period of invention and discovery, with many new polymer types and families emerging from the polymer manufacturers, and it is in our best interest (the oil and gas industry) to lead and in fact drive the polymer companies, converters, blenders and compounders towards specific performance requirements. We can’t wait for them to come to us, we need to drive them to meet the demands of our industry. The better we become at defining specific needs in our industry from a materials performance standpoint, the more receptive these contributors will be to meeting our needs. Said another way, if we continue to speak in vague or general terms, we will get non-specific general solutions arrived at through compromise or luck. Again, not a preferred risk position to be in.

Conclusion

If asked to list the top emerging requirements in the petroleum exploration and recovery industries which are placing demands on non-metallic components from our perspective can be described as:

· prolonged lifetime in highly oxidizing / acidic / caustic environments

· longer lifetime in moderate service environments in general

· higher temperature stability, from a dimensional retention and degradative oxidation perspective

· low temperature resilience / less prone to brittle fracture

· resistance to cyclic fatigue failures

Existing commercial materials are falling short in meeting these needs. New materials freshly on the market have not been examined closely enough to understand their versatility and unique contributing features, nor has adequate feedback been given to those suppliers to allow them to adjust or refocus their offering in terms of property balance and overall performance. Converters and compounders have either not had the time or the required target application definition (or both!) to confidently bring forward application specific solutions. As an industry, it is beneficial to our mutual success to be leaders and drivers of polymer based materials development, and to put forth an effort to change the way in which we approach some of our most challenging problems. Solutions at the wellhead achieved through application of non-metallic parts and components are more efficiently and effectively arrived at with due consideration of all contributors to the performance of that article from polymer reactor to installation of the finished component. By educating ourselves and utilizing better methods of application specific product design in our most challenging environments, we can more rapidly solve existing problems and respond to the rapidly changing demands in the petroleum industry. 
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