Lab 4 – Introduction to Adhesives & Composite Structure
Introduction: 

For medical device manufacturers, selecting the right adhesives and developing the correct bonding procedures—including surface preparation, adhesive dispensing, and curing—are critical parameters in the successful use of joining technology.  Joining is one of the key issues in many manufacturing industries, and the medical device industry is no exception. For successful bonding, knowledge of adhesive methodology is essential. The most frequent causes for adhesive failure do not involve adhesive strength.  Rather, they are attributed to inadequate preparation of the substrates and improper adhesive selection. 

The most important factor in proper adhesive selection is assessing the environment the adhesive must withstand.  Mechanical fastening is often limited by the joint design and the mechanical and environmental performance it offers.  Once the environmental factors have been recognized, adhesive selection becomes more easily defined, as other factors such as joint design, substrates, loads, stress cycles, etc., can often be varied or altered with minor design changes.  

Adhesive Classification:  Adhesives may be generally classified in one of six ways, as follows: 
· By chemical type (epoxy, silicone). 

· By origin (natural, synthetic). 

· By physical form (films, tapes, pastes, one- or multipart components). 

· By curing method (e.g., heat curing, moisture curing, radiation curing). 

· By functional type (structural, pressure-sensitive, hot-melt). 

· By end-use function (sensors, catheters, tissue, or bonding). 

Thermosets, Thermoplastics, and Elastomers:  Polymeric-based adhesives can be divided into three major classes: thermosets, thermoplastics, and elastomers. 

A thermosetting adhesive, as the name suggests, becomes set into a given network, normally through the action of a catalyst—heat, radiation, or a combination of these factors—during the process of cross-linking.  As the name suggests, cross-linking is the process of forming cross-links between linear polymer molecules (curing is another term commonly used).  As a result of this process, thermosets become infusible and insoluble. Thermosetting resins (e.g., epoxies, polyesters, and phenolics) are the basis of many structural adhesives for load-bearing medical applications, as well as for the precision joining of electronic parts.

Surface Pre-treatment:  Successful material-joining normally requires suitable surface treatment of the adherents prior to bonding.  The selection and application of an appropriate surface treatment is one of the major factors for achieving good wettability and improved long-term durability in adhesively bonded joints.  Inadequate or unsuitable surface treatment is one of the most common causes of premature degradation and failure. The function of surface treatment includes the removal of contaminants or weak boundary layers and the alteration of surface chemistry, topography, and morphology to enhance adhesion and durability. 
Surface preparation techniques are generally divided into mechanical or chemical methods. Mechanical methods include abrasion, grit blasting, and shot blasting. A laser technique has also been tried.  Chemical methods include degreasing, etching, and anodizing; the use of adhesion promoters; and flame, corona, and plasma treatments. 

In many applications, simple degreasing and abrasion is sufficient to provide good adhesion. Medical polymers with low surface energy and bondability, however, require a more specialized treatment (e.g., plasma treatments) in order to provide better adhesion and joint durability. 

Curing Techniques:  The curing of polymeric adhesives or encapsulants can be achieved using moisture or catalysts in the presence or absence of air (e.g., in the absence of air for anaerobics) at room temperature; thermally, at elevated temperatures; or photochemically, using irradiation (e.g., UV or visible light).  There are a range of materials available that can be cured using radiation sources such as UV and visible light. Acrylated resins (acrylated epoxies, polyesters, polyurethanes, and silicones) can be cured using radiation energy. Radiation-curable adhesives or encapsulants generally consist of low- or medium-molecular-weight resins (called oligomers), monofunctional or multifunctional monomers, additives, pigments, photoinitiators, or photosensitizers. 

A typical UV energy of 80–120 mW/cm2 produced from a UV source (300–400-nm wavelength ) is usually sufficient to cure a UV-curable adhesive within 10 to 60 seconds. An alternative radiation curing technique is to use visible light (470-nm wavelength). Radiation curing adhesives are often used for joining clear polymers in disposable and nondisposable medical devices. In general, both UV and visible-light curing can be achieved using light boxes or focused beams and light guides. 

Although there are many commercially available medical-grade adhesives, thorough investigation is required before they should be used in new applications. It is also important to remember that in addition to determining the initial joint strength, users must investigate the durability of the bonded components in intended service environments (e.g., exposure to low and high temperatures, stress, fluids, or sterilizations). 

The Problem:

Medical devices are becoming more complex and more sophisticated, both in performance specifications and structural complexity. Whether used outside the body, in the form of instrumentation or surgical tools, or inside the body, for diagnostic monitoring or therapeutic purposes, medical devices typically consist of a variety components and materials that must be joined in some way.  In today’s lab you are asked to develop a component for a blood gas oxgenator that will be used in heart lung bypass surgery.  The component shown in Figure 1 below must contain two leur type connectors and have the ability to make tight bends while resisting elongation under moderate tension. 

The component you build must meet the following input specifications:

1. The device shown in Figure 1 must contain two luer type adaptors and a flexible body that will bend 90 degrees around a radius of curvature of 3 mm;

2. The device can allow no more than 3 mm of elongation when loaded at a 4 N axial load force;

3. The body of the device must fit within the inner diameter of the barbed luer connectors provided; 

4. The component must be capable of fluid flow; and, 

5. The length of the finished assembly cannot exceed 70 mm.

Demonstration of a Solution:

Your objective is to meet the design specifications outlined above within the lab period using materials provided in a design kit and know how gained form your previous lab exercises.   The prototype and accompanying data will be used to demonstrate that your proposed solution meets the design specifications. [image: image5.png]



A kit will be provided to each group that contains a variety of pieces that can be used to fabricate the prototype. One key ingredient included is an adhesive that will be used to glue the various pieces together. The adhesive you will be using is Loctite 3311 a UV curing medical device adhesive.  Prior to beginning the lab, read the MSDS (material safety data sheet ) information to become familiar with its toxicity to ensure safe handling.  The MSDS information may be accessed at the following webpage: www.loctite.com/catalog/product.html?ProductLine=3311 

The adhesive is marketed by Loctitetm with the product name of 3311 (see http://www.loctite.com/datasheets/tds/Product_3311.pdf). You will be provided with 2 mL of the adhesive.

Suggested Process:
1. Become familiar with the operation of the adhesive dispensing system and the light cure system.  

2. Determine the appropriate amount of radiant energy necessary to cure the adhesive

3. Determine the cure penetration depth of the adhesive by taking a piece of silicone tubing, filling the tubing to various depths, and then exposing with a controlled amount of radiant energy

4. Determine the mode of failure of the adhesive (adhesive or cohesive) with various substrates that will be used in building your prototype device.

5. Determine the mechanical properties of any load bearing components of your proposed device

6. Build the proposed device and test it to determine ifit meets all of the design specifications.

7. If the device does not meet specifications, redesign the prototype and try again. 

Learning Objectives:
1. The appropriate use and characterization of a medical grade adhesive for use in a medical device

2. Mechanical properties of an elastomeric tubing

3. Basic design principles including specifications, initial design, prototype building, qualification, and redesign

4. Incorporation of multiple structural elements to meet a final mechanical specification

5. Working in a team environment.

Lab Report Format:
The lab report will use the abstract format for the 29thAnnual Meeting of the Society of Biomaterials as the format for the lab report.  It can be found by visiting the Society of Biomaterials website (www.biomaterials.org).  From the home page follow the link to 2003 Call for Papers, then, follow the link to Author kit.  Prepare this and the next 5 lab reports by using the information described under Abstract Contents and Abstract Format. This is the easy part (format), don't screw it up!  Lab reports that do not comply with this format will be returned ungraded. A grade point deduction will be assessed for late lab reports. 

Additional Information:

ADHESIVE TYPES 

Acrylics. There is a wide range of acrylic-based adhesives that join a variety of similar and dissimilar materials. The main types of acrylic-based adhesives are cyanoacrylates, anaerobics, and modified acrylics. 

These adhesives are usually available as solvent-based liquids, emulsions, tapes, or monomer-polymer mixtures (one- or two-part components), with liquid or powder curing agents. Acrylic-based adhesives may be polymerized or cured using moisture, catalysts, heat, ultraviolet (UV) or visible light, or other sources of radiation. These adhesives are of particular interest in the medical industry both for joining medical devices and as tissue-bonding agents. 4–6 

A number of medical-grade tapes and films (e.g., single- or double-side coated, woven and nonwoven, elastic, and absorbent materials) are available. They are used in a variety of applications, including allergy patch testing, nicotine patches, ostomy devices, and general dressings. Many of these tapes and films can withstand EtO and gamma sterilization. 

Cyanoacrylates, important acrylic adhesives, are commonly known as superglue. The polymerization, or hardening, of cyanoacrylates is initiated by the presence of moisture or of weak bases in the atmosphere or on the substrate. Considerable improvements have been made in using cyanoacrylates as surgical tissue adhesives, but there are limitations in terms of toxicity, strength, durability, and safety.

Epoxies. Epoxy resins are thermoset adhesives based on the epoxide group (also known as the oxirane group), a three-membered carbon, carbon, and oxygen ring structure: 
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The ability of this group to undergo a variety of polymerization and cross-linking reactions leads to multiple epoxy resins with a wide range of chemical and physical properties and molecular weights and structures. Epoxies are among the most widely used adhesives for both structural and nonstructural applications. 

Epoxies are used in a number of medical devices for bonding and sealing. A clear, medical-grade, low-viscosity epoxy adhesive has proven useful in the fabrication of access ports that are implanted beneath the skin of patients who require multiple infusions.7 By allowing access for subsequent treatments, the access ports enhance patient comfort and have been shown to reduce complications. 

When combined with a catheter assembly, access ports can be used to deliver drugs to a particular area of the body. They can be used for arterial, venous, peritoneal, or interspinal access. One example of such a device is based on potting the stainless-steel or titanium access port with an epoxy adhesive or encapsulant. This particular adhesive passed all USP Class VI biological and toxicity tests (i.e., acute systemic and intracutaneous toxicity, implantation tests, and cytotoxicity tests). 

Polyurethanes. Medical-grade polyurethanes are used as adhesives, encapsulants, or coatings in many medical devices. Most commercially available polyurethane systems are based on polyethers or polyesters with terminating hydroxyl functional groups. The reaction of an alcohol and an isocyanate results in the formation of a urethane, as follows: 
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The materials used in most polyurethane systems usually consist of one of several different formulations: di- or polyfunctional alcohols; polyhydroxy compounds (known as polyols); di- or polyfunctional isocyanates; or low-molecular-weight alcohols or amines. A general scheme for the reactions involved in the formation of a polyurethane system is as follows: 
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Silicones. Organopolysiloxanes—or silicones, as they are generally known—are semiinorganic-based polymers with a molecular structure comprising alternating silicon and oxygen atoms. Organic side or end groups are attached to some or all of the silicon atoms. The repeating units of these polymers can be shown as follows: 
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Depending on the nature of side groups and the interchain cross-linking, silicones are available in the form of gels, liquids, or elastomers. The most widely used side groups (R and R') are based on methyl (–CH3), phenyl (–C6H5), vinyl (–CH=CH2), or hydroxyl (–OH). Vinyl and hydroxyl groups are chemically reactive and, in the presence of a suitable curing agent, can be cross-linked. 

Unlike an acetoxy cure, which produces acetic acid and can cause corrosion, a neutral cure (with no corrosive by-products) is ideal for medical electronic applications. 

Silicones are used as adhesives, coatings, or encapsulants in medical devices. The most important types of silicone used in implants are fluids, gels, and elastomers (rubbers). 

An example of implantable-grade silicone is a mixture of pure silicon resin (e.g., di-methyl silicon elastomer) and a catalyst (e.g., a platinum catalyst). This mixture can be cured via an addition-cure chemistry at elevated temperatures (e.g., 20 seconds at 160°C). Implant-grade room-temperature-vulcanizing (RTV) silicone adhesives are also available; these adhesives can be cured at room temperature through exposure to ambient moisture in the air. 

The silicones that have been used in breast implants are gels. These silicones are highly cross-linked polysiloxane networks swollen with polydimethylsiloxane (PDMS). The PDMS fluid is not chemically bound to the cross-link network, but is instead retained only by physical means (like water in a sponge). 

Pressure-Sensitive Adhesives. Pressure-sensitive adhesives are used in medical tapes and labels. The adhesive is permanently in tacky form at room temperature and can be used to join various materials with the application of moderate pressure. Pressure-sensitive adhesives are not normally used in sustained-load-bearing applications and can often be removed without leaving a residue. 

Most pressure-sensitive adhesives are based on elastomers (e.g., natural or synthetic rubbers), acrylics or hot-melt thermoplastics, tackifiers, or antioxidants. Single- or double-coated pressure-sensitive adhesives are employed in many medical applications. These tapes are available as woven, nonwoven, or elastic materials; they are compatible with skin and can be easily removed with minimal residue. There are medical tapes and transfer adhesives available that can withstand both gamma and EtO sterilization. 

Pressure-sensitive adhesives have also been used in transdermal drug-delivery systems.5 This type of system offers many advantages over conventional oral medications, mainly because it delivers less drug to achieve the same therapeutic effects. The transdermal method delivers drugs directly into the bloodstream via skin and then the liver, rather than by absorption in the gastrointestinal system. A transdermal drug-delivery system usually consists of a patch with drug formulations, an adhesive to maintain contact with the skin, a release liner to protect the patch during storage, and a backing layer that protects the patch from external factors during use. 

Other medical applications of pressure-sensitive adhesives include wound coverings and closures, surgical drapes, electrosurgical grounding pads, ostomy mounts, and electrocardiograph electrode mounts.

DISPENSING TECHNIQUES 

Mixing. The mixing and preparation of adhesives should be in accordance with manufacturers' instructions. Appropriate health and safety precautions must also be taken. Only adhesives from the same batch number should be used in a single joint to prevent uneven properties. Adhesives should be applied immediately after surface preparation is complete, and applied in such a manner that minimizes the risk of air entrapment in the joint. 

Manual mixing and application should be avoided, if possible; it can introduce voids, bubbles, and regions of incomplete mixing. Using handheld dispensing guns to dispense single- or multipart paste adhesives from prepackaged cartridges is recommended. For high-volume production, semiautomated or automated pump dispensers should be employed. 

Component parts of the adhesive are mixed during the dispensing process by forcing them through a static mixing nozzle. When a new nozzle is fitted, or at the beginning of a new production run, a 50–75-mm bead of adhesive should be dispensed onto scrap material to ensure that good mixing is achieved and that any aged adhesive is removed. 

Basic Dispensing Principles. Dispensing involves the combination of several functions, depending on the method used. These include the following: 

· A supply of energy to the bulk adhesive to move it through feed pipes to a valve or pump, then to a dispensing nozzle. 

· Control of the valve or pump, to vary the volume applied during each cycle. 

· Control of the speed of movement between nozzle and component—either the component or the dispensing nozzle can be moved, depending on the application. 

There are many methods of dispensing adhesives. Because of cost restraints and processing considerations (i.e., the speed and volume of the adhesive to be dispensed), the techniques considered most suitable are cartridges, pressure/time systems, pumps, and microjet printing. 

Cartridge Dispensing. Cartridge dispensers may be single or double cylinders, with mechanical or air movement of the pistons. The mixed adhesive is then applied to the component as a single shot. Sizes typically range from 5 ml to 1 L. Cartridge dispensing is generally a manual process suited to batch production runs. 

Pressure/Time Systems. In a pressure-based system a tank is pressurized by air, which drives adhesive through a feed pipe to a valve. A time relay initiates the valve opening and closing, controlling the volume of adhesive dispensed. 

Adhesives with viscosities up to approximately 10,000 poise can be dispensed. Bulk containers vary from 50 ml to 100 L. Pressure/time dispense systems are suitable for high-volume production rates, in semiautomated or automated processes. Pinch valves or diaphragm valves can be employed to control dispense volumes and to prevent adhesive stringing between components. 

Pumps. The dispensing of adhesives by pumping techniques can be achieved in a number of ways, depending on whether a one- or two-part adhesive is dispensed. 

One-part adhesives are dispensed using direct metering extrusion pumps. An electric motor pushes a follower plate into a drum of adhesive, which is then extruded through a hose to the dispensing valve. This technique is used for medium- and high-volume production rates. 

Two-part adhesives are generally dispensed by volumetric pumps for semiautomated and automated medium-high-volume assemblies, which is similar in principle to the cartridge system described above. Metered dispense systems are capable of processing adhesives with mix ratios.
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Figure 1:  Prototype of the Specified Tubing Device








