Adhesive Bonding

An adhesive is a substance, which is capable of holding materials together by surface attachment.  Engineering adhesives are chemical compounds capable of bonding high-strength engineering materials such as steels, non-ferrous metals and plastics.  To qualify as an adhesive a substance must be able to:

· Be able to wet the joint faces completely

· Cure to a solid to form the bond

Adhesive bonding has many advantages over other methods of joining.

1. It is possible to join metal-to-metal, metal to non-metal, and non-metal-to-non-metal.

2. In a bonded joint the load is more evenly distributed throughout the joint

3. An immensely strong joint is possible with adhesive bonding.  The absence of mechanical fasteners often eliminates the risk of fatigue failure

4. Adhesives can withstand stresses caused by flexing of the joint and different coefficients of expansion. (This would occur in a joint between steel and aluminium)
5. Galvanic corrosion between dissimilar metals is reduced or eliminated

6. Eliminating mechanical fasteners from a joint also eliminates the need to drill holes, which can often weaken a material or component

7. The metallurgical structure of the material being joined will not be affected

8. A properly bonded joint will provide a good seal for gasses or liquids

Load Distribution in a Joint


Terms used in connection with adhesives

Adhesive


The bonding material

Adhesion


The force which holds the adherends together

Adherends


The parts being joined

Adhesive failure
Failure of the bond at the interface between the adhesive and the adherend

Bond Strength


The ability of a joint to resist a breaking load

Cohesive failure

Failure of the joint within the adhesive or within the adherend

Cure



The process during which the adhesive changes from liquid to solid

Hardener


A catalyst for curing the adhesive

Substrate


The surface of an adherend

Thermoplastic adhesives
Adhesives that soften when heated

Thermosetting adhesives
Adhesives that require heat to cure.  Once cured they cannot be re-softened by heating

Bonding With Adhesives

It is important to design the joint so that the load can be taken by the adhesive, in the direction of its highest strength.

Prepare the substrates (surfaces) properly.

Choose an adhesive that suits the adherends (parts to be joined).

The surfaces of the parts to be joined (substrates) need to be extremely clean.  This can achieved by 

· Abrasive materials (emery paper)

· Solvent cleaners

· Shot-blasting (sand blasting)

· Acid-based solutions

Stress in Bonded Joints




Joint Design

It is possible to join all solid materials with an adhesive.  To ensure that the joint has high strength it is often necessary to use special joint designs.  These include

· Butt joint

· Strap joint

· Plain lap joint

· Double lap joint

· Double strap joint

· Tapered lap joint

· Scarf joint

· Tapered double strap joint

· Joggle lap joint

Choosing the Correct Adhesive


There are two categories of adhesives

1. Natural Adhesives

2. Synthetic Adhesives

Natural Adhesives

· Derived from animal tissue and bones, vegetable extracts and minerals

· Animal adhesives are often supplied in solid form and need to be heated to become liquid - used mainly to join wood

· Vegetable adhesives are usually powdered and need to be mixed with water to make a paste before use – used in paper carton industry

· Mineral adhesives example sodium silicate- resistance to high temperatures, up to 850oC

Synthetic Adhesives

These are categorised by the manner in which they cure

· Chemical reaction

· Hot melt

· Solvent evaporation

Chemically activated adhesives

· Anaerobics – one component adhesive that remains liquid while exposed to air.  When confined in the joint area it solidifies into a resin.  The word anaerobic means, “functioning without atmospheric oxygen”.

· Cyanoacrylates – solidify in seconds under the influence of atmospheric moisture.  Suitable for bonding non-porous materials, e.g. glass, rubber, metals, plastic.  Commonly called ‘Super Glue.’
· Epoxies – two part adhesives (epoxy resin and a hardener).  One part also available, these use heat as the curing agent

· Modified Phenolics – need heat and pressure to cure properly.  Used in the bonding of brake linings onto the metal shoe.

Hot Melts

These are heated until they become fluid, put onto the joint faces and allowed to cure at room temperature.

Solvent based adhesives

Solvent carries the rubber or plastic.  As the solvent evaporates the adhesive becomes tacky and hardens.  Not suitable for carrying loads.

Mechanical fasteners
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Adhesive bonding distributes the load evenly over the joint area
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Adhesive weak under this type of stress
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Adhesive weak under this type of stress








