THE RES STANCE OF ADHESVES

By David Carter

Abgract

The purpose of this pagper isto provide information about the factors thet will leed
to asuccessful bond using adhesives. This paper is aso amed at the uses of conductive
adhesvesfor EMI shidding.

Back to Basics:

In any adhesive bond, the am isto get as much surface contact as possible
between the two surfaces that are being bonded. The belief that roughening the two
surfaces before the adhesive is applied, is not correct. Indeed, the exact opposite is true
because the two surfaces should be as smooth and as clean as possible. The best adhesion
is achieved by the smoothest surface. Typicd lgp shear strength of adhesives with various
finishes

Surface Preparation Joint Strength Mpa)
Degreassd only 5

Degreased and rubbed down with coarse emery paper 13

Degreased and fine grit blasted 14

The most obviousway of making the most intimate contact between the two
aurfacesisto usealiquid. The mohility of aliquid will enable the molecules to take up
the exact shape of the irregularities of the surface. However, the fact that aliquid isbeing
usad implies thet the joint will have no shear strength. To convert the liquid into a strong
layer it must therefore become solid. A very convincing demondiration of thisiswhen
rainweater freezes on a car windscreen and sticks the windscreen wipers to the glass.

The mechanism by which the adhesive changes from liquid to solid is often used
to dassfy it. Thedifferent typesare:

1. Freezing. Herethe adhesve is gpplied molten and is dlowed to codl until it
Llidifies.

2. Evgpordtion. The adhesve is gpplied as aolution and a solvent evaporates to
leaveasolid.

3. Reaction. The adhesive is gpplied as a mixture, which turnsto asolid by the

means of achemica reaction.

Liquid to solid method Curing type
Freezing Fsh glueisan example
Reaction Aneerobic reaction
Reaction Exposure to ultraviolet light
Reaction Heset curing (epoxies)
Contect Evostick

Reaction Activaion sysem (modified acrylics)




An Overview of each curing mechanism:

Anaerobic reaction:

With this single component system, the curing takes place very quickly when the
two mating surfaces are put together. The polymerisation process that convertsthe liquid
adhesive to the solid required, isinhibited by the presence of oxygen (from the air) o
that when the two surfaces are brought together and air excluded, the polymerisation can
proceed and the two surfaces are joined together.

The adhesive will not begin to cure whileit isin contact with aimospheric oxygen
and because of this pot lifeis not of any concern.

The mogt rapid curing of this type of adhesive is achieved when it isin contact
with active materids. (See gppendix 1 for aligt of active materids) Thistype of adhesive
is often used in thread locking gpplications.

These adhesves are based on synthetic resins called acrylics. Dueto the curing
process anaerobic adhesives do not have good gep filling characteristics but have the
advantage of rddivey rapid curing.

Cyanoacrylates.
Cyanoacrylates use moisture held on the adherand to cure and therefore require

dosefitting joints to work effectively.

Exposureto ultraviolet light:

Polymerisation isinitiated in this type of adhesive by exposure to ultraviolet
light, the curing time being dependent on the intensity and wavelength of the light source.
Thistype of adhesve istypicaly usad for sealing eectronic components and bonding
glassto itsdf or metd. The disadvantage of this type of adhesve isthet the UV light
must be absorbed by the adhesive at the required intensity which means at least one of the
ubgtrates need to be trangparent to UV light. The advantage of thistype of adhesiveis
that it can be quickly cured.

Heat curing:

Curing these adhesives depends on a chemicd reection which needs atemperature
typicdly in therange of 70°C to 120°C. At temperatures lower than this, the reection is
dow and so the bonding process will dso be dow. Epoxy resins are examples of thistype
of adhesive and are frequently two pack systems.

The epoxy adhesves can be used for gap filling purposes up to around 25mm.

Moisture curing:

The polymerisation in this case is caused by a condensation reaction with ambient
moisture. The curerate is hence directly related to the rdative humidity. There are
generdly two types of base components, either silicone or polyurethane. Both can cure at
room temperature by reacting with the moisture in the atmosphere to initiate cross
linking. Because the moisture has to get into the dlicone to initiate the curing process and
therefore the curing takes place from the outside towards the inner, this action can limit
the maximum adhesive thickness gpplied to ajoint.



Because the moisture has to pass from the surface of the sliconeinto the interior
of the materid, cure times can be long. (eg one to two hours as well as the thickness of
the gpplied adhesve being limited.)

The resultant joint from thistype of adhesve is often very flexible with high
elongation properties and can withstand very high temperatures, typicaly in excess of
200°C.

The main difference between the slicone and polyurethane types is that the
slicone type aways produce a by product which can be poisonous where as the
polyurethane type does not.

It isimportant with this type of adhesive that the correct Storage conditions are
followed otherwise alimited pot life will result.

Activation system:

These adhesives cure at room temperature when used with the activetor. The
activator is often supplied in a separate cartridge and can be ether premixed or gpplied to
the surface separatdy. The mgor advantage of thistype of adhesve isthat virtudly dl
type of materids can be bonded with the resultant joint being of a very high shear and
tendle drength.

The Componentsthat make up an Adhesive.
Base/Binder:

The main compound that holds the substrates together is cdled the base or binder.
The classification of an adhesve often refers to the base being used, for example an
epoxy or cyanoacrylic. The old fashioned ‘fish glues  often only had abinder and no
other ingredients.

Solvent/ Digpersant:

An evgporation adhesve requires a solvent or dispersant. Whatever is used the
setting of the adhesve depends on the liquid part of the mixture evgporating from the
freshly gpplied adhesve to leave the more solid base. The solvents can often be modified
to change the fluidity, wetting, setting time and volatility of the adhesive.

Padticiser:

If the base setsto aglassy and brittle compound then it islikdly to crack asthe
base shrinks due to the solvent evaporating. Plagticisers are often added to the adhesive
mixture to combet this effect. The addition of a plagticiser can reduce the overdl strength
of an adhesve but stress can be more uniformly distributed by using one and hence
reduces the possibility of cracking.

Hardener:

When an adhesve changes from aliquid into a solid some form polymerisation
usudly takes place. This action involves smal molecules joining together to form larger
ones, or even to form one continuous molecule. The base molecules will react amongst
themselves if a hardener is used.



Fllers

Thefiller for aconductive adhesive is often a highly conductive metd such as
slver in theform of very smdl particles. With non conductive adhesive, the filler is often
alower cost minera powder to give the adhesve some bulk. A minera such asdumina
is produced a amuch lower cost than a petrochemica produced component.

Fillers can dso add other atributes to the adhesve than just adding bulk. For
example, thermd expanson can be a problem with heat cured adhesives. The coefficient
of expansion within the polymer tends to be far higher than the adherand. This causesa
problem when the adhesive cures because asit coals it shrinks more than the adherand
which leadsto cracking and stress. By careful congderation, afiller with alower
expangon coefficient than the polymer can be added which will match the adherand with
the overdl effect being amuch stronger joint.

Hexibilisers

A very successful toughening mechaniam for polymersisto add a crack blunting
mechanism. Thisisdone by adding rubber particles throughout the relaively rigid
polymer. When a crack front is formed, it travels dong the polymer until it hits the rubber
which has the effect of releasing the strain energy and thus prevents the crack from
continuing. Each “blunting blob’ isaste from which anew crack hasto initiate if the
fracture isto continue.

Typesof Load.
The bonded joint with aload acting upon it will have various types of sresses
applied. Stressis normaly expressed in N/mme.

Shear Load:

In this type of load, the stress concentration at the ends of the joint is higher than
in the middle. This means that the adhesive a the end must resst a grester amount of
dress than the adhesive in the middle of the joint.

Adherand
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Compressive load.

In acompressive load, the sress digtribution over the bondlineis very even. This
means that every part of the bondline carries the same load. In order to cdculate the
sresses acting on the adhesive smply, divide the acting forces by the bond area. This
type of load is very rare.

Load
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Thetendle load is much the same as a compressive load in thet the stress
digribution across the bond line is very even.

Load
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Ped Load

The ped and deavage loads are smilar in that when the load is gpplied to the
joint, the mgority of the stressis concentrated a the end where the load is gpplied.
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Cleavage load
When designing ajoint the ped and deavage types should be avoided where

possble
Adherand

Adhesive —

Joint Design.

Thetarget for the joint designer isto get a uniform digtribution of stress acrossthe
bord line. One way to achieve this even didribution isto avoid deavage and ped joint
types. A smple way to improvejoint performance is increase the bond area. It is often
too easy to design ajoint with a smdl surface area. Another common mistake isto Smply
ubdgtitute aweded joint for an adhesive joint. If maximum efficiency isto be redised
then the joint to be adhered must be consdered a the early stages of conceptud design.
Such congderations should involve the properties of the adhesve and adherand, adhesive
sdlection, manufacturing conditions, geometry of the bond and an andlysis of the bonded
joint stresses.

For example:
POOR Better
Adherand
772077 — ddherand T
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The example on the left shows ajoint thet isin ped mode. The solution on the
right is better because the joint is predominantly under compresson.

The rdaive ability of ajoint to withstand certain loads can be summarised by a
rule of thumb:

Joint type Ability to withgtand load
Compresson 1000

Shexr 100

Peel 1

Thisindicates that ajoint under canpresson is 1000 times stronger than asmilar
joint under aped load.



Thefallowing figure shows how the strength of asmplejoint can be Sgnificantly
increased. Notice here that it is difficult to design in acompresson joint but the addition
of the top plate adds a shear type joint which can improve the bond srength by up to a
fector of 100.

POOR ' Better q

Another example of acommon joint is shown below. The poor joint shows a
cleavage type. The same function can till be achieved but the joint is now mainly under
compression.

POOR Better

Butt Joints

Theamples of dl joint geometriesis the butt joint. The man problem with this
type of joint isthat it is (mogly) in pure tengon and it will therefore produce deavage
dressfiddsat internd flaws. Also, in the draight butt joint, the cross section is congtant
90 the grength of the adhesive, even with minimd flaws, may become the week point in
the joint. Thistype of joint therefore only makes senseif the adhesive produces abond

which is as strong and tough as the pieces to be joined together.

Lap Joints

The obvious way to avoid the cleavage and ped stresses on abuitt joint isto
desgnalgpjoint.

The butt joint can be improved by:



1. Scarf joint. This issmilar to agraight butt joint but with a 30 degree taper typicaly on
the joint mating edges. The angle reduces the cleavage component of the load. Accurate
meachining is required though to achieve the taper.

Adhesive

|

Sngle and Multi-gtep joints. The single step has both of the butt edges exposed and is
therefore poor under bending conditions. The mgor benefit is thet the smple lgp joint
dignment with the load is avoided:

Single step Multl step

Anacther improvement over the butt joint isto strgp it. Here the crack opening in the butt
joint is protected by the strapping. The strgpping could be achieved by the use of aplagic
or meta extruded section. Tape may aso offer amore practica solution:
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To evenly digribute the sress dong the length of ascarf join, the following shape could
aso be used:

G G T

This technique can dragtically reduce stress concentration.

Adhesion and Cohesion:

Having designed ajoint for maximum strength the next important issue isthe
surface of the adherand. When an adhesive joint fails it is either through afalure of
cohesion or adhesion.

Adheson

Adhesion is the bonding force to the subgirates to be adhered. It is how well the
adhesive bonds to the surface of the adherand. The physicd forceisattraction and is
known as‘Van der Wads forces. It isthese forces that must be in direct intimate contact
with the bonding surface to achieve maximum strength. Thisiswhy the adhesive must
penetrate right into the surface roughness and wet the complete surface. It is when these
forcesthat directly link the bonding surfaces to the adhesive that maximum srength is
achieved.

The strength of the adhesive force thus depends on both efficient wetting of the
surface and the adhesion propertiesof the surface. At a given surface tension of the
adhesive, wetting depends on the surface energy of the substrate and the viscosity of the
adhesive. Wetting can dso be reduced if surface contaminants are present.

Adhesion can beimproved by degreasing or by abrasion techniques to remove
any unwanted surface films. The importance of De-greaaing is highlighted on the
following figure. See how the grease dragtically reduces the contact area and so reduces
the adhesion of the adhesive to the subgtrate:

27
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Other methods of improving adhesion include changing the surface activity of the
adherand by etching, or by using a primer to build up a new active surface by coating.

No matter how much surface treetment is done, chemica bonding over the whole
surface is never achieved. For example, the surfaces of most materidsin ar are to some
extent oxidised materid which isitsdf @ther not srongly atached to the underlying
materid or isof low cohesve srength.

The other problem that prevents totd surface contact between the adhesive and
the adherand is air, moisture or residua vapour thet is trapped between the subgirates.
This effect can be minimised by the correct surface preparation and the gpplication of
adequate pressure during the curing stage. Adhesives that require heet to cure are
paticularly prone to moisture problems since the adhesve expands and gives off seam
during the curing Sage (steam is produced only if weter is produced). With the above
gatement in mind it should become dear that an adhesive joint should not be separated
and re-made during the curing process if agood srong joint is required.

The correct way to manufacture ajoint isto gpply the adhesive to one piece of the
joint, then dowly and smoothly dide the other subdtrate over the adhesive in asingle
movement. This technique should guarantee no ar entrgpment:

Apply adhesive

Slide Into place

Final postiion



Coheson:

Cohesion is the bonding within the adhesive and givesit its srength. The forces a
play here are, ether the intermolecular forces of attraction (Van der Waals) or covaent
forces Thereisdso interlocking of the polymer molecules.

/= Substrate

Cohesion
Lahesive malasiles
— Adhesion

Wetting

The problem in usng an adhesive isto arange thet initsliquid date it will wet
the surfaces to which it hesto adhere. Wettability is best illustrated by the classc
adhesion problem of water based adhesives which will not wet greasy surfaces. The
reason for this being that hydrogen bonds which hold the water molecules together are
stronger than the Van der Waals forces that act between a hydrocarbon grease and the
water. The water in this ingtance forms globules rather than spreading. The coherence of
to itsalf exceeds the forces of adherence to the grease.

The surface of the adherand can be evaduated by a smple water breek test. The
adherand is gpplied with severa droplets of water. If the water end spreads on the
adherand surface then the surface has been cleaned satisfactorily. If however, the
gpherica form of the dropletsis largely retained the surface must be cleaned again as dll
the grease has not been removed. This test should not be performed on anodic coatings on
auminium or magnesium however. Also, be aware that the hardness of water can vary. In
critical applications, specid surface tension fluids should be used.

The complete removd of dl greaseis critica for a successful adhesive joint.
Specid solvents are available which remove the grease but themsalves evaporate to leave
no residue.

Grit blagting isagood way of deaning alarge surface area prior to adhesion. The
surface roughness of this technique can provide good result providing that not too course
agrit isused. After grit blagting, grinding and brushing the parts should be still degreased
to remove dl traces of any resdud grease.



Conductive Adhesives.

Tecknit manufacture arange of conductive adhesves to suit most goplications.
The adhesves are loaded with a conductivefiller, typicaly slver patices slver glass,
Nickd, dlver plated copper spheres, Slver plated duminium spheres and Nickd coated
graphite spheres are used. These adhesives are used to ether form an EMI shidd or to
assemble a conductive gasket. There are severd types of conductive adhesive available,
each of which are suited to different gpplications.

Onepart Agfilled sllicone RTV (part number 72-00002)
Thisisapure Slver loaded one component RTV. It does not require mixing and cures
quickly a room temperature upon exposure to moigure in the air.

Bonding Applications

Various conductive dasomers, including the siver loaded variants.
(Consl E,A,N,R& 1)

Silicone filled with Sainless sed gaskets (Teckfdlt)

Silicone impregnated woven gasket (Duoladtic)

Expanded metal gaskets (Teckspan)

Oriented wire products (Elastomet & Elastof cam)
Varioustypes of knitted mesh materias.

Shidded windows to frames

This adhesve can dso be used for in place EMI gasketing of shidd penetrating
components such as connectors or switches.

Two Part Silver (part number 72-00036) and Nickd Filled RTV (72-00035)

This conductive adhesive can adso be used as a sedant and provides a strong
flexible bond. The main consderation for sdecting the correct adhesive should be based
on the galvanic coupling of the metalic or conductive materids being used

Bonding Applications

Siver based Conductive dastomers, such as Tecknit Consl E, Il and R & Metdlic
materids such asAg & Au

Nickd based:  Conductive dastomers, SC-Condl and metalic materids such asNi,
mond Al, Cu& Sh.

Teckbond —C (part number 72-00192)

Thisisasdlicone rubber base adhesvefilled with siver plated copper particlesto
produce a highly conductive one part adhesive sedant. The sysem isan RTV moidure
cured compound.

Bonding Applications
Meta to silicone gasket gppication, such as Tecknit Consil-C. Thebond
thickness should be less than 0.4mm.



Teckbond —A (part number 72-000236)
Teckbond -A is aconductive system that is silicone based and filled with Silver

plated duminium particles. This two part adhesive beginsto cure immediately upon
addition of the catalyst which is supplied as a ssparate vid.

Bonding Applications: Metd to silicone gasket gpplication, such as Tecknit Consl-A.
Teckbond —NC (part number 72-00350)
Teckbond -NC is a slicone rubber base filled with Nickd coated graphite

paticles. The sysem isan RTV moigture cured compound which is reedy to use without
mixing or preparation.

Bonding Applications: Metd to slicone gasket gpplication, such as Tecknit Condl-NC.
The bond thickness should be less than 0.4mm.

Summary of Tecknit Adhesives.

Parameter Onepat  Twopat Two part Teckbond  Teckbond  Teckbond
RTV RTV RTV C A@pat) NC

Resn Slicone Slicone Slicone Slicone Slicone Slicone

Hller Ag Ag/glass Ni Ag/Cu Ag/Al Ni/C

Colour Slvertan | Beige Dak grey | Grey Blue Dark grey

Fnd Hexible Hexible Hexible Hexible Hexible Hexible

condition

Sdlids N/A 80% 70% N/A 85% N/A

Mix ratio N/A 491 491 N/A 491 N/A

Volume 1.7 1368 7.0 258 14irg 17ire

Dengty 306g/cc | 203 g/cc 3.95¢g/cc 38 glcc 2.0 g/cc 2.6 g/cc

Pot life a 5minutes | 4 hours 4 hours 15 minutes | 4 hours 25 minutes

25C

Sf life if 55 9 months 9 months 9 months 9 months 9 months

unopened months

Tack free 2 24 hours 24 hours 2.5 hours 60minutes 1.5 hours
minutes

Full Cure 72 hours 168hours | 168hours | 168hours | 168hours 168 hours

Volume 001om- | 00Lohm | 01 ohm- 004om- | 00lohm  05ohm-

resigtivity an cm cm an cm cm

Shear drength | 150ps 60 ps 50ps 200 ps 100 ps 100 ps

Ped Strength 2ppi 3poi 3ppi 2.5ppi 2pp 3 ppi

Shinkage 1% 31% 44% 1% 40% 1%

Temperature -59to -5510 -55t0 -6510 -48t0 -5510
204°C 150°C 150°C 182°C 65°C 200°C

Trangportation | Non Hammable | Hammable | Hammable | Hammabde Hammeble

class flammable | liqud liquid

Part number 72-00002 | 72-00036 72-00035 72-00192 72-00236 72-00350




Conductive Caulk
In addition to the above adhesves, Tecknit dso manufacture a conductive caulk.

This caulk isfilled with either Slver or copper and isformulated to provide & leest
100dB o shielding across the entire RF spectrum. This product is often used to improve
the joint or seam integrity for dl types of dectronic enclosures.

The main feature of this product is the ease of which it is gpplied with
conventiond caulking guns and dispensing equipment.

In Summary

Will the joint act as awesther proof sed ?

Will water, chemicds or solvents be able to penetrate the bond ?

What sort of forces will the joint be exposed to ?

What type of load will the bond have to carry ?

What properties should the adhesive have: pladtic, rigid or dadtic ?

Will the bond be exposed to any forces beforeit isfully cured ?

Whét isthe maximum & minimum temperatures the adhesive will have to endure ? (This
should indude: storage, shipping and operaion.)

Arethere any differencesin therma expanson between the adhesive and adherand ?

Additionaly with conductive adhesves

Consder the leve of conductivity/shielding required
Congder the gdvanic reaction between the adhesive and adherand

Appendix 1

Active and inactive materids table:

Active Materials Passive Components
Brass Anodic coatings
Bronze Aluminum
Copper Ceramics
Iron Chromate films
Sted Glass
High dloy and dainless ged
Nickel
Oxidefilms
Plagtics
Siver
Tin
Zinc

Written by David Carter of Tecknit Europe Ltd, Swingbridge road, Grantham, Lincs.
NG31 7XT England. Td +44 (0) 1476 590600 Fax +44 (0) 1476 591600.
Webste www.twp-europeco.uk  email dearter@metroninc.com




