CHAPTER I

INTRODUCTION

11 The significance of ad

Majority of everyday use are assembled

\Y\

from many small parts y »ds. of jo nmg such as welding, bolts

\\

and nuts, rivets, crimpi sive bonding, etc. Recently,

adhesive bonding methg role in a lot of assembly
industries such as auto plastic and paper industries.

Adhesive ,. defined as a non metallic material that is capable of joining
T = X

bodies together by : strength (adhesion and

Il

cohesion) without the stpucture of the bodies undergoing significant change.
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1.2 he development of epoxy resin adhesives

Epoxy resins were first synthesized by P. Schlack in 1934 at the Berlin
laboratory of I.G. Farben, when he let an alkylenepolyoxide react with amines.

[1] The broad interest in epoxy adhesives originates from the extremely wide



variety of chemical reactions and materials that can be used for the curing and

the many different properties that result.

The development of epoxy adhesives was done by De Trey Freres in

Switzerland in 1936.[2] Patents were later licensed to Ciba-Geigy, Switzerland.

In the mean time, the De Voe and 3 Co. in the United States also

The commerciald'si f " bisp A / epichlorohydrin-based
[3] in 1938. Castan, then

working for Ciba-Geig it and, ‘also developed the important curing

In the late: 19 od | 1F ion Carbide Corp. began
research on epoxy msins. Epoxy resins were uﬁi in England in 1944 as

structural adﬂiﬂ gﬁ"ﬁﬁ’ﬂ]{hwlﬂq}ﬂﬁ twin engine fighter

planes. The t?r]st structural adhegives were based on phenqli¢ resins, and high
; curmgﬂnﬁr:lﬁ ﬁeﬂ imq ’gnm)a‘]xaﬂs cure at room
temperature, produce no volatile by products, and cause only a minimum of

shrinking.



In the 1950s, Dow Chemial Co. and Reichhold Chemicals, Iné. entered
the market. The peracetic acid epoxidation of olefins was developed by Union

Carbide in the 1960s and multifunctional epoxy resins were introduced by Ciba-

Geigy, Celanese, Shell, and Union Carbide in the mid 1960s. In the 1970s

Ciba-Geigy introduced hydan fy epoxy resins, and Shell introduced
hydrogenated bisphenol ate &76. |
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Asai and ‘Opis eveloped epoxy / amino

powder resin adhesive ‘for printed circuit board. The objective of their study is
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to produce tﬂ Me&}ﬁyﬂl&n@wlﬁ}{r} a@er to epoxy matrix in
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Ashida et al. [6] of Nissan Motor have developed new epoxy resin
adhesive which has excellent adhesive properties such as impact resistance,
tensile shear strength and T-peel strength as well as excellent semi-gelling

property.



1.3 The chemical of epoxy adhesives

Epoxy resin adhesives were recognized as the adhesive featuring a
versatile chemical functionality and a remarkably low shrinkage on curing. This
led to obtain reliable adhesion joi h low internal stress, excellent cohesion,

structural integrity, and .outstanding & to all kinds of substances. For

example, bonds could be imade metals.and glass without resorting to the

application of pres onding processtand without any problem in

It was of techino - : e that the manner in which these
adhesives were used we own metal soldering techniques.
Tﬁerefore, the discovery of the bor ding ion of epoxy resins introduced a
: 'ﬂ e modern approach to the
technology of ddhem/ bonding m
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Modem adhesive technglogy has led.to the development of many types
of e;%(w ’]dacﬂneimu m&’l deJ ’]eafﬂwldted to meet

various specifications and use criteria. The principal applications are in the field

new concept in 4 dlie

of structural metal bonding, particularly in the aerospace industry and electronic
instrument or equipment, as well as in miscellaneous small part assembly of

plastics and metals.



The variation of properties with formulation indicates the wide range of
structural applications for which epoxy resin adhesives can be dgsigned. For
example, phenolic-modified epoxy resins produce the best high-temperature
adhesives, whereas nylon-epoxy combinations produce adhesives with the

highest joint strengths.

The epoxy, ¢ < “Oxirane, or ethoxyline group [8] is a three-

membered ring consisti (i "an- oXyge tached to two connected carbon

y
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The tcrm "epoxy resin" disually refers,to an intermegdiate molecule which
contc% w;] awﬁ nimy uj ’gmqrﬁﬂdtegonzed as "
thermosetting" since they are capable of "curing" to form crosslinked networks.
The rings can be opened by either as catalysts for homopolymerization or as

reactive hardeners.



Epoxy resins are thermo hardening compounds which contain one or
more epoxy resins. There are a large number of compounds that can be
classified under this category. They are oligomers that become polymers if they

are joined in to a network by cross-linking agents.

An epoxy is any. monomer gt containing at least two oxirane
rings. Although ring opening gpoly ““Hﬂﬂg to form a thermoset resin is

\\\ .epoxy to react with another

4 o protonic hydrogens.

readily accomplishes

monomeric compound

The most co oxies used Lin Ladhesives are derived from

bisphenol A and epichlorohydiisi A "bif resins) and are usually cured with

. - .#“‘H:'« I .
reactive hardeners.con mary & aLy amine groups :

NHmHC\/C H—0 -ﬁmN-CH;CH—cn;o—
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Aliphtic primary and ‘beconddry amines react w1th epoxy groups
l‘dpldlﬂ wqm ‘5 m u.mf] ’rg w ala ged temperature
cures. Edch hydrogen atom attached to nitrogen is capable of opening an epoxy
ring. In order to crosslink a diepoxide, the primary amine required may be

calculated by allowing one amino hydrogen atom per epoxy group.



Epoxy resins can also be homopolymerized by certain catalysts,
particularly Lewis acids such as boron trifluoride complexes, acid anhydrides, or

Lewis bases such as tertiary amines; forming polyethers :

R N
HQ—CH—CI-L—-O—-R LS crg—cn—o}
n
Vﬂ/ .
Acid anhydri( ith _in the presence of hydroxyl

groups to yield estes

long pot-lives at room

temperature, but re

Mercaptans react epoxy groups to form thioethers :
OH
|
CH,—CH—

This redctlont accelerated byg fertiary amines, makes feasible the

ey WAL SN A o e
=AW TR ‘J'WW‘T'J NYTH G

less coﬂlmonly used include isocyanates, hydrazides, aminimides, axiridines,

boron-containing compounds, etc.

The principal epoxies used for commercial adhesives are the reaction

products of epichlorohydrin with dihydroxy compounds, particularly bisphenol



A, and include novolacs and aliphatic glycols. The simple diglycidyl ether [4]
of bisphenol A (DGEBPA) contains some material with more than one
bisphenol A residue and is therefore liquid at room temperature.

In addition to providing, ¢ ellent balance of properties, BPA is the

epichlorohydrin in : 0 ', - u h as sodium hydroxide. In
this manner a chlorohydrig' ite ﬂ te ' Ir \ Wthh undergoes subsequent
ring closure in the presg 5 ﬂqe 5 58710 \ _ e glycidyl ether. They can be
described by the followi s_'_f-.v':-». ! _"_ g  formula [5] : |

¥ Z——CH O
HzéCH'C f E—@—ocnl e

Thl&ﬂédhz formuld s ﬂ 5 w EJ f]

ows two epox1de fJ groups The commercial
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zero to dpporx1mdtely 20. Resins of which the average n is 2 or more are solid
at room temperature. However, liquid resins are of the greatest interest to

adhesives formulators.



: Each of the polymer molecules has n hydroxyl groups, which increase
the rate of cure of the resins with amine hardeners. In addition, they result in
increased adhesion of the cured epoxy to metals and other polar substrates.
Consequently, the more viscous liquid epoxides are usually preferred to the less

viscous members of the series for sives applications. The hydroxyl groups

are also sites for reacti ut these curing agents are less

common than amines 1n &

Epoxy resins hz Ori d as versatile components for structural
3

adhesives. The properti€s ;of adhesiv epend as much on the curing and

modifying Agents, as o

!

Propemes o;‘]d polymer determme its posslb@ applications. [6] To a large

e, e 4 LA I B e s b

the epoxy buxﬂmg blocks. Dissection of a epoxy resin reveals the following parts
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- The structure contains C-C and C-O bonds that are thermally and
chemically stable. This insures the excellent chemical resistance

of compounds based on these structures.



The polar O-H and C-O-C groups provide excellent adhesion of
polymer networks formed with these compounds.

The phenolic ether groups cause these oligomers to be UV-

sensitive.

-ﬁ produce high-molecular-
outstanding temperature and
chemicalf tl'_T'_' Ce- .

n tensile strength and rigid,

7 i, rather than flexible

subm'ates m

A T2 ) N iy o

makmg them popular for elecl:&omc apphcat.l
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filling capability.
For this study, to improve the thermal conductive property of
epoxy adhesive, the thermal conductive materials such as metal

powder, silicon carbide, etc., are used as filler in epoxy adhesive.
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15 Application of epoxy adhesives

Epoxies are the most widely used in adhesive applications because of their

versatility, excellent adhesion, compatibility, ease of application, good electrical

properties, and resistance to weatt

s as adhesives is that they will

form strong bonds _ ;- \. , aluminium, brass, copper,
glass, wood, concrete, th,—a -n Der o thermosetting plastics and
thermoplastics. It is usuéll \ ~. the resin with specific modifiers

in order to obtain complgtely's: isfa - he following application :-

Alrcm}t | aerospace

ﬂ%ﬂ@%ﬂﬂﬁﬂﬂwni
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Electronic assembly

Electrical encapsulation
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and Miscellaneous product assembly such as paint brushes, stained glass
windows, golf clubs, snow skis, railroad joints, tool handles, appliances, abrasives,

battery cases

1.6 Epoxy adhesive in electrc

Wsembly

Because the , | %of industries has faced high

competition, many a p ors | ' uce high quality products to
serve this demand New :pE \ AN roving outstanding property

for each appropriate bon

interconnection of Eﬂ:cmcal conductors, the attaﬂnent of passive electronic

components ﬁ% Efrmrlaﬂ mcw 4 Meryughment of encapsulated

active electrom components, or bare silicon chips to substrdtesﬂ packages.

Three major uses of adhesives in microelectronics are diebonding, bonding
circuit elements to the substrate, and sealing the packages. In diebonding, a
microdrop of adhesive as small as 0.003" in diameter is dispensed on to substrate in

a precise location. The integrated circuit chip is placed accurately into the adhesive
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which is then heat cured. The diebonding adhesive should have high thermal

conductivity to provide effective heat sinking.

The viscosity and surface tension must be high enough to hold the chip in

thin and out of its proper location. The

&wer than the temperatures required

ropemes Special formulated

place, and the adhesive must no
processing temperature of
by eutectic bonding, w

dhesives must be capable of

epoxies are used f

1 as the 400°C encountered in

.\-

The next level microelectre wdhesive bonding is adhering the IC

package chip capacitors, and Tesistors to f ircuits,. The same epoxies are used

P‘°ﬂ%ﬁ@%’ﬂ$ﬂﬁﬂ ﬂ tﬁj:rmal conductive epoxy

adhesive is yne attachment of gsilicon chips, to substrates, , with high thermal
cond%lm a@ ﬂ[ﬁ]tﬁ mmq lnﬂ }’;lﬁl Enlmﬂon is a major
technological problem in the application of these chips because they have a
fundamental maximum operating temperature. In addition, their reliability rapidly
declines at increased operating temperatures. For these reasons the thermal

conductivity of the epoxy adhesives is a parameter of major importance.
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Because unmodified epoxy adhesives are excellent eletrical insulators,
epoxies are usually poor thermal conductors. Therefore, the dissipation of heat
through unmodified system is frequently not sufficient to insure efficient operation

of electronic components on printed circuit board in any equipment.

Heat dissipation factor is a ma véfiable of operating temperature which
affects the reliability of eleetronic equipmen applications where good heat
dissipation will be reqUireds” thesm | con \ ers can be incorporated into the

formulation to imprdve
The objectives of this st

1 i € thermal cor property of epoxy adhesives used

Nisi by the addition of

themdl conducuve ;dtendls m

2 ﬂ s Mh%%ﬁjoﬁﬂ’}lﬂ 3 filled with thermal

AT AR ..,

adhesives by using thermal conductivity analyzer measurement.

4 To analyse the thermal conductivity property of each prepared

epoxy adhesive
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The scope of this study

1 The experiment is the preparation of epoxy adhesives filled with

good thermal conductive materials by varying :-

2 rmal gonductivit epared composites are measured by

S

=
3 v | Y models are used to

1|
i¥

explain the experimental results.
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