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SYNOPSIS g

BEnulsion polymerisation method han been used to préduce
poly{vinyl acetate) saﬁples in the presence of aﬁéross—linking
agent (divinyl benzene). The polymer is believed o0 be crogs~
linked as shown by the properties, althoush the extent of cross-—
linking is not known, The so0lid contents of the different
gamples were isolated and purified for we in the different
eXperiments performed, : g

3tudies have been conducted using films of the pufified
polymers cast from three solvents: Acetone/methanol mixture,
benzene and chloroform, The tensile strengtha of the films cast
Wwere measured on the Instron Tensile Testing machine. The results
obtainéd showed that films from the same polymer product, but
cast from different solvents have different tensile strengths.
From this it was concluded that different interactions npust have
taken place between polymer and solvents. The films cast from
acetone/methannl mixtures had the highest value of tensile
strength and the least elongation-at~break wvalue,

Addhesgives of the different polymerisation products were
made and uged to bind metal subastrates. The metals used in the
teats were Aluminium, Zinc, and Titanium, The adhintzs were

joined using %the different adhesiveg and then dried for 72 hours

at room temperature,
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Measurements of the bond strengths of the metals were taken
using the Instron tensile testing machine, From the analysis
of results, it was found that poly(vinyl acetate) containing
some crogs-linkage bonded petter, The results also show that
heyond a certain extent of crogs-linking in the polymer, bhond
strength decreases, i

The total time the substrates were kept bonded before used
for tests was kept constant at TZhrs. This period includes the
times for heat-treatments. Results also show that heat-treatments
of adhints would produce high bond strengths. The time of heat-
treatment depends on type of bplymer used, in terms of amount of
cross=linking and time of polymerisation,

- On plasticisation of the polymer samples with dibutyl
phthalate (DBP), to 10% of polymer weight, the resultant products
were used ag adhesives. Comparison of results of bond strength
of plasticised adhesives Wwith those obtained for unheated
substrates showed that plasticisation is not of advantage when
bond strength is essential, Thig was found to be partially
important when cross-linked polymers were used and substrates
were titanium,

Bmulsion poly(vinyl acetate) were found to be better
adhesives with high bond strength when plasticised, and bonded
adhints not heated, This wag found to be general charateristics

for the 8hr polymerisation emulsions,
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. L CHAPTRER I
1.0 . INTRODUCTION

" The adhewive art spreads over quite a large smace of time,
Carvings in the Thehes dating back to 3300 years were vroduced
by gluing thin vnieces of veneer to whet anmeared to be & plank
of sycamore.1 The modern usage and scope of the word "Adhesive"
embraces quite a lot more than were called adhesives in the past.
The early period limited the use of adhesives to naturally
occuring products. In Crete, early use of wet-lime 28 binder
for chalk, iron oc¢her, and copper blue frit pigments to walls
had been recorded.2 The Bgyptian utiliged gum Arabia from
acacia tree, egg, glue, seml-liguid balsam® and resins. Glues
from fish, stag horns and soft cheese were also used Tor fixing
wooden objects.3 The very first adhesives which were in use for
quite a long time were derived from vegetables, mineral |
substances, and animals, but they had little resistance %o
environmental conditions and therefore, gave way to the aynmthetic
adhesives which are now given greater attention,

Bxcent for the Introduction of rubber and pyroxylin
cerenis about = century ago,9 there were 1ittle advancements
in adhesive techmology wntil the twentieth century. Within
the last counle of decmries., the natural adhesives have been
improved and a large number of synthetic ones has emerged from

laboratories.



.;r The present day consumption of adheaives in different filelds

:';ié.sd large, that there is an ever increasing demand for
adhesives of different bondeetrengths snd purities, Many
materials are now clagsified as adhesives, hence in broad terms,
"an adhesive is a substance capable of holding materials
together by surface attachment", Therefore, the term adhesive
includes amons others, cement, glue, mucilage, and paste,

Quite & large number of factors have been responsgible for

%ﬁe growth of the adhsgive industry. The march fto produce new
adhegive formuletions is in the forvard directions., and
applications for these formulations are on the increase. Sinee
there has not yet evolved & single all-nurpose adhesive, (i.e. a
"Master Adhesive"), laboratory efforts for improvements and
ereation continue, The field of adhesives is complex and fast-

growing, offering challenges and rewards,

1.1. Objectives of the present work.

There are a number of publications covering the _
applications of poly (vinyl acetate).® One of the most o
important uses of (PVAS) poly(vinyl acetate) is in the formation
of adhesives, o ' | _ |

Most adhegives contain (PVAc) a9 a major portion, but other

materials are usually also present to provide specific properties,
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Because of the high commercial valuea of poiy(ﬁiﬁyl acefﬁfe),
most new findings in large laboratories and companies are kept
as trade secrets, and patented, and therefore are not easily
available, either to be subjected to tests of suitability, or
to be used as basis for improvements.

The present work has been devoted, therefpre, to
gynthesizing vinyl acetate polymer, at tempé;étures ndt higher
tham 60°C, to different degrees of cross-linking, Some of the
adhegive properties of the polymers obtzined would be studied
and results compared with same preonerties tested for non-crogs-
linked poly(vinyl acetate) obtained under similar conditions.
The effect of some common solvents for PVac, on its tensile
strength and tack would also be studied using the synthesized
samvles, o

The function of plasticirzers is to convert the hard and
sometimes brittle poly(vinyl acetate) into flexible and pliable
product, It is hoped that in this work, the effect of a
plasticizer on the adhesive properties to be studied, and on

film formation of the obtained polymers wowld be eoxamined,

1.2, '_' j General Characteristice of vinyl polymerization.

The processes by which unsaturated monomers are converted
to polymers of high molecular weight exhibit the characteris-

tics of typical chain reactions,
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They are readily suscevtible to catalysis, photo-activation,

3

and inhibition. The following free radical chain mexanizm,

propoged hy Staudinger,6 offers an explanation for the general

characteristics of vinyl polymerizations.

et

Z

2 ¥ ReGH,~CH. CHy=0l ) ReCH,~CH-CH,~CH- ( {-1)

, etc.
rl

Where 77 is a substituent which may be C6H5, 1, Br, OCOCH3’

COOCH3, or II, The chain ﬁropagation astep consists essentially
of free radical attack at one of the double bonded carbon atoms
of the monomer, One electron of the double bond pairs with the
odd electron of the free radical to form a bond between the
free radical end one carbon atom, the remaining electron of the
dounble bond shifts to the other carbon atom, which then becomes
& free radical, In this way, the active centre shifts uniquely
to the newly added monomer, vhich is thereby rendered capable
of adding another monomer, | o

The overall polymerization‘proceés involves at least two
other gteps:~ chain initiation, which must depend on a reaction
which introduces free radicsl into the system, and chain
termination, whereby the terminal radicel on a8 growing chain
is Adestroyed or otherwise rendered inactive. A fourth step

which is of importance in vinyl nolymerization is the chain

A
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tranSfer,'whereby the activity of the chain radical is

transferred to the solvent, the polymer, the monomer, or a

7

transfer agent, R'H. Schematically presented as:-~

! 1 .
(a) -~CH2—({‘1{—CH2-§}H- + R H ......._;_.*cnz-cm-c}zg-gﬂz + R
- R R - R R .
and _ .
(b) R 4 CHy=CH 3 R'-CH,-CH' etc (1-2)
Branching results from transfer to volymer. Radicals may

transfer intermoleculsrly resulting in 1oﬂg chain bhranching: -

e Ol =GH-CH=CH - mnCH =G <CFL, =0T ey Ol - CH-CTL-CHR
. ": §f"ﬁ o R ,. B & | ‘L CHE?R
e R (new chain radical) | : CH,
o | RV -
o L )
) ?H?
R

or intramolecuwlarly, resulting in short chain branching: -

H

. 1 -
~¢g—CH2~CHTPH ~C=R

f iHZ ——--9-,.41{2-ifi..cxig.-c-czig-czxe-cn ~CH,R (1-4)

2
R-CH CH R e

Ty ' . : - R
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1.3 Branching and Cross-linking in Polv(vinvl acetate)

'"hile lineer chain structure is the rule among vinyl
polymers the monotonous succession of bifunctional units may
occasionally be interrunted by 2 unit of higher functionality
The frequency of incidence of such units along the chain depends
on the monomer and conditions of its polymerization. Two common
sources of non-linearity in vinyl polymerization are:- branching,
resulting from chain transfer with monomer or polymer, and
cross-linking in polymerization of diene or divinyl monomer.8
It has become customary to differentiate the sources of non-
linearity in diene polymers by the term "braching" and "crosSs-
linking." It is also always pointed out that, whereas infinite

network formation is a direct conseauence of cross-linking,

branching yeilds only finite molecules.

1.3.1. Branching

In a vinyl polymerization which is propagated by free
radicals (1-2). a growing chain may occasionally enter into
a chain trensfer rerction with a volymer molecule, The growing
chain is termineted and the reactivated nolvmer molecule
proceeds to grow a new chain transfer., The resulting brenched
polymer molecule may sub-sequently undergo activation at
another of its units, and another chain is added to the molecule

at this point,
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Repetition of this process & number of times.maf.yeild highly
branched molecules having a structural pattern like: in

fig (1-5). The direction of each chain's growth iz indicated
by an arrow which also merks the voint at which trensfer

».

terminates its growth.

!

-

-_"F*?* I | I (-5
1

If chain transfer of the centre to a previously formed

LY
£

polymer molecule is followed ultimately by termination through
coupling wilith snother similarly transferred centre, the net |
result of these two processes is the combination of & vair of i
previously independent polymer molecules, If the chain transfer
involves removal of an atom, (often hydrogen) from the monomer,
the ensuing growth from the transfer radical will produce a
polymer melecule bearing a terminal wmit which retaing its

vinyl growup, If then the point of attack is presumed %o be

in the gubstituent ¥, (sce structure helow), the sequence of

reactions set off by chain transfer with the monomer may be

represented ag:-
Xe

M_~H + CH,=CH ¥

MI', + CI—Igz:gH SN 2= (1=6)

o CH .. <CH-1.11
——3 % o



Another chain radicel may acouire the terminal umit ofthe
the molecule (1-6) in one of its propagation steps. This would
mean that the terminal wngaturated unit way be incorporated
ag one of the units combined in another growing chain. Vhen
this occurs, a branched polymer is produced.9

_ H,
O (1-7)

It should be noted that branching processes can not in

]

1tself generate an infinite network structure. It is to be
expected therefore, that the branched polymers thus produced
will. remain go0luble and fusibhle, in the abgence of other
processes. : o

Vinrl acetate has 2 transfer constent witﬁ fhe monomer,
but that vith the polymer unit is somewhat larger than for the
the generality of other vinvl polymers.1o For common nolymers
e.g. styrene, methyl methacrylate and methyl acrylate, the
a4

transfer constant is about 2 x 107

and for vinyl acetate, it
is 8 x 10“4 (at 6000).8 i

The methyl group of the acetyl radical anpears to be the
principal site of transfer, although in the polymer unit below,
the tertiary hydrogen atom may make a large contribution, hence

the non-linearity in poly(vinyl acetate)} having degrees of
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polymerization of several thousands or more can not be neglected

g R
S

q o )
. (1f8)s 

.\ _Hz"‘i ?

The averase degree of branching increases with coversion, but
formation of infinite networlks seems impossible, Tach chain
transfor with a monomer molecule ‘bterminntes the growth of a
chain, but only those transfer monomers whose vinyl groups

subsequently polymerize. yeild branches,

1.3.2. Cross~linking

Polymer moleculeggformed af the véry beginning of a
pelymerization will be quite linear. But because they are
exposed to atteck by radicals of other growing chaing over a
large span of convgrsion, they have maximum opportunity to
acquire cross-linking connections subsequent to their formations
Those formed late in the process will contain more cross-linked
units knitially bubt will have little opporitunity to acquire
more .o - o SR I

Non~linear addition polynmers are readily obtained by
copolymeriszing a diviny) compound (e.g. divinyl benzene) with
vinyl monomer. ZProducts obtained exhibit the ingolubility and
other characteristics of space-network structurs, and are

entirely analogous structurally to the sypace-network polymer
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produced by the condensation of polyfunctional compounds.
Owing to the length of the chains in vinyl polymerizations,
~as little as 0.01% of the divinyl compound may be sufficient
to bring about gelation. The space-networlk polymer formed

was insoluble in liquids which would readily dissolve the
polymer were it not for the net-work structure." The copoly=
merization of a smel) amount of divinyl benzene with Etyrene12
offers the chance of introducing cross-linkages in a manner
superficially snalogous to that involved in the volymerization
of a conjugated diene, but more amen=able to control. The
ethylenic groun remeining in the Aivinvl unit after one of its
vinyl groups h~s polymerized is approximately as susceptible
to polymerization as it was initially,

The same arguments holding for cross-linking of styrene
could be assumed to hold for vinyl acetate., Copolymerizing
vinyl acetate with a small ouvantity of divinyl benzene might
lead to the formation of an infinite network. The product
could be insoluble in conventional solvents if polymerization
was in the presence large amoumts of divinyl benzene and was

allowed to proceed for a reasonably long period,
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1.4. Methods of Polymerization and their importance.

e

Vinyl acetate is polymerized by the free-radical addition
reoaction, as described in 1.2, TIree-radical generated by
decomnogition of organic peroxides such as benzoyl or hydrogen
peroxide or of organic "per" salts such as potassium or
ammonium persulphate are comnonly used to initiate the
polymerization, Metheods used are bulk, scolution, suspension,
and emwlsion polynerization of +he vinvl acetate monomer.
Reactions are carried out usually at temperature significantly
above the glass transition temperature Ig of Folyvinyl acetate

(about 28°¢),

1.4 1 Bulk and Solution Polymeri~ation,

Bulk volymerization of wvinvl scetate is not.verylpopular.
The difficulty of removing the heat of polymerization, and of
controlling the polymerization reaction and the occurrence of
branching at high polymer-to-monomer ratios, which leads to
insolubilization, have made bulk polymerization unattractive.13
The mechanigm and kinetics of bulk and solution polymerisation
are very sdmilar. The solution volymerization mechanism is
mainly deég}minod by the type of initistion used. (free-radical
and cationic initiation, heat and uvitraviolet radiation) and by

the tyve of solvent employed. The solvent often influences the

final molecular weight and the nature of the pelymer end grouns,
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The solvent could also determine the degree of sterecregularity
of the resulting polymer, as in the case of polyvinyl chloride,
though no such solvent effect has been noted with vinyl acetate.Tﬂ
Pinally, a solvent that dissolves the monomeric vinyl acetate

but not the polymer, such as an aliphatiec hydrocarhon, will bring
sbout a heterogeneous polymerlization by precipitating the

nolymer as goon as it is formed. For golution polymerization,
effect of each solvent to be used should be properly understood
before embarking on the experiment. e.g. benzene, even in small
guantity, reduces the rate of polyvmerization of wvinyl apetate

15

anpreciably. The order of recaction is rather compleXx, changing

constantly as the monomer concentration increases. However, in

moethanol, Yano and,lhtsumoto16

found that the rate of polymeri-
zation of vinyl acetate was not influenced by various ratios of
methonol, and vinyl acetate but thet the degree of polymerization

increased &8 the vinyl acetate concentration increased.

1.4.2. Sugpension Polymerigation,

Suspension polymerization of winyl acetate is an important
industrial process, Numerous patents, however, deal with the
vinyl acetate suspension polymerigzation, mainly describing

17 It has been

various protective colloids and catalysts.
recognized long ago, although never really proven, that

Kinetically, the suspension polymerlzation is a "water coded
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bulk polymerization.”18 The particles that are formed during
suspension polymerization are usually spherically shaped.
Srall amowmts of protective water-—soluble colloids are used,
to prevent particles from coalescing, examples are polyvinyl

alcohol, gelatin, maleic anhydride - vinyl alkyl ether copolymer.

1.4.3. Emulsion Polxmggizatibﬁ;'j3_.__f_jj' ;;r-

The emulsion polymerization process is most important both
in the laboratory and commercial production of polyvinyl acetate,
the suspension, solutioﬁ and bulk polywmerization following in
that order of importence. However, the emulsion polymerigzation
process of vinyl acetate is also the leasst understood, BEmulsion
volymerization recines may consist of: vinyl acetate 80 to
100 parts- water 80 - to 100 parts, emulgsifier 2 to € parts,
initiator 0.5 to 1.5 parts. The common emulsifiers for emulsion
polymerization of winyl acetate include polymers, like polyvinyl
alcohol, hydroxyethyl cellulose, zum arabic: anioniecs such as
sodium lauryl sulphate, alkyl aryl sulphonates, and nonionics
like polyethylene oxide alkyl phenols, and fatty acid ethers.

The commonly used initiators include ammonium persulphate,
potagsium persulphate, hydrogen peroxide, water-soluble azo

compounds such as 2,2'~azobis {2-methyl-4-carboxybutyronitrile).
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The Smith-Bwart theory'? is hased on work done by
Harkin520 stating that essentially, an emulsion polymerization
consists of a system of water, a monomer that is water-insoluble,
an emulsifier, and a water-soluble initiator, which produces
radicals when decoposing. The emulsifier forms micelles,
(about 16" cmf3), solubilizing monomer, which is transported
by diffusion throush the water phase from monomer droplet into
emulsifier micelle. The free radicals formed from the decompo-
sition of initistor diffuse into the miscelles and start the
polymerization., Since micelles are more in number than monomer
dronlets, the polymeri~ation takes place essentially only in the
micelle and not in the monomer droplets. DMonomer in micelle
is used up rapidly, new monomer then diffuses into micelle,
which is now swollen with polymer, wntil the monomer droplet
disappears and the micelles have changed to polymer particles,
No new micelles can be formed after a certain time, because the
total surface are of the particles in the system increases, and
thus the emulsifier concentration in the acqueous phase is
reduced to below the critical micelle concentration for the
surfactant, This occurs at about 15 - 20% conversion.

Smith and Ewart proposed three different cases for the
polymerization occuring in the polymer-monomer particle, as

follows: =




Cage I. The rate of'entry of radicals into the micelle
containing monomer is low, but the rate of exit is high. This
case is highly improbable, bacause a polymeric radical will
not diffuse out of particle faster than a amall one will enter.

Case 2, The rate of exit or termination of radical is
much slowar than the rate of entry. In this case, the rate

if polymerization can be described by the expression

Rp = Kp(M)(Kd If/Kt)+ where
Rp = rate of chain propagotion
¥p = vropegation congtant
(M) = monomer concentration
Kd = decommosgition constant
(I) = initiator concentration
f = initiator efficiency
Kt :
Case 3. The rate of termination iépmuch faster than rate of

termination constant.

entry or of exit, Therefore, at any given time, the micelle
particle would have one growing radical or none. The rate of
polymerization ie then desceribed by the propagation step in any
polymerization: - RSE
aM/at = Bp = Kp (M) (R+) where
(R") = radical'concentration;““;‘:

Paots
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One of the immortant noints of this rate equation is the fact
that an increase in initiator concentration does not lead to
an increase in the rate of polymerization, thowrh it would
affect the molecular weicht of the polyn=:>,

The Smith - Dwart theory has certain limitations., Newer
theoriea21 argue thet monomers such as methyl methacrylate,
vinyl acetate, n-butyl methacrylate, vinyl chloride and
styrene, vhich differ widely in water solubility, showed the
same devendence of rate and »warticle number on emulsifier,
initiator, and monomer concentrations over most of the range of
variables studied, Brodnyan and co-worker522 found that the
rate of polymerization obeyed equation R.p::(E)o‘5 (1)0‘5 and
the number of particles obeyed the equation:-

ww=(B)20 (1)°:0(m)0-°
5

where (E) = concentration of emulsifier in g/cm’.

1.9, Characterization of Polyvinyl Acctate.

Polyvinyl acetate is a thermoplastic, odourless, tasteless,
nontoxic, essentially clear and colourless resin. It has a
noncrystalline structure. Most grades of the resin have a
somevhat broad molecular weight distribution, and do not melt
sharply, but soften over a temperature range. Polyvinyl
acetate is neutral and noncorrosive. The various grades have
good heat stability below 100°C, but show slight discolouration
at about 150°C,
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In the ééﬁﬁéTCial world, thé different.molecular weight
resing are conviniently graded by a vigcosity number, (v.).
Most of the differences in physical pfoﬁe;fieé aﬁong polyvinyl
acetate grades are primarily a function of molecular weight.
A1l grades have good adhesion to many surfaces. The excellent
adhesion is due in part to the highly polar acetate groups
in the polymer and partially to the unique combination of
viscosity, tack, tensile strength, and other vroperties existing
during the spplication, formation of hond, and aging of bond.23
Emilgion polymerization products are divided into two
group524. The Ffirst tyme is mede of fine-particle sige,
(0.1 ~ O.%p): polyvinyl acetate without protective colloid,
but only with anionic or nonionic sgurfactants. The second,
a larg-particle size (0.5 - B.QF) emulsion, which is often
stabilized by protective colloid.24 In the industry, most
manufacturers specify properties of their emilsions to describe
the polyvinyl acetate produced in their factories., These
provertiss include:~ particle size, molecular weight, (usually
as high, medium, or low), film properties such as clarity,
water and grease reslgtance, and tolerance of emulsions to
various organic and inorganic chemicals, Other special tests
may be necessary to characterize an emulsion polymer more
thoroughly, R e Sl

S
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These are:- surface tension, heat, storage and compounding
stabilities, solubility of resin in varinus solvents,
compatibility of the emulsions with:- plasticizers, thickening
agents; tensile strength, hardness and other film properties,

and rheological behaviour.23

1.6. Technological 4jmportance and Uses of Polyvinyl Acetate.
Poly(wvinyl acetate) PVAc) has found a very wide use in

the adhesive industries. To select an adhesive, the time of
setting, temperature., pressure and other relevant factors for
best performence are considered. Poly(vinyl acetate) adhesives
were adaptable to new high-speed machinery in the paper
converting and packaging fields and were of importance as

wood adhesive3.25

PVAc is now used in adhesives for book-
binding, paper bags, milk cartons. drinking straws, envelopes,
multiwall shinping bags, automobile unholstery. leather binding,
tile cements, and cigzarette tipe. This wide use is probably
because of its relatively low cost, ready availability, and
excellent adhesive characteristics, Its use in paint industry
actually depends on its adhesive, binding and film properties,
In textile industry, it is being used %to impart durability and

strength to woven cotton and other f.abric:s.:",3
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| R Theories of Adhesion

The mechanism of adhesive attachments can 8till not be
fully explained. There are now many theories that try to
describe the phenomena of adheaion.25 ‘

a) Mechanical theory: Adhesion is described here, as a
process whereby the adhesive flows, fills microcavities on the
substrates, and on hardening, the substrate are held together
mechanically, Aceording to the mechanical theory, in order to
funetion Properly, the adhesive must penetrate the carvities
on the surface of the adhints and displace the trapped air

at the interfaece. Vhile some adhesive applications can be
exvlained by mechanical interloeking. it has been shown26 that
mechanical effeets are not alwéya of great immortance.

b) Adsorption theory

-The adsorntion theory states that adhesion results from
molecular eontact between an adhesive and the adherend and the
surface forces which develop, After intimate contact is
achieved between adhesive and adherend through wetting, it is
believed that permanent adhesion results primarily through
forces of molecular attraction., Four general types of chemical
bonds are recognised as being involved in adhesion and cohesion:=
electrostatic, covalent, and metallic, which are referred to as
prim~ry bonds and van der Waals forces, which are refferred to

a8 secondary bonds.
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¢) Electrostatic and diffusion theoriesz7

The electrostatic theory states that electrostatic forces
in the form of an electrical double layer are formed at the
adhesive-adherend interface, These forces account for
resistance to separation. This theory gathers support from
the fact that electrical discharges have been noticed when an
adhesive is peeled from a substrate.

The fundamental concept of diffusion theory is that
adhesion arises throurh the inter diffusion of molecules in
the adhesive and adherend., This theory is applicable only when
both the adhesive and adherend are polymeric, having long-chain
molecules capable of movement. The solvent or heat welding of
thermoplastics is considered to be due to diffusion of molecules.

d) Weak-boundary-laver theory:

According to this theorv. when bond failure seems to be
at the interface. usuwally a cohesive breal of a weak boundary
layer is the real event.28 eak boundary layers can origin=te
from the adhesive or the adherend if any impurity concentrates
near the bonding surface and forms a weak attachment to the
substrate. Weal boundary layers formed from the bonding

environment, generally air, are very common,
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1.6.2. Requirements for a Good RBond:

The brgic requirements for useful, adhesive~bonded
assemblies are cleanliness, wetting, solidification and proper
choice of adheasive and joint design.26 :

Cleanliness:- To achieve an effective adhesive bond, 2 clean

surface is the first requirement. Foreisn materials such as
dirt, oil, moisture, and weak oxide layers must be removed from
the substrate surface, or else the adhesive will bond to the
wealt boundary layers, rather than the substrate in use. The
removal of thege foreign bodies gonerally involve physical, or
chemical processes or a combination of the two.

Wetting:~ The adhesive must "wet" the substrate while the
adhegive 1s atill in the liguid state. ‘“etting is understood
a8 the spreading over and intimately contacting a solid surface
by the adhesive. The result of good wetting is greater contact
ared between adherend and adhesive cover which the force of
adhesion may act.

Solidification:= The liouwid adhesive, once anplied, must be

capable of conversion into a solid. The process of golidifi~
cation of an adhesive could be achieved.in three different
wayss—

(1) Chemical reaction by any combination of heat, pressure,

and curing agents,
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(2} Cooling from a molten licuid to a solid,

(3} drying due to solvent evaporation. ..'?Ji“

The method by which solidification occurs depends on the

S

choice of adhesive,
_ 2g

Adhesive Choice -
o

The general area of concern to the choicé of an appropriate

adhesive should be the material t¢ be bonded, service require-
ments, production requirements and eagse of access to obtaining
the adhesive and the cost.

Joint degisn.

The adhesive joint should be designed to talle advantage of
the good properties of adhesives z2nd to minimize their short-
comings. The maximum benefits of the adhesive can be obtained

only in asgemblies speclally designed for adhesive bonding.

e

1.6.3. Testing. - - _

When a good bond héé been achieved, 1.6.2, the strength
of the hond might need to he tested to estimete the Wtimate
use such bonded materials might be opubt into. The durability of
adhesives in bonded jointe is a funetion of stress and
environment. ¥ o | _

The synthesized polymers (PVAc) are tested for their
adhesive strength using the Instron testing machine,
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The strength of bonding are exﬁressed in ¥g cufz. Preparation
of adhints and application of adhesives to the surfaces of
adhints, methods of curing and cexverimental usage of the Instron
machine would he described under exverimental methods,

Pilms cast from the different nolymer samoples, and in
different solvents would be test for their tensile strength
using the Instron machineg., An account of the preparation of
films, and steps for testing would also be given under

experimental.
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CHAPTER 1T

EXPERIMENTAL METHODS

2.1, Preparation of Polyvinyl Acetate (PVAc).
2.1.1, Materials and their Purification.

1. Vinyl acetate stabilised with hydroquinone
supplied by B.D,H, Chemicals Ltd. Poole, England.
2, Potassium persulphate, reagent grade.
3. Sodium persulphate, reagent grade.
4. BSodium Lauryl Sulphate, specially purified grade.
5. Sodium hydrogen orth-phosphate, hydrate, reagent
grade,
The vinyl acetate monomer was purified by washing
repeatedly with a 5% Biion of Jodium hydroxide to remove
the hydroquinone, Complete absence of yellow coloration in
the Sodium hydroxide layer in a separating funnel, conTirmed
complete removel of the inhibitor, The vurified vinyl acetate
was washed with small portions of distilled water to remove
traces of sodium hydroxide., (Cleanliness was confirmed using
a Universal Indicator Paper, pH 7)., The purified vinyl acetate
was dried over dehydrated sodium sulphate, after which distilla-
tion was carried out. The fraction boiling off between 72°C

and 72.500 was collected and stored in a bottle and nitrogen
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was bubbled into it before it was kept in a refridgerator,
with the distillate used as soon as possible after collection.

Recrystallization of sodium and potassium persulnhates
were done in water. The crystals were dried in the vacuum
oven and stored over silica gel in desicecators till reauired
for use.

Sodium lauryl sulphate and sodium dihydrogen phosphates
were used as supplied without further purification.
2.1.2. Experimental.

A 2-1litre four-necked reaction kettle was fitted with
a motor-controlled stirrer., The kettle was immersed in a
constant temperature water-bath maintained at 60°C., After
flushing the reaction kettle with nitrogen gas, and maintaining

a nitrogen atmosphere in the kettle, 5000m3

of freshly distilled
water was introduced into the kettle. 'hen the temperature of
the kettle and its content was 60°C, the following reagents were
introduced into the reaction kettle, with constant controlled
speed of stirring:-~ 3g. of sodium lauryl sulphate, 3g. of
sodium dihydrogen ortho-phosphate, and 4.5g. of recrystallized
sodium persulphate. '“hen the reagents had dissolved, 200g
(214.8 cm’) of purified vinyl acetate was introduced into the

reaction mixture in the kettle, using a2 monomer drovnver.




Polymerization was allowed to vroceed Ffor & total of {11 hra I'F
with samples withdrawm at intervals using a 250m3 pipette. .
The polymer from some quantity of each sample that was with- *ﬁ

drawn was igolated, purified and dried in vacuum oven.

. 2.2. Erxeparation of Cross-linked Polv(vinvl ncetate) using

different amount of cross-linking agontd.

e

S 2.2.1 Materials and their purification,

I'?T. All materials in section 2.1.1,

l2. Diwvinyl benzene

%3. Methanol -~ technical grade.

. T The divinyl benzene, which had sclidiffed due to long-tine
- storage was brolen into emnll pleces and put into a distillation

.?iEflask. The flask was fitted with a 350°0 quick-fit thermometer,

By gradual heating, the fraction of p—divinyl bengene which
distilled off at 199°C to 200°C was collected. (Boiling

.'temperature of p-divinyl bhenzene heing 199.500_)1 The distillate

was further purified by vashing with a 5% solution of seodium

hydroxide. Removal of stabillizer was assumed to be completed

when the sodium hydroxide layer did not show any more red

coloration., Distilled vater was used in washing the purified

divinyl benzene to remove excess bhase, The bright yellow liguid

bbtained, which floats on water, was decanted, dried over
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anhydrous sodium sulphate, redistilled and finally kept in

a refridgerator until it was required for use. Pure vinyl
acetate, sodium and notassium per sulvhate described in

2.1.1 were used, Methanol rms used as supnlied.

2.2.2, Emulsion Folymerization

The proceedure of polymerization was carried out as in
212

Polymerizations to produce cross-linked poly(vinyl acetate)
were carried out for periods of 11 hours for each concentration
of the divinyl benzene used. The amounts of divinyl benzene
used are shown in Table 2.1.

Samples were withdrawn from the reaction kettle at 2 hrs,
5 hrs, 8 hrs, and 11 hra intervals after the start of each
polymerization, 1OOcm3 of each sample was precipitated to get
the amounts of solids in them., (Table 2.2)

The remaining portion of the emulsion of each sample was

kept in a closed sample-bottle for later use.
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s

Volume of D,V.B, in cm

3

1.5
2y D
3.5
4.5
6.0
11.0

% mole D.V.B. in Vinyl acetate-

. divinyl benzene monomer system

0.166
0.277
0.387
0,498
0,664
1.220

Table 2.2

——

-

r—

Weights of JSolid Poly(vinyl acetate) in 100cm3 of Emulsion

in grams.
Time of polymerizations (hrs)
2 5 8 11
g?%?gfsigfcms
0 21.413 24,122 22.825 22,392
1.9 14.226 17.533 17.4%1 16,248
245 - 12,824 15.084 19.573
g - 16.400 17.312 16,750
6.0 - 4,450 | 5.211 | 5.825
11.0 - 3.212 6.470 ! 9.341




2.7. Igolation and Purification of Crogs-~lin'ed
Poly(vinyl acetate)

Precipitation of the samples prepared was carried out
directly from the emulsions of each sample using a nonsolvent.
The non-solvent used wes a dilute solution of sodium chloride
in water. Thc emulsion was added in drovs to a loarge quantity
of salt water with continuous stirring to prevent lumps from
forming. The so0lid PVAc was filtered, using sintered glass
funnel, and vacuum pump, The polymer was not allowed to go dry
during filteration as this might cause lumping up. The filtered
product was washed several times with freshly distilled water to
remove salt, acid, secap, and any other impurities that was
gsoluble in water. The purc solid woly(vinyl acetate) was
transfered to large filter papers and left to dry in the onen
air for 12 hours. It was then transfered into a watch glass
and dried in 2 vacuum oven at 35°C over silica gel for another
12 houra. The products were weighed and again dried in vacuum
oven until the weight was constant. It was stored in bottles

kent in a desicecator mmtil reouired for use.
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2,4, Poly(vinyl acetate) films. fﬁ

2.4.1 Casting of the films, | ;H

Solutions of the different samples of polymer were
prepared using Chloroform, Benzene, and Mixture of acetone
and methanol” (ratio 1:2.33) in turn. i

3

One gramme of polymer was dissolved in 25cm” of each of

the above named solvents, PFach golution wns homogenized by

ghalcing the flasgk, PFilms were cast by genitly potxring the
250m3 golution on to clean mercury surfaces kept in clean
desiccators and placed in the fume cuvboard. The solvent
graduwlly svanorated. On complete evarnoration, the films werc
removed from the mercury surfaces with a sharpedge. The filme
were kept on filter papcrs and lkept in the constant humidity

room, of RH of 25% and a temperature of 21°C,

2.4.2. Plasticization of Polv(vinyl acetate)

—

To plasticize PVAc samples, the same solvents used in

2.4.1. were employed. One gram . each of polymer sample was

3

weighed and placed in cleaned, dry boiling tubes. 10cm™ of

- solvent was added., A solution of the appropriaste quantity of

dibuty) phthalate (DHP) in the solvent, that would give 10%

plasticizer baged on polymer weight when 10cm3 of the former

3

were added was prepared., 10cm” of the plasticizer solution wos

added appropriately into each boiling tube.
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Bach of the boiling tube with content, was given manual _
ghalking at intervals, till the polymer had digsolved into Fﬂ
the solvent added.

The boiling tubes were then arranged into a mechanical ﬁé
shaker bath, maintained at 40°C, After 24 hours of constant
shalking, the tubes with contents were removed from the shaker
bath, 50m3 ol pure solvent was added to the contents of the
tube to bring the volume to about 25cme After thorough
shaking in bath for another 6 hours, the contents of cach tube

were voured on to clean mercury surfaces and films cast,

2.5 Hechanical Testing of films,

Strips measuring 4.5 x 0.7c¢m were cut out of the cast
films. Using a micrometer-screw-guage, the average thickness
of ecach strip was taken, The shear-load required to break
cach film strip was determined using the Instron machine
(Model 1026). The gauge length of each strip was 3em. The
gtrain rate was kept constant at 100mm per minute, and measure-
ments were carried out at constant humidy and temperature of
26% and 21.,0°C respectively., From the measurements taken, the
tensile strength of cach film sample was calculated using the
formuia: ~

Pensile Strength = Shear Load x 9.8 NN °

Width of film gtrip x Thickness



The lengths, widths and thiclnesses of the film strips were
converted to unit of meter. ©Shear loads were expressed in
killogramms,

Uasing the gauge length, cross-head speed chart speed and
the actual chart movement, the elongation at breal of each was
also calculated using the formula: -

E Blongation (%) = 100 x Actual rhnrt oxtention X Cross head Speed
Gauge length Chart Speed

2.6. Preparation and Testing of Polv(vinyl acetate) Adhesives.

2.6.1. Unplasticised adhesives.

Adhesives of different volymer samples were prepared by

3 of

dissolving 1.0g of each polymer sample separately in 10cm
chloroform in Gﬂcm3 conical flask, After 24 hours with periodic
shaking of the flasks the contents of each flask were thoroughly
stirred using 2 stirring rod. ‘“here the solutions were very

viscous, 50m3

of solvent was added to cach flask and thorough
mixing was done, In the same way, adhesives of polymer samnles
were again prepared using Bensene, and a mixture of acetone with

methanol (1:2.33) (V/v)(z), respectively.,

2.6.2, Plasticised adhesives.

Same quantities of polymer samples as used in 2.6.1. were
used. The samples were each placed in boiling tubes. A solution

of the appropriate quantity of DBP in the solvent that would

3

give 10% plasticizer based on polymer weight when 10em” of the
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3

former wore added was pruvarcd, 10cm” of the »lasticizer
solution vas addcd appropriately into cach hoiling btubes and

further trecatments were as in 2.4.2.

2:6,:9. Unplasticized Emulsion adhcsives.

Using calculation of polymer content in a unit volume of
cmulsion, spcecific volumes were measured that would contain
about 1g of poly(vinyl acctatc) of cach cmulgion sample, Thesc

were put into diffcrent 500m3

conical flasks. Thickening of
the cmulsion solution was donc by gradual cvaporation, by placing
the flasks in hot water temperature 50°C. The obtainead

concentrated solution was uscd as adhogive.

2.6.4, Rlasticized Emulsion adhcsives,
Calculated volumes, bascd on polym:oric content in cmuilsion
solutions, of the difforent samples were placed in different

¥ of

boiling tubcs, and concontrated where necessary. Scm
solutions of chloroform, mecthanol/Acotonc mixturc. and benzene,
cach containing appropriatc quantity of DR in the solution
that would give 107> plasticizcr based on polymcr weight was
added appropriately to thce contents of the boiling tube. The
tubes were arranged into a mechanical shakcer bath, operating at

40°C. The tubcs werce removed after 24 hours of constant rocking

in the bath, and the contents usced for adhesive tests,
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2.6.5. Preparation of Substrates for Adhe=ive jointg, : LW

In stuwdying the durability of adhints! honde, the g e
procesging involved in obtaining suporior durable bonds has |
been found to be of major importanco.T Treatments given to the
adhints in this work were according to gpecifications for

treatments of adhin‘ts.8 | _ F,

2.6.5.1. Prcparation of the Mctals.

Motals uscd were Aluminum, Zinc and Titanium foils. The
mctals were cub into stripve 5 x 1 em. The strips werc all soaked
in warm water. The surfaces of the Aluminum and 7ine Strips were
cleaned with dilute hydrochlorie acid, after whieh they woere
again put into hot water, The strips of Aluminium, Zinc, and
Titanium were all scrubbed with commereial *Vim.® Thoy werc
again waghed in warm distilled watcr and dried. in arca of
(1.5 x 1) cm2 was marked on onn facc of cach strip. These marked
arcas at on¢ cnd of the strins weore sand-paperced with 100 grit
embry cloth. The ssnd-papored ends were cleaned usineg methanol,
All the strips were then put into a Tlask. fitfed with reflux
condenser containing purificd tolucne, and hoiled for 30 minutes
for degreasing, They were then dricd and storcd over silica gel

in a desiccator wmtil used.
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2.6.5.2., Preparation of Glass

Non-corrosive microsconc slides werce uscd, Strips 5 x 1 cm
werec cut, and an arca (1.5 x 1) cm2 ctched from one end of cach
strip, The marked arcas were sand-papcred and cleancd with a
picce of cloth, dipped in purificd tolucne, Storngc was done

over silica gel in cvacuvatcd desiccator until used.

2.6.5.3. Preparation of 'ood.

Single »ply of plywood supnlicd by the Epe plywood Industry,
Epe Nigoria was used. Thoe plywood sheet was sand-papcred in the
dircection of the grain, after which strins measuring 5 x 1 em
were cut. An arca (1.5 x 1) cm2 was marked out on one end of
cach strip. The surfaccs of the strins were clecancd for usc by
wiping them with a picee of cloth dipped in tolucne. Storage

was over silica gcl in desicecator beforce use,
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2.6.5.4. Prcparation of Cardboard.

Card-board pancrs wcere also cut inteo strips with dimensions
as in othcr reported adhints., The surfaces were wiped with
methanol/acctone mixturc and allowed to dry hefore storage., They

were stored over silica gel in desiceator until they were used.

2.6.6. Application of ‘dhesives and treatment of adhints.

The sand-napcred. clcancd and stored adhints were laid on
filter paners with the ctched surfaces upn. Using a stirring rod,
the content of cach container in which adhesives had becn
preparcd were again thoroushly mixced., The adhesive was then
sprcad on the marled-out arcas on cach strip.

The adhesive was allowed to dry then, the adhints were joined
using hand-pressure to rcmove any trapped air bubbles, TRight
joints were prepared for cach adhesive formulation. All the lap
joints werce vlaced undcr a constant load of 10kg for 30 minutces
to ensure proper facc contact, and complcte exelusion of air
bubbles. The adhints of cach adhesive composition were then
divided into two portions and given diffcrent treatments,

a) Air treatment:~ In this trecatment, the adhints were
laid on filter papcrs on 2 flat surface to dry in the air for
48 hours, After the expiration of the drying time, measurcments,
of length and width of thec contact 2reas worc taken. The lap

joints were then tested for tack using the Instron machine,
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b) Heat-trecatments., Tlere, the adhints that werc not used for

air treatment were put in the oven maintained av 100°C.  The

'-_timﬂ of heat-trecatment var;ed from 1 hour to 5 hours, Afbcr the

.iexniration of the set time, the substrates were romoved from
the oven and allowed to dry in the open aoir at room temporaturc
for the rgmaining time that would malke the joining time add up
%o 48 hours. Mcasurcments of length and width of areas in

contact were taken and tegst for tack conducteod,.

2.6.7T. Mechanical Testing for Tack,

The Instron Tensile testing mechine (model 1026) wae ugsed
in testing the hond strengths of adhints vropared with different
gamples of adhesive, The load ccll 1026 CM with maximum load of
50kg was used in tests for tack., The strain rate was kept
congtant at 100mm per minutc, and measurcements wore carried out
at RH, 25% and temperature of 21°¢.  From the Curves obtained in
the test, the tack was caleulated using the formulas.

Tack = Load

-2
: Eg cnm
Arca of bonding .

wheore load = force of scparntion of adhints,
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DETINITICNS OF TWRME RELATING TO ADHTSTIVE AND MECHANTICAL

TESTING* USED IN TIII3 WORK,

ADHERE
ADHEREND
ADHTESIVE

LDHINT
BOND
ROHD STRENGTIH

JOINT, LAP

SUBSTRATE
TACK

WETTING

Po cause two surfaces to be held togzether
by adhesion,

A body which is held to ancther body by an
adhesive,

A substance capable of holding materials
together by surface attachment.

PRI B

An adhesive Jjoint
The union of matcrials by adhesives.

The unit load applied in tension, compression,
flexure, peel, impact, cleavame or shear,
reguired to break adhesive assembly with failure
occuring in or near the plane ol the bond.

A joint made by placing one adherend partly

over anothor and bonding tomether vhe overlapped
portione.

A material uron the surface of which an _
adhesive containine substance has heen spread
for any purpose, such as bonding or coating.
A broader term than adherend.

The mronerty of an adhesive that enabhles it to
form a bond of measurable strength immediately
aTter adhesive and adherend are brought into
contact under low vregsure,

Ability to adhere to a surface immediately
upon contact,

#ASTM Designation: D907-60 Published through courtesy of
American Soecirty for Testing Materials, 1916 Race B8t,

Philadelphia,

Pa.,
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RESULTS AND DISCUSSION

3.1. Dependence of Tenzile Strength of DVAc on digferqpf Faétorc
TMoures (3-1), {(3-2), (3-3), revresent plots of Tensile
strengths of Tilms of Poly(vinyl acetate) produced at 5 hours,
& hours, and 11 hours. Polymerisation, cast {rom different
solvents (acetone/methanol mixture), benzene, and chloroform and
containing Aifferent amounts of divinyl benzene (DVB) for crogs-
linking., The divinyl benszene in monomer mixtures for cross-—
linking wags calculated an a percentage oi the molar weights of
the monomers in the mixtures for polymerisation.

- J.1.1. Effect of Solvents on Tensile Jtrength of PVic £ilms

Fig. (3=1) represents the results of tensile strength (T.83.)
ﬁfor films caéf\from different solvents. DTolymer samples used
(cross-linked and uncross-linked), were recovered after Ilve
hours polymerization, and their T.8. were measured in the Tilm
form. The curves obtained show an initial rapid increase in
tensile strength with extent of cross-linking, i.e. % DVB in
bath. The tensile strength reaching different maximum values,

which depend on the percentase DVB in monomery mixtures, finally

. decreases, The peak value of T.%. is highest in acetone/methanc”

mixture, and is at 0.17% DVB in the nolymerisation bath.
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For Tilns cast Trom benzene, the behaviour of T,S. with % DVB
content is similar to that from acetone/methanol, except that the
peak value of 7,3, is lower., For {ilms cast Trom chloroiorm,
the initi2l increase in T.S. is graduzl up to ahout 0.1% cross-
linking azent in the bath, when it rises steeply to o maximum
value at about 0.28% cross-linking agent in the Polymerisation
bath, From there on it decreases.

The film from the 8 hours polymerisation product cast rrom
acetone/methanol also has its nweak 7.S. value For the 0,17 DVR
in bath, fig 3-2, and decreases in value through 0.28% to 0.39%
DVB., The lowest value is obtained from the sammles with no crogs-
linking egent, Por Tilms of the same samnles cagt from henzene,
the neak T.5. value iz also Tor the 0.17% DVB in bath. The
pattern of variation of T.7. with % DVB in bath is the same as
in fig. 3-1. The lowest T.3. value is observed for the samle of
0.39% cross-linking agent. For Tilms cast from chloroform, T.S3.
decreases with increase in % DVB in bath to a minimum value at
about 0,3% DVB in bath and increases thereaiter.

The results of the tests periormed on the polymer nroducts
of 11 hours polymerisation and difierent % DVR in monomer mixtures
are showm in fig 3-3. Tor the unrlasticised films, the tensile
strength increases with cross-linking, ranidly at Tirst, gets to
a maximum and then decreases. For Tilms cast {rom acetone/

methanol, or benzene, T.35. has a maximum value at about 0.23%
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DVB in bath., and Tor those c¢cast from chloroform., the products
of 0.17% DVB in bath have the hishest T.5. values. The tensile
strength has the highest value for ilms cast Ifrom acetone/ t”
methanol mixture and lowest value for those cast {rom chlorordorm,
Tor the three sets of results i.e. Tigs. (3-t, 3-2 and 3-3),
the films cnst Trom acetone/methancl mixture exhibit the highest
T.3, Tollowed by those cast from benzene. Those cast {rom
chloroform can be seen to have, someftimes, much lower values of
T.S3, than those from the other two solvents or solvent mixture,
Purthermore, Tor films cast from acetone/methanol or benzene,
the ©ilm of highest T.S3. corresponds to the % DVB in monomer
nixture, whereas for those cast from chloroform the position of
the highest value of T.8. (in terms of ¢¢ DVB in bath), denends
on the hour of polymerisation of the product.

3.1.2. Interaction of acetone/methanol, benzene, and chlorofarm

with PVie,

The results renorted in %.1.1. c¢an be exvlained in terms
of some snecific or non-smecific interactions of the solvents
with FVic. ! Acetons/methanol beins strongly cepeble of hydrogen
bonding, would most likely give surface protection to PVic.
#ilms by way of forming hydrogen bonds.2 This protection rould
at least lead to 2 reinforcement of the Tilm and honce disallow
the polymer molecules from moving past one another, (slippaze
of chains). Consequently, & hard and brittle polymer film would
result, 1"
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For chloroform, the fact that the solubility narameters
of chloroform (9.%) and PVAc (9.4) are very 01039,1 the volymer
would very easily dissolve in the solvent and the molecules of
the solvent easily would lodge in-between the polymer chain
molecules and weaken the polymer-polymer bondage.1 When the )
polymer—polymer bondage is weakensd, this in turn is mnifeateg‘
in the reduction of the T.S. of the polymer. i

Benzene is clagsified as a polar acentor,1’3 hence its il
bonding to PVic will be of some considerable strength, and at
leaat stronzer than the bonding between chloroform and PVAe.
Benzene will likely have a bond, of either cation solvation or
anlon solvation with the polymer when dissolved in it,3 therefore
the films from benzene show larger tensile strength than those
Trom chlorolorm,

3.1.3. Eifgct of Plasticization on the T.3. of PVac films

The general invluence of vlasticisation on the tenslile
strength of the cast Tilms are shown in Tigures (3-1), (3-2),
(3~3) also Plasticisers are non-volatile solvents with molecular
welght of at least 300. Because of their size, they dissolve
into the polymer and are not casily removed. The influence of
solvent on the tensile strensth of plasticised polymer Tilms is
difficult 40 assess., This is because of tho possibility of
interaction between the solvent used for casting films and tho
plasticiger, It is generally conceived that there should be

some influence of the solvent on the plasticiser actlon.
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A significant decrease in tensile strength of Tilms usged is

as a result of the reduction of polymer-polymer contacts by the
plasticiser. The greater the interaction, the more the spacing
effect betwen polymer-nolymer will be offset.4'5 fﬁ

The nolymer films were nlasticised to the extent of 10% of
total polymer-plasticiser weisght. The results in Tig (3=1, 3-2,
and 3-3), indicate a signi{icant deecrease in T.3, Again T,S,
increases to a maximum and then decreases. For the two solvents,
acetone/methanol and chloroform aystems, films cast for the
polymer products of 5 hours polymerisations show an initial
increase in T,8., which reaches a maximum value with increase in
% DVB content in monomer mixtures. There is then a decreasge in
T.3, for {ilms of higher degrees of % DVB in bath., Maximum T.3,
value for films cast from acetone/methanol is obtained at about
0.17% DVB while for those cast from chloroform, the maximum is
for 0.1%% cross-linking agent content., Again films from acetone/
methanol have higher T,S. values than those from chloroform,
Films from benzene became too gticky on nlasticisation and could
not be uied for testins,

The tests performed on »losticised nolymers which were
produced at 8 hours cre renorted in fig 3-2. Tor these produchs,
Tfilme cagt from chloroform have higher value of T.S. than those
cast from acetone/methancl., This is at variance with the results

observed and discussed for the unplasticised materials,
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Fig3-3 MOLE *. CONCENTRATION(DVBinDV -Vinyl acetate monomer mix.)

Effect of Cross-linking on the tensile strengths of £1ilms

cast from different solvents using Eleven hour polymerisation
products,

Unplasticised: O Jhloroform Cicet thanol & Bensens
Plasticised: @® Chioroform --Ag:tgg:/ﬂﬂtthml

(Pilms plasticised and cast fson benzene were toe tacky anmd
hence unsuitable for testing




Our earlier assumntions might however be correct, that there
micshi bhe some sort of interactiono, coonerative or otherwise,
between the nlasticiser and solvent, Agzin Tilms Trom benzene
.on plasticissation became too sticlkty and could not be tested.

The rvesults in {ip 3=3 Tor nlasgticisecd semples al=2o sugzest
that plasticisntion of PVAec during 7ilm castinz from acetone/
methanol mixture may be more elfective than in the presence of
chloroform. Here =2gain the tensile strenzth values for films
cast Trom chloroform are hirher than those from acetone/methanol
mixture. The increase to 2 maximunm of 7.8. with % DVE in monomer
mixture is observed. Also there are no results Tor the {ilms
cast Trom henzene on nlasticisation for reason alrecady siven,

For all the plasticisation studies, a conclusion is drawvn
that nlasticisation decreascs tensile strength of poly(vinyl
acetate) 28 is previously Pnnun,s including the cross-<linked
samnles, The extent of lowerins of the %ensile strensth has
been Tound to depcnd on both the solvent used for casting the
film and the amount of cros~=lin’ing agent in the polymer used
as samle. Benzene annears to have 2 coomerative plasticisation
activity with dibutyl nhthalate when present with the latter
and used to cast Tilms of PVie. It might be necessary to study

the interaction of benzene with DBP,
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Dependence of Elongation on the @xtent of Cross-linking in
PVA_C.7

Tig. 3-4 shows the valuss Tor elongation atebreak in respect

of Tilms oX PVAc. The films are from the 5 hours polymerisation

products of different extont of cross-linking i.e. % DVB in
renction mixture, and were cast Trom different solvents.

The films cast from chloroform show a neak value of 240%
elongation for the unolasticised nolymer (corresvonding to 0.17%
cross-linking agent) after an initisl rime from about 112%, It
decreasess thereafter with increase in the percentagze of cross-
linking agent in the polymerisation bath. For Tilms cast {rom
acetone/methanol, elongation docs not seem to vary conspicuously
with the amount of cross-linking agent in the polymerisation
bath for the 5 hour polymerisation. It appears to have a constant
low avera~e value of about 20%. The results observed for ¥ilms
cast from henzene are similar to those from chloroform, with a
mximum elongation of about 274%. TFor the plasticised samples,
there is an increase in % elongation for all the Tilms cast Trom
bhloroform and a slight increase for 2ll cast from chloroiform
and a slisht increase For all cast from acetone/methancl. Films
from benzene on plasticisstion became unusable for the mechanical

tests., Tt has been obhserved that films cast from acetone/methanol

mixturen hawve very low elongation,
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I'ig. 3=5 shows the elongationeat-hreak for the 3 hour
polynerisation sammles, from crogss-linled and uncross-linked
polymer products. The Tilms cast from benzene show the peak
value of elongation of 293%% in the presence of large amounts of
DVB, There was Tirst & small decrease in elongation, followed
by the rise to the nezk. TFilms cast {rom acetone/methanol show
very low values of elongation Tor most concentration of DVB,
excent above 0.3 DVB in monomer mixtures, when there is a rise
to about 70% elongation at about 0.39% DVB, followed by a
decrease,

Again the plasticised samples exhibit increases in
elonzations, as would be expected, The increcse in elongation
of films cast from acetone/methanol is however as insignificant
as the original value of elongation of the unplasticised sample,

Plasticised films with benzene as solvent could not be used.

Pig 3-6 represents the elongation values for {ilms of the
11 hour polymerisation products. The {ilms cast from benzene
show some very interesting elongation pattern, as observed for
the vproducts of 8 hour nolymerisations, The peak value of 384%
is obtained from the products containing 0.28% cross-linking
agent, This value drons very ranidly to a very low value in
0.39% cross-linking agent, with an elongation-atebresk value of
210%.
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Again there is an initial decrease in elongation from 140%
before the steep rise to a maximum of 384% from chloronTorn,
the vealk value of 160% is Trom 0.28% cross-linking agent content.
The elongation in abmence of cross=linking asent is 80% while for
0.4% cross-linking agent is 86%. As for films coaat from acetone/
methanol, the elongations-at-break values are very low usually
less than 60%. The maximum value of 50% is obtained in 0.39%
cross-linking agent. There is & minimum value of about 4%
elongation in 0.26% eross=linking agent,

The nlasticised films have hirher clongation values as one
would expect, Cor those cast in chloroform and those from
acetone/methanocl . Once more the 7ilms cast Trom benzene in the

presence of DBP could not be uzed for testing,
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Fig.3-4 */s YOLUME OF DVB inDVB-Vinyl acetate mix.

Effect of Cl‘ﬂsﬂ-link on the Elengation-8t-break of Pilms of
poly(vinyl acetate) using Five hour polymerisation products.

Ugﬁnatioiso& © Chloroform [-] Acetone/Methanol /\ Bensene
Plasticised: ® Chloroform @ Acetons/Methanol

(Films plasticised and cast from benzene were too tacky and hence
unsuitable for tu*t:l.::ng‘)’a ¢ nd "
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Bffect ?f Cross-1 on the Elongation-at-break of Films
vinyl acetate) using Eleven hour polymerisation

of poly
uots.
ﬂatioiud: O Chloroform (1 Acetone/Methanol /\ Benzene
Plasticised: @ Chloroform @R Acetons/Methanol
(Pilms plasticised and cast from Snuono were too tacky
and hence unsuitable for testing



3.2, Bondins of metals substrates with PV7Ac adhesives (with op

without crogs-linking): Bffect of heat treatment on tack.

The different samples of PVAc cdhesives were prepared with

acetone/methonol nixtures as solvent. The results of experiments
on TeSe of PVAc films cast from three different solveonts have
shown the acctone/methanol nixture as beinz the best, of the

three solvents on the account of the magmitude of tensile strength
of the films, Also, the eclongation-at=hrecal: of films cast fron
acetone/methanol mixture have been found to be the lowest. Such
filmg have low creep hence prevent.slippage of one substrate over

§his other on the adhesive £ilm, Fr9:10

The adhesives thus prepared
were applied on aluninium ard titanium, Samples of the adhints
exposed to heat for different len~ths of time. after which their
bond strensths (tack) were measured,

Fi~., 3-%7 shows the variztion of tack of aluminium and
titanium substrates with time of heat treatment, No DVB was used
during the polymerisaition of the PVAe sanples, and the samples
tested were polymerised for 5, 8 and 11 hours respectively.
Heat-treatment was at 100°C., The adhesives from the products of
5 hours and 8 hours polymerisation on aluminium substrates, show

a gradual inecrease in tack with the inercase in tine of heat-

treatment.




A peak value of tack ig obtained with the 5 hours and & hours
polymerisation products after 5.5 hours of heat-treatment, '/ith
the 11 hours polymerisation produvect adhesives the peak value is
obtained at 5 hours heat-treatment time. Also in this case, a
rapid decreacse in tack with further exposure results, Initially
tack of aluminium bond with PVAc is more sengitive to heat-
treatment with PVAc polymerised for 11 hours, than those for

5 and 8 hourg, .

For titaniw:, the longer the exposure time, the bigger _
the tack, "his is true for the three sets of PVAe; 5 hour, 8hr,
and 11hr polymerisction products. For adhesives prepared from
5 hours and 11 howrs polynerisation products, tack is maximun at
about 5.5 hrs of hent—troatment while feor those at 8 hrs, the
pealk tacl valve is obtained at Shrs heat treaiment,.

Effect of the presence of eross-linking in PVAC is
reflected in the reoults of taeck versusc tine of heat treatment
presented as fig, 3-8 s Polymerisation of vinyl acetate was
carried out in the presence of 0.17% DVB in the polymerisation
mixture and the products isolated at different times were tested
as adhesives., Tor aluminium as suhstrates. tack increases with
time of heat treatment until a maximum value is obtained at about
5.5hrs of heat treatment for samples polymerised for Shrs. TFor
those polymerised at 8hra, tack reaches a maximum at 5.2hrs heat

treatment, wvhile for 11hrs preparations, tack has a maximun value
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at 4,6hrs of heat treatment, The 11hrs polymerisation product
adhesives show larger tack values with aluninium, than either the
5hrs or 8hrs polymerisation products for treatments lasting less
than Shrs. )

Applying the same.sets of adhesives on Titanium substrates,
the 5hrs polymerisation adhesives show a graduzl increase in tack
as the heat-treatrnent time is prolon~ed. The peak value is
obtained at 5,5hrs heat -treatment. after which the tack value
decreases slightly., Tor the 8hrs polvmerisation adhesives. a
rapid inerease in tack value with period of exposure is obtained
until the meximum is reached at Shrs of heat-treatment., A slisht
decrease in bond-strencsth is observed with 11hrs polvmer Product
adhesives, o rapid incrense in tnck to a peak at 4.5hrs of heat-
treatment is observed, This is followed by a sradual decrease.

Using the polymer products cross-linked with 0,28% (DVB in
DVB-winyl acetate monower mixtures), fif., 3-9, shows that, with
aluminiun as substrates, and using the Shrs polymerisation
adhesives, the lowest tack value is obtained from the 3hrs of
exposure to heat and increases S8teadily to a peal: value at about
4.8hrg heat-treatment. A sradual decrease follows. Yith 8hrs
polymerisation adhesives, the tack increases from its lovest value
at 3hrs heat-treatrment to a peak value at 4.25hrs of heating and

later decreases to a minimum value at 5.5hrs of heat-treatment.
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The 11hrs products give high bond strength, The lowest yalue
is obtained at 3hrs of heot-treatment, and increases as the
period of heat-treatment increases, The peak is attained at
4.5hrs of heat-treatment. A decrease follows at lonmer periods
of heat-treatment,

With the adhesives applied on Titanium, the Shr polyner
products show an increase in tack with increase in heat-treatment
time, reaching a maximum at 4,5hrs heat-treatment., A gtead¥
decrease in tack value follows at longer times of heat-treatment,
With the 8hrs polymerisation adhesives, the tacl: vallies are lower
than for the corresponding test samples for the Shrs polymerisa=
tion products. 'The peak tack value occurs at 4.5hrs heat-
treatment Sfter which a rapid decrease in taclt follows,

Using the 11hr polymerisation products on titanium, the
peak value is obtained at 4hrs of heat-trectment., This is
followed by a fast decrease in tack value at longer tinmes of

heat=treatment.
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Table 3-2 .1, chows the peak values for the back o' iuminium
and titanium substrates. The nolymers uzed (in terms of hours

of nolvmerisation and amount of DVB »nmosen’ in the mixture) and
the time of heat treatment are sho'm, The taclk values in respec
of titanium subhstrates are hich comnared to those for aluminium
using the same adhesives. the surfaces of the $o adhints having
been treated as 1"!:c0"lrmnd(=r‘..” The hish hond strenegth exhibited
by titanium is exrected, “ecause the metal does not oridize when
exposed to the atmosphere, With some other metals e.g. 2luminiuml]
Zinc, their swrfaces are coated by their oxides which are Tormed
on oxposure to the atmosphere, cven after the best suriace treat-
ment, These oxides are impurities that may result in microscopic
points of nonbonding, wniformly distributed over the adhesive -
substrate interface, These nonbondinz points will not onl:r ailect
the strensth of the overall bond but also affect the wvave counling

12
between the substrate and the adhegive.

Considering the uncross-=linkcd volymer adhesives, the 8hrs
polymerisation product gives the best tacl: in both aluminium and
titanium substrates, at heat-treatment time of between 5 and

5.5hrs,
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The polymer adhesives containing 0.17% cross-linking agent
in polymer mixture, show that 8hrs »olymerisation product is
once arsain hent suited to aluminivm vwhile the 11hrs product gives
the larrest tac!r velue with titanium,

It is amain shovm that the 1thrs volymerisation »olymer
product gives the hi~hest tack value in hoth aluminium and
titanium vhon nolvmers containing 0.7287% cross-linking agent in
polymer mixtvres are used,

From the teclk values in tahle 3.2.1, it is secen that 8hrs
and 11hrs uncross-lin':ed polvmer products and all samples in the
0.17% cross=linking az>nt content in polymer products give
aluminium reasonably high tack values, However, when the cross—
linking agent contents goes beyond 0.17%, tack values fall., Yith
titaniwn subatrates however, the more the cross-linking agent
content in polymer, the less the tac!s values, This uncooperative
association hetween adhesives and adhints in the case of titanium,
may be due to the fact that the pores on the surfaces of titanium
are not large enoush to adsorp the three-dimengional molecular
volume of the cross-linted adhesives. The more the cross=linlking
agent content in nolymer, the larser the molecular volume, When

wetting of substrate is noor, tack is low.13
The resudlis gencrally show that cross=linking in PVAc reduces

the adhesive »roperities and agpecific2lly reduces the taclk Tor bonds

bhetveen aluminium or titanivm.
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3.3, Comparative Study; Effect of plasticisation on Tack

of heated and unheated bonded substrates

The adhesives used in the comparative studies are the
products of Shrs, Bhrs, and 11hrs.,, FPolymerisation time,
They contain different amounts of cross-linking agent in their
polymer make-ups., The adhints used are:- Aluminium, Zinc and
Titanium, oome factors which could be said to account for
differences in tack values are: - oxide formation on sub:}trateS,1
different sizes of the pores on the surfaces of gubstrates, and
intramolecular attractions between adhesives and :sdhints.15 When
a solvent is trapped in an adhesive, the latter can not gevelop
full bond-strength when used in bonding of substrates because
of the intcrforenc95 of the molecules., Also, if the PVAc adhesiv
is plasticised, a decrease in tensile Strength6 is expected, As
has been pointed out 5.1.3., there might be a sort of interactio
"ecooperative or otherwise," between the plasticiser and solvent,
This might cause more of the solvent used in making the adhesive
to be retaland in the adhesive between the subStrates and

consequently lead to reduction in bond strength,.
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3.3.1. Heated and unheated bonded Aluminium Subgtrates.

Four samples of aluminium lap=~joints were used for each
0f heated and unheated tests employing each Ltype of the
available adhegives. The tack values are represented by figures
3-10, 3«11, and 3-12,

In fig. 3-10, vhere Shr. polymerisstion PVAc products were
used, there is a decrease in tack for unheated adhints as the
quantify of cross~linking agent in polymer is increased, till a
minimum value at about 0.28% cross-linking (DVB in the system)
is reached, after which the tack value increases slightly. The
gamples heated at 100%¢ for 3hrs show an initial increase in tack
value for crosg=linking agent in the system of up to 0,13%. Then
a decrease in tack value is observed attaining a minimum value
for about 0.30% cross=-linking agent in system, Then an increase
in tack value ia noticed again, The plasticised adhesives sShow
lover tack values for each of corresponding treatments of

unplasticised samples.

_g; For the 8hrs, unplasticised and plasticised polymerisatiocn

products, the same pattern is observed ag for the unplasticised
Shr products, though the numerical tack values in the 8hr polymer
products are higher than those of the Shr products. The zZero
crogg=linking tack values are the highest tack just as in the
5hr. products, and the minimum also at 0.30% cross-linking agent

in polymer system, followed by a slight increase in tack.
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& TPor each of these sets of study, tack decreases through a
minimum and does pot show any moaximum value. Tack values for the
heated and unheated adhints are presented in fig. 3-12, for the
plasticised and unplasticised 11hr polymerisation PVic adhesive
Products, The pattern of variations in tack differs for heat-
treated and unheated adhints when compared to the pattern obtained
for the PVAc products of 5 and 8 hour polymerisations. The tack
for the unheated adhints show initial decrease in values,
reaching a pinipum &t about 0,15% cross-linking (DVB in the
gystem). The tack thereafter increases attaining a peak at about
0.28% cross-linking (DVB in the system). Then the tack decreases.
For the adhints which were heated, the tack gradually increases
with increase in the amountg of crosg-linking agent in the system.
4t about 0.25% cross~linking agent in the system, the tack attains
a peak, and then rapidly decreases. For the adhints Jjoined with
rlasticicsed adhesive, the same pattern as in the unplasticised
adhegive joints is shown though with lower tack values,

3.3.2, Heat-treated and untreated bonded Zinc Substrates,

Zinc gubstrates on which plasticised and unplasticised Shre
polymerisation PVAc adhesive products were administered, show
different patterns of tack increases and decreases, Fig, 3-13,
For the unheated substrates, the tack decreases from some initial
values, attaining a minimum in each case, correzponding to about

0.28% (DVB in the system). This is followed by an increase.
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For the heated samples, increase in tack values is observed
initially, reaching a peak at about 0.17% cross-linking (DVB in
the system), which is then followed by a decrease., When 8hr
polymerisation products were used as adhesives, fig. 3-14, each
set of the unheated samples again shows an initial decrease in
tack going through a minimum at about 0,17% cross-linking agent,
followed by an increase as the amount of the cross-linking agent
increases, The heat-treated adhints also show initial decreases
attaining 2 minimum at about 0.17% cross-linking (DVB in the
system). The unplasticised adhints show an increase in tack from
the minimum tack value until a second peak, loWver in value than
the initial tacl, is attained at about 0.32% cross-linking content
in polymer, followed by another decrease in tack. Also for the
plasticised adhesives, tack decreases to 2 minimum and then
increases,

The results of the study on the 11hr polymerisation PVAc
adhesive products are represented in fig. 3-15. The initial bond
strength is the highest in both plasticised and unplasticised
unheated adhints, It then decreases with introduction and
increase in amount of cross-linking agent, When heated, the bond

strength of the adhints joined with unplasticised adhesives also

decreased from an initial highest value to a minimum which is
ill-defined and then increased, to a peak st about 0,28% cross-

linking agent in gystem, then followed by a decrease,



The offcet of plasticisation is reflected in reduction of the
bond strength, though the pattern of varintions of tnelr with
anounts of croso-linking agent remning essentially as for
unplagticised samplec.,

3.3.3. Leal-trented and untreated honded Titaniun Subgtrateg.
Fim, 3-16 ghows the tock values ohtained from substrates
which were honded with Shr polymerisation IVAec adhesive products.
In each cuse, of the untreated samples, tack rises to 2 maximun
value 2t about 0.1%) DVB and then decreases rapidly at first and

then sradually, The heated samples exhibit greater tack than

the unheated samples and the effect of plasticisation of the
ocdhesive con also Le recognised in the reduction of tack throush-
out the range of coneentrotion of cross—linkinz agent., (DVB).
Por this ronge of concentrotion of cross-linking agent, the
unerosgs=linked adhesive has the hizhegt toer value for any given
set of polymer preparations of same hour of polymerisation but
different anounts of eross-linking crent, The results represented
in fig. 3-17 for PVAc products of 8hr polymerisation products
follow an interesting trend. There is, in eocch case, for the
unheated sanples, a steep rise in tac'k with ~mount of cross-
linking agent present. A maxingm is obtained for tack in each
case correspondins to about 0,23%% DVB. The heoted honded
substratec exhibit stronmer bond stren~th then those unheated,

with the
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polymer without eross-linking as adhesive. The tack of the
heated substraies decreases very rapidly initially and more
gently as the concentration of cross-linking agent (DVB) increase:

Plasticisation is again observed to lead to a reduction of tack.

HMuch hjgher bond strength has been recorded here for samples of
8hr polymerisations than those of Shr polymerisations,

Fig. 3-~18 shows the tack values of adhints bonded with 11hr
PVAc adhesives, The pattern of tack plote for the heated and
unheated substrates are very different, The unheated substrates
show rapid initial increases in tack, The unheated substrates
bonded with unplastricised PVAc adhesives show a peak value at
about 0,28/ DVB, While those bonded with plasticised PVAc
adhesives have a peak for 0,17% cross-linking agent in system,
The heated samples show the general decrease in bond strengths
from the initial high value, as the cross-=linking agent contents
increase, As had been the trend in the previously observed cases,
plasticisation reduces the tack both for the heat-treated and
untreated samples,

Je3ehs COIPARTSCI OF RESULTS FOR THE THREE ADHINTS

From the results of the tack measurements of different
adhints treated with PVAc of same hours of polymerisations as

adhesives, the following comparison could be useful,
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The Shr polymerisation PVAc adhesive products with no
cross-linking agent included in the system, show good bonding wit
aluminium, less for Zinc, and titanium, The poor bonding in zinc
could be explained in the light of the fact that zinc could eas
oxidize on exposure to air, The oxides have a coating on the
surfaces of the substrates and thus prevent good metal-polymer
contact from being firm, Titanium is a metal with very smooth
surface. Though it does not easily oxidize by mere exposure to
the atmosphere, the pores on its surfaces are not much and hence
there are no cavities into which the adhesives can hold onto, to
properly give good bond-strength to the adhints. Also, it must
be remembered that polymer products of the Shr polymerisations
15

would be mainly composed of straight polymer chains - which are
capable of easy movement and this would be manifested in the poor
bond strength of the substrate, The tack in each of bonded
e2luminjum and Zinc increases When heated, and with increase in
crogs-linking to about 0,17% cross-linking agent DVB. The tack
for titanium decreases with increase in the amount of cross-
linking agent,

With the PVAc adhesive of Bhr polymerisation, the tack of
bonded aluminium and zinc decreased with increase in cross-linking,
while an increase is observed for bonds of titanium when the

bonded substrates were not heat-treated,
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It would seem that heating promoutes further entaglements of the

Ao ME -

cross=linked polymer chaing which would then have large molecular
-ﬁ volumes, This would prevent the pores on the titanium surfaces
;:from being filled with enough adhesive molecules to sustain
é'back.”a . _i
3 Crosg=linking in the elven.hour PVAc adhesive polymerisation
ﬁproducts secmed to have gone $p an extent where the polymers'
:solubility in the solvent are greatly reduced. Moast of the |
particles in such cases may not take part in the bonding process
because the surface contact areas of sphere are very small,
Therefore the aggregate contact betWween substrates and adhesive

will be small and scattered which will resuwl?t in poor tack ag o
rasult of pocrdiffusion.16

From the observations, it ean be ooncluded that when roasdmibly
cross=Llinked FVAc adhesives arc to be used on titanium, it would
be advisable not to heat~treat the substrates. Should heating
be unavoidable, it might have to be done for about Shrs as the
previous results section 3.,2.1. have suggeéted.

2.4, SHmulsion Adhesives of PVic.

When emulsions of poly(vinyl acetate) produced at 8 and 1ihr
polymerisation, were used to bond different substrates, it was
obderved that most of the substrates showed very low bond-
strengths, This is particularly so, When the tack values so

obtained from came substrates When bonded with purified adhesive
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products obtained from emulsions and dissolved in acetone/methanol
mixture, are compared.,

In cases where the adhints were bonded, the substrates
yeilded before the joints were ruptured. From the results,

Table 3,4-1., it can be seen that emulsions as adhesives show
high bond strengths when applied on plywood and card-board, With
glass, most of the substrates themselves yeilded before the
separation of adhints at points of adhesive application,

Emulsion adhesives are very poor for bonding metals. Since
diffusion may not be considered as making much contribution to
adhesion on the surface of highly polished metal, the poor
adhesion may be explained on the basis of adsorption theory.”
This demands that contact between the po0lymeric adhesive and
the substrate material be close enough to facilitate interaction
of molecular forces between the two bodies hence efficient
wetting is of primary importance among the factors controlling
adhesion and for most metal substrates, this condition is not
always satisfied, hence the poor bonding. The good=bonding
obtained with wood and card-board could be cxplained py the
fact that these substrates are relatively porous and hence
emulsion particles can diffuse into the pores and cause effective

bonding.
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Complete wetting is also desirable, and this is achieved With
the cardboard and wood substrates. The polymer particles are
épread over the substrate surfaces and interlocking forces
increased Which results in strong bonding.

From the results obtained, Table 3.4-1, it would be seen

that with the 8hr emulsion, most of the high bonds were obtained
when substrates were not heated., This might be due to the fact

that when wood and paper are heated, the surfaces become very
undulating and the cohesion forceg petween the gubstrates
particles are weakened, This undulating surfaces reduce the
substrate-polymer-substrate contact that should ensure good
bonding., Also the greater tack from plasticised adhesive should
be expected for wood and cardboard because plagticisation is
eXxpected to soften the beads of the polymer materials and this
improves on spreading of adhesive over larger area of substrate

gurfaces,
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CONCLUSION S

Prom the various observitions and results of this study

the following conclugions have been made.

1.

4,

Emulsion polymerisation for the production of

poly(vinyl acetate) containing cross-linking agent, DVB,
of different quantities must be carried out for a period
of not less than 8Bhrs at 60°C. Products of shorter periods
of polymerisation had not shown as high mechanical and
adhesive properties from the testas performed with them, as
had been cbtained for the 8hr and 11hr polymerisation
products.

Bmulsions of PVAe, with and without cross-linking in the
gsystem, are good for bonding weood and paper (card-boards),
and glass, where golutions of purified samples are not

available. PFPlasticisation was found to improve the bonding

- atrengths of the emulsions,

It wag found that mechanical properties of purified PVac

films are dependent on solvent from which the films are cast.

_'Exfgnt of ¢ross~-linking of the polymer sample and plastici-

sation were also found to greatly affect the mechanical and
adhesive properties of PVAc, | \
Plasticisation improves the elongation of polymer films if
cast from certain solvents e.g. benzene and chloroform but
generally weakened tensile strength and adhesion especlally

when the polymer is ecross—linked.
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Cross-lirking of PVA¢ with different oiounts 6f dlvinyl
benzene had shown that products of such reaction show
improved mechanical and adhesive propertiea, It was found
from the tests conducted that cross-linking has a limit of
advantage voyond which thoe mochanical and adhesive propertices
of PVac produced detariomatad,
The type of treatment - that would ensure high bondage in
gubstrates was found to be greatly dependent oni;type of
substrates to be used, the type of adhesive, with regards
to extent of cross-linking, and the after-joining treat-
ments of the bonded substrates.
Titanium is best bonded with uncrossiinked polymer in the
cold. If heat-treatment desirable, up to 5hrs heating
at 100°C would produce the best results with PVie adhesives,

whether cross-linked or not, ' 'I




