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SYNOPSI S

Emul si on, suspension, and sol ution techni ques have been used to
produce pol yvinyl acetate having different degrees of branchi ng and
different nol ecul ar weights. Adhesive tests onlap joints formed with
t he aqueous suspension of the polymer, and the isolated purified and
redi ssol ved pol ymer reveal ed that the redissol ved pol ymers have better
adhesi on than the aqueous suspensions. Tests using wood, glass, and
netal s showed the adhesion of the polyner to these materials to be
excel | ent.

The effects of nol ecul ar wei ght and branchi ng on the adhesi on
of the polyner reveal ed that the branched, |ow nol ecul ar wei ght pol yner
(not exceedi ng about 5 x 10*) gave better adhesion than the nore |inear,
hi gher nol ecul ar wei ght pol yner.

Heat treatnent of the adhesive joint was found to greatly inprove
the bond strength of the adhesive. It was found fromthe various results
that the heat and water sensitivity of the polyner can hardly be inproved
by increasing the nol ecul ar weight or by cross-1inking w thout reducing
the adhesive properties of the polymer. A proposal has been made to
resort to co-polynerization in-order to obtain a nmore heat and wat er
resi stant pol yner.

A suggestion has al so been made that pol yvinyl acetate adhesives
could be nore econonically produced by sol ution pol yrmerization in some

sel ected sol vents and used wi thout i sol ation.
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Erratum

All references to tack should be understood to mean

bond strength.



CHAPTER 1

1.0 INTRODUCTION

Polyvinyl acetate (PVAs) resins find wide uﬁes as gurface
coptings, adhesives, and binders in various forms. Of primary 5 
importance in these applications is the resin's ability to bind to
other materials, Its hinding to weod, metal, glass, leather,
textiles and ceramics (including conerete) has been found to be

good (1),

Pl

However, the present vinyl acetate polymer products havé a
number of faults which are often overlooked because of low costs. The
aquedus dispersions bave poor wet-tack, the filme are water aensitiée,
brittle at low temperatures and turn yellow on heating, Methods suaﬁ
a8 co-polymerization and plasticization have been used to overcome these
disadvantages but such developments have their own disadvantages -
co=polymerization raises costs and additives do not only increase costs
but algo decreage gsome important properties such as water and heat
reeistances of the film, Hence the rneed for more studies.

This work zims at synthesising vinyl acetate polymer under é
different conditions to obtain materials of sufficiently differant.
molecular properties (in particular molecular weight and branching),
and studying some parameters cf the polymer products which are ¥nown
to influence the behaviour of the processed material. Such
paeraneters include binding properties, mechanical properties of films,

film sensitivity to heat and water, and variations in the minimum film
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formation temperature with molecular properties. An attempt haa also
been made to study the influence of polyvinyl alcohol (a common
componend of resin formulatione) on some of these parameters.

The purified polymer was 'characterised‘ and used without
fraotionation because of the desire to follow the behaviour likely
to result from the use of most commercislly preduced resins since
these are often marketed unfractionated. Although the views of
Wegner (hS) en such a prectice are highly regarded it is felt that
the practice reveals more of what the consumer ebtains from using the

marketed products than a study using well fractionated samples.

1,1 _General Asvecis of Free-Radjcal Polymerization (2)

1.1.1 Chemigtzy of Vinyl Polymerizastion L
A free-redical may be defined as a chemical fragmemt prssessing
an cdd or unpaired electron, Examples being the reactive dimethylo=

yanoearbinyl radical obtained from aliphatic azobi$nitriles:

cH
ts - 3 3
CH,~ b -Ne=N=-§-CH, -———» 20H,C % N ———m {1=1)
3 3 % 2

and the sulphcte fon radical obtained from the decomposition of

B persulphatest

S,08 w%——é 2551,,'" | - | '. (.1-2)

the free-radical-initiated polymerization process is generally
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- limited to forming macromolecules from mono'me.rs poésesaine; olefihic

linkse. The process can be separated into four steps:

(a) Inhibition: formation of radicals by the decomposition of the

initiator as in equations (1-1) and (1-2) above and an attack of the

radical on a monomer molecule:

oo T
CH4 -1'(“ + H0 =CH y HC -fc - CH2- f - (1-3)
CN R . . SRR

(v) Propagation: Successive addition of monomers to the growing chain

radical: _
I ;
HyC —;c - Cfly = Co + HyC = (‘}H —
cN H R
CH H H
\ | 1
HBC-’C-GH2-F—CH2-?. (1.4)
- R R |

(¢) Termination: recombination or disproportionaticn of the chein
radicals to produce dead chainss

Ts



(1.5)

(d) Chain transfer: the activity of the chain radical is transfered to

the solvent, the polymer, tie nonomer, or a transfer agent, R'H

unc"CHz-CH-Cﬁz-CB- + R'H

| |
R R

— s - o Al
, T 'CH2 CH CH2 sz + R,
R R
and R', +cnzscin—)n' —CH2-t‘SH. e.t.Co
R R (1.6)
Branching results from transfer to polymer. Radicale may transfer

intermolecularly resulting in long chain branching:

'l CHz - CH - CH2 - C\HO + see = CH2 - (,: - Cﬁz - ".:B - s
L R R R
new chain radical (1.7)

Or intramolecularly, resulting in short chain branching:
H

i
ves = CHy = CH - CH, - G - K
ol 1
R C{ i

s

Gy



——Br, oo —CH, - CB ~ C7,, = C = CH, ~ CH - CH,— CH,R (1.8)
{ {
R R R

Mayo (3) using published dats on styrene polymerization related
the average degree of polymerization, DF, to the trensfer constant,
cs, defined as the ratio of the rate constants for the transfer, Wl k-t.,,

and propagation. kp, reactions, as follows:
s |
1 — 1
/s = 0 T2t Ve R
op 8 Y o (1.9)
where DFO = average degree of polymerization obtained when only pure
monomer was polymerized,
P = average degree of polymerization obtsined in the presence
of a solvent,

ES] = meles of solvent, and
[M] = moles of monomer.
1¢1.2 Inhibition and Retardaticn

Free-radical initiated polymerizaticn is mubject to inhibition and
retardation., Substances that can act as retarders include stablized
radicals capable of reacting with other radicals but incapable of
reacting with monomers. Thus, if the retarder reacts with 2 growing

chain, it acts as a typical chain=transfeY agent:
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esse =P # Xo = ... ~P+ Y, (1.10)
where ... =P, = growing polymer chain
X. = s8tablized radical or retarder
evs =P = dead polymer chain
and Y. = stabilized product from X.

Inhibitors are chemical substances that cause well-defined
induction periods, whereas retarders remain active throughout the
whole course of polymerization. Both the inhibitors and retarders
react with the initiating radicals to form new radicals which are
took weak to initiate chain growth; but the inhibitors react rapidly
whereas the retarders react only slowly. The retarders can also

react with the growing polymer chain to be chain terminators.

1.2 The Mechanism of Vinyl Acetate Polymerization

Vinyl acetate can be polymerized by all kmown methods of
polymerization - bulk, sclution (4,5), suspension (6-8), and
emulsion (9-11). The mechamisms being principally free-radical and
redox polymerizations., Initiators which are known to react with
vinyl monomers usually by ionic mechanisms have been found to react
with vinyl acetate usually by free-radical mechanism (12-15). The

scheme of reaction is described in Section 1.1.1 above.
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192.1 Solution Polymerization

The golution polymerization.mechaniam is mainly determined by
the type of solvent employed. The solvent willl influence the final
molecular weignt (17), by acting as a chain transfer agent, and the
nature of the polymer end-groups. The nature of this influence
depends on the golvent transfer constant (16). Tolymerization of
vinyl acetate in solution is known tc be very sensitive io the
prepence of impurities and the influence of several impuritics in
the commercially available monomer on polymerization has been widely

studied {17).

1.2.2 Emulsion Polymerigzation

The Smith-Ewart theory (19) which i based on the work of Harking
{18), and further developed by Howard (20), stipulates that emuleien
polymerization congists espentlally of a system of water, a monomer
that ia water-inscluble, an emulsifier, and a water-soluble initistor
vwhich produces radicels when decomposing. At the early stages of an

emulsion polymerization the system consist of monomer droplets (abouf

. 1010 cm3), stabilized by the emulsifier molecules, decomposing initiator

producing radicals, emuicifier micellea containing solubilized monomer
{about 1018/cm3), monomer=-swollen polymer particles, and the continuoue
agqueous phase. Since tihcere are many more micelles than monomer drop-

lets the polymerization takes place essentially only in the miecelles
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and not in the droplets, The monomer in the micellc is used up
rapidly but more monomer diffuse into the micelle (now swollen with
polymer) from the monomer droplet through the continuous equeous

phase until the monomer droplets disappear and the micelles have
changed to polymer particles., After about 15-20)% conversicn no new
micelles can be formed bhecause the total surface ares of the particles
in the system increases and thug the emulsifier concentration in the
aqueoug phage ig reduced to below the critical micelle concentration
for the surfactant.

Smith and Ewart proposed a kinetic scheme congisting essentially
of two cases: | |
1. The rate of exit or termination of radicals is much slower than
the rate of entry. In this case the rate of polymnrization can be
described by the expression used for bulk polymerizstions
R ALTNG (1:19)

Rp = |

P
where Rp v = rate of chain propagation
!!:.P = propagation constant
QH] = menomer concentration
kd = decompoeition constant
EI] = initjiator concentraticn
r = initiator efficiency,

and kt = termination constant.
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2, The rate of terminaticn is much faster than the rate of entry
or exit., Thus at any given time the particle would have one growing
radical or none, The rate of polymerization is then described by the

propagation step in any peolymerizationt
afat = R, = x [(MI[R] (1.12)

where [R,] = radical concentration.

Bince there will be one.radical per pariicle half the time equation
(1.12) becomes:

R, = icﬂ[rﬁ (N/2) (1.13)

where N = total number of particles. '

One of the important points of this rate equation is that an
increase in the initiator concentration does not lead to an increase
in the rate of polymerization, although it will affect the molecular
weight., From eguation (1.12) the molecular weight can be calculated
agsauning no transfer reactions take place. The rate of decomposition

of the initiator ig given by:

P =k, 13 {1.14)
Nﬁe'givea the time of growth of a chain, and the molecular weight is

equal to kP(N/P). Any inorease in {1} results in an incresse in P

and thereby reduces the molecular weight,
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1.2.3 Suspension Polymerization

In suspension polymerization the moncmer is mechanically dispersed
in a liguid, usually water, which iz a non-solvent for the monomer
ag well as for all the polymer species that are formed in the reaction.
A suspengion stabiligzer is used to keep globules dispersed during
polymerization, Monomer—soluble initiators are preferred sc that they
remain dissolved in the monomer droplets throughout the course of the
polymerization., Benzoyl peroxide and azobisisobutyronitrile (AIBN)
have been found to be more efficient than sedium persulphate which is
soluble in water and not in the monomer.

The organic phase in a sugspension polymerization exists in water
in discrete microscopic beads throughout the whole reaction, before,
during, and after polymerization with noticeable organic phase and a
monomer/non-sclvent interphase.

Often no difference in rates are found for suspension and for
bulk polymerization. Kinetic data oﬁ suspension polymerization of
styrene (21) show that initiation, propagation, and termination
apparently all ¢ccur inside the pearl in the same way as in bulk

rolymerization,
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1e3 Characterigation of Polyvinyl acetate by viscosity
me thod

Solution viécosity is basicelly a measure of size or extension in
space of polymer molecules. High molecular weight polymer molecules
possess the unique capacity to greatly increase the viscosity of the
liguid in which they are dissclved, even when present at low
ooncentrations._ I+ ig generally knowm that the higher the moelcular
weight within a given series of linear polymer homologs the greater
the increase in viscogity produced by a given weight concentration of
polymer., Thus, the intrinsic viscosity, which represents the capacity
of a polymer to enhance the viscosity, increases with ﬁv, hence
viscosity measurements afford a neasure of molecular weight. The
relationship is only empirical but the method has found widespread
UBES

The experimental procedure consists of measuring the efflux time,
ty, it takes a given volume of solvent or polymer solution to flow
through the capillary of a viscometer. The mors popular viscometer
uged for studying viscosity of polymer sclutione include Ubbelohde
and gzero-ghear types.

Usually the efflux time is taken to be 2 valuable indication of
the solution viscosity, %), Schuls (22) has related the effiux time,

t, to the visceosity, R by the expressions

LI LA -8 ft) (1.15)
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where P = density of solvent (or solution) and ;@) = caliberation
congtanta,

The viscosity of the solution ie divided by the viscosity of the
solvent to obtain the relative viscosity, B The speecific viscosity,
q sp = qr - 1, expresses the incremental viscosity attributable to the
polymer solute. The ratio (g sp/c) is a measure of the specific
capacity of the polymer to inerease the relative viscosity. The
limiting value of this ratie at infinite dilution is called the

. intrinsic viscesity erlimiting viscosity, Ert] , written as

01 = Oy/ea0 (1.36)

The coneentratien, ¢, is expressed in grams per 100 cm3 of
soclution, the intrimsie viseesity being given in the receipreocal of
this unit, i.e. in decilitres per gram, dl/g.

Flots of ('qa p/u:l) against ¢ are ueuvally linear for . < 2, and
it has been pointed out that the slopes of these plots for a given
polymer—-zolvent system vary approximately as the square of the
. intrineic viscosity. According to Huggins (23), |

M,/e) = T + xigFe N C 1D
where k1 = approximately constant for a series of polymer homologs
in a given solvent. |

The molecular welght of the polymer may be obtained from the

Mark = Houwink relationships
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LY ™ | (.18)

where E?I

intginsic viscosity,

K and® = constants for a given sclvent at a given temperature,

and M = moleoular weight of polymer,

1.3.1 TViscogity meagurement in the theta ~ condition

It is often more helpful to measure the vigcosity of polymer
solutions under a special condition known as the theta-, 8-, condition.
Theta ~ solvents (@ - solvents) being defined as solvents in which,
at given temperatures, a polymer molecule is in the theta - atate.
These temperatures are also known as theta,@ -,temperatures. In the
theta-state, the solution behaves thermodynamically ideal at low
concentrations. The theta-temperature being phenomenolorically
defined as the critical miscibility temperazture gt the limit of
infinite molecular weight (40). Thermodynamically, it has been
shown that the exceas free energy of dilution at the theta-condition
(6 - temperature and & = solvent) is zero. Henoce equation (1.18) above

becomes:

E"[}g = KQMO'S o {1.18a)

where (n] = intrinsic viscosity obtained at @ - condition
)
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KO = coungtant
“ - 0-5
and M = molecular weight,.

1.y Plasticization of Prinecipal Polymers

Polymers, in general, exhibit a temperature dependont properky
known as glass transition whereby there is a speciflc, or a narrow |
range of, temperature below which the polymeric material is glassy
and brittle and above which it is rubbery and flexible.

The glasa transition temperéture of most principal polymers are
about or well ahove ambient temperature, the actuel value being
dependent on the molecular weight of the polymer. For thig resson
most thermoplastic polymers have to be softened to make them service-
able at ambient conditionas.

A plasticizer, therefore, is defined as a non-velatile low
molecular weight substance (usuelly an organic liguid) which when
added 4o a polymer softena i1 and makes it more flexible.

The theory of plasticisation has not received much attention,
and the choice and mode of application of the plasticiser to a given
gystem is based on the results of previous workers or on trial-and—
error. In general, however, plasticisers are dry-blended with solid
compoundates: for emulsions and suspensions, it is properly stirred

into the hot emulsion and allowed sufficient time to diffuse into
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the polymer; for solutions it is added to the solid polymer prior to
dissolution or stirred into the polymer solution (24).

Of primary importance (among others) in plasticisation is
compatibility, the plasticiser has to be sufficiently compatible with
the polymer and must not migrate from the processed material under
service conditions.

Dibutyl phthalate (DBP) has been found, among some other
plasticisers to be suitable for polyvinyl acetate adhesives (24, 25),
and 10% plasticiser,on total weight of resin has been found to be

optimal (24).

1.5 [The Theories of Adhesion

An adhesive is defined as a substance capable of holding
materials together by surface attachment.

The actual mechanism of adhesive attachment is not yet very
well defined. Various theories attempt to describe the phenomena of
adhesion. Each theory contains points that are partially correct;
and no single theory explains adhesion in a general, all-encompagsing
way. A knowledge of adhesion theories can, however, assist in
understanding the basic requirements for a good bond.

The theories that have been advanced to explain adhesion include
a mechanical theory, em adsorption theory, a diffusion theory, and an

electrostatic theory.
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1.5.17 The mechanical theory of adhesion

The original theory of adhesion ig the mechanical one. Thias
auggeste that an adhesive ie ahle to penctrate rough surfaces and
form a2 mechanical lock. Thus adhesion is primarily governed by the
mechanism of penetration of a liquid into ecapillaries, the depth of

penetration, h, in time, t1 beihg given by the Waesburn eguation:
dh/dt = rACos 6/Lgh (1.19j

where r

L

diameter of capiilary
.A = gurface tension of liguid

e

i

contact angle between the liquid and the solid,
and 3 = viscosity of the liguid. )
The main variable is the viecosity and thiz is applied in
practice by using either the adhesive in sclution form, the solvent
being lost by evaporation and/or adsorption, or alternatively, by the

use of an adhesive which is capable of cure.

1.5.2 The Adsorption theory of adhesion

| The adscorption theory states that adhesion results from molecular
con%act between two materials and the surface forces which result, For
an adhegive to be effective, that is to approach the adherend at such
& close rangm. of operation of molecular forces, it is necessary that
it wet the surface of the adherend properly. Complete wetting, that
is with zero contact angle being desireable, The contact angle, €,

is 8 good inverse measure of wetting and spreadability, and hence of
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adhesion. Thig is shown by the expression

Wer A (1 + Cos 3) ' : (1.20)

where: WéL = ywork of meparation of solid and liquid surface

A

1.5.3 The Electrostatic theovry of adhesion

gurface tenwion of ligquid.

The electrostatic theory states that electrostatic forces in the
form of an eleetrical double layer are formed at the adhemive -
adherend interface, These forces account for resistance to separation,
This theory gathers support from the fact that electriocal discharges

have been noticed when an adhesive is peeled from a suh atrate.

1.8.4 'The diffusion theory of adhesion

The fundamental concept of the d&iffusion theory is that adhesion
arviges through the interdiffugion of moleculas in the adhesive and
adherend. The diffusion theory is primarily applicable when both the
adhesive and adherend are polymeric, having long chain mcelecules tapable
of movement. The theory is baged on mutual solubility of polymera. The
limiting case is where the adhesive is dissclved in a solvent for the
adherend for which the boundary between the two phasesn disappesaras in
favour of a gradual transition from che polymer 1o another., The depth
of penetration during diffusion need not be great.

On the basig of the diffusion theory, it has been shown that a
highly branched polymer will have greater adhesion than an unbranched
one, the adhesive strength of two non-pelar polymers being directly

proportional to {2/3) power of the number of effective branches (2L).
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The effect of molecular weight on adhesion is rather cemplicated, hut
it iz known that diffusion falls off as melecular weight increases
{2L). Hawever, eince cohesive strength ineveapes with molecular
weight, there would he an optimum value in most cases for molecular
welght.

A number of workers have stressed the importance of the h&droxyl.
group in adhesion (2L). Thi%?%articularly noteworthy with polyviayl
acetate, which invariably contains some hydroxyl groups due to alight
hydrolysis.

Most of these theories have been extensively reviewed by

v
Voyutskii (26) and Z2isman (27).
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1.6 The Minimum Film Formation Temperature

The minimum film formation temperature (MFT) of a polymer is
defined as the temperature below which the polymer in its latices
or emulsions will not exist as a continuous film when coated on a
surface.

The MFT value is often quoted as being synonymous with the
glass transition temperature, T, (24). The theory of glass transitions
of polymers could, therefore, be said to be applicable to the MFT.

A number of deseriptions of suitabdble apparatus for measuring
the MFT of polymer latices and emulsions have been given (2L)
In this study an instrument was constructed according to the description
by Wareon (24). The measurement consists, emsentially, of spreading the
emulsion to be tested over a place across which a suitable temperature
gradient is maintained. The film is allowed to dry and the MPFT found
by visual inspection at the point where the film becomes white and

discontinuousa.



CHAPTER 2

2.0 EXPURIMINTAL METHODS

2,7 Preparation of Branched Polyvinyl acetate

2.1,1 Materials and their Purifications

1. Hydroguinone stabilized vinyl acétate, reagent and commarcial
‘grades, Supplied respectively by the British Drg Housefy.
Poole, England, and the Nigerian Hoechst Ltd., Lagos,
Nigeria.

2. Potasgium persulphate, reagent grade

3. Sedium rersulphate, reagent grade

4. Sodium lauryl sulphate, specially purified grade, and

5+ Sodium dihydrogen phosphate, hydrated, resgent grade

All supplied by the British Drug Houses.

Both gradeas of vinyl acetate were purified by first washing
thoroughly with 9% sedium hvdroxide to remove the hydrog 2inone
Inhibitor, (complete removal being taken as the absence of any
coloration on addition of the base), It was then washed with small
portions of distilled water uﬁtil free from the sodium hydroxide, It
was then dried over sodium gulphate and fractionated using an all-

boiling o o
glass Dufton column. The fraction z between 72" and 72.5% was

collected and stored under vacuo in & refridgerator, It was passed

over pilica column just before use.



Sodium (and potassium) persulphate were recrystallised twice
from water, dried and stored over silica gel.
Sodium lauryl sulphate (specially purified) and sodium

dihydrogen phosphate were used without further purification.

2.1.2 Methods
Suspension polymerization technique as reported by Sorenson and

Campbell (29) was used but sodium (or potassium) persulphate was used

ag initiator instead of the suggested azobisisobutyronitrile since

the former has higher transfer constant for polyvinyl acetate (2).
Reactions were carried out at h0° and 70°C respectively in a thermostated
bath capable of maintaining the temperature constant to + 0,02%. The

summary of conditions used are shown in Table 3.1.1.

2.1.3 Experimental
A 2-litre four-neckedflask equipped with a controllable stirrer,

an efficient condenser, a thermometer, and a monomer dropper, immersed
in a constant temperature bath was thoroughly flushed with purified

nitrogen. Under nitrogen atmosphere, 520 cm3 of freshly distilled
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water, 2g of sodium lauryl sulphate, 2g of sodium dihydrogen
phosphate, and 3.53 of recrystallised sodium (or an eguivalent
amount of potassium) persulphate were introduced into the flask,

passing
The walter was purged b%{in nitrogen with gentle stirring. 200g of

- purified vinyl acetate were gradually introduced through the monomer

dropper under the nitrogen atmosphere.

Samples of the reaction mixture were withdrawn at various
time intervals (see Table 3.1.1). The polymer was isolated and
purified az depcribed in section 2.3, below. The conversions were

estimated gravimetrically,

7«2 Preparation of Polgyinyl acetate
dlIteren

Samples of}:Moleg.llar Weights.

9.2.1 Materials and their Purification..

1e All materials in Section 2.1 except the persulphate initiators,
2. 2,2' - azobisisobutyronitrile (ATEN), (reagent grade)
3. Nitrobenzene {reagent grade)

All supplied by British Drug Houses,

AIBN wag recrystallized from mpethanol. It melting point was
100~102°C, Methanol and nitrobenzene were used without further

purification.
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2¢2.2 Experimental Methods

Suspension and solution polymerization methods were used ag

reported by Sorenson and Campbell (29) and Ham ) y respectively.

A. Suspension Polymerizations

The procedure is basically as reported in Section 2Z.1. A 1 litre
flagk was uged and the recipe consisted of 50g of vinyl acetate,
134 ml of water, O.Sg of sodium lauryl sulphate, O'Sg’ of sodium
dihydrogen phosphate (dihydrate) and O.Eg of AIBN.

VYarious temperatures between 50 and 6500 were selected, 0.0167%
and 0,0334% nitrobenzene on initiator (w/w) were used as retarders
in some runs, The time of reaction was varied from 30 minutes to
2L, hours to obtain reasonable yields., The results are summarised in

Table 3.3.1 »

B. Solution Polvmerization

The same set=up as in A above was used. Methanol was used as
solvent. The proportion of vinyl acetate to methanol (v/v) was varied
from 1:1 to 1.3, SOg of monomer was used in each case and the amsunt
of methanol waried to get the degsired ratio, | The initiator.
concentration was varied accordingly to compensate for slewer reactieng
with increasing methancl concentration (2)., The temperature was kept
constant at 60°C throughout the runs, Isolation and purification of the
polymer have been described below. The results are summariged in

Pable 3.2.1,
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243 1solation and Purification of Polyvinyl acetate prapsred by
| Selution, Suspencion and Bmulgion polymerisation

It is surprising that sufficient attention does not seem to
have been given to consious efforts to device methods of isolation
and purification of polyvinyl acetate coneidering the need fer high
polymey purity required in mest studies ~ including polymer character—
igation. . ._ ..

An attempt to fractionate, or isolate and purify,.tﬁe polymer
from its reaoction medium would likely encounter appreciable
difficulties., Alfrey and Berdick (28) have attributed the
difficulty in freeing the polymexr from itraces of monomer,
catalyst, solvent, and other contaminating materials to the low
softening point of the pelymer, its excellent adhesion, ready
golubility, and low apperent second-ocrder transition., Sorenason and
Campbell (29), quoting the works of several workers, suggested,
invariably, that steam should be pagsed into the polymerization
medium to drive off the unreacted mconomer - after the desired
extent of reactlon - and the resulting polymer filtered in a
sintered glase funnel by suction. They suggested that the polymer
from selution polymerizations should be first broken up, and in ona
case that drying be done at 1500 .

It is the opinion of the author that suction helps the polymer

to cohere to a hard mass during filteration. Alsc it is not easy te
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" break up the rolymer freshly extracted from golution polymerization in
mogt cases because of ite sticky nature, Drying in the region of 1509b
often leads to yellowing of the polymer {(1).

Melville and Sewell (30), working cn fractionated samples, described
variovus ways of redissclution and reprec iptiation of the reacetylated
polymer, after hydrolysis, using various solvent-non-golveni msystems. They
suggested the importance of added salts to the aqueous precipitant, when
necesgary, to impwove the form of the precipitate, Prielander and his.l
co~workers (31) in their studies on the sterso - regularity of the derived
polyvinyl alecohol briefly described successive precipitations. Pinner
(32) emphasised the use of dilute polymer solution and a large excess ef
precipitant. Dilute solutions are algo essential for good fractionation
otherwise large fractions are obtained {30). In a patent te Nippen
Rayon (., Japan, Morikawa, and Miyao (33) suggest the passing of the
emulsione through cation and anion exchange resine te remove the
impurities.

A great deal of the time spent on this gtudy was devoted to finding
the means of obtaining very pure polyvinyl acetate. It is striking that
without a foreknowledge of the worke of Alfrey and Berdick (28) most of
the methods used, and the ohservations made, by the author were completely
identical with those reported by the iwe authors.

Important and comprehensive as the works of Alifrey and Berdick may
be, the author i3 of {the opinion that the additional observations and
suggestions made below may be of no less importance - especially to those

undertaking studies on polyvinyl acetate for the first time.
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It was observed that isclation and purification of polyvinyl acetate
from solution polymerizations were much more difficult than from some
suspension and emalsion polymerizations. Whereas in the case of suspension
and epulsion polymerizations isdlation and purification were found to be
dependent on the percentage conversion of the monomer to the polymer,
there does not seem to be any factor controlling isolation and purification
in the case of solution polymerization for which redissolution and
reprecipitation seem to be the only means.

Large-scale (about 155J purification of polyvinyl acetate by
successive precipitation, especially using hydrocarbons, is not only
expensive - very dilute soluticns and large excess of precipitant are
required, and often the precipitant cannot be recyeled even after
several redistillations, like when benzene (or acetone], and petroleum
e ther are used as solution and precipitant respectively - but very
ralow and tedious. Addition of solution to precipitant has to be drop-—
wise (28) or in very thin stream (32). The speed of purification by
redissolution and reprecipitation can hardly be improved upon without
impairing the quality of the precipitates especially where small scale
laboratory equipments are to be used for que .atities of polymer over
208' Apart from the use of dilute solutions and manner of additions
discussed above, other criteria for obtaining better precipitates
include the use of high speed stirring, and the avoidance of vortex
during stirring. These points were also emphasised by Alfrey and
Berdick (28).
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In view of the relatively higher coasts of other solvents compared
to water the author has outlined three methods of purification from
aquecus precipitants below. Hone of the metheds differs greatly from
that deseribed by Alfrey and Berdick, but the dependance on the
technique of polymerization and the percentage conversion have been

added as guidlines for chosing an appropriate method.

263,1 Purification of polyvinyl acetate obtained by golution pelymerization

The polymer is isolated by precipitating it directly from the
reaction mixture using a non-solvent for the polymer which is miscible
with the solvent used for polymerizationi & aticky material may result
from this precipitation, The polymer is washed a few times in the
rrecipitant and redissolved in suficient methancl, acetone, cthanel, or

_some other water-miscible solvent for it. The resulting sclution is
diluted batchwise to give a concentration of not more than 2g polymer

in 100 cm3

golution of batch ~ the opiimal concentration depends on the
vigcosity as also peinted out by Alfrey and Berdick. The diluted |
gsolution is then precipitated from a large excess of water in bvatches by
dropwise addition. Vigorous stirring is reguired to obtain fine o
precipitates vortex must be aveoided while stirring, and the volume ratio
of added polymer solvent to precipitant must not exceed about 1:53 a
ratio of about 1:10 may be more effective but the upper limit depends on
the vigcosity of the solution, (28).

Sodium chloride {or sulphate) and/or a little concentrated

hydrochloric acid may be added to the agueous precipitant - their amounts
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need not be quantitative, The need for added salt or acid depends on the
relative purity of the dissclved polymer, the less pure the greater the
need.

During batchwige precipitation the precipitates from batches are
gkimmed into sufficient guantity of pure water in a besker. The
poelymer must not be pressed together en masse while handling and it must
noet be allowed to mgo dry during purification,

The filtered mass is waghed several times by succegslvely breaking
it down in water which is vigorously stirred.

It is then filtered. When it is free from salt and/eor acid, it
is transfered to a large filter paper placed in a wide watch glass
or some other flat container. It is broken down with the edge of a
gpatula and spread as much as possible then left to dry in the
atmoaphere overnight. It is then further broken down by grinding in
a mortar and left to dry further in the atmosphere overnight. Finally
it is vacuum dried at 5§166b for 2l hours with batches of silica gel
in the oven to absord excess moigdure, Temperature control in this
process is essential to avoid coloration of the sampie. The product
etores well and does not cchere on storage (28). Depending on the
care taken in the purification process reasonably fine powders may be
obtained with appearance similar to that described by Alfrey and
Berdick.,

It is, however, periinent to mention that the uge of hydrocarbon

solvent and precipitant leads more easily to fine precipitates that dry

Ll
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much faster and do not cohere on storage. The ﬁrocedure ghould, therefore,
be preferred when handling smell amounts of polyvinyl acetate.

2.3.2%- Purification of PVAc from agueous polymerization products

When polymerizatiocn is carried out by emulsion or suspension
technigue, the method of isolation and purification of the polymer depends
atrongly on percentage conversion as shown below. It iz suspected that
the influence of adsorbed monomer, and the presence or absence of micelles
play a major role in this respect among other possible factors,

The polymer is normally isolated from these polymerization systeus
by destabilising the scap by gradual addition of sufficient amount of acid
or baae while stirring {Section 2.3.1), or by the use of a aolvent for the
polymer which is miscible with water. However it was found that if these
procedures are folilowed the forw of the precipitated pclymer may not be
particulate as sometimes reported (29), depending on the conversion.

For converdiong less than 200 when monomer abaorption is still
high and micelles probably still persist (6, 7, 9) the polymer comes out
in a sticky form with highly occluded impuritiesg which may be difficult
to remove. Purification by successive precipitation as depcribed in
(243.1) above is recommended.

Between about 20 = 0% conversion may be.regarded as intermediate
and method (2.3.1) above or 2.3.2{4) described below may be used for

purification, the applicable method will depend on the ease of igolation
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as described in 9231

.(A), For zbout LO-70¥ conversion the polymer from the reaction
medium may be diluted and directly precipitated from well sitirred
water containing some sodium chloride and/or concentrated hydrochloric
acid. No rediessolution may be necessary and batchwise precipitation
yields betiter precipitate. All the former criteria outlined for 2.3.1
apply here too. After preceipitation further purification is as

described in the later parts of 2.3,1.

(B}, When conversion is above about 700 parification is relatively
sasy. The suspended polymer is diluted with sufficient water and a
amall amount of sodium chloride is added with stirring. The polymer
is then filtered and purified as described in the later parts of 2.%.7
Batches of about 20g polymer can be conveniently handled by this
methed, and the resulting polymer is very similer in physical
appearance to the polyvinyl alcohol (Meol.wt. 140,000) marketed by
the British Drug Houses, except that the polyvinyl acetate is

whiter, It dces not cohere ewven on prolonged storage.
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2.y Determination of the molecular weight and the degree of

branching of polyvinyl acetate by solution

viscosity measurements.

2.1l Bxperimental

Materials:
1. Methenel = analytical grade
2. Ethanol = analytical agrade

Both supplied by Iritish Drug Hougses. These were used without
further purification.

Method:

The theta-conditions; € - solvent and @ - temperatiswe.
{section (1.3)) were used,

lhe polymer samples were dissolved in a mixture of ethanol
and methancl, 60/LO (v/v) resPectiveléi:)Their solution viscogities
were measured at 26,5% using a Wilkens-Anderson (U.S.4) low
temperature bath capable of maintaining the temperature correect 4o .
+0.02°C. The flow times werc measured in an Ubelhode viscometer,
with a solvent flow time of 90 seconds, immersed in the bath., A
stopwatch with an accuracy of 0,1 second wag used tc record flow

times.

2.4.2 Treatment of Data

Plots of (qsp)/(c) against (C) were then made from the results
of the flow-time measurements. Fuggins' constant, k', was measured

from the slope of each curve, and the moelcular weight of each
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éémple wag caloulated from the limiting viacoaitmlt?l. using the

relatienship;

DR %o '; o (1.18)

[~
where: the values of K, and® are 101 x 10—5 d1/g. and 0.5
respectively (35), and ﬁv is the viscosity average meleoular

" weight.

Preparation and Testing of Pol cetate Adhegive

2451 Experimental

The adhesive samples were prepared by dissolving 2g of polymér
in 15 co> of a mixture of acetone and methanol 1/2.33 (v/v}),
reapectively, in SOGm3 steppered conical flasks, Plaaticization was
done by adding about 10% dibutylphthalate (DBP) based on total
weight of pelymer (2&), prier te addition of the solvent mixture,.
The polymer samples se przpared were left overnight under gendle
agitation In. & water bath aquipped with a shaker and maintained at
about 18°C ., - .'
o Strips of weod, glass, or metal, specially prepared ﬁefa ooated
" with the adhesive solutions. The area of coating being S
(2.% x 1.0) em®. The coated substrates were allowed %o ary
sufficiently and the two strips joined together as shewn in the
diagram belew, The lap~joint sc formed were pressed together using a
eqnstant force of 5 kg weight for 15 minutes, allowed to dry in the

atmesphere for 72 hours, and tested with an Inatron Tensile Tester with



a strain rate of S0mm/min. At a constant temperature and relative
bumidity of 20 + 1.0°C and 24% respectively. The force of separation

was divided by the area of application to obtain the tack.

2.5.2 Preparation of substrates for Adhesive joints ints
1. Wood

The wood for adhints were plywoods supplied by the Sapele Plywood
Industry, Sapele, Nigeria. The veniers of a sheet of plywood were trimmed
off to obtain two-plies only. Strips measuring 6 x 1.0 cm were then cut
out and an area of (2.5 x 1.0)ch2 marked off from one end of each strip.
These marked out areas were sandpapered (in the direction of the grain)
with medium grit sandpaper and finally solvent-cleaned with tissue paper
soaked in purified toluene.

2. Glass

Non~corrosive microscope slides supplied by Teget Industries were
cut into strips of 6.0 x 1.0 cm and an area measuring (2.5 x 1.0)qm2 etched
from one end of each strip. The marked off area were sand papered and
cleaned as described for wood.

3. Metal (aluminium and zinc strips were used)

The metal sheet was first scrubbed with moistened commercial 'vim'

and thoroughly washed and dried. A face was then sandpapered with a

100 grit emery cloth. The sheet was cut into 6.0 x 1.0 cm strips.
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An ares maasuriﬁg (2.5 x 1.0)3:112 was marked off from one esnd of
each strip with a khife edge. The strips were dog);easad by boiling in

tolusne and dried.

Metal strips so prepared were used immediately. The cleaning

procedure was repeated after prolonged storsge or for reuse.

(y iz Line
Gheay QY&

:fo-fm, [

& ‘ /’*-

o /R /R e ey 3
_.,I § 5em i(- “# A:5cm I‘- -,-‘ 1Sty |‘—- 6“,'5
F— 5 Ocom ,’

Figsa 241
Form and dimensions cf lap-shesr test specimen
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2.6 Casting of films of Polyvinyl acetate and those of polyvinyl
acetate/polyvinyl alcohol blends and the study of their
mechanical properties.

2.6.1 Casting of films of PVAc

The polymer solutions were prepared as described above.
Plasticization was similarly done and the plasticizer content was varied
as desired.

The films were cast by measuring about 150m3 of polymer solution
on to clean mercury surfaces kept in small clean desiccators placed in
a fume cupboard.

The solvent was allowed to slowly evaporate in the fume cupboard.
After the solvent had evaporated the cast films were removed by cutting
with a blade. They were allowed to dry further under vacuum over silica
gel in desiccators at room temperature.

2.6.,1 Mechanical Testing of films

Strips measuring 6.0 x 1.0 cm were cut out of each film and used
for tensile testing using an Instron machine. The initial guage length
of each strip being 2.5cm. The strain rate was kept constant at SOmm
per minute, and measurements were carried out at constant temperature
and humidity of 20°C and 2l% respectively.

2.6.3 Polyblending of polyvinyl acetate (PVAc) and polyvinyl alcohol (PVA)

Binary mixtures of PVAc and PVA were dissolved in dimethyl

sulphoxide at 40°C. An attempt was made to cast the films over mercury




as above but it failed because the polymers tended to separate on

evaporation of the solvent repulting in badly disfigured filma.

2.6,0 Water abgorption property of films

w Mtﬁ {._GB ’
Films were cut into 5.0 x 2.5cm dimensiorgand immersed in

excess of distilled water in 100cm3

beakers kept in a constant
temperature and humidity room as above. After the abgorption of
water was thought to have attained equilibrium = in a period of

one weegk =~ the filmg were removed, the ecegs water wiped from their
surfaces and they were weighed., No trend was observed using gampleg
B1 fo BT':

2.7 Heat treatment of Polyvinyl acetate Adhints

_Sample B1 wag uged to prepare adhints as described in Section 2.5.1
above ueing zinec strips. Sets of five adhints were successively heat set
at hOo, TOO, 1000, 1300 and 16000, a set was left at room temperature as

control. Each heat setting was dome for 3 hours.

The adhesive strength of each set was measurequsing the JFastron

machine. The force of separatipn was divided by the area of application

of the adhesive to obtain the tack value. {See Table 3).

2.8 Measurement of minimum Film Formation Temperature of

C e films -

The constructed instrument did not prove successful when an

attempt was made to use it for this measurement,



CHAPTER 3

 RESULTS AND DISCUSSIONS

3.0 The adhesion of PVAc, from aqueous guspension and from

o solJution, 1o wood, glage and metals.

Table 3;6 éhéws the.fesults of the measurement of adhesion using the
polymer directly from the agueous phase polymerizations, and the
redisgolved purified polymer from the same preparations.

The results show that the polymer in aqueous suspensiong are
much less affective as adhegives than when isolated, purified, and
redissolved before application.

The poof adhesiveness of the aqueous suspensions compared to the
solutions may be primarily due to the bead-=like structure of the polymer
whern prepared in an aqueous phase, Such a structure permits only
limited contect between the polymeric adhesive and the surface of the
adherend, And from the theories of adhesion in Section 1,5, wetting is
poer, diffusion is low, therefore the forces operating between adhesive
and adherend are limited, resulting in poor adhesion. In addition to
the limited contact between the polymer and the adherends is the fact
that it is more difficult for the polymer particles in agueous media
to forﬁ a contimious film when dried between the plates of the adherends
than when applied in solution forms. 4 discontinuocus film between the
plates of the adherend will obviously result in pecor mechanical strength

of film and therefore lower tack.
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A second feature which may be obeerved from Table 3.0 is that
iﬁJﬁhichever fcrﬁ fhe adhesive ige applied its bonding to woed is much
better than its bonding to either glass or metals. This would normally
be expected since wood is porous. It absorbe the applied polymeric
paste into its pores leading to the formation of mechanical locks, and
greater esurface area of contact between adhegive and adherend
(Section 1.5). The net effect is higher tack values.

It may be mecessary to add here that in mest of the tests the
adherend material yielded before the polymeric adhesive, This was
particulgrly the case with glass which yielded whensver the applied
fordé exceeded 10 kg.om 2, Tt could, therefore, be concluded that the
polymer has excellent adhesion to these materials.. .

! .
g -

" 3,1 Variation of the Huggins' constant, kX', and the limiting

- yiscosity, [nt, with conversion and molecular weight
’ bl vl

The resulte of the determinations of the viscosity of dilute
solutions of PVAc having different conversions prepared at hOo anrd 7000

are shown in Table 3.1.2 and illustrated in Figs. 3.3 and 3..4,

.respectively.

3.1.1. Variation of ET'} and k' with conversion:

| Fige 3¢3 shows that at hOOC there Is a comtinmuous decresse in
[q] ag conversion increases from 3086 tg_abcut 100%. At 7000, however,
a sharp rise in qu is observed with cohvéraion, a maximum is reached

at about TO¥ conversion followed by a sharp fall.
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In Section 1.3 it wae explained that the limiting viscosity is
the value of the ratio (qspfc) when ¢ becomes zero. The ratio (qsp/c)
being the specific capacity of the polymer to lncrease the relative
viscosity. The quantity (qsp/c) ghould, therefore, increase with
molecular weight and/or branching as reported by Melville {37).

The behaviour, and therefore structure, of pelymer chains in
solution is dependent on the hydrodynamic interactiong of the dissolved
polymer and the solvent molecules (35). When only the polymer molecules
and the solvent molecules are present in solution these interaction are
between polymer - polymer, polymer-solvent and solvent—solvent only
(LO). For the polymer chains to enhance the viscoslty of the solution,
that is, for the viscoeity to increase with increase in the number of
chain segments per polymer molecule, the polymer-sclvent interaction
hag to be more favoured than the other interactions., The relative
increase in viscosity caused by an increase in the number of chain
segments will then follow the predicted value from equation (1-18),

Any factor, therefore, which reduces the pﬁlymerhaolvent interaction
will lead to a reduction in the viscosity of the polymer solution
regardless of any change in the number of segments in a chain of the
polymer malecule, | o

Beveral workers have shown that branching occurs when pol}viﬁyl
acetate ie polymerized to high conversions {30,37,L6-48). The effect
of conversion on the §isbosity of the polymer solutions here would,

therefore, mean the effect of branching. Indeed the viscosities of the
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golutions were measured in an attempt to egtimate the relative degree
of branching in the prepared samples as ig sometimes practiced (3?).

It is apparent from the above discussions that branching could
influence the viscosity of the dilute polymer sclution. The extent
of thia influence would depend on the nature of the polymer chaing in
selution. |

At hOOC chain transfer reactions are slow but long kinetie chéins
aie produced (2,41}, The results is that both the backhone chains and
the side branches are long. The tendency of such'iong chains, present
in solution, is not only %o cause entangkement but also to coil up,
especially when they are made to exist in their unperturbed states as
in the theta-conditions used here (L0). This tendency will be particular—
ly strong with chains having bulky end-groups such as the sulphate group
from the initiﬁéor. Thus the greater the number of such long chains per
molecule of the polymer the more the tendency for the molecule to coil
up and the greater the reduction in viscegity. It muat be added that
entanglement of the chain molecules will similarly reduce the viscosity
since the greater the degree of entanglement the higher the probability
of finding two segments in a given wnit of volume of solution {L0).

At ?OOC. however, a different kinetics operates for both the
propagation and transfer reactions (Section 1.1.1). Although both
Ireactions are fesat and competitive, only relatively short chains are
prbduced (2,4%). Such short chains are believed to have very little

tendency to coil or entangle since they are not sufficiently bulky and
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are too short to properly embrace one another in a medium which Iorces
them to exist in the unperturbed state as in the theta~condition. The
result is that hydrodynamic (polymer-sclvent) interactions are favoured
and viscosity increases with conversion as more gide chains add to the
backbone chain increasing the interactions. The increase in visceoaity
is observed up to about 70% conversion after which excessive branching
causes the chains to hecome sufficiently bulky to coil snd entangle.
This reduces the viscosity. This reduction is large for all the
samples prepared beyond about 90% conversion at both temperatures.

These observationg and reasonings agree perfectly with the findings
of Gillespie (39) who mede similar studies. It would appear therefore
that the deviation from the results of Melville (37) must be due to
gone differences in the structures of the polymers used for the
different studies,

3.1.2 Dependence of Lq] and k' on molecular weight.

The results in Table 3.3.2 show & general decrease in [ﬁj with
decreasing molecular weight as would be expected for linear flexible
polymers. The values of k' fall within the range predicted by Flory
(40), The higher values of k' for samples By and B, and By to B, are
attributable to the effect of chain transfer action of nitrobenzene and
methanol respectively. The increase from B3 to Bh' and from BS to B7
are due to the increaeing concentration of these tranafer agents. A
decrease was not observed probably because the branching was not

gufficient to cuage significant compacting of the chain asg explained

previonaly.
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3.2 Dependence of the adhesion of PVAc en the extent of

i convergion,
The results of the sdhesion tests on the samples prepared to
different conversions (A1 - A12) are gshown in Table 3.2 and illustrated
in Fig. 3.5. ; | |
Fig., 3.5 éh&wa that the taek paspes throeugh a maximom with inereasing
eonvergien at hoth temperatures. Sinee diffusion may net be conzidered
a8 making much contribution te adhesion on the surface of a highly polished
metal, this ebservation may be explained en the basis of the adsorption
theery (Sectien 1.5.2), This theery basically demands that contact
between the palymeriec adhesive and the substrate material be close
enough to faeilitate interaetisn of molesular forces beotween the twe
bodies, Henee, effieient wetting is of primary Importance among the
factors controlling adhesion. Tquation (1-20) expresses this relation -
ship guantitatively, For maximum contact between the adhesive and the
gubstrate, the contact angle, 9, must be low, zero contact angle baing
moet preferred, This aigo requirea that the viecosity of the polymer
solution be low. |
It has been showm in.the preoeding section that the viscogities
of the polymers prepared at hOOC are controlled by the coiling and
entangling of the long chain branched polymer moleculas in seolution,
Whereas viecosities of the samples prepared at TOOC are controlled by
the quantity of short chain branching.

|
o
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At hOOC fhérincrease in tack with conversion ig sharp hecause of
the decreasing viscoagity coupled with the net increase in the number of
chain segments capable of participating in interaction of molecular
forces between the polymer f£ilm and the substrates.

At YOOC, however, though the number of chain eegmentshcapable of
participating in surface attachment with the substrate increases as
more chain segments are added to the polymer molecule wiilh converslon,
the resultant increase in viscosity reduces adhesion,'equation (1-20).
Hence a more gentle rise in tack is obtained. The values of tack in this
region (,e. at low conversions) is higher at TOOC than at hOOC because of
the greater number of chain segments capable of participating in
interactions of molecular forces with the subatrate at the higher
temperature. ‘This follows_from the brief kinetic analysis of the polymer
aynthesis at the two tempefatuies and the behaviour of the resultant chains
in solution given previously in Section 3.7.71 above.

| At the tqrning point the effect of increased colling and entanglement
of chain seg;eﬂts becomes more pronounced at both temperatures. The net
number of available chain segments for adhesion reduces and the measured
tack is subsequently lowered. The reduction of tack beyond this point
for samples gripared at TOOC is wach more prominent than for samplea
prepared at LO°C. So that the order of tackt values for both sets of
samples is reversed. The samples prepared at TOOC have much lower

| i
tack values than those prepared at hOOC at the higher conversions. Tho

reagon for low tack values in this region is not only due to the reduction



- L -
in the mumber of effective chain segments caused by coiling but also to
the reduction in intermolecular forces as coiling of chain segments
becomes predominant. Such a reduction in interchain forces reduces
the mechanical sirength of the adjoining polymer film between the adherend
plates. The effect is more pronounced with the sanples prepared at ?DOC
because short chains are less likely to assume favourable random
orientation that would enhance intermolecular attration. This is not the A
case with a randomly coiled long chain which could, mofe probably, contain -
regions along the chain length that are properly orientated to facilitatte
intermolecular attractiona, Hence much higher values of tack are g

observed for samples prepared to high conversions at bOOC than at TOQG.

1

_ ! - . e \
3.3 Dependence of the adhesion of PVAc on the molecular 5
The results of adhesion teste on samples of PVAc prepared to \\

different molecular weights are shown in Table 3,3,3 and illustrated in \ﬁ\_

Fig. 3.6. 'f':f | ‘

Fig. 3.6 shows a general deéreasé in.tack with incfeaeing molecular
weight in the region studied (10h—105). For a given weight concentration
of polymer the higher the molecular weight the greater the increase in
viscosity (LO) and hence the lower the tack of the adhesive to the
adherend ag explained above (Sections 3.1 and 3.2). But differences in
viscosity alone cannot explain the very large difference in adhesion

L

especially between the molecular weights of 10" and those of 105.

!



| e N

Considexring the polymer alone, the longer the chains (that is the
higher the molecular weight)} the more likely side groups neutralise one
snother by engaging in secondary bondings. Although this will make the
filmg tougher, it will reduce the number of polar side groups available
for interaction of molecular forces with the adherend plates. The
results ic a reduction of adhesion with molecular weight. “

In addition to the effect of the mutual cancellation of polar groups,
the high molecular weight polymers are more brittle than their low mole-
cular weight analogs, This is supported by the quantitative tfeatmant
proposed by Brysdon {50) for the relation between the glass transitidn
temperature of polymers and their molecular weightsi the treatment by
Ferry, William, and Stern (43) relating the free volume to the polymer
molecular weight; and the treatment by Rouse (L2) relating the steady
state shear compliance of the polymer tc the molecular weight. All the
literatures ¢ited predict a decreése in the elastic modulus of the

polymeric material with increasing molecular weight of the-polymer. Such

a decreage in the modulus wlll of course repult in decreased tack an
| .

obaerved. I i
It may be relevant in this regard to draw attention to the striking
resemblanee in trend between Figs. 3.5 and 3.%a ana 3.,9b. Also the
.pattéﬁﬁa shodn ;n Tables 3.2 and 3.3.3,Iand Tables 3.6.1 and 3.6.2,
reapectively, indicate unequivocally, that the adhesive strength of the
polymer i solely dependent on its elastic properties - that is the yield

ptreas and the tensile modulus ~ and independent of the ultimate tensile
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strength. So that although the ultimate tensile strength increases
with molecular weight {40), the elastic properties decresse with the
molecular weight (L2, 43, 50). Hence adheaion decreases with molecular
weight for high molecular weight PVAc in the region of ‘10}4 and above,

Florea (41,) working on = similar study as above with some group
obgerved an increase in adhesion with molecular weight up to a limit
beyond which further increase in molecular weight did not rgault in any
increase in adhesion. Thetr results asuggest a study using iower moleoular
weight pelymers than were used in this study, hence the results here may
be complementary to their results.

It would be expected, therefore, from fhe results here and those of
the previocus workers that the increase in tack observed for decreasing
molecular weight will reach a congtant value at some point most probably
between molecular weights of 103 and 1 h. Beyond this point any furtlar

increase in molecular weight will result in reduced adhesion.
_ o

3.4 Bffect of Plagticization with dibutyl phthalate, DEP,
P on _the adhesion of TVAc

Fig. 3.7 illustrates the results of adhesion testinglon high
molecular weight {32 and B1) and lower molecular weight (Bé and B?)
gamples of PVAc shown in Table 3.4. Egual concentrations of the polymer
samples were dimpolved and used for the tests.

It is apparent from Fig. 3.7 that as the plasticizer content ie

increased step-efise from zero to 30% DBP, the value of tack for each
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sample passes through a maximum at about 10% DﬁP and decreases to values
about the anplasticized samples at 30% DBP,

These wvesults have been compared to those for the study of the
mechanical properties of the polymer films reported in Table 3.6.2, and
illustrated in Figs. 3.10 and 3.11. It would be seen from Table 3.6.2.
that as the plasticizer content of a given sample increases from zero
through 20%, the elastic modulus decreases sharply from very high wvalues
in the absence of any plasticizer to very low values in the presence of
the limit of 20% plasticizer investigated. Fig. 3.10 shows that the
tensile modulus deercases linearly with molecular weight only around
10 = 15% plagticization, and Fig, 3.11 shows that the lower molecular
weight are éﬁcg ﬁore sentive to plasticization than the higher moleoular
weight analoge,

The above points, and the effect ¢of viscosity discussed in
.Sectiona 3e2 and 3,3 easily explain the itrend observed for tack in
Fig. 3.7. The adhesion is low in the absence of any plasticizer because
the polymer ie too brittle, and hence it is not only more difficult for
it to meke good contact with (or wet) the surface of the adherend, but
it alse haw poor mechanical strength. B |

Ae the plasticizer content is increased from 5% to 10% fhe value of
fack riﬁes due to the improved softening of the polymeric material leading
o more efficient contact between the adhesive and the adherend. The
repult is greater interaction between the substrate and the adhesive film,

y i : . _

|
|
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Although the modulus is reduced, Figs. 3,10 and 3.11, the reduction is
greatly compensated for by the improved wetting of the surface of the
adherend by the adhesive. So that the value of tack at 10% DBP is higher
than the value at 5%.

Above 10% plasticizer content, both tack and modulus decrease very
rapidly. The polymer becomes too goft to have any useful mechanical and
adhesive qualities. Fig. 3.71 reveals this more clearly in showing the
sharp reduction in modulus after 15% plasticization for the higher mole=
cular weight series (BQ, B, and B1) and after 10% for thehiower molecular
weight series (BG and B7).

The higher molecular weight species have lower tack for the same
reaéons as digcussed in Section 3.3. They are also less aehsitive to
plasticization as would normally be expectet and as revealed in Pig.3.11.
| In conc;usion, therefore, about 100 dibutyl phthalate seems to be
an ﬁptimal amdunf for the plasticization of polyvinyl acetate adhesives,
The plasticized polymer has enhanced adhesive properties and the decrease

in elastic properties does not have much impact on the enhanced adhesion.
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3.5 Effect of heat treatment on the adhesion of PVAC

The result of heat treatment of adhints formed by using sample
BT’ plasticized with 10% DBP, are shown in Table 3,5 and illustreted
in Fige 3.8,

A general rise in tack is observed when the adhesive joint is
heat treatsd. The rise is sharp between 250 and uOOC becauge the
plasticized polymer softens in this region (TIE of pure PVac = 28% (24)),
and the softened polymer makes better contact with the substrate.

Between 40° and 130°C the increase is gradual., In this region
there is increased softening and complete evaporation of the absorbed/
adgorbed solvent. Any gas trapped between the adhegive and the adherend
are also releaged. The net effect is better contact between the adhesive
and the substrate leading to greater adhegion, _

| Between 130O and 160°C there is a sharp rise probably due to the
fact that the plasticized polymer might begin to meli in this region.
The moltien, or extremely softened, polymer completely wets the surface
of the adherend, especially as trapped gas are absent or very fews BSince
no degredation has taken place {shown by the absence of sny coloration
,ﬁvgf the film after testing), very high value of tack results, J |
. The study was not carried beyond 160°C, however, it would be
expected from the observed'ffend that as the heat setting temperature of

the adhesive joint increases, keeping the time of heating constant, the

N



édhésiveneés of:tﬁe polymer will increase. This will be so only upto
the temperature at which the polymer begins to degrade. At this
temperature, and beyond it, the mechanical strength of the degraded
product might not be sufficient to allow formation of a.good bond. So
- that for PVAc the tack might inerease even above 16000, probanly upto
about 180° to 190°C just before degredation sets in around_?OOOC as
raported by 3enkins (Lg). - .ﬁ ‘ ”

In conclusion, for bondinglwith PVAc adhesives, hent treatment of
_.the adhesive joint, where possible, leads to highly improved bond
sffength if duration and tempeiatﬁre of heating are carefully selected.
The maximum temperature to which heating can be done, within a given
length of time, without degredation would of course depend on the mole=~
ouiar weighg of the polymer. Since usually, the higher the molecular

weight the higher the degredation temperature (51).

3,6 Effect of plasiicization, branching, and molecular weight

on the mechanioal properties of FVaic films

Je6.1 Plasticigation

' The effect of plasticization on the mechanical properties of PVAc
films was briefly discussed in Section 3.4. It would be seen from
Table 3.6.2 that plasticization generally softens the polymer as would
be expected (2&). The modulus is decreased and the elongation at break

is increased, The effect is more proncunced for lower molecular weight

o
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than for higher moieculai weight samples. This is because the higher the
molecular weight the greater ithe fregueney of ordered regions in the
randomly coiled polymer matrix. Hence the higher the intermolecular
attraction and the less sensitive the polymer is to plasticization with
a given amount of plasticizer. This is evident from Fig. 3.11.

P
34642 Branching

The elastic properties of thé polymer, the yleld stresa and the
elaatic modulus, increaseg with branching uptc a limit beyond which |
- further branching decreames these properties, Pigs. 3.9a and 3.9b, Like‘
the adhesion, Fig. 3.5, the rise is sharper for polymer samples prepared
at hOOC than for thoze prepared at 7000. A wae observed in Section 3.3
there is a siricking resemblance between the variation of the elastic
properties of the polymer films, and the variation of adhesion, with
branching. The pattern.of g, 3.5 was explained in Section 3.2 in terms
of changes in the viscoeity of the polymer solution and the c;nfiguration
of the polymer chain molecules, The pattern of FPigs. 3.92 and 3.9t may
be explained from the point of view of the factors affecting the
elapticity of polymeric materials., It may be relevant too to mention
here that the yield stress is a measure of the elasticity of the polymer
b9y 50).  © _

The necessary and sufficient conditions for long-range elasticity
of a material is the presence of long chains and the possession of

sufficient internal mobility by the system. Long chains, as in polymers,
. h | .
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allow the accomodation of large deformations merely through rearrangement
of the configuration of the chains, and intermal mobility allows the
required rearrangements of chain configuration during deformation and
during recovery as well (L40).

Polyvinyl acetate satisfies the first requirement of long chains,
which, in itself, is a characteristic of all polymers. The relatively
shorter chains of samples prepared at 70°C permit higher mobility of
these chains (50). It is not surprising, therefore, that before the onset
of excessive branching, that is at low conversions, the samples prepared
at 70°c have much higher values of modulus and yield stress than their
counterparts prepared at 40°.

There is very small rise in both yield stress and modulus with
increasing conversion at 7000 and below 60% conversion., This could be
due to the little change in the configuration of the polymer chains
produced at this temperature (41). Within the same region and upto
about 75% conversion a sharp rise in both the yield stress and the modulus
is observed for samples prepared at hOOC due to the comparatively greater
number of chain segments being added to the backbone chain with conversion
at this temperature compared to what obtains at 70°C (L1).

The fall in the elastic properties after some percentage conversion
could be due to the coiling of the polymer chains discussed in
Sections 3.1 and 3.2. Such chain coiling decreases the ability of the
polymer chains to align themselves in the direction of the applied stress

during deformation, thus decreasing the elasticity of the polymer. The
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effect is more pronounced for samples prepared at ?OOC because coliled
ghort chains are less likely to have long-range ordered regions,-

The effact of branching on the ultimate tensile strength and the
percent elongation at break is not clear from the resulis shown in
Fig. 3.6.1. The factors controlling both the tenacity (ultimate temsile
strength), and the elongation at break of the polymer are its ability to
form crystallites at the rubbery flow region when it is stretched beyond
the elastic limit, and the mobility of the chains reapectively {LO). Tue
ability of the polymer chains to form crysitallites depends on the sase
with which the chain segments can form ordered patterns. Obviously this
eage should decrease with branching, but the decrease would depend not
only on the type and nature of branching but also on the bshaviour of
the polymer chaing in the solution from which the films are cast. It
is not surpriging then that no order wae obmerved for tenazcity as
branching increases. Similarly no order was observed for elongation
at break sinoelalthough branching would reduce internal fiiction between
chains, due to'iAcreaae in the number of chain ends (50), and therefore
inerease elongation, the lead at which rapture oecurs would depend on

the extenti to which the chain segments are able to form crystallites,
Bl ; s

|
}Aéaj Molecular weight

Upto about 10-15% plasticizer content, Tables 3.6.2 and 3,6,3, and
Figs. 3.10 and 3.11 show that as the molecular weight of the polymer

increases the modulue decreases. Thig was explained and backed with

| 1 .
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literature support in Section 3.3.

! |

Tenacity increases with molecular weight in contrast to the
trends of modulus and yield stress., MTenacity has been explained to
depend on the extent {eo which the chains can form crystallite%??ggiing
in the rubbery region ag they are stretched beyond the elastic 1imi£
of the material by the applied stress. Higher molecular weight analoge
have greater abdility tc form such crystallites by virtue of their longer
chains, Since the longer the chain the greater the probability of finding
ordered regions along the length. Formation of the crystallites leads to
toughness and embrittlement of the polymer (50), this requires the
application of greater stress to further deform and subsequently rupture
the polymeric material. The greater the ability of the polymer to form
eryatallites, therefore, the greater the stress needed to rupture the
Polymeric material, so that tenscity increases with wmolecular weight
{40). | %

Upto about 10% plasticizer content, elongation at break scems
to decrease with decreasing molecular weight, but the trend ig again
not uniform as woa observed with the more highly branched samples. The
explanations rendered in Section 3.6.2 may, therefore, be applicable

here tco. ! :
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3.6.4 A summary of the dependence of adhosion on both the viscogity

and the mechanical properties of polywvinyl acetate

To illustirate the striking similarity in the dependence of adhesion
on both the viscostiy and the mechanical properties of the polymer, as
adhesion varies with both branching and molecular weight, data from
Tables 3.1.2, 3.2. and 3.6.1, and Tables 3,3.2, 3.3.3., and 3.6.3
respectively, have been summarised in Tables 3.6.4 and 3.6,5.

It is conclusive from these last two Tables that adhesive
gtrength is ag dependent on the viscosity of the polymer solutions, from
which the adhesive is applied, as on the mechanical_properties_of the

dried polymer films.
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' CONCLUSTONS

The following conclusions may made from the various results of this
o e

study: . i
| .

1« If polyvinyl acetate iz tc be the major component of an adhesive
formalation, the polymer should be synthesized to obtain molecular weights
L

(ﬁv) in the region of about 5 x 103 to 5 x 107 in order to cbtain

optimum performance of the adheeive. DLowar molecular weight polymers will
have very low elongation at break and higher molecular weight polymers
will have low elastic modulus. Low elongation at break and low elastic
modulus amount to poor mechanical properties of the adhesive film.

2. Branching, if moderate, improves the performance of pelyvinyl
acetate adhesgsives. It is therefore advisable teo synthesize the polymer
ﬁith some amount of side chains. Both the length of the chains and the
numbexr of side chains should be such as to permit the polymer chains to
remain extended in golution or in the medium in which the adhesive is
used. | o

3. To obtain the polymer possessing reasonable amount of branching
and having molecular weight in the region stated above, it is advisable
to allow conversion to attain a value between about 5% to 75%,
gapecially in equeous phase polymerizations in the absence of chain
tranafer agents, The temperature of polymerization, should be maintained

between 507 and 60°C whichever technique is used for polymerizatiom.

Tl
I
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3, ‘The wet tack of the mdhesive in agueous suspensions is poor.
It is, therefcre, advisable to isclate the polymer from the aqueous
phase polymerization products. The most suitable solvent for dissclving
the isclated and purified polymer should be a solvent that will dissolve
sufficient gquantity of the polymer without appreciable increase in the
vigeosity. It sghould also be volatile in order tc evaporate easily
from the applied adhesive providing for gquick tack, Toluene, bengene,
chlorecform, or acetone are much more recommendable in this regard than
alcoholsg or some cther solvents, .

L. If plasticized with dibutyl phthalate, about 10%.of the
plasticizer seems to give optimum adhesion. The suitability of some
other plasticizers was not investigated.

5« Heat treatment of the adhesive joint, where this is possible,
© glvea much better bond gtrength than the untreated joint, The optimum
temperature of heat treatment may depend on the molecular weight of the
polymer. A tewperature as high as 160°C has been found to be suiteble
for an average molecular weight of 2 x 105 in this study. A highex
temperature may still give better result but this was not investigated.

. The adhesion of the polymer to wood, glass, and metal was
found to be excellent. In most tests using an Ingtron machine, and in
particular for bonding to wood and glass, the substraites yielded before
the thin film of adhesive forming the bond,

7. Although reports exiat 1o the effect that the heat and water

sengitivity of the polymer may be improved by increaging the molecular
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weight and introducing cross linkages into the polymer chains {24), the
results here ghow that very high molecular weights and exceseive
erosalinking could greatly reduce the adhesiveness of the pelymer.
Therefore a much betber means of reducing the heat and water gengitively
of the polymer would b%:gncorporation of groups that are less water
genaitive than polyvinyl acetate to the backbone chain either by phayical
blending or by co=polymerization. Such a group should alsc have good -
adheaive properties and ethylene, acxrylics, or giyrene may bhe wvery
recommendable in this regard {24).

8. The author is of the opinion that the most economic way to
produce pelyvinyl acetate with good adhemive properties peems to be by
golution polymerization in a solvent hawing a fairly high chain transfer
congstant for the polymer. The polymer from such system heeds not be
igolated and couwld be plazticized and used directly. Recommendable
go}lvents, therefore, would include benzene, chloroform, toluecne or éz?

-
acetone depending on the relative costs and the ease of handling.

' |
i !
|
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Table 3.0

Adhesion of Polyvinyl acetate adhesives, prepered from the emilsion
and aolution, to wood, glass, aluminium, and zinc strips.

Substrate | Lulsion, ., | Solution

tack, kg.om tack, kg, cm—2
Woogd 11 08 2’4.0
glass 5.8 11.2
(glass yielded)
aluminium 6.3 18.8

zing ?.1 20.5




Table 3.1.1

-7} w

Conditions and recipes for the preparation of samples of PVAc of differ-
erent converions.

oo | me  [ETEN

Sample o b i /[‘I/hc] CV&? !Conv:raion
% (w/) s .
Ay Lo 30 1.75 L+ 302 35
A, 4O 1 1.75 44302 L8
Ag L0 2 175 L.302 6c
Ay, L0 L 1.7 L.302 74
Ag 40 8 1475 L4302 87
Ag 4o 22 1.75 4.302 S
Aq 70 5 0,325 L.302 28
Ag 70 10 0.325 L.302 L6
Ag 70 15 0.325 4.302 5k
Ayg 70 1 0.325 4,302 75
Ay 70 L 0.325 L.302 88
A, 70 22 0.325 L.302 98




Table 3,1.2
Results of the measurement of solution vi.cosities of wnfraciionated P¥Ae. prepared "55

F
.

o different conversions

Convears-y
ion 35 L8 65 h 8L 3L 28 L6 Sh 75 88 98
%

tjtf 0.757 § 0, 7THO 1 0,709 | 0650 | 0.602 | 0,515 1 0.680] 0,752 | 0.809 1 0.855 { ©.730 { 0.500
dl :
g

' 10.38, [0.329 {0,290 6.260 { 0.251 | 6.248 | 0.368 | 0.357 [ 0.315 ] 0,270 | 0,267 | 0.200

Tzble 3.2

Effect of conversion on the adhesicn ¢f FVic.

4

- pemple A, A, A3 Ah AE A by Ag A9 LI A 11 A, -
Con%ersion 35 L8 6c 0 8, 5l 8 46 2 75 88 98
Ea"]:m—z 5,2 | 8.6 | 11.2 lo.6 | 90 | 9.0 {87 |90 l1oo |69 |5 ] s.0
g.
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Table 3.3.1 |

Conditions and recipes for the preparation of PVAc. of different
P molecular weights,

’

Sample Temp. | Time A e ,gﬁﬁfgm o Yield
°c hrs. % wjw % w/g % vfv %
' x 10 '
B, 65 0.5 2,0 - ~ 56
B, 60 1. 1.0 - - g
35 60 N 0.9 - Lo/50 L1
By 60 7.5 1.0 - 1,0/60 36
B, 60 1.5 1.5 - 25/75 57
B, 55 2 0.7 - - 38
33 55 5 1.0 1.67 - L7
Bh 50 2h 1.0 3.34L - 61
_ R = nitrobenzene
Table 3.3.2 -

Results of the measurement of golution visecosities of unfractionated
Prie different molecular weights.

Samples k! er:; Mv.m"l“
32 0,370 0.690 L7
B, 0,373 0.575 32
B, 0.368 | 0..79 22
B, 012 0.L18 17
Bh 0.0h51 0.2h0 5.7
By 0. 37k 0.200 3.9
By, 0.3681 0.145 2.1
B? 0.392 0.125 1.8
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Table 3.3.3
Results of adhesion tests on samples of PVAc of different molecular
weights.
Sample 32 BO B1 33 Bh BS 36 BT
Md.wt.
Tack o | bl | w.8 | 1.8 6.6 3
k .cm_ - . h. 15.2 1 - 22-0 27.2 )2-0
24
Table 3.4

Results of adhesion tests on some samples of PVAc plasticized with
didutyl phthalate (DEP).

Saiisle % DBP

0 5 10 15 20 30

Tack in kg.uﬁ
B, L6 9,2 144 10.0 L.9 | 3.5
B, Ge5 10.0 14.8 10.8 7.0 |5.1
B& 8.0 14.0 27.2 16.0 {11.2 [5.9
B? 10.5 18.8 32.0 24.4 | 15.6 |} 6.8
Table 3.5

Resulis of adhesion tests on a sample of PVAc. heat set at
different temperatures for 3 hours.

Heat getting p
temp’SC 25 Lo 70 100 130 160

Tack

kg-cm’2 6.6 9.9 [11.2 | 13.9 | 1.6 | 3141
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~ Table 3,6.1 Lo
Results of mechanical tegts
conversions and plasticized
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on films of PVac, rrepare

with 10% DBP.

d te different

Tensile Yield Ultimate Elongation
Sample modulus_2 stresgz tensilgestress at break
Epkg. om kg.om kg.cm
A, 268 9.3 55.7 352
A, 391 .7 57.1 320
A3 851 32.5 9544 3L0
o 977 35.6 93.8 360
Ag 917 34.0 90.7 360
Ag 69l 20.7 The 336
A, 735 Wi.7 1.2 L2o
Ag 789 L2.6 93.7 340
Ag 833 48.7 136.0 h32
A0 754 L9.6 89.5 310
Ay 724 27.3 83.7 368
Lyo 602 21,3 112.0 U2




Table 3.6,2
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Effect of plagticiation with dibutyl phthalate, IBP, on some mechanical
properties of FVAc having different molecular weights.

% DEP
Sample | 1 iuln 0 5 10 15 20
v’ N
Ez b Et b Et b E% b [y b
o High 568 L23 335 83
Bg L7 21000
_ low '
! 1€ 400 1,00 ik 528
71000 612 543 L21 &1
B0 32
1€ 301 372 LB9 5L9
- 21000 760 602 516 78
B1 22
14 2L0 280 L60 578
Very 1528 85/, €32 L2
. high
Bs 3.9 710,000
14 296 312 548 916
10,000 1833 916 268 38
B6 241
1€ 292 361 76l 852
10,000 very 1031 122 10
37 1.5 high
low
12 1€ L0 1600 Eﬁg
| B = tensile modulus in kg.cm-2
b = elongation at break in %




- 79 -

Table 3.6.3

Results of mechanical tests on films of PVAec having different
molecular weights and plasticized with 10% DBEP.

Elastic Tltimate Elongation
Sampl Mol.wt Mog'ilus Tensile at break
anpie | W x107% Eke. op-2 | Stress, %
v kg.cm
B, LT L23 150 1,00
By 32 543 128 372
B4 22 602 91 280
By 17 5L 89 300
B, 5eT 712 81 366
Bg 3.9 85l 81 362
Be 241 916 76 361
B, 1.5 1031 L6 L0
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Table 3.6.&

A summary of the dependence of adhesion on both the viscosity
of polymer sclutions and the elagtic modulus of polymer films
for polyvinyl acetate prepared to different conversions,

' Elastic
Sample Conﬁ§r51on igfim_ Igtrin§ic Modului2
. viscogity E‘l x 10
: f:z?]dl /5 k& om™2
dy 35 5.2 0.757 2.68
Ay L8 8.6 0.740 3.91
Ay 65 11,2 0,709 8451
&u Th NS 0.650 977
Ag 8L 9,0 0.602 9417
Ag 9l 9,0 0.515 6.9
A7 28 8.7 0,680 7.35
Ag L6 9.0 0,752 7.89
Ay Sh 10,0 0.809 8.33
iyg 75 6.9 0.855 7.54
A4y 88 Sk 0.730 7.24
Aqyo 98 5.0 0.500 6,02
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Table 3.5,

A summary of the dependence of adhesion on both the viscosity of
the polymer solution and the elastic modulus of the polymer
film for samples of polyvinyl acetate having different moliecular

weight
) Elaptic
sempie | Bkt | Ttk o | Chaamalsy | )
v Eﬁj dl/g kgfaom

B, L7 144 0.690 14e23
By 32 1.8 0.575 543
B, 22 1.8 0475 6.02
B3 17 15.2 0.415 6.54
Bh 5.7 16.6 0.2L0 712
By 3.9 22,0 0,200 8.54
B, 2,1 27.2 0.145 9,16
By 1.5 32.0 0.125 10,31
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APPENDIX A :

Some Obgervationg On the Preparation of Polyvinyl acetate uging

A potassium persulphate o

- The behaviour of potaseium pergulphaie and godium dodecyl

gulphate in suspension and emulgion polymerization of
vinyl acetate. '

Potagsium persulphnte is widely used ag initiator in emulsion
polymerizations in which sodium dodecyl (or lauryl) sulphate is used
as the surfactant (6, 7, 9). The system was successfully uged
several times at the start of this work.

However, several attempts to repeat the work a few months aftey
the first series of polymerizations proved very unsuccesaful. Using
the same amounts of reagents, O.Sg K,5,0gs and O.Sg C12HESOSO3HQ in.
134" of uatér, it was observed that the surfactant separated from
the pystem forming a rather attraotive oily suspension each time the
initiator wae added. No polymerization was observed under such &
situation even after a veriod of time that normally resulted iﬁ over
50% conversion.

Several attempts to vary the amount of initistor and/or surfactant
were not successful, especially if the concentration of one reagent was
kept constant and the other varied.

Only at extremely low concentrations of either was it possible
to get a homogenecus system. Por the surfactant this concentration
waB below the critical micelle concentration ard for the initiator it

wag too low to permit polymerization at a reasonable rate at the
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temperature of reaction.

In the absence of the initiator a comparatively large amount of
surfactant could be dissolved and heated in the presence of sodium
dihydrogen phosphate without separation. A little amount of
potassium persulphate waz, however, sufflcient to cause precipitation.

In the absence of the initiator the separation was found to be
8 function of the pH of the medium, occuring both at very low pH
(2bout 1) and at very high pH (about 13). On this basis the system
wag strongly buffered with much higher concentration of sodium
dihydrogen phosphate than previously used but this did not hely the
sttuation. Indeed the use of potassium dihydrogen phosphate as buffer
cauaged much quicker separation of the surfactant than previously was
observed,

All reagénts used were of high purity and reagents from
different sources were tried, therefore, the effect Gould not be
attributable to contamination.

On the basis of the observaticns above, a suggestion was made
that the separation might be due to the comparastively lower
solubilities of potassium salts than the sodium equivalents, hence
the formation of potassium dodecyl sulphate when the iong of both
K28208 and C12H250503Na are in golution could lead to the
precipitation of 012H250503K.

Yhen NaHzPOu, KES2OG and 012H250803Na are 2ll in solution,

they ionize as follows:



o8-

NaHFO, ————> Na© + HyP0,~ (18t ionization)

— _
———— . + -
Cifpg0S0 e o 7 L Nal o+ €y ,0080,

N + -
K,8,08 . 2K + ?'SOL;

Thus when equal amounts of the three reagents are dissolved
(as was the usual practice in the work), there are equal chances
{on the basis of concentration of ioms only) for the formation of
lauryl
sodium or potassium/fsulphates

+ + . ¥ L or
K" or  Na¥ + Cy5,0050, G, o080, Ka

Formation of the potassium salt could lead to precipitation favouring
the formation of more potasaium salt. The precipitation of the
gurfactant will lead to the destabiligation of the monomer suspenaion
and depending on the efficiency of the stirring or the interference
of other factors, the rate of polymerization would be too alow to de
convenient. These reasonings are in agreement with the increase in
_precipitation on prolonged standing and the slowed polymerizatipn
observed. | ' - | |
Apartlfrém the concentrations of the salts other factors that
eould contribute to this phenomenom are the pH of the medium (see
before) the ionic strength | s &894 & lowering of the Kraft point (3).
Unfortunately the nature of this work did not permit a digressioc.

to study these factors in detail, hence no conclusive reason is glven

here for the separation of the surfactant on the addition of the



~ 88 -
potassium salt.

However, on the basis of the above reasonings 1t was apparent
that the use of scdium persulphate would not be likely to lead to the
game behaviour, This was tried and found very succesgsful, Sodium
persulphate was, therefore, used for the reat of the study (Table.3.10).
The stability of the susmpension formed compares well with that formed
using potassium persulphatc, The reactions seemed slower but this
could not be well established.

The author is of the view that the use of godium persulphate
should be preferable to the use of potassium persulphate to safeguard

againet similar occurence ezpecially when the actual purity of the water

being used iz not certain.
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Appendix B

Glossory of terms relating to, adhesivesg and mechanical testing (2gl

ADHEREND A body which is held to another body by an adhesive

ADHESIVE A substance capable of holding materials together by surface
attachment

ADHINT An adhesive joint

BOND STRENGTH The unit lcad applied in tension, compression, flexure,
peal, impact, cleavage or shear, required to break
adhesive assembly with failure accuring in or near the
plane of the bond.

_ SET To convert an adhesive into a fixed or hardened state by

chemical action or by physical action such as evaporation.

SUBSTRATE A material upon the surface of which an adhesive containing
substance has been spread for any purpese

TACK The property of an adhesive that enables it to form a bond
of measurable strength immediately after adhesive and
adherend have been brought into contact wnder low
pressune

ELONGATION The distance a film will stretch lengthwise befcre breaking
expressed as a percentage :

STRAIN A non=dimensional guantity, being a mearure of the change,
due to force, in the sigze or shape of a body referring to
its original dimensions. It may be linear (tensile or
compressive strain) or angular (shear strain)

STRESS The intensity at a2 point in a body of the intermal forces or
componenta of forece, that act on a given plarne through the

point.

YIELD POINT The first stress in a material at which an increase in

| strain occurs without an increare in stress.
. _ -
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