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ABSTRACT

Studi es have been conducted on bl endi ng of
Pol yvi nyl acetate with Pol yet hyl met hacryl nte.
Pol yvi nyl acetate and Pol yet hyl met hacryl ate sanpl es
were prepared using enul sion pol ynerisati on net hod
under different conditions to obtain polyners of
varyi ng nol ecul ar characteristics. The viscosity
average nol ecul ar wei ght of each pol yner was determ ned.
Four different nethods were used to assess and
characterise the type of interaction taking place in

the two pol yners when bl ended toget her.

Study of the blends of PVAc and PENVA by dilute
solution viscosity reveal ed two types of interactions
viz PVAc - PEMA internol ecular interaction which
i ncreases with nol ecul ar wei ght of PEMA and nol ecul ar
weight ratio of the polynmers. This type of interaction
leads to formation of blends w th co-operative forces
of stabilisation which are superior to those of the

pure pol ymers.

The other type of interaction is the PVAC or PENVA
i ntranol ecul ar interaction which | eads to independent
behavi or of the two polynmers, and decreases w th increase
i n nmol ecul ar wei ght of PENMA and the nol ecul ar wei ght

rati o of the polyners.
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Fromthe Melt Flow Index study of the nmelt form of

PEMA and PVAc Dbl ends, one form of interaction

predom nates, nanmely the PVAc - PEMA internol ecul ar

I nteraction which increases with the nol ecul ar wei ght

of PEMA and therefore leads to an inprovenent in the
nelt flow characteristics of either of the two pol yners.
Al so a node of interaction has been suggested in

whi ch PEMA acts as a surface on which FVAC is arranged,
thus inproving the macronol ecul ar arrangenent in the

nel t.

Mechani cal study of filns of the blends were
carried out on the Instron testing Machine. Two types
of interaction existed between the polyners nanely the
PVAc - PENA internol ecular interaction which |eads
to blends which are strong and of superior properties
to those of the individual polynmers, and the other from
weak Vander Waals forces due to the PVAC or PENA
I nternol ecul ar and possibly intranol ecular attractions
bet ween the nol ecul es of the polyners, leading to the
formation of inferior blends. These properties are
strongly depended on the nol ecular weight ratio (M)

for the two polymers i.e. W) Wovao

Ootical mcroscopy was also used to aid in
determning not only the presence but the connectivities

of the phases representing each pol yner.
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CHAPTER ONE

1.0 INTROQDUCTION

- . - -

The mixing together of different polymers has been
carried out for many years for varicus purposes. Rubbers
have been used to flexibilize rigid plastics, and rigig
plastics have been used to stiffen rubbers, Many
adhesives, sealants and coatings have been based upon
blend of polymers, yet it was only rccently that it was
realised that most polymers are basically incompatible
with each other (1), It appears therefore that many of
the succesful results of mixing polymers are attributable

to the properties obtained from two-~phase systems.

As is so often the case, the historical development
of polyblends can be characterised as technological
rather than scientific, by this, it means that polymers
are mixed together to improve properties and to discover
useful compositions prior to knowledge of the incompatibility
of polymers, the microstructure of two phase systems and

the resulting mechanical properties,

1.1 THEORIES OF POLYMER COMPATIBILITY,

- -

In the following discussion compatibility will be
taken to mean the ability of two or more substances to
mix with each other to form a homogencous composition

with useful and possibly improved properties (2).



This is the sense in which the term is used in the
production of plastic materials, It contrast with
it's use in the application of plastics in which
compatibility mecans that the polymer does not interact
unfavourably or otherwise with it's environment e.g

it does swell, dissolve etc (3).

In some cases polymer compatibility refers to
the total miscibility on a molecular scale of homopol ymers
and of random copolymers in various combinations, In
this connection, it is understood that miscibility on
a molecular scale is not necessarily random., Interaction
between similar or different molecules may lead to a
small amount of clustering or other non random arrangements
of the polymer segments, Misability in polymer blends
is restricted tc amorphous regions in the polymers.,
Crystallizable polymers are dealth with only in those
cases in which the polymer remains at least partially
amorphous and in which the miscibility with other polymer

was investigated in the amorphous state (1).

To some worliers, compatible polymers are those that
produce blends of desirable physical properties when
mixed. To othcr workers, compatible polymers are those
that do not exhibit any gross symptoms of phase separation

when blended., All the above definitions of polymer



compatibilty are somewhat interrelated since it is
only reasonable to supposc that polymer blends
exhibiting no gross symptoms of phase separation on
blending and having desirable properties, show at
least some mixing or interaction of polymer segments
on a macroscopic scale, ‘this implies either a certain
amount of thermodynamic compatibility or a physical
constraint that prevents such demixing such as grafting,
cross-linking, the presence of block copolymer,
interpenetrating network formation or the quenching

of a mixed system to a temperature at which demixing

is thermodynamically but not kinetically favoured,

Due to some problems (4) associated with bulk mixture of
polymers, a number of workers preferred studying polymer
compatibility in solution in mutual solvents (5). When
two ligquids are mixed, their incompatibility is easily
ascertained by observing whether one or two phases
result, When two incompatible polymers are blended by
mastication the demixing into two distinct phases of
the two constituents is impossible because of lack of
mobility of the polymeric chains, In many cases, this
mixture will then consist of a discrete phase of one

polymer dispersed in a continous phase of the other polymer,



In some cases, the two polymers will form ihterpenetrating
networks with neither polymer being clearly the discrefé
phase, If twc polymers arc compatible, the mixture is
rost often transparent rather than opaque., Transparency
can be observed, however in an incowpatible polyblend if
the refractive indices of the twoe polymers are about the
same value, % | |
Many methods have been reported in literafuré for

investigating polymer-=polyner compatibility, Such

methods include studies of:
i
(1) +the viscosities ¢f polymer mixtures
in solution (6) ~nd in bulk (7),

{(1i) tensile strength, elongation at break and
other mechanical propertics (8) of polyuer

mixtures,

(1ii) thermal oxidative degradation of polymer

mixtures.

Reﬁently, Kulezneve et al, (9) and Hourston and
Hughes (10) have indicated that the viscometric and
sonic velocity measurements may reveal various aspects
of the compatibility of polymcr blends in highly viscous

or scolid forms.



1.2~ POLYMER BLENDS

Polymer blends aré pﬁysical mixtuies of sfructurally
different homo- or copolymcrs (11), A poelyblend can be
considered to be a dispersion of one polymer in another,
the extent of dispersion depends on the method of mixing
and the amount of thermodynamic compatibility desired or

achievable,

In addition, there are two related polymeric systems;
the first is a mixture of copolymers that have different
comonomer unit ratios, and the second includes block

and graft copolymers which L0 themselves are not blends
but form solid arrays that.physically resemble mixtures.
All three types have contributed substantially to the

development of commercial polymer mixtures,

The importance of blending has increased recently
because it has become a useful approach to the preparation
of materials wlth new desirable preoperties, abhsent in
the component polymers. ¥he blending of polymers may
result in the reduction of basic cost, improved processing

and alsco may enable propertics of importance for the

- fabrication of the blends to bhe maximized (1), However,

' the manifestation of supcerior properties depends upon

compatibility or the miscibility of homopolymers at

molecular levels, Depending upon the degree of molecular



mixing, the blends may be categorized thus:- totally
miscible or compatible blends, semi-miscible or
semi-compatible blends, and immiscible or incompatible
blends. The extent of compatibility or miscibility
results in altogether dif’ercnt morphologies of the

blends ranging from single phase to multiphase systems.

1.3 IHERMODYNAMICS OF MIXING,

Mixing process is a reaction which is also governed

by the normal thermodynamic equation:-

relating the free energy Cm, heat of mixing Hm and

the entropy Sm of mixing of two substances. For any
process to occur spontaneously the free energy of the
process must decrease, Hoixogeneity in mixtures therefore
depends on the heat and entropy of mixing. Mixdng 1s always
accompanied by entropy gain but the heat of mixing in

most cases is endothermic i.e, energy is absorbed into

the system. Mutual compatibility therefore depends on
which of the two factors i.e, heat and entropy of mixing

is predominant. With incrcase in molecular size of a

set of molecules being mixed the importance of entropy



decreases whereas that of the heat of mixing remains
approximately the same, Th¢ reason for this is that
entropy change depends on the number of molecules per
unit velume which decreascs with increase in molecular
size (12), Heat of mixing per unit volume is a function
of the number of molecular unit contacts, which remains
nearly constant with increase in molecular size, when
the components of the mixture are polymers see Dig. 1,
entropy change per unit volwic will be extremely small
and heat of mixing alone will determine the homogeneity

of the mixture,
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Since mixing is often an endothermic process,
polyblends are expected to be heterogenecus, FEndothermic
mixing results when the encrgy for association in the
mixture is greater than the mcan of the energies of
association in the pure components. There are two
processes viz:-~ H-bonding and sterco isomerization
which clearly provides a more favourable association
epergy in the mixture and thcrefore gives rise to
homogencous polyblend, The cffect of H~bonding on
mixtures has been demonstrated by Smith and coworkers,
(13} They found that on 2ixing aqueous solutions of
pely(acrylic acid) and poly{cthylene oxide), a precipitate
was formed which had properties different from those of
the individual polymers. Sponteneous mixing can therefore
occur only if the two struciturcs are similar enough to
have a small heat of mixing or have attractive forces

to produce a negative heat of mixing (14).

In all cases of polyblunds, the important criterion
for homogeneity is the size of the domeain and not the

heat of mixing.

Hsu et al {14) found that the effect on compatibilty
of unequal molar volumes of two polymers was similar to

the effect deduced by Scoti (1%5). Also the presence of



a low molecular weight polymcr in a polymer mixture
was found to promote the solubility of the high molecular

weight polymer in the sclvent,

1.4  PHYSICAL MIXTURES.

when two polymers which are incompatible in all
the senses defined earlier are physically mixed, as
by bulk mixing or by co-8qulation of their two latices,
the resulting product is of necessity heterogeneous,
The domains of one polymeric constituents can vary
(1) in size and (i1i) in distribution of sizes, depending
upon the physical propertics of the two polymers and
the method of mixing them (9)., Many gross properties
of the mixtures, such as tensile strength, elongation
and hardness, usually lie belween those of the two
separatc constituents (16). The molecular properties
such as melting point (Tm; and glass transition
temperature (Tg) of the two constituents retain their
separate identities (1) in the mixtures., The molecules
of the mixture behave close to ideal, experiencing
iittle attractive or repulsive interactions (12). This

is indicated in Diagram 2,
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Diggram 2

Ideal
~ é:zfncompatible)
¥
S
e~

(some compatibility)

1009 Blend compesition 100%
polymer Polymer
A B

For this type of incompatible mixture the equation:=-

Pab = Py N, + Fp Ng eee(1=2)
would be approximately obeyed, where Pi and P% are

the properties of the pure components A and B respectively
and NA’ NB are their mole ratios in the mixture. The
degree of deviation from this expression might be a
Judgement of the extent of the interactions between

the molecules.
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4.5 TREPARATION OF POLYBLENDS

" 1.5.7 MELT MIXING;~

© Melt mixing of polymers avoids the contamination
and removal problems of diluents and assures a system
that will not change in molding operations, However,
because of the amount of heat necessary to maintain
low viscosity and the shearing rates needed for
thorough mixing, a degradaticn of either or_both polymers

can occur,

Cross-linking, block and graft formatibn and

chain scission reaction can nlso result because of the
degradative conditions. Tho resulting blended polymers
are therefore often physicnlily different from what might
be expected for the composite, For example, mastication
of natural rubber-neoprene systems in the cold at high
shear force results in a polymer blend with gel content
{(18)., The product consists of a complex mixture of

block, graft and cross-linked copolymers,

In melt mixing, the polymers are mixed and fluxed
together in a Banbury mixer or on a Two-roll Rubber Mill
or Torgue Rheometer at a particular temperature depending

on the peolymer.,
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1.5.2 LATEX MIXING,

Latex mixing is one of the most important techniques
for the preparation of commercial polyblends. In a
latex, polymers are present os suspended microspheres.
Interactions of neighbouring spheres are prevented by
the suspending medium (scap) after blending a mixture
of two latexes with different polymers containing a
random suspension of dissimilar particle each unaffected
by the other, fo=aqulation too, is random because the
rate of flocculation is dcpendenatentirely on the soap

concentration and not on polymer characteristics (17).

1.5.3 SOLUTION BLENDING,

In solution blendinz;, a diluent is added to lower
the temperature and shear force requirements for
satisfactory mixing without degradation. However,
attempts to remove the dilucnt can often lead to changes
in the domain sizes of the blends e,g. through solvation,
and in severe cases this may cause complete polymer
separations, As solvent is removcd from a one-phase
mixed polymer solution, contacts of dissimilar solvated
polymers might bring about phase separation., One of the
polymer usually has a grenter affinity for the solvent,

causing the other to selectively precipitate.
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The mixture then has a gradicnt favouring one polymer

in one region and the second in .andther,

Precipitation by addition of a non=solvent leads
to nearly the same result (19). In this case,
macroheterogeneous systems are obtained. If anything
but macroheterogeneity is desired, the conditions
favourable to solution prccipitatioﬁ of polyblends
are obviously even more stringent than those necéésary
from the thermodynamic point of view for the formation

of one-phase systems.,

1.6 _POLYMER PLASTICIZATION.

Polymer plasticization plays a part in polymer
blends,

There are two methods of plasticising & polymer
viz:~ external and interncl plasticization. The type
of plasticlization which may probably be referred to
in this research is the intcrnal plasticization,

Internal plasticization involves the modification
of the polymer molecules themselves by introducing
appropriate’ spaced groupz of proper polarity and desired
properties and dimensions along the main polymer chains,
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The major molecular effects of both mechanical

treatment and the addition of foreign materials are

to alter the local mobility of chains and the magnitude
of intermolecular forces (20), From the above discusaion,
this method of plasticization represents the theoretical
ideal way of adopting a plastic for practical use.

Also plastics which have been internally plasticized

do not exhibit adequate strength at one temperature,

when they have been desipgned for satisfactory flexibility
at somc lower temperaﬁures. This severely limits the
useful temperature range of internally plasticized

polymers (20).

Plasticizing a polymcr internally can be relatively
simple when it essentially involves physical mixturc of

the two components concerncd,

1.7  INTERACTION BETWZ3l SOLYMERS.

Miscibility of non pclar polymers of substantial
molecular weight occurs only when their sclubility
parameters (8) are precisely matched (21). This fact

is shown in the equation [;iven below, called:-

2
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Assume that one of the polymers is the solvent
and the other the solute '/ith solubility parameters
8§, » 6, respectively. In cguation (1-3) V 1is the
volume of the system, while ¢, and ¢2 are the volume

fractions of the polymers.

The entalpy of mixing can be negative or the
mixing reaction exothermic, If polar polymers are
involved with favorable interactions AGmix might be
negative inspite of the sumall entropy. These interactions
may arise from a variety of mechanisms such as dipole=-
dipole forces, hydrogen bonding etc as suggested by
Olayemi et al (5).

It is however uscful to introduce the terms
for donor and acceptor groups, in analogy to hydrogen
bonding, As a result it may be possible to select
two polymers having chemical moieties within or
attached to the chain which have the proper complementary
dissimilarity to yield an exothermic heat of mixing
although it should be recognised that there will still
be an endothermic contribution from the dispersion
interactions or van der waals forces between the remaining
parts of the structures that do not interact (1) speeiifically.
This has been illustrated nicely by some calorimetric data
or model compound designed to understand the solvating

power of cyclic ethers and letones for PVC (22).
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Also Olabisi (23) rccently proposed the possibility
of charge interactions between poly(vinyl chloride) and
the ester oxygen groups on poly(e-caprolactane)' to
explain the negative intcraction parameter estimated
from solvent problems of the miscible blends in the
inverse gas chromatographic technique andfrom spectroscopic

measurements,

Nishi et al (24) also showed that the heat of
mixing parameter in classical theory of melting point
depression has a negative vslue for miscible blerds of
poly(vinylidene flouride) PVF, and PMMA and following
that lead, Imken et al (25) demonstrated that the
interaction parameter, 3 is similarly negative for miscible

PVF2 blends with PEMA, Pili nnd PEA,

The work of Imken et al (25) makes it possible to
relate the magfitude of the interaction parameter to the
availability of the carbonyl for interaction with the
PVF2 segment., This rank order also agrees well with that
estimated from the literaturc values of solution dipole
moments of the amorphous polymers, a result that suggests
that strong dipalae interactions can be responsible for

the observed miscibility,



17

1.8  PHASE SEPARATIO. 1;° ICLYMER SOLUTION,

Incompatibility oI certoin high polymers
towsrds each other has bcen observed for a leng time,

especially in the field cf vanishes and pgints, -

Experiments to inmprove such products by
blending different constituents have often been
frustr-*+ed by the incoapciibility of the products,
Incompatibility of polymcr:s can be easily recognized
from the films obtaincd Irom the mixtures which are
not hemogeneous and trans srent but turbid or opaque
and pPssess mechanical oroperties which are inferior to

those of the films obt-incd from the separate constituents.

The molecular weight ¢f the polymer is of great
importonce in polyblends, The higher it is, the less
compatible are the samntes nnd the more the possibility
for phase separation (16, towards the higher concentrations
Dobry et al (16) also ~“o'md out that the molecular
weizht together with the shope of the dissolved molssnles
in a polyblend influence ihe cxtert of compatibility.

They 21so foundthat br-onchcd chain molecules do not

have the same separation limits as linear molecules.
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They further reported that there was no known obvious
relationship between the compatibility of two polymers
and the chemigal mature of their monomers, and that
the similarity of their chains would not bec sufficient
to ensurc miscibility of the two polymers.

1,9 ANALYTICAL METHODS FOR THE CHARACTERISATION
OF POLYBLENDS.

The behavior of two polymers in a mixture will
not necegsarily correspond to the behavior of each of
the isolated polymers as stated previously. Therefore
methods'must be found that can determine the function
of each polymer in it's new environment aﬁd questions

must be answered concerning:-

(1) the separation of phases, .

(1i) the identification of the predominant
phase '

(1ii) the character of the dispersed phase and
(iv) the interactions between the polymers.
This also leads to the question of how a change in

morphology will affect the stress or strain distribution

in the localized phases of a bulk material under load.
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It is clear, however, thot to answer these questions
informetion must first be obtained on the final

morphology. 'W__,-j

Due to the fact that many levels of astructure
may exist in a polyblend, ench with it's own
charncteristic dimension more thon a single charncterisation
method will be roguired in order to understand how all
levels relate to each other and to the properties of

interest. _ | -

A number of polybiends mve been characterised by
the use of Instrumental tnd phase separation techniques.
Qualitative (26) and in sowe cases even quantitative
analysis of systems contolning as many as four different
repeating units and up to three separate polymer types

have been made with infrs roed spectroscopy (i.r.).

Whether applied qunnititstively or qualitatively,
infrored spectroscopy remains one of the foremost
non destructive tools for the analysis of polymers.
Haglam and Willis (25) pointed out that the infrared
spectrn of Acrylonitrile butndiene styrene (ABS) resins

arc suitable for quatitotive applications,
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Gesner (26) also found that with natural ABS
resins the application of infrared calibration curves
gives resonable values for the thrce components in

the systen,

Valuable information on dispersed particles have
also been obtnined through electron microscopy (13)

which provides information about the internal structure,

Yuen and Kisinger (27) used the light scattering

method for charoacterizing the inhomozeneity in a polyblend,

Hourston et al (10) found that blcnds of poly=-
vinylidiene fluoride and polymetihylmcihacrylate are
compatible up to a certain extent using the dynamic
mechanical study of the blends. J3inzh et al (6) and
Kuleznev (9) have »lso employed viscometric and ultrasonic
techniques to characterize polyblends, They both came
to a conclusion that for a plot of absolute viscosity
against composition, and ultrasonic velocity for
solutions of blends against composition of blend, a
lincar behavior denctes a total miscibility of the polymers
and the presence of a peak denotes some kind of

interactions.
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Olayemi et al (5) have studied the compatibility of
pclyvinylacetate with polymcthylmethacrylate using

the tensile mechanical properties of films of blends.
They cencluded that some speeific interactions existed

betwcen the two pelymers,

1,170 POLYMER TESTING,

1.10,7 MECHANICAL PROPIRTITS OF POLYMERIC SUBSTANCES,

These are the totality of properties determining
the response of bodies to external mechanical influences
manifested in the ability of the substance to develop
reversible or irreversible deformations and to resist
failure, The basic characteristics ¢f the mechanical
properties of solids arc normally determined by tests
resulting in various deformtion-versus-stress
dependencies such as stress-strain., One of the chief
concern of any Polymer Scientist and Technologyst is
to summarize and correlate physical data, particularly
finding the correlation between physical characteristics
and chemical structure, Many standards by which polymers,
especially plastics, can be compared with one another

and with other materials have been established (28).



Among the mest important standard are the mechanical,
thermal, permanence, opticnl, electrical and chemical
tests, Of interest here however are the various tests
uscd to characterise a polymer mechanically viz tensile
strength, elongation at break and initial modulus of
clasticity. These are collectively called technical
tests and can be used to determine the specification
of a particular polymer for use in various industrial

applications,

Tensile strength moy be defined as the maximum
tensile stress which 2 material can sustain and is taken
to be maximum lcad exertcd c¢n the film sample during the
test, divided by the original cross-secticn of the sample,
No definite rule has becen stated in literature about the
dependence of tensile strength on molecular weight, other
thon, the tensile strength increases with increasing
molccular weight of polymers finally reaching a maximum
and then levelling off then decreasing slightly (28).

It was also dBcovered thot in the case of linear polymers
like PMMA, the tensile stroengths are high because the
kinked cr curled macromolccule can stretch out and
straightened. Also lincer molecules may slip past each

other slightly, Thus during the strentching operation,



23

the groups respensible for secondary valence forces
may become aligned and thus incrense the tensile
strength of the materianl, If a high degree of cross-
linking exists, the m~terial connot be stretched to
any greater exten®, but lerves the tensile strength

generally high (28).

Elongation is usuanlly measuredat the point where
the film breanks and is cxpressed as the percentage
of change of the original length of the $est film,
It's impertance is as n ncasurce of the z2bility cof
filmts to stretch,

Young's modulus or the medulus of elasticity is
the ratio of stress to stroin over the range for
which this ratio is eéonstant i,e. up to the yield
point,

1.10,2 MECHANICAL PROPERTIES AND STRUCTURE OF POLYMERIC
SEBSTANCES.

A phenogemological description of the mechanical

properties of polymers apperred long before the first
conceptions of the molecular nature of these bodies
were formed, The discovery that polymer molecules

arc very large and arc flcxible if their structure is
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linear led to a new stage in the development of the
theory of the mechanicnl properties of polymeric
bodies. This stage n> longer confines itself to a
mere description of the mechanical properties peculiar
to polymeric substances but wants tc establish the
relationships between thcir mechanical properties and
the basic characteristics cf macromolecules, These

cherancteristics are:

(i) size of the mocromolecules i.e. their

degree of pnulymerization;

(ii) flexibilitvy -nd

(1ii) the charactoristics of intermolecular

interactisn,

Estzblishment ¢f the rclotionships between these
characteristics gives an insight inte the reasons for
thc appearance of any particular mroperties, and thus
makes it possible to find wnys of synthesizing new
poclymers of desired propertics, The theory of the
mechanical properties -f polymeric substances was based

on two main premises (29):-

(2) Deformation f the polymer depends wholly
on the behavior of it's molecules, reversible
deformations being due to changes in conformations
of the moleculc¢s and irreversible deformations

to the displacement of the m-lecules.
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{b) Isotropic amsrphous polymeric substances
are homogencous substances consisting of
randomly arrangcd macromolecules, while
isotropic crystclline polymeric substances
result from the ordering of some regions

of the polymer intc microcrystals.

Yuen et al (27) discovered in their work that the
mechanical and physic2l nropertics of solid polymers
depend on their degrec of inhcmogeneity due to the
presence of two phases of the polymer blends. They
alsc found that in the case of solid mixtures such

as polyblends, the degrce of inhomcger.-&ty alsc
determines, relatively, thce mutual cow~atibility of
the compoundse Jordan et 2l (30) alsco studied the
mechanical and visccelastic properties of nitrile rubber
blends with PVC and vinyl chloride (vinyl stearate
copolymes, they found out from their study that the
mechanical properties of the blends depcend on blend

compositicns,
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1.10,3 FILM DEPOSITION TOCHNIQUE,

A film is a flat scction of a thermoplastic resin
or a regencrated cellulosc materinl, which is very thin
in relation to it's length and breadth, Films are
formed by many techniques such 2s melt extrusion,

calendering, chemical regeneration or by solvent casting.

Films or molded objcctis made from mutually miscible
or compatible polymers arc optically clear and have good
mechanical integrity whorens those made from incomptible
pelymers are usually translucent or opaque and often
have properties which arc inferior to those .f pure

components,

Yuen and Kisinger (27) have shown that only a small
amount of a second incompatible polymer needs be added to
cause n film to appear upaaue., They showed that for PMMA
produced in the presence ol polystyrene, as little as
0.07% by weight of polysiyrene causes the resulting film
tc appeéar opague. Although a film of any two amorphous,
compatible polymers arc nlways clear, absoclute judgement
on the compatibility of the two polymers cannot be made on
this basis above, It is nlisc claimed that under gecial
circumstances, films madc from blencs of two incompatii e

or semi compatible polymers can be optically clear (27).
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Jenckel and Herwig (31) have suggested that the
clarity observed in hetc¢rsgencous blends of PVAc and
PMMA was probably duc U the dispersed domains of
PVAc in PMMA matrix, In addition to film clarity,
blends of compatible polym:rs exhibit superior mechanical
properties to those of individual components, especially

tensile strength,

1.1 RHEOLOGICAL PROPERTILS OF POLYBLENDS.

From a rheologicnal vicw point one can consider
polymer blends as dispersion of deformable, liquid like
particles., Hence the rheological behavior is governed by
the state of dispersion and the shape and orientation
of the dispersed phase, as well as particle-particle
interaction. The rheology of dispersion can be studied
at two levels; the macrorheological level, which involves
measurement of the rheolozical properties of the
dispersion itself, such a3s the viscosity and normal
stresses, and the microrhecological level, which
concentrates on the detziled motions of the individual

particles themselves (32},

Oene (33) in the study of dispersion in a
finely divided mixture of two incompatible polymers

coextruded, found two basic types of dispersions viz:-
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dispersions in fluids that exhibit large normal
stresses in shearing flovws, and dispersions in
newtonian media, where normal stresses are essentially

absent,

Kuleznuv (9) studied the dependence of melt
viscosity upon composition for mixtures of polymers,
and concluded that the mixture was poly dispersed
especially if from the solutions of the individal
pelymers, There may b2 migration of low molecular
weight fractions from the phase of one polymer to that
of another and this may change the viscosity of the

system due to the change in the viscosity of each phase.

In the case of polyblend systems with strong
interactions, such as PVC~ester urethanecs, Galimor
et al (34) reported the presence of a maximum far cach of
visgousity-au ‘density versus compositien relati onshirs,
They explained this as due to the presence of a rather

streng hydraogen-boaded network in the blends,

Knowledge of the melt flow characteristics is
essential to the polymer manufacturer who must
tailor his polymer product tc flow properly in numerous

applications and to the fabrication engineer, who must



choose the proper material, cr dévice a proper
fabrication procedurcs for this pupposes, Such
knowledge might relate cither to the phenomenclogical
behaviour of the melt viscosity or to it's melecular

origin or to both.

In this research work, the rheological properties
of polyblends will be studied by employing two measure-
ments viz:~ the dilute solution viscosity measurement,
and the melt flow measurvments, The MFI (Melt Flow
Index) is a measure of the melt viscosity which in
turn, is related to the mecromolecular structure,
including molecular weight. It is determined by an
extrusicn plastometer with a standard orifice, In
summary (32) concurrent flow or bicompenent extrusion
of two polymer melts is in general a non stable flowa

extremely sensitive to the precise inlet conditions..

1.12 SCOPE OF PRESENT INVESTIGATION,

As evident from thc proevicus discussion the

primary objectives of this wurk are:-

i} preparation of polyvinylacetate and
polyethyl methrnerylate samples of
different macremolecular properties

by the emulsion polymerisation mecthod.
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ii) Blending of the various polymer
samples of Pivf with PVAc of various

molecular characteristics,

11%1) Determination of the tensile mechanical
propertics of cach of these systems with
a View of asscssing effect of blending
on the propcrties of the individual

components of the blends,

iv) The use of thce melt flow index measurement
and the dilutc solution viscosity method
to determinc the rheclogical properties
of the blends and also for assessment of
compatibility ond miscibility of PVAc and
PEMA., .

v) The use of optical microscopy to determine
the extent of homogencity or phase

separation in the blends of the polymers.

The ultimate goal is to determine the technological value
of such blends and the possibility of using one of the
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polymers to probe the mocremolecular structure of

the other in the blend, To achieve this goal, the
methodology available and ccnsidered likely to

rcveal useful and relevant information are the

dilute soluticn visw s.i.ty; mclt visco9it y, microscopy

and tensile mechanical property study,
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CHAPTER _TWO
2,0 EXPERIMENTAL

2.1 MATERIALS,

2.,1,1 Purificaticn of Monomers.

(i) Ethylmethacrylate (EMA): Ethyl methacrylate

was purified by washing repeatedly with 2% sodium
hydroxide solution in a separating funnel to remcove

the quinol inhibitor. A clear agqueous layer was obtained
which indicate complete removal of inhibitor. The

organic layer was first washed with small quantities

of distilled water to remove traces of alkali and
distilled over anhydrous calcium sulphate, It was then
then dried under reduced pressure at 79°C. The distillate
was collected into a browm bottle and stored in a

refrigerator until needed,

(11) Vinylacetate (VAc):- Vinyl acetate monomer

was purified using the mecthoed described for the purification
of ethyl methacrylate except that distillation was
carried out at 46°C, The purified vinyl acetate was

stored in a refrigerator,



2.1.,2 Purification of nitrogen gas.

Commercial nitrogen gas was purified by passing
it over Fieser's solution (35) for absorption of

OXygen,

Fieser's solution was prepared by dissolving
potassium hydroxide (20g) in distilled water (700ml)
and adding sodium guthra quinono=-8 -sulfonate (2g)
(Antraquinone=-2-sulphonic acid) and sodium hyposulphite
Na,S5,0, (15g) in the worm sclution., The mixture was
stirred until a clear blood red solution was obtained,
The solution i.e. Fieser's sclution was cooled in

an ice bath and maintaincd =t rocom temperature.

Traces of unwanted gans in the nitrogen from
the tank and in the flow line were removed by passage
of the latter through wash bottles ccntaining the
Fiesert's solution and threce other wash bottles containing
calcium hydroxide, condentrated sulphuric acid and a
saturated sclution of lead acetate in that order

beforc finally passing intc the reaction mixture.

21,3 (ther Reagents.

Methanol, ethylacetate, sodiumlauryl sulphate
potassium persulphate, dipotassium hydrogen phosphate
werc all analytical grade reagents, also obtained

from BDH,.
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20 :4 Apparatus.
I
A five necked 1L rcaction kettle, a condenser,
a mcnomer dropper, beakers, stirrer, a thermostat::
for constant temperaturc and a water bath were used

for the emulsion polymecrisanticn experiments,

2,2 PROCEDURES.

2,2.1 Emulsion polymeris-tion of ethylmethacyylate.

Polymerisation expcriments were carried out at
the same temperatures of 50 + 0.05°C in a constant
temperature water bath, Four concentrations of the sodium
lauryl sulphate (emulsificr) below the critical
micelle concentration (c.m.c., = 8.9 x 10-3m/L (36) were used,.

The initiator ceneentration was the same for all the

polymerisation reactions,

The kinetics of the emulsion pelymerisation of
the ethyl methacrylate vos studied,

The recipe for the polymerisation reactions are

given in table 2.1.
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TABLE 2,1

Folymerisation recipe f-r PEMA productign

-t b - -

—— -

- -

Total
volume of
reaction
mixtyre

(em?) __ .

Polvmerie Concentration Concentration . Cencentration Volume of
mwﬁwwb of initiator of emulsifier c¢f monomer distilled
m/L x 1070 a/L x 1072 /L x 1072 WRter
(cm”)
A 2,22 0.69 5.96 1%
B 2,22 139 5.96 210
& 2.22 2,00 5.96 205
D P 2ol 5.96 200

T S

— A A A S

250
250
250
250

R I T - S
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The reaction mixture without the monomer was made

in the five-necked reacticon kettle. The mixture was
stirred with a metal stirrer attached to the reaction kettle
to allow the initiator to disselve. A condenser was
alsc attached to one inlct of the kettle. Before the
addition of the moncmer, purified nitrogen was bubbled
through the mixture in the kettle while attaining the

bath temperature, The monomer was then added using a
monomeér dropper after about 15 minutes ofbubbling nitrogen
gas, Monomer addition was completed within 10 secs,
Polymerisation was allowed to takce place, Sampling for
rate determination was accomplished by pipetting a sample

5 ocout cf the mixturc at suitable intervals while

of 25cm
stirring was still going on, Polymerisation reaction

of the 25cu” sample was stopped by pouring cach aligmots
into a cold scolution of methanol, The soildwhich
separated out was filtered using a suction flask and
washed thorcughly with distilled water to remove traces
of contanminants, The clear proeduct was dried tc constant
weight in a vacuum oven at 40°C, The polymerisation

experiments were labelled (A = D) according to the

concentration of the emulsifier v. :d,
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2.242 Bmulsion polymerisaticn cf vinylacetate,

Polymerisation procedurc of vinyl acetate is
similar tc that described in 2.2.1 for cthyl methacrylate,

except that the conditions were different.

Polymerisation was c-rried out at the temperature
60 + 0,05°C in a constant temperature water bath.
Two different concentrations of the initiator (KZSZOB)
were used, The emulsificr concentration was the same
for both peolymerisations, The kinetics of polymerisatiom

was also studied in each cose,

The recipe for thc pclymcrisations are given in

table 2.2,



38

e
TABLE 2.2

Polymerisation reeipe for PVAc production

- . e s om o

- : Voluine of, SR
: Concentration PSS 2  Volume of Total
Concentration 4 Concentration Bufficr cm .
Polymeri=- _s"i itiator of emulsifier of WOBOMET (Stock awmdpwwma <owcﬂw of
sation used -2 salution water reaction
n/c. = AOIu st % 401u m/L x 10 . -3 5 mixture
- | e (Tosedn Ty (em) (o)
E 3.70 4,51 7 .89 10 198.75 250
F S fQ 4,51 7.98 10 198.75 250
G 1.85 4,51 7.98 10 198.75 250
H 1.85 4,51 7.89 10 198.75 250
1 1.85 4,51 7289 10 . 250 250

B e o e e E e e e ———————

. -

—— - —
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2.2,3 RECOVERY OF POLYMEits.

The polymers recoverced in each polymerisation were
dried thoroughly to constont weight and the (%) conversion
of the monomer tc the polymer were calculated using the

equation (2,1) below:-

.\It. of Yield(g)_ % 100 000(2"1)
wt, ol monomer(g)

(%) conversion =

2.3 MOLECULAR WEIGHT DETERMINATION BY VISCOSITY
MEASUREMENTS.

Dilute solution viscesity method was used in the
study., Solution viscosity is basically a measure of
the size and extension in solvent of pclymer molecules,
It is emprically related to the molégular weight,for linear
polymers ir the Mark-Hcuwink Sakurada equation (2-2) given
belows

) = k@ siansl2e2)

where [ﬂ] - intrinsic viscasity

and for a given prlymer-~solvent system and temperature,

k and @ are constants.

The Mark-Houwink Sakurada equation is strictly valid
only for linear polymers and require modification for

non linear or branched polymers (37).
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In this research work, PEMA and PVAc are regarded
to be linear polymers to be able to apply the Mark-

Houwink Sakurada equation,

2,5.,17 Experimental methods

R

(i) Polyethyl methacrylate: The visccdty of each

PEMA sample in ethyl acetate at 35° + 0,02°C was

determined using an Ubbelhode dilution type viscometer,

The viscometer was first cleaned with chromic acid
cleaning solution and then washing thoroughly with
large quantities of distilled water before tharough

drying,

100m3 of pure ethyl acetate was measured accurately

into the scrupulously clean and dry dilution viscometer,

The viscometer was placed in the water bath maintained
at 35° + 0.02°C to thermally equilibrate, The efflux
time (no) for ethylacetate was determined repeatedly
until reproducible to within + 0.2 sec, The viscometer

was emptied and allowed te dry, 1Ocm3 of the polyethyl-
methacrylate solution was measured accurately int.

the viscometer and the efflux time at 35° + 0.02°C was

determined as befere.
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3 stepwise additisn of

Five stepwise dilutions i.e. 3cm
ethyl acetate at a time, of the PIIA solution in the
viscometer were made and theefflux time determined after
each addition of the 3cm> of ethyl acctate. From the
values of the efflux time, the specific (" sp) and the
relative (Nsp/c) viscosity values werc calculated and

a linear plot of (nsp/c) versus the concentration of
PEMA g.dm™ w~s made to obtain the limiting viscosity

["] er intrinsic viscusity by extrmpol:tion te zero

s~lution concentr-tion.

The viscosity average molecular weight of PEMA was

obtained from the Mark-Houwink (36) ecouation:=-

[n] = kﬂ:

where at 35°C and for PEMA-ethylacetate system,
k = 8,6 x 10"5mL/g a = 0,71

Mv - viscosity average ..olecular weight,

ii) Polyvinyl acetate:= The method of determining

the limiting viscosity of PVAc is the same as that descrii
in (i) for PEMA, except that methancl (r~nalytical grade)
was used as the solvent and the bath temperature was

30° + 0.02°C,
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The viscosity average molecular weight of PVAc
was also obtained from the limiting viscosity Dﬂ using
the Mark-Houwink equation where at 30°C snd for PVAc~-
methanol system,

K = 31.4 x 1072 mL/g

a = 0.60.

2.4 DILUTE SOLUTION VISCOSITY MEASURFMENTS OF PEMA
sND PVAc BLEND.

2.&.1 Matﬁrials_.

i) Ubbelhode Viscometer:- It was cleaned
thoroughly with chromic acid and distilled

water,

ii) Chloroform:= It was supplicd by BDH
Chemical Ltd, Poole Englond. It was
a reagent grade and was further purified

by distillation,

1ii) Polyethylmethacrylate and Polyvinylacetate
samples:= They werc those reported in

24241 and 2,2,2 respectively,
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2.4.,2 Procedurc,

The scluticn for the different blend composition
of PEMA and PVAc were prepared by dissclving different
quantities of the polymers in chloroferm to make a total
concentration of O.Oﬁg/100cm3. The percent weight of
PEMA in the solution was varied from O = 100%,

Cfflux time of each blend of FEM. a~nd PVAc was

determined using an Ubbelohde visconcter,

The specific viscosity (Msp/c) wes also calculated
from the e¢fflux time of the solvent and that of the

solution.

The bath temperature was 30 + ©,02°C,

2.5 MELT FLOW ME/ SUREMENTS.

2.5.1 Materials.,

(1) Melt-flow indexer, Modecl 3, Davenport

apparntus,

ii) Dichloromethane:~ The dichoromethane
used was supplied by Bl Chcmicals Ltd,
Pocole England. It was of recagent grade and
was further purified by distillation under

vacuum,
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1i1) Melting peint apparatus (Chllenkhamp)
iv) Magnetic stirrer,
v) BReckers (IL)

vi) Melting point tubes (zlass)

(1) Polyethylmcthacrylate) (PEMA) samples:- were

those¢ reported in 2,2,1,

(11) Polyvinylacetate)(PVAc) somples:~- was
supplicd by BDH Chemicnls Ltd, Poole

England,

TABLE 2,3

Polymcrs used for MFI study

- - e e

PEMA Bv x 10° PVi.c v

A 1.514 J 450, 000
2,212
3,008

D 3.816

— e a w - .




2.5.3 Blending of polymers (PVAc/PENA) for MFI study,

The PVAc and FEMA blend in this cnse was prepared
by dissnlving different quaptitics of the polymers 1i.e.
PEMA and PVAc in dichloromethane to zive different blend
compositions, evaporsting the solvent whilce the mixture
was being sitrred with a2 magnetic stirrcr until it became
highly viscous, Reminant solvent was removed in the
vacuum oven nt 40°C to get solid blcnds of constant

weight,

The percentage weight of PEMA in the mixture was varied

from O = 100%.

2.5.4 Determination of melting temocoroture of the
polymer blends.

The melting temperature of the polymer blends
prepared in 2,5.3 were determined using a Gallenpk amp
melting point apparatus. A 1little quantity of the
powdercd polymcr blend was put in the meltingpoint tubes.
The tubes were then placed in the melting point apparatus,
The temperaturc was allowed to increcanse gradually while
observing the powder in the tube, Thc temperature range

over which the powder melted was rccorded,



2.5.95 Melt flow index measurcments,

The mclt flow index (MFI) is thc weight in grams of

polymer extrudced through a standard crifice in 10 minutes,

The melt {low measurements werce corried out i
Devenport Indexer Model 3/2264 as described in the
manufacturers manual o . The MFI was calculated in
each casc using the equation below:-

‘l“’lFI = lg! 0-.(2-3)
where
MFI = melt flow index (gf/10 minutes).
w = Average cut-ofs wecight (gf)

T = extrusion time per cut-off (mins)

2.6 STUDY OF MECHANICAL PROPERTIES.

The detcrmination of théese propertics is considered
under the snmc heading because the same equipment was used
to measure each of them., The measurcment of the properties

however invoivcd the use of polymer [{ilm strips.

There arc various types of testing machines for
studying the mechenical propertics of polymer films.
The principle nnd mode of operation of =11 these are

hcwever the same,
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Basically, it involves holding a film strip at one
end by a fixed clamp and at the other end by a movable
one, The clamps are then drawn 2part ond the tension
in the strip measured at various clomp separation
distances, The load versus extension is measured and

plotted on a chart by the machine.

For accuracy and reliability results, it is
neccesary that the film strip be aligned vertically
in the clamps, so that the stresses are uniform across
the width of the strip and parallel t¢ the direction
of the load, Since the upper clamp is usually
suspended from a pivot, vertical aligynment is more
easily obtained if the strip 1s faciened in this clamp
first. Also the use of self aligning grips will

greatly reducc the problem of uneven loading,

The solutions were prepared by dissolving the
required amounts of polyethylmethacrylate and polyvinyl
acetate together as a mixture in chloroform which is

a common solvent for both of them,

The total weight of polymer mixture was always
0.7g in 25cm3 of chloroform. Detnils sbout the preparation

nf the solutions are given in table 2,4,
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TABLE 2.4

Preparation of chloroform solution of PVAc/PEMA blends

WGighf of Weight of (:4) weight Total weight
Blend PVAc (g) PEMA (g) of PEMAL in  of sample (g)
o the nixture Approx.

N - [N )

1 0,700 . 0,000 0 0,700
.2 . 0.665 - 0.035 507 04700
3 0.630 . 0.070 M0 04700

L 0,560 0,140 20 U.700

5 0.490 0,210 30 0,700

6  0.420 . 0.280 © 40 . 0,700
7 0.350 . 0.350 . 50 0,700
8 0,280 . 2.420 0 60 0,700
2 0.740 0.560 = 80 | 0,700
10 0,000 070 400 ~0.700

P N

iii)' Casting of polymer films,

The homogeneous solution of the blond was poured on
the c¢lean mercury surface in a petri-~dish in a fume
cupboard to allow the solvent to evaporate and the film
to cast, The enst film wos given time to dry, it was

then removed by means of a sharp razor blade and kept
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between tﬁo £filter papers in o dessktotor at room
temperaturce, Care was taken to avold any nick or
imperfections at the film cdges during the cutting
in order to prevent failurce due to tearing during
subsequent testing. :'{jf B

|
|

Ench film wns cut into five stripe of cqual dimensions

of 4,0cm by 1,0em at different dircctions of the f£ilm,

The average thilckness of cach thin strip was measured

using a micromcter screw gauge. Tho recorded values

2f the meassurcd properties are thus ihe averages for

the five strips from the same film caut.

) e
i i

2,67 Testing of the film strips.

-

The mechnnical properties of the cut strips were

studied with the Instron testing uoching Model #1026M,

Gauge leﬁgth ﬁf each strip was 2.5cm, A maximum
shear load of 2kg was used with charl specd of 5Omm.min_1
and a cross head speed of 50mm.min“1. This made chart
to cross hend spced ratio equal 1:1, Fromthe stress-strain
curves obtrined, the folluwing tensile wechanical properties

were calculs teds=



Tensile strength (Nm'z):- This was c:lculated using the

formula: -

eae(2=4)

Percentage elongation at break:- this was calculated

using the formula givenbeluw:=-

Chart extension Cross head speed
gauge length Chart sﬁEEﬁR““'x 100 «eo(2=5)

Initial modulus:- This was obtaincd from the chart by

measuring the strain and stress at different points of
the chart, plotting the stress - strain curve and then
calculating the tangent over the range for which this is
constant up to the yield point 1i,e. thc linear portion
of the curve

Stress-strain curve

Stress

® (initial modulus)

e ———

Strain
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Using the above procedures, the mechanical
propertics of all the types of polWinyl acetate)
and polylethylmethacrylate) blends werc determined,
Descriptions of polymers used for this study are

given in table 2,5

TLBLE 2.2
Polymers_uged for tiensile mechanical study

- -

PViic fiv x 170 " rmw fiv x 10°
I 0.531 A 1513
¥ 0,570 B 2.212
H 0.638 e 3.008
G 0.727% D 3.616
E 0,745
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CHAPTER _THREE

——— ——— v ————

3.0 NIECULTS AND DISCUSSION

31 EMULSION POLYMNERISATION OF ETHYIMETHACRYLATE
AND VINVE, SCa

r
DA F .
et e S——

3.1.1 Influence of cmulsifier and initiater concentrations
on (%) convcrsion of EMA t. PEMA.

Figure 3.1 represents the results obtained from the
kinetic study of the emulsion pclymerisation of
ethylaethacrylate uvsing different concentrations of sodium
laurylsulphate emulsifier, a constant initiator concentration
of 2,22 x 10™°n/L and a constant monomer concentration of
5,96 x 10™°m/L. All the emulsifier concentrations are below
the critical miceclle concentration (cmc) of 8.9 x 10-3m/L
for sodium lauryl sulphate. The plots are characterised
by three regions. Tre first is an initial polymerisation
immediately after the induction period which shows a slight
inflexion at conversion which increased with emulsifier
concentration, this observatiun is in agreement with
Harkin's (38) prcdiction on the kinetics of emulsion

polymerisation of vinyl acetate.

The second region represents the actual range over
which conversion is linear, The range depends on the
emulsifier concentration., For very lew emulsifier

concentration of zbout 6,94 xw10'3m/L, conversion is linear



100 +

80

6 0-

%) Conversion

20

40 80 120
Time (minutes)
Fig. 3-1 (%) Conversion versus time of polymerisation
of ethylmethacrylate wusing
(o) 2x1073, (o) 4x1073, (A)6x1073,(4) 8x1073:
g-dm-3 of emulsifier and 0:60g.dm-3 of the initiator
(K S; 0Og)
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from about 7% to 30% (figure 3.1). For the same recipe

but higher emulsifier concentraticn of about 2.77 x 1072

the linearity occurs at a higher (%) conversion of the °
PEMA. This suggests that conversion increases with the
emulsifier concentration below the cmc. The above
discussion therefore suggests that below the cmc 9f sodium
lauryl sulphate as an emusifier a mechanism of polymerisa=
“ion offPEMA which is essentially different from those
predicted by the classical theory of Smith and Edwart (39)
begins to undergo a transition into the classical form,

In summary the deviation from the expectations of the
classical theory would be largely determined by the extent

to which the emulsifier concentration is lower than the

cme of the emulsifier,

The third rcgion represents the range where there is
an abrupt increase in the (%) conversion with time of
polymerisation, This third region is absent in the lowest
emulsifier concentration, whereas the (%) conversion at
which it occured in the other polymerisations increased
with the emulsifier concentration., It can therefore be
concluded that the rate of polymerisation and (%)
conversion of the EMA to PEMA increased with emulsifier
concentration. This is in aggreement with Bikales (40)
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study, who reported an increase in rate of polymerisation
of styrene and methylmethacrylate vith increase in

emulsifier concentration.

For each polymerisation there was an induction period i.e.
period of delay to pnlymerisation hefore the initial
polymerisation, From table 3,1, the induction period
increased with decrease in emulsifier concentration,

This strongly supports a mechanism of 'delayed interaction'

proposed by Olayemi et al (41), taking place between the
initiator and tne monomer as the emulsifier concentration
is decreased, The higher the emulsifier concentration

that will sclubilise the monomer or uix it with water,

the sherter the inductisn period, This observation is

in contrast with Olayemi et al's (41) work where the
increase in emulsifier coneantration increases the

induction period in the polymerisation of vinyl acetate.

The influence of initiator and emulsifier concentrations
on the (%) conversion of vinyl acectate of Polyvinyl acetate

ls same as has been described by Olayemi et al (41).
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> TABLE 3.1
CONDITICNS FOR PRODUCTION AND CHARACTTERISTICS OF THE PEMA SAMPLES
Solvent for viscosity measurement:- Ethylacctate
Yemperature of measurement - 35°C
X and values for PEMA/ethylacetate at 35°C
are k = 8.6 x 10 “mL/g = 0.71
. Emulsifier l.onomer Initiator . S
Polymeri~ - ontration concentration concentration .0 (%) conversion flv x 10~°
sation -3 -2 -3 mins
m/L x 10~ m/L x 10 m/L x 10

A C.69 5.96 2.22 50 63.56 1513
B 1.39 5.96 2.22 43 70.62 2,212
C 2,08 5.96 2422 30 63.40 3.008
D 2.77 5.96 2,22 20 61.23 3.816

- - —

Note: ATD in table means apparent time of delay

———

to polymerisation.

L B ——
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TABLE_3,2

Conditions for production and characteristics of FVic Samples
3olvent for viscosity measurement - methanol
teinerature of measurement:- 30°¢
X and values for PVAc/methanol at 30°C
are k = 31,4 x 10 “ml/g and = 0,6

- -

Sa—— - —— . —— i il —— e e e e —

mmwmmeH: MMMWMMMWMMuo: MMMNWMMﬂmaHQu wwwmwwwwﬂdwob nohwwnmwo: Mv x Ao:m
a/L x 1072 n/L x 102 m/L x 1072
E 4,51 7.89 3.7 80.70 0.745
F 4,51 7489 3.7 40,35 0.570
G 4.5 7.89 1.85 20,11 0.721
H 4,51 7.89 1.85% 69,15 #.633
 : 4,51 7.89 1.85 40,29 10.531

i b e Sl S i . R e ———

——— & W m m m—
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3.1.2 Viscosity average molecular weight (Fv)
of the PEMA and PVAc Samples Used.

The data obtained from the dilute solution viscosity
measurement of some PEMA and PVAc samples detected from
several polymerisation products arc showr in tables 3.1
and 3.2 respectively, The molecular weights of the
polymers were calculated from the determined values of
their intrinsic viscosities using Mark-Houwink equation
as quoted by Billmeyer (37). The intrinsic viscosities
of the polymer solutions were obtained by extrapolating
the straight line obtained from the plot of the specific
viscosity versus the concentration of the solution to
infinite dilution., From Huggin's equation (42), the
calculated viscosity average molecular weights (fv)
are also shown in tables 3.1 and 3.2 for PEMA and PVAe

respectively.

From table 3,1 and figure 3,2, the viscosity
average molecular weight of PEMA was found to increase
with emulsifier concentration for preparation of
comparable conversion of about 63%. Increase in molecular
weight of PEMA with emulsifier concentration might be
possible only for polymerisations below cmc as proposed
by Friis (43), who discovered in his study of the development

of molecular weight in vinylacetate emulsion polymerisation
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1 1 T T 1

2 b 6 8 10

Emulsifier Concentration g-dm-3 x 103

Fig. 3-2 Plot of (Mv) of PEMA against emulsifier

Concentration at about 64% monomer conversion
using 0:60g.dm=3 of initiator (K, S, Og)
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that above the cmc, chain transfer reaction leading to
branching of the polymer backbone is very pronounced,
thereby reducing the molecular weizht of the polymer
formed, Friis concluded that polymers formed below the
cmc are expccted to have higher molecular weights than
those formed zbove cmc of the emulsifier due to the
formation of linear polymers. This suggests clear

dependence of (Mv) on [S&] below the cmc,

Izumi et al (44) in their study of the effect of
emulsifiers in the emulsion polymerisation of acrylonitrile
found that the emulsifier is usually cffective at
concentrations below it's cmc and that the (fiv) does not
always increase with increasing concentration of emulsifier

but rate of polymerisation increases,

3.1.3 Effect of initiator concentration on the
MV Df PVd.l.CI

From table 3,2, (fv) of PVic is independent of the
initiator concentration for both the 80% and 40% conversions
of the vinylacetate to the polyvinyl acetate, This
observation is in aggreement with thc results reported by
Friis et al (43) where the(My of polystyrene is independent
of the initiator, emulsifier concentrctions and also the

number of polymer particles formed, MAlthough strictly
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speaking, the higher the initiator concentration is, the
faster the reaction and the lower the (Mv) for preparations

of the same (%) conversion polymers.

Also Olayemi et al (41) in their study on emulsion
polymerisation of vinyl acetate, cbscrved that the
conversion of vinyl acetate to polyvinylacetate increased
with initiator concentration. They further claimed that
the observation may probably be due to the availability
of more free initiator radicals in the reaction medium
with increase in the initiator concentration thereby
increasing the rate of interaction between the radicals
and the monomer moleoales., This thercfore increased the

rate at which polymers are formed.,

3,2 DILUTE SOLUTION VISCOSITY OF PEML/PVAic SYSTEM.

3.2.1 Effect of blend composition (w/w) PVic/PEMA on
the specific viscosity ("bp/c) of PVAc,

From figurc 3,3, the specific viscosity (Vsp/c) of
polyvinylacetate in methanol increascs up to a maximum
or inflexion ant about 20% weight of FEM/-in the blend,
Beyond this concentration of PEM.\, there is a slight
decrease in the (Msp/c) to an ill-defincd minimum at
about 35% weight of PEMA in the blend, This is followed

by an increase tending towards the value for the pure PEMA
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244

201

7sp/c

10 -

] I !

20 40 60 80 100 120
(%) PEMA

Fig. 3-3 Plot of 7sp/a against (%) PEMA for

PVAc/PEMA blend, PVAc (Mv, 0-7205 x 106)

(0) PEMA (Mv, 1:5140 x105), [m)PEMA (Mv, 3-0080 x 106)
(A) PEMA (Mv. 38160 x 109)
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sample, A similor trend was observe: for different
molecular weight *I1'fA samples when blended with the

same PVAc samples,

The plots arc not linear for all the three PZMA
samples studied hcre, From Rault's law, a linear graph
would represent on independent behavior of PEMA an% ?VAC
molecules when nixed together, Figure 3.3 shows
shapes tending to be binodal, the types observed by
Fuleznev (9). The shapes obtained in these plots
will be referrcd o in this study as being due to the
occurence of somc kind of interactions between the
molecules of 2 IIA ond FVAc, intramolecular or

intermolecular in nature.

Kuleznev (9, and Render (45) in their study on
dependence of dilute solution viscosity upon composition
for mixtures of holymers referred to non-linear plot as
a result of the formation of a two-phase mixture with
compatibility betueen the polymers up to a certain blend
compnsition., They also claimed that in a two-phase
mixture of polymers, a change in composition always
causes phase invercion with a resulting non-linear
property-composition curve., They also advanced that the
S-shape of the property-composition curve is characteristic

of a colloid system in which the phase reverse upon change



in composition of the blend. It is believed that
results of studics based on other mcthoes would be
required to makc these types of deductions, However

the inflexicn in the curve (figure %.3) might be due

to the considerable difference between the viscosity of
PVi.ic phase and the viscosity of the 1M phase thus
causing a reversal of phase, Sincc the overall viscosity
of PVAc phasc and the viscosity of the blend is largely
determined by the viscosity of it's ccntinous phase, the
specific viscosity (Msp/c) of the PV..c decreases at the
phase inversion point before incrcasing gradually to
that of the pure FEM. denoting an independent movement
of PVic in a strcam of FAMA, &hc inversion became more
pronounced with decrease in the difforcnce in molecular

weight of PEM.. and PVAc.

The discussicn made here is in aggreement with
Feldman's (46) suggestion that when the dynamic viscosity
varies lincarly ' ith composition of tTi:c blend, it
indicates no intcraction between tie nolecules of the

polymers,

Deviations from a linear behavior might therefore

be due to:

(i) differences in molecular structure of PEMA

and PV/ic e.g. molecular rwwights and branching,
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(11) differences in their monoicric properties
JeZe polarity

(i1i) differentials in thc polyuere-solvent
interactions i,e, PEM~z0lvent and

IPViic=solvent interacticn;

(iv) formation of intramolucnlar snd intermolecular
linkages between their molccules, bearing in
mind that PEMA intramolccular interactions
might be different fro. those of PVAc,

Linear plot of viscosity versus coupocition in a
compatible blend of PVic and PMMA in chloroform )
denotes formation of a single phasc, vhereas for
incompatible blends of PMMA and P35 solutions in toluene,
the viscosity versus composition curvce is of the S-type
indicating two-phase formation with rcversal of phases

at intermediate composition,

The type of polymer blend discusscd above is
considered to bc a case of ternary svstcm in which
their is competition between the ty-cs of interactions
taking placc in the system i.e. polyner/solvent interaction

and the two polymcr-polymer inter-actions.
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3.2.2 Dependence of the specific viscosity of PVie
on fiv of PEMA and the moleculsr weight ratio
of PEMi to PVic,

The curves in figure 3.3 shows two distinet point
or regions with respect to a linear plot drawn to join
the specific viscosities of PEMA and iV/.c i,e tie=line,
The area above the tie-line corresjonds tc about 20%
PEMA concentration and the area below occured at about
35% PEMA conccntration, The areas above and below the
straight lines joining properties Tor the pure polymers
were calculated by weighing the cut nicces of the areas
concerned on ~ weighing balance, 7The data obtained for

the areas are ~iven in table 3.3.

TLABLE 3.3

Data obtained for the areas bclo:, cnd above the
tie-lines at the molecular wui Lit ratios of
PEMA and PVic,

- . -

(fv) x 10° i wy Lrea above  arch below Transition

PEMA i (Arbtr Unit) rbir Units  T(%) PEMA
TPV

1.513 2,10 " 0,0250 0,0115 25

3.008 4117 0.05$ 0'000""5 30

3.813 5.30 0.0775 2,0000 35




The areas above and the areas belo ihe ideal line
correspond to sowme kind of interactions between the

molecules of the PEMA and the PVic,

From fizure 3.4, the area abov:c increases with
the PEMA moleculzr weight, while the area below the
ideal line decreases with the incrense in PEMA molecular
weight, This area is absent for tace FIM/. with the
highest (flv) of 3.816 x 106. Alsc the (¢) PEMA composition

at which transition oe¢-urs from one fom of interaction to the

table 3.,3), It can thefefbre be ozsumed that when
molecular wcizht of PEMA is sufficicntly large with
constant molocular weight PViAc, the zrea below the ideal
line tends to zero. At this point, it is therefore
neccessary to refer to the molecul.r ucight ratio of

the PEMA and PV..c when Mpm/ﬂp i sufficiently

Vic
large, the arca below the ideal lin: tends to zero while
the area above the ideal line beco.as more prominent

(figure 3.4),

Since feldmzn (46) and some other workers have
suggested that a linear plot of tze ("sp/c) versus

composition curve denotes independen®t interactions



68

0087

0-07-

o
o
=

Q
o
s

o
£

(arbitrary units)

0 T T 1
2 4 6

(Mv)r
Fig. 3-4 Variation of the areas under and
cbove the tie-lines in figure 33 with molecular
weight ratio of PEMA and PVAc

{0) area above tie-line(O) area below tie—line



between the mocremclecules, it is tlicrciore necessary
to interpret this result on their assumption, The
area above and below the ideal line ill therefore be
due to some kind of specific intcractiion between the
meclecules of PO}, and PVAc which rosult to reinforcement
of the PVAc by introduction of a ccrtcin (%) PEMA
composition, interaction favourin; the blending of* *
PVic and PEiL). The area above a2, nlso be due to the
strong dipole-dipole attraction between the molecules
of the polymerse Since this attraction increases with
molecular weight, it will be very :irong for high
molecular wei-ht PEMA in the blend, whereas the
attraction will become s.allest for monomer-monomer | .

inter«ctions.

The area below the ideal line on ‘the other hand
denotes another type of interaction lc.:ding to inferior
properties of FIM/.. It can alse ¢ e to transition
point of dipole1 - dipole2 throush ind-:ture of
dipole1 - dig,ole2 with vander wa:ls forces = to
dipole2 - dipolc1 interaction, where 1 and 2 stand for
PVAc and PE4. molecules respectively, It can thus be
concluded from the above discussion ilat the area above
the ideal linc can be regarded as recion where significant
improvement to properties of PVAc wccurs, while the area
below can be scen as representing intver-ctions leading

to inferior properties of PEML,
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The area above ideal line may also ¢ cue to intr&golecular
interactions between the moleculcs of PEML and PVie
whereas the arcz below may be due Tc intermolecular
interactions between them, /Also iro. the results, as
PEMA/PVAc molecular weight ratio incresses, region
corresponding to ;he area above grows ot the expense

of the area below, Theoretically vhen the ratio is
sufficiently large, region below censes to exist, This
implies that there is an improvemcnt to the properties
of both polymers from the molecul>™vecisht ratio of

this value and above it, Hence moleccular weight ratio
is very important and the bigger it is, the more
favourable intecractions the componints of the blend
undergo, This ceon thus be explkined in terms of the
large PEMA diusolving in the VAc monomer and PVic

dissolving in EM/L monomer,

This study is in aggreement with roul's (1) study
on miscibility through specific intcrcetions although
Paul used thermodynamic equations os riven in equation

(3+1) to inteprct the type of interictions required for
good miscibilivy:=-

AG = A (‘-;-.1:») - Nagloos ee(3=1)

mix

mix

where N - number of intcractions
dis = dispersive or vonder waals force

sp - specific inter:ction.
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He thercfcre claimed that for ﬁumix to be

exothermic or »n sufficiently small positive value

(as required for semi=-compatible or ccmpatible blends)

there must be a sufficiently strong interaction to out

weigh the dispersive contribution 3,7, vander waals
forces, He furiher concluded theoe o straight line
in the plot of aHmix versus number of molecules
denotes that the contributions from specific and
dispersive interactions are simply asditive as one
might expect, The point of interscction of the two
plots on fijure 3.4 may be taken as the molecular
weight ratio nt which the two typcs of interactions

may probably become additive,

3.3 MELT VI:COSITY STUDY,

3.3.% Meltin:s ooint of the blends oi 1ilii and PVAc
Samplcs,

The data obtained for the meltin: temperature
range of the purc polymers and their blcnds are

given in table 3.4,
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TABLE 3.5_

Melting point of PEMA/PV..c llends

Blend (%) PEMA/Melting point C range (°C)

0 122 - 125°C
2.5 125 - 128
540 126 - 129

10,0 12€ « 129
15.0 126 - 129
20,0 126 - 129
30,0 130 = 132
50,0 170 = 190
80.0 720 - 250
100,0 269 - 270

From table J.4, the m.pt ranzc of 100% PEMA is
higher at about 267 = 270°C than that of 100% PVic
which is about 122 - 126°C, With incrcase in the
concentraticn cf the PEMA in the ZV..c/FENa4 blend, tie m.pt
r ange incrcased slightly to a constant value of
126 - 129°C for blends of 5% PEML to 20% PEMA.

Beyond this PLIM/. concentration, a zlirht increase was
observed at 30% PEMA, before a sucdon increase in the
m.pt range for 50% PEMA, This above observation is
expected since the presence of tho 714, in the blend
will tend to increzse the m,pt ran;: tocwards that

of the pure POMA,






