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ABSTRACT

Bl ends of PVAwith PVC, PWA and PS and PS PMVA t hat
cover the entire conpositional range have been subjected to
out door weathering, thermal oxidation and ultraviolet irradiation.
Wth the application of infra-red technique it was possible to
detect any structural changes taking place. Wth the aid of
Instron testing instrument it was possible to find out the

nmechani cal nodifications that have taken pl ace.

The present work investigates the effect of a second
pol ymer on the weathorability of another. The author has
observed that in all the cases investigated there was inter-
action between the dissimlar nol ecul ar chains, at |east at
the phase boundaries, for the two-phase systens. These
interactions which may be internol ecular or intranol ecul ar
are observed in nost cases to have deliterous effects on the
structural stability and nechani cal properties of the pol yners.
In a few cases, the interaction reduced the vulnerability of

ei ther or both honopol yners to weat heri ng.

Fromthe studies it has been observed that PWA
stabi | i ses PVA agai nst outdoor weathering and oven agi ng,
while PVA stabilizes PMA against ultraviol et degradation.
For the PVA/PVC bl ends general deterioration of property was
observed on bl ending with PVA destabilizing PMC and vice

versa, with the effect of PVC on PVA bei ng nore pronounced.
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For the PVA/PS bl ends, although rigidity was observed to
increase with increase in PSin the bl ends, the presence of

PVA was observed to cause general deterioration of nechanical
properties, with a mnimumin tensile strength, nodul us and
percentage elongation at 30% PVA in the blends. Ml nerability
to thernmal degradation was al so observed to increase wth
increase in PVA in the blend. PMWA was observed to destabilize
PS to outdoor weathering and on thernmal aging all the blends

had | ower induction periods than the honopol yrers.

From nor phol ogi cal studies, PVA PWA and PSY PWA wer e
found to be conpatible while PVAPVC and PVAIPS were in-

conpati bl e.
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CHAPTER 1

INTRODUCTION

DLF INITION

Polymer blends, polyblends or polymer alloys are
physical mixtures of polymers, the mixing being done by dis-
eolution in a common solvent or in the melt form, This
excludes all cases of copolymerization in which the mono-
meric units are systematically introduced into the polymer

main chain,

The concept of physically blending two or more existing
polyners to obtain new products has been neccagitated by
the need to improve the properties of the existing polymers
and enhance their ultimate end-use and service life without
the attendant problems involved in copolymerisation like
designing synthetic methods, suitable equipments for the
production and, of course, the attendant huge investment

costs.

The thermodynamics of polymer blends is of the most
fundamental importance since it determines the morphology of
the blend, the adhesicn between the constituent polymers and
consequently influences its properties and applications.

"One of the first, but not the only, thermodynauwic questions
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concerns the equilibrium miscibility or solubility of the

polymeric components in a blend” (1).

Polyblending of polymers often results in products with
improved impact properties. Even where the blend exhibits
two-phase behaviour, definite advantages can be derived, if
mechanical compatibility can be achieved. With compatible
polymer blends nechanical compatibility is assured and a
property compromise between the constituents, is thercfore
achieved., Thus for compatible polymer blends a range of
price/performance characteristics between the component polye-
mers can lead to a large number of potentially useful and
different products, not possible with either of the polymers
comprising the blend (2). A nuuwber of polymer$ blends have
achieved commercial importance and amonz these are a blend
of poly(-2,6~dimethyl-1,4-phenylene oxide), PPO and poly-
styrene under the trade naue Noryl (2) and PVC-nitrile rubber

and various other ™WC blends,

COMPATIBTLITY AND IISCIBILITY OF_ POLYMERS

The terms compatibility and niscibility of polymer-
polymer systems may vary in definition and applications
depending on the investigator. To some compatibility may
mean complete absence of phase separation and to others it
may simply umean possession of desirable physical properties.
But generally it is used to describe good adhesion between
the constituent polymers and average mechanical properties.
Solubility could also Le used to describe molecular nixing

in polymer-polymer blends and the term is accepted for



single phase, solvent-solvent and polymer-polymer mixtures.
On the other hand, the tern miscibility describes polymer
blends with behaviour similar to that expected of a single

phase systen.

Incompatibility, similarly, in polyblending varies

widely both in concept and application.

Inw~compatibility in polyblends is usually characterized

by the presence of:

(i) two trensition temperatures
(ii) two phases and
(iii) 1loss of transparency, except where the
constituent polymers have close solu-

bility parameters.

Compatible blends are characterized by one glass tran-
sition temperature, one phase, close~packing (less void) and
a better spatial arrangement between the two polymers (4).
The extent of miscibility depends on the size and distribu-
tion of phases, that is how finely dispersed the 'solute’
polymer is in the solvent polymer and the segmental mobility
of the polymer in one phase rclative to another. This
phenouenon termed interpenetrating network (IPN) determines

polyner-polymer niscibility.

In bulk, compatible systems form iransparent films and

{ibres that exhibit no heterogeneity under considerable



1.3

magnification in the phase contrast microscope. Incompatible
blends form transparent {ilms only if the rcfractive indices
of constituent polymers are the same, but where these are
different they form two-layered films, when the polymer

solution is evaporated (6).

PolylLlending o’fers some desirable properties in a poly-
wer, particularly, vhere one of the constituents has superior

mechanical properties.

ZHERMODYRAMICS OF FOLYMIZ BLOND SOLUTICNS

A full discussion of polymer-polymer compatibility
should involve a critical survey of the principles underlying

the thermodynamic miscibility ol polyners.,

The ideal entropy expression whicu rests essentially
on the assumed approximate interchangealility of solute and
solvent molecules in solution casnot »o:=2ibly hold for poly=-
seric systems. “he solubility of pelymers has been studied
extensively since 1742, when Flory and Huggins (8) and later
Flory and Lrigbaum (9) propounded theorics overniag the
solubility of polymers. A consideration of ithe “lory theory
and the Hildebrand solubility paramecter provides essential

tools for predicting polymer-polymer comp tibility.

The sclubility parametcr ie defined as the square root
of tlie energy of vopourization per unit volume of the wmaterial

and is ;iven by the sympol ¥ (12).

> = (AE/MNT (Cal/em)T oo en ee ae ae (1a1)



Thus 0 is proportional to the cohesion of the nelerial or the
strength of attraction betveen the molecules making up the

mnaterial.

The concept is that materiale with similar solubility
parameter should show equal disnersion in the same solvnn;.
The approach facilitates the characterization of a system .
using only one component properties and helps in the calcula-
tion of efiects of pressure and temperature on the mixing

frce energy and probable changes of thqse with structure.

The Ilory theory demonstrates that the mixture thermo-
dyramic propertics depend on the thermodynamic properties of
the pure components. In this thecory each componcut is
characterized by three equations of state paramcters:
characteristic temperature, characteristic pressure and
characteristic specific volume. E£ince these parameters can
be dcoctermined from the pressure-volume-temp:rature (PVY)
propertics of the pure components, it is hoped that the
thermodynamic properties of polymer solutions, including
polytlende, can be determined frow the vgquation of state

parancters.

'fhe older Flory-Huggins theory (10) which ignores the
equation of state oi the pure components, fails to describe

the critical solution tempcratures of polymeric systems.

The temperature effect arises from “he observation
that when teuperature of polymer solution is raiscd or lowered,
the solvent becomes thermodynamically poorer and demixing

occurs at such extreme upper and lowver temperatures, thereby



giving rise to the lower criticel solution temperature (LCST)
and upper critical solution temperature (UCST) respectively.
Heat treatment may cause phase~scparation in an otherwise

uiscible systemn.

The solvent type determines the LCS5T. The LCST affects
the miscibility of a polymer-pplymer system as in the case of
PS and Poly(vinyl methyl ether) which gives transparent films
with toluene but gives cloudy filme with 2 tg's with

trichlorocthylene (7).

From the Tlory theory, the magnitude and sign of the
frec ethalpy of mixing (8 H®) of a polimer-polymer system
largely determines the competibility of the system and to
some extent, the entropy of mixing (A :™) plays a significant

role in extremely unfavourable cases,

The Flory and lattice fluid theories represent promising
alternatives to the solubility parameter of Hildebrand for
predicting the thermodynamic miscibility of polymer-polymer
system. Mclaster (11) carried out extensive analysis of the
Flory theory for polymer blends. I[lis findings are summarized

below.

(i) Negative or very small positive value of
the intaractioq}‘%z favours compatibility.
(ii) Low molecular weight by one or both polymecre
favours compatibility.
(iii) Swmall thermal coefficients favour

compatibility.

None of these theories can adeguately accouant for the
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polymer~polymer miscibility and until such a theory is
developed it may be necesscry to apply all three theoretical
methods to a given polymer to facilitate the determination of

compatibility.

SCOPE OF PRESENI WORK

The present work entailced studies on ﬁhe binary peolymer
blends PVA:PVC, PVA:PMMA, PVA:PS and PS:PMMA. lor an adequate
unde¥standing of thce degradation of these blends, it was
decmed necessary to carry out detuiled studies on {he factors
which influence polymer degradation and the magnitude of these

cffects.

Studies on specific gravity and sross morphology of the
blend films facilitated appreciation of the compatibility of
the blends, since compatibility affects the ultimate proper-

ties and applications of a blend.

ihe degradgtion vas in film form. The filme were
subjected to photolysis (UV irradiation), thermal) oxidation
and outdoor weathering. Gtudics in mechanical propertics
were carried out with @ view to determining whether any of
the blends had any propertiecs superior or intermediate to
either or both homopolymers comprising it and, as in the
case of the FVL:PVC blends, whether the introduction of PVA
into thc blend, at any composition level, inhibited, retarded

or accelerated the incidence of colouration on degredation.

In the coursec of these studies it hac been possible to

sugzcest possible mechanisme for the degradation of these
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blends under the conditions of the study.
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Polymers are rarcly available in their pure agatea due
to the presence of hydroxides and ketones, formed due to the
presence of oxygen during polymcrization and the acquisition
of end chain unsaturation due to chain transfer to monomer
during termination reactions. These chromorphic groups,
which are usually formed during polymer degradation serve as
sites for initiation of degradation. The method of poly-
merization and the degrec of polymerization influence the onagqﬁnd
th® rates of degradation, since the rate of degradation is

often inversely proportional to the polymer molecular weight.

Polymers degrade when subjeced to heating and high
energy irradiation. Studies on polymer degradation have,
thereiore, often inveolved thermal oxidative dcpgradation,

photodegradation and environmental degradation.

METHODS OF STUDYING POLYMER DEGRAUATION

- ——— — e m——

The wethods used in studying polymer degradation include:

(i) Thermal methods: these involve heating the
polymer in anr air oven and measuring changes

in physical and chemical properties.
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(ii) ‘hermal Volatilization Analysis (TVA).
(iii) ‘'femperature prograumed dcgradation.
(iv) Pre~irradiation with UV followed by
thermal degrocation.

(v) Ultra-violet irradiation and monitoring
of changes in microstructure using infra-
red and ultraviolet spectroscopy.

(vi) Differential Scanning Calorimetric (N3C)

method.

DEGRAD/ TION OF BVC AND ITS BLENDS

The depradation of FVC has been extensively studied

(15-46), with much emphasis on thermel degradction (15-26),

Cupta and lierre (15) studied the effect of oxygen on
the theimal degradation of PVC. Swmetly, Lukas and Kolinsky
(16) observed that PVC degraded via dehydrochlorination,
with dehydrochlorination being a consequence of constant
concentration of active sites in the chain elimination of
hydrochloric acid and suggested that the initiation of -
propagaiting polyene sequences occured via migrationjactivating
groups between adjacent polymer chains. Dlmcx (17, 18) was of
the opinion that oxygen delaycd thermal degradation of PVC while
accelerating the rate of dehydrochlorination, thereby suggesting
that in »rescnce of oxygen the polyene sequence was interrupted
by oxidation to the carbonyl group thereby inhibiting colour
development, Talanini and Pezzin (19) thermally desraded
PVC in both inert and oxygen atmosphere and were of the opinion

that PVC degradation in oxygen was autocatalytic and that
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dehydrochlorination proceeded along the chain in a mechanism
of successivc allylic actiation. They atr dbuted the increase
in reaction rate vith time to the autocatalytic effect of
hydrochloric acid. They observcd that thermal degradation in
the absence of oxygen repidly gave insoluble product but in
the prescuce of oxygen, the molecular weight increased after
an initiel lowering. ‘‘hesc opinions do to some extent

sumnarize the impressions of other investigators (20-26),.

Gupta and Picrre thermally degsroded at 200°C pre~
irradiated samplcs of PVC and observed that liCl evolution
increased with pre~irradiction time and that pre-irracdiated
samples exhibited some free radicala av zerc heating time,
llecently, Scott and Pahan (28) obeervec that there was a
linear relationship betwecn colour forration and carbonyl
growth for MWC and suggested that the conjugated carbonyl was
responsible fer colour formation, since during photo-oxidation
broadeninug of thc¢ composite carbonyl pezk below 1?006m-1
occurcd and was indicative ol conjugated carbonyl group.

This opinion has, lwever not been countered and is apparently
an explanation to the obscrvation of Nlman (17, 18), Hany
other investigators havc worked on the photodegradation of

WC (29-34), 'Their works reveal that crosslinking occured
during irrediation but n»rolonged irradiation resulted in
decrease in gel coutent (32) and that Young modulus of MWC

incrcascd with irradiation time, rcoched & maximum and then

decreased (33).

Some work hes been done on PVC blendes and here, attention

is dirccted to its blends with PVA. Grassic and licNeill (35, 36)



2.3

12

observed that acetic acid catalysed PVC brecak down in selution
and suggesved that it was rossible the accelerating effect of
HC1 on deacetylation of PVA occured via HC1l catalysis. They
noted that there was considerable interaction between polymers
in the blends with FVA dectabilizing PVC and PV0 destabilizing
PVA. Jomigson and McNeill (40) obgserved that the polymers
were incompatible and concluded that the destabilizing effect
of cach on the other could ounly take place at phase

boundarics.

Yorking on the copolyuere of vinrl acetate and vinyl
chloride, Grassie and McLargn (44, 45) made similar observ-
ations as (35-39) and observed that thc copolymers were con-
siderably lecss stable than the homophol ymers and that mininum
stability occured at 30-40y vinyl acetete content in the

copolyucr.

Jots of work have becn done orn the stabilization of PVC,
Kolawole and Jbamali (46) working in this laboratory observed
that the plasticity of PVC increased wilh incrcase in ABS

content in PVC/ABS olend.

DEGRADATION OF. POLYVINYL ACETAIL (PVA)

Seymour and \lestwood (47) pyrolysed PVA and noted that
PVA degradation occurcd by deacetylation followed by
condensation of polyclefinic structures to polycyclic
aromatic systems. lleiner (48) observed that on heating PVA
decomposed via deacetylation and that subsciuent deacetylation
was faciliteted by the double bond so formed. He was of the

opinion th~% deacelylation wos autocatalytic.
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DEGRADATION OF POLY(METNYL METHACRYLAYE), PMMA, AND
ITS BLENDS

Cardner and lcNeill (49) McNeill and Neil (50, 51)
observed that PMMA was steble over 250°C when heated alone
but broke down to give quantitative yicld of monomer vhen
heatec with FVC, Degrading the blends of IJIMA and PVC by
TVi, they observed increase in monomer production at low
temperatures and explained the chain scission as due to radical
atteclt by hydrogen abstraction process lending to subsequont

chain scission and depolymerization.

DEGRADALION_OF POLYSTYRENS (PS) AND ITS_BLENDS

Durin; the oxidative degradation of PS, Beachell and
Smiley (52) observed that there was preferential attack of
oxygen on the of ~hydrogen atoms leading to initial production
of hydroperoxide. Crassie and Weir (53-56) irradiated PS and
observed that the polystyryl radicals formed could crosslink
and that insolubility and embrittlcment of PS occured after
relatively short periods of irradiation. Jellinek (58),
Jellinek and Lipovac (59, 60) working on diffusion controlled
degradation of isotuctic PS at elcvated temperaturcs observed
that as soon as a link was ruptured, monomer units were broken
off the newly formed chain until these active chains were

deactivated.

Grassie, McNeill and Cook‘eﬂ‘)ﬂegraded blends of 8 with
PMMA. ‘Yhoy carried °“§ TVA and anslysed the
products by GLC determinatlons of molecular weight of solid

polymer residues and obscrved interaction between the two
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CHAPTER 3

=

— - - - -

XPERIMENTAL

The polymers used for tiuis research were polyvinyl
acetate (PVA) supplied by PDH Ltd. with In of 45.0 x 10°
and d%%ity of 1.191gcm'3 at 2000. polyvinyl chloride (PVC)
supplied by DDH Ltd. with Th 54.2 x 10° and a demsity of

3 at 20%C, polymethyl methacrylate (PI1iA) supplied by

1.3935cm
RAPRA with Tin of 48.7 x 103 and with 2 density cf 1.1903cm-3
at 20°C and polystyrene (PS) supplied by ALDRICH with

undefined Fin and a density of 1.111gen - at 20°C,

411l the blends were studied as binary systema and the
compounding was done in the following pairs: PVA®/PMMA, PVAc/PS,
PS/Mils ~nd for these the solvent was chloroform supplied
by M&E Ltd. and with a epecific gravity of 1.47hgem™ and
PVAc/PVC for which ANALAR tetrahydrofuran (7HF) with specific
3

grevity of 0.887gem ~ was used.

SOLUTION - REPATAYION

All the blends were of 2% U/V concentration. For each



3kt

3¢5

16

A

pair nine blends whose composition ranged from 90%:10%
through 10%:90%. For example for the PVAC/PMMA pairs the blends

wore made as follows:

(a) 90% Wﬁb 10 m, (b) B80% PVAc120% PM4A,
(b} 0% PVAc:30% PMMA, (d) 609 DVic:h0% PMMA,
{c) 50% PVAc:%0% TMMA, {(£) LOw Pvic:609% PMMA,
() 309 DPVAc:70% a4, (h) 20% PVAc:80% WA and

(1) 10% PAAc:Q0% PMMA,

These compositions will hencelorth be written, for example,
for the 50% WAc:50% PIMA as 50:5C PYAc:PMML, Similarly 2% W/V

sBolutions of the unmixed polymers werc prepared.

o0

PILM CASTING

e P uie il ey Ay

-t

The films werc made by solution casting on the surface
of mercury contained in petri-dishes of the same diasmeter,
The films Tor infra~red and ultravielet spectrosconic studies
were 0.G2 * .00%5mm thick while those for the determination of
gechanical properties werce of ‘the dimensiongs ©,05 ¥ 005 x
8.0 % J0mw. The [ilm preparction was done in fumme-cupboard
with the exhaust turned off. ‘he films weie covered with

in
aluninium Toil or storedkdark drawers until when needed. ’

MLSCHOPS, OF, FOLLOWING, PEGRADALION

The blend Tilms of thickness 0.02 *r 0.005mm were stapled
onto cardboard poapers with sguare holes. These were then
placed ageinst the round holes on a smooth plywood board. A

similar plywood board with holes in alignment to those of the
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first was then placed on the films, The films were then
secured by clamping the two plywood boards together. This was
then clamped onto retort stands on the rooftop of the Chemistry
Departemcntal building for outdoor weath:ring. The angle of
inclination of retort stands werc constantly adjusted to make

for maxinum illumination.

The effects of outdoor weathering on the microstructure
of the unmixed polymers e£nd the blends were monitored by
taking the infra-red spectroscopic messurencents on PERKIN
ELMER 1700 infrae-red spectrophotomer. This enabled the
determiration of changes in microstruc-ure by estimating the
growth in absorbing pecaks relative to « reference peak. The
absorbing peaks used are the carbonyl (CC=0) peaks at 1725cm-1
and the hydroxyl ¢UH) peaks at 3400cm"1 while the methylene
(-CHa-} peak at 2910cm-1 was used as a refereace. The
transuittance recorded as peak height and peak base were
converted to absorbance using a table of conversion of
transnittance to absorbance provided by FERFIN ELMER LTD.
These sbsorhainces wore then computed iatc carbonyl index for
carbonyl absorptions and hydroxyl index for hydroxyl
absorptions respectively for example, thc carbonyl index is
computed as follows:

fbsorbance of (Go=0) (A)
Ibsorbence of refercnce peak (D)

n

Carbonyl index, CI

A ® 350 base of X0 abborp.f'.:.on

Peak height of reference _peak
Teak basc of refence poeak.

The indices were plotted aguinst outdoor cxposure time to
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follow the pattern of degradation and calculate the induction
time for the degradation. The infra-red spoctroscopy for each
homopeolymer and blend was taken at zero tiwe and at rejular
intervals thereaiter. The degradetion was also followed by
teking ultreviolet cpectra of the films using UHICAM SP1800

ultraviclet spectrophotometer.

Most of the Tilms werc left exposed on the roof top

from the menth of September 1932 to January 1983,
3.51 Hethod of thermal oxidative degradation

Vallance air oven with rezulated cir inflow of about
92cc/nin vas used for the thermal oxidetive degradation. The
oven was maintzined at 100°C, The films, stapled on cardboard
papers, were hung on the hangers in the oven, "The infra-red
of each Tilm was taken at zero time and at repular intervals
thercaiter using PERKIN ELMER 1700 infra-rcd spectrophotoreter,
The absorptions of interest zre 25 discussed in 3.5. The
carbonyl ard hydroxyl indices were similarly computed and
plotted against heating time and the induction time for the
thermal degradation cf each blend calculated. The nmeasurements

were continued until each film embrittled.
3.52 Method of ultravilet degradation

The films of 0.02 X 0.,005mm thicknecss mounted on cardboard
papera with square holes were mounted on a board, with the
aid of pins, in the darkroom in the department., The rays from
Gallenkamp Ultraviolet equipimcnt with a %65 m bulb and kept at

distance of 15cm from the films were nuscled on the films. The
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infra-red and ultraviolet spectre of the films were taken
before irradiation and at regular intervals thereafter until

the films embrittled.

for the infra-rcd spectra, the bands of intercst are as
discussed in Section 3.9 and the results obtained were trcatcd

similarly.
3.55 umbrittloment test

“he films were tested {or embrittlement by bending to
an angle of 180° on both sides. The embrittlement indicates
the time of breakdown in the microstructure of the system

understudy.

METHOD OF MBASURING INECHANICAL PROVERTISS

The instrument used ie the Instron Universal testing
instrunent, model 1026. The Tilms used werc of dimension
0.005 x .8 x 3cm? The magnification factor was five and the
maximum load uscd was 2kg, except for PVC homopolymer for
whiclhi raximun load of 5ky was uged. The runs wer:s mnade at
zero hour and cvery 40 hours thereaiter until there vas a
drop in the tensile stroength of the sample, An average of
three film strins wae used for each blend for each run. From
the treces orn the chart paper, the strain and stress were
computed. The plots of thesc and the modulus refer to orizinal
end yraphs in Chapters 4 to 7, ‘'"cnsile strengths and percent-

ase olonge tion were also calculated fron: the above paper.
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3.71 Specific cdensity measurements

C
e s e e il e h e et e bl m—

3

Using a 50cm”™ specific gravity bottle, the specific
pravity of each sclution was mecasurecd, liaking use of the
densitics of the homopolynmers and speciiic gravities of the
solvents, and assuming the additivity oi volumes of the solutes
and solvents, the thoreticel specific gravity of each solution
was calculated. Ior cach set of blcnds, the prectical and

theoretical specific gravities were ploited azainst composition

of the blend.
3.72 Determination of morphology

Whe light micrographs of the 80:20, 50:50 and 20:80
composition blends of cach set o blends were talen using the
light picroscope model LEIT 2 ortholux 2 Pol B4 in the Geology
Department. The micrographs were taken at & magnification
of 30. his was to determine wvhether layers occured on the
films and if crystallizetion occured following solvent evapo-

ration,

VISCOSITY KE/SURLIENTS

- ——

The viscosities of the degrading polymer films exposed
for outdoor weathering wecre ncasured at regular time intervals.
The plots of the intrinsic viscosities obtained against

exposure time arc as contained in the report.
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CHAPTER 4

STUDIES ON PWA/PWC BLENDS

In this work studies were carried out on the influence
of composition on density, morphology and mechanical properties.,
Changes in chemical properties were followed uasing the IR
Spectra of the unmixed polymers and their blends on exposure
to outdoor weathering, thermal oxidation and uliraviolet

irradiation.

RESULTS AND DISCUSSION

4.11 Density measurements

Pigure 4.1 shows a plot of theoretical and measured
densities of the homopolymers and their blends. The lower
value of the measured density relative to the calculated one,
assuming the additivity of volumes, suggests incompatibility of
the polymere. This is so because increase in volume and hence
a decrease in density occurs only when there is repulsion and
little or no interaction between the dissimilar polymera,
Increase in density occurs only where there is extensive inter-
action of the homopolymers, although this doee not necessarily

indicate tle presence of a single phase (4, 5, 14).
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#=12 Morphology

The light micrographs of the 20:80, 50:50 and 80:20
PVAc:WC blends show phase separation between the homopolymers.
Plate 1 shows the micrographs of the 20:80, 50:50 and 80:20
PWAc:WC blends., Grassie, Mclaren and ikcleill (15) made
similar observations and noted that the polymers were incon-
patible, with the result that even in film form the system is
heterogenous. Interaction between the dissimilar molecules
can therefore only be envisaged, if it were to occur at all,
as happening at phase boundaries. In the micrographs the
continuous phase is formed by the FVC component while the

rubbery, crystalline PVAc is embedded in its matrix.

QUTDOOR WEATHERING

Figure 4.2 shows the stress-strain curves of freshly
prepared FVA, PVC and PVA/PVC blends. The unmixed PVA is
typically soft and tough. The blends have properties which
are closer to those of the homopolymer forming the major
component. Thus, it is observed that while 80:20 PVA:PVC
blend is typically soft, it is tougher than the unmixed FV!/.
The 20:80 PVA:PVC blend, though hard, is softer than the
unmixed PVC, OUn extension, the films showed some necking and
the extent of necking decreased with increase in PVC in the

blend.

Figure 4.3 shows the percentage elongation, tensile
strength and tensile modulus of the unwmixed polymers and their
blenda., The continuous lines show these properties for the

freshly prepared films while the dotted lines show the
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properties after 18 days outdoor weathering. At zero time,

it is observed that tensile modulus and tensile strength
decreased with increase in PVA concentration while percentage
elongation increased remarkably in that direction. The trend
is in conformity with the observed incompatibility of the
polymers. After 18 days of outdoor weathering percentage
elongation showed the same trend as observed for this property
at zero time. Both tensile strength and modulus showed a
minimum at 80:20 PVA:PVC., Cenerally, both modulus and tensile
strength incraaaedvon exposure while elongation decreased., It
is observed that percentage elongation shows a minimum at

both 20:80 and 3%0:720 WWA:WC compositions. These decreases

in property may be ascribed to less of phenomenon rather than
to loss of property since the films showed necking and cold-

drawing on extension.

Figure 4.4 shows the variation of tensile strength with
exposure time for PVC, PVA and PVA:PVC blends. For each of
the blends there was progressive increase in tensile astrength
until a maximum was reached followed by a decrease. Although
from the plates, separation seemed to have occured, it would
appear that improved tensile strength could be achieved if
a little degradation sets in. In all cases maximum tensile
strength was obtained after 10-12th day, thereafter the fall
in proper*y mcans uselessness of the blends. That a maximum
was obtained with the blends would sugpest that some degree
of interaction might have taken place, It is observed that
as the concentration of PVA in the blend decreaged tensile
strength increased and none of the blends hed, at anytime

during the study period, a tensile strength close to that of
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PVC, It is noteworthy that the tensile strength of 50:50
PVA:PVC is much nearer that of PVA than intermediate betwecn
those of the homopolymers. i'or the 80:20 PVA:PVC blend, the
tensile strength, although initially higher than that of
100% PVA, fell very much below the value for PVA immediately
after reaching a maximum, Gencrally, the higher the PVA
concentration in the blend the shorter the time to attain a
maximum tensile strength and the lower the value at this
point. Thus, there is a preferential composition when the

property is maximum.

Pigure 4.5 shows the dependence of tensile modulue of
PVA, PVC and VA:PVC blenas on exposure time. It is observed
that except for PVA, PVC and the 20:80 PFVA:PVC blend for
each of which there was a continuous rise in modulus until a
maximum was attained, each of the rest of the blends first
showed a drop in modulus, then a rise up to a meximum and

finally a fall in modulus.

The initial fall in modulus suggests spontaneous loss
of property immediately on exposure. The rige in modulus
after an initial fall suggests an increase in rigidity which
can result only if thefe is interactiom which may be inter-
molecular or intramolecular. Although the 20:80 PVA:PVC
blend showed a very sudden rise in modulus over and &bove
that of even the unmixed PVC, it suddenly dropped, below
those of unmixed PVC, 30:70, 50:50 PVA:PVC blends respectively.
It is observed that the lower the PVA concentration in the
blend the shorter the time it took the blend to attain its

maximum modulus. This suggests that increase inm rigidity
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could have ariatnthrou‘hincreasl in carbon-carbon double bonds.

Talamini and Pezzin (15) observed a similar trend for
the PVC on outdoor weathering. The same has been observed fcr

PVA in this work.

It may be suggested that the initial increase in modulus
was due to the formation of conjugated diene chains with,
probably some degree of crosslinking. The sudden fall after
reaching a maximum might be due to incidence of increased
chain scission and & drop in the rate of polyene formation

and crosslinking.

Figure 4.6 shows the dependence of percentage alongation
of PVA, PVC and PVA/PVC blends on outdoor weathering time.
The higher the percentage of PVA in the blend, the higher the
percentage elongation. It is observed that only the 20:80,
80:20 WA:WC blends and the homopolymers, PVA and PVC,
showed increases in percentage alongation, passed through e
maximum and then showed a drop in percent elongstion. For
the 3Q:70, 50:50 and 70:30 PVA:VC blends there was progressive
decrease in property as soon as the filwms were exposed. The
30:70 PVA:VC blend initially had a percent elongation
greater than those of the 20:80 FWi:PVC blend and the unmixed
PVC, but immediately on exposure the percentage glongation
dropped, falling below those of 20:80 FVA:PVC blend and IVC.
This shows that the higher the concentration of IVA in the

blend the greater the loss of phenomenon on exposure.

It is observed that while for the 20:80 PWA:FPVC blend

a minimum was observed in both tensile strength and modulus
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on exposure, the same blend showed an increase in percentage

elongation on exposure.

In these films there was rapid discolouretion on
exposurc. The presence of even 20% PVC in a blend with PVA
produced marked lowering of mechanical properties of PVA.

This effect was even nore pronounced at higher concentrations,
since in each case the 30:70, 50:50 and 70:30 PV.i:PVC blends
showed worse properties than the 20:80 and 80:120 PVA:BVC

blends and the unmixed PVY and PVC. Hence PVA also causes
loss in property of PVC even at very low concentrations. Tlhe
presence ofi WA neither inhibits nor retards the discolouration
of the blends. There is, therefore, & gencral deterioration

of tensile strength, modulus and percentage elongotion of the

two homopolymers on blending.

Table 1 and Figure 4.7 show the induction and embrittle-
ment times and growth in indices of carbonyl absorption peaks
respectively of PVA:PVC blends and the unmixed polymers on
outdoor weathering. Only the unmixed I'VA showed an induction
period, ‘The unmixed PVC and the blends started degrading soon
on exposure. PVA and the 80:20 PVA:FVC showed continuous
increase in carbonyl grovth. For the 70:30 and 30:70 blends,
there was retardation followed by a levelling out of the
initial growth rate. This suggests that at these compoaitions
stability to oxidation is attzined on expcsure, Ior the
80:20 and 20:80 PVA:FVC there was rapid growth, a gradual
levelling out, a fast increase in growth rate and finally a
levelling off. Looking at the shapes of these blend curves, it

ig possible to suggest a two stage degradation, one prececeding
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the other, for the blends. With the degradation of FVC, probabl:

starting before that of PVA.

Jamieson and MclNeill (40) noted that degraded as a
blend considerable interaction occurs between the degrading
polymers (15, 17, 18, 29, 30), the distabilization of PVA

being particularly evident.

Table 1

Induction and embrittiement times of VA, PVC
and FVA:FVC blends exposed to outdoor weathering

— ——— e A ———— B a e e G S A . S W — — -

Polymer/blend g;g:cgigz) E?:;:t:izzgnt
T . 777
20:80 PVAIPVC . 797
30:70 PVA:PVC - 777
50:50 FVA:PVC - 277
70130 PVA:PVC - 965
80:20 PVA;PVC - 875
100% PVA 180 1440

— e e i T o ——— i i . A W ——— - — A — i b

The flattening out of the carbonyl indices particulafly
of 30:70 and 70:30 PVA:PVC blends may he due to the accelera-
tion of deacetylation of the PVA component by the hydrogen
chloride liberated during the dehydrochlorination of the PVC
component of the blends., If this is so, the accelerating
effect of hydrogen chloride on the deacetylation of PVA
occurs via a mechanism similar to that proposed by Grassie

and licNeill (35) for the catalytic effect of HC1 on
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-—3% HC1 + CHBCOOH +anH2-CH=CH-CH—“

Cac

Subsequent deacetylation should then be facilitated by allylic

activation of acetate units by adjacent double bonds.

This continuous loss of CHEGODH and formation of more
carbonyl groups hy oxidation may well account for the seemingly
no-net growth in the indices oi carbonyl peaks in these blends,
The 50350 PVA:PVC blend showed a trend which is not suggestive
of rapid carbonyl growth and for this blend, the explanation

above may equally hold.

. Figure 4.0 shows the zrowth indices of hydroxyl peaks

' for PYA, PVC and the PVA:PVC blends exposed for cutdoor

o weathering. The unmixed PVA did not show any changes in

hydroxyl absorptions. It is observed that the growth rate of
hydroxyl indices decreased with increase in FVA coantent of
the blend, For the unmixed PVC there was a steady decrease
until a minimum is reached followed by a rise. The initial
I.drop uay te accounted for by the rapid oxidation of the
hydroxyl to carbonyl groups. In esch case, aither there waa
an initial increase up to a maximum as for 80:20 PVA:PVC or
small increase and & levelling off as for 30:7¢, 20:30 and
50:50 PVA:PVC or o continuous decrease, as for 70:30 PVA:PVC,
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Figure 4.9 shows the dependence of intrinsic viscosities
of the unmixed PVA and PV( on outdoor exposurc time. he BVC
showed an initial drop in molecular weight followed by a
period of constant molecular weight., The initial loses mey ke
attributed to the loss of hydroegen chloride due to the dehydro-
chlorination of FPVC. Jior PVA a rapid decrease in molecular
weight occured early on exposure, and no increase was recorded,
This therefore suggesis that when both polyuers are degraded
separately by outdoor weathering crosslinkingreactionsdo not
take place. The polymers undergo dehydrochlorination and

deacetylation respectively,

~H‘CHCI~CH2-CH Ci~CHy it *CHCl«éH«CHCl~CHa~” I+ He

2
oo CHCL ~CH=CHCL~CH3 —=  -CHCL=CH=CH-CH, s + +Cl
MeCHCL-CH=CH-CHsy == ~CHCL-CH=CH-CH ~* 4+ HC1

The ﬁfopﬁéati;h.atage cangiats of the rearrangement of the W~
racroradical (I} to give a carbon=carbon double boad and a
free chlorine atow which abstracts the nearest hydrogen aton,
normally afjacent to the methylene group. The mecreradical (1)
¢euld alago capture an oxygen molecule to form a peroxy radical.
"The reaction could be autvcatalysed, but the extent to which
auntocntalysis ie envisaged in the filus must be low, since

the hydrogen chloride generated cannot be in intimate associa-

tion with the polymer.

For PVi, a similar mechanism is tenable, with de-
acetylayion being facilitated by a six-membered ring
interaction existing betwecen the carbonyl groups and g-hydrogen

atom of the alcohol reasidue (48).
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Reiner (48) explained the tendency for adjacent units

in VA to react to produce conjugetion in terns

- CH

C
’ .
D
I' 1 -
I |
H H H

I

3

el

of the electron attracting properties of carbon-carbon double

bond activating the methylene groups.

“rassie and McNeill (35, 36), Braun and Bender (39) and
Jamieson and licNeill (40) worked on the blends of PVA:PVC and
observed that, degraded as blends, considerable interaction
occured between the depgrading polymers, the destabilization of
PVA being particularly evident. They noted that PVA also
destablized FVC, this being less effective than the effect of

PVC on FVA,

Crassie, McLaren and lcNeill (35, 36) observed, during
their studies on the copolymers of PVYA and FVC, that ninimum
stability occured at about 30 to 40% vinyl acetate monomer
concentretion in the copolymers and observed that PVA
destablized PVC and vice versa, the copolymers being conside-
rably less stable than PVC, which in turn is less stable than

WA.

These results of the investigetions or the blends and
copolymers of PVA and PVC are consistent with the results of

the present studies on the PVA:;PVL blends,
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For PVC, PVA and all the blends there was progressive
development of colour from yellow to very dark brown, the
intensity of colour develonwent being most marked for the

unmixed PVC,

igure 4,10 shows the dependence of modulus, tensile
strength and percentase elongetion of WC, 20:80, 50:50 and
80:20 PVA:PVC blends on heating time. In the modulus and
tensile strength all the blends showed similar trend; en
initial increase up to a maximum at the 24th hour followed by
a gradual decrease while in percentage elongation all showed
rapid decrease immediately on heating. In modulus and tensile
strength, WC showed an initial increase, a foll and rose to
a maximum on the third day while iun wodulus it showcd the
reverse trend. Tor the blends the fall in percentage elonga-
tion was most marked for the 80:20 PVA:PVC and decreased with

decrease in PVA concentration in the blend.

The pattern of change in the modulus of PVC is in
agreement with the observations of Kwei and Kwei (32, 33).
The marked increase in tensile strength with increased heating
time suggests that although the polymer degrades via chain
scission and crosslinking, the rate of crosslinking outstrips
the rate of chain scission on heating, with the rate of cross-
linking increasing with heating time up to a poirt when
maximum gelation must have taken place and then decreased, as

observed by Deiner (48),

For the blends, the observed rapid fall in percentage
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elongation, although suggesting increase in rigidity indicates

the destabilizin; effect of PVA on PVC.

Figure 4.1 shows the indices of carbonyl absorption
peske for the unmixed PVA, PVC and PVAIPVC blends. Table 2
showa the induction and embrittlement times of PVA, PVC and

their blende heated in the air oven.

o ..__.

. Table 2
Inductlon and embrittlement times for carbonyl.
absorption of DVh, FVC and PVA:DPVG | blends heated
in the =ir oven

e

oy R oy
100% WG R L, 456
20380 BVAEVC - B 1
30:70 PVA:FVC - g
5Q:50 PVA:PVC - 348
70230 PVAIBVC - 348
80320 PVA:DVC .- e 348
1008 A 12 29
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'wﬁgne of the blends and PVC showed an induction period.
Yor the unmixed PVA, there was a rapid decrease in indices
of carbonyl growth after the induction periovd. The rapid
rate of degradation of VA on heating occurs by decomposition
via deacetylation (4#8), Unce the initial deacetylation has
taken place, successive units decompose at fast rate, with

the rate increasing with reaction time. This suggests that
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the deacetylation of PVA is autocatalysed. It is observed
that for the 80:20, 70:30 and 50:50 PVA:PVC blends, there was
&n initial decrease in carbonyi index followed by a gradual
inerease, The initial decreasc may be explained in terms of
the decomposition of the PVA component of the hlend. Tt is
observed that the embrittlement time for the blends increased

with increzse in the PVC component.

- Tigure 4;1é shows tlie indices of hydroxyl absorption
beaks for PVA, IVC and IWA/PVC blends on oven heating. None
of them showed an iaduction ﬁeriod and embrittlement time in
each case is as for the carbonyl absorption. The blends
30:P0 and 50:50 showed almost the same indices of hydroxyl
absorption. The curves of 20:80 and 30:70 PVA:PVC blends are
obaserved to level off in each case aflter 330 hours., This
levelling off suggestis the stabilization of PVA by PVC,

since at about this time most of the blonds containing higher
concentrations ol VA had already embrittled. For PVC, it is
observed that the carbonyl indices of growth is steeper than
for the hydroxyl. This could he accounted for by the oxidation
of the hydroxyl groups into carbonyl units. Vinkler (20)
supggested that thermsal oxidative degradation resulted in the
formetion of alkyl peroxy radicals and, possibly crosslinks
and chain scission. Yho slow rate of hydroxyl indices growth
could be accounted for in terms of oxidaotion to the carbonyl

group, - y _. S “r

The fellowing mechanism is therefore proposed for the

thermal oxidative degradation of FVC
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~CE, = CH ~ CH, - GH = %23 . CH, - CH ~ Ciy~GHCL~ +Che
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0 o c 0¥ 1 + 2
wwCH, ~ CH ~ CH, = CH An
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The formation of the alkyl peroxide and ketone accounts for the

increase cbserved for the carbonyl and hydroxyl groups,:

=)

4.4  ULTRAVIQLLT DEGRADATION

Figure 4.13 shows the dependence of indices of carbonyl
absorption peaks of PVA, PVC and PVA/PVC blends on ultraviolet
irrodiation time and Table 3 shows the induction and enbrittle-
ment times for the carbonyl absorptions of PVA, TVC and PV./

PVC blends.
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Table 3

Induction and embrittlement times for carbonyl
sbsorrtions of Vi, FVC_ &id PVA/PVC blends
on wltraviolet irradiation

——— - - - - e e ——— neme s s o

Polymer/blend :::::tig:a) E:iz:it?i:zgnt
1008 PVC 250 2600
20380 PVA:PYC 200 1500
30:70 PVA:VC 600 2000
50:50 PVA:PVC 350 1500
70:30 PVA:PVC 400 1500
B0:20 PVA:PVC 450 1500
100% PVA 1000 2826

Both the Table and the Figure show PVA tc be very stable
towards ultraviolet degradation while PVC is very vulnerablec
to ultraviolet degradation. ‘his may be due to the more
labile nature of the chlorine atom relative to the bulky
(853000.) group, despite the non-selective nature of ultra~
violet degradation. The unmixed PVC is observed to have
shown the fastest growth in indices of carbonyl absorption
peaks, It is observed generally that the higher the PVC in
the blend the steeper the curve of carbonyl indices, except
in the case of the 80:20 PVA:DVC blend. ‘The later case may
be because of the ability of the chloride radical formed
from the photo-derradation of PVC to abstract a hydrogen
aton from the PVA chain, thereby creating sites for oxygen
attack and hence formation of carbonyl groups. In this case

the PVA is being destablized by even low concentration of
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PC in the blend. This suggests interaction between the houo-

polymers in the blends.

The following mechanisms are provosed for the photo-
degradation of PVA, PVC and for the interaction between PVA wond

PVC during photodegradation.

- CH, - CH - CH, - CH- + C1,

hy |

r~CH, = CICl = CH? = CHCl~ Cl

2
- CHz - 901-032 - ?H" + ke

c1
- CH,CHCl = CE - CH~ + H.
’ |
€1

These macroradicals so formed, could give rise to crosslinks
(31), the amount of gel decreasing with irradiation due to
the formation of more soluble materials on prolonged irradiaticu.

The radicals could react with oxygen.

0
9 - 2 - — - —
c1 'éa c1
1:{11

- CH, = ?H - CH, - ?n- % Ni

0,1 c1

hv

- CH, - CH ~ CH, - CH - + OH

2

o | b
i

- CH2 -C = CH2 -~ CH -~ + H.
Cl
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The chloride radical from the photodegradation of PVC could
abstract a hydrogen atom from PVA. The abstraction of the
acetute radical may not lead to decrease in carbonyl index, szince

the temperature of irradiation is low for acetic acid vola-

tilization
-~ £ Cl. . =
“"""’CHE - kl-II - qu - CH = WWCH - CH = Ch2 - THW
] | |
l ! OCOC:{3 OCOCH3
CH3 - = 0 OCOCH3 {( 1)02
(ii)RH
3
acw CH +===- CH = CH2 - CH==A 4R,
OCOCH3 OCOCH3
lhv
6]
|
AsCH - CH = CH2 - CH
OCOCH OCOCII.,
3 3
+0H
i
- C = CH - CHé - CHa~n
|
OCOCH3 OCDCH3
CONCLUSION

PVC destabilizes PVA and PVA destabilizes PVC, the forumer
being more pronounced even at very low concentrations of PVC
in the blends. None of the blends ecxhibits properties
superior to thosec of the homopolymers. It was observed that
the presence of PYA neither inhibited nor reduced discoloura-

tion of the blend films., The observed improved mechanical
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properties on the degradation of the blends may be due to
improved interaction between the polymers. Studies on PVA,/EVC
blends should, as a result of the observed pgeneral
deteriocrciion of properties, be viewed as purely an academic

exercise and as of no relevance toc industrial applications.



39

Q-93-
0-924 B - |
0:91- | o

)y
0-901V/U"’°"M”.4(

SPECIFIC GRAVITY

0-871

0-86~

0-85 Y ¥ T 1
*,PVA 100 80 50 40 20 0
. PVC 0 20 40 60 80 100

FIG. 4-1  VARIATION OF SPECIFIC GRAVITY WITH %
COMPOSITION OF PVA/PVC BLENDS

o Theoreticol Volues
A Practicol Vaolues



Jna sUUL X JAd VAD:OZ ® DJAd . VAAQL'DE O JAJ . YAJOUS.0G V DA VALUE:0L ©  DAL:VALDZ:.08 ©

NOH 0832 1V SON3T8 DJAd/VAd CONY JAd  VYAd H0O4 S3AYND NIVHLS SS3YLS Z-7 914
NIVHLS . :
oﬂ 0zl 0il oot 06 08 0L 09 05 oy 0¢ B T4 ot

i 1 | 3 3 i 1 L T 3

Ot S

0% , o i

-05




2004 4000 20
d
q
150 . P3000  }15
b , =
3 ‘ 5 |
\E / ol 2. »
) ) 2
\ | 3
: s
\ il s
2 | g
;:‘00 \ & -2000 ~1OE‘
j | Q f,:,
& 3
g \ > -~ 3.
o c S &
o
5 \
o N \ .
507 .’ ~=1000 -5
\
e \
G N \
f R
\
\ &
AN
o B
0 T T T ; g 0 0
*/« PVA 100 80 60 40 20 0
*fe PVC O 20 40 60 80 100

FIG. 4-3 DEPENDENCE OF MECHANICAL PROPERTIES
ON COMPQOSITION OF PVA/PVC BLENDS AT ZERO
AND AFTER 18 DAYS OUTDOOR WEATHERING

O * ELONGATION AT ZERO HOUR @ °s ELONGATION AT 18 DAYS
A "TENSILE STRENGTH AT ZERO HR. A TENSILE STRENGTH AT 18 DAYS

® TENSILE MODULUS AT ZERQ HOUR ¢ TENSILE MODULUS AT 18 DAYS




42

5500+

S 000+

——

T
E
&
o
£ 30004
o
[ =
o
w .
°
-'_’ 4 [ A
c G Ly
c [ ]
— )
2000- [} \\
a)
? \b
3 (o) A "
.
10009 _ -
o ©°_ -~
q
0 4 8 12 16 20 24 28

Exposure Time in  Days
FIG. 4-4 DEPENDENCE OF ULTIMATE TENSILE STRENGTH ON
EXPOSURE TIME

© 100%pPyvc o 100% Pva © 80:20PVA:PVc O 70°30PVA PYC
A 50:50 PVA: pve & 30:70 pua: pyve ® 20:20 pra: P




Modulus

Young's

43

"1

L L L)
0 4 8 12 16 20 24
Exposure Time in Days

FIG. 45 DEPENDENCE OF YOUNG'S MODULUS ON EPOSURE

TIME, ® 100% PVC o S50:50PVA . PVC
4 80:20PVA:PVC @ 30:70PVA:PYC 0o 70:30PVA:PVC © 100°%PVA

© 20: 80PVA:PVC



ELONGATION

l’.

a

0 4 8 12 16 20 24 28
EXPOSURE TIME (DAYS)

FIG. 4- 6 DEPENDENCE OF /e ELONGATION OF PVA/PVC BLEND:

ON_ EXPOSURE TIME O 1007. PVL @ %0:20 pya- Pve
® 70:30 PVA.PVC 1 5050 PvA:pve A 30:70 PYA: Pvc X 20: 80 PuA: Pve

[T —




S e
JAd: VA4 OZ :08 X

JAD.VAJOE:0L o
JAd :¥YAd0S:0S o JAD VAJOL :0¢ o JAd:VAD08:0Z v VAd %00l © JAd %001l o

SAN318 JAd/VAd d03  (¥00aQLno)
3WIL 3YNSQdx3 NO X3ON| TANO8YVYD 40 JON3ON3d3q 29 -

914 N
(sinoy) Jwrl  3insodxy
099 009 ovs 0oy 0zvy 09¢ 00e 072 08l 0zt 09 0
) 1 1 1 1 1 ! 1 L 1 A
D
=
e (o]

(o] D - O
89
- o
o

3
3
I N—I
8 2
[ ;- H
) Jf:g

02

— -2

~0Z




46

JADVADDZ 08 x IAD . YAJOL 0L @
AdIVADDS 05 v JAd YADOL 10f © MNd VAL 09:0Z ® JAd% 00l ©
SON3T8  JAd/vag HOd
JNL JUNSOdx3 40001N0 wNO X3 aNI TAXQYAGAH 40 3ON3ON34d30 g7 94

(SUH)  3IWiL JUNSOdx3

009 0%s oy 0f" 038 0ge  ow 08l 0zl 09 0

-0t

TAXOHOAH

X3anN!

X

0SS ©




2-0-

—
i

INtrinsic —-m

.
C?

0-54

cr——nhu\n\u\

T L ¥ L] 1

1 o
o . b 8 12 16 20 24 70
: EXPOSURE TIME (DAYS) D
FIG. 49 DEPENDENCE OF INTRINSIC VvISCOSITY ON EXPOSURE
TIME FOR UNMIXED PYA & UNMIXED PVC OFVL, o ove



*la

ELONGATION

48 jbeooo
/ﬁ\
100 ,/ \\ / 5000 -20
/ \\\\
cll , \\ /
lI / \\
\ / /"’\ \ /
‘1 I/ \
\ \ \
‘1 \ \ / - 4000 m
/ \ \ <
751/\ \ / = |15
Y L\ F'n m
| . g | E
| - m
[ \\ ' 2
I \ / Z z
A \\ 8. 3000 S S
| / o p: o
k Pay S
.\ AT N o =
| \ }’ ]\ \\ 3 v
SU«\ ! NN 5' 10
| ~
2000
?5"* -5
1000
A
0 T 3'_ 0 -0
0 24 4B 72

Healing Time

(hrs)

FIG. 4:10 DEPENDENCE OF MECHANICAL PROPERTIES ON
*/e COMPOSITION AND HEATING TIME FOR PVC.PVA= PVA BLENDS

© 100°%. PVC */s ELONGATION
4 20:80 PYAIPVC TENSILE STRENGTH
e 50:50 PVA PVC MODULUS

X ﬂ“‘&ﬂﬂﬂﬁ—-—__—;—




49

—
wn
1

INDEX X107

CARBONYL
3

0 I Li 1 L] ! i I
0 60 120 80 240 300 30 420 480
HEATING TIME (HRs)
FIG.4-11 DEPENDENCE oFf CARBONYL INDEX ON OVEN HEATING
FOR PVA PVC AND pyaspuc BLENDS
©100% PVA ©100°%PVC e 20:80PVAPVC  430:70 Pva:pyC

X 50:50PVA: PV D70:30PVA:PVC A B0: 20 PvA" PVC




X102 ——>

INDEX

HYDROXYL

50

L")

"~
o
1

0 60 120 180 20 300 360
Heating Time

FIG. 412 DEPENDENCE OF HYDROXYL INDEX ON OVERN

HEATING TIME FOR PVA) PVC AND PVA:PVC BLENDS

O 20:80 PVA:PVC @ 30:70 PVAIPVC © 50:50 PVA:PVC °

A 70:30 PVAIPVC X80:20 PVA PVC T 100% PVA A100% PVC

420



51

(SHH) 3wy NOILVIgVHY)
oou ooot 006 008 00L 009 00s 007

o
™m

T
o
3

2

09

TANOBYH V)

gOLX  X3aNI



R T

22

. CHAPTER 5

e T,

§TUDIES ON. a/BMMA BLENDS

- R A A -

In thignwork studiés wére carried out on density,
morphology and mechanical properties of tlie unmixed polymers
and their blends. Changes in nicrostructure were monitered
using the infra-red spectra of the unmixed polyuwers and their
blends oun exposurc to outdoor weathering, thermel oxidative
degradation and ultraviolgt irradiation.

LoE

————

RESULTS_ AND DISCUSSION

5.11 Morphodogy . . . e

Figure 5.7 shows fhe plots.of caleulated and neagured
densities of the homopolyners and their blends. The measured
and calculated densities agree very well, The agreement
between the calculated and measured densities, assuming the
additivity of volumes, suggesté the miscibility of the polyiers,
resulting in closer-packing probably due to interaction bet-
ween FVA and PMMA molecules in the blends (&, 5, 13). The
light microy aphs of the 20:80, 50:50 and 80:20 PVA:FMMA blends
were very clear, indicating the blends to be completely
amprphous and showing ne phase separatieon, rrom these two

evidences it may be concluded that the polymers are compatiblc.
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5.12 Qutdoor weathering

Figures 5.2(a) and (b) show the stress-strain curves
of the unmixed polymers and their blends at zero hour.
Figure 5.7 shows the same properties after 21 days outdoor
weathering. In each graph, the last point on each curve
indicates the elongation at break. PVA and the blends showed
necking and cold-drawing, with the tendency tec stress-neckirg
decreasing with decrease in PVA in the blends. Figure 5.4
shows the dependence of tensile strength, modulus and per-
centage elongation of the unmixed polymers and their blends on

compesition at zero hour and after 17 days outdoor weathering,

From Figure 5.2, it iz observed that PMMA is a hard and
brittle polymer, while FVA is a soft, and ductile polymer.
The blends show properties that seem much influenced by the
propertiec of the major component in the blend., Figure 5.3
shows that on exposure both the homopelymers and their blends
become more rigid. It is observed that by the 21st day of
outdoor weathering, the 80:20 PVA:PHMA ghowed lower modulus,

& lower yield stress than the 90:10 PVA:PMMA,

It is observed from rigure 5.4 that at zero hour tensile
strength showed & minimum at the composition 90:70. Modulus
and teunsile strength showed the same trend; increased with . 1.4
compoinent in the blend, while percentage elongation decreased
in that direction. The same trend is obsecrved after 17 deys
outdoor weathering. At this point tensile strength and
modulus showed a minimum at the blend compositions 90;10 and

80:20 resypectively.
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Figures 5.5, 5.6 and 5.7 show the dependence of percentsze
elongation, tensile strength and modulus respectively on out-
door weathering time. In modulus and tensile strength similar
trends are observed for both homopholymers and the blends;
an increase in property up to a maximum followed by a decroree,
Only PIMA homopolymer showed an initial decrease in modulus,
followed by an increase. The increase in modulus indicatec

increase in ripgidity with exposure time.

It is observed from Fipure 5.% that except for the un-
mixed PMMA wiich showed an initial increase in percentage
elongation, reached a maximum and then decreased, all the
blends and PVA showed the same trend. Lach showed an initial
decrecase in property, followed by a gradual increase and
finally a decrease. The initizl increase shown by PMMA is

accounted for by loss of . pigidity initially shown by the

pelymer,

The trends shown in tensile strength, modulus and
percentage elongation by thesc blends tend to suggest that
the blends degraded in two stages in which chain scission and
crosslinking occured. But while at the omnset there was little or
no main-chain scission while side group chain scission led
to crossglinking, main-chain scission and decreased rate of

crossliniiing became dominant on prolonged oytdoor weathering.

¥igure 5.8 shows the dependence of intrinsic viscosities
of PVA and I'MMA respectively on outdoor weathering time. Both
homopelywers are observed to show continuous decrease in
intrinsic viscosity for some time after which each levelled
off. This indicates that for the homopolyners chain scission

is mode of degradation.
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In addition to these studies on mechanical properties of
the unmixed polymers andtheir blends studies on microstructure
were carried out. The ultraviolet spectra showed no obvigus
changes in absorptions and will not be mentioned further
in this text, The infra-red spectra of the films were computed
into carbonyl and hydroxyl indices. But there were no
observable changes in the hydroxyl absorption at 34000m"1

absorption band,

Table 1 and Figure 5.9 show the induction and embrittle-
ment times and the dependence of indices of carbonyl absorption
peaks on outdoor exposure time respectively for PVA, PMMA and

PVA: PMMA blends.

Table 1

Induction and embrittlement times for PVA, PMMA
and PVA PHMA blands on outdoor weatherzn&

——————— A ———— T—— W &8 e T 8 o - - -

Induction Embrittlement

Polymer/blend time (hrs) time (hrs)
100% FVA 2ho 1440
90:10 PVA; PMMA 8o 1293
80:20 PVA:PMMA 150 1293
70t30 PVA: PHIMA 120 1293
60:40 FVA:FPMMA 120 1439
50350 PVA:PMMA 400 1293
40160 PVA:PMMA 250 1439
30:70 PVA: PMMA 70 1293
20:80 PVA:FMMA 70 12534
10190 PVA:PMMA 60 1293

100% PMMA 150 946

—— . - B e W Al e e p M B % 8w e W s, 8 e S ems e eamw.e =
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The high embrittlement period of the 40:60 and 60:40 FVA:FIIIA
blends suggest that at these blend compositions VA stabilizes
PMMA against outdoor weathering while the presence of PMMA has

no effect on the rupture time of FVA.

From Figure 5.9 it is observed that although 50:50
PVA;PMMA blend had a long induction period the growth in
carbonyl index was fast. PVA showed a very rapid growth in
peak height. This would be surprising since the polymer is
suppqsed to degrade via deacetylation. May be, temperature o.
outdoor weathering is too low to induce rapid deacetylation, ir
which case oxygen attacks the macroradical formed following

the loss of hydrogen.

Stomberg, Stratus and Achhammer (38) cuggested that in
the degradation of PVA, the acetic acid molecule splits away
leaving a double bond and that this chain reaction »roceeds
via a chain nechanism. Grassie and McNeill [35) Braun and
Bender (39) suggested that further deacetylation was facili-
tated by allylic activation of acetate units adjacent to a
double bond. Reiner (48) supggested that the deacetylation of
PVA was facilitated by a six~membered ring interaction existiug
betveen the carbonyl groups and the B-hydrogen atom of the
alcohol residue. Ile further stated that the tendency for
adjacent units in PVA to react to produc conjugation could
be explained in terms of electron attracting properties of

the carbon-carbon double bond activating the adjacent methylene

groups.

The deacetylation of PVA may be represented thus:
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H H
! i
~asCH = CH = C c 3~-CH = CH = CH = CHamn
[
B0 + CHL;COOM.
0 ===C =~ CH

3

The macroradical formed and the polyene could pick oxypgen
to form hydroperoxy and hydroxyl groups which are subsequentiy

oxidised to carbonyl groups.

? H
v CHy = C 0B, = C —Hr— a+CH = CH - CIH, - tlmm
.02

3 >
g
|

|
O»OCH3 000333

]an
O,H &

|
e CH - (I)H - CH, = CH-ae

OCOCH3 OCOCH3
I +R.
+
»---ﬂ.i - {;H - CHa - TH'M +H20
ocC
0CO ﬂ} OCOCH3

This and the reduction in the number of methylene reference

group could well account for the increase in carbonyl indices

shown by PVA and the blends.

Figure 5.9 shows 100% PMMA as showing a2 fairly rapid
growth in carbonyl indices. The blend with PV. seems to have
a stabilizing effect and at the same time a destabjlizing

effect on PMMA, as is evident from the carbonyl indices curvecs
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and Table 1,
5«13 Cven aging

Figure 5.10 shows the dependence of tensile strength,
modulus and percentage elongation of PMMA, the 20:80, 50:50
and 80:20 PVA:PMMA blends on oven aging time. MA is omitted
since it embrittled soon on oven aging. All the blends showcd tlie
camg trend in tensile stréngth as is evident from the graph.
In the plot of percentage elongation the blends showed rapid
decrease in property on the first two days, an increase on

the third day 2nd finally reached a minimum on the fourth day.

Generally, the higher the PVA component in the blend
the greater the decrease in percentage elongation the greater
the increase in modulus and tensile strength. The latter is
indicated by the maximum shown by each blend on the third day.
Thus, although PMMA hed the highest tensile strength at zerc
time, it showed the lowest values in tensile strength through-
out the lheating time and although PVA embrittled by the first
day, the blends showed increases in this property. The
improvements in pechanicsl properties illustrate the compati-
bility of the homovolymers and the stabilization of PVA by

PMMA and vice versa,

Changes in the microstructure of the unimixed polymers
and their blends on oven aging were nonitored using their
infra-red spectra, Table 2 shows the induction and embrittle-
ment times and Figure 5.11 shows the indices of carbonyl

absorption peaks of PVA, PMMA and their blends on oven aging.
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Table 2

Induction and embrittlement times for carbonyl

i e . .

ablorgtlons of PVA PWﬂm.and PVA: PMMA blends on oven

aging

polymer,viena  Tpfuietion,,  Eabrivilensnt
100% PMMA no changes 1337

in absorp-

tion
10:90 PVA:PMMA 8o 1337
30370 PVA:PMMA 4o 1020
40160 PVA:PMMA 170 208
50:50 PVi:PMMA - 70
60240 TVA:PMMA 160 960
70:30 PVA:PMMA 100 137
80:20 PVA:PMMA - 943
90:10 PVA:PIMA - 189
100% PVA 12 29

. T — W — P

Figure 5.11 and Table 2 show PMMA as showing no changes
in absorption until it embrittled while WA had 42 hours
induction period after which it underwent rapid decompasition

and embrittled within 29 hours.

That 10:90 MWA:PM4A showed an induction period of 80 hours
whibe 50:50 PVA:PMMA decomposed without ehowing any induction
period shows that as little as 10% PVA i a blend with FMMA
destabilizes PMMA, with the blending of PVA and PIMA showing
the least thermal oxidative stability at 50% PVA conceantra-

tion in the blends. This also shows that 405 PMMA offers
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PVA:PMMA the greatest thermal stability. PMMA is observed to
be of pgreater thermal stability. This is in agrecpent with

the observations of McNeill and Neil (50). They noted that
PiMi was stable to heating in an oven at 250°C vhen heated
alone. DNeiner (48) noted that below 160°C the depolyrerizeation
of P, is inhibited by lack of diffusion. McNeill and Neil
(50) and Cressie, McNeill and Cooke (61) observed that on
thermal degradation PHMA degrades by depolymerization. MclNeill
and Neil (50) observed that PVC destabilized PMMA on blending.
They councluded that this could be explained in terms of

initial chlorine attach on PMMA., DPVA could have a sinilar
effect but depolymerization of PMMA'could be inhibited by lack
of diffusion and thercfore result in a build up of monomer,
dimer et cetera in the film., The temperature at which the
heating is done is too low to induce depolymerization, since
the intermediate products of depolymerization are free radicals
whicl) should be susceptible to oxidative attack and subsequently
formation and increase in carbonyl absorption. Hence PMMA

showed 1o changes in absorption until it embrittled.

Stromberg, Stratus and Achhammer (38), tressie and
Meileill (36€), Braun and Bender (39) observed that PVi degrades
by the splitting away of acetic acid molecules and suggested
that further deacetylation of PVA was facilitated by allylic
activation of acetate units adjacent to a double bond, The
activaetion of the methylene group by the carbon-carbon double
bond increases with reaction time. 7This results in auto-
cat@lysed deconposition of FVA., This is evident from the
complete decomposition of PVA between the 12th and 29th hour

of heating.
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fhe increase observed in carbonyl index on thernally
degrading the PVA:PMHA blends and the reduced thermal stabiliiy
of rMi4A on blending with PVA suggests the destabilization of
PMMA by the abstraction of a methyl hydrogen by either the

hydrogen or acetate radical from PVA,

CH CH .CH CH

i | "> cryco0. 1 : |2

cooan COOCH5 COUCHS (1) COOCHs
+ 0530001{

The methylene hydrogen should be hindered and less vulnerable
to abstraction. The macroradical (I) can undergo oxidative

attac by oxygen.

.('.;Ha ?HB . .02(3112 r,"n3
Lh 2 !
o~ CH, - (*; - CH, - %‘w i WA, = (;: ~ CH, - (':Mﬂ
. cooc COQCH
COGCHB COOLHB 00 H3 3
RH
HO,CH, cn3

i
"“‘"CHE - (': - CIIZ - éw +Ha

COOCH

COOCH 3

3
.?CHE *5:53
4 CHy = (|, - CHE - (':‘v\/ +.0H
cooanl COOCHs
CHO c|:n3

mc}iz - (’: - C:H2 - !:I{2 - (':wv +He

COOCH, r’:oocn3

The presence of PMMA units in the blends probably stabilizes V!

against decomposition. The above mechanism adequately accounts
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for the observed increases in indices of carbonyl absorpticn

peaks ol the blend films,

The V' components of the blends could show the reactions
embodied in the mechanism in section 5.3 to cause an increase

in the indices of carbonyl absorpticn.
Se4 Ultraviolet degradation

FFilms of the homopolymers and their blends were irradiated
with ultravielet rays and changes in microstructure monitored
by running the infra-red and ultraviolet spectra of the films,
'"able 3 shows the induction and embrittlement times and Figure
5«12 shows the indices of carbonyl absorption peaks for PVA,
PMMA and their blends. There were no traceable changes in

hydroxyl absorptions recorded on the spectra.

Table 3

Induction and embrittlement times of PVA
and PVA: PMHR blends for carbonyl absarp%ions

on ultraviolet irradiation

A B B R W R B R S e e S 8 A G

st HEOHE, RIS
100% PMMA 360 2000
10:90 PVA:PMMA 280 2000
30:70 FVA:PMMA 170 2000
50:50 PVA:PMMA 190 2000
70:350 PVA:PMMA 400 2000
80:20 PVA:PMMA 750 2826
90:10 PVA:PMMA 180 2221

100% PVA 1050 2826

. — S E  ——— T —— T i W . A ———————
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Figure 5.12 and Table 3> show PVA to be very stable to
ultraviclet degradation; showing 1050 hours induction periocd
and eubrittlement time of 2826 hours. It is observed that
among the blends, the 80:20 PVA:PMMA has the preatest stability

towards ultraviolet degradation.

Table 3 shows PMMA to be uore vulnerable to ultraviolet
degradation than PVA, It is observed that the 70:30 and

80:20 PVA:PHLMA blends show the best oxidative stability.

Reiner (48) observed that ultraviolet depradation of
FMMA at low temperatures does not occur via depolymerization
and 2oted that crosslinking could accompany the initial chain
scission reactions and that there was rapid decrease in

molecular weight early during the reactions.

On ultraviolet irradiation, I'MMA can show any of the
following reactions (I) random homolytic scission of main
chain carbon bonds, (II) scission of the side ester groups

and (III) scission of methyl side groups.

Seission of main chain carbon-carbon bonde could take

place as follows:

& CH
IH3 3 ?HB (|3H3
-CHZ—?-——CHE-?W __}lf_.,mcna-(l:. + ,CHZ..TM
COOCH 0 COCCH
fs Co CH3 Cw‘:)C:rCH3 OCCH,

The macroracdicals (I) and (II) can separately abstiract a
hydrogen atom from a PVA chain, crosslink with other radicals
in the system or undergo oxidative attacks. The oxidative

degradetion of macroradical (II) could take the following
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sequence
CH c
'3 713 ) ‘,333
: . R
.CH, - ri:.-.. +0, =3 J0,CH, - ?w- 5 HOCH, - ({:-w
COC'CH3 COULH3 CO'-'JIJH3
hv
Sy
«OCH, —— G- +OH
fal
"00CH,
0 CH
¥ 4 |2
C - C ——- +H-
/ !
H COOCHy

The stability of the hydroxyl and peroxy groups must be
very low to account for the seemingly complete absence of
changzes in hydroxyl sbsorptions in the ir spectra of the

homopolymers and their blends.

Scission of side chain ester groups may take place as

follows:
CH CH
p 2 |2
wCHZ- C - CHE-TAM +.OCH3
CO. III COOCH
c CH CH
s /'3 ) 3 |3
AN CH, - C-CHB-.(;JM-—--.) -CHz—("} - CH, -c|: +.cn3
100G '00CH OOCH C00.
co0ocC 13 COOCH, v C 3
i CH
s [

~ CH, - (li*—-—--"CHa - QA

LOOCH3 . +.CGOCH3
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Any of these radicals can initiate degradation of PVA by

hydrogen abstraction, for example
'CHS+ RR ~————e—eap CHy + B

Any of them could equally undergo oxidative attack. Iliacro-

radical (V) for example could easily be oxidised to a ketone.

CH C CH o
E i /s iy
wL‘Ha-C—-—CHa-c.:m+02_-,..,c}12-c.__._m - C 2~

COOCI!B COOCHS . 02
L
CH (o4
| 2 ‘H:"

- ‘C - ( =—— CH - CM -
iy é 2™ +R
()()(;l-!3 OZH

lhv
CH C
j 3 iH3
: o —— o e
Ann LHE ? CH.? (13 +?H
COO L
033 (s}

?Hj l ?H3
~n CH -tl:——ca.+'c:=o

e 2
COOCHB ?

On the other hand, scission of the methyl side groups

should take place on uv irradiation.
CI C
i o G
=~ v
WCHz - j —_ (,112 - CM ) CH,, = C = CHy = Cmny .CH3
000113 CD(‘)CH3 C-C:vlt}'CH3 COOCH
These radicals can show any of the reactions already

described. Degraded as q blend, the PVA component could

degrade via an initial hydrogen abstraction by any of the
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ra&icala penerated during PMMA photolysis. These radicals
formed can then undergo degrodation or crosslink with any
other free radical in the vicinity or absiract hydrogen fron
neigbouring chains. Deacetylation may not have taken place
because of the temperature range within which the irradiation

took place.

5.2 CONCLUSION

e,

Wi stabilizes PMMA against ultraviolet degradation.
PMMA stabilizes PVA ageinst thermal oxidative degradation.
On cutdoor weathering degradation, cooperative stabilization
is observed. The system is mechanically and chemically
compatible with the pgreatest compatibility occurring at

LO-60% PMMA in the blend,
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6.1

g2

CEAPTER 6

STUDIES__ON

. -l

PVA/PS DB LEMNDS

In thie work studies were carried out on density,
morphology, mechanical properties and microstructure of the
unmixed polymers ard their blends, Changes in microstructure
were wcnitored using the infra-red spectra of the {ilms. The
homopolymers and their Llend films were subjected to outdoor
weathering, thermal oxidative degradation and irradiation
with ultraviolet rays. 7he techniques adopted in these
studies are as contained in Chapter 3.

RESULTS AND DISCUSSION
6.11 Cowpatibility studies

Compatibility studies were effected through calculations
and meagurement of densities of the homopolymers and their
blends and taking the light micrographs of the 30:70, 50:50
and 80:20 PVA:P5 blends, In the calculation of densities,
the additivity of volumes was assumed.  igure 6.1 shows the
plots of the measured and calculated densities., The dis-

agrecment betuecen these two values suggests the incompatibili-

ty of the two polymers (4, 5, 14), Plate 2, shows the light
micrographs of the 30:70, 50:50 and 80:20 FVA:PS blends.

The films werc opapgue, with opacity increasing with increase
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in PS concentration in the blend. This indicates phase
separation in the blends (3). Vith these observations, it iu
logical to conclude that PVA and PS are incompatible at all
levels of Llend composition. In the micrographs, P3 forms

the continuous phase, in whose metrix is embedded PVA,
6.12 Outdoor weathering

i"igure 6,2 shows the stress-strain curves of PVA, PE and
the PYA:PS blends at zero hour. The shapes of the curves slou
PS to be a typically hard and brittle polymer while PVA is
typically soft and tough. DRigidity is observed to increase
with increase in the I3 component of the blend. At 2%
elongation PVA had under its curve an area of 4,6 sq cm
At the sawe strain, 90:10 PVA:PS had an area of 10,60 89 cm
50:50 PVA:PS had an area of 16 sq cm, 20:80 FVA:PS had 24
sq cm while PS had 40 sq cw. The films showed stress whitenin:

and little necking.

Figure 6.3 shows the dependence of modulus, tensile
strength and percentaje elongation of PVA, PE on composition
at both zero hour and after 2C days outdoor weathering. At
zero hour, both modulus and tensile strength showed similar
trends. 'The two increased with incresse in PS in the blend cnd
neither showed & minimum. Percentage elongation, on the other
hand decressed with increase in the PS component of the blend
and showed minima at 10:90, 20:6) and 30:70 PVA:PS. This
suggests that at those blends compositions PVA causes
deterioration of mechanicel properties. /After 20 days out'loor
weathering, much improvement was produced in modulus,

perticularly at the compositions 40:60-70:30 PVA:PS, where



84

the value was highest and virtually the same, Tensile stren:th
showed minimum at 30:70 PVA:PS composition, The increase in
rigidity indicated by the high values of modulus and tensile
strenyth at this point in the outdoor weathering is compensated
for by tlhe sharp drop in percentage elongation. Among the
blends the 30:70 blepd showyed the lowest tensile strength,

lowest modulus and at the same tinme lowest percentapge elongation.

Figures 6.4(a) and (b) show the dependence blg percentage

elongatior of PVA, PS and the PVA:PS blends oxn outdoor
exposure time. The unmixed PVA reached a plateau and then

dropped. The same behaviour is observed for the 50:50,
40:60, 30:70, 20:80 and 10:90 PVA:PS blends, The rest of the
blends and the unmixed PS showed continuous decrease in

percentaje elongation on exposure to outdoor weatliering.

Figure 6.5 shows the dependence of tensile strength of
PVA, PS and PVA/PS blends on outdoor wecthering time. Some
of the blend curveés are omitted to make for clarity. llor
each of the blends and the howopolymers, tensile strength
increased to a maximum and then decreased. It is observed
that the time to attain a maximum in tensile strength
increased with increase in VA in the blend; although the
30:70 PVA/PS showed the steepest fall in tensile strength and
recched its maximum before any other blend. This, along
with thc earlier observation that the 30:70 PVA/PS blend
showed the lowest tensile strength, lowest modulus and lowest
percentape elongation, tends to suggest that PVA produces
deterioration in the mechanical properties of PS, and then is

highest at this composition.

rigure 6.6 shows tlie dependence of modulus of FVA/FS
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blends on outdoor weathering time, Lxcept for the unmixed
P5, which showed an irnitial decrease, then increcsed to a
maximunm and finally dropped, all the blends showed the same
trend. Like the unmixed PVA, they all showed an increase tu
a meximum and then decreesed. 'The time to attain a maximum
increased with increase in V. in the blend, reached a
meximum at 50:50 add 60:40 PVA/PS and then decreased again.
This trend suggests that sone degree of interaction could be
taking place at the phese boundaries, thus resulting in a

reinforceuent in property at near 50:50 PVA/PS blend cone

position.

Chanses in the microstructure of the blends and the
unmized poly.ners were monitored using their iunfra-red spectrz.
Table 1 shows the incduction and embrittlement times of PVA, P2

and PVA/PS blends on outdoor weathering.
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Table 1

Induction and embrittlement times for FVA/PS
blends on outdoor weatherlqg

L T L T T A —

e e b m—

Polyser/blena  [Bufion,  Eabrittlement
100% PS5 360 634
10:90 PVA:PS 340 802
20:80 PVA:PS 325 802
30:70 PVA:PS 210 802
L0360 PVA:PS 80 802
50:60 FVA:PS 250 1294
60:40 PVA:PS - 641
70:30 PVA:PS - 1294
80320 PVA:PS 120 1294
90:10 PVA:PS 110 1440
100% PVA 240 . 1440

A — i iy . R . Ve B8 G A B 8 e S e - E— o - - -

Tigure 6.7 shows the indices of carbonyl absorption
peeks of PVA/PS blends on outdoor weathering. All the blends
and the homopolymers showed induction periods. PS showed the
longest induction period and embrittlement soon after,

PVA showed the steepest growth in indices of carbonyl
absorption peaks, The decrease in induction period as PS
decreased in the blend up to 40:60 PVA/P3 sugpests increased
vulnerability to oxidative degradation on outdoor weathering
as result of blending the two homopolymers. It is observed
that the higher the PS in the blend the slower the rate of

carbonyl growth.
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From the induction period, it appears the degradation
of PV. started before that of PS. "here is reduction in
induction time with increase in PVA concentration in the blend
and above 20% PVA in the blend, the induction period falls
below those of both homopolymers. This implies that the
oxidizability of PS and PVA is increased on blending. This
supggests interaction at least at the phase-boundaries, The
breaking of the PS component and its subsequent oxidation
would therefore occur readily if small radicals from VA
diffused into the PS phase to abstract a tertiary hydrogen
atom, This should then leave a polystyryl radical which
can be radily attacked by atmospheric oxygen to initiate

the oxidative dezradation of PS.

For the unmixed PS exposed for outdoor weathering,
ultraviolet rays from the incident sun rays can induce the
formation of macroradicals via the abstraction of a hydrogen
atom. '"'he following mechanism is therefore proposed for the

degradation of PS in the blend.



88

H H H
] ] . |
“CHy = C = CHy = C~ grogeemy ~CHy = C = CHy = C=  4CH5000L
I | 3 ' L]
< v 3
i «1)O0
v (ii) Rl
?. i 0 1 1'4
*CHa - ( = CH, = C~ +,0H QHZ~ -Cﬂa - C = CH2 - (3= +Re
I

I \ |
S QO O 0

o

|
-(:Hz - C7 + .CHE w O

<R
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must be accelerated by the diffusion of acetate radicals into
the 1S phase to account for the increased rate of carbonyl
growth with increase in PVi in the blend. Since the polymers
are incompatible (3) these interactions must be taﬁing place
at the phace bounderies to explain the reinforcement in
nechanical properties as observed in modulus and tensile

strength on outdoor weathering of the blends.

I'igure 6.8 shows the dependence of intrinsic yiscosity
of .PS on outdoor exposure time. The continuous decreecse in
molecular weight supggests that chain scission sterted soon
on exposure. !rom the graph it may be assumed that cross-

linking does not take place when unmixed PS5 in degraded by

outdoor weathering.
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6.3 Thermzl oxidative degradation

Changes in the microstructure of PVA/PS blends exposed
to oven aging were monitored using their infra-red spectra.
Changes in wmechanical properties were followed by calculatiug
changes in tensile strength, modulus and percentage elogation.
Figure 6,9 shows the dependence of tensile strength, modulus
and percentage elongation on oven aging time. It is obgerved
that the higher the V. in the blend, the greater the fall in
perccntage elongation on heating. For PS and 20:80 PVA:PS
blend, there wasg little or no change in percentage elongation

on heating. Tor any given conmposition, modulus and tensile

strength are observed to show similar trends. Ior PS these
properties decreased on heating up to 48 hours, showed a
simall increase on the third day and finally decreased on the
fourth day. Yor 80:20 PVA:PS blend, the properties increased,

reached a maximum and then decrecsed.

The unmixed PS showed continuous decrease in tensile

strength until afiter 72 hours of heatinz when & small increace

in property was recorded. Reiner (48) noted that the thermal
degradation of PS results in depolymerization pgiving rise to
decreasing amounts of monomer, dimer, trimer, tetremer and
pentamer. Jellinek (58) accounted for the features of thermal
degradation of PS in terms of formation and subsequent
decomposition of hydroperoxides. Stromberg, Striatus and
Lelbhomner (38) established that benzaldehyde, formaldehyde,
formic acid, carbon dioxide, carbon monoxide and water were
the products of thermal oxidative degradation of PS., These
indicate that there should be rapid degradation of PS on

thermal azing as is reflected in the decrease in tensile
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strength and modulus on heating,

For the blends it is cbserved that tensile strength and
modulus increased, got to a maximum and then decreased. Tho
initial increase in thesc properties can be accounted for in
terms of increased rigidity as a result of a probable build up
in carbon-carbon double bond formed during the deaceiyiation of
the VA componeat of the blends and the possibtility of cross-
link formation among the microradicals formed during degrada-

tion.

Figure 6,10 shows the dependence of carbonyl index of
PVA, 1S and PVA/PS5 blends on oven aging time. Table 2 shows

the induction and embrittlement times for the same system,

Table &2

Induction and embrittlement times for FVA, PS

" and PVA/FS blends on oven aging
miyer/iiend  ladiction  mabrivclossnt
100% PS 120 367
10:9C PVA:PS 150 418
20:80 PVA:PS 140 960
30370 PVA:PS 127 291
LO:60 PVA:PS 140 418
50:50 PVA:PS 160 4138
60:40 PVA:PS 100 351
70:30 PVA:PS 70 208
80:20 PVA:YS - 57
90:10 PVA:PS - 291

1009 PVA 12 29

—— A — e — W —— ] —— o —
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PVL had an induction peried of 12 hours after which it
decomposed rapidly, resulting in a2 rapid decrease in carbonyl
index. 7The 90:10 and 80:20 PVA/PS blends showed no induction
periods. This suggests that at these blend compositions the
PVA destabilizes P5, Thip also accounts for the low induction
period of the 70:30 PVA:PS blend. This can only occur via the
diffusion of acetate radicals into the PS phase a&s explained
in section 6.,3. It could be seen that for all the blends,
except for the 50:50 FVA:PS blend, induction period decreasel with
increase in VA content of the blends. PVA concentrations
excecding 50% caused reduction in both induction and embrittle-
ment times while concentrations below this value caused
increases in both. This was found to be hijghest at equal
proportion of both homopholymers in the blend. This is

cooperative stabilization.

Only ¥, 10:90 and 20:860 PVA:PS blends showed continuous
increase. in indices. The rest were found to show an initiel
incrcase after which they showed sudden decrease @nd in most

cases fell below the initiel carbonyl index., The decomposition

of PVA was accompanied by sharp decreases in the carbonyl ard

refercnce methylene proup absorptions.

Films of the blends and unmixed polymers were irradiated

with UV light. Changes in uacrostructure were monitored using

both their infra-red and uvltraviolet spectra,

Table 3 shows the induction and embrittlement times for
the carbonyl absorption peaks and Wigure 6.11 shows the

dependence of indices of carbonyl absorption of FVA, PS5 and
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PVA/PS blends on ultraviolet irradiation time PVA is observed
to be very stable to ultraviolet irradiation. PS, on the otier
hand, is very vulnereble to UV degradation. The table reveals
that as little as 10% PS in & blend with PVA causes marked
destabilization of PVA, the induction period of most of the
blends being the same as that of the unuixed PS. All of them

showed continuous increase in indices immediately after the

induction period.

Table 3

Induction and embrittlement times of PVA, PS
end PVA/PS on ultraviolct irradiation

e — . . Sl e el

e e e e A A —— - — —— . - —

Miyerplow  dwton  Smbrivelessst
100% PS 330 775
10:90 PVA:PS 330 1263
20:80 PA:PS 330 818
30:70 PVA:PS 330 916
LO:60 PVA:PS 360 1263
50:50 PVA:PS 330 1358
60:40 PVA:PS 330 1263
70:30 PVA;PS 360 1263
80:20 PVA:PS 300 818
90:10 PVA:PS 480 1358
100% PVA 1052 2826

e — T - B R
——— g — W w8 b e e e ————— —— e . - - -

Grassic and Vleir (55) observed that PS on photolysis
gave off hydrogen gas and the polystyryl radicels formed

resulted in crosslinking and unsaturation in the méin ckain.
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They were of the opinion that crosslinking was concurrent with
hydrogen evolution. They noted that insolubility and

embrittlement of PS occured after short period of irradiation.

Rabek and flandy (62) observed that the mechanism of PS8
photolysis in th: solid state depended on the mobility of the
free radicals in the polymer matrix and their recombination.
Free hydrogen radicals diffuse readily through the polymer
matrix and recombine in pairs or abstract hydrogen atoms fron
PS chains., On the other hand the polystyryl radicals have
limited mobility. They may abstract hydrogen atoms from
neigbouring polystyrene chains or combine with other poly~
styryl radicals in the vicinity, thereby giving rise to cross-
linking. They could also react with oxygen to give oxidative
products. The main reaciions involved in the photolysis of
PS are chain scission, crosslinking and oxidative degradation

(65).

Kolawole and Agboola (67) made similar observations in

this laboratory on the photolysis of PS.

The following mechanism is hereby proposed for the

ultraviolet degradation of FS.
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The destebilizing effect of PS on PVA towards UV
depradation arises from the migration of hydrogen radicals
into the PV.\ phase and the subsequent abstraction of hydrogen
atoms and or the acetate radicals. The abstraction of these

radicals, should produce macroradicals which can either

undergo oxidative degradation or crosslink with polystyryl

radicals:

The followiug mechaniom is therefore proposed for the

ultraviolet dezradation of FVA in the blend.

A~CH, =

- ) =g
0
m
I
Q
L]
;\
+
2
-

H
1 o -
- CHE - % - ——n)) \-CH2 - ? + H2
CH C
ou0 3 11 0 OCH5
H
]
-CH

= Cu~ + CHscOOHQ
11T

Matroradical (II) can undergo crosslinking with the polystyryl

wacroradical (I).
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The macroradicals (II) and (III) can underge oxidative

degradation.
H O, H H
. / (1) 0p | I
wCH, =« C = CHy = Co h, Lil, - C - CH, - C— Ri
2" R (ii) TH 2 2 '
OCOCH3 OCOCH3 OCOCHB OCOCH3
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0. H
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WVhichever path the oxidative degradation takes should

result in an increase in carbonyl absorption.

There should be considerable interaction between PVA and
PS in the system. It must be emphasized that this interaction

is limited by the immiscibility of the two homopolymers in the
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blends, but once the reaction is initiated, it propagates fast

throughout the phases.

CONCLUSION :

The two polymers are incompatible, Op oven aging PO
stabilizes PVA at PS concentrations above 50% in the blenrds.
Cooperative stabilization is observed at the 50:50 blend
composition. Thus this blend exhibited the greetest
structural stability, although it does not offer the best
mechanical properties. The blends offer better mechanicel
properties than both PVA and IS on oven aging. FS
destabilizes PVA against ultraviolet degradetion. lone of
the blends has an induction or embrittlement time half that
of the unmixed PVA. On outdoor wezthering, it is observed
that the 50:50 !VA:PS blend offers the best compromise in
structural stability. There was considerable destabilization

of PVA by PS at PS concentrations exceeding 50%.
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CHAPTER 7

STUDIES ON_ _PS/PMMA B LIENDS
In this vork studies were carried out on density,
morphology, mechenical and chemical propertics of the unmixed
polymers and their blends., For mechenical properties tensile

strength, tensil modulus and percentage elongation were
calculated. Changes in microstructure were monitored using
the ir spectra of the homoplymere and their blends on
exposure to outdoor weathering, thermal oxidative degradation

and ultraviolet irradiation.

RE3ULTE, AND DISCUSSTON

7.11 Compatibility studies

Figure 7.1 shows the plots of measured and calculated
densities of the unmixed polymers and their blends. The
calculated densities, assuming the additivity of Wolumes,
agree well with the meesured densities. The light micro-
graphs of the 20:80, 50:50 and 80:20 PS:PMMA blends were very
clear. Since these are fairly representative of the spectrua o7
blends, it way be assumed that the blend filus were completely
amorphous and showed no heterogeneity. In the absence of
crystallinity, the agreement between the calculated and

measured densities suggeste the miscibility of the polymers,
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resulting in closer-packing which may be due to increased
interaction between PS and PMMA in the blends, Shun and

Randy (4, 5) noted that evidences such as above would suggest
the compatibility of the polymers. But Grassie, McNeill and
Cooke (61) noted the absence of interaction between the two
polymers when degraded as thin film, This would, to the
contrary, indicate incompatibility. In light of the above
contradiction a reinvestigation of the system using different
degradation methods was necessitated. Hence the present study

on the system.
7.12 Outdoor weathering

Figure 7.2 shows the stress-strain curves of the unmired
polymers and their blends before exposure to outdoor weathering,
It shows PS and PMMA as typically hard and brittle polymers
and the blends 10:90 and 80:20 as harder and more brittle than
the homopolymers while the blends 20:80 and 60:40 appear to be

softer and tougher than the homopolymers.

figure 7.3 shows the dependence of percentage elongation
of P8/PMMA blends at zero time and after 16 days outdoor
weathering. At zero time both tensile strength and percentupe
elongation showed similar trends. All the blends had these
propertics lower than those of the homopolymere, DPut all of
them had modulus greater than those of the homopolymers,
suggesting increased rigidity on blending. Usually increasec
in tensile strength goes with increase in modulus. This
deviation observed with the blends and the fact that tensile
strength and percentage elongation showed minima throughout

the blend compositions tend to suggest loss of property on
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blending.

The sawe trend is observed after 16 days outdoor
w2athering. Tensile strength and percentage elongation showed
greatest ninima at 30:70, 70:30 and 80:20 PS:PMMA conpositions.
This spread of minimum over the blend composition range
suggests that the presence of PS in the blend produces loss in

the mechanical properties of PIMA and vice versa,

igure 7.4 shows the dependence of tensile strength on
outdoor exposure time. Figure 7.5 and 7.6 show the dependeuce
of modulus and percentage elongation respectively on outdoor
veathering time for the unmixed polymers and their blends. In
tensile strength, except for the 50:50 PS:FMMA blend which
showed continuous decrease in property and the 100% F8 which
initially showed a decrease, followed by an increase up to a
noximum the rest showed continuous increase, up to a maximum
and then decreased., Unmixed PMMA had the highest tensile
strength at any given time and showed a maximum on the 20th
day, by vhich time all the blends and PS had become too

brittle for instron testing.

In the plot of percentage elongation, it is observed
that for most of the blends percentage elongation initially
fell, then increased up to a maximum snd finelly dropped,

PS8 showed the same trend as in tensile strength, a continuous
decrease in property. This would suggest that chain scission
sets in early during outdoor weathering of PS, Generally,
the time to attain a maximum increased with increase in the
PS component of the blend, despite the fact that PMMA, as

for its tensile strength, showed its maximum percentage
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elongation on the 22nd day, when most of the blends had become

too brittle for instron testing.

Table 1 shows the induction and embrittlement times and
Ffigure 7.7 shows the dependence of index of carbenyl
absorption peaks of D5, PMMA and PS/PMIA klends on out door

weathering time,

Table 1

Induction and embrittlement times for carbonyl
absorptions of 75, PMMA and TS/PNMA blends

on outdoor exposure time

e e E—— A B e R W e 08 G e e e S e S S —— —

memies JETRIRE
100% PMMA 150 946
10:90 Ps:PMNA 170 575
20:80 PS:PMMA 280 62k
30;70 PS:PIDA 150 575
4LO:60 PS:PMMA 90 575
50:50 PS:PMMA 150 62k
60:40 PS:PMMA - 575
70230 PS3PMNA = 624
80:20 I'S:PMMA 80 eeh
90:10 PS:PMMA - 575
100% PS 220 634

RS S ——————— S S SEPRPR A - -———

Figure 7.7 shows PS as less vulnerable to oxidative
degradation than PHMMA, judging from the induction times
and slopes of curves after induction. Both homopolymers and

the blends, except 60140, 70:30 and 90:10 PS:PMMA, showed



112

induction periods. The induction periods are, however,
observed to decrease with increase in the PS component of the
blend. The embrittlement time showed no perticular trend.

It is however noteworthy that none of the blends had an
enbrittlement time higher than either homopeclymer., /11 the
blends &nd honopolymers showed centinuous growth in indices of
carbonyl ygrowth immediately after the induction period, with
the most rapid growth observed for 50:50, 60:40, 70:30 PS/PIMA
blends; while the 20:80 showed the least growth in property.

The embrittlement times indicate that there is loss of oxi-

dative stability on blending the two polymers.

McNeill and Neill (51) observed that PMMA deprades via
depolynerization, giving quantitative amounts of monomer,
dimer, trimer, etc. Beachell and Smiley (52) observed that
during the oxidative degradation of polystyrene, oxygen
preferentially attacks the of -hydrogen atom formed on the
backbone of the polystyrene chain., Using ir, nmv and uv
spectra he concluded that the products formed were aromatic
carbonyl structures, similar to acetophenone, benzyl aceto~

. phonone and a dicarbonyl compound.

sor the outdoor degradation of polystyrene the following

mechanism is hereby proposed:
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Grassie and McNeill (61) noted since the tertiary hydro-
and

gen atons of PS are vulncrable to rcuctions iairamolecular trans-
occur _

fer rerctions /| extensively in PS degradation. In the present

work, it is observed that the 20:80 PS:PHMA showed the

greatest stability towards outdoor weathering than any other

blend. The induction and embrittlement times shown by the

blends suggest interaction between the homopolymer, contrary

to the observations of Grassie and McNeill (61)., "hese

interactions account for the destabilization of PMMA in the

blends. ULepgraded as a blend, a hydrogen atom can be abstracted

from the PMMA chain by either the polystyryl radical or by the

hydrogen atom abstracted from the polystyrene chain.
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This could well account for the increase in carbonyl absorption

during the environmental degradation of PMMA in the blend.

[

7413 Thermal oxidative degradation

Figure 7.8 shows the dependence of tensile strength,
modulus and percentage elongation of FS, PMMA and PS/PMMA
blends on oven heating time. There is no particular trend
shown in any of these propertics. 100% PS showed continuous
decresse in modulus, a decrease up to a minimum and then a small
increase and undulations in the percentage elongation. The
80:20 and 50:50 PS:PMMA blends showed the same trend in all
the properties; continuous decrease in tensile strength and
percentage elongation and undulations in modulus. For the
20:80 PS:PMM. blend, there were initial increases in tensile

strength and percentage elongation before continuous decreases
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were observed, but in modulus it showed a continuous decreasc.

Figure 7.9 zives a comparative picture of the effect
of outdoor weathering and oven heating times on the tensile
strengthe of the 20:80, 50:50 and 80:20 PS:PMMA blends. 1le
20:80 PS:PMMA blend showed on initial increase, up to a maxinmun
and finally a gradual decrease under bothk conditions. The
50:50 and 80:20 PS:PMMA blends showed continuous decrease in
property under both conditions. ‘The most remarkable decrease
occured for the 80:20 PS:PMMA. Generally the decrease in
tensile strength was more pronounced for the oven-heated blend
films and the greater the PS component in the blend the higher
the decreasc., The trend reveals the destabilizing effect of

PS on PilMA.

Figure 7.10 shows the dependence of indices of carbonyl
peak absorption on oven-heating time for PS, PMMA, and the
PS:PMMA blends. Table 2 shows the induction and embrittlement

times for the same systems.
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Table 2

Induction and embrittlement times for the indices of

.t = Sl

“carbonyl absorption of PS, PMMA and the PS;: FIMA
blendo on heating

——— aes e e P R e e e——— e —

miymerplen  fdwplen  Bmbrittesn:
1009% PMMA No changes 1337

in absorp-

tion
10:90 PS:PMMA 75 367
20:80 PS:PMMA 120 1110
30:70 PS:PMMA 75 531
40:60 PS:PMMA 110 550
50:50 PS:PMMA 110 550
60:40 PS: PHMMA 75 367
70:30 PS: PMMA 175 367
80120 PS:PMMA 120 367
90:10 PS:PMMA 115 367
100% PS 300 367

e b — S AR — o — - —— . a— - - —— e

The table reveals that the blending results in increased
vulnerability of the polymers to oxidative degradation and
destabilization of FMMA by PS. The blends containing higher
proportions of PS all had the same embrittlement times as
PS, while 20:80 PS:PMMA blend showed the greatest stability,
among the blends to thermsl degradation. From Figure 7.10
it is observed that the 10:90, 20:80, end 40:60 and 50:50
showed steceper growths in carbonyl index than the higher PS
containing blends, with the steepness decreasing in that

order. This shows that P5 has a disproportionate destabilizing
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effect on PMMA as observed by Urassie aund pcNeill (61).
MclNeill and Neil (50) observed that PMMA is stable up to
250°C whe:u heated alone. Grassie and Mcleill (61) observed
that thermal stabilily of PMMA is extremely sensitive to
nature of the end groups, initial molecular weight znd the
presence of comonomers, even in quite low concentrations,
It may then Dbe argued that the degradation of the PMMA and
PS in the blends is due to the sensitivity of FMMA to the
presence of PS in the blends and the vulnerability of the

&« -hydrogen of P5 tc oxidative attack.
7.1% Ultraviolet degradation

Figure 7.11 shows the dependence of indices of carbonyl
absorptionr peaks on ultraviolet irradiation time. Table 3
shows the induction and embrittiem.nt times of PS5, PMMA and

PS:PMI1A blends on uv irradiation.
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Table 3

Induction and embrittlement times of IS, m}m and

on ultrav1olet J.rradlatlon

R i — i = il i Wt . . T e . A i e il A VA el S e

Paerons  Glcgern, Bt
100% PMMA 360 2000
10:90 PS:PMMA 180 775
10380 PS:PMMA 250 775
30:70 P3:PMMA 250 TP
40:60 P3:PMMA 320 775
50:50 PG:PMMA 170 775
60340 PS:PMMA 170 '
70:30 PS:PMMA 100 e
80:20 PS:PMMA 170 775
90:10 PS:PMMA 250 775
100% PS 330 Ve

——— — . i - - - -

The graphs show almost the same trend a2s observed for
the films heated in the oven; thet is, the steepness of the
graph decreased with increase in PS component of the blend,
There is destabilization of PMMA in the blend as shown by

the embrittlement times.

Grassie and Weir (55), ohserved on ultraviolet
irradiation of PS, that molecular hydrogen was liberated and
the polystyryl radicals formed gave rise to crosslinking and
noticed a general incrcase in carbonyl absorption and
suggested the presence of carbon-carbon double bond absorptions.

Rabek and Nandy (62) noted that the mechanism of PS photolysis
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in the solid state (film) dependa upon the mobility of the frece
radicals in the polymer matrix and their molecular recombina-
tion and that the photo-oxidation of the PS5 film is dependeni
on the rate of diffusion of oxygen into the polymer. The frac
radicals produced on irradiation can abstract hydrogen atoms
from the surrounding or combine with polystyryl radicals or
hydrogen in the vicinity. The main reactions involved in IS

photolysis are chain scission and crosslinking.

The following wechanism is hereby proposed to the photo-

degradation of PS.

i
Q
o

n

!
Qe
t
£
e o
n
1
aQ
]
+
x

..CH2 - ?. + .C-Ha - C-

o O,

Macreoradical (I) can (i) combine in pairs to give crosslinks.
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(ii) ahstract a hydrogen atom from a polystyrene chain to
foru a similar radical and (ii) be attacked by oxygen to give

an oxidative product,
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The macroradical (IV)can undergo oxidative attack to give

a benzophenone as observed by Deachell and Smiley (52).

Macroradicals (II) and (III) can undergo similar

reactions to give oxidative products.

On ultraviclet irradiation, PMMA can show any of the
following reactions (i) random homolytic scissior of main chain
carbon~carbon bonds (ii) scission of the side chain ester

groups and (iii) scission of methyl side groups.

Scission of the main chain carbon.carbon bonds could take

place as follows:

CH CH c c

3 - i -
-l el - hv - ——
CHy = C = CH,y = C -CHy = Co + .0y = C

COOCH3 COOCH3 COOCH3 COOCH3

(v) (vi)
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Macroradical (VI) czn undergo oxidative degradation

Oy o
CUOCH3 j?ﬂ COOCH3
CH
tis
1102 - CHE - (:"" +R-
o] ~
OOLH3
1Pv
CHB'
; |
HO. + OCHZ - C
I r
CUOVH3
’H (}'H3
0=C=C- +H.
|
COOCH3
H. + .OH HZOO

The stability of the hydroxyl and peroxy groups nust be very
low to account for the seemingly complete absence of changes

in hydroxyl absorption in the ir spectra of the homopolymers

and their blends.

Scission of side chain ester groups may ta&ke place as

follows:
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Macroradical VIII can undergo an oxidative attack to give a

lzetone:
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Degraded as a blend, there could be extensive inter-
actions at the phase bounderies among the macroredicals to
accelerate the incidence of oxidative photodepgragation, as is
shown by the lower induction periods of the bleuds relative

to those of the homophlyners.

CONCLUSICH

Htudies on density z2nd morpholojyy indicate that the
system is compatible. ©Studies on structural stability and
mechanical properties show that extensive interaction occure
between 1S and PMMA ir the bleads. The lower concentrations
of PS5 have greater destabilizing effect on the IMMA.component
thereby indicating that PS5 has a disproportionate destabiliziu,
effect on PMMA. Generally there is increased vulnerability
to oxidative degradation and loss of mechanical properties on
blending. irom these observations, the blonding of .5 with
PMMA should be seen as purely an academic exercise and of no

industrial applications.
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CHAVTER 8
COMPARATIVE ANALYSIS
OF RESULTS

Chapters 4, 5 and 6 were devoted to studies on the
degradability of the blends of PV/. with PVC, TMMA and PS
respectively while Chapter 7 was devoted to studiesa on PSS/
blends. All the blends were subjected to similar weathering
conditions namely outdoor weathering, heating in a Wallace

air-oven at 100°C and irradiation with ultraviolet rays.

The work on each chapter entailed studies on compatibi-

lity oi the systeu under investigation. Studies on density
and morphology suggest that two of systems namely .VA/PMMA
and PS/PMMA could be compatible.

The studies have revealed that FPMMA, of all the homo-
polymers blended with PYA in this work, is the only one

capable of improving the structurgl stability by reducing the
oxidizability of PVA in the system and improving the mechanicnl

properties on outdoor weathering and oven aging of the blends.

#igure 8,1 gives plots of tensile strength of VA/PVC,
PVA/PMMA and PVA/PS as a function of blend composition at
zero time. All of them showed the same trend in property.
Tensile strength decreased with increase in PVA in the blend.

It is observed that for PVA/PMMA despite the minimum shown at



137

90:10 PVA:FMMA composition, the values above this voint are
relatively high while for the W./PS, there was remarkable
drop in tensile strength as a result of blending. Only
PVA/PMMA shows 2 maximum in property. This shows the

atabilizing effect of PMMA on PVA.

A comparison of Figures 4,3 to 4.6, with 5,4=5,7, 6.3-6.6
and 7.3-7.6, all of which deal with changes in mechanical
properties as & function of exposure time shows that for the
PVA/PVC system, the higher the FVA component of the blend, the
shorter the time to altain a maximum in tensile strength,
modulus and percentage elongation and the lower the value at
these points. In each case tliere was an increase in property
up to a maximum and then a decrease. ior the PVA/PMMA blends,
there was ;n most cases an initial decrease in mechanical
property, followed by a rise to a maximum and finally & decrease
in property. TFigure 5.4 shows there was generally an improve-
ment in mechanicel properties as a result of blending., for
the PVA/PS, the presence of PVA was observed to ceuse genersl
deterioration in mechanical properties. On exposure a miniuum
was observed in modulus, tensile strength and percentage
elongation at 30% PVA in the blend. Thue showing that the
greatest deterioration in mechanical properties was at this
blend composition. Figure 7.3 shows that all the PS/PMMA
blends had lower tensile strenpgth and lower percentage
elongetion than the homopolymers. Although all the blends
had higher modulus than the homopolymers, the spread of
minimum over the blend compesition range supggesis general

deterioralion of mechanical properties as a result of

blending.
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Crowth in carbonyl index has normally been used to
eccess the vulnerability of a polymeric system to oxidative ¢
sradation., A comparison of iigures 4,7 and 5.9 which deal
with the carbonyl indices of PVA/PVC and PVA/PMMA respectively
on outdoor weathering indicate that all the blends of PVA/IVC
showed no induction pericd. ''he shapes of the curves indicar~
that the blende probably degraded in two stages with the
degradation of PVC preceeding that of PViA. This in turn is
in conformity with the observed incompatibility of the blends,
since with two phases interaction should take place only
at the phase boundaries. On the other hand, Figure 5.7 shc.as
the PVA/PIIY. blends as having high induction and embrittlem:-a*
times with the highest values occurring at 40-60% PVA in the
blend. FPVA is observed to stabilize PMINA ajainst cutdoor
weathering while the presence of PMMA had no effect on the
embrittlement time of PVA. Tigure 6.7 shows that for the
PVA/PS5 blends induction period decreased with decrease in
P8 in the blends. This suggests increased vulnerability to
oxidative degradation anéd interaction between the dissimilar
molecules in the blends. Figure 7,7 shows that
PMMA destabilizes PS azainst outdoor weathering. All the
blends showed continuous growth in carbonyl indices im-

mediately after the induction period.

The PVA/PIMA blends also showed the best stebility to
thermal dagradations. In mechanical properties, it is
observed that although MM, had the highesi tensile strength
at zero time but showed the lowest velues in property throusir.

out the heating time and although PVA soon embrittled on

heating, the blends showed incresses in modulus and tensilc
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strength on heating. This suzgests coonerative stabilization
as a result of blending. lor all the blends involvinjz PVA, i’
wags however observed that the higher the WA in the blend, ti-
steeper the fall in percentage elongetion on heating., The
PVA/PVC blend curves showed initial decrease in carbonyl index
followed by an increase on heating. The curves oi their
hydroxyl indices are observed to level off at about 330 hours
in each case. This levelling off suggests the stabilization
of PVA by PVC, since at about this time most of blends contain--
ing higher concentrations of PVA had embrittled. FV.i is
observed Lo destabilize PS to thermal oxidative degradation.
Hence except for the 50:50 PFV/i/PS blend, induction period
decreased with increase in PVA, with PVA concentrations hiphe
than 50% there was reductions in both embrittlement and
induction periods, while its concentration less than 50%
caused increases in both and this was found to be highest at
50:50 blend composition., This trend suggests cooperation
stabilization at this composition. Only the low PVA containin.
blends showed continuous growth in indices. The others werc
found to show an initial increase after which they showed
sudden decrease and in most cases fell below the initial
carbonyl index. TFigure?7.10 reveals that blending DS and VIIA
results in increased vulnerability to oxiductive degradation.
All the blends had lower induction periods than the homopoly-

mers. Pg destabilizes PMM/A to thermal degradation.

Pxposed to ultraviolet irradiation, the PVA/PVC blends
degraded fast, with the blends showing embrittlement times
almost the same or less than that of FVC. It ie observed th=%

the higher the PVC component of the blend the stecper the
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carbonyl index curve as is seen from Figure 5.12. Tor the
WA/PilA, it is also the PVA that is destabilized by PMMA.
Figure 6.11 and Table 3 of Chapter 6 show that PV is also
destabilized by PS. All the FPVA/PS blends showed continuous
increase in carbonyl indices immediately after the inducticn
period. for the PS/PMMA blends destabilization of PIMA by P°
was observed but since PS is less susceptible to oxidative de-
gradation andsince the polystyryl radical can stabilize itscl?
by resonance, it is observed that the steepness of the curves

of carbonyl indices deccreased with increase PS in the blend.

From the ahove; it is clear that the most structurally
stable and mechanically compatible blends are the PVA/PMMA
blends. For FVA/PS, although cooperative stgbilization was
observed at 50:50 blend composition on heating, there is
general deterioration of properties on blending. For the
PVA/PVC there is cooperative destabilization and general lose
of property. For the PS/PMMA, the blerds showed general Joss

of property as a result on blending.
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FIG. 81 DEPENDENCE OF TENSILE STRENGTH OF FRESHLY
PREPARED BLENDS WITH PVA ON TYPE OF SECOND
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