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ABSTRACT

Pol yners are seldomused in the pure state, various
additives may be present of which one category includes a
second polyner. In the present study, the author reports the
effects on degradation properties of a polymer in the presence
of a second polyner in its environment. The effect of
degradation of polystyrene (PS) and pbly (vinyl chloride) (WC)
in the presence of various second polynmers has been studied.

Pol ymers are heterogeneous systens and in nmany cases the observed
degradation effects reflect the two phase character. It has

been found in the present study that interaction processes

result in some cases in destabilisation of the systemwhile in

ot her cases the thermal and weathering stabilities are inproved
in the blend. The nethod of study involves the use of infra-

red spectrophotonetecto foll ow chem cal changes in the m cro-
structure when filnms were exposed outdoor and when heated in

an air oven at 100 °C The changes in the nechanical properties
were followed by neasurenent of tensile strength using an instron
machi ne. Cast filns have been used for the studies.

In the system containing PSABS blend it was found that PS
has a stabilising effect on ABS when exposed outdoors, the
converse is true when the blend was heated in air oven at |Q0O°C

It was also found that the weatherability of PVC and PB
were considerably inproved in the presence of PS. The presence
of PS in PS/PB blend inparts rigidity to the blend. Simlarly

from a measurenent of carbonyl index it was found that PVC has a
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stabilising effect on PB. In all cases the |:|l blend gave
t he best conprom se of good nechani cal properties, heat

stability and outdoor weatheri ng.
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CHAPT"R OFE
11 IITTRODUC™ION

Degradation reactiong are immortant in two pheses of tho
life of a synthotic molymrr: first during fabrication when
processes like ealendering, moulding and extrusion take place
and sccond during thcir subscoucnt useful life. It is during
fabrication that a great dcal of damage is done to the polymer.
It is therefore no wonder that a lot of studies made up to dAate
on the dcgradation of pelymer had % » 46 temperatires corrcse
ponding to that likely to occur durinm processing. The
deteriorative streoses placed uwpon nolymoric nroducts during
their subsequent useful 1life cven thoush less intonsc are by
no means leoss important. ILong tcorm stability is important and
the proiongod effect of lirht, wat-r,and oxidation cannot be
ignored,

There is no doubt, from the cormmercial noint of view,
that polymers such as nolvstvrenc. poly (vinyl chloridc)

polyhutadienc, their comolvmrr 2and conolym r hlends incornorating

’
two or all the three of the monomera acrvlionitrile, butadicne
and styrene have become very important. It is thorefore
important to have information abhout their stability and those
of thcir blends towards the various degradative agencics
particularly thce changing wei.ther in ."mria, It is also
important to have some ideas ahout what the effeet of heat mi~"

have on these polymers and their blends,



1.2 D3GRADAT IO

In the classical chemical usage the worddegredation®moans
a breaking down of chemical structurc. When applied to polymérs
"degradation” could imply any of the Following:~ loss in moledulsr
welight, decolonretion and dekerioration of some of the mechanieal
properties, Due to the impPortance of nolymerie products it has
become essential to understend tre neture of the deteriorative
processes and hence £ind conditions which could enhance the
stability of a polvmer. Sﬁme of the aments of degradation of
polymers are oxyeen, ozone, wabher. heat and light. Polymers
like polytetra Tluorcethylene have been found +to he very atable
to the factors above,

Sinece producta of degradaltion could be dangerous to human
life, polymer chemists are interested in the ultimate stability
of polymeric materials, factors that contribute to their
decomposition and also in the kimetiecs of polymer degradation,
This is in order %o be able - toking the mechanical properties
of the polymer intc consideration together with life hazards -
to put a particular polymer in its bost use. S3ome apecific
materials have bean found useful in imnroving the stability of
the polymer, Those are called in smeneral fadditives, Another
way polymer chemists have tried to improve, correct or modify

the deficiency of a polymer is by polyblending.
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103 POLYGiwhu)iG:

Polyblends ave nhrsical nixturcs of ctructurally differvent
homo - or co-polymers., Polyblends are prepared by mixing
polymers, There are different ways of blending polymers. The
more important ones aret-

(a) Melt-mixing:~ this involves melting both polymers and then
allowing them to mix in 2 rheometer, Melt-mixing of polymers

avoids the contamination and removal problems of diluents and

assumes a gystem that will not chanse in molding operations.

(b) Solution blending:—this involves dissolving the polymers
in a given solvent or in a mixture of solvents., In golution
blending the prcsonce/%glﬁzit ~dded lowcrs the temparature and
shear force requircments for satisfactory mixing without
degraedation. Ilovever, attempts to remove the diluent can often
lead to changes in the domain sizes of the blend and in severe
cases complete polymer separation.

(c) ILatex mixing:~ This is one of the most important
techniques for the preparation of commercial polyblends. In
latex blending, polymers are present as suspended microspheres.
Interaction of neighbouring spheres are prevented by the
suspending medium (soap). Aftce thorouszh blendings, a mixture

of two latexes with different polymers contzins a random

suspension of different particles each unaffected by the other.
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Cooalotion in =r~2om g'mme +the »o%c -2 Mlo=aculation 1o
dependent entirely on the soap conecentration and not on
polymer characteristics. Coagulated moterial conteins an
intimate mixture of the polymers. Most polvhlends involvirg
rubber arc made in this manner e,g., AT3.

1.4 METHODS OF STUDYING POTYMER D 3ARADATION

Many different methods are available for studyingz polymer
degradation, The more common ones include the use of:~-
(1) Thermal volatilizaiion anilwsis (TVA)

(1i) Temperature - Progrommed Do redation using
thermogravimetrie (7G) nethod,

(1ii) Differential 3Jcanning Calorimetric (DSC) method.

(iv) Volatile degradation preducts could be examined using
the infrared spectrophotometer and mass spectrometry.

(v) Thermzl methods - heating polymer in air at elevated
temperatures and measuring the chemical and physical
changes.

(vi) Ultra=-violet irradiation by exposure to sunlight and
following chanses occuring by the infrared
spectrovhotometsr.,

(vii) Oxygen absorption technique
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1.5 DEGRADATION AND STASTLIZATION OF POLYSTYRING

Polystyrone (P8) underszoes hoth photo and thermal
degradation, The volatile products of the thermal degradatiion
of P8 are monomer together with propreassive decreasing amounts
of the dimer, trimer, tetramer and pentamer. Malhotra' and
co-yworkers, by use of differential thermogravimetric and
scanning calorimetric technigques, found that when hish molecular
weight samples of PS undergoea thermal degradation random
scission to lower molecular weights was the important procass,
On reaching molecular weighbs of £10% rapid and complete
depolymerization became the most important process,

Photodepradation and photooxidation of T3 films and P3 ip
solution have been widely studied © ~ 15
During uv irradiation of PS Filw irn air (or oxygen) 2
rapid change of mechanical properties ig noted 16 ~ 18
During photooxidation of PS, hydrogen CO, CO,, H20; methanz,
benzene, styrenc, benzene alcchol ard benzophenone arc the
volatile products liberated Irom the polymer.5’ 14, 19 PS8 is
unaffected by 3650 4° radiation in the absence of oxygen, but
there ig a photolytic decomposition threshold somewhat below
this wavelensth since 2537 4° radiation is strongly active.
Three well defined affects have been noted; By 4, 5, 14
evolution of gas, development of insolubility and discoloura-

tion, Industrially the most important adverse manifestation

of PS degradation ig the development of yellow colouration
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which is associcted with oxidation, The presence of nitrogen 14
aceslerates the rate of formaiion of this yellow colouring but
the mechanism of this effect is not Mmown. '’ In the opinion of
Rabek and Ranby15 the yellow colouration of P3 in a vacuum is
due to the photoiscmerisation of benzene molccules present in
the photodegraded polymer or the benzene rings in the P3 to
fulvene and bepnzalvene. The yellow colour of fulvene is due 4o
its conjugated double bond gystem.

Polygtyrene 1s now believed not to be subject to mechanical
degradation, It is rePorted 20 thet even though large amounts
of styrene were evolved during mechanical degradation of beth
ag recelved and out-gasel P3, none wis nhserved from reprecipi-
tated samples. This shews that the stvrene evolved when PS is
subjected to mechanical atress was due to residual monomer
present in sample and not mechonical desradation products.

21 found

Contrary views were however put Forward when others
that thin filmg of P8 degrade drastically when subiected to

high mechanical shear,
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1.6 PRA™EREMTAT M) QMAPTT,T7AMTON O PV

(a) Degradation

Thotochomierl desrrdation o° PVG aan he diactsscd in
relation to thermal and hish energy desradation. Several

fundarental reactions have been found Ho ccour in a gimilaer

Way.zz - 40 During u.v. irradiation. degradation and cross-

linking proceascs take pluce. 'Also hydrogenchloride and
conjugated volyenes are formed, colouration of PVC ig also
noted, The dehydro chlorination reacticn changes the absorptlon

spectrum of PV.. The colour-iion o PVU results Irom the

formation of polyene structures, he degradation

nechanism of cihlorohvdrocarbons depends on the Chemical scructur:

48 - 49 It has been found thatliCl accelerates

50, 51, 52

and temperature.

the degradation and photodegradation of FVC

Dehydrochlorination and oxidction occur simultanecusly during
the photoinduced degradation processing air. % 22 56 The
influcnce of radiation intensity and radiation wavelength on the
photooxidation of PVC have heen investigated.57 - 58 Ingpite

of all said above, it must be stated thet there is no agrecment
ag to the ¢xact mechanism of dehydrochlorination of PVC.6D’ 61, 6
Certain workers 3 found that the rates of PV(C degradation in
solution differ dependins on the polarity of the solvent.

Others % algo found that method of polymerization of PVC affectr

ites thermal dz:.rodation.
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65 66, 67,

Gibb and his co-workoers © cnd othorn showved thnt
oxyzen wos esscentinl for photodogrodotion of PVC.
(b) Stobilizotion
ilixturcs of different sicbilizers ~re normelly used, Some
orc uv stobilizers, theemnl stobilizer, cte,
The more common thermal mrd uv stobilizers used for PVC
durins; proccssing includcoi-
(i) Lend compounds
(i1) Orgonie nrlts of beriam, erd:ive, Zine, ti- ond
ecleiun,
(111) Orgenic nitro hizes,
(iv) Zpoxy commounds.
The stabilizing offcets of some substonees on IVC howe
boen investigrnted. For cxzomple, it is roported thot whon
incorporcted singly into PVC lubriennts such as enleiun steorate
ond wax B ond orgsunotin stobilizer e¢,3. Ingrotad TEQO, altored
the rate but not the mode of dosr~dotion whorcns when incorporcsed
together, the three ndditives nltercd the mode of photooxidntion,
ocutonecclerating to constant rote. Also processing PVC at 170°
with the three ndditives crused ~n inereasc in the rote constnntﬁ’
Tﬂunodnsa studicd by Zroy diffroetion the products obtcoined by

volotilisation (by heotine) of ed from n PV0/ccdmiun gtecrate

mixturc.,
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He identified the products as caalzin air and as metallic Cd anc

&RRZin nitrozen., The mechanism of stabilization in hard and
impact resistance PVC containing the usuzl stabilizer system

was studied for determining the optimal stabilization for
improving the light, weather and wear resistance of PVC compound
It was found 69 that high pigment concentration in impact -
resistant PVC led to low weathering resistance as a result of
Burface degradation, It has also been sl'lo'.m'rTJ that a tin
maleate stabilizer effectivelr retards the formation of hydro-
peroxides in association with unsciurotion usually formed durin:
processing of PVC. liore recently Scoit studied the effects of

a tin maleate otalilizer and of typical processing lubricants
(Wax B and calcium stearate). ‘Ll.‘hc;?1 found that tin maleate
performs the same function during photooxidation as it does duri
thermal degradation i,e. @liminnting the formation of polycon—
jugated unsaturation and peroxides during thermal processinge,

This function persists to the photooxidation stage.

1.7 DEGRADATION OF POLYBUTADIENE

The photochemistry of polydienes is dependent upon the
position of the double bond in the macromolecular chains. TFor
example, cis and trans 1, 4 - polybutadiene have their double
bonds in the main chain while 1, 2 polydiene (1, 2 - polybuta=
diene) have thicirs in extern~l side ~voups,
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ALl these polymerarce liablse to photo-ghemiocal degradation,
crosslinking, cvelization and oxidation, Both isomers of
1, 4 - polybutediene are iaomerised when irradiated by ultrevio-
let light (2537AO) in a vacuum?g. Tt is reported that there is
no migretion of doub}e bonds in the moin chain durding uv
irradiation of cis t, 4 - polybutadieneTB. During uv irradiation
of 1, 2 polvbutadiene there is no chain scission only photocy-

clization reections which lead to the formaltion of cvelohexane

ring574-.f

1.8 DEGRADATION OF COPOLIILIRS OF BUTADIENE, STYREND AND
ACRYLOI [T T3 |

Polybutadiene will underge thermal degradation giving

mainly hydro-carbon375

while acrylonitrile will give both
anmoniéﬁ' and hydrogen cyanide. Thermal degradation of copolyme
of butadienc and acrylonitrile preparcd by bulk polymerisation
has been studied 76l Somples contalning 100 - 25 mole % butndie;
geve the same products as did the constitusnt homopolymers., Thre
different methods were used TVA, TGA and DPA«Grassie and Heaney
noted that over coplvmer compogition range with the possinrlo
exception of the 80% butadiene copolymer the molar ratic
NH?/HCN is 2.

When ABS undergoes oxidative decompesition CO, evolves,
It has been noted77 that the evolution of CO, during the
treatment of AB3, by etching solution. was controlled by the

acrylonitrile -~ siyrene phono.
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Oxidative degradntion of ALS wns thus followed by etching
solutions by measuring the rmount of €O, cnd the results wore
comnircd vith those obicined in 2 similor derreodotion of
cerylonitrile=-styrene copolvmer nd but~dicnce, The degradation
wes poted to hrwve Zollowcd © zuwo orlir Ninetics tyrniecl for
diffusion controllcd proccasces in the o twention ron<e.

dork hos clno Duen done on 2ffocts g end cgein, L ond
stobilization of 428 Polymera. Phe ABS polymer wos studied
by determining the impocet resicstonee of wentherced unpigmented
common scmples, The volues of 8 ~ftor the wenthering were reporto:
redorted higher, the higher the pelybutcdicne content in the
origincl somple. In controst, the ohotooxidation of thin films
of ABS were fogicr the higher the polybutodicne content, The
mechonism of the photodegrodrtion of AB3 hos nlso heen ex~mined,
c::rmirlaqao = 83 Scott & found thrt the rnte of photodegrndation
of ABS w~s dotormined primrily by ai.ém initinl concentrotion of

unsaturcted groups. Proccaosed ADS  wns 150 gbscrved to undergo

photooxidation with littlc or ro induction period.

1.9 Ol BL2NDS
Polybends involving P75 hnav: beon m~de ~nd mony of these
hove been investisoted remrdine thedir ~bility to give the

required necessery propertics to A3,
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Unieclive okl Quiliow WiOil 04 —@ (44 siye'van CUPOLAFNIG .8
rcported o1 to shov = dependence of the chrnqmes in impret strongth
on changes in C=C double bond ond the concentration of the polymer.
The oxidntive rote ond intrinsic viccosity of cerylonitrile -
Styrene polymer were found to be 2 - 3 fold lower thon thot of PO
Butadicne - gtyrone polymer hod 2 low oxidoitive thermal stobility
end ABS contoinin~ 28% polybut:iicn. d. --ded ot 60°, AB3 ond
ﬁutadiono = gtyrcne polymer zhored o linesr relotionship between
C-C double bond nnd CO r~roup comecentr-tion ~nd impact strength.
Photodegradation of styrenc polmer wns inerensed by copolymeri-
sation with photosensitive henzalnectone ond ncroloin.ae A hjigzher
rate of phtodesradation vzs obhserved Tor ocrolein-styrenc
copolymer thrn for benznl .cctone styrene covolymer film contoining
1 = 9% of the photoscnsitive monomer. It is o~loo lmown thot in
lincar butrdicne - styrene rubber,the degree of workobility ic
dependent on the ecombined styrene content, Incrcased cmounts

of the ceombincd styrenc contont inercnsed the degree of
degrodability but deercase abrision resistonce, Its ageing
1-0:31151\1::*:rscm;ml wes found dependent not only upon the cmount of
combined styrene but ~lse on the distriintion of those combi-od
styrence within the moeromolcculc, The do rnedobility of
benzoloeeto = phenon-atyrene eonolmor woo 1!?0\11'1&139'I to be thon

that of styrenc ~1lkrl styryl letone copolvmers under irradi~tion
from o high pressurc Hg lomp in on investimtion of ~ scrics of

photodegradable nolymers hoving pendont CO groups attcched.
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directly to the polymer chain. The guantum vyield for hond
scission along the main chain of the copolymer was established
to e T 5 x 1077 by 325 nm irradiation in Cglig,
| Apart from the studies on the degradatbtion of hlock copelymer

containing PS as seen above a lot of investigation has bheen
carried out on the blends where P8 or PVC are component. For
instance, the degradation of films containing both 'S and PVC
has been examined by TVA and TG, McHeillgo and Coworkers |
observed sivabilization of both polvmers more notably that of PO.
The degradation products are the same as when the Polymers are
degraded alone, DMolecular weight measurements indicate a more
rapid decrease in molecular weight of PS when PVC is present.
The pesults of onother investi;;ationg1 demonstratc a close
gimilarity in degradation hechaviovr of nolyvinyl acetate _
(PVA)/PS blends to thot already mentioned for PVG/PS. The main
effect observed is a stabilization of the PS shown by a delay
in styrene wnroduction under prosrammed heating conditions.,
Although stabilization of PVC by the presence of PS was clearly
evident in PVC/PS blends gtabilization of PVA in the PVA/PS
blends was not noticeable. The possibility of interaction 7
between a polymer or its desradation products and & second
polymer in the same environment, as in the case of polymer blends
or graft copolymemhas becn examined in & number of degradation
gtudies, PS8 and poly methyl methacrylate)(PﬂNL) show no evidence
of inteoraction in the degradation of a blondgz.-
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In other cases it has been found that the product of degradation
of one polymer greatly influences the derradation behaviour of
the other, Thus PIMMA depolymerises much more readily in the
prescnce of degrading PVC and this effect has been used as
evidence in favour of a radial mechanism for PVC dehydrochlori~

s 94.9'The presence of degrading poly =

nation in a bulk system
methyl styrene (PAMS)QS ‘or poly (oxvethyleneglycol) (PORG) 26
causes P8 to depolymerise more readily, Also the degradation
behaviour of PMMA is considerably modified by the presence of
degrading palychloroprenace

In attempts to improve impact strength and stability to heat
and light, many PVC plends hove been oindied to find the effeot
of the second polymer or monome» o3 the case may be on the PVC,
Reports 98 on thermal desradation of radially grafted vinyl
compound - grafted (30 - 200%) PVC in air showed that the thermal
stability of the graft varied in order ethyl acrylate %~ Butyl
acrylate 2 vinyl acetate/styrene, Unlike the casc of PVC/PS,
blends of PVC with purified commercial chlorinated rubbers were
reported 9 to be substantially less stable than would be predicted
from a comparson of the degradation of the constituent polymers,
By use of PVC, 1abelledﬁwith 3601t0gether with inactivated

chlorinated rubber it was found that the greater amount of Hglwas
from PVC.
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In other cases it has been found that the product of degradation
of one polymer greatly influences the degrndation behaviour of
the other, Thus PMMA depolymerises much more readily in the
presence of degrading PVC and this eifcet has been used as
evidence in favour of o radial mecuanism for PVC dohydrochlori-

3

nation in a bullk systemg 94.91The procenece of degrading poly -
methyl styrenc (PAMS)Bs.or poly (oxvethyloneglycol)(POEG)QS

| causes P3 to depolymerise more readily. 4180 the degradation

behaviour of PMMA 1is considcrably modified bv the presence of

degrading polychloropreneogv.

In attempts to improve lmpact strength and stability to heat
and light, many PVC blends have been studied to find the effeet
of the seccond polymer or monomer as the case may be on tha'PVC.
Report598 on thermal degradation of radially grafted vinyl
compound - grafted (30 - 200%) PVC in air showed that tho thermal
stability of the graft varied in order ethyl acrylate 2>‘Buty1
acrylate 2 vinyl acetate/styrene. Unlike the casc of PVC/PS,
blends of PVC with purified commercial chlorinated rubbers wvere
reported 9 to be substantially less atahle than wouwld be predicted
from a comparison of the degradotion of the constituent polymers.
By wse of PVC 1abelled with 3q31t0gethﬁr with inactivated
chlorinated rubber it was found that the greater amount of M@y was
from PVC. '
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It was therefore susz~estcd thot the destabilization of
PVC by the presence of chlorinated rubber was first due to the
catalytic effecct by the H@kproduced at lower temverature by the
chlorinated rubber destabilizing the PVC. The sccond reason
suggested, concerned the role of frce radicals as intermediates
in PVC dehydrogenation, This has however been a subject of
controversy for many years and strong cvidence may be presented
both for and apgainst®ls 625 65

For many applications (c.g. building) the greatest disadvan-
tages of PVC are its brittleness at low temperatures, its
gensitivity towards notch and its poor resistance to 1mpact100.

It is raported1o, hOR

that improvement in resilience, transpa-
rency and heat recsistance of rigid "7C compounds ~re observed on
addition of polymeric modifierz - usuclly polybutadiene based
materials - the more importart of wiieh ore acrylonitrile -
butadiene - styrene (ABS), methyl methoorvlate - butadiene
styrene (MBS) and methylacryl-te butadiene-styrene (MAB3). An
improved heat reosistance and notch impact strength of PVC was
J-‘l?:Pt;\r'*.:eu:!.1C’"3 on addition of acrylonitrile -~ styrene polymer and
butadiene -~ methyl methacrylate styrenc polymer as modifiers.
When polybutcdiene based polyblends (ABS, MBS and MABS)
were used as impact modifiers for PVC the rubber phase acted as

& photo ~ activator for functional group formation and colour

change in PVC, It has been lmown that there has been rapid
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deterioration of the impact strength of PVC when it photcdegrades,
This cannot be explained by the known facts:- that the polybuta-
diene segments on degrading form crosslinks by alkoxy radicals to
carbonyl activated and vinyl unsaturation, that polybutadiene -

contmining polyblends photooxidise much more rapidly than n ¢

PWU‘102 104 108 ,pg that the photooxidation of the PVC is accelew
rated by the polyblends. Alsc the polyblends of low density
polyethylene (LDF2) and PVC have been investigated105. It was
found that the glamticity inecreased steadily from pure LDPE to
pure PVC whereons both tensile strenmih ol break and elongation at
break passed through o minimum at abovt 5% PV0105. Optical and
scanning electron microscope studies have related this mechanigal

behaviour %o morvhological changes in the two phases system under

stressa,
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CHAPTRR TVO
2) STUDIES Ol PS/ARS BLBNDS
2.1 Materials.

Commereial samnles of the following volymers wore uscd
in the premaration of the polvhlends. TPolystyrene (PS)

Acrvlonitrilehnt=aiene-Ttyrens (ATS)

2.2 DPreparstion of PS/ABS Csat Films

——

Polyblends of tho Tollowring 2nmnsition werc usod
(a) 90% 73 10% Am3, (b) 75% PS 25% ABS (c) 504 PS
50% ABS (d) 25% PS and 75% AB3., Blends of the differont
compositions were east in film form on mercury anrface from
chlnroform 8olutions containing both polymers Tilms of the
1007 P and 100 ABS were similarly obt2ined from solution.

Obgervation:

There anpears to ho no uniform distribution of *he volymers
in the blends. Prohahly the polymers wore not very compatible.
Films f¥om the blends wore exposed te clectron mieroscope and
results obtained further suggests this incorm~tibility of PS and
AB3. The annc~rranca of the “ilm containing 25% PS 75% ABS was
comnletely different. This 2anncared to be moro uniform but the
f£ilm did not 1~ok -s clear as the oth:rs. It had some tinge o’

8light colour~tinw,
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23 INSTRUMETT-TION AND TRSTIVG

2.3.1 (a) Outdoor Bxvosure

The outdoor weathering of the films were carricd out by
exposing the films outside the Chemistry Departmont of the
Ahmadu Bello Univorsity, Zaria.

Pilms of average thiclmass of 0.007cm obtained above were
mornted on cardhemardis and cxnnsnd to outside woatherine., Desrnda-

tion of the samnleos were followed by infrarsed spectroscopy measure-

1

ment of the inerensing c»rhonyl ahsorhance at 1740cm ' . the

! and the diminishing

trans 1,4 - polyhutadiene at gy and C:Sf;cm-1. For the abovo

increasine hydroxy! ~hsarhance at 3450cm”

measurcments the Porlin-Blmor Model 700 Infrared “noctrometeor vt

1 to 6500m"1 were rocorded on the

1

usced. The spectra from 4000cm
chart paper. The peal at abnut 2200cm” ' corresponding to the
nitrile group was used as reference. For each of the samnles, the
observed growth of the carbonyl and hydroxyl absorntion neaks

and the obscrved decay of the trans 1, 4 - poly butadicne were
expressed as indices. The indices were exnressed 2s the ratio

of the absorbance of the growing or decaying peaks to that of the
reference peak. From this, the stability of the films to

environmental degradation when exvoescd to sunlisht was studiced.

The average temmarature outside at this time was ?BDC.
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2.35.1 (b) TFresh films of 0.017cm in thicknogs were again cut
into strips of about 0.7c¢m in width and Sem in length, The gtrir
were placed centrally over slits on an already vprepared plywaod,
Anothor nlywood with gimilar slits was plnced on top. This

gysten was c¢lampad to hold the gtring in vosition and to prevent

"~ $heir heing blown up by the air. Tensile property of strios

from each polyblond was measured bofore and at dmtervals during
exposure using an Instron Tensile Michine Model TM-M. The full
scale load used varied with the polyblend composition., Tor
instance for 100% ABY and 75% ABS, 25% PS full scale load was
20008 while that of 100% P8 and the other volyblend compositions )
wore 1000g. The same cross head spoed nnd the same chard §3§m¥?eﬁ
for 211. The croashesd anced of 10c¢m/min and a chart sneed of
10em/min werc used

2.%.2. Thermel Oxidative Degradation

Films were again mounted on cardboard holders as in
2.%.,1 (a)., These were suspended by tin wires in an air oven
kept at 100°¢. The thermal desgradation was followed by running
the ir speetra at regular intorvals,

2.3.%, Embrittlement Tcst

The embrittlement test was carried out on 211 the
gspecimensg. This test was carried out by bending the snecimen
twice at 180°. The first bending was performed towzrds the
unirradiated surface and the second was carried out towards the
Irradiated surface, Thig procedure was cappiod out
at regular time intervals, The results obtainced arc shown in

table



2.4. RBSULY: AD DICU3ISIVYS

(1) Outdoor Bxposurc.
The results obtained from the mechanieal and chemieal

studies of the various compositions of P3 and ABS varying from
100% PS to 1007 ANS have becn nresentad graphicallv as shovm in
Fig 2.1 - 2.12. %ome data are also 2hown in tadble 1.

Pig 2,1 shows the atresi-sctrain hoh-viour of these polyma»c,
It can be observed from the sh nes of thoe different graphs that
100% PS behaves tynically as a hard and brittle polymer while
1009 ABS shows tho characteristic shanc for the soft and tough
polymer. There is also 2 proarcssive decrcasc of the arca under
the curve (2t break point) as the smount of the ABS in the blend
decreascs thus shoineg that there is dccreoase in toushness with
decrease of ABS., This is exvected hocanse the rubber component
of ABS impacts toushness.

Fig 2.2 shows thatelonontion of ABS at “reak decrenseg
with increase in time of exposure. This is true Tor PS also.
This is expected for ABS becausc as ABS undergocs degradation.
one of the reaction taking nlace is cronslin'"ing due to the

degradative bchavious of its polyhuiiiiene comporent. This
males the ter-polyvmer mor: risid but lo<ns duetile. The ineren e

in rigidity with cxposur: time is discusncd below.

Elongation nlso vari~d with the composition of the blend
(Fig 2.3) The % clonration value reaches its minimum with the
15% ABS, 85% PS hlend. This composition of tho blend has a lowcs
elonmation “han th~ pure PS its~1f.



Within the rance of the composition of the blends studied the
blend containin> 75% ABS 25¢ PS has the maximum extensihility. .

For al1 th~ sarHles stulied th2 wltimate tensile atronsth
inereanses with time of cxposure o thz matorial until the
mximum is reached (Fiz 2.4). The time rcouired to reach the
maximam variod from one composition to another. This was found
to hav- somec correlation with the embritilement time of the
di~ferent ocompositions.,

The graph falls vory rapidly one~ this maximum 18 rcached.
Purc ABS has the maximum uktimat- tensile strenth aftor the
first 20 hours of exposura. This showns th» effect of the
rigidity occurines as a resul® of t» “aoradation ~T the poly-
butadiene comnonont in tho top nolymar,

Als0 in 1ine with the ohsorvations above, therc is an
increase in Young's Modulus with exposure time (Fis 2.5)
Por purc ABS tho~a is » vovy ranid inernase incerease in Toung'
Modulus j=a also o™a~ ~wved Hoth in the PT and alao in the othor
commogition. Mir 2.6 ghows variation of modulus with exposure
tims» A very cloee study o” Fir 2.6 shors that even thouzh
tho Youn~'s Yodulus of pure P8 increasggwith-timn of exnosurc
the presenc» of even a very small amount of ABS enhancct this
inercase. This shows that the prescencc of ABS in an exvnos~d
PS causes the formation of morc crosslinl-ings fhan would

otherwvise be Tormed in pure PS.



The amount of cronslinks (judeed from the ¥oung's Modulus)
in general increa~ss with inecreascd amount of ABS in the blend.
Apart from gtudirs made on the mechanical propertiocs

with time ol cxposurn the chanxos_occurinw in th~ mi~-~stroete-
wdrn also stuiled hy theip arectra, During the photoxidation

of PS two choreetaristic absorption ban’es wo~e followed the
-one at IANO - ZANC cm’1(aftrihutod to the Tformation of the
hyirovyl emouns) and tha obhe= at 1800 ~ 1700cm™' attributed

to carhonyl prouns This agra~~ ith the spactra abtained

on 107 o4
by Rabe'r and Ranby .4l also by Savides " al and FPox ot. al.

There wasn't marked increasce in the adbsorption of th-se

peaks with exposure time. This was found to be true Tor both
the outdoor - cxposed sgmplc nf 3 and also for that under-
going oxidative oven ageing at N0, This may not he too
surprigine beecause althouch the mechnnism of the rhvtooxid-tim
of P3 has been subjret of much inventigntion and svoculaticns,
the initiation of the vprocess is not clearly undcerstood.

The imnortante of tho pelynor samplie prehistoggg; the copoly-
merisation of oxyqon11c%nd the sismificance of the singlcet
oxygen arc tonriwwhich aw»e relevant to the elucidatior

of the mechaniom of the initiation. The PS sample under
study embrittlie? beforse it showrd any gignificant ¢hannmes

in the peaks »oth at the hviroxvl and carbonyl. This might
indiecat~ *the abhzence o low concentration vhenvl alkyl

ketone cnd sroums usually rresent in commernrcial PS sample.



-1
106

These groups aro believed to hoe Tormed by the scavenging
of rosidval oxysen in the polymerlsation process to form
a polystyrenc -~ oxyesen copoylmer. For the PS8 sample outside
the ¢racking observed mizht be due to enviromental stressos
which are not surprigaine hecanse of the-weather in Zaria
at the time when this gtudy was made. It was durine the
harmattan,

For ABS gnd all the diTferent compositions of the bhlend.
the general features of all) the spectra arc similar. In all
. the spectra in this stody the follorinm were observed.

The bands relntine to fthe ytuhhar “douhl: honds at ‘96"5&111'1

~1
and 917Cm"" ;i ributod o the poly~tran=s 1.4 butadicw> and

cis 1 4 - hutadieme roanactively decreansd. With evposure

1

time A hroad hydroxvl hand cantred =t 3450 em ' and a

saturated carbonyl (centred at 1740 cm"1) were Tormed.

-

During the initial stases of the photoxidation bhan's at

1665 and 1!’5«‘350111“1 duc to unsaturated carbonyl also develapad.
These spccies bejievo; 10 be unsaturated acid ketone and
aldehyde respectively accumulatod more slowly than saturat-@
carhonyl at 174Ocm-1{ In ABS the olefinic bands at-912 and
865 disappeared rapidly after an autoaccelerating period while

the hydroxyl and carbonyl bands grew.
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Pigs 2,7 and 2.8 show the variation of the -C=C- index at
912 and 965 cm-1 reapectively with time of outdoor exposure.
This index in both cases decreases and falls off after a certain
time., The rate of decrecse anpears to be highest for the blend
containing 107 ABZ 90% TS and least for the 100% ABS sample.
Fig 2.9 shows the dependence of the hvdroxzyl index of the
different compositiom on expocure time. The rote of production
is hirhest for ABS and this rate decreases as the amount of ABS
in the blend decrenses, _

Fig 2.10 comnares the carbonvl indices of PS, ABS and the
different compositions of the hlend., All of them show an
increase in carhonvl inlex on exposure The rate of increacse
being greatest Tor 100% ABS and leist Tor 100% PS. -None but
pure polystyrene has an induction neriod of 175 hours. The
graph also shows that the rate of carbonvl production increased
with increase in the amount of ARS in P3/ABS blend, This shows
an increase in the ntahility of ABS as the amount of PS in the
blend incrennes,

(1i) Thermal Oxidative Ageing.
Fig 2.11 shows the dependence of carbonyl index on heatins

of P3/ABS blend. Under therm2l oxidation ABS degrades very
rapidly even more rapidly than that of outdoor exposure (c.f.

Fig 2,10; see table I) At a glance, one cen see that the presence
of ABS hasg a stabilising effect on the PS. 'hen ABS is present in
P3 an induction period is introduced.
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This value is ahout 230 hours (tahle I) Ffor the 90% PSS 109 ABS.
This value of induction meriod increases as the amount of
PS in the P3/4BS Hlend decreases. The nost stable of the
different compozitions of the bleni is that containing 75% AB3
25% PS which has an induction period of about 450 hours. In
general ABS has some gtabilising effect on PS. 'P3 aloo helps
to stabilise ABS by introducing some induction period and
decreasling the rate of it deeradation., However, PS has a
greater stability to both thermal and bhotooxidation (Figs 2210
and 2,11) than ABS. In the presence of 10% AB3, PS undergoes
photooxidation without any induction period (IFig 2.10) This
might be explained by the fact that P3 and ABS are not very
compatible polymers (photograph)- Thus the ABS in the 90% PS
10% ABS blend undermoes very rapid degradation and the ﬁroduetioz
of the hydroperoxides is fTacilitated and thus the ABS acts 48 a
deatnbiliging agent for IS and thereby enchances its degradation
pattern, | | | |
The embrittlement time gives some idea of the length o
time that a polymnr samnle c¢on be exnosed under & given conditiow
before it fails i.e. the useful 1ife of = polymer sammle under
2 gilven condition., From 2 study of the embrittlement time
(fable I) 100% ABS has the least value (96 hours) for the photo -
oxidation. This is followed by 10% ARS 90% PS8. The others
embrittle at about the s2me tiﬁe. In the case of the thermal
ozxidation again 100% ABS desrades Ffirst Followed by 10% ABS
90% PS., The PS degrades after 548 hours while the others
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decomnose after over 1000 hourz, Thus it appears that ABS
has some stabilising effect on PS5 when the blend undergoes
thermal oxidative ageinz. This is in agreement with results
obtained in thermal exid~tion of PS/PB using TVA. Guvéga
found that the rate of degradetion of the PS comnonent is
markedly reduced in the P3/PB blend. They found that during
the period when PB is breakins down the P3 degradation is
apparently inhibited. One exylanatiégjzof the st.billizaticen
of the PS during the period when TR in hveaking down is that
several'of the volatile products of PR degradation {propene-
pentene, 4 vinylcyclohexene) if they diffuse into the PS phase
could act as radical inhibitors by losing H atomg to the 73
radicals with the formation of allylic—tpr1§adicals of relative
ly low reaetiviy. The 4 - vinylcyclohexene bheing both of lower
volatility an& present in greater quantity appears most lilely
to he effective in this respect: there are five reactive H atom
in the molecule in the position g *+o a double bhond. FBven
thouzh this present worl was carried out at 100°C 1t is not
unlikely th~t the behaviour of PB at 200°C is not much differens
from that of ABS at 100°C {particulerly as far as its degrada-
tive products are concerned.) Also from thermal analysis datai13
it wmg noted t»~t the threchsld derrod-fion temperature is
lowered by the irvitroduction of acrylonitrile unit: into PB.
This is most probably associated with the introduction into

the polymer (PB) molecule of tertiary hydrogen atoms, the
tertiapry hydrozen being further weakened by the presence of
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nitrile wnsaturation in the & vosition. Thug the initlation

of the overall radical degradation seauence is facilitated.

It must however be rememhered that the ratic of the stvrenc,
butadiene and acrylonitrile in ABS is 2 very important factor
in determining ite degradative hehaviour. Genernlly the hipher
the polybutediene content in ABR the greater the photooxidation
of its thin filmgg

Conclusion:—

PS has a stabilising effect on ABS both under photooxidativ
and thermal oxidntive conditions, The ABI on the other hand
has no stabilising effect on TS as far as weatherahility is
concerned, Horover ABS when hlendal with PS 4n ths ratio of
t:1 and 3:1 shows some stabilising edfect when these compositics
of the blend are heated in an air oven., TFor Tresh sample the
presence of ABS in DS does net improve most of its mechanieal
properties except ductity. Grzph 2.12 sums up the total effect
of ABS on the mechanical wnroperties of P9, ARS 1s an 1important
engineering product. From fi~ 2,171 it is seen that the presence
of 25% TS in ARY imparts some induction period. Thus for
enginesring articles regulring ABS in thermal operations D0 could

e added to cheapen the cost and improve performance.

This 18 also true for outdoor uses.
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Table T

—_POLVIMR/RLEID | OUTDOOR EXPOSURE | THDRMAL BYPOSURE

IMUICTION| Bmbrittle- In‘uction| Embrittl

PERIOD ment time Period ment tim

(1) 100% ABS - 96.N0hours - 61.00ha+
(2) 75% ABS/255.P - 151,00t curs | 550h-ure|1256.75
(3) 50% ABS/50: T3 - ‘ 51.00h0mrs - 1256.75
(4) 25% ABS/757°5 - 151.00hours | 430hours|1256.25

(5) 10% ABS/90%PS - 120,00hours | 230hours| 546.00 =
(6) 100% Ps 170hours {more than 548,00

864
a3 -
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CTTAPTER THREE

3. STUDIES 0!’ PS/PVC TImMMS

3.1 In this work, chanmes in the chemicnl as well as physica’
proverties as a result of degradation of P3, PVC and PS modified
by PVC hnve been studied using mech2nical test on cast films,
The ir svectra -rere also run in order to Tollow chances in the
miero-structure on exposins the 2hove polvmers and their blends
to outdoor weathering and thermal oxidative ageinsz, Film
preparation (tetrahydrofuran, was used as solvent) and methods
of study are the same as in the previous section 2.3. The
methylene peal: at 291Ocm_1 wano useal 1o the reference peak in thi
study.

3.2 RESULTS AT _DISCU~SIONS

The ir anectra ohtained for TS hns already been discusse
in section 2.4. TFor the PVC the ir spectra showed the hydroxyl
peak converging at around 34OOcm-1 while that due to the carbon

was at 1725cm"1. These peaks ware found to inerease with time

of exnosure. The peak for -C=C- also shoved at 965 cm—1. This

preak decreages with time of exnosure nnd eventually levels off.
The snectra of the 1:1 and 1:3 PS:PVC in the PS/PVC blend

were nalso studied. Tor the blends, the hydroxyl converged at

3450cnr1 while the e~rrbonyl converged 2t around 1725cm'1.

The
comp~rative behaviour of the PS, PVC and hlends as related to

the hydroxyl and carbonyl index are showm in figs 3.1 and 3.2.
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respectively. From fig 7 1 it is avmarent that the hydroxyl
index from PVC b an indnetien mried o7 about 175 hours,

From this graph it may be deducted that both polymers have a
stabilising el{fect on cach other, %he 1.1 ratio showing
greater stability than the 3.1 PVC:P7, Similarly from fig 3.2
each of the different compositions of the blend shows an
induction neriod of about 220 and 275 for the 1:1 and 3:1 PVC/™
while there is a gradual incrense in the voroduction of the
carbonyl by the 100% PVC. Here, it appears that the presence
of PS in PVC tends to stabilise PVC, Whereas the presence of
PVC has got an opposite effect on the stability of PSS, The
stability of the blend on exposure to sunlizht cannot however
be fully exvlained by their average composition., This has alsco
been found to be true for the hirh stahility of styrene-me*hyl-
methacrylate coﬂo7vmer3114 Tha thor 1 degradation o¥1§he frnf
copolymers of PVYC nnd T hﬁ?1%een stuliedl in details. By use
of TVA and TG lelleill et, a1 found that hen PS/PVC srnft
copolymers were dagraded the PVC dehydrochlorination was dsla-
and that eamll ch~in fragments of low vol2tility were prod wced
from the PJ in the temperature rance of 150 - 250°C. The
observed st2bilising effect of the P9 on the PVC might be
explanined as follows :=

{1 -



1
(1) -CHz-C.‘{-CHg-—GH-+ c1

o . D M
=M, =CH-CH _ -CH- b
Fa 1 1 * T T

_c.12_5-cup—cw+ H
C1 cl1 \ 1 - 3:

o1 1
(a) 2
PVC -C‘I?-%'H—CH-CH--i- 'H
Degrading PVC 3 8 fl'].

The chlorine rndicals from the desrading PVC can abstr-ct
hydrogen atoms from P3 nroducing polvstyryl radicals which then
undergo scission "nd trowafer reacticn.  3Iimilarly the hydrozen
radical from the degr=ding PVC. {a) ecnn abstract hydrogen fro-
PS. (b) thus nroducing nolyvstvryl radienls., (I) and hydrogen
gas,

(2) €1 4+ ~~CHy CH-CH?-?E{- ~% HC1 4 -Cll; -0-CHs Cll-
]

SRS

3

J

~LH,~0=CTL, + *CH-
SR
Similarly for the °*H

H+ =Cly@i-Cil=Cl= ______ H, + - CHy C=ClLy~CH~

) L 2
§it 3
o

0‘12—0-_01{2 + «CH

0

O o



A7

The tertiarv hydrnsen atom on the PS is more readily
abstracted then that on the PVC by chlorine radical Dbecause
of the nresence of the henmene ring which is electron releasing
while the chlorine attached to the terti-ry carbon in PVC
is electron with drawing.

A mors imvortant reason for the preferential ahstration
of the tertiary hvdrogen on the TS by the chlorine or hydrosge
radical is the fact that the radical so produced is more stable
than that produced by oimilar attack on the PVC, The stability
of the polystyryl radical is due mainly to the resonance
stability cau=ed hy the nresence ot th2 hengene ring, 1 is mor
stable than II,
“C1l + @0112-(131{-0112-?11-;___*_ 5 0L+ e CH;-,:-(;-CHQ-E'{'}I P

C1 Cl C1 Q1
IT

Thus while the presence of PS mizht have a stabillaing effect

on PVC the presence of PVC might have only a slight stabilising
effect on PS5 only in as far as the polystvryl radicals produced
in ecuation (2) ar%1%?luctant t0 denolvmerise at low temperaturc
This h2s heen Tound +to he the case at temperature of about 200°
The§15£oted that no stvrene wag nroduced.

Figs 3.% and 3.4 show the variation in stress-strein

relationship of PVC and P32 as the compogition of their blend
varied for Tresh samples ant Tor samples at 340 hours of exposu

In general, the PVC used ghowe the chrrecteristic ~hape of abron

and tough materials. The PS i hrrd and brittle.
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The presence of PV deoes not appear to improve the toughness

of PS, A comparative gtudy of figs 3,3 and 3.4 shows that Gthera
ig increase in the toughness of all the films even after a lonzZ
outdoor erpo@ure. Tig 3.5 shows the dependence of 5 elong:bion
at breal on the composition of the PS/PVC blend. TFVC has 2
greater extenalhility than Py, The slonration for a1l of them
decreased with coxposurc. mis shows thot there mut be increats
in the rigidity of the Tilm=.

The above statement 1s conTirmed hy Tig 3.6, Here Toung's
modulus is cbserved to incrense vith exposure time. The values
of Young's modulus tor the different compositions ol the blends
however fall within those for Lthe pure polymers. Tig 3.7 shows
the variation of the wltimate tensile agtrensth of P35, PVC and
the 4ifferent compositions of the blaendg, PVC has 2 greater
yltimate tensile strength than 7S, ‘the blend containing 10% PS
4o 90% PVC also has a higher value then P3 again Tor the
different compositions thare is increasce in ultimate tensile
strength as the time of expoaure snereases (Fig 3.8). This again
shows an increafe 1in rizidity and hence more energy is required
+a brealr the sample. Tnerense in riszidity results from CroTg-
linling reaction oacuring aag the v aveendicals produced dueoiinn
degradation set linked uDp.

Very slirht vellow ~olournhion -~ma Tound in the exposcd
PV film. Scotg17£as found that the intensity of the colour

formed in PVC inarenned with an increase in carhonvl groups.
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Similar results have been found by Martin- and Tilley who
related the disconlouration of PV to oxidation and formation
of carbonyl groups. It has been found that the development
of yellow colouratinn in PV films reguires a minimum of seven

10T R 2
conjugated double Londs in 2 sequence = ° 7y 121

CONCLUSION

Fig 3.9 summarises the variation of some mechanical
properties with % composition of the blend, The 1:1 ratio
appears to give a good compromise of these mechanical properties.

The presence of P3 in a PS/PVT blend has a stabilising
effect on the degradative behaviour of PV, PV also has some
stabilising effect on PS in a PS/PVC blend, The degree of
stability cannot however be fully explained by their

compositions.
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100% PVC
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CHAPTER POTR
4. STUDIES CON P8/PB BLEND

4,1  The presence of PB in P2 is studied with a view fo knowing
how the presence of either of the=e polymers affects the
degradability of the other as & result of cxposure to outdoor
weathering at o 3000 and toc heat at 100°¢ in air, This was
done by following the changes occuring in the mechanical proper—
ties of the blend on outdoor cxposurc., The ir gpectra were algo
used to obscrve choenges in the uwieropiructure, Fila preparation
(using toluenc as solvent) and methods of study were the same as
in Section 2.3. Zlend of three difforont compositions wore madce,
X contained 75% PS 25% PR3 G nontained 50% P§ ¢ 50% PB while Y
contained 25% P8 75% PB. The pcak at 291 oo™ corresponding to
the methylene poalt was used atv roefercnce Tor irx calculationsg.
Meagurement of mechanieal propertics was ecarried out as in
provious studies scction,

4.2 RESULTS AND DISCUSSIONS

Some of the results obtained from the mechanical testing
are ahown in Tables I and 1T and figs 4.1 - 4.5, Figs 4.1a and
4.1 show the stress-strain behoviour of 100% P8, 100% P and
the thrce othor different compositions of their blend. The
behaviour of 100% PB im very different from that of 100% PS, ond
also from thouc of the different compositions of tio blend.

100% PB shows the "ercecyp effeet™ (vi~ 4.10) This is the regior

where thero is an increase in elongotion with congtont stress.
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The graph of P77 1o typical of that for soft and tough polymers
(typical of elactomers). The low value of ite Youn~'s modulus
further confirms that it is a soft polymer, At any time of
exposure it was found that tho value of Young'S medulus increaser
as the amount of PB decreases in the PS/PB blend., This shows
that the prescnce of PB in PS weakens (i,e, makes soft) %Egugg??o
The area under the curve (wgigh iz also a measure of toughness)
decreases with increase in/amount of PB. This reduction in
toughness is further evident from the observation that increase
in the amount of PL in/ﬁggnd increases the % elongation at break,
(Fig 4.2a). Table I shows tho variation of % elongation at break
with time of ouldoor exposure. In general there ig decrease in
the % elongation at break with exposure. The rate of decreace
initially is highest for 100% PB and lowest for P3. (Fig 4.211))
Thus it appears that erosslinking veachion®. takes place in
degrading polybuladienc. 8imilar svurgesiions have boen made
about the behaviour of degrading PBl Another obscrvation made in
this study is that there is an increase in the thiclmess of the
£ilm (particularly the PB 100%) with inereasc in exposure time.
This is probahly ceused by the suggested crosslinking reaction
vhich may be going on »nn heating., Table II shows how Yung's
modulus of the different samples varied with time of outdoor
exposure. In gzeneral there is an increase of modulus with
expogure. From Table II it iz evident that at any time during
outdoor weatherjﬁg, the Young's moduvlus increases as the amoun‘t

of P8 in the Dlemd increases. : .
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The Graph shown ipn Fig 4.9 shcwma typical exemple, With PB
a peak is reached and then there is a fall. While the others
show a continued increasc, It is not unlikely that there
might be crosslirkages and then later, possibly followed by
chain gcission, Yhat hoth proeesescs cold occur is seen in

86
the mechanism below,

I o0H
(3) 3
O H O o Lir — O, =001 ;=
~CH,=(H~CH, = g@
GH=CH2 Oxidntion CV
()] RO ml Hleat (D)
~CH,~CH CH,- - cnz-gcnz—{no')
CH = CHp
*CH 1L, OR =
2
(&) OZ/HH (e)L
—C'T, COGH=CH, + *Cil,
-CH2 CH CIL, Chain Scission
CE CIL, OR (a)
! T L] -
00K RC* /ROO
Crosslinked ~ol, —0CT, COCH-0', 0(0) R

() ‘L ozfnn

cr, cogn ¢, 0 (0) R
0o
Croaslinked gel
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122
Another mechanism proposed by lelleill et all on the

0
desradation of PB at 350 C is shown helow,

IT
MCI'Ie—GIhCTI-—-CIT.?—-CIT = CII—-CT?é‘W“”"

J

2 wmer(i],=Cl = CH=CH ween (4)

4"‘
// —-C}I‘-—C[{E-—CH:CT?
= CH=01=CH=CIL,
(butediens )° \
+ radical A . .
nn=CIL, + *CH,=CH=CTl,

" CI-T.E-CH=C". 5

HC CH, 2 CH?-C’.I=C'I-—C'I—CH? CI%;C ’=CI'{_2

o' l )
; Propem?
7 CH L L
'{':\ & F roedical (A)

CH |

|

4 - vinyl cyclohcxene ¢

+ padical (A) g =0 1=0H,=CH,



Bven thou:h this mech .nism II h.s beern prorosed for 4he beoravic
of PB .t 350°C it is not impossible for PB to beh.ve simil .rly
on outdoor exposure since the energy siven by sunlight could
correspond to th.t .t hi h temper tures., Th t these products
re produced is not confirmed in this study since the degr d .-
tive products were not identified., The continued increi.se nota
in the ung's modulus of the 100% PS .nd those of all the blen
compositions i it be due to the rircoonce of polystyrene in
these s.umples.

~CH, QH-CH,, ~Ciiwm___ 200

é ROQIT + -—-Ch'z —CH2—'%'H"“"‘
: from ﬁ?’-‘

PS deyr Aing PB

IZ1
123

There h.s been enough evidence th t polybut diene forms
hydroperoxide very re.dily. This could re dily .bstr .ct
hydrocen from PS to form polystyrl r dic.l .s shown in the
above equ..tion (II1I1). The presence of polystyryl r.dic.ls wil.
thus incre .se the number of r dic.ls in the system .nd thereby
incre .se the possibility of crosslinl: . ;es occurir:. (We should
however :eep in mind th .t the polystyryl r dic.l can .1so under
chain scission), Thus there will be incre .se in rigidity hence
incre.se in the v .lue of You~ge modulvas. The 1:1 r.tio ol P

shows the gre .test incre.se.
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Both 100% PJ and the 1:1 blend show a3 continued increase
in the ultimate tensile strencth u: Lo 500 hours (Tig 4.3)
whereasg for both 100% PB and the 7% PU 25% PS blend the
ultimate tensile strength reaches a4 maximum and then falls.
Increase in tensile strength corresponds to increase in rigidity
and as such greater energy is needed for the breaking of the
bonds present in the blend, Fig 4.9 shows plots of the ultimate
tensile strength (Ul'3), Young's modulus and elongation at break
against composition of the blends, Ao can be seen there is an
initial drop in UTS on addition of IB while there is a marked
increase in % elongation at break thus suggesting that the PB
makes the structure less rigid, The 1:1 ratio of P33PB appears
to give a good compromise of all theSe properties.
Uven Ageing. The ir spectra observed for P35 has been discussed
in section 2.4, From the ir spectra of polybutadiene the
following obgervations were made, The hydroxyl peak was broad
extending from 5600 ~ 32$g§m*:. Initially there wus no growth
until after 20 hoursfwr/outdcor exposed film and after 200 hour:
for the film of PB heated at 100°C in an air oven, The hydroxyl
growth was very fast agter the induction, The carbonyl peak

showed at 1685 and 1?2505'1. The faster growth was found at

17250m-1. The - - showed at 912 and 9650m_1. Fig 4 .4 shows
the comparison of the growth of the hydroxyl for both outdoor
weathering and oven ageing, The rate of growth was very fast

after an initial induction perin?, the rate being fanteg for the

Tilm hoated at 100°C.
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In each of the oasos there <4n a fnll and levolling up immdiatolv
after. In both cases, the hydroxyl index rises to a peak and
then decreases to level up later.

A comparative study of the chunges in the hydroxyl and
carbonyl indices of the different compositions of the blerd for
the thermal exposure can be very well made from Figs 4.5 and 4.6
respectively, The rate of production of the hydroxyl increases
as the amount of PB in the blend increases. In all the cuases a
maximum is reached after which there is a fall. The time of
reaching this'maximum increases as the amount of the PB in the
blend increases nd the valuc of th- wimum increnses in the
same order., The 100% P35 showe an inauction period of 150 hours,
The amount of hydroxyl formed decreases as the amount of PB in
the blend decreuases, This is related to the hydroperoxide
formation.

From Fig 4.6, it is evident that the rate of formation of
the carbonyl decreases as the amount of PB in the blend decrease
100% PB has the highest rate while 1005 PS hag the lowest rate.
The carbonyl index also shows a peak for 100% PB, 75% PB 25% PS8
and 25% PB 75%PS. This peak occurs at about 150 hours in all
cases mentioned above, In the case of the 50% PB 50% PS and
100% PS no peak is observed and the rate of carbonyl production
appears to be very gradual., From these observations it could be
concluded that the presence of P3 in PB improves its stability t
heating at 100°C.
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(It also appesurs _rom rig 4.6 in rrovicular that the 50. I's
50% PS is the most stable among the blends to thermal oxidation).
Outdoor Weathering., From Fig 4.7, there is not much difference

between the rate of hydroxyl production of the 75% PB 25% PS and
504 PB 50% PS. The rate for the 25% PB 75% PS is however very
small compared with the other two. The 25% PB 75% P3 shows an
induction period of 75 hours whereas the other compositions of
the blend do not. (Fig 4.8) The rate of carbonyl production
here also appears dependent on the amount of PB in the blend.
The lower the amount of PB the lower the rate of production and
amount of the carbonyl. One could alsc conclude that for the
outdoor exposure PS has some stabilising effect on PB.

This behaviocur of F3/PB blend i: rot gurprising because
from previous studies of uv irradiated high impact polystyrene
it has been obsecrved that the rubber sciment is the initial
point of attack of oxygen giving rise to allylic hydroperoxide.
Whereas from this study, it is observed that PS stabilises PB but
a correspond ing effect of PB on P3 is not apparent. Thus it
appears as if the rubber component acts as a photoactivator for
the photo oxidation., This becomes much more evident when the
pattern of degradation of 75% PS 25% FB in outdoor exposure is
compared to that attainsdon heating at 100°C. The rate of
degradation is higher in the outdoor exposed sample. That
photolysis of hydroperoxide, leads to crosslinking of the rubber
component by addition of alkoxy radicals to 1, 2 polybutadiene
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and conjugated carbonyl formed by alkoxy brealkdown is again

confirmed by the increase observed in both the Young's modulus
and UTS and the rupid decrease of % elongation at break of thess
samples. Also, the absence of growth of conjugated carbonyl and
the dominant development of saturated carbonyl has also been

associated Wwith the crosslink reaction.

CONCLUZION

The presence of P3 1in PB improves the stability of PT to
both outdoor weathering and heating at 100°C in air, The presonce
of FS in PB also improves itg mechanical provertics, In term of
good ULS, Young's modulus and % eclongation at brealk and also good
stability to both heat and outdoor weathering the 50% PB 50% P3

gives thc best compromise.
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Table I
r_lariation of % Songation at break with Time of Bxposure _
b e e Blonmtion At Jrenl () .
Time in | 100% PB| 75% PB 25% PS!50% PB 50% PS
hours
0 810 : 45343 66 .66
100 | 300 ' 227 50,00
169 1 112 42 20,00
262 47.5 | 6.6
412 36,6 . 6.6 ' 15,00
607 40 E 6.6 ;
i
1587 26.60f 6.6 j 13,0
S| | | S
Table II

e e et

-
25%P1 75%?3| 100%. ¢
i

40,00

10,00
6.66
6.66
€ .66

10437

——— o ——

6,0C
Ded

De'l

L“---..--—--_ - -

Variation of Modulus of PS/PD Blend with Time of Expogure

YOUNG'S MODULUS

e R .
em e e bOUNGY S MODULUS .
! i ' '
| Time 100% PB | 75% P3 50% DB ! 25% PB ! 100% PS8
in hours, 25% PS 50% PS | T5% PS |
W ——— Y S — —— " —_— - .P---.- B I s e Y —-}- - -
0 0.0600 0.400 | 14615 | 5,151 | 15,152
|
100 i 0,0625 0.500 3.736 l 30,09 | 16,65
| ) I
| 262 5,654 6,426 i 106,25 f 35.114 1 104,01
' '
412 ' 2,429 6,364 - 50,66 | 104,00
607 a1 73 15,00 . 106 7 . 104
1 ' .
1,587 1.552 ! : :
L ) ] I L .




TABLE IIT

69—

Variation of Tensile Strength of PS/PB with exposure time

TIME — E&Eﬂf&miﬁﬁ”.qﬁléjn_ﬁ_“”.
in hrs. ¥ 400z PBj 75% PB 25% PS | 504 PB 50% PS_J 100% PS
0 07266 é .1549 | 0.704 9,677
100 0.425 E .551 3. 777 10,525
169 0.533 : 1.1409 5.373 11,898
262 3.569 | 4.807 11,098 12,602
| 412 0.9733 1,310 15,560
585 i 0.621 0,700 i 11,410 16.220

o L 1 90 S
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FIG 44 ' » COMPOSITION OF BLEND
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CHAPTER FIVE

5 STUDIES ON PVC/PB BLEND

5.1 PVC is a polymer of high commercial importance. It is

known to degrade on exposure to light. It is however found to

be a fairly stable polymer. Some Work;zﬁas been done on PVG/AB.
blend. The present stuwly is made in nrier to knov how the
presence of PVC affects PB stubility to light and to heat and
viece versa, The eifccet of PVC on the mechanical properties ol E
PB is also of great intcrest. The above objectives are attaine& 
by studying the ir gpectra of PVC/PB blend of different composi-
tion on exposure to outdoor weathering and also to heat at 100°C

Film preparations (using tetrahydrofuran as solvent) apd methodr

of study are the same as in 3ection 2.3.

52 Results and Digcussiong

Results obtained from the mechanical studies are shown

in tables I, IT, III, IV and Fig 5.1. The % elongation at
break decreases from 100% PB and then increases after the 25% P
75% PVC i.e. as the amount of PB decreases in the blend elonga=-
tion decreases. Blongation also decreases With time of exposur
The rate of decrease being fastest for 100% PB (t.:ble I). - hi-
ig reflected in the values obtained for the modulus (fig 5.1
table II) In general modulus increases with time of exposure
for all the different compositions of the blend. The rate of

increase is fastest for the 100°C P3.






