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ABST RacC 1T
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The degradatien ef st.bilized and unstabilized polystyrene (¥S)
poly(me thylmethacrylate) (PMMA) and Acrylenitrile — butadiene — 8tyrene
(433) have been investigated vaier conditions of oven ageing ot 10000,

artificial UV irradiation and matural atmeospheric weathering.

In the cases of PO and PMMA, the stabilizing effects of
Fy 5-d‘1—t-buty1-4~hyd.roxybenz;'i:hio;,-].yoollate (0BHBT) and Zincdiod
thyldithiecarbamate (ZnEC) have been compared wih that of a commercial
phenolic antisxidant Irganox 1076, Both the individuzal and two-couponent
mixtures of these stabilizers have been studied using infra-red spec tro-

scopy in monitoring the cheude..l clurses taking place during degradation.

In all cases studie’, the unstabilized films were found to degrade
fastest. Under thermal degr.dation the efificiency of the st.bilizers
have been found to be in the order Irg.nox 1076 -<ZnbEC = DBHBT.
dosults obtained showed ZnUEC and DBHBT us peroxide decomposers while
Irgancz 1076 act as a chain bre.kin: unticxident. Under UV irruadiation,
tic stabilizing effectivenec. ol the stabilizers has been found to be
in the order,ZnbiC == DBILY > Irganox 1076,

Z
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iv
(he two componant mixtur.s of ¥nDEC,/DBIB L, Irgenox 1076/ZnJEl and

Irzanox 1076 /DBINY have boen found to shov synorgism,

Individual stabilizew. o DBHBT and Tinuvin P have becn
incerporated into aBS filna by plyoical mixing and the stability ef tls.
Ssanples have d»een tested, 4also, DIHBT has been grafted into aBS at
the lateg stage and the reculiu obt.ined for filws containing tie
grafted sthbilizers compared witl: those which have been physically

mixed,

During the degradation of ABS, the polybutadiene content
decrowsed vwhile oxidative producis containing hydroxzyl and carbonyl
groupe were formed. '[he results obtained showed that DBIDT is a
powerful thermal stabilizer but a r.ther poor UV stabilizer for 4BS,
0n the other hand, tinuvin i is & poor thermal stabilizer but a good
UV stabilizer. The graftcd stabilizer has been found to be much more
afficient than the one which w3 physically mixed, The grafted stablizer
was completely resistant to selvent extraction while the other one vas

extractable,

The mechanisin of desradation of ABS has been proposed.
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1.0 INTRCDUC I ON

e ——

‘fhe stability of pol:mers is of criticul inmportance and intersat

to manufcecturers, and under: tundably, polymer degradation hos received
1-4

considerable attention. Cansecuenily, jpolyrer techmologisis ha.e directec
their effors tow.rds imporovin, the stabiliiy of the common polyiers bLotn
during precessing and sutoe vontly during serviee life, In the course of
such studies it has bechn Jovrd necessary to achieve o deeper understondisy,
of the cheudcal rechaiioms iwolved in the degradation ~f polywers .nd
particularly of the oy i wldceh chemicals interfere with the proces:,
The latter is very essgeniinl in order to ¢ffec{ stabilization of the
polymers by the use. of cheidcals called additives,

The basic nech.unis:iis involved in oxidution of polymers ..nd
antioxidant uction hove been clearly recogmized ond thtacu.uuanm;ed5 - 6.

In order to underst.nd -clec cf stubiliz-tion of polymers, the meohaniau

of degradation must fivet be under.toed,

1) Degradation of folyners.

Degradation may be defined «s the processc ci deterioration of
materials resuliing froa the coubined effcciu of the utiwsphere, radiation,
temperature, oxy.un ozovie, vater, miceo - orgunise anl other atmospheric
agents., dhe manner in widc: each of the .bove factors ceuse deterioration

of the plastics im detcw v w. by the chemical nature of the polymer and

other basic comstituent., the final effect on poperties on the other hand
R
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is invariabl; the same, namaly’ developuent of coleur a.nd/or reduction of
optical clea.ity, deterioration of mechanicual properties, enbrittlement
and increased dieletric losses. With refer.mcc to the effect nn the 1roper-
ties of polymers, the tern degradation shouvld therefore imply any number
of reactions of Dolymer all leading to the loss of desired physical prop-
erties,

soize of the dgents of degradution are as Iollew,

Toled Bydrolytic Jeradation

Some polymers exhibit a very notice.blc sciaitivity to moisture,
Mest det.iled studies of hydrolytic detirioruations vere carried out on
polyesters and polyamides, although other macromoliecules, such as

7

cellulose and ite derivatives have also recuived considerable attention',
1ob2 thernal dejradation

Among polymer degradation reactions, those initiated by heat have o
been the most thoroughly ard systematically studied B. Thermal degrédation
reaciions are divided into tiso maip classes roferred tc as random - and
chain -~ degradation.

Ranlo, degradation can be compared to & roever.e polycondensation
in which rupturc takes place at radon points ~long the okain while chain
degradation is a depolymerization reaction involving successive relesse of

monener unists from the chain ends,



1e1e3 Oxidation,

Industrial interest in the oxidaiion of _clymers cun be truced back
at least to the idadle of the 19th ecentury. 4t thav time, natural rubber
and gufter percha caue into common use uwainly as water proofing and
electrical insulating materials ond it was 1calized that their deterioru=
tion in usc wasg closely associatod with ©ax boorpiion of oxygen, Interest
in oxidative degrdadation a8 not confinmed Lo the rubber 4nd plastics in-
dus tries, but even, the drying of paints s the rancidification of
edible fatc are oxidation processes.

9

Bollad an¢ his co-workers” in 194S and l.icman in 1954‘.’ have

established that a radicul chain »eaction is involved in the oxidative
degradation of polymers,

1e1e4 QOzone attocly,

Ozone is one of the prime causes of deterioration of w:any polymers,

11

particularly, elastorers. ‘tho:pson was the first to observe that ozone

genercted in the laborutory caused cracking of stretched rubber,

Williaus'?

also pointed out thet the direct attack by ozcne in the
atmos phere on rubber items wus responsible [or the developuents of cracks

1e1e5 Degradavion by radiation

Atnospheric radiation co.prises ultra~viclat, visible and infrared
lighte Of thepe, UV radiation is the most har.u'ul source of radiation to

oo/
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polymeric materials. The wavelength of 1izlit available on the the sur-
face of the earth which has the wmost hariful ef.vct on polymers is in the
290-400nm range of the UV spectrum. Hhost ,olers contdain cheuwdeal
groupings or udditives which c4n absorbd, rodiuvion in this range «nd there~
fore, degradation reactions will take placc, As in tle edse of thermal
degradation, polymer molecules become activated. or excited as a result of
the UV light absorbed. This excess of absorbed energy causes breakdown
of the weakect chemical bonds. in the chain and active free radicals
are formed which initiate the degradation process, The free radicals
can produce unsaturation, chain-scission, or cross-linking of polymer
molecules.

In the presence of oxygen, other chewical groupings such as carbo-
nyl, carboxyl and peroxides nay be forued.

1.1.6 Combined g@ffects of temperature, oxygen and Uv-light,

In the presence of oxygen oxidative dezrudation of polymers occurs
whether the rcactions ar¢ thermally or photolytically initiated, The
effect of an increase in temperature is to uccclerute further the. rate of
oxidation of polymers. Similarly, degr«c«iion b, phote-oxidative reactions
tend to irncrcase with increased temperaturcs, (he mechanism of degradation
of polymers under the combined effects of heut and oxygen and of irradia—
tion or photolysis and oxygen are referred to as thermal oxidation and

photo—oxidution respectively, /5
RO SN
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Hoving discussed the degradation of polymers, it is also appropriate
to discuss virious methods of preventing degrudation,

1.2 Stabilization of kolymers,

The jwevention of any or &ll of the degradative reaciions mentioned
above by the addition of chemicals (generall: reforred to as additives or
stablizers) to the compounded polymer is known o otabilization, As the
neme rightly depicts, the attempt is to o cabilize the polymer against tho
azents of degradation,

Sore of the various types of additives wiloyed in 8tabi lizing
polymers arc discussed below,

1.2.% Primary St:bilizers: antioxidants,

These additives arc presumed to retard or inhibit oxidation, The
action of anti-oxidants is rather complex and diverse interpretotions
have becn given in the litcraturc, The general concensus of opinion is
that antioxidants., (AH) interrupt the chain reaction by combining with
the propagating free-radical species ond thus ferming non-reac tive produc ts,
They act according to the mechanisn,

4 AH wPH  + A° (ineeiive radical)

where P* is the popagating species and All, the antioxidant.

lest commercial primary stabilizers are cither hindered phenols or

o

aromatic mbines, According to this mechanis:. the promtec tionipolymer

against thermel oxidation ceases when 11} the antioxidani has been con-

sumed by the chain ropagating species, iz By




The period over which this protection tuiles pl. c. is culled the
‘indue tion time' or ‘induction period', and after this period the degra-
dation rcactions proceed as if no arbioxidant Lad been added.

The efficiency of an antioxidiunt can be expressed in terms of
increased induc tion tiwe over the unstabilized swule under condi tions
considered, or an the basi@ of its ineeeused induc ion tiwe over a wide
renge of toiwmeratures, Jsxamples of antioxidants available comuercially

are shoyn in tible I,

1,2 SOME TYPICAL COMMERCIALLY AVAILABLE ANTTOXIDANTI
Chemical nuue _ ___ ___Structure eeesorade name
Oc tadecyl=3, 5=
di-tertiary- t8u \
butyl=4~hrdroxyl
phenyl propionate HO *-'Cl-lzCi.aCGOU ! SHB? Irganox 1076
tBa
Di (n=oc tocecyl)- tBu
3, 5= di-t-buiyl- s o5l s
4~hydroxyl benzyl HO —’@"“‘ Clo 1 Y18"37 Irganox 1093
phosphate, / 0
t8u 1’

tetratrismeth;lene~ ,?

', 5= di - t -  C[CH ~0-C
3 (3% 5'-di -t Gl 0=, R Irganox 1010
butyl-4'=hydroxyl
phenyl) propiinate
methdne o ﬂ}
4, 4'-~butylidene H ——CH~ OH
(6=t=but, 1.1, crecol) 1-1 santowhi ¢ powder

(“iz
1CH2 LA ./7'




1.2,3 Secondary Stabilizers:  Peroxide dsco. osors

Anociler woy of protecting pol jmers [ro dojradation is to remove
peroxide radicals and to deactive hydropero:ides as, soon as they are forued,
weny sulpha and phosphorus compounds can awct in this way and the mlst-
common .rjes are sulphides, thioethers, toriiary phosphites and plosphonates.
Lxamples are Jinedibutyl dithio carbamate anc :ﬁc?,eldibutyldithi;Curbs-
mate .

1.2.4 Chelating agenty: letal deactivaitoras

lietals of vuriable valencies can enhuice degradation of polyiers
by acceleraiin, the rate of decowposition of hydroperoxides to active
radiculs, Hydroperoxides so forved arc parficularly susceptible to
decomposition by wetal ions such as

e, £t aid vt (13, 14)

ROE 4+ NP ——> p0® o w® s st lot)

where i reprcsents the netal. -

Co lexin, these metal ians with bullsr lipgunds creates sterric
hinderanc. around the metal ion and prevenis its interaction with sctive
sites of the polymer chains, The presence of uwetel ion inpurities in
pelymer. omn arise fren many sources; e.g, cctalyst recidues of gZieglep

Batta or redox im tiators, fillers, piguenis etic.

voee/Ee
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The wmost iumportant class of chelatin; ag:ats are compounds bazed
on orgamic phosphines and phosphites .nd hizher nitrogenated organic
compounds e.g. melanine, bisasalicylidena diwrines, oxarides, ete.

.25 Synergistic Stabilizer Systems,

The o.rum synerzism is used to deseribe tlx conbined effect of Lo er
more st.bilivors, which is :reater than the sw: of the effects of the
individuul st.bilizers used in isoclationWith anicrxident systims for
instunce a combtutivn of primary and s condary stabilizees, ane freguently
used egpeciall; in polyolefins, and they provide a very efficient stabili-
zation. Synersisiic systews are even more widely used with poly (vinyl-
chloride), PVC palymers, For imstance Cd, L : ~ und Cd/Ba/in stcarates and
laurates arc not.bly good stabilizers and accouil for about 50k of all

PVE stabilizors usad co;nmamially.is'js
1.2,6 UV Proicctin, agents,

Fro:: the preceding ciscussion en tix harmiful effect of radiations
on polyuwers, it can eesily be deduced that to protect plastics against UV
light by the means of additives, it would be necessary to rdduce the
Broray level of the harmful radiations reaching the polymer. The additive
must thereforu be able to absorb UV light (withoutwndergoing decouposition)
mtre readil;’ than the pol mer, or the udiitive must interuct amd deactivate

free radicuds imaediatel, they ure formed,

0301/90
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Those addi tives cupable of absorbinz LV radiaticons are called! UV
absorbers! or 'screaning agents' whereas those wixdch can offer a
stabilizing ¢ffect by inberaction with radicals are culled ‘excited state
gquerc lers',

fhe wse of LV radiation absorbers was introduced as early «8 1945

, § . 17 < b = i

by uzyer and Cearhart to increase the service life of cellulose acetate,
the first benzoiriazole eo yound, rfimvia I was introdvced in 1956, while
one year later the effectiveness of the Iirst nickel-chelator au a UV
stabilizer w.o discovercd,

-~

wxaiplog of

UV stabilizers availible co : creially are as shown in

table II below.

DOLE  I1: COMMEKCIAL UuTRAVICLET STABLLIZERS
Cheudeal nawe .. Struoture ... ........._. . frade naue
Hydroxybenzophenones

e.g. 2=hydroiy—d~

oc tyloxy benzophoenone
@—c s 0 Oct HOBP

Benzotriazol-2-71

phemols e.z. HQ
2-(25-benzo t 4azol- - Pinuvin P
2=yl )~p=cresol N= :

-

Phenyl estcrs: COO__Q_‘H

€8s oH
Phenyl salicylate Salol

Hiclel coipouids s
e.g

Nickeldiotlyldi Lt oy 7 MNi N4DaC
thiocarbanato. S/ _



1.2.8

v
i

Most coumereial LV stabiligers act as'aerea.hing;' ag.énts, but quenchlngma.y
also play a part in their fuuction. The mickel cliwlafuvs may act predo=
nlnantly az uenchers, but they too, absorb a considerable portion of the
imeident UV 1ijht, I

So fur, oniy nickel compounds have fqund industrial agplication as

E have Jowd that the effectivensus of

quemherum. Briggs and liclkellor
a series of ecujerimentsal miclel complexces o Uv g% bilizers for poly- |
propylene 18 similar to thelr uvenching a".);‘-.l:il. iy for anthracene, i,e,
UV light is absorbed by the highly conjvguivd avetuPe of the compluzes )
ard dissipatid cs harmless 1K radiation by & rouvonance stabiligation
mechaniam20 o . .
londition for, ffootive Stubilization

to be an eifcctive stabilizer, an  adatlive iust be able to dispose
of ita e:ccir'ca’bion energy without interac iy .'.::i.th vhe polymer J.n harl;if}xl
or destructive wyays and wi 'l:hout itself under.:;oing angt photoche:-znic;l reac tion
whicn wouvld d.stiroy its elffectivenes., dnorgy is most harmleasly disposcd
of f &g hout; henes effective UV atubilizers viust have st:mc.tu.tw the t provide
far a rapid cuscade back to the groumd sicte through thefmally Ie;cc.i tad
levels, for sone compuurds, this wmay invoelve o photoiscierization to some

higher energy sitructure that reverts rupialy o efficiently back to the

original strueture with che loss of heatl encry. S :
[ N a}/11 [ ] ..
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The grantum efficiency for return to the vnexei ted ground state for
the stabilizer rust bo zreaiwer than 0.99999¢ that is, less than one
wolecule of stubilizer ecun be destroyed for cver; 106,000 that are excited,
ortheridsc, the stubilizer will itself bu duuitro . before it can extend
the life of Ux polymer to a significant ‘iu,,r‘:o"‘l. To achieve maximum
effectiveness and. . pinimum coleur in a pol icr, a Uv absorber should huve
the highost wossible absorbance from 290 %0 40U n: bui no absorbance abovu
40U nm,

aAlthovgl: paient litereture discloses a lurze Mmber of classes of
compounds widech are €laimed to mect the recuircments for an effec tive
ultra-viclet ra.iation absorber, however, onl; fomr fundumentally different
classes have achieviod signific ance and are of coivercial use,8o0in.e of these

stabiliz. rs are «g shown in tuble IT,

Selec tion of Additives: Technelogical e uireuwents,

The choice of any stubilizing additive for 4 particular polymer is
governcd largely by econo: ic fuctors and by t-chnical (or techndlogical)
censiderations, woowe of these factors inl'luciei | the industrial applications
of plastic addi tives are:

Yo High solubility of the stabilizer in the Lolimer
2. you rate of estabilizer loss fro: ithe pol::or through migration,
exuda don, volatilization, leaching, or other procesgses.

7 .000/120



{0 agoesg the weathering of plastics, both accelerated indoor -- -
methods and ex_osure to natural weather condi tkons are being useds The
latter tcehnicues are ebviously to give mort icalistic results but are
of ten dnproducible since the weather itsclf varies so much wich the time
of the year and location., Facters such as suwo'e, dust, fog, tewperaturc,
clouds, .ad the concentration of ozone in @y uvpper atmosphere can all
have a considerable effect on the amount of sunlight reaching the surface

of
of the earth. ihe degradationfplastics under such ranging corditions is
comsequently very difliicult to pr.dict.

Accelorawd indor tests are rore widely voed for beth mechanistic
studies an: fornulation worl:, and artificial light sources which aypro:imate
very closcly to ihe spec iral energy of mnaviral svnlight have been rade
commerciall, svailable in recent yeuars, Jfuc xonon—-ars lighy source,
filtercd throw h pyrex glass seems to reyrodves very closely the sunlight
spec tram in UV region, but other sources of (v r.diations such us carbon-
arcs, fluorcscunt lauwps and mercury-arcs are ulso freguently used,

Lxposuires (o these sources aie ofton made intermittently in order
to sluulate da, and might conditions and suraying with water droplets is
sonetimes ewrried out to reproduce the leaching effect of the additives by
rain uwater.

issal 18



1.5 lonitoring of Ageiny in Plagtics

Irrespective of test methods used, the wrocess of ageing is invar-
iably monitored by cheuical analysis «nd by changes in the physiocal ard
mechanical jroperties of the polymer, Jechnigues used include infr.~red
spec tropho tometry L0 1easure the increase in carbomnyl and hydroxyl sroups and
the diminishing counceniration of unsaturaiion, wvisible light spec tropho tomeiry
to determine the yellownecs index (range 570-590mm ) and the measurvenents of
the destruction of .y matural fluorescence or creation of new fluorescent
species due to plioto-decomposition reactions,

The deteriora ion of mechanical properties is normally assessed by
meni toring changes that occur with time of exposure in properties such as
tensile strength, impuct sirength, elongation at break and young's uodulus,

Embrittlement {test is another way of depicting extent of degiradiiion.
This test is carried out by flexing a piece of exposed sample {hrough 1800,
the sample bein: considercd brittle if fracture occurcd,

1.6 Objectivee and Scope of this work

Altoough aeryloniirile = butadiene~styrene terpolyuers, alS, exhibit
an extra~ordinary desirable cowbination of mechanic«l, thermal, chemic.l and
elec trical propertics as well aa ease of processing and a woderately low price,

its outdoor perforuance .s regards wectherability, is quite poor,

v 18



Recently, some works have been reporivd on stubilization of ABS

. o
polymers against enviromental degradation 22 4, mos y thermal and

photo=oxidntion,

Cow

In tie wesent work, Tinuvin P anl 5,S-dit—’o—but&l-éf-:h&droxybe.nzyl-
| ;chioglycollattx. (DBMBT) have been iﬁgﬁrpo@ted .into BS by i:h'ysical
mi-xing a3 stabiligers and an attempt has been uwade in imroving thg !
_thermal and photo-oxidative performance of sBZ, An attempt has alﬁc.)..
bae.n made in comparing the effec tivsnes.a: oi‘ .t}:te..ae udditives. as 'I:h;ermal and
as phote stabilizers, The thermal and pho-i;o-—oxidati.v.e. performance of the
~ stabiliged polymers have been compared wigh ﬁll-:..l't of unstabiiizled sa;mples.
: W.c:.:rk.l.la.w.s also Loen done ofA films (samples) which were processed and presasad
and those which were processed and cast aml the reseitls qntained have
been comparcd with each other,
Also, DBIET has been ineoiporated into ABG b grafting at the
latex staze, The photo~oxidative and ti'}eriu'lul behuviour of this compound
has been compared with the one that.;-a-as p.l.asrsicall&. raixed. I o
The effects. of irgamx 1076, DBEBT and Zincdicthyldithioccarbamate
{ZnDEC) and their combinations on .the thermal anl photo=stability of poly~-
s tyrene and poly (methylmethacrylaﬁ:) ha.-vo beon invest:i..lgat;-:d.; -
The data obtained huve been presente:. elsevhere in thig theg._:i_.s.

.

'::_.....716'.'"
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240 ACCOUNTS OF PRUVIOUS WORKS

241 Polys tyrene, PS.

Grossie and Veir! nave reported that in ihe vacuum photolysis of
polys tyrene, (PS), the only gaseous produc: ‘s ydrogen and that the
polymer became insoluble and discoloured. Jolland et 312 discovered that
crosglinking was concorwiteant with thernal oxidacion and, as in photolysis
this was accounted for in terms of combination of long - chain racicals,
Yellow colouwration was also observed to develon in PS under 2537a. radiati%h?
The colowur intensity increased vith time, 1. was sugzested that the colour
wag die to conjvgoated unsaturation in the Pol mer backbone,

Ada:us4

demons trated the formation of carbomyl groups in the oxidation
of P5 while iudorsky ard :a'crem.ss5 have repericd that the products of the
thermal desradation of PS contain small amounts of toluem,. etm{lbamana
and methylstyrene; while the principal productz other than the monomer
are dimer, {riner and tet;amen. This evidence sug ested unzipping.f;-o::
the chain ends,

Recently, Chafiar et a16 showed that the plo tr;—ini ti.atit;n of high
impac t polysiyrene which ;ms bee;'l intielly “1bjected to heat treatment in
the prescacce of air, as. in normal processing 01-.(3r=.tion, was due to the

photolysis of hydroperoides intrecduced into t'e polymer during the thermal

treatments They also found that phenolic antioxidants are weak retarders

~ R . . £ aw
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L Lad 1.9 ~
Dithiocurbamates and phonald fes were wlso found to be eflective untioxdd ot

hoth dﬁring thernal traat et ond in photo~oxidacion ’8, I

|
A general concensw; on thr mechanisii of degr.duticn 13 that both
thernal-oxidative amd phsio-oui wtive degradotion of FS follow a free-

: C9-13 | L '
radical wechanism |~ . Baued on the rate snd molseular yeicht neuoureienis,

the overall regc cion CDU.:I..U. be exnlained in terms of initiation at the chedn
endé, follow .-d. by unzipping viich produces mononmer, iﬁtfamo}ef;ul;ar trancsfer
frem which diger, trimer wnd tet.rar.ser are de.r;i.VEd, and, ir.ltra.ﬁm.l.ecular
trensfer which expluing the ravid initial decrease in moleculsx. weight.

Crogslinking and insolubility may result frow the coubination of macro~

Poly(methyl wethacr late), P.iia

The degradation of il was extensively investigated by Grassie and

3,14

melville +« They showed that yuantitative yields of wonower are Pecover=-

able on heating, The yrincipal degradation proce.ses weré revealsd by a

e alshk shoved

combination of molecular and Irute neasureuenis. Cowley ’e't al
that ;112:anfitative dejolyierition of PMLA to monomer t;;dn be initiated by
2537A. radiation, Uhey found thwe change in molé.ca;ﬂ.-éu: %-reightl .a.ind fhe rate
charac teristits to be iﬁenticetl to thoze #f thermally initiated reaction,

Wall, Madgrsky aud comvorkers®’ O’ have examined the products ond

overall characteristica of the denolymeris.tion of a variety of polymers



- 20 -
including bPrllie and have be:.. ble to uake interesting correlations bet.uen
polymer structure and (he a.uure of the depolymerisation reaction.
They discovered that therc .'iu no other volatile prodvct except the purc
monomer, It has also been deuonstrated that UV irradiation ef Piuly fil s
resulted in a rapid decrcuse in the viscosity average molecular Wight of
the pol_\,mue:r.16
Available evideinces svyport a fr.e-~radical mechanisw of degruadation,
17
Allison deionstrated tict the vhotolysis of Pilu results in scission of
the poly.er by a ruadie..l process. Golike et a}.m and, Davies «nd his

19

en=yorkers also found ti:at tie degradation ef Pluw followed a free-—

3,14

radical depolynerization iechanisi:i. Grassie and ielville vere also
able to demonstrate direcil: the radicul nature of the reaction by the
powerful inhibit‘ing effect of truces of 1,4~diadnoanthraquinone. In
addition, the single . o.omersic rocuct und continuously decreasing rate
were used as evidences ti.a. rensfer reactions are absent and that the
overall process can be re «ru.d simply as a reverse polymerigation reactio .

Un stabilization, I‘urlclliizo demonstrated that incorporation of sty rene
as a comonQmer in the polymer chain decreazed PHuA degrodation, presumably
by an energy transfer roces.., Leed stearate and aromatie compounds were
also found to act 48 protecteunis for Pida by a simdlar energy transfer

processm. Some stabiliz.tion li.s been achieved by copolymerization with

srall concentrations of o second mononer -hi?ch is incapable of being
LN } 21 .
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liberated froi. the poljier chain by depolwicerigaivion, ..crylates .re foud
to be particularly eifcciive ..nd huwe been uscd industrially for this
purgose, As little as 1 .x. in 400 parts Plkia of copolymerized acrylui-
trile was fourd to inhibit de rudation compietely., Grassie and nelvillej,
while attempting to elucidate Cie mechanism af degradaticn found that
1,4~diaminoanthrajuinciic powerfully inhibited the degradation of liiw.

‘The additien of eoupouvids such a3 allythiourea, amiline, bengo vinone
and O~hydroxy. uinoline was Cound to decrease the chain cleavage of liva
by md.iatinnzj. Thig prowective action wuu believed to be acconplished
principally by direct action throush energy transfer rather than by coiip—

etitien for free rouicuals,

aeryloni trile~butadiene~styrene terpoly ers, aB3.

Documented reporiu on uBJ are quite few and recent,

Shimada and L..aﬁ:n:l::iz3

found that in the eaxly st.ges of ther .zl
oxidation of aBS filus, the poiybutadiene (PB) content decreased and
o;idative products cont.i i, lydroxyl amd carbonyl groups were produced,
In their view, the initi.tio.  rocess wus thouyht to involve mainly, tlc
production of hydroperoxides i.duced by radicals anu that subsequent  roc-
2
esses were initiatec by tic Cocomposition of the hydroperoxides, Scott
showed that the rubber cowponent is very susceptible to oxidation and that

photolysis leads Lo cross—linlzing of the rubber phase, accompanied by

uao./azo
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8cission of the graft v.t e ihe rubber amd the polymer matriz.,  this
was algo follcwed by lou . o iwjcet strength. Reports of otiier worls
indicated that thermal _rocou.ing activat:s polybutadiene based polyuers
to phote—oxidation by iatrodveing photo-sensitizin: hydroperoxides inte
the polymer., Cuarbonyl zroups fosed during therwal procesiing thus «wet
as photo-imd tiators for .otn-o::idai:innﬁ'zs.

Davis «nd Gordon oLserved that exposurc of =335 filos to oven ageing,
artificial UV rucia-ion axd to natursl atwosphere led to a nadcd decreuse
in the comcentra.ion of polybut.diene vnsuturation «cco. panied by tie
build uvp of hydroxyl cad carbon;l grougs.

For stabilizing A3S, o phenclic anti-oxident, Irganox 1076, and .
JiUBC have been founu o ofiser soce protection during processing -nd in
aervic024. The comsdinuaiin. of wwe two wut found to be synergistic for
$eral oxida.dion, It was _iso uiscovered that 4 concentrated masterbate
of up to Jv WHW ABs, of o conbination of phenojic antioxidant BiBu
(3,5-di~t-butyl-4~hydrox;bens L ercapton vercaptan) and & thinl WV
stabilizer eBilP1 (4-benzoyl-3-hydroxyphenyl-~O-ethyl tidoglycollate) gav.

a synergistic ndxture which has a UV lifetine five tiaes that of
coumercially stabilized Al and over seven times that of the unst.bilizcd

27

i.nlawole ' showed tl..t the cowbinition of BHBi and BEPY, added us

bound nasterbatches are effeciive synergists for B3 and th.t 2<hyd oxy—i~
..oz
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vetyl-oxybenzophenone also iy arts considerable protection to aB3 durin;
UV irradiation I‘.a.han,za not onl; deromstrated that 2, 4~dihyd roxybenzop-
henone acted as a UV stabiligzop for AB3, but alse that grafting increa: s
the efficiency of UV absorbers by reducing volatility ard incrcasing
coupatibili ty and periocnence, siidlarly, ;jcnttzq' also showed that
antioxidants can be bound vnto rebber te give solvent .nd detergent
registant vulcanisates without sacrificing antioxidunt eificiency.

The general agree eni sew: s to indicate that the oxidative degrud-tion
of aBS proceeds throw,ii (he cveii@ruction of the umsaturdation in the poly-
butadiene content, and (i:.. 1ot ction is nost effective when the

stabilisers ure grafted Jo L ¢ rubber backbone of the ».Bs polymers.

. 000/24-1
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3.1 Materials
Chloroform (Analar grade), used as solvent for polystyrene, PS5,
and poly (methylrethacrylate), IMMA, was suphlied by EDL, lrganox 1076, a
phenolic antinxidant wus supplied by Ciba - Cuigr and used without further
purifications uhe zincdiethyldithiocarbanate (&nl.C) w.s jrepared by
double deconposition of a 10/ solutionof the correspoamding sodivm salt with
a saturated aollr‘cion of the transition netul svlvhate.
3, 5=di-t=buiyl=d=hydroxybenzylthioglycollatc OBID L was kindly supplied
by Dr. <. G, \olawole.
Iho polstyrene and poly(methyliethucoylai) were supplied by
RAPRA while the acryloni trilebutadicne-st rene wrpolyuer used was supplied
by Borg-Warner Chemicals Lirited as €ycolac R211,
3,2 Irocessing of ADS polymers,
Unstobilized 4BS was mixed in the RaPily torgue rheometer model
K3 for three minutes at 19000 at high speed aid a ra®- preusure of 40psi.
Simdlarly, £BS with Yinuvin P and 4BS with DolBY wore processed as above,
Samples containing the additives were processed for different periods of

time between 2 and 10 minutes,

3.3 Filn pressing of the processed sauples

The pressing of the 4BS films wes earried out in twn stuges

vene/27



B3,V Exe -~ prossing

Abovi 2z of processed smgley;:easml \using cold uress) between
two glazing plates using a pressure of 40 psi, .U this stuge thick
films werc obtained,

3 «3.2C0upresgion nouldi.

four gpecimens of 0.5g each were out of Ulx thick, pressed filnm
and placed bctreen the glazin, plates beiween which were forierly uvlaced
two cello:hane payers. The specimens were preheaied in the press at 190.0
for 1% mimuics wit cut pressure, They were thon yrossed at 60 psi for
ano ther 1% miautes. At this staege, thin filus of thickness of 5 x 10" cm
were obtained,

3.4 Basting of filus,

Solutions of polystyrene und poly (ueil, locthacyylate) in chloroform
and ABS in dichloromethanc were prepared, silis vere prepared from 2jv solu=
tions of th polymers by pouring a mewsurce volwic on a mercury surface in
a desicator plass basin and allowing to evoporat: at room tempercture.

For each custing, clean mercury was always uscd,
In order to obtain even filis froo ABD solutions, it wus necessary

to filter tlx oiall awount of gel which was noraally mresent befere casting
For polystyrenc and pdly (methyh!E'hézmn-'la'be) the stabilizers were

added by welijhing the required amount of tiw udditive to the base polymer,

e /88,
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which werc then thoroughly mixed toge ther before¢ dissolving in chloroform.
3.5 Method of .nalysing Degradation

It is obviously preferable, where sroogible, to make the comparison
of the wectherability of commerciall; available plustes with referemnce to
those properties of fractical iwportunce especially the mechanical
propertica., .lowvever, the narked depernd®nce of :cochanical properties on
test orocedure aend testpiece~history, wmrelated to weathering introduces
seatter into teat results to such an extent L.l azsevsrent of comparative
stability is very difficult, if not iupossille,

Becausc of the nomn~reproducaebilii . deendance of results ebtained
from ncchanmicul siudies on test methed and ot decu-history, the anthor
has directed his attuntion to the wmonitoring of tle chemical changes occu-
ring dwring degradation and ways of combatting the same i.e, stabilization
by the use of infrared spectroscopy.

346 Iufra-red snslvsis,

Grudndng thin films by transmission spectrcscopy permits  the
course of (ogradation reagctions to be followed wdithout damtpge to, or inter—
ference wiih, tie test are:, Purthermore, being a non-destructive test
it peruits the sa.e area to be used repeatedly for tests, this elirminating
fror. the results, the specimen-to-speciuen voriation inseperable from
destrustive test data, This pethed is more ruiiuble thean the mechanieal

’
'...‘.a.
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property weamweuents and is ulso preferublo to wethods suggested of
avoiding thc difficulties with the nechanical proper.y measurements. One
suggested way of avoiding these difficulties lius been to machine off the
degraded swrface and anulyse it(t). another is to examine the .
surface in-gifu by the infrarcd nethod of att mvat. . total reflection,
31‘4(2), but this rethod is only semiguantit..tive,

3,7 ZEreparation of st samples

Samples for infrared test were jreparéd ..; follows.

Cardboard was measured and cut out co o to [it exactly into the
sample holder of IR machine. fThen, a rectanjular hole wus made at the centre
of the cardboard so as to be exactly in the path of the IR beam, Films
were then cut out to overlap the rectanjular hole wade in the cardbcard
and then stapled,. The filims werc cut out in suwch . a \;ray that they are
larger than the roectangular holes of the cardboard, so that the overlapping
portions could be used for embrittlement tesis. Jhe sample tests were then
subjected to weatheiing conditions und the de,. d-tion followed by running
I.ie spectra at intervals.

J+8 Qutdoor Ixposurc:  latural weathering.
for outdoor ex,osure, the test samplec: werc mwomnted on Retort stands

outside tho cheidstry departuent of .hmadv U.llio .niversigy, Zaria, liigeric.

Chemical changes occuring during -xposur. we.. i:oidtored by infeared

vose/P0
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measurencnts and the tiue to embrittlement wes rocorded.
3¢9 Oven Ageing
Accelarated thermal oxddative desradation of the {ilis were carried
out by wounting the samples on the specially prepaced cardboard holders

which were susjended with copper wires in an «ir oven thermostatted
at 100°C.

3,10 UV Studies,

Aceclerated indoor weathering of v.& olyiors were carried out with

-

a UV fluorcocent lanp of wavelength 254mm in ¢'e v .iochemistry Laboratory,

3. 1 Infra-rcd Spectroscopy Measurement,

neasurcnent of carbonyl, hydroxyl and @rans -1, 4- polybu-
tadiene absorbance:

for these measurements, Perkin slmer ..odel 1000 infra-red

spectroshotorme ter wes used, Specimens of 5 x 10—30111 thickness were used

' %o 650em™! were rocorded., ‘he peak at

and the specire frow 4000cm
2275 cm"1 corrcuponding to the <cyanide group of tix acrylomitrile wus
used as reference for all aB3 spectra, For pol styrene und poly (methylue-

1

thacrylate) spectrs, peaks at 1600cm ' and 3000 ¢ were used us references

respectively,
The growti or decay of momi torcd absor Won cuks were exprecced as

indices,

N S P




The indiccs are defined as the ratio of the wubsorbance of the growing
or decayin, pea:s to that of the refercnce 'w..,

In following the chewical c¢hange : oce i:., ‘uring degradution of
the polyers the main bards momitored arc .. Licrvasing carbonyl
absorvance abound 1725cm"1, the inereasing, h dvoxyl absorbance aroung
34‘5001:1-’ and ti» decrcasing absorbance of tie w.us. 1, 4~ polbutadiene

at 9650m-1 a nd cis - 1, 2 -~ polybutadiene,
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4.0 .
The stabilizing effects 'of 3, S5~di-t-butyl-4-hydroxybensylthiosly-

collate (DBHBT) and Zincdiethyldithiocarbamate (ZnDEC) have been compared

with that of & comuercial phenclic antioxidant, Irganox 1076. The degracation

of polystrene (PS) and poly (methylemethacrylate), PMMA, during oven aging

and UV irradiation it and vithout the three gtabilizers have been

studied, Synergictic mixtures of the stabiligers have also been investigated.
In all the work now reported on PS and PHMA, a 2% level (W) of

stabilizer coxcentration hLas been employed in all cases, ‘'his is a8 o result

of preliminary investigations carried out in determing the optimum level of

1

activity for these ©viabilizers,

41 Results and cussio

4,2 Thermal Degradution of IS,

The gener.]l feature of the spectra of a degraded sample of unstabilized
P35 is as shown in 1'ig, I, It can be seen that a carbonyl growth is noticeable
at 1740cm~ and a peak at 16800&1“1, probably due to unsaturated carbonyl groups.
48 degraduiion continued, the peak at 16800m"" became a shoulder to the carbonyl
peak at 1740c™' . An hydroxyl group can also be seen to develop at 36250m"
This is perhaps an hydroperoxide hydroxyl. In this work, main interests have
been placed on thwe growing hydroxyl group at 362'5cm"1 and the carbomyl group

at 1 7400::1—1 i

Fige -2 show: the dependence of hydroxyl index on time of heating of
stabilized ard unstabiliged samples. The unstabilized sample appears Lo be

N — iR
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the least stable anl desrades fastest. The unstabilized sample exhibits an
induc tion period of 35hrs and embrittles after 540hrs. The. commercial
phenolic anti-oxidant, Irganox 1076 impmroves the stability of PS ac is shown
in this figure, 1In table I it can be seen that the induction period has been
immroved to 135hrs and the embrittlement time to 1160hrs,

In the presencc of ZnDLC and DBUBY, the hydroxyl index can be seen %o
fall slightly initially., This phenowenon suggests that both ZndC amd DB.BYL
act, at least in par:, as peroxide decomposers, Hydroxyl groups wiicl are
present are converied {to peroxide which are consumed by the sulphide gioup of
these stabilizer:., his behaviour is found with all samples containing eiiler
4nDEC or DBHBY and their mixtures but absent in the samples containin; Irganox
1076 alone, This mwirnt mean that 4nDEC and DBHBEY act by a similar umeclha:disn
but differently to irpamox 1076 in their stabilization of PS,

Table I shows that DBHBY is the best thermal stabilizer,

The shapes of the plots of the carbonyl index with heating tiue (Mg, 3)
is quite similar except for the different time of induciion, FMig., 3 shows that
the induc tion periods observed for the appearance of the carbomyl proups corres-—
pord with those for lydroxyl groups. This may guggest that hydroxyl and carbon=
¥l groups are probobly formed simul taneously from the degradation reastion,

2 Synergistic sures

Obvicusly, the wost important anmd technologically useful aspect of any
.. oo/j’
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vork of this natwe is {inding a combination of stabilizers which will give

rise to synergism, In this work, two-component combinations of the t.r e s

abilizers have becn vsed and the results obtained are now discusned Leloi,
Fig. 4 shows the depermdence of hydroxyl index upon heatin: i e

for taree stabiliuer coubinations, The table below illus trates the roculis

ob tained.
Stabilizer Coumbination 1, P. Obtained l 1,7, on oddi{ive
1] b\ﬂi“'
— B e e e e mE S SA R L-'—- R e
-
L
lo additive 35 ! o
Irgunox 1076 + «nbEC 405 315
Irganox 1076 + DI 365 . 340
ZnDiC + DBEDY 615 35
|

It is evident iron the table that the formulation of ZnwuC 4+ NIDY
is the best synergist of the combinations, The combination of Irsg.no::
1076 anmd ZnDiC also sliows good synergistic activity. On the other han. the
behaviour of Irzano: 1076 and DBHBL toge ther each of vhich is a good ther:l
8 tabilizer is not us -00d as perhaps may be expected, I[he reason for ilis
behaviour is not Juvlil; lmown but this will be discussed later  hen the
otabilizing activi?, of these stabilizers are looked at more critically.
Presently, it thus appe.r that the activity of the combination ol irpgenc:

10§6 and DBHBT is .wobably additive,
.oco/ 35'



Unlike the curve of the unstabilized sample, the other curvos
indicate 8n ini%al Jull in the hydroxyl level. This nbservation u reca
with the aarlier rcuvlt that ZubDiC amd DBIBYT individually behaved as
peroxide deconposi:,, s8tubiliver and further sugiests that the individiul
behaviours arc otill uaintained in the mixtures.

Fig., 5 shouyu the dependence of carbonyl index on heatiny tiie in
the presence of mixtures of stabilizers, It is seen here that the Juwidl -
DQHBT combination is the best synergistic mixiure and the slope of tle
post —#irduction ortion of the curve is snmallest, This shows th.t the
synergis tic mixture is not only good in protectin; PS against ther: .ol Cog=
radation for a long period of time, but also that the rate of degredadon
after i;duc tion is slovest, It was also observed that the least colour
developed in this s.cile during exposure,

4 Photo ~ Degr.datioa of, Fi.

The de_eidoies of the hydroxyl and earbonyl groups on ulirc-viclet
irradiation of I's awi les cre shovn in Figs, 6 -~ 9.

It can be Loen in fig. 6 that the cenventional antioxidani, ir «nox
1076 still imparis so..c stability teo PS5 under UV irradiation. 1t has
been shown that both tliermal and photo-degradation of Y5 follow u free
radical 1:ilechaam:i.tm.23 Therefore, even though Irgancx 1076 is not clusuified

as a UV stabilizerp it can still impart stability during UV irradiation
oo./%.
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by interacting wi . free radicals and thereby teruwinating chain re.ciions,

The peroxide deco:.ogiiy; nature of ZnusC and DBIBYL is still observible
during UV irradiaticn ag “epicted by the slight fall in hydroxyl index
of the samples cont.oiming tle two stabilizers,

The UV stabilizing activity of sniuC and DBHBT may be attrilbui ble
to suvlphur product: in part and to some energy transfer process, pariic—
ularly, in the case of ZnbDEC.

Results of the oynergistic mixtures are represented by fisy O
and 9, The unstabilized samjple has an induction period of 50hrs a <
embrittlement tiie of 6%0iwrs while in the presemse of Irganox 1076 ard
DBHBY the times «re increased to 355 and 1685hrs respectively, Whais io
an improvent of ibout 7 times in the imduction peried and «bout 3 ti.en in
the embrittlement yproperiies. The _combination of Irgunox 1076 and ..nul
has been found to Le a better synergistic mixture than the coubinavion of
Irganox 1076 = LDHABY, loth the induction period and embrittleeni tile
have been greatly iugroved by the former mixture. As was found uwidor
thermal degradacion, ¢ ZndiC - DBHBT mixture exhibits the greaticct 8 i
gistic activity unxder UV irradiation, This mixture has extended Ulc
service time of the aale 4 times and improved the induction periou over
13 times. The times to eubrittlement and periods of irduction have been

presented in table. II

cees/3T.
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Table II: Induction :eriods and Eubrittlement [limes (in hours)

R P BN G M o= meme s e
LTherinal uv
- i i
Material I.P, B.T| IF e
:—_L —;— - oneme .-.l
! :
Unstabdlized P3 i 35 3 540 | 5% |} 6%
] ’ ’ ’
PS + Irgunox 1076 to135 | 1160} 124 | 1342
" i ;
PS + 4nDiC y 180 1350 |} 100 n‘ 1402
"
PS + DBEBY 205 | 1584 %165 b 1665
'
' "
Ps + (Irganox 1076 + ~nDEC) 405 | 1800 440 i 2224
PS + (Irganox 1076 + IBIBL) %5 |16% | 355 | 1020
: .
PS + (4nDiC + DDIDY) 615 2412 660 2452
- - - —-L.----‘ -

4,5 Comnents on the Stabilizing activity of Stabilizers,

.

The struc tvr.s of the stabilizers are presumed to be importint in

th: stabilization of tloc compounds .nd the structures have been give: Lelow,

“\é/ LtZNC/ *, n/ \CHBb

Cdzc 1,C 00(’.!1 BH37

Irganox 1076

ZnDEC

as ll/%. Hzcomﬂasﬂ DBIBY



- 38 -

The antioxidiant, Irganox 1076 is believed to act in interruv iy
the chain reactions by coubining wita the prepagating free -~ rudicual
species and thus forin: non-reactive (stable) producis, It acts by tle
mechanism

—P' 4 AE ___ 5 —PH + A° (Stable radical)
the lack of aebdivity of thwe reaction moduct derives {row the resonuce

stabiliz.tion and/or dinerizatien with other species.

— P 4 OH o

0 R1 o 312 '111

©—— < >\ R, 4 “ /RZ
-"13 i
2

3
On the basis of {l.o autoo:didative chain process, the antiexidanv Oper:ico
by a radical chain brozking nechanisr by removing frow the mediw: the o
impor tant species morually involved in the chain ropagation stey, i.e,
alkylperoxy and alliyl radicals,
From the structuwres of the stabilizers it can be seen that botih
Irganox 1076 and IBiBL should behave as good antioxidant by this chain

breaking mechanisr:,
- e / 39.
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In addition to its ability to act as @ radic.l chain bre.tdn antie
oxidant through its phenol group and resonance a;abiliz..d.on, BIBd is
also capable oif mctiy, as 4 peroxide decomposer. UBIBL may recove
peroxide radicals ...u deconjpose hydroperoxides as they are for.ed .z in

reac tions below,

SCHOO* +  RSH DCHOOE  + RST

———p
SCHOO* + RS” N SCH-0051t  (Jtable products,
In efiect, it ueans that DBHBT is able to act both as a primury and a
secondury stabilirer. 1his may perhaps explain vhy it behaves 48 a very
good thermal st .biliszer,
lNickel co..pound: have been found to interuct with pholo = exciy.d
molecules deactiv..ving, them by dissipating the excess energy az 1.

saldtuwttonm, 3

Drigzss ond ickellar have also found that the effcc iiveness
of a series of nicl:el complezes .8 UV stabilizers for polyproprlene is
similar to their (verching ability for anthracene i.,e. UV 1ijL{ iu absorbed
by the highl; nonjuy.ied strueture and dissipated as haruless 1.i rudiation
by a resonance stovilisation mechanism, Chakraborty «nd acotts alzo slhowed
that tie effeciiveinecs of nickeldialkylthiocarbamates as UV st.biilixcr. is
a function of tlheir role as catalysts for the non - radiccl docor -osiiion

of hydroperoxides und that Irganox 1076 synergises with NiDBC as « {huraad

8 tabilizer. eene/so,
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The action of /aD.C in the present work is thou ht to be due to
a conbination of its abilit - o decompose peawpxides, direct absorption of
UV lizht and (uenchin, ol pol wer excifed states by the energy transfer
mechanisn, (the abilit  of ..nw.a to decounpnse hydroperoxides in a non~
radical mechanis: 1:qy be re regentad by the following reactions.

i v @
(thlg--s)2 Zn + ROOH > (BN --}i)-a)2 Zn

 (5,0)

Rululad . RZIIC"'OH"'SO.?
+ ROI

Synergisi is ‘reow:ed to arise since inhibition cun be affectud
at different stuges in the oxidative reaction., <Therefore combinuiions
which suppress oxidaiion & diflerent stages are particularly effective,
& chain terrinator suppresses the rate of vimitiation, but, us exch
oxidative chain is teridin.ied, a wolecule of »eroxide is formed., Decom=
position ef peroxides which .ould yield racicals und wnake the reaction
autocatalytic is prove:.to. in the presence of a peroxide deactdvator, In
this way, additional ro ic..Ju .»x¢ not formed .nd the chain terminator is
preserved thus yielding oxcellent stabilization,

sansf A
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The activities of nwu.L and DBIB{ may also be enhanced bec.use
they could act as a ruservoir of potentially available sulphur oxides
widch ocould act 48 ,owerivl antiexidants und alse iuperting some UV
stability., This _hemo weno: i3 supperted by the worlk of amin and :5cot'i:7
vho discevered tiuat zine, nickel and cobalt conplexes aic relatively si.ble
to exidative treatment at high tenperatures amd that the jwracess leading
to their destruciion iavolvea reaction with hydraperoxides and the
produc ts formed, notably 302/3)3 ar: poweriul antioxidants. Because chain-
breaking and peroxide deco _osing sicbilizers interfere at different points
in the auto-oxidaticn wroces , tiuey rutually reinforce one another
leading to an effect greater than the sun of the effects of each
stabilizer alone, thio iz synergisn,

A8 well as beiw, comnlesentury in wiechaniam, the two classes of
anti-oxidants frecuentl, coi:, Levent each other in their response to ‘
enviromental concitions . orchy ziving rise to protectiosn over a broader
period of tine and wider rave of envireomental conmditions than either

trpe above,

4,6 Poly (methylmethacrylate)

g, 10 shows the i, r, spectrf of oven aged sample of Pilii.

Similar spectra have been obtained for UV irradiated samplec, Only the
ti05/42
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hydroxyl indices were monitored for all inveastigations of Phifi, It can
be seen that two lydroxyl e developed; one at 3450cu™ ' and the other
at 36500:11-1. The formexr banl is believed to arise from hydrogen bonded
hydroxyl group, probably duve to adsorption of modsture at the film surface

while the band at 36‘5Ocrf"1

is an hydroperoxide hydroxyl group. The calc=
ulated indices have been based on the hydroxyl group at 3650::;:."1 which is

been to grow with increased heating time.

4T Lhermal degradacion of PMMA

T'ig. 11 shows the dependence of hydroxyl index on oven ageing in
the pressence of Irganox 1076, ZniuC and DBHBI while fig. 12 shows the same
paraneters but in the presence of mixtures of stabilizers. 'The initial
fall in the concentraiion of the hydroxyl group observed with PS has been
found in 21l cases studied with PFMa, This evidence may suggest that «uring
thermal processing of I.J&, some hydroperoxides or other hydroxyl groups
are incorporated., When incorporated individlually, the efficiency of the
stabilizera for PIIA under oven ageing has been found in the order,

Irgenox 1076<& Znb.iC «= DBUBT., The unstabilised sample has an
induc tion period of 25hrs and embrittlement time of 340hrs. Table 11 siows

‘.ll/"'
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thn_ improvements brought about on the vmbrittlement propgrties cond

 induction periods by the 1morpnrratio_n. of the stabilizers.

lable III; Induction Periods ~nd uwbrittlement Times (in has)

Material

. s -

Uns tabilized PHIMA

PMMA + Irgancx 1076

PMIMA + 2ZnDiC

PiMA + DBHBT

Piltk+ (Irganox 1976 + /nDEC)
PMMa +(Irganox 1076 + DBHBT)

PEMA + ( ZnDiC + DBHBT)

Thermal uv
I.¥ E.T I.P BT
25 | om0} 15 280
130 060 115 792
158 1200 | 148 980
174 1505 | 134 955
305 1722 | 334 | 1135
342 1624 300 1070
4% 1884 | 395 | 1492

Mg. 12 shows tle effect of mixtures of stubllizers on the oven
ageing of PMMA, The greatcst stabilization is obtained with the 4nDiC-
DBHBT system ard the least {rom Irganox - DBHDY.
sing given the fact that O8IDYL behaves better than ZnlEC as a thermal

s woul B

This result is surpri-
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Mg, 15 cowuroes tho desrudation under fnr irradietion with © .l
undeyr even »2ing for vnot bilised sarilens It is evident fron this
plet that Tisw degrades fout.x waen irrudiuied with UV lijLit of 254n
that when heater in wr oven Shewmestattud at 100°C., 4his nemss that
Pidws is 1ore s8table ©o ue..t iU the given te _er.iture than o U ligac.

¥ro. the result. of Ui investigations with IS ad liuw, it c:
be concluded that uvnder 17 irr.diaton, the pelative <flectivenoss of
the stabilizers eu loyeu i in the order, 4nueC > uDIDL 2 Irg-nox 1070,
On the other hand, au i eiw:l st.bilizers the increwsing order of eficc =
iveness is Irganox 1076 & ZnuEC < DBHBT. Sinmco Irganox 1076 is usod
comunercially as a therial stubilizer, the use of LOIBY as g substiiuie
is highly recoimended,

4 tuo = couponent stobilizer of “nlC and DBiBY performs much
better therrally and should be "weferr.d to DL . alone, ior beth
therwal desradation and |7 irr .diation, « syneriistic :dixture of snb..J
D5IBY is «n effectiv. 8t bilirer,

The resulis ebtuirel ltere .re couwparcble with those ol ;\ola-.:olu"'l
on BHBi., DBEBT is an estomr of BlDi. BIDL: is beth difficult to prep.yve

..../4§a



and the yield is low. On the oth o hamd ester, DBARYS, is easier to

repare amd has @ higher yiclc, It is therefore advantigeous, eceromica=

1ly, to substitute BHBM with UJ D¢ as a thermal stabilizers
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RESULTS AND DISCUSSIONS

General features of the i,r, spectira

A common feature observed is that the spectra of degraded samples
exhibited growths in b nds corresponding to the carbonyl (1725@"),
the hydroxyl (around 3450021-1), polytrans - 1, 4-butadiene and polycis-
1, 2=-butadiene 2t 965 end 910(:::1"'1 respectively; (Fig. 1). The double

bonds 2t %Scm-1 seem to disappear faster than those at 9100m-1.

Hydroxyl and carbonyl bands grew in all the spectr:, but,
these bands were, however, preceeded by the decay of the polybutadiene
content of ABS, After a certain length of time, the polytrans - and
polycis = butadiene seem to be completely destroyed as can be clearly
seen in Fig, 2 The hydroxyl peak also seem to reaah a maximum when the
double b nds of polybutadiene are fully destroyed, while the carbonyl
band continues to grow, This further growth of the carbonyl band may
indicate a gradual conversion of hydroxyl to carbonyl.

In the cases of ABS samples containing some additives, the
bands, exhibit an initial induction period after which the peaks at
1

965 and 910cm

o.oo/480
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dininished while thosoe at %450 and 1‘725cmm‘t begin to grow, In aBS
sample. containing LDIL ., (.o lydrozyl bands generully docroase ini#i.-
1ly, then becorin; cons” oot Lefore beyinning to grow., [This i.ay be ilw
case where the ddditive is .. poroidde decoiposer, Hydroxyl groups -hich
were producud during tae theirnol procissing are convertud to peroxides
which are consumed by tho cdditive, and this inhibits dagrad.tion usually
initated by hydroperoxidea., his may also explain the conmstuncy of tho
carbonyl pe«l: during thiu tiie, lHowever, after the addi tive concentr.-
tion level has fallen subst-nticlly, the hydrosyl concentration grows
and then are conveorieu %o curbonyl vhich is reflectiec in the growing pe.’:
of the carbonyl see fig, 3. 'this observation see 5 to sup_ort the
suggestion by Scott? that ydvoperoxides photelysis is more i portant
than carbonyl semsitisation during the initiation of photooxid..idon of
hydrocarbon polyners,

During the ageis. ol the .uwple filws, the itrile and pheml
absorbances at 2275cn ! il 1‘;600m_1 respec tively, do not show .ny
noticeable changes, iis sug,ests that no splitting of phermyl or nitrile

groups take place duriny; de radation,

L
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" Tellow colour .ion developed in the filss during degradation
and incrccsed in intesi [ wiith time, 'This is believed to be due to Jr.
fcrmati‘n of carbonyl grov z .nd the increase in intensity to the incru-
4gsing level of cartenyl coitlzui, Degradeod saiples of B3 bocaiie insoliube

la in dichloroiethane, this is thought o be due io the presence of cross™

linked gel,

5.2 Photo - oxidation of B,

Jig, 2 shows tlo changes that occcwr during UV irrudiation in i
imdices of the functiond _rouvps,., Jvidently, polytr.ns -1, 4-butcdiene
content is much higher ..ul also degrades fuster than the polyeis - 1,2~
butadiene. HEssendiall,, there appears to be no indvetion ,eriod in e
des truc 'i::i..on of thege baidi. il the unstabilized 4iBo sa.ple, tThe hydro. 1
grouy bezins to srow .ft.i ©o hours of inlucéion, ithe carboml Lea:
agpears shorily after vo ¢ hydroxyl has becn formed. It appears frow '.:::o'
graph that the hydro:71l grovp grows faster initially than the carboml
group., <That the carboiy’l foruution is shower than and also proceeccd by
the appearance of the hydro:yl group may suggest that carbonyl compounc:

are secondary breakdown _wodvets of hydroveroxides,

oo s/ 50,
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ihe growin, igdro: 1 Hund reaches . waxiive at .bout the ti e
when the polysbutadienc vig. aw.sdion is conletcly destroved, ‘fhis is,
perhaps, an imdicution 1..¢ ¥lx: center of attuelk of the chain is Che
- C=C - and t.at eoxidative rocciions thus initiated lead to lydrox. 1
containing productas; oot probably, hydroperoxides., <he decr:ase in tho

hydroxyl rouy afterwards oint: to its conversion to carbonyl groups.

ifecte of linmuvin i and I0.31 on the degradation of ABS

Mg, 4 shows the effects of two different stabilizers, DBIBY
and Minuvin I’ on UV irr.diation of 4BS amd tlx resulting destrucition of
unséturation,

Lxpectedly, the viwtabilized sanple degrades fastust; apparentl;
without any induction poriod. Yhis is an evidence of the joor we.:ther=
ability of unstabilized .o vidor conditions of ultrevielet irradiution,
The sa-ple containin, U5 ... shiows an induction pe.iod of only .bouvt iéhru,
while in the preseecc oi “dinuvin P, the s.mple exhibils «n indueciion
period of 815hrs, (sc. ¢ Lle 1), svidently, this means ithot ‘finuvis .
is a gocd UV stubilizer u.dile DBIBY is a poor one, Despit: its poor
ini tial UV stabilization, &l post -~ induciion period slope of ©ix cvivy

for DBHBY nay be of intcmest, rthis slope is less sharp than the one ol .

-0-0/510 y ; -0
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the unstebilized swyle. Lido observition way sugizst tin.t DB:BYL iy
soie UV stubilicy ducin viu ptuge of uili desradation, this oy wob. .=
bly be due to soie oiid .iv. culphur jroducis fro.. IBIOY such as -502,
503 and perhz;s 1{2&04.

Pig, 5 ds a {ira¢ order plot showing the effect of UV irraciacion
on functionyl groups in swiples uith and without dnurin P. Sirila plois
have been obtuinoed with s..plus containing DBIDBY, For the growin, bawnis
of . =0 and >C =0, log (A - ay / Agp - ao) is plotted agai:st
tine of exposurc wherc Ag is the raxinum absorbonce and Ay is the
aboorbance c.at any tiue t. Lo ig the absorbance of th. imnitial pelk,

For the dirinishing band oi ~ C =C - log (:Lt / ;’ao) haz been plottud
acaimat tiue of exposuv.c uhere “y is the maxiinu gbsorvame {&ﬁ.w)
and A*ia e a2bsoMpanGy ut my ine

The straight lizes obtained after _n initicl period sug _est that
the photo-oxida.ion of ABS is & proces. of the firct order, the rate of
formation of hydroxyl . wou s is essentially similar to th: ratc of duuu-

rugtion of double bandi; ..; .y be seen froi: the vulues of che-rate conu-

tents shown below.

o
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fhis wearns that photo=o:ddution of 4D, starts with the des rve tion
af double bands resuliin, in an initiel fast forvacion ¢f hydroxyl.
The carbonyl seems to Be foiiod laoter through furtiher oddgtion of the
hydroxyl., <Jhe rate of curbo ;1 formatdon is sualler chan the rate of
hydroxyl formacion us is bovnw out by the rate constents, the plots for
sauples containing WMIB.L ar. shown in Fig, 6. and rcete constunis ~lso
presented in the 4able cbove

Fig., T deuworstraie:s the offeet of varying stabilizer comsontrii=
tion on the stability of A5 . It is clearly observ.d that even at 0,25-
level, Timuvin P irurts sudbutntial stability over the unstubilized

sample. ‘the mosi econoidc..l lovel of «pplicacion appears o be .

044:/53:
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At a higher comceniration leovel of 2j;, the length of induction pe.iod iz
about aune as tlat of 1> i,e, U15lrs, 1t is therefore .technologicill
unnecessary ©¢o incerperatn Mnuvin v at 4 higher comcentration level above
1% since the induction tii o hw. not been increased,
From the resul® discusued above, a photo-oxidative degradaiior

schene ig proposed ag follotin,

~ CE,CHCH,— . hy ~CLCCE,~ vg - - cn ccuz-—
EH.-:CHZ éHH}! I
{ro’ goi R or ROO
~ CH, gﬂcnz— (,I:-?g-u{ - ROOR (+ 0,)
. J-szoh H::L}.I.Z _ Imubitor
0,/ i 0 t
- t.:ii?QO(JHCﬁzO(U)i{ - 0112[!0112- Inac tive producis
oK B=Cll, Containing - 01, =C0
Cross ~ linked gel i \_50'\)
- CH,CCH=CH, + ‘CH =
RO" or ROO° 2 2 e ROOR
?OH
- CH iI I - He .
,CCi-CH,0 (0) R 02 /RN . cucodtHp o (0)&

Cross = linked gel.
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From the result: of This work (md the propos.d sche e, the {oll-

way be concluded .boui tlw photodegrad..tion of ABS,

The rubber sej.ent is the initial point of photolytic attuck

vielding free radic.lo.

fhe free radiccls ra didl, coidbine with oxygen to for:: puroxidos

The peroxidus so loried are converted to hydroperoxides.

Hydroperoxides .ot -3 photoactivator. for photo-oxidacion.

Fhotolysis of (i'oueroddes leads to cross-lin'ding ol the rubber

component by uddiliocn o <lkoxy radiccls o 1, 2 = P group and

conjugated carbo L forued .by allioxy radic.l breali-down,

It is this crosu~linizing thic¢ is responsible for the insolubili{y

of degrad.d samyleo of A3S5 in dichlomom-ethane anl some ether

solyents, and thau destroys th: elastomeric properties of the

rubbesr phase.

MHnuvin I is a ver; good UV stabilizer for ABS.

DBHDY is a poor phoilo -~ stabiliger for 4BS,,

The photo ~ degrdaidion of 435 is a first ~ order process yroceed:-

ing throu h double b md oxidiiion, The rate constant for the
~6 -1

double band desiruction is 8.668 x 10 = sec ,

sowod 0%



10, Hydrox;yl groups & Dcar to he oxidation products of the double

bond oxidavion und these hydroxryl groups ~rc converted te carboiy

grouys

11. sormation of c'rbox’l sroups le.d To yellow colovrwiion of tho
pelyuer.

12, It agpears ¢ .U .= incroasing build-up of carbonyl groups corr-

esponds to thwe ineie.sing intensity of the yellow colouration

with time of «g.ing.

55 Mheraal Oxidation of S

iz, © shows tie suectra of thermally degraded aBs. lydroxyl/

and carbonyl ' 4
bunds can be seen to;vow at 3500em  and 1725%cm  respoctively., at the

iritial stage of heatiiy, bands are observed to grow at 1650 and 10 '-.-1
in addition to the carbonyl . wouy contered ot 1725cm™', ‘These sypocies
arc probably unsuitvrated aecic (1650cm"') and kotono (1825cu"’). Scott)
also reported siidlar observations at 1665, 1685 and 1699em-1. Proa <o
spectra, it could be observad that these species accumulate more slorl:-

5 -f .
than saturated carbonyl (172Jem ) and during further heating, the; Lecams ;

shoulders of the douinuiiy, gatw.ted carbonyl band,

..l"/%l
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It can be geea ¢v.t the - € =C - stretching bonmd of the torii=-
al double bond at 1"')&."7(:.'1-1 increas' s slightly «iter soie time, ‘this ay
su;-est that underseve.e axl long heating, soiue scission of the poly..er
chain do sccur, lolytrans = 1, 4 ~ butidiene and polycis - 1, 2=-buti.—
iene band; «t 965 and S10c.1 = respectively diminish 1ith tiue. ihe
dograded samples have hHoo lovii o develop intense yellow colouration

and finally becordn: imsolibie in dichloromethane,

Effect of wocossing U.e ou sibiliger activity

The efiect of Uhe ' ii jrocessing on the efficioncy of DBLHBY io
reprosented in Mig, 9. Sallos 1 - 4 all contain DBHBY physically .dxed
and thormally _rocessed for 2, 3, 5 and T% pinutes repectively in ascu-
rdin; order, Janple 5 cont.diw DUIBY graft.d into the polymor matrixz aid
processed for 7% rmimutoa,

The values of indvetion veriods «nd enmbrittle.ent times have
been prescnted in table i, 1t is cdear from ii;, 9 that the bound
stabilizer is nuch more efiicient than physicully mied stabilizers.

The swiple containing grofUed uBIBL hes 2 carbonyl induction tine of
494hres and cubritilenen. tio of 2250hrs while the other sumple vhich
contain physically mixe. .04 «nd processed for .n equal time of T ..ims.

vesaf 5T
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has a carbonyl indvetion &l o of 296hrs nxl o.brittluaenc tuwe of 5055hrs,
1%t is also evid.nt fro.: Yo sapley contuining DBIL ¢ which have been
physically wixed with ¢Ix ol zir that 3 mdmut.s «ppe.r o be thu uoast
econonisal jroceszin, tiwe.

‘rhoe _.oox;cr 3tabilit diperted Vo sawples processed for 5 and
75 oins. is believed %o be dve to excescive he:iing which is eap.ble
of iniroducing usoie ldro cro.ddes into thu sawle, Since hydrogoro:idus
ero quite photosensitive, L .. net effect is thut the stibilizer lovul
are sonewWho. lowered by s couwdumption of the hydroperoxides produced
during heat treatment. . (o other hand, ter only 2 mins, of roceiss
ing, it is jwobable th.t the nstabilizcr his not beun evenly mixed wiih
the base polyner, dhic 1o not only lead to agglomcration of tlx stabil-
izer, in which casc it is, in @i'fect, unduronployod., but nay also lead
to loss by volatiliz.tion during processing, The lower initial carbo:pl
contunt of tie saiple procest 4 for 2 mins way suggust that the luowat
thor.o=-oxidaiive degrad..tion ocecured during jwocessing,

The unstabilived scamile (control) desrades without any period of

induetion and cmbrittles alter onmly 12hrs, In swiple 1, the induction

period to th. on set of dectrmetion of the = C = C - bonds is imcre.nd

sowal BB
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from 0 (umstabilized) to 160irs, while insc ple 4, it has becn iner:a-
3cd further to 292hrs, @ tiw physically wixed scmples, the saiple
procested for Fmins., exidbits the longest indvetion period of 35Chra
while aw . le 3 shows .n induvelion perioed of 305hrs. rThe sa ple procuas. d
for 3 vims, u«lso has tio fzhoot ewbritilerent tines a8 cun be seen in
table. II, ‘hese jerfor. :<o2n indicate that UBIBY is « Powerful ther .1
s tabilizer.

that the grafto: siubiligkr is mueh more superior to tle physic.ally
wizod onec is vividly bornc out in Idg., 9 (5) and frow both the inducidon
periods and vpbrittle.ent tii.os shown in table II, Kalawolez has obsorvod
similar:behaviour with BiDM and IBHFI' added as bounu masterbatches to
ABS, (BBIBYT used in this proient work is an ester of BHBIL ) :1.‘&11.u.n3 also
donons trated that gr.fting, by covolynerizing HUB. with ABS sigrmificantly
improved the induction poriod and comsequently the embritilecent proper—
tics amd decruascd the rabe of oxidalion, Ischmnologically, this is ol
imrmense inportance. The tollowing advantag.s ore at least imediatel;
feasible., By being grodicd, the stubilizor becoiws non-volatile und
ensures waxinum utilis.vion, Lower level of incorporation will be rug-

uired unlike the Conveniloiwty physic.:lly wi.ced stabilizers wherc ligh

seaal50,
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conce ntrations ur. neceus.wy asince the stabiligers are vmifornly dis ere-
sed in the whole matrix of Jw 1olyblemd althovgh the major degr.dation
occurs in the rubber noiety., ..ddod o the zdvant.ge of bein; effective
at wveh lower concentradons is the fact that bound stabiligzers are
coupletely reoistont To solwinal catraction and leaching jwocesues,
Grafting <lso reducus U o problom of incompatioility which would have

greatly reduced the efficicoec of the stubilizers,

Yirst - order nlois,

Mg, 10 show: th. lincar plots of the growing concentrations ol
carbonyl and hydroxyl grouvyo and the dimimishing concentration of the
polystrans ~ 1, 4 - butadiene at 965cm-1. ‘the curves show short pericd: of
induetion, The straight lines ebtained after the initial periods show
that therial - oxidative desradation of ABS also follows a first orcoer
procuess 48 has been found in photo-oxidative degradation,

The ratc of loss of umsaturation in the rubber segment cun be
secn from this plot to be quite ziwdlar Yo the rete of formation of
hydroxyl groups., Caleuloted walues of rate constunts for - C = C =

and = 0 = H are 12,337 and 11,210 x 10'6 aeur"'1

respectivel;, This is
indicative of the dependeiec of hydroxyl foriation on double bon' desixu=

ction. It way be conclidec tiat thermal oxid.tion of 4BS is a first

C P TS R Iy CHEee s el . U'..‘IQ'.'/m divowe ;.! ¥ -
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order process and’ proceed;: orough double bond destrveivive oxidution.
In all the cases siuwdie’, carbonyl groups uype-r only uftir so.e
hydroxyl groups have be.n: Joricd., Thig observatbion syggedts that carbe
onyl formation is a secoisi..) _wrocess probably as a result of conversion
of hydroxyl groups.

In the grosence of 1,0'%DLBEBT, the initiation process for thu
degr.dation of thc polyier i.c. the destruction of the double bonds iu
greatly suppressced. the unsicbilized sample has no significant period
of induction while M.t of 1,0%LBHBT processed for the sawe lenglh of
tire of 3 mins, exhibits an indve don period of 350hri, also, the e
to embrittlerent of 680hrs obicined with the stubilized swiple is nuch
more superior o the unstiubilized sarple of 24hrs, <s shown in t.ble I,
In essence, the usceful life of the product has beun extended by abount
30tires,

5.8 Lhenyl and Nitrile grov.s

Fig., 11 shous {lo changes occuring in phenyl (11a) ané niwile

(11b) groups. Bssen@.olly, therc is no significant change in the

acryloni trile group as cun L2 observed from the ir spectra of fig. C.

e (1 P
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On the other hand, under prolonged he.ting, so.ie cherdecl vodificacion:
secr. to occur with the phenyl jroup. [The process involw.d ay be uom
complex but it is thow, .0 to bu ausociatud with the changes observ.oble
ot 1587::111-1 The incr. e in sbsorption at 158‘!0!:1-’ which is due to the
stretehing of = C = C - boiv. is bolieved to he due to chain scigsion
wihich imeroases the comconxaiion of the terminal coarbon = carbon doublo
borxls, It is probable it the.e double bonds are wdjacunt to the
phenyl group, and as such, afiect the behaviour of the phenyl group at
1960c-..{“ (sco fig. G). In ua-ing this proposal, it is thought that the
observed ter.dinal doubl: bond uns.turation occurs in the polystyrune

component of ABS, reoultin, ir a4 siruetuvre given bulow,

== By —= Cliz— Cil,— 4 —UH-C=am,

b

9 g

Hydroperoxide - decor josiiy, cetivity of JBUBL
the dependence of hydroxyl imdex on heaiing time is shown in fi-,
12 for sanples cont.iuiv, 1,0% JBHBY amd processed for different tines.

The shapes of all th cuvves 8 similor,

eenn/62.
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A genersl fall 1% ¢ lydeoxyl index is observed for <11 the
samples, (4his situ.ido. . = beun fourd in all samples contiining
UBHBY which hawve beun & wr. .ally degraded). after this initial full,
hydroxyl group concenix.iioi: roncins constant for semetiie &f ter vhicic
it then grous, lhis beliwviowr ray be rationalized as follows, Hydro:ll
groups which vere produced in the polyrer during the thermal preces:ding
are cenverted to peroxidus yhich .re conswiled by the sulphide group of
the stabiliger, this clco cxplains the conmatancy of the carbonyl pcal
at 1725cm | during thic »oriod as stat d earlicr, Lowever, when th.
level of the sulplide h s i:llen substantially, the hydroxyls produccd
are gradually convertud o curbvonyls which ig then reflectud in the ro-
wing pedl: at 1725cm"1.

This observaliion swyento that DBIBY wets ag « peroxide decomposér.
This result is sindlle o hat obtained b;s'.}(olawolez vho discovered that
the initial hydroxyl group in ABE decreased in the presence of BHBM

as stabilizer,

. 910 Comparison of DBIBy and Tinuvin P us thermal Stabilizers.

- - - & .- A A . e e —

The stabilizing «ifTectiveness of DBID{ and Tinuvin £ during

thermal - oxidative degradeiion can be compar.d froo fig, 13.

eeee/63.
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This fijure represents U dostrue iion of polytrins = 1, 4 = but-diene
at 9650~ with howili, s -

In agrevment *idl: ¢ 1reualts obtained in this wor's the unot -~
bilized sawple is the L.t stuble wnd conseruently degredes Tastos .,
‘his sa .Iple degrad s A dlovt exbibiting .m., apprecicble tiie of induciior,
Mnuvin P is @ vory poor thermial stwbilizer 2s it only gives an induction
tine of about 50hrs. In e, techmologicallv, it should not be roge-
rded as .. thern.l stabiliser, On the contrury, DBEBT is & jowerful thor=
nel stbilizer, st 1) lovel added conventionally, the (ime to embritile~
rent has been incre.sed by ov.r 600hrs, # greater injrovement h.s eveen
bevn achiovud when DDiDY ia graf ted to the polywer 8 the embrittlenent
tirc has beon incrc.sed by ovr 2000hrs, {sec t.vle II).

The difi'er.nee in the initial concentr-tion of unsatur.iion
content is «tiributible to Ulw therwal history of the s.mples, The
unst.bilized suwple hoou U lowest i itial content of double bonda,

This meuns that the grecient danage was done to this sauple durin, the
thermal processing. he lu_pt demage wus done to the -ample contaimin;
UBEBY because a8 as pood iwewal stabilizer, it offured the greatost
protection to ABS,

ee. /63,



In thig way, tie olybutadiene segment was retained, The lover
sevel found in Tinuvin & ~ stabilizged sauple confirms that Minuvin o io
a4 pooxr thermal stabilizor, Otherwise, it should have effectively prof-
oc ted ABS dur'ing the % mins, of procéss'ihg <8 ¢un be 'said in the case

of DBiBY,

511 Lffect of imtraction o
filma containing ‘i‘im;zr;.i.n ; dnd DBlIIﬁ.'Il‘ w-ere extracted with het
cycylohexame for 48hre, Ll‘lc.bh(, s.tability of the aanples. t;:w .ixea-b was then
studied. Iy, 14 shows the changes ?bseljved ip _the a.._n-bonyl i;ﬂex.

. The wngtabiliged oliwple showsy nol;i.efi.“.{.rz.'éri:e betw.‘ee;a.'.the extrac ted
and unextracted samples in the rate of degradation., On the other hard,’
extracted films contuiniiy, -;ti.nujr_in .P degradg faster apd embritile earlier
than the i m@iﬁ‘:;u{;. 'tud. Tilws, i‘ha tinié.s to embri ttler;lelrit Tor the
extracted and unextracted sapples are 122 and {54hrs. respec:ively. It
i3 cleur frouw fig. 14 .'E:h-.u.'i; the extracied sampled gs still more =s=t.ble
than the um'babi“l;'i..zed S#Ii:_‘]l@. Pnig may probabli'lgtﬁééét that not «11
of the stabiliger prosent in the polymer has heen fully extracted or cowld

be extracted. =




I.t.can be Qeen vt fhe extracted film con..tain.i..ng. DBiIBT 8till
exhibits aubstantia)l tise of induction, Thisg tends to indicate th.t
4Bhrs. of Bot axtrotion in cyclghexﬁ_ne has net totally removed tuo
;ltufilizer from the polyswoer notrix, It. haé 53311 o'ﬁseﬁed i:hg;t the
grafted sauple is compleiely iidifferent to extr.ction . no noticeavlo

chang: oceurad, This tends o confirm thet hound stabiliser systeus ave

.

T

conpletﬁly resis;i;ant: .’co.ﬂsolv:.,;n"r;. 5}:1:1‘&6 tiolar ar;i. ieachirl;;s-. o:l.n".lldr reoulis
havi been obiiined by soie other worker:, '1‘:-&1«5115 found that 2, 4=-dihy-
droxybenzophenone, a ULV abdorber and some of its derivatives are 'wre
ef‘}icieﬁt 'w..hen.. gr.afted. w ';t:F-lo pdl:mer ulatr:.x :;an;also .fééiéta.n.i;. 'bo
solvent extraction., It Lo also been shown by b‘oottfl_\that antloxidants
can be effectively bound uwato rubber to give solvr;\.nt.a.nd c;etergent
res:.st’mt vuicarﬁsates. | I.J:i..l‘si.lar..ﬁtudiess in.l;‘aBS. imve 1nd:|.oa.‘aa:1 that

& 2-hydroxybenzophenone (BIL'A) containing a polymerizable vinyl group

¢an be copolymerized witl siyrcene and aeryloniirile to give wnodified

-ILBIS. co:ﬁ£aining" the pa.re‘n."c d:.hydroxybenzoghenone buf-{ritﬁ ir.;proved rosis i -
ance to zolvents, A

The imuortlance oif the result obtuained in this jwesent work isg

thaf graftihg of the aLibilizer, amdng other thing, eﬁéuﬁes Permanencs,
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which is one of the iipori. il wcehaological eriteriu of clhicosing st-bil-
izors for polywer yrodve i, .2, when such jroduct. ure used in proser—
ving foeds tufls, liguido we solutions, the problen of contumination
arising frow the dissolution of the stabilizer is completely elindnatec,
The relevance of this oo rog ri 8 health hazards may not be overestinai.d,
Crafting also helps iu  reventing volatiliz.iion of the stabiligers.
fhis helps to naintain e coeaentration level of the stabilizer as vell
a8 reducing at.ozpheric ollutiorn,

5.12 Ratural weathering

Results of ADS filus exposed to natural atuospheric conditions
are present:d in figs 1510 and in table 1II1X,

I'ig 15 shows the cuanges of the functional groups duri g natvr 1
weatheriny of 4BS, Lhe losi of unsaturation sccurs rapidl, wit.out any
period of inductioi., iue rowth of hydroxyl groups has _n induction
perind of 2hrs while the caabonyl group grows after «n initial induetion
period of 4hra, It is cle xl, seen that the growth of tle hydroxyl
group levels up when the ww iurated content of polybui.diene has been
conpletely destro:ed., This observation is consistent ith the findings

drring thermal and photo - degradation studies reportod earlier, and

-c-l/67'
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shows that - OH and "~ = U .x¢ produced after the = C = C - bond hes

been attacked and its brouw'dovn sturted, Jhus showing th.t oxidaiion

proceeds with the attac: en (ho double bonds, ‘he curbonyl group coaii-
mue:; to grow durin; tiw oeriod of exposurc, even ai'ter the hydroxyl
group has reached ito pedlz, Whig further pgroutn of the ¢. ruonyl ;rou,

is «t the expense of the hytroxyl proup which is seen to diminish .ith .
growth of the arbonyl. It .y thus be concluded th.i hydroxyl grou.s
gre only interuediates i+ ©.¢ oxidative reactions of de;xadition and
ultivat:ly become corwari.l Lo sa.uvrated carbonyl grouvys,

The yelloy colmixw. . cion observed in degr.ded sawples of Al and
which grows in intemsiy vid: the tiue of exposure may thus be probabl:-
due to the produwciion of earvonyl pgroups,

‘he dependence of iihe carbonyl index on exposure time is presented
in Fig., 16. The uniwotectcd sample suffers the greatest demage under
natural weathering, A sharp increuse in the cirbonyl indox of this saple
osceurs ard eibrittles after only Chrs. of exposure. The imcreases in
tie stabilized sarples .xe slower and occur after initial induction perio-
ds, It appears thut tie two si.bilizers, ‘inuvin P und DDIBY exhibii none

stubilizing effects alter the induction periods,

vee.fbB,
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This pro - induction bell viovwr may wob.bly be a rezult of inhibitikn

of the degradative proceigec by the brealdoun produc iu of the atabilisexs,
Fig. 17 shoun tix chongue occuring in pelytrans - 1, 4~butad-

iene content of 433 during natw.l wveathering, 'Me st:bility confered

upon the polymer b tlhe siubilizers appecr in for: of prevention of tuc

desirue .ion of the polybutuliene umgaturation during the induvetion period,

‘he shapes of these cwrves are sindlar to fhe correspondin, ones obi.ined

during thermal and photo = du radation., 'This sug ests that degr.dations

under these vonditions iz piidlar, fThe longer imducition period of tle
sample contaiming WHauvin & sliows thet this stubilizer performs beticr
than DBHEBY under natur.l weetering conditions.

¥ig. 1€ shows tie first - order plois of the dependence of
polytrans = 1, 4~butadiene umnsaturailicn on exposure ti.e under vurious

conditions in which the s8.1ples have been expessed. The rate constants

obtained are as shown below,

K wvalues (in 10 "sec ) i
- e s ae s
J‘iutur-l
Ldditive uv Oven Jerthering

r— - - = g B e, ... ' - - - =
None 9.363 | 10,395 13.328
DBmlf - - 6-7?

Mnuvin P - - 10.236 E

L—. - e e L » e - - -
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The rute conatunts indic.ic th.t the unst.bilized sunple dezc.de:
fastes ¢t under nuivral atospheric conditions .nd le.st under artificidl
ultraviolet irradi.ction, ilds observition is not eusily couwparable, i
of the rowsons for lach of «de uite corvelation between uccelerated
imdoor and atmospheric Ue:i way be the presence of ozene in differunt
concentrccions under tix te:t conditiens. 4also, sSnie coponents of tiw
~imosphere ..re marlktedlr -hotosensitive «nd could well lewl to oxid..tive
recctionas of the _olyicw vider notural conditions which will be absent
under artificial coudi Uioi.., 1he efiecis of woisture and other cdveni=
itious impurities w.y Jio be contributory,

Under oven agei:, Uw {ilma are subjected to iiore or less .. coime~
t nt source of heat eners s siunce .l air oven is thermostated at 100 + l°\.:-.
Sipdlarly, filws wece ivradi ted with a UV laap of 254mm wavelength, L%
may be appeciated therefore thit the times of cxposure ior thermallyr
degraded and UV irraliated films are approximate measures of total ener:y
sbsorbed, On the other hund, beciuse of daily wverictions in weatheriiy;
conditions, the tine scule for notural wectherin, is merely an arbditrary
measure of expesure. «ls3o, nighi and diy conditions iwposed on the [il s
cun create sone stress vhich nay affect the degradation of these sauple,

cawad 7O
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These are sore of the inhorent limitutions in comjaring the observed
resulis.

Despi & the difiicul_ies erumerated above, one ray still ration-
alize the observ.d behavior, Under aimospheric conditionms, it is ex wc-
ted that degr.dation of +olyiers results fro. the combined eaffects of
oxygen, ozone, he.t, .oisilire, ultraviolet rudi.tion and perh.ps, ;icro-
orgamsis, Obviouwsly, Gl combined effects will be to accelerate the
rate of degrauation over what ey be anticipatad under the individucd
effecis of heet or UV ir....iution alone,

It is of inteves: o..¢ straight lines are cbtuined in all theue
plots (fig. 18) after .. id¥vial imduction period, Jhis means that
degradation follows flionu - order kinetics for the uiss:pearance of
polytruams 1, 4=butadieno wwaturavign, It uay be concluded th-t the
mechanisms of degradaiion are essentially the same umder natural weathering

oven ageing und UV irradiaiion,
515 Summery of observatioms nnd svg.estions.
The followin; observitions have been made froir the results of this

work,

vuring the agein: of the pelymer [ilms, the polybutadiene content

eeee/TH.



decre«sed amd oxidaiive jwoducis contuiniiy, hydroxyl and carbonyl grouys
were produced, It apre.rs .U the hydrox)l produci. are interuediust .o
probably in the for. of lgdroperoxides and are rospongible for the
foruction ot leqst initi ldly oif the carbonyl ;roups. <Whese ciwrbonyrl
groups «.e believed Lo be resonsible for the yellow coleurciion observed
in degraded s«nples of Iy, whe increasing srowth of L.eé ¢ rbonvl grov. o
with exposure tiwe is beliovid to correspond to tle growiy intunsity

of colour..tion «g degy .G..ion resctions procceded.

The oxdidative: vew tion in thought to occur in two parts. the
initiation proces;, iawvolvi.g (-dnly the forw.iion of hydroperoxides
induced by radicul _roduvevion; then a second subseiuent yrocess, in ti-
ated by the decoriposition of the hydroperoxidss which induwees chain reac-—
tions. In order to ox luin tie reculte ef the infr.red specir., tie

following generul sacheve is propoged:

Initiation: . (polymer) 5 free radicals (1)
R + 02 “-) !: 2 LI - bw (z)
R0, + RH (or 20) —e.g ROOH 4 & (or A°) (3)
05 + R (or:0)) | s RO (+ o,) (4)
ROOK, WOOL ...y R - 0H + =0 .., (5)

cens/ T2,
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ROOH  __....y -5 + °"Hi RO" 4+ 0 (6)
0 + RE (or &) __ .. ROE + R* (er &*) ... (7)
B o KO* _“>ﬂ' + R = 0 (65)
B+ 0y ..y 40 o (9)
805 4+ RH (or i) .omem ROCE+ RB* (or a°) ... (10)
ROOH _ __ -on - volatile mroducts (-OH, CO) (11)

the degrudation of _Jolymer is generally initiated by the ior i~
ation of olynerie (frve, rodicals., In the de r.duaiion of the poliie.,
hydrogen abstriction by oxysen or photolytic ejection of a ,roton is
considered to wredordnate in the inmitiation process, &5 the 4B3 resin
cont.ing soi¢ devble bondi, the C - L bord in the =~ carbon positien

would be es:ecizlly l.bile to oxdidize,

i
1 . . - . v
—~Cli,L= 4 00 s =CH,<C- + "00H (2*)
by o cH, i b= Ci,
i+ 0 "8
P
-CHZ—&;.‘»- (Ro0*)
CH = CHy

These rudicals (' and no:?) arc very recctive aml they react
eusily as shown in reaciions (2) - (4) above. In this stige of oxidavive
degradation of polymers, the offect of the presence of . stabilizer
becomes vite cbviovs (re ction (3).

o L, 3



£ 3 -

A good stibilizes coewees the alliylperoxy ricic.ls such that
thie polymers is protcitud ot Uw sacrificing expense of the anidoxidant,
4AH,

Due . o the i h reacudvity of the radicals d.é with labile hydr.-
ezen (e.z. hydrogen atiuched to the &'~ methylene of the donble bond
or tertiary hydrogen) hydrojeroxides gr..duv.ll; accwmlatc, Reactions
leading to the prodvetion anl cecumulation of hydroperogides thus coig-
titute the first part of tue o:xddative degr.dation of the roesin.

'The second styge recetions then be;in with hydroperoxide deco. p—
osition re.ction (6) whiclh induccs the unto-oxid.tive reactioms, the
radical RO° act: <o a chuin carrier 4s depicted by recctioms (7)) oad (0
while hydroxyl «nd carboiyl groups are produced. [he chainscission rea—
ction may effeciivel;, occix .t :le 1, 4-polybutadiene s iructure which,
according to Szwarcs, .o the weakest carbon -~ carbon bond energy
(30 Keal/nol) in this ol ucs 4f the hydroperoride group is priduced
at the - carbon posiiion of tue double bond, 6zonide strue ture nay

probably be mroduced as velow.

1 "

---'ili:-CH:—.q-H" 9-c.:.-t:{;/gx{-- _,-fﬁz-cuz-C-
OOH ol OH 0

B
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While the <bove _..u heen proposed for the general derr.detion
of ABS resin, it musty bo _olntud out that the initiadon of the paelyer
te yleld polymeric radiculs may be 8lightly different under the conditicns
atudied in this worl:z, LUander nven ug:ing, initiation vay dwrely be dve to
thernal encryy: vhile _wrolord nay be photolyitically ejected duri:y; LV
irridiation, Under natur:l wiiospheric conditions, hydrogen nay be
abs irac ted by th. dir.die.l niture of oxysen i,c.

hv, het
A =H ) y 4 + H*

Keac tion (10) +lio imddcates the role of stebilizers in the
scecond staso of oxid.cive dagroadation reactions, Ltabilizers ca:. scav-
enge alliylperoxides .id ov .. Iree ruadicals, thus preventing their altoek
on the pol;mer buaclbone., .I.2 .ntocatalytic eflfect of hydroperoxides cun
clearly be seen from re.ctiion (6) since free rudicals are produced whic.i
accelerate the oxidative recciions of ablU resins, Conue uenily, peroiido
deconposing stabilizer DLIDY inpards comnsidourable stability to aBS,

Mmvin P possesses an intramolecul xr hydrogen-bomding and o

strue ture forwally related to the 2=-hydrozybenzophenones.,

ceee /15,



Therefore, a phototautomeris: 1wy olso occur with Tipuvin I, The

existence of such a "photoencl" such as below is purely suggestive,

i iy v
ZNT .
o 11

I

It is thus thought that I is rapidly converted to a "photoenol”
(If) by absorption of ‘Klght ar¢ ¢t II reverts to I with loss of
energy as heat, with a very hi‘h ef{iciency comensurate with the good

UV stabilizing activity of Pinvvin ¥ (I).

e oo/ 0.



CONCLUSIONS 76

It has been feund that unstabilized P§; PMMA and ABS degrade
readily under oven ageing, UV irradiation and natural atmospheric weathes
ring anmd that the stability of these polymers has been improved by the
incarporation of stabilizers.

The relative stabilizing effectiveness, under UV irradiation
of the stabilizers employed is in the order ZnDEC DBHBT Irganox 1976.
On the other hand, as thermal stabilizers, the increasing order of eff-
ectiveness is Irgancx 1076 ZnDEC  DBHEY, Since Irganox 1076 is used
commercially as a thermal stabilizer, the use of DBHET as a substitute
is highly recommended,

A two component stabilizer of ZnDEC and DBHBT performs much
better thermally and should be prefared to Irganox 1076 or DBHBT alone.
Also, the two component mixtures af Irganox 1076/ZnVEC, Irganox 1076/
DBHBT and ZnDEC/DBHBT have all been fournd to show synergism.

The degradation ef ABS has been found to start with the attack
¢f the polybutadiene content and that oxidation products containing
hydroxyl apd carbonyl groups are produced, DUBHBT has been found to be

a powerful thermal stabilizer but a rather poor UV stabilizer for ABS,

swwel T
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On the other hand, Tinuvin P is a poor thermal stabilizer but a good
UV stabiliz v+ The grafted stabilizer (DE.BT) performs much more
efficiently than the one which was physically mixed, Grafting of
stabilizers is therefore a better way of protecting puvlymers against

degradation than mere physical mixing with the polymer,

Sugzes tions for further work

It would be desirable, to monitor the volatile products during
the degradation of PS, PMMA and ABS when such equipments are available in
tho Department. This would help immemsely in understanding the mechanism
of degredation and thus help in designing effective ways of stabilizing
the polymers. 1t is alsy helpful to measure the amount of oxygen absorbed
as degradation proceeds.

Thxde = component mixtures of the stabllizers should be inves-
tigated. Perhaps, a greater synergism may be obtainable at a lower
stabilizer concentration. Attempts should also be made in preparing a
einglg coampound whicia might 52 able to act simvlianecusly as a thermal

and UV stabilizer (i,e.hr-oaynergist),

vl 70s
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Yoble I: _I,P, and L, for UV irradiation
’ ] |
,3 o 22 Inductign Period NS |
14 terdal ll ‘é‘: : .«E it ~=C~ {.0-m I
;;‘}_EJE A A 9650m™" .34500m"1517250m_1§ 9106~
- R S e e
Uns tabilized nHSfprcssr.'ri 3 68 . 0 |2 l 4 ' 0 :
AD3/17. DBHBT/pressed 2 | 72500 : 15 16 16 | 15
" 3 4172500 | 35 38 42 35
. 512500 | 22 2% 29 2 |
" 7+ | 2500 18 22 25 10
ABS/1% DBiBT/graf ted/ |
pressed P i T5 | 2500 T4 ' T8 ' 80 V74 '
Uns tabilized 4RS/cast ' 3 : 65 _i 0 . 2 4 ; 0 '
ABS/1% DBIBT/cast 2 i 2500 é 15 § 16 18 ! 15 E
" | 5 | 2500 | 35 B f42 |35
! 5 2500 22 26 29 22 .
. 7 | 250 | 18 22 25 18
ABS/1% DBIBY/grofted/
cast ™ | 2500 | 44 48 50 44
ABS /0,250 T.7,/pressed | 3 2500 {115 118 120 115
" 3 2500 }305 307 308 305
aB5/1.0% T,P./pressed 3§ 2500 [814 815 816 814
ABS/2.0% 1.P./pressed | 3 | 2500 |813 815 B16 813
E ABS/0.25% 1,P, [oast 3 ) 2500 {115 118 1120 115
. ABS/0.50 .P.foast | 3 | 2500 }304  :%06 1308 ;304 |
ABS/1.0v .P,/cast 3 l 2500 %814 ?815 §816 ;814
| ABS/2.0% L.P./cast ’ 3 2500 '5812 1814 1815 ::812 '
i st ; : \ ST,

R
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i Table II: I,P, and _tu;,T_,__,_f'_or Overn amedwe, o -
' |
— £y
i | B Inductiqn Yeriod, .,
f 20 0% LI P
l 8> Sd-s ) oo~ |-0-E =0 ~£=C4
! loe ! od g ! I '
! Material e B e A 9650h ! 3450cH b 17250m | 91001‘1’
. R -i S | . - L S SO
2 . I " " " ‘
Uns tabilized A08/presnd 3 24 t 0 2 2 ;o
AB3/ 1% DRHBY/pressed 2| 470 168 172 174 160 ¢
! 37 680 350 354 354 350
e 5 620 305 308 ll 310 305
" T+ 505 292 294 296 292
ABS /1% DHBHY/graf ¢.df "
puressed : 7.,‘;: 2250 E 480 483 » 404 i 41:0i
Unstubilized ABS/cast | 3 P12 40 2 E 2 4+ 0 i
ABS/1% DBHBT/cast b2 L 400 166 ;170 171 166
" 3 632 350 354 354 350
" 5 578 303 305 306 303
7% | se8 290 292 294 2¢2
ABS /1% DB i/graf ted/
cast o | 2120 476 480 482 476
ABS/0.25% T.¥./pressed | 3 35 8 10 12 c
iBS/0.50,» 1.P. /pressed | 3 52 13 15 16 13
ABS/1.0% T.P./pressed 3 68 22 24 26 22
ABS/2.0. 0.P./pressed | 3 | 68 22 24 26 | 22|
! i
' ABS/0,2%v L.P./cast 3. R | 8 . 10 y 12 8,
; ‘ ! ; ! : .
| ABS/0,50/ T.P./cast } 3 i 48 } 13 15 ' 16 1 13
L ABS/1.0% TP.Jesst L 3| 58 21 t235 25 1t 21!
! ! : : ' : :
} aBS/2.0% T.P./cast L3 i 58 i 20 P23 | 24 l 20 ;
o S SR & L ) ) i
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