CHAPTER I

INTRODUCTION

1.1 Pdiy (vinyl chloride)

Poly (vinylrchloriae),'coﬁmoﬁly known as PVC, is-a syqthetic
;thermbplastic polymer.. . It is a whi?e.pow&er and aecpmposés at 148°C,
eyolviﬁgrtoxic fumes‘of hydfogen Chioride &i) .

PVC-has a sales' volume between polyethylene and polystyrene.f
The Stanford Research Instltute predicts that by the year 2000 in the

‘United States,'PVC,will be the leader!, with an aﬁgual volume of 17 x 10° f
._meﬁric.tons (23, This‘widéspreéd use arises-from a-high degree of |
chemical rxesistance and a truly unique abiiity to ﬁe'mixéd ﬁiﬁh'additives
té give'ailﬁrgé number of repfoéuciblé'PVC COﬁpounds.ﬁith a wi&ei range
.of physlcal, chemlcal and blological prOpertles than any other plastlc
- material (2- 5) PVC products have been known and. ﬁelcémed by consumérs-'
.for severa} applxcations(e-S) such_as plplng.and,qbndu1ts ef “all kipds;
siding; gutter; bindow and dﬁdr ftémés;'offiéiailj épbroved fér use in
iﬁtefiqr ﬁiping,rpluﬁbing and otheruconstruction uses;-fainédétQ,ftoys,
géskgts; gardeﬂ hose, glectriéal;inéuiationg shoes, mégﬁetic tape,-film
ana'ﬁheetingg'cantainer for toilétriés, cosmetie, household éheﬁiéals;
fibers for athletlc supportS' sealant llners for ponds and‘reserv01rs;
adhe51ve and bondlng agent, plastlsols and orgaDOSOIS _tennlsVCOuft
playing;§urfaees; flooring;_cqating for'paper and textile; Qire aéd-

cable ptbtéétion; base for symnthetic turf; phonograph records.
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1.2 Preparation of poly (vinyl chIoride)

" Poly (vioyl chloride) was prepared byfpolymeriietionlof vinyl
chloride-uging peroxide as the initiator.o Commerciai productioh of
vinyl chloride monomers stafts with either of ;wo,raW'materiels:
acetylene or ethylene (9) With‘acetylene feed,'the synthesis is

.Comp]eted by the 51mp1e addltlon of hydrochloric acid (Eq .

HC = €R + HC1 — H.C =¢€H - L R |
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\ Vinyl ¢hloride »
‘. An oxychlorineﬁion reaction (Eg. 2)_islused with an ethylene_base feed

to prbduee ethylene dichloride.
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‘Then the ethylene_dichloxide is dehydrochlorinﬁted to fqrﬁ:vinyl'

chlofide_(Eq. 3).
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_ Alﬁhough §inyl chleride @aho@ér cen beéro&ueeé_by_eitﬁer;of-
the above Teaction Q-curfeot econooice-favor iﬁe éthyiehe approach
because ethylene is con51derab1y lower in cost than acetylene. .Thus,
_most new vinyl chlorlde plants are utlllzlng the uxychlorlnation toute..

, Polymerizetion of Vinyl ehloriﬁe mdnmmx is a radieal chain
'reaction(3,105”thth.may be triggereo off by eﬁmg¥ £I0n a natu?a]

source (light) or an-artificial source (electrar beam) or by a radical-
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forming catalyst.. When the initial radical has been formed, a series
of monomers attach themselves to such radical and the dpuble:bond in

the vinyl chloride is broken (SCHEME -1,
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Termination by disproportionation

SCHEME l-1 Polymerization of vinyl chloride(iﬂ}

The radical function is maintained as tle chain grows until finaliy #'
termination reaction occurs, This can be the result Of.a'écmbiﬁation

2

of two maeroradicals or of a disProportionation'reaction_'
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There are four basic manufacturing processes for PVC production
”namely,suspension, mass, emulsiOn'and‘solution. In each process, poly-
merizatioo ie jnitiated by free radical produced by thermei decomposi~
tion of peroxide—type initiators and proceeds exothermally at tempefa—
_ture of 40 to 7006(3).- Viny; ohloride is a gas at eoom temoerature
l(b.p.—13.900)(115- Tbueithe»reaction is earried out in preesure vessels
‘eguipped eéitators¢and heat-removal systems capable 5£ ptecise tempe—v
._rétore'conerol. . / |
In the sospensioo process vwhieh.is the most"preferred one(6),
~,vinyl chloride droplets are SuSPended in water by means of protectlve
colloids such as polyvinyl alcohol, gelatin or methyl cellulose and 7
"rapldly agltated | ReactiOns, whleh may take up to 10 hours,_are
carzled to a predetermlned end p01nt since they-do not go to complet1on.'A
Unreacted monomey is removed from the vessel by vacuum and is strlpped
from the slurry. The slurfy is largely dewate;e& in a centrifuge and,-
then dried. The number average moleeular weight of PVC.thu§'prepered'

'ete_uéua11§ on the'lorder of 60,000 (9).

1.3 Dete:ioration_of poly_(vinyl'ehloride)

Alchough poly (v1ny1 ehlorlde) is ueed exten51ve1y for outdoors o
applicatlon ‘but ‘one disadvantage of PVC is 1ts anstablllty to heat and‘
> llght(XZ 13) However,rthermal degradatlon of BVE., is partleularly
observed at temperature above 200 6(14,151 tﬂma it is exposed to suh-;

' iigot, ooly Tight thus induees damege‘to PVC. 3ﬁe oortion of the elee- -
IEroﬁeénetic speceium most'direCtly respooSible ﬁdr'light inddced &eter—,
ioration io polYmef ie the ultiav;ole; region'fzﬁling oetﬁeen'2§0'aﬁd.
400 nanometers (16 17) High—eoergy fa&iation (tosmic fays, gamma raysi
and ultrav1olet radlatlon of wavelength shorter ehan 290 nan0meters-."

are also capable of rupturlng chemical bonds, bt these wavelengths are
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not_fOuﬁd.at-the earth’s sufface, owiné to the fiitering action of the
atmosphere formaldehyde, carbon dioxide androzoné. Visiblé 1ight (QODQ ’
700 nanometers) is considerably weaker and is not sufficient to rupturé
most 6hem§cal bonds. FIGURE 1-1 shows the spectrai energy distribuﬁiﬁn

of daylight.
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FIGURE 1-1 Speetral energy distribution of dayfight (10)

. ‘.Afﬁer-‘uitraviol"et.irradiat_'ion- of PG, it splits off hydrogen

.chlofidé,' The elimination of the”firSt:moiecule 6f‘hydpqgen chlofidei

~and the subsequent formation of an unsaturation (double bond) on gﬁe"
PVC chéin then aétivates the neigﬁboﬁfi#g chiériné étbm(lg), whi&b is -
now strucﬁurail? located as an allylie chloride an& fhﬁs faciiilaté§~
the suhS?qhent_elimi#ationVof-another_hyd#ogen chloride moigcule,:ﬁigﬁ

the pretess continuing to repeat ifself (SCHEME 1-2).
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| SCHEME 1-2 Evolution of hydrogen chloride in PVC.

This progreeslve dehydrochlorlnatlon proceeds qulte rapldly, ‘soon
ieadlng to a chain segment of polyunsaturat1on and the polymer is
discoldured (18~19) The £dtiat fon of (isible colour usually is the
flrst ev1dent 1nd1catlon of degradatlon, alchough.chemlcal methods.also
 indicate|the evolut1on of hydrogen chloride. These changes oceur before
anylof hydrogen more serious manifestations of degradatlon become.
ev1dent. Inltlally, the polymer undergoes some chaln sc1551on1ng,

leadlng to a gradual degradation of mechanlcal properties and chemlcal

resistance. This 15 soon accompanled by cross—llnklng, w1th in the
later stege predominated Rapld oxidation of the polyene sequences
also oceurs, leading to the formatlon of carbonyl and hydroperox1de

groups. (18)



Since poly (vinyl chloride) contains only C-C, C-H énd-C—Cl
Bonds; it is expected that PVC should not absorb ultraviolet light of
waveiength longer than 190 nanometers. Measurements of ultraviolgt
absorption spectfa 0f>P?C show an intfeased rapid absorption below 220
nanometers'and a low absorption at 320 nanometers (20), Fur;hermore_-
Vthe free rhdiéalsVWere obse?ved aufing ﬁltréviole;.irradiétion of PVC.
,:‘These_evidences indicate the presengejof some kiﬁds of chrpmophqrés.
rAlso,.smalquuantities of éxternal iméurities whiéh were not reﬁbﬁed. -
in the purification process may be respomsible foi the absorptioh of
light adee 190 nanoﬁeters. The most probable chroﬁophores present
im PVC are carbonyl gfo#ps which formedudurlnglthé polymerlzatlon
‘processrln the presence of a1r(20) and olefln end oroups which formed
‘hy the chain termination due to disproportionation(lQ) (SCHEME 1_1)‘,
When theée chrOmpphores absorb light, tﬁey could_be respoﬁsiﬁle for

the photoinitiation process,

1.4 Photo&egradaﬁion of solid Poly (vinyi ehloride) -

'Ihere is enormous amount of literatdrg qn.theréaﬁse and éffeé:ér
1o£.degradafion in_PVC,_éhd ;here is general;égreementJof fundaméntal-in
spiée df'mény différencés on pbints;of detail. Tﬁe,ﬁain'featuréS ;f
indicated byiévaiiab;e evidences ﬁay be brieflyVSummariéed as fqilows;
V:Alﬁene sénSiEizétion of the ﬁhotédegradation Of PVC seems to
b§>sﬁ§pd£§ed by other observatiéné that have been reported in the recent
.litgrature$: One.qf'theée_is.the iﬁéreése in“ratéé of nonoxidative
-photodegradation that have beén-found fo; polyene which were subjected
to'a'bféliminaryinohqxidétive‘ﬁhermairéréafment (21). Also of ipte%est_
in this regard is‘thE'pfééu;tibn oflfree radical :during the-u1£r5violét

irradiation of PVC under vacuum apparently can be sensitized by pelyenes



. that have been created during a ?reliﬁinary photolysis (22).
However other workers have detected a significaﬁe aﬁoupt of
photodehydrochlorination dering irradiation at 30°C under air with a
- high~pressure mefcory 1am§(23) and they found that the rate of this
process increase with temperature. When molecolar oxygen is absen;,
the average length of the conjugated bolyene'formed duriné:uitraviolet
.irradiation of PVC have been found to/imtrease with increasing tempe-
feture f24).
' On the other hend;:tadicalsiere undoubtediy involved in‘the

photodegfadation of PYE under some experimental conditions; Recent

ESR study has provided the evidence for the formation of alkyl and

 a11y1-type radlcals durlng ghe low—temperature ultrav1olet 1rradlat10n
of the polymer (25) Peroxy radlcals were also observed when molecular
oxygen was present.' Other ESR work has shown convinc1ngly that the
' radlcal -CHCI»CH CH—CHz—CHCl- results from the 1rradlat1on of PVC at
: liquld-nltrogen temperature (26). 7 .
It was noticed that much attention has recently been eaio on
._the photodegradatlon of PVC. However, only solid PVC has been studied.
On the surface of PVC the reaction would occur. Therefore in this
work it is worthwhlle to study the photodegradatlon of PVC in the form
of solution in orde; to make PVC molecule homogeneously react with the
ra&iatibn. Varlous factors 1nfluenc1ng the photodegradation of PVC
in solutlon w1ll also ‘be ‘studled.

- In this ﬁork; the conductometeic'measurementvof h&drogen

chloride produced from the phofodegradation ofvPVCZWiII be used.
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