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ABSTRACT

PV C isthe most versatile vinyl polymer. As such PV C haslimited uses but
by adding various additives like plasticizers or by doing some chemical
modifications, its properties are altered up to great extent. Various studies
on PV C and its modification have been reviewed in this paper. FT-IR and
TGA/DTA have been mainly used for the characterization. Thermal stabil-
ity of the modified PV C was observed to beincreased in maximum studies
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but in some cases it decreased after crosslinking. Properties of the PVC
have been altered up to desired extent by using bifunctional crosslinkersto
find wide applications like in construction, household applications, bio-

medical applications etc.

INTRODUCTION

Poly (vinyl chloride) i.e. PV Cisoneof the most
versatile bulk polymers & widely used thermoplastic
vinyl polymer. Vinyl polymersmakeup largest family of
polymers. Athermoplastic,ingenerd, islikewax which
can bemelted and shaped severd times. The“‘thermo-
plastic” materials are either crystalline or amorphous.
Advancesin chemistry have madethedistinction be-
tween crystalline and amorphousforms, since some
materidslikenylonareformulated both asacrystalline
material and asan amorphous materia. PVCispro-
duced by polymerization of themonomer vinyl chloride
which consists 57% of itsmass of chlorine, thuscrest-
ing agivenmassof PV C requires|esspetroleum than
most of the other polymers.

Intermsof revenue generated, PV Cisoneof the
most valuable products of the chemicd industry. Glo-
bally, over 50% of PV C manufactured isusedin con-
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sruction. Theability to beusedin ether therigid or soft
(plasticized) formsdoublesthe market for thisexcep-
tiondly ssfemaerid. Thematerid isavailableindear or
coloured formatsand it isdurabl e, weatherproof, flame
resistant with good overall mechanical properties. The
material has come under attack by ‘Greenpeace’ and
other environmenta groups- dl of whichignoretheim-
mense servicethat themateria playsinthemodernin-
dudtrid society. PV Ciscdamedto bedangerousby some
but it isthemain materia used for blood bags, medical
tubing and hasbeen respong blefor saving countlesslives
PV C has been the subject of moreresearch than most
other plastic materia sand isacknowledged to be safe
polymer by number of researchers.

HISTORY OFPVC

It was accidentally discovered on at | east two dif-
ferent occasionsin the 19th century, first in 1835 by
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Henri Victor Regnault and in 1872 by Eugen Baumann.
On both occasions, the polymer appeared asawhite
solid insideflasksof vinyl chloridethat had been | eft
exposed to sunlight. Intheearly 20th century, the Rus-
sian chemist Ivan Ostromislensky and Fritz Kl atte of
the German chemica company Griesheim-Elektron both
attempted to use PV Cincommercid products, but dif-
ficultiesin processing therigid, sometimeshbrittle poly-
mer blocked their efforts. In 1926, Waldo Semon of
B.F. Goodrich developed amethod to plasticize PVC
by blendingit with variousadditives. Theresult wasa
moreflexibleand more easily processed material that
soon achieved widespread commercia use.

Thepresenceof chlorinein PV C hindersburning
through formation of hydrogen chlorideasit isincom-
bustible (preventsaccess of oxygen to thecombustion
zone) and reactswith freeradical sacting asterminator
for thecombusti on propagati on reactions. Thusby vir-
tue of its chemical nature PV C achievesthe kind of
flameretardancy whilethisproperty isabsent in other
plastics. Variousinorganic compoundsincluding anti-
mony oxide, zinc borate, d uminatrihydrate, molybde-
num oxide, compounds of |ead etc have been used as
firestabilizersfor PV C2,

MODIFICATION OFPVC

Assuch PV C haslimited uses but by adding vari-
ousadditiveslike plasticizersor by doing some chemi-
ca modifications, itspropertiesareatered up to great
extent tofind wideapplicationsinvariousfiel ds.

To providethe extradesired physica or chemical
propertiesinaparticular polymer, somespecidty addi-
tives are added, known as polymer additives. Buty-
lated hydroxytoluene (BHT) isadded to get antioxi-
dant property inthe polymer. Quaternary ammonium
sdts(R,N* sdlt), or carbon black is added as an anti-
static agent. Epsom Salts (MgSO,) provides flame
Retardancy. Hexane, sodium bicarbonate, CFC’s are
added to get foaming property. Fatty acids providelu-
bri cating action. Hydroxybenzophenone can be added
asUltraviolet stabilizers. Sulfur isused asvulcanizing
agents. Organo-titanium compoundsor silanesas cou-
pling agents and di-iso-octyl phthal ate are added as
pladticizerd?.

Crosdinking and grafting arevery useful techniques
for chemical modification of any polymer. Again, the

advancesin chemistry makeit possblefor achemist to
construct amaterid to beeither thermoset or thermo-
plastic. Themain difference between thetwo classes of
materid siswhether the polymer chainsremain “linear”
and separate after molding (like spaghetti) or whether
they undergo achemica changeand form athreedi-
mensiona network (likeanet) by “cross-linking”. Crys-
tallinity of the polymer a so affect its properties. Crys-
talinity dependsonthe s ze of sidegroupsand regular-
ity of chain. Increased crystal linity enhances mechani-
ca properties. Dueto mohility of chainswith respect to
each other, crosslinking may affect viscod astic prop-
erty. Branching characteristics of apolymer affect the
visocel astic and other physical properties. A study on
branching characteristicsof poly (vinyl chloride) was
doneby Kent B. Abbs“. Different waysto determine
branched structuresin PV C werediscussed and abrief
review of recent studiesby*¥ CNMR wasgiven. The
latter method has not only proved capabl e of € ucidat-
ingthebranching structurein PV C, butit dso exhibited
higher accuracy than conventional procedures. Com-
mon PV C grades were found to contain 2-3 pendant
chloromethyl groups per 1,000 C and about 1 long
branchwasfoundin 2,000 C. Cdl cul ations showed that
if long brancheswere associated with tertiary chloride
which accountsfor most of the observed degradation
inthe polymer. Reduced PV C exhibited anneding ef-
fectssimilar to those observed for LDPE (low dense
polyethylene), athough the number of brancheswas
closer tothat characteristic of HDPE (high dense poly-
ethylene). Degraded PV C, which was reductively
dehalogenated, exhibited alower tendency to crysta -
lize. Thiswasbelieved to betheresult of crossinking
reactionswhich decreased molecular mobility.

Thai Hoang & Neil Varshney!™ studied the
thermomechanica characteristics(glasstrangtiontem-
perature (Tg), softening point (Ts), and linear thermal
expansion coefficient) of rigid PV C crosslinked by a
peroxide in the presence of trimethylolpropane
trimethacrylate. Thermomechanica analyss(TMA) is
an effectivemethod for determination of dimensonand
thickness changes and thermal characteristics. They
observed probe load of 0.05 N suitable to evaluate
expans on, softening and contraction of thecrosdinked
PV C samples and higher mechanical strength of
crosslinked PVC samples than those of the
uncrossinked samples.
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In another study, PV C was crosslinked by anew
peroxide (1,1-di-(t-amylperoxy) cyclohexane) (DAPC)
inthe presence of trimethylol propanetrimethacrylate
(TMPTMA). It was d so observed that the gel content
and tensile propertiesof the peroxidecrosdinked PVC
sampleswere higher than those of the uncrosslinked
PV C samples and they observed enhanced penetra-
tion res stance and servicetemperature of PV C by such
type of peroxide crosdinking®.

Fiaz M & Gilbert M1 crosslinked the poly (vinyl
chloride) by aminosilanes. They have shown that
crosdlinking improved penetration resistance of PVC
duetoformationof gd partinthematerid. Crosdinking
of PV C and other thermopl astics haslong been used
asaneffectiveway of improving mechanical properties
at elevaedtemperatures. Peroxidecross-linking of rigid
PV C wasaso studied by Bowmer T.N & hiscowork-
ers® in a different manner. They studied radiation
crosslinking of plasticised PVC in the presence of
polyfunctiond monomeric additivesand they employed
themodified PV Cinthemanufacture of wireand cable
insulation to improve strength and abrasion resistance.
Ethacrylates and acrylateswerefound to be the most
efficient polyfunctionad monomersby them. They mea-
sured theextent of crosdinking by determining gdl con-
tent by Soxhlet extractionin tetrahydrofuran. M echani-
cal propertieswere measured at 130°C and dynamic
viscoel astic measurements were carried out to detect
changesintheglasstransition temperature (Tg). They
asofoundthat 15phr of TMPTMA and 0.3 phr of per-
oxidewereoptimum concentrationsfor maximisngthe
extent of crosdinking and increase of tensilestrength
and Tg. Thelower moulding temperatureof 170°C was
preferred to minimisethermal degradation.

Janos Dobo L studied theradiation crosslinking
of PV Cin presence of monomeric additives, thispro-
cesswasboth agrafting and a crosslinking reaction.
For crosdinking additives, bifunctiona estersof meth-
acrylicacidwereused. Thesemonomersexhibit some
featureswhich maketheir use advantageous. Firstly,
they areeffectivepladticizersfor PV C, giving good con-
tact with the PV C chainsand thusfacilitating the graft-
ing reaction. Secondly, they are sengitiveto radiation:
ther freeradicd yidd (G-vadue) uponirradiationishigh.
Intheclasscal concept of graft copolymerizationthisis
regarded asadisadvantage. If we useamonomer with
ahigh G-vaue, thefreeradicdsaregenerated mainly in

themonomer, giving riseto homopolymerization rather
than grafting. But, thingsstand differently with bifunc-
tional monomers like the dimethacrylates. The
crosdinking of PV Cinthe presenceof ethyleneglycol
dimethacrylate was studied by microca orimetry, ESR
and by structureinvestigation. A substantial part of the
monomer polymerizesalready during processing and
storage. High concentration of freeradicasof themeth-
acrylaetype may befrozeninthe PV C matrix and be-
comere-activated at higher temperature. Theradicas
disappear and reappear upon prolonged storage. The
different stagesof thegrafting and crosdinking reaction
werediscussed.

Jagdish C & his coworkers* have developed a
good processfor forming acrossinked PV C foam by
meansof radiation crosslinking.

Many attemptsto improvethe biocompatibility of
PV C have been done. Thisincludes polymer surface
modification with endpoint attachment of heparin. PVC
waschemically modified using poly (ethyleneglycol)
i.e. PEG toimproveblood compatability!™. Modifica
tionwascarried out intwo steps. First, PV C wasami-
nated by treating with alarge excess of an 80% aque-
oussol ution of ethylenediamine. Inthesubsequent study
PEG wasgrafted onto aminated PV C. The aminated
PV C wasthenreacted with hexamethylenediisocyanate
toincorporatetheisocyanate group onto the polymer
backbone. Theisocyanated PV C wasfurther reacted
with PEG of molecular weight 600 Da. Thethermal
stability of themodified polymer wasfoundto belower
by incorporation of PEG, Contact angle measurements
on thesurface of polymer filmscast from atetrahydro-
furan solution of the polymer demonstrated that the
modified polymer gaverisetoasgnificantly hydrophilic
surface compared to unmodified PV C. The solid/wa-
ter interfacia freeenergy of themodified surfacewas
3.9 ergs/cmi@ as opposed to 19.4 ergs/cm@ for bare
PV C surface. Static platel et adhesion studies using
platel et rich plasmashowed significantly reduced platel et
adhesion on the surface of themodified polymer com-
pared to control PV C. The study showed that bulk
modification of PV C using PEG cangiverisetoapoly-
mer that possesses the anti-fouling property of PEG
and such bulk modificationsarelesscumbersomecom-
pared to surface modifications on thefinished product
toimpart anti-fouling propertiesto the PV C surface.
BaazesD.Jet d*2. studied the surface modification of
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PV Cfor biomedicina purpose. They havepresented a
strategy to reduce bacteria adhesion based onthe sur-
facemodification of medica gradepoly (vinyl chloride)
commonly usedin endotracheal devices

PengLiu& hiscoworkers™ modifiedthePVC by
using crosdinkingaswe | asgraftingprocess. They stud-
ied thepoly (hydroethyl acrylate)-grafted cross-linked
poly (vinyl chloride) particlesviasurface-initiated atom-
transfer radica polymerization and competitive adsorp-
tion of someheavy meta ionson modified polymers.
Poly (hydroethyl acrylate) (PHEA) wasgrafted from
thesurfacesof cross-linked PV C beadswith their sur-
facelabilechlorinesasinitiation sites, using acopper-
mediated surface-initiated atom-transfer radical poly-
merization methodol ogy. Thegraft reaction exhibited
first-order kineticswith respect to the polymerization
time in the low-monomer-conversion stage. They
achieved 190.4% of grafting (PG%) in 10 hrs.

Sang Phil Han et al™. did the systematic study of
different processes and crosslinking agentswhich af-
fect the crosdinked polymerization of PV Ctobeused
for plastisol gpplication. Two processes, microsuspension
(MS) and seeded polymerization (SP), and two
crosdinking agents, diallyl phthalate(DAP) and 1, 3-
butanediol dimethacrylate (BDMA), were used.
Microsuspens on processwas found to be much better
for crosdinked polymerization of PV Cfor plastisol ap-
plication.

Membrane separation processes have becomean
important unit operationin the chemical industry dueto
their many advantages. Commercialy available sepa-
ration membranesindudecdlul oseacetate, polysulfone,
polyvinylidenefluoride, polyamide, polyimide, polyvi-
nyl alcohol, and polyvinyl chloride. SincePVCresin
hasexcellent chemical resistanceandisinexpensive, it
isextengvely utilized asahigh-performance separation
membrane. A method for modifying PV C separation
membranesto improveits properties was devel oped
by Tseng & hiscoworkerg?®.

PV C, however, isahydrophobic materia, and the
water flux of PV C separation membranesisnot high.
Inaddition, itiseasy for impuritiessuch ascolloidsto
form sediment on the surface of the membrane during
Separation operations, resulting in arapid decrease of
thewater flux of the membrane. The most direct and
efficient method to overcome these drawbacksisto
increasethe hydrophilic property of the PV C separa-

tion membrane. Severd other modifying methodshave
been proposed in the prior art literature. ZP Zhao et
a*®l, observed aahigh frequency discharge processto
modify the PV C membranewithinorganicO,, N, H,,
or He atmospheres to enhance the PV C membrane
properties. Asreported in Desalination, study done by
FVigo, et d™, aCo® gamma-ray was utilized to graft
acrylonitrileonto the PV C and aphaseinversion pro-
cesswasfurther utilized to preparethe modified PVC
separation membrane. Thisprocessimprovesthe per-
mestion and separation characteristicsof themembrane.
Homogeneous hest treatment or achemical treatment
with peracetic acid could be used to modify PV Cl8l,
The modified PVC is then dissolved in N,N-
dimethylformamide (DMF) to form amembrane cast-
ing solution. Thecasting solution isused to producea
modified PV C separation membrane by aphaseinver-
sonprocess. Sincetheresultant membranehashydroxyl
or acetate groupsby virtue of themodification of the
PV C resin, the hydrophilic property of the membrane
is enhanced and the performance of the separation
membraneimproved. |zabe aWaCerz et d™. reported
that modified PV C membrane € ectrode could be used
asenzymebiosensorsfor ureadetermination. Themem-
brane material was PVC modified with 1, 4-
diaminobutane. Chemical ureaseimmobilizetionenabled
theformation of amono- and bimolecular enzymelayer
directly onthe pH sensor surface.

Gachter R et d?”. developed amethod for the use
of amphiphilic polymers or copolymers for surface
modification of reactiveinorganicfillerslikehydroxides,
carbonates, slicates, dolomitesetc. Theinvention con-
cernssurface-modified activeinorganicfillersmodified
with amphiphilic polymersor copolymers, aswell as
their usein polymers, especialy PV C. It wasfound
that activefillerslike hydrotacitefor polymer masses
can bestrongly dectostatically charged during grinding
andthereforearedifficult to trangport or pack into sacks.
Thesefillersa so have atendency to agglomerateand
adhereto surfaces of the polymers.

Brown G et a!?, studied the vinyl chloride ho-
mopolymer or copolymer composition containing as-
lane. They exposed graft homopolymer or copolymer
to moistureto cross-link and to mold it suitably for the
purpose of articles. They provided amethod of mois-
ture cross-linking poly (vinyl chloride) and vinyl chlo-
ride copolymers.
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Polymer blends and alloys have received wide-
Spread attention for the last severa decades. Polymer
blends are defined as physica mixtureof two or more
polymers. They may bedividedinto different catego-
ries: so-called miscible blendsinwhichthecomponents
exist inasimple homogeneous phaseand immiscible
onesinwhichthecomponentsexist intwo distinct sepa-
rated phases. Biju PK et d?. studied the plagticizing
effect of epoxidized natural rubber on PVC/ELNR
blends prepared by solution blending. A seriesof poly-
mer blendsof poly (vinyl chloride) (PV C) and epoxidized
liquid natural rubber (ELNR) were prepared and char-
acterized by them. From tensiletests, it wasfound that
elongation of the materialsincreased with degree of
epoxidation. Ontheother hand, tensile strength and
modulus of the material decreased with the epoxide
content. A good plasticization effect wasobserved for
samplesof ELNR with 50% of epoxidation.. Baurer et
a'?3, studied the another processfor the production of
PV C graft copolymersfrom ethylene/vinyl acetate co-
polymersandvinyl chloride.

Jan Oravec et d®, sudied the crosdinkingof PVC
and NBR blends. The purpose of thework wasto con-
trol theinterfacial bondsbetween PV Cand NBR using
the ammonium salts of triazine thiols and
dithiodimorpholineand thereby revedl therelation be-
tween theinterfacial bonds and thefinal mechanical
propertiesof products.

Abir Set d®. studied theinhibition of thedegra-
dation of poly (vinyl chloride) by itsmodificationwith
5-pyrimidinecarbonitrile(1, 2, 3, 4- tetrahydro-4-oxo-
6-phenyl-2-thioxo). Thetherma stability of the modi-
fied polymer wasimproved significantly ascompared
withtheunmodified polymer. Thestability improvement
was attributed to the replacement of thelabilechlorine
atomsby more stabl e thio groups. The modified poly-
mer aso showed alower extent of discol oration against
ultraviolet rays compared with the unmodified PV C.
Thegahility of PV Cwhenmixed with acid red4, morin
and methyl bluein different concentrationswas studied
by Rizwan Hussain & Fazal Mahmood®@. They em-
ployed differentia therma andysisfor study of therma
stability. It wasevident from the resultsthat the pres-
ence of thesedyesimparted astabilizing effect onthe
polymer. Thestabilization effect hasbeen reported as
heet of reaction for the main decomposition process of
PVC

> Review

Tibor Kelen et al??, studied the reversible
crosdinking during therma degradation of PVC. PVC
undergoesrapid crosdinking during thermal degrada
tion. Evidently Diels-Alder addition of the conjugated
polyenes playsanimportant rolein crosdinking during
thermal degradation of PV C. Useof Diels-Alder addi-
tion reaction wasa so madein the study done by Ajay
Singh'? for the grafting of maleic anhydride on
crosslinked PV C. Inthefirst step diethylenetriamine
(DETA) was used as a crosslinker in the
dimethylformamide (DMF) solvent. Inthebasic me-
dium, during crosslinking PVC underwent
dehydohal ogenation reactionto createthe unsaturation
inthepolymer. Inthe subsequent step maeic anhydride
wasreacted with conjugated crosdinked PV Cfollowed
by akali and acid trestment to graft carboxylic group.
H* (proton) of the carboxylic group could be exchanged
with other cation to behave like cation exchanger.

Jiri Drexler et a9, studied the PV C compounds
for photochemical crosslinking. Thebest wasthe com-
bination of chlorthioxanthone and triethanolamine.
Pentaerithroltriacryl ate was obserbed to be the most
effective crosdinking agent. Lead stabilizersgavethe
best heat stability and ahigher rate of photochemical
crosdinking than tinand antimony stabilizers.

Robert D et d™. studied thelow-vadent metalsas
reductivecross-linking agentsand provided anew strat-
egy for smoke suppression of poly (vinyl chloride).
Severd typesof additivesthat containtransition metas
can promotethe cross-linking of (PVC) by amecha
nism that apparently involvesreductive coupling of the
polymer chains. In solid PV C, thecross-linking occurs
at 200°C.

MojtabaAbbasian and Ali Akbar®! did the study
onmeta-catalyzed livingradicd graft copolymerization
of styreneinitiated from arylated PV C. They examined
themonomerssuch asstyrenefor graft copolymeriza-
tion of PV Ctoimprovethethermal stability of PV C.
Thisgraft copolymerization was carried out by atom
transfer radica polymerization (ATRP). Inthismethod
PV C wascondensed withtolueneinmild condition (tolu-
eneasarylaing agent), AlCl, complexed with nitroben-
zene as catalyst and THF as diluent and N-
bromosucci nimide as abrominating agent to obtain
polymerswith brominegroup. Thisbrominated PVC
was used as amacroinitiator. Thisapproach using a
macro initiator isan effective method for the prepara
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tion of new materias.

GrohensJet al®. did thestudy on ultra-thinfilms
of modified PVC. They prepared ultra-thin layers
(h=50-150 nm) of PVC, functionalised in solution by
thiophenol (t-PV C) and 4-aminothiophenol by spin-
coatingonsliconwafers. Theglasstrangtion tempera-
ture of these thin films was found to increase more
strongly with the degree of modificationinthinlayer
geometry thaninthebulk. The Tg of the polymer layer
increaseswiththecross-linkingtimemoreseverdy a a
higher degree of modification but independently of the
thicknessof thelayer indicating that the diffusion pro-
cessisnot dteredinthinlayers.

Garcia— Quesada J.C et al’™, studied thethether-
mal decompaosition behaviour of rigid PV C, crosdinked
using bis(y-trimethoxysilylpropyl Jamineas crosdinking
agent. Different therma stabilizers(tinandlead based)
have been used with different concentrations of
crosdinking agent and theinfluence of thesefactorson
the decomposition behavior ininert atmosphere was
studied. Thekinetic parametershavereveded areduc-
tionintheapparent activation energy of the hydrogen
chlorideloss process, which has shown to be markedly
dependent on thetherma stabilizer used.

Thomas Jando and Kunio Mori®®* also studied the
crosslinking of PV C fiberswith 2-dibutylamino-4,6-
dimercapto-1,3,5-triazinein water. Crosdinking of PVC
was done by nucleophilic substitution with 2-
dibutylamino-4,6-dimercapto-1,3 5-triazineinthe pres-
enceof sodium hydroxideand tetra-n-butylammonium
bromide (TBAB) inwater. The crosslinking reaction
has been treated as apseudo-first-order reaction. The
rate constant (k) is0.0230 min? at 90°C and the acti-
vationenergy is55.5kJmol .

Franjo Ranogajec et a®. improved the polymer
properties by radiation grafting and crosdinking with
theaim of preventing thelosses of stabilizersdueto
extractability or volatility. GlazyrinA B et a9, sudied
the propertiesand PV C composites.

HEALTHAND SAFETYASPECTS

Many vinyl productscontain additional chemicals
to changethechemica cond stency of theproduct. Man
problemisrelated to Phthd ate plagticizers, someof these
additiona chemicalscalled additives can leach out of
vinyl products. Because soft PV C toyshave been made

for babiesfor years, there are concernsthat these ad-
ditivesleach out of soft toysinto themouthsof the chil-
dren chewing onthem. In January 2006, the European
Union placed aban on six typesof phtha ate softeners,
including DEHP (Diethylhexyl phthaate), usedintoys.
InApril 2006, the European ChemicalsBureau of the
European Commission published an assessment of
DINP (diisononyl phthaate) whichfound risk “unlikely”
for children and newborns. Vinyl bagsusedin neo-na-
tal intensive care units have a so been shownto leach
DEHP. In adraft guidance paper published in Septem-
ber 2002, the US FDA recognizesthat many medical
deviceswith PV C containing DEHP arenot usedin
waysthat result in significant human exposureto the
chemicd. However, FDA issuggesting that manufac-
turersconsider eliminating theuse of DEHPin certain
devicesthat canresult in high aggregate exposuresfor
sensitive patient populations such as neonates. Other
vinyl products, including car interiors, shower curtans,
flooring, etc., initially release chemical gasesintothe
ar. Somestudiesindicatethat thisoutgassing of addi-
tivesmay contribute to health complications, but this
information ispreliminary and further study isneeded.

Theenvironmentalist group Greenpeace hasadvo-
cated the global phase-out of PV C becausethey claim
dioxin is produced as a byproduct of vinyl chloride
manufacture and fromincineration of wastePVCin
domestic garbage. Dioxinsare aglobal heath threat
becausethey persist intheenvironment and cantravel
long distances. At very low levels, near thoseto which
the general populationisexposed, dioxinshave been
linkedtoimmunesystem suppression, reproductivedis-
orders, avariety of cancers, and endometriosis. PVC
polymers generate polychlorinated dibenzodioxins
(PCDDs) and dibenzofurans (PCDFs). Thereactions
includeall of theingredientsand conditions necessary
toform PCDD/PCDFs. It isdifficult to seehow any of
these conditions could be modified so asto prevent
PCDD/PCDFformationwithout serioudy impairing the
reaction for which the processisdesigned.” In other
words, dioxinsare an undesirable byproduct of poly-
merizing PV C and diminating the production of dioxins
while maintaining the polymerizati on reaction may be
difficult. Dioxinscreated by vinyl chloride production
are released by on-site incinerators, flares, boilers,
wastewater treatment systemsand even intrace quan-
titiesinvinyl resing®.
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Vinyl chlorideisknown to beahuman carcinogen
based on sufficient evidence of carcinogenicity in hu-
man (IARC S.7, 1987). Vinyl chloride hasbeen asso-
ciated with tumors of the liver, brain, lung, and
hematolymphopoi etic system. A large number of epi-
demiological studiesand casereports have substanti-
ated the causal association between vinyl chlorideand
angiosarcomacof theliver. Several studiesaso confirm
that exposureto vinyl chloride causes other forms of
cancey, i.e.,, hepatocd lular carcinoma, braintumors, lung
tumors, and maignanciesof thelymphatic and hemato-
poi etic system. Exposureto poly (vinyl chloride) dust
was associated with an increased incidence of lung tu-
morsinone study; the authors suggested that trapped
vinyl chloridemonomer wasresponsible®,

APPLICATIONS

Today, cablesmadewithirradiation crosslinked
PV Cinaulaionareused intheautomotiveindustry and
to supply hightemperature equipment. Depending on
thecrosdinking additives, theirradiation crosslinked
PV C component will be hard or soft. Asabuilding
materia, PV Cischegp and easy to assemble. In recent
years, PV C hasbeen replacing traditional building ma-
terialssuch aswood, concreteand clay in many areas.
Asahardplastic, it isused asvinyl siding, magnetic
stripe cards, window profiles, gramophone records
(whichisthe sourceof theterm vinyl records), pipe,
plumbing and conduit fixtures. Thematerid isoften used
in Plastic Pressure Pipe Systemsfor pipelinesin the
water and sewer industries because of itsinexpensive
natureand flexibility. PV Cisasowidey used for pro-
ducing pipes. Inthewater distributionmarket it accounts
for 66 percent of themarket inthe US, and in sanitary
sewer pipeapplications, it accountsfor 75 percent.

PV Ciscommonly used astheinsulation on electric
wires. The plastic used for this purpose heeds to be
plasticized. Inafire, PV C-coated wirescan form HCI
fumes; thechlorine servesto scavengefreeradicasand
isthe source of the materia’s fire retardance. While
HCI fumes can also pose ahedth hazard intheir own
right, HCI breaksdown on surfaces, particularly inar-
easwheretheair iscool enough to breathe, and isnot
avallablefor inhdation. Frequently in gpplicationswhere
smokeisamagor hazard (notably in tunnels) PV C-free

L SOH (low-smoke, zero-halogen) cableinsulationis
used. Thegpplicable building code should be consulted
to determinethetype of e ectrical wiresapproved for
theintended use.

PV Cisafantastic creative medium. Itsversatility
makesit apopular choicefor use by designers, many
of whomwelcomeamodern dternativeto traditional
materidssuch asceramic, meta andglass. PV C’s quali-
tiesof beingavailablein many rigid and flexibleforms,
both durableand light weight, aswell asitsability tobe
coloured and shaped, give designersopportunitiesthat
they would not have using any other material. PVC
makesamagjor contribution to thequality, safety and
cost-effectiveness of construction materias, aswell as
contributing to lower environmental impacts of com-
pleted projects. Itisthe most widely used polymer in
building and construction applications.

PV C helpsmakeour liveseasier, safer, more con-
venient and more enjoyable. Productsmadefromthis
versatilematerial offer arange of benefitsto society
and contributeto enhanced tandardsof living. Theuse
of PV C compoundsinmedica devices manufactured
during thelast 50 yearshasdemonstrateditsgreet abil-
ity to satisfy the demanding requirementsof themedica
hedlth careindustry.

PV C makes amajor contribution to the quality,
safety and cost-effectivenessof modern road vehicles,
aswell asreducing their impact ontheenvironment. In
automotiveapplicationsitisthesecond most important
polymer (after polypropylene) and givesmany benefits
whichwenow takefor granted. Inflat sheet form, Poly-
vinyl chlorideisformedinavariety of thicknessesand
colors. Asflat sheets, PV C isoften expanded to create
voidsinthematerid, providing additiona thicknesswith-
out additional weight and cost. Sheetsare cut using saw
and rotary cutting equipment. PV Cisasousedto pro-
ducethin, colored, adhesive backed filmsreferred to
smply asvinyl. Thesefilmsaretypically cut onacom-
puter controlled plotter. Thesesheetsandfilmsareused
to produce awidevariety of commercia sgnage prod-
ucts®l, Unplasticized or rigid PV Cisoftenusedinthe
building industry asalow maintenance material, par-
ticularly inthe UK, andinthe USA whereitisknown
asvinyl, or vinyl siding¥, over dl the polymer “PVC”
isinvolvedinthe sphereof every humanlifedirectly or
indirectly.
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