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CarTmeER 1,

TITERODUCTD TOM,

As this thesis is concerned with nolymers and
conolymers of vinyl acetate and vinyl chloride, it
is convenient throughout to use the abbreviations
PVA for noly (vinyl acetate), 7VC for noly (vinyl
chloride), VA for vinyl acetate monomer and VC for
vinyl chloride monomer.

1). Clasgification of Ponlymer Desradation lMechanisns,

Darradation reactions mav be classified according
to the agency or agencies cansing then. In this
manner, five major classes of degradation may be
enunerated —--- thermal, oxidative, nhoto, ultrasonic
and mechaﬁioal. Some of these major grouns may bde
subdivided by considering tThe mechénism of degradation.
Since this thesis is concerned only with thermal
degradation, it alone will be considered here.

Thermal degradation reactions may be classified
into two main grouns, namely substituent reactions

and denolymerisation reactions.

Denolymerisation reactions are characterised by

e

the runture of the main nolvmer chain backbone 5o

that at any intermediate stape in the reactilon the




2.
nroducts are similar to the narent naterial in the
sense that the monomer units are still distinguishable
in the chains. Tew tynes of terminal grouns may or
may nov anmear, denending unon the nature of the
chain scission nrocess. The uvltimate »nroduct Wili,
be monomer or closely akin to it. This form of
degradation occurs in poly (methylmethacrylate),
nolystyrene, nolyethylene, noly (ethylene
terephthalate ), etc.

The »nrincipal feature of substituent reactions
is that the substituents attached to the nolymer chain
backbone are modified or nartially or totally
eliminated. Thus the chemical nature of the
reneating unit in the macromolecular structure is
changed. If volatile nroducts are evolved they
will be chemically unlike nmonomer. This form of
degradation occurs in the colouration of nitrile
nolymers, in noly ( methacrylic acid ) and in ester
decomposition reactions in PVC, PVA and noly (tert-
butylmethacrylate).

' The degradation of tbg nolymers, with Which'

this thesis is concerned, occurs by a substituent

reaction.
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annum of the thermonlastics nroduction of Great

Britain (304 of the botal ), because of its

0

diversity of anplications amnd low cecst. It
original advantamge was that it could be nrocessed
on equipment develoned for the rubver industry bdbut,
as the applications diversified, the nrocessing
conditions became more demanding and the instavbility
of PVC at elevated Temmeratures pecame a vrovlen.
Also the noor weathering characteristics of DPVC do
not allow its full notential in the building industry
to be develoned.

W hen PVC ig subjected To various agencies such
as heat, light, ionising radiation, etc., it liberates
hydrogen chloride with accompanying discolonration
and. a general.deterioration of nechenical and
electrical ﬁroperties. Over the years, many tynes
of material have been successfully nsed to combatb
degradation but such stabilisers have been evolved
emnirically and the stabilisation of PVC has been
an art rather than a scieﬂée. I© is‘necessary to

understand the degradation nrocesses which occur so
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seivy end the amount of

)
H
(6]
3
W
@)
[©)

tim~ and energy »ut inte gtudying the various
degradation nrocesses they are, ag is demonstrated
below, as yet far from cleariy urnderstood.

The degradation of PVC is of very great
importiance as many of the annlications of the nolymer
reguire transnarent materials and colonur develons
durinrg th= desradstion, "hereas in most other
materials, the degradation 1s not important until
much higher nercentage degradations, when nhysical
nronerties bhecome affected, ir the case of PVC this
occurs much later than discolovration and is seen as
the material becomirng brittle ard also as
insolubilisation, This latter nhenomenon has been
accredited to the formation of crosslinked

(1-5) s X

structures - and studies have bpeen made of the

s (6)
rate of crosslinking .

The nolymer itself has been shown to have a
o - Tmeymd A $ e (7)

head to talil structure almnost ezclusively 4 and
(8)

. . , o)
studies of the nroducts of-degradation below 20CC

show that only hydrozen chlorids is liberated
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. 5.
(9-117

small anonts of benzene

}
L

whereas sbove 20070
and other alinhatic and aronatic hvdrocarbons havs

been detected, although chlorinated hydrocsrbons ars
- s ) A (0-11)

absent. "To chlorine or hyvdrogen is found - ’

but 47 of the volatile »nroducts are mnaccounted

for (12 .

AN

The ultraviolet and visivle s»nectrum of degraded
PVC is similar %o nolyene snectra (1,2,13,142 and
the colours nreduced are reminiscent of carotenoids.
These anrd the heed ﬁo tail strocture suggest that
the dehydrochlorinated nolymer wounld have the
structure

- Cl=CH -~CH =CH - CH = CH ~.

<

The colour has, however, also been attributed

- 153 .
to fulvene structures (157 snd, in the case of

2 s o 16)
nhotodegradation, to a surface layer of carbon ( 6’.

The methods used to study the decompousition
afe many and varied but common to most of them is
measurement of the evolved hydrogen chloride.

Then PVC is heated in an inert atmesnhere, at
.temneratures between 1SOOCJand 20000, 1t becones

highly coloured dwring the loss of the first 0.17

. ) .
of hydrogen chloride (87 and the colour suggests
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4

that seaucnces of seven conijugatad carbon-carbon
. o ) . (2,17 s

domdle donds are nregent v, ‘nother

observation is that, when dehyvdrochlorination is

talzen to comnletion, only very swnll traces of

(18

chlorine remain in the nolymer chain vhereas,

if there was random elimination, one would exnect
(T A S T > 4 - (1q\
1307 of the chlorine to be left -7, These
observations indicate that dehyirochlorination must
take nlace from successive units along the nolymer
chaln rather then at random. This tyne of
WAl 3 Thoa 3 3 ny 3 it (20> 3
benaviouvr has been termed a "Zinner reaction.

However three types of mechanlism have been
nronosed for the degradation, namely ilonic,
uninolecular and radical bui vefore discussing these
a brief outline of the work done on the »nyrolysis of
alkyl chlorides is apnronriate.

Alkvl chloride pyrolysis was shovm to proceed
by one of two mechanisms - radical or

. 21,22 .

unimolecular (Ll"‘>. The mechanisn of
decommosition for certain allkyl chlorides was

. (23) . . -
nredicted by Barton 7 by radical intermediate

studies and nearly all his oredictions have been

substantiated. However, this scheme suggests that
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4= N - e b Al ~ - - ~ e - - .
cne aatoanesigion of PVC should be first order, ouv

it loses hydrogen chloride more readily than PVC models.
he nossible exnlanation for this lics in the first
nronagation steps in which, with alkyl chlorides, a
tertiary hydrogen is initially abstracted whereas,

in PVC, it is a secondary hydrogen which is

abstracted first. This 1s denonstrated in the-
chlorination of PVC in which the methylene grouns

. X 240
disappear first (“4’.

A). ypes of echanisn.
(i). Unimolecular.
A unimolecular elinination mechanism for DPVC
dehydbochlorination would be exnected to be a randonm

"process but allylic activation 1s belleved to be

-7 Q'_ .
imnortant (3,4,13,25,2 and is offered as an

explanation for the "Zinper™ nrocess. There 1s no
direct evidenée that allylic activation aids |
homolytic scission and the idea has,been transnosed
from heterolytic scission mechanism.  There is,
however, one noint in favour of the unimolecular
mecheniem and that is that mnst of Tthe ™VC

stabilisers are not known Tfor their narticipation in

radical reactions.
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1
Lo

(idi>. Radic:

n

Jne radical postulate for thermal
dehydrqchlorination alsc has rather vagne sunnort,
The »nresence of free radicals has been demonstrated
in heab-treated (11) oVC bv electror gsnhin resoﬁance
snectbroscony, Unfortunately no one has yet studied
thermally degrading PVC by electron snin resnnance
and this counld be a nossible future develooment,
Arlman found that free radical initiators
increace the rate of loss of hydrogen chloride butb

26) . .
Bengonugh (26 found that they did nov. Both of

These claims are susnect as benzoyl neroxide for

[B]
ct

examnle does not nececsarily give an adequate
supply of radicals at about 26000,.although the
difference could arise from the different nhaces in
which the worlz was done. Arimen (1 ealsc found that
free radical scavengers do not inhibit the reaction
and he exnlains this on the basis of a very stable
radical intermedizte. He guvggests thet hyvdrogen
chloride is libverated from the monomer unit adjacent
to a radical and the radical is resonance stabiliged.

fe

26 ) )
Bengough (26) also found that radical scavenzers had

e

no effect on the reaction but There is alwevs The




ol

R
. KR S I 3 Ao - . g
AreeinT 1T o Ghot aome comhmds wnich ars redicnl

S

scavengera at nornal temmeratures do not disnlay the
sane effect at higher temneratures.

Rradical-activated elimination mechanisms such

1 . .
as Arlimants (1 have received very little suvnnort

and. the favoured radical mechanisrs involve free
chlorine atons, Az »reviously mentioned, no »nroof

of the existence of radicals in thermnally degrading

2VC has yet been nroduced but there are several

. 4 - . ., . 290
isclated »nieces of evidence cleined by Geddes, (29)
such as ‘low nre-exnonential factors in the rate

(30
constant with conolymers of vinylidene chloride 77 -,

d rate of denydrochlorinabtion in some cases
\

vhen free radical sources are added to the
21\

e S
”

DYC, but not in obthers, and a claim by Winkler
that some PV(Q stabilisers interfere with radical

chain nrocesses.
Stromberg (103 and Jinkler (207 both

postulated radical chain mechanisms for PVC

dehydrochlorination, »rooosing very similar

' initiabion

and termination stens. This difference ageain

suggests that the key to the pnroblem lies in The




Strombers © claims that hydrogen chloride
could not be elimirnated from PVC in'a molecular
nrocess lilre the elinmination of acetic acid from
i (33, . . A
PTAN7 Thecanse of gseometrical conasiderations and

limination rwust be stenwise as would bve

ct
I
(D
D]

tha case for =n ionic mechaniam,
(ii4). Tonic.
There is no direct evidence for an ionic

mechanism for the thermal slinmination of hydrozen

T

chloride from 2VC althoush there is considerable

<

indirect evidence, Allr1 chlorides in the presence

of base undergo elimination and substitubion
o

4N
ts (5'/. n

reactiong to give a mixture of nroduc
PVC there is a sinilar reaction but substitution is

suopressed and the nroducts are similar to the

(7).

]

nroducts of thermal dehvdrochlorination

Dy

]—.

- Highly colonred nroducts are obtained by the

(35)

treatmant of PVC with sodium in licuid ammonia R

sodium methoxide and lithinm chloride in

. : . 36)
dimethylformanide </6-. In the latter case, the

%

N

chloride anion acts as a strong base and thus the

dehvdrochlorination is a trne ionic chain
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elininetion, substitution having no aeaninrs in this
czge, and The nroduct is a violebt colour which is
- =i - ) (5{7> 1 °
~redicted by Remnn "7 who shove that tvo colours
should arise, The first colour is violet when there
ig elimination only and the second is red when the
elimination is occnasionally interrunted by
snbsbitntion, VG vas fomd to ve degraded by
sulnhuric acid but net by sulnhuric acid containing

- . NG 1:0 N .
a Tew mercent of nitric acid ‘7 and 1t is clainmed
that the degradation in sulohuric acid is an ionic

zinner while, in the latter case, nitric acid adds

)

on to the carbon-carbon douvble vond, in a Taster
reaction than thst elininating the next hvdrozen

‘chloride, thereby nreventing allylic activation.

AT 15000, organic bases, for examnle benzyl

trimethyl ammoniun hydroxide, accelerate the

. 3 .
dehydrochlorination of 2VC <59/ The mechanism

nroposed is a slow initiation sten as in (i), then fast

o _

ANAACH . CH A — AmnCH = (Harw 0 BH + Cl
!
Bie—m—m H

attack by the base at the allvylic nosition followed

by slow cross-linking termiration. 1f the mechanimm
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