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SUMMARY

The modification of polypropylene fibre and film
has been achieved by graft copolymerisation of monomer
systems, using ultraviolet radiation. Similar attempts
with a mechanico-chemical method were unsuccessful.

The optimum conditions for grafting were determined using
2-vinyl pyridine as a typical monomer in the presence of a
photo initiator, benzophenone. It was found, that the
amount of monomer grafted increased with irradiation time,
but decreased with increasing concentration of photo
initiator. Hence the role of benzophenone as a chain
terminator has been demonstrated.

Two stabilisers of the vinyl hindered phenol type were
synthesised and in addition a vinyl substituted 2-hydroxy
benzophenone was prepared. These monomers were polymerised
using free radical techniques and the stability of both the
monomer and polymer was determined by the appropriate methods,
after blending into polypropylene;

The antioxidant activity of these compounds and their
photostabi;ity was compared with conventional commercial
stabilisers. All the additives at the concentrations used

could be solvent extracted. _
Thelthermal and photo oxidative stability of polypropylene
has been increased Sy the grafting of a vinyl antioxidant,
particularly 3,5 ditertiary butyl-4-hydroxy benzyl acrylate.
This was not affected by solvent extraction. The grafting
reaction was influenced by the monomer-benzophenone ratio

and reflected in the induction period to oxidation of the

poiymer £ilm,



Differences in the density of the grafted side chains
has been suggested. Possible side reactions have been
investigated and ‘termination processes involving
benzophenone postulated.

A mechanism for the grafting reaction has been
proposed involving the formation of hydroperoxide.

Grafting of an ultraviolet absorber was attempted but no
increaéed photostability was observed. This was attributed
to a concentration effect of the additive. Graft
copolymers of 2-vinyl pyridine and 3,5 ditertiary butyl-4-
hydroxy benzyl acrylate with polypropylene were prepared to
obtain stability and dyeability. Although the dyeability
increaséd_the stability was reduced indicating interference

between the materials.

Suggestions for further studies have been proposed.
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1, INTRODUCT ION

Soon after the original patents were filed on
polypropylene, it became evident that this new polymer
had potential as a fibre forming material offering
increased advantages over pblyethylene. This optimism,
however, was shortlived, and it was not until the early
1960's that polypropylene fibres had made sufficient
headway to be a marketable commodity.

The development of polyolefins as textile materials
came at a time when other synthetics were already firmly
established.  Although the polyesters and polyamides were
more expensive than polypropylene, the latter had little
extra to offer in the way of novel properties to compete
with the natural fibres. | Progress was further impaired
in this field because of the technical problems inherent
in polypropylene, limiting its usage to fringe markets
where it had a decisive edge over the other synthetics.
These problems are heat and light stability, and equally as
important in textiles, dyeability.

The chemical structure of polypropylene, being a pure
hydrocarbon containing tertiary hydrogen groupings makes
it particulariy susceptible to oxidation. Isotactic

polypropylene has the structure

ey | 3en, T 3eH, T2 en, T2 cn, T3¢
/ \’(.;/ \’%/ \’]I:H/ NZANZEN
I H H L L



The thermal oxidation of polypropylene has beén
widely studied and it is now accepted that degradation
occurs through the initial formation of hydroperoxides.
The characteristic autoxidation of polyolefins is thought

1

to progress by the following scheme™, where RH represents

the hydrocarbon.

Initiation BH 4+ 0, — free radicals (1)
Propagation R. + O, —  ROO. (2)
RUO, + RH —  ROOCH + R, (3)
ROCH _heat or po 4+ o4 (4)

light

The chain reaction illustrated by reactions (2) and
(3) can be prevented by using a free radical acceptor.

The most important free radical scavengers used in
polypropylene are of the hindered phenolic type. These
function by a hydrogen transfer process, eliminating active
radicals, forming a resonance stabilised phenoxy radical
which does not react further with the polymer. The general

reaction is as shown.

OH o)
t-B +Bu ROO- t-B tBu ROOH
+ HOs: b + HOH

RO- ROH



Resonance stabilisation of the phenoxy radical can
then occur, and reaction with a further radical may take
place. In theory one mole of stabiliser is capable of

eliminating two radical species.

o o o o
t-Bu t-Bu t-Bu t-Bu 1-Bu t-Bu t-Bu t+=Bu
— i —
R R’ R R’
lnoo-
- o
t-Bu t-Bu
ROO R

Amine antioxidants function similarly, but their
oxidation products tend to be coloured and may be hazardous
so are less favoured than the phenolics for polypropylene.

Other types of antioxidant, sulphur compounds,
phOSpHites and. metal dithiocarbamates, react by removing
the hydroperoxide formed in (3), and decomposing this by a
non-radical processz. These operate by a different
mechanism than the phenols, and the two kinds of antioxidant
(peroxide decomposers and radical acceptors), therefore,
enhance each other when used together and act synergistically.

In this manner, the oxidation of polypropylene can be

retarded both during processing and later in service life.



However, it has been found that the stabilisers could
become extracted from the polymer during laundering aqd
drycleaning'with the resulting deterioration of the
materiél. This loss of antioxidants could be serious where
foodstuffs are involved, since contamination from the film
wrapping could occur by leaching. For this reason,
legislation exists concerning non-toxic additives in
foodstuffs packaging, and phenols are some of the few types
accepted for this purpose. There are several approaches to
solvinglthe problem of antioxidant loss by volatility and
extractability., Studies by Plant and Scott3 concerning
volatility, have shown that for the homologous series I,
this decreased with increasing molecular weight of the

additive, and the activity of the antioxidant also increased

for the series.

t+Bu R = Methyl
Hexyl
I HO CH,CH,COOR . Lauryl
Stearyl

t-Bu

Scott has suggested4 that there is an optimum molecular
weight in any class of antioxidant for maximum activity.
Below this, losses due to volatilisation may occur, and
the compatability of the antioxidant with the polymer may
be reduced if this optimum is exceeded. Very little work
on the effects of volatility and compatability has been
published, but theée must play a large part in determining



the usefulness of antioxidants.

An important industrial objective therefore is to
increase further the effectiveness of antioxidants.
Several antioxidants of increased molecular weight have
been made, but this approach eventually becomes limited.
Perhaps the best prospect of reducing the extractability
and volatility is to incorporate an antioxidant functional
group into a polymer chain. Such polymeric antioxidants
may be synthesised by introducing a polymerisable vinyl

group into the molecule which does not interfere with its
chain. breaking activity. Several of these have been made
2,6 and blended into polypropylene prior to processing giving
good stability, but these were not chemically combined.

An extension of this idea 1s the copolymerisation of
a vinyl phenol with propylene at the monomer stage, thus
incorporating the material ih the polymer backbone.
The copolymer is then "diluted" with polypropylene by

blending before use. Research has mainly centred around

the two types of stabilisers II and III

OH OH
t-Bu t-Bu t-Bu By

CH(CHZICHECH (CH2|OCOR

The polymerisation of propylene with Ziegler-Natta
catalysts has always been carried out in the absence of polar

compounds due to the adverse effect such materials have on

the catalyst.



Patton and Horeczy7 claimed. the first successful
copolymerisation of propylene with a hindered phenol,
using the Ziegler-Natta process. They achieved this,
since they found that the steric hindrance around ihe
hydroxyl group nullified the effect of -this phenol on
the catalyst. They prepared 4-(but-3-enyl)-2,6-ditertiary
butyl bheﬂol (II,n=1) and copolymerised this with propylene
formlﬁg between 0.005-2% by weight of the antioxidant in
the total copolymer. The stabiliser was not extracted by
methanol and compared favourably on ageing at 150°C with
samples containing similar perdentages of 4-methyl-2,6
ditertiary butyl phenol which they found to be volatile.

The problem of éatalyst deactivation was also overcome
by Iwata and Sasaki® by substituting the phenol (II) with
an aluminium compound. By using this complex (IV) as

both monomer and catalyst, copolymerisation with propylene

was achieved.

t-Bu
M CH3CH-CH O ALER.CI

t-Bu

The stability of the material when copolymerised was
better than conventional antioxidants, compatability and

extraction problems being eliminated. Earlier work by

Rocklin and Morris® used the hindered phenolic , esters of

the benzyl alcohol type as shown in III, (n=1). They

noted that the alcohols are relatively polar and therefore



of somewhat limited miscibility in non-polar organic
substrates. By reacting the 3,5-dialkyl-4-hydroxy
benzyl alcohols with organic carboxylic acids, novel esters
were produced which retained the desirable antioxidant
features and gave enhanced miscibility. Benzoates,
palmitates and stearates were made, which were used in
vegetable 0ils and edible fats as antioxidants. The
acrylate was also synthesised (III;Rfvinyl,n=l). and used
without polymerisation in polypropylene at 0.5% concentration
by weight and gave oven heat stability at 133°C of two days,
together with some UV stability on outdoor exposure. This
benzyl acrylate was also copolymerised with styrene to give
improved oxidation stability over the pure polymer.

At the beginning of this study little work had been
published on the radical polymerisation of vinyl
antioxidants since it was known that free radical polymerisation
in the presence of a stabiliser would be much reduced,
and therefore to form polymers of these compounds was thought
impossib]n. Previously reported polymerisationslo'll of
hindered'bhenolics have involved blocking the reactivity of
the hydroxyl group by acylation, followed by polymerisation,
then hydrolysis to regenerate the phenol.

OH OCOCH, OCOCH; | OH
t-Bu t-Bu t +Bu t-Bu 3.7 - |t-Bu +Bu
R —

CHeCH, CHCH, | avoir | L ooz ],



Kleiner12 however studied a series of vinyl hindered
phenols of the ester types (III) including acrylates,
methacrylates, fumarates, maleates etc. These were
polymerised directly using high molecular weight péroxidés
such as lauroyl and decanoyl peroxides. Protection of the
oxidisable polymer was achieved by blending the polymeric
stabiliser into the systeﬁ either- alone or with peroxide
-decomposers to give synergism. = Copolymerisations of several
of the crotonates and fumarate derivatives were carried out
with amongst others, styrene, vinyl acetate and methyl
methacrylates to give increased stability.

All these materials have been introduced into the
polymer by preblending or copolymerisation with the monomer,
But little work has been done on preformed articles.

In the preparation of textile fabrics and other manufactured
products it is frequently desirable to apply finishes or
coatings to improve the light stability or anti-static
effects of the article. |

Stiehlls_synthesised acrylic substituted phenols of
the type V for use as antioxidants either as monomers of

copolymers with other ethylenically unsaturated compounds.

R O
X Hp=d-& OH R=H or alkyl

t-Bu



He found that by copolymerising these with a vinylic
antistatic agent and surface coating a fabric, then by
oven curing, the extractability of the material was much
reduced.  Although this still occurred, the antistatic and
stabilisation properties were enhanced when tested by Xenon
arc exposure, laundering and tumble drying. Fabrics
coated in this manner even after repeated laundering were
still showing good resistance.to oxidation whereas
conventional stabilisers were leached out.

From copolymerisation and surface coatings, it is
only a short progression to chemically bond antioxidants
to the pdlymer chain, and workers at N.R.P.R.A. have’
reported fhe incorporation of network bound antioxidants
in natural rubbérl4. This was studied using a model
compound, 2-methyl-2-pentene, and reacting this with
N, N-diethyl-p-nitrosoaniline at elevated temperature;

The reaction is illustrated as

/K/\ +- '(cyggu-@-mo —_— >YNH\ |

NiczHs)2
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It is thought that an analogous reaction occurs thh
natural rubber to produce a network bound p-phenylene
diamine. Rubber vulcanisates containing this bound
stabiliser were oxidised after extraction and compared with
known antioxidants. A high retention of activity was
found, whereas a marked decrease was observed with
conventional materials due to losses on extraction. The
limited mobility of the stabiliser due to its attachment
to the network did not seem to impair its activity as an
antioxidant.

Polypropylene does not have the same chemical |
structure as natural rubber and consequently a more promising
techniqué for modification in a similar manner would be to
graft copolymerise the vinyl stabilisers into the polymer.
‘Losses by volatilisation and solvent extraction would then

be much reduced.

Numerous review articles and several excellent books
1515 have been written on graft copolymers, and the
importance of this field of research is amplified by the
patent index listed in the most recent studyl6. |

The formation of graft copolymers by a free radical
process firstly requires an active site on the polymers

backbone where a monomer or polymer can be induced to graft.

Grafting a polypropylene can be illustrated simply

as shown
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Macroradical

CH, CHy
c a2 | CH,

CH,y
Rl wme RLRY
| | '
H

!

o

2

/¢
|

By a suitable choice of monomer or combination of
several monomer systems it should be possible to produce
a modified polymer having the desired properties.

Many graft copolymers have not reached commercial
fru¢tion, however, and questions arise concerning the
advantages of using grafted materlalsl7. rather than the
same blended product. |

In the case of polypropylene, being a hydrocarbon
the blending of polar materials leads to difficulties due
to incompatability with the base polymer. Random
copolymers might be used, but the catalyst systems involved
in the stereoregular polymerisation of propylene tend to
become poisoned by polar materials. These drawbacks can
be dvefcome. but research has tended to favour the

modification of the material by grafting, this technique
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being more flexible in application. Technical problemé
arise when laboratory experiments are scaled up to
production level where cost becomes the predominant factor.
Several of the more popular grafting methods such as
radiation techniques produce the added complications of

possible health hazards to the operator.

A technique which might offer potential economic
advantages is the modification of the polymer by grafting,
preferably as part of a conventional processing operation,
or an alternative inexpensive method which could be

adapted to the process. The two techniques studied in’

this present work are

(a)  Mechanico chemical synthesis

and (b) Ultraviolet irradiation

since these were thought to be of possible' commercial value.
‘When polymer molecules are subjected to an applied

shear or stress, bond scission results in the formation of

free radicals. In the presence of a monomer, polymerisation

may produce block copolymers, and if chain transfer processes

occur, graft copolymers also form from non-terminal radicals.

Detailed accounts of mechanico chemical processes are

availablel8:19120 54 more specifically work done on rubber

and other polymers using mastication techniques have also
been reviéwedzl'zz.
It has been observed using electron spin resonance that

during the cold drawing of polymer fibres, free radicals are
produced23'24'25.
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23 24

, polyamides®™™,"

and in various other polymers including polypropylene25.

These have been observed in nylon

Stretching of polymer fibres has been suggested25 as a
useful method of forming graft copolymers, and this
process of mechanico chemical synthesis was studied
initially.

Ultraviolet radiation also has been used extensively

26 and presents

for grafting reactions, and polymerisations
aﬁ‘effective way of modifying polymers industrially.
It has been frequently used té oxidise film surfaces for
priﬁting purposes, and its use for the 'curing of.paint
films has been the subject of much discussion, as an
alternative to high energy radiation27.

The early work on copolymerisation using ultraviolet

light involved the introduction of labile groups, normally

28

chlorine or bromine“~ into the polymer. These could be

removed by photolysis, in the presence of a monomer to

form copolymers which were normallylblock copolymers since
the halogens were present as-end groupings in the polymer.
Miller2? prepared copolymers of «-chloroacrylonitrile

witﬁ acrylonitrile and photolysed the chlorine to form a
radiéal site on the backbone. This was done in the
presence of acrylamide and resulted in the graft copolymer,
poly(acrylonitrile g.acrylamide). This principle is not
limited to halogens since it has been found that aliphatic-

ketones may also be photolysed to produce radiﬁalsso.
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‘Guillet and Norrish®+32 extended this by UV
irradiating a solution of poly(methylvinylketone), with
several ‘monomers and interpreted the reaction by the
scheme below. Acetaldehyde and methane were formed as

well as the graft and homopolymers.

v CH3CH= CHs CHen -+ CHy'

v | |
f,5>”" o0 ?ﬂa

MCHz—ClZH—CHf?Hm

(I'.‘O C|u° \
(e oo rouf
. CI:'O
Hy

M_. Gratt copolymer < Homopolymer

All these polymerisations utilised sites produced
by an inherent grouping on the polymer backbone.  Few
photopolymerisations have been achieved by direct
irradiation but Oster and co-workers extended the method
by using a photosensitiser, With benzophenone as the
photo-initiator they succeeded in grafting acrylamide
onto natural rubber33. This work was extended, and the
effects of different photosensitisers and temperature was
studied by Cooper (and co-workers)34-37 using natural

rubber latex.
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Uster turned his attentions to other polyhers,

38,39

including polyethylene , nylon, cellulose, etc.

The results of grafting monomers on these materials were
included in his patentsg.

Interest in this technique extended to cellulosic
materials and photolysis reactions of these polymers were
studied40 using an anthraquinone derivative as a dye sensitiser
for the photopolymerisation of the grafting monomers.
| Evidence of grafting was obtained from the solubility
characteristics of the grafts, and physical mixtﬁres of
the two homopolymers. The cellulose, methyl methacrylate

1

system was more recently studied4 by Japanese workers

using other initiators in addition to the phototendering

dye described above40.

There are many ways of photopolymerising vinyl monomers,
and the kinetics, methods, and initiating systems for the

process are summarised in a review by Oster26.

Crosslinking reactions can also occur especially with
polyethyleneqz. Irradiation leads to free radicals which
can recombine or react with oxygen. Recombination leads

to crosslinking. Thus

—CH,—CH—CH-

— CH,—~CH—CH—

2 —CH;—~CH—CH ;-
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This was made use of by Boudevska43, by first
crosslinking, and then grafting polyethylene with
methacrylic acid, to prepére films used as separators
for alkaline cells. Crosslinking prior to grafting
resulted in better materials for preparing membranes
of extended cycle life.

Further uses of grafted copolymerslwill no doubt
be found, as the methods of preparing them become more

industrially oriented.
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SUUPE _AND OBJECT OF THE PRESENT WORK

3lock and graft copolymers have been known for
many years-and the principle of having two different
segments in the same polymer has been used in the
manufacture of polymers with special properties.

Normally modified polymers of this type are made by
incorporation of a second monomer at the reaction stage
and this involves a separate and generally small scale
specialised manuf acture. Hence only a small proportion
of the very large numoer of potentially useful copolymers
have been developed commercially.

Itiﬁas proposed to take a small amount of a monomer
and introduce this into‘a large tonnage polymer, e.g.
polypropylene, and modify this by a subsequent grafting
process, preferably as part of a conventional processing
operation. Work has already been done in this area,
notably by Watson and his co-workers on the mechanico
modification of polymers, and by Oster, on the light
sensitised grafting process, and has shown the potential
of the techniques. The purpose of the present work was
to approach the subject from the standpoint of the graft
initiation processes which already exist in polymer
fabrication or can be adapted if the process is economically
viable.

Two techniques were selected for study; stretching

of polypropylene fibre with monomer, and ultraviolet
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irradiation of the polymer in the presence of the grafting
additive. These techniques could provide a useful
procedure for introducing modifying groups into the polymer,
which might be for example; dyesites, antioxidants and
stabilisérs. antistatics éhd water absorbing groups.

" Since polypropylene is predominantly unstable to heat
and light a primary object of this work was to increase the
stability of the polymer using grafted vinyl antioxidants

ffggaxétabilisers thus reducing additive'losseé.

;é\was proposed to explore the described techniques
using‘2ivinyl pyridine ﬁhich is useful as a potenfial
dyesite. Once the c;;a;tions of grafting had been
determined it was proposed that the techhique would_fﬁen-
be applied to specially synthesised monomers. It was
hoped that the results would provide the basis of a

commercial process.
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CHAPTER II GRAFTING OF PCLYPROPYLENE WITH 2-VINYL

Although polypropylene possesses excellent physical
properties of low specific gravity, high mechanical
strength etc., it is lacking adhesiveness, printability,
dyeability, oil resistance and antistatic propertiesdd,
as can be readily understood from the paraffinic structure.
Thus the applicability of this otherwise useful polymer
has been greatly restricted. Attempts used to improve
the dyeability include the introduction ofla dyeable
groupiné'to polypropylene by a chemical reactionas.
Further, ‘copolymerisation of gaseous propylene with dyeable
vinyl compounds has disadvantages in that the stereoregularity
of polypropylene is decreased, and the fibre forming
properties are reduced. IFor these reasons the graft
‘copolymgrisation methods have proved more popular. Vinyl
-pyridines have often been used for c0polymerisation46'47
with polyolefins to improve the dyeability, as have their
blended bolymer548’49’50. The polarity of these materials
renders the treated polypropylene dyeable with a variety
of dyestuffs5l’52.

Other uses of vinyl pyridines have been recently
reviewed by Webstersa, but their properties as dyesites
has been utilised in this work.

Using 2-vinyl pyridine as the grafting monomer two
techniques for the graft modification of polypropyléne have
been studied.  Firstly, mechanico chemical synthesis, bY

stretching polypropylene fibres in the presence of the
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monomer, and secondly, ultraviolet irradiation of a
heterogeneous system of polypropylene with the grafting
monomer. The presence of the vinyl pyridine was detected
by its ability to dye the polymer, and the conditions of
grafting so elucidated were utilised in the further studies

on vinyl stabilisers.

I  MECHANICU CHEMICAL GRAFTING

Preparation of samples

Stabilised polypropylene fibre was obtained from
I.C.I. Ltd. in the undrawn state, and was Soxhlet_extracted
in ether for forty-eight hours to remove fibre additives.
The skein of fibres containing approximately seventy
individual filaments was'étored under nitrogen before use.

The 2-vinyl pyridine monomer was obtained from
Midland Yorkshire Tar Distillers Ltd., and was vacuum
distilled free of inhibitor to give a water white liquid -
boiling'af 58-60°/18mm.  The monomer was always freshly

distilled and used immediately without storing.

Stretching of polypropylene fibre

The unstabilised polypropylene tow was immersed
in 2-vinyl pyridine for several hours, then stretched by
hand to a draw ratio of 5 to 1, at approximately
1 metre/sec. The fibre was Soxhlet extracted with ethanol
overnight, washed with solvent, then air dried.
' The experiment was also carried out in a glove box,
under an atmosphere of nitrogen, and the fibre extracted as

before.  The samples were then dyed.
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Dyeing of grafted polymers

The dyes chosen were DYLON?4 multipurpose dyes which
can be used for nylon, cotton, wool and polyesters, and
require only common salt as a dye assistant. It was
thought that these dyes would be effective for vinyl
pyridine modified polypropylene.

A stock solution of dye containing 1 gram in 250 ml of
water (0.4% concentration) was prepared together with a
10% sodium chloride solution.

Quantities of liquor, dye and assistants used, are
normally based on the weight of textile being procéssed.

A "2% dyeing" refers to the use of 2 grams of dye per
lOO,érams-of textile material. To calculate the quantities

to be used for dyeing the following formula was useful®?

No. of ml of stock solution required = W x P

C
where W = Weight in grams of sample to be dyed
P = Pércentage of dye or assistant to be used
C = Concentration (%) of stock solution

The dyebath used throughout was

F IBRE 1 gram
DYE 2%
SALT 20%

LIQUOR RATIO 50:1

and the amount of additives required calculated accordingly.
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Dyeing was carried out in flasks immersed in a
waterbath, the temperature of the bath being raised to
boiling over the first thirty minutes, and maintained at
this for a further one hour. After this period the fibre
was removed and washed with cold water, then dried with
hot air. Unstabilised dyed polypropylene fibre was used
as a standard each time samples were dyed.

Using DYLON SCARLET, the unstabilised fibre was
dyed drange and the grafted material gave the same
colouration. The fibres were analysed using the ;
conventional techniques of infra red spectrometry, mass
spectrometry, nitrogen analysis, and x-ray crystallography,
but no differences were found between the treated and
untreated samples. If grafting had occurred the
modification was too insignificant to be of commercial
importance. It was decided to progress to the study of
grafting by ultraviolet irradiation, which has proved

successful in the past.

IT GRAFTING BY ULTRAVIOLET RADIATION

An initial study was made using a 2-kilowatt Philips
high pressure mercury lamp emitting in the range 28003
into the visible region. Samples of polypropylene fibre,
immersed in vinyl pyridine were irradiated in pyrex tubes
at a distance of 25cm from the lamp for a period of 4 hours.
The lamp was without water cooling and the solutions of
vinyl pyridine became dark and viscous and were quite warm

after irradiation. The fibres were ethanol extracted and
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d?ed with a range of DYLGN tints. They were successfully
dyed black, red, blue and yellow whereas untreated fibre
dyed green, orange, pale blue, and straw coloured
respectively.

It was, therefore, decided to study the technique

of grafting by ultraviolet radiation as a possible commercial

method.

EXPER IMENTAL

s U.V. CABINET

Polymerisations, and ageing tests were carried out
using the same series of lamps for both. The equipment
was supplied by CIBA-GEIGY LTD. and congisted of a
cylindrical metal cabinet with thirty, 20watt lamps
mounted around the periphery. The lamps were alternating
equal numbers of fluorescent sunlamps and blacklamps, the
spectral characteristics.approximating to that of sunlight.
The distribution of ultraviolet radiation is as shown in
figure I and compared with that of sunlight56. In order
to maintain a constant spectral intensity the lamps were
changed in strict rotation, one lamp being replaced every
three days. ’

The fluorescent sunlamp has less intensity than
sunlight at the higher wavelengths and much more intensity
below 31302. Since the emission extends to shorter wave-
lengths than sunlight, ageing tests on clear plagtics

are harsher. Quartz glass facilitates the use of this

higher energy for polymerisation purposes.
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FIGURE I

SPECTRAL DISTRIBUTION OF FLUORESCENT AND BLACK
LAMPS COMPARED WITH SUNLIGHT
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The ultraviolet transmission characteristics of
. quartz tubes are shown in Figure II. This is compared
with pyrex, and soda glass, and shows that quartz
transmits throughout the scanning range, but the others
only begin transmission at wavelengths above 300mp..

Quartz tubes, (100x 15 x 1lmm) were used for the
sample solutions, and were sealed with rubber stoppers.

The sample tubes were mounted on the circumference
of a motor driven wheel which was concentric with the
cabinet, and could be rotated at constant velocity.
The distance of the samples from the lamps was 15c¢cms and the
tubes were secured by means of clamps. To avoid any
variatioh in intensity throughout the length of ulﬁraviolet
source (lamps were 2 ft. long) the samples were mounted in
the same position each time, exposed to the upper half of
the lamps. The temperature inside the open-ended cabinet
was 33120C.

The 1g samples of polypropylene fibre immersed in lOmls
2=vinyl pyridine monomer were irradiated for various periods
of time. The fibre was removed, Soxhlet extracted with

ethanol overnight and then dried.

2.  ANALYSIS OF FIBRE SAMPLES

The grafted fibres were analysed both qualitatively and

quantitatively using infra-red and ultraviolet spectroscopy

respectively.

INFRA-RED SPECTROSCOPY

Infra-red spectra were recorded on a Perkin Elmer
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PE 457 infra-red spectrometer.

Fibre spectra are very difficult to obtain because
of the nature of the sample. Direct measurement of fibre
samples held between sodium chloride plates produces a
diffuse and broad spectrum with little definition, and
grinding with KBr to form a disc produces similar traces.
Most fibres have been characterised spectroscopically by
using reflectance techniques such as attenuated total
reflectance (ATR). The sample is wrapped around a
thallium iodide/bromide trapezoid crystal and clamped
between two metal plates and the assembly placed in the
inffa-red beam. The band intensity of the spectra were
weak, but could be improved by backing the sample with
rubber pads, and reclamping the plates. The rubber pads
distributed the load provided by the pressure plates, thus
increasing the contact between the fibre and the crystal.
Spectfa of polypropylene fibre obtained by this technique
however were still ill defined and the method was abandoned.
Spectra were obtained by an alternative method, however.

A small amount of polypropylene fibre was finely
chobped and placed in a disc mould normaliy used with
potassium bromide. A pressure of fifteen tons was applied
for two minutes under vacuum and a thin fibre "film" was
obtained. Infra-red measurements were made on this
sample resulting in excellent spectra, with sharp and
clearly defined peaks. Samples were prepared of the grafted
fibre and the spectra showed additional bands at l585cm'1
and 1565cm'l which are characteristic of the pyridine

ring system. \
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Infra-red spectra of polypropylene fibre, vinyl
pyridine, and poly(propylene graft-vinyl pyridine) are
illustrated in Figure III.

The vinyl pyridine must be grafted, since prolonged
extraction with ethanol did not reduce the intensity of

the pyridine ring bands in the infra-red spectrum.
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FIGURE III

INFRA RED 3PECTRA OF
(b) VINYL PYRIDINE AND (c

POLYPROPYLENE F [BRE
PULYPROPYLENE, VINYL PYRJ.DINE '
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ULTRA VIOLET SPECTROSCOPY |

Spectra were recorded on a Perkin Elmer PE 137
ultraviolet Spectrometer.

The same fibre disc was used for both infra-red
and ﬁltraviolet spectroscopy. U.V. Spectra were
obtained of the modified fibre, using air as the
reference material, and later polypropylene fibre was
used of a similar thickness for this purpose. The
spectra obtained for polypropylene fibre, and the grafted

sample.ére shown in Figure 1V.

UV_SPECTRA OF POLYPROPYLENE MODIFIED FIBRES

FIGURE IV

Polypropylene ZAlr

Grofted Fibre /Alr

Grafted Rbre
/Polypropyiene

Absorbance

-5

2i5 265
Wavelength (mp)
Two maxima were observed at Mmax 215@} and 265mp.
Ultraviolet spectra of polyvinyl pyridiné in ethanol gave

maxima of 212mpand 265mp.  The broad peaks are, therefore,

characteristic of polyvinyl pyridine absorbances.
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Difficulties occurred in producing a reference disc of the
same transparency and path length as the sample and,
therefore, quantitative measurements were impractical.

By dissolving the sample in a suitable solvent, and

measuring the absorbance, however, the method was made

quantitative,

Polypropylene is insoluble in most solvents, but
decalin is often used for this purpose at elevated
temperatures. |

The grafted copolymers showed reluctance to dissolve
in this solvent due to the polar nature of the modifying
polymer, and calibration in decalin proved difficult
because of the insolubility of polyvinyl pyridine.

A standard calibration curve was obtained by dissolving
polyvinyl pyridine in trichloroethylene (0.146g/10ml).

This gave.a single sharp maximum at 275my, and on dilution a
straight line relationship was found. This line did not
pass through the origin and had the equation

A = 0,15C + 0,208
whefe A = absorbance, and C = concentration

This is shown in Figure V
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FIGURE V

CAL IBRATION CURVE CF POLYVINYL PYRIDINE IN TRICHLORCETHYLENE
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A known weight of the modified fibre was dissolved
in trichlorethylene at the boiling point of the solvent
and made up to a 10ml solution. The U.V. lcm cells were
preheated in the solvent and the spectra bbtained at
approximately 80°C, using hot trichlorethylene as a
reference. After a short time the polypropylene began to
precipitate as the cells cooled, and épectra were therefore
recorded within this period, normally two minutes. Fram
the calibration curve the weight of polyvinyl pyridine
in the sample was determined and expressed as a percentage

of the total sample weight.

_ Weight of polyvinyl pyridine % 100
T e Weight of sample

Thus X Polyvinyl pyridine

By this technique small amounts of sample could be
used for the detection of the graft, provided the absorbance
exceeded 0.208. This could be achieved by dissolving a
suitable weight of fibre., The sources of error may be the
difference of path length in the two cells due to expansion
on heating. The cells used were a matched pair, and it was
hoped that this would have a compensatory effect.

A graph of the percentage of polyvinyi pyridine
determined by ultraviolet spectroscopy versus irradiation
time is éhown in Figure VI and can be seen to be virtually

linear with increasing time of exposure.
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FIGURE VI
PERCENTAGE UF_GRAFTED POLYVINYLPYRIDINE AS A FUNCTION OF

IRRADIATION TIME
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FIGURE VII

CALIBRATION OF DYESTUEFF
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VISIBLE SPECTROSCOPY

The grafted fibres were also dyed using DYLON
scarlet, and quantitative data obtained.

Solid dyestuff was dissolved in water at a
concentration of 0,014 x 10'3gram/hl and a calibration
curve obtained as shown in Figure VIII, using A max 495mu

in the visible region. ' !

A straight line through the origin of equation
A = 0,153C was obtained,

A = absorbance at 495mp and C = concentration of dyestuff.
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Because hot water does not remove the dyestuff even
after prolonged boiling, the dyed samples were extracted
with various solvents and the spectra measured. The

absorption maxima are shown in Table I for the extracted dye.

| TABLE I
ABSORPTICN MAXIMA OF SOﬁVENT/DYE SOLUT IONS

Ethanol : 485 mp
Benzene 460 mp
Carbon Tetrachloride  460mp.
Trichloroethylene 475 mp
Acetone 495 mp

None of the solvents used would dissolve the dye in
its solid state, however, and acetone was chosen for
quantitative measurements since the absorption maximum at
495 mp was the same as that for the water/dye calibration.

Known weights of dyed fibre were treated with hot
acetone and the solution of extracted dye made up to 1Oml,
A visible spectrum was obtained, and the concentration of
dyestuff determined from the calibration. The amount was
expressed as a percentage increase in weight, similaf to
that of polyvinyl pyridine grafted fibre.

Figure VIII illustrates a graéh of the percentage

dyestuff plotted against the percentage of polyvinyl pyridine
in the grafted fibre.
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FIGURE VIII

PERCENTAGE DYESTUFE AS A FUNCTION OF THE PERCENTAGE OF
GRAFTED PULYVINYLPYRIDINE
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This is linear, but does not go through the origin
since unmodified pblypropylene does dye to a small extent
with these dyes. The amount of dyeing is, therefore,

proportional to the amount of vinyl pyridine grafted

onto the .fibre.

GRAFTING OF PCLYPROPYLENE FILM

Grafting reactions were also carried out using
0.001 inch thickness polypropylene film, The -film was
obtained from I.C,I. Ltd. and was extracted for forty-

eight hours with ether before use, under nitrogen (white spot).

ULTRAVIOLET IRRADIATION IN AIR

Samples of film (O.lgram) were immersed in 1Oml
of vinyl pyridine in sealed quartz tubes, and were
irradiated for various periods. The films were removed
after this time, extracted with ethanol, and analysed as
previously described for polypropylene fibres. Grafting

increased with irradiation time and the results are shown

in Table II.

TABLE II
POLYPROPYLENE FILM GRAFTED WITH VINYL PYRIDINE IN AIR

Irradiation Time !hrs! % PVP

5 3.0
16 9.4
24 11.5
40 15.6

48 19,3 \
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EFFECT OF A PHOTOINITIATCR

Further studies were carried out using benzophenone
as a photoinitiating sysfem. Unlike aliphatic carbonyl
compounds, which tend to'homolysé to give free radicals
on irradiation with ultraviolet light, benzophenone is

activated to a diradical.

OO =00

In the presence of polypropyléhe, this excited
species can hydrogen abstract from the polymer backbone

forming a macro radical and benzhydrol, by further

abstraction.
Thus
| CH,CH3 CHg | CHy ., CHy
- 2

A% A AL

I l - ‘ ]

H H H

- _— +

oo @‘i“@
OO
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In the presence of a vinyl monomer this macro radical
can ‘initiate polymerisation to form a grafted copolymer.
Irradiation of vinyl pyridine, ﬁolypropylene systems
was done at two conqentrations of photoinitiator. Vinyl
pyridine solutions containing 1Xand 5% benzophenone (wt/volume)

were used, and the films analysed, giving the data in
Table III.

TABLE I1I

EFFECT OF A PHOTCINITIATOR ON THE GRAFTING OF
VINYL PYRIDINE

" Irradiation Time (hrs) 1% Benzophenone 5% Benzophenone

5 3.4 0.9
12 5.7 2.4
15 7:3 2.8
20 9.6 | =
25 - 2,7
36 121 | 9.3

Increasing the concentration of the photoinitiator
decreasés the amount of grafting. The reaction was |
repeated under nitrogen, the air being expelled from the
system Ey continuously purging the solutions with oiygen
free nitrogen for four hours. Irradiation was done on a
1% benzophenone vinyl pyridine solution with the film

immersed as before. The analysis of the films is shown
in Table IV. |
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TABLE 1V

IKRADIATION OF VINYL PYRIDINE UNDER NITROGEN
1% PHOTOINITIATOR

' T;rarjiatign. Time (hrs) %PVP

5 1.5
16 | 5.9
20 6.1
24 | 6.0
40 | 6.4

The results of the grafting reactions are

illustrated in Figure IX.
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FIGURE IX

SRAFTING OF VINYLPYRIDINE ON TO POLYPROPYLENE FILM UNDER
VARIOUs CONDLT IONS '
&
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These results will be discussed later.
During the graft copoiymérisafion of polypropyiene
with vinyl pyridine, homopolymerisation of the monomer
JCCUrs., This is indicated by an increase in viscosity
of the solution, and polymer formed can be precipitated
in petroleum spirit. In the early stages of the reaction
the precipitated polymer tends to be colloidsgl, and
this method was therefore not used to follow homopolymerisation
since weighings were inaccurate.
It was decided to monitor the homopolymerisation by

solution viscosity.

MEASUREMENT OF VISCOSITY

The vinyl pyridine solutions after irradiation were
quite viscous and coloured and the flow times of these |
solutions were often in excess of ten minutes. To overcome
this 5ml of the viscous solutions were made up to 20ml with
ethanol and the flow times of these solutions were measured
in an Ubbelohde viscometer and a relative viscosity of these
determined.

All the polymerisations were done alone and in the
presence of 0.lg of polypropylene film, but no difference
was observed in the viscosity, under the two sets of
conditions.

Reactions were done in air, nitrogen, and with

benzophenone and the results are shown in Figure X.
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FIGURE X |
RELATIVE VISCOSITIES OF IRRADIATED VINYLPYRIDINE
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Solid polymers weré obtained from the vinyl pyridine
- irradiated solutions but only slight turbidity occurred
with the benzophenone system on precipitation in
petroleﬁm spirit. |

From the'figure it appears that oxygen has an
inhibiting effect on the polymerisation but in the
presence of benzophenone this effect is much greater. -

The influence of benzophenone on the polymerisation

was thérefore studied.

EFFECT_OF BENZOPHENONE CUWCENTRATION

Samples of polypropylene film and vinyl pyridine

were irradiated with various concéntrations of.
benzophenone for eighteen hours. .The flow times of the

irradiated solutions were measured without added solvent
in an Ubbelohde viscometer. Polymer was isolated by
precipiﬁation in petroleum spirit and the molecular weight
measured‘using ethanol solutions. |

The £igures are shown in Table V. _

For comparison figures are included for the

unirradiated solutions after storing in the dark for

eighteen hours.
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TABLE V
FLON TIMES OF IRRADIATED SOLUT IONS CONTAINING
BENZOPHENONE
% B.P, Flowtime (secs.)

0.0 405.0
0.5 84,2
1.0 ' 60.3
2.5 56,7
_ 5.0. 49.2
o 0.0 220.0
Irradiation ( 4 ¢ 218.0

Molecular weights of the polymers precipitated from
the above solutions were determined from the Mark-Houwink

expression

[n] =

where K = 12.2 x 10~ and a = 0.73
for polyvinyl pyridine in ethanol®’.

The molecular weights of the polymers were found .
to be in the range 1.7 = 1.83 x 105 for all the solutions
irradiated. = It would seem therefore that only the high
molecular weight material was precipitated in petroleum
spirits.

The benzophenone appears‘to terminate the reaction
in some manner but only on irradiation, since the flow time

of the unirradiated samples are virtually identical.

Therefore the active species must be formed during the

lrradiation process.
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From a consideration of the kinetics of free

radical polymerisation, the degree of polymerisation

can be defined as

DP o Rate of propagation of polymer chains
Rate of termination of polymer chains:
DP = Kp [M.] [(MI_
Ke [M3 (M3
Kp is the rate constant for prbpagation
Ke is the rate constant for termination by
combination

(mJ is the monomer concentration

IMJ  is the concentration of growing polymer

radicals

In the presence of an added radical terminator,

the expression Kc[M.J? will be small and therefore

DP  [MJ [M)
[t 1M

where [T] is the concentration of the added terminator.

b=k (M
(1]

Therefore if a chain terminator is present a graph

of P versus at a fixed concentration of monomer

1]
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should approximate to a straight line.

Assuming that the flow time of the solutions is
proportional to the degree of polymerisation, a graph
of flowtimes versus reciprocal benzophenone concentration
is shown in Figure XI.

This linearity suggests that benzophenone in

irradiated vinyl pyridine solutions functions as a chain

terminator.
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FIGURE X1

Fluw IME As A FUNCTiON GF RECIPMUCAL BENZOPHENONE
G CEVIRAT CN_ IN IKRADIATED VINYLPYRIDINE SOLUIIONS
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DISCUSS ICN

The graft modification of polypropylene with
2-vinyl pyridine has been achieved using ultraviolet
radiation. The failure of the mechanico chemical
technique is probably due to an insufficient formation
- of active free radicals capable of initiating a vinyl
polymerisation. If grafting has occurred the amount
is too insignificant to be of commercial importanbe
since the dYeability of the material was similar to-fhe
unmodified polymer.

The use of benzophenone as a photoinitiator lowers
the degree of grafting of the uninitiated polymerisation
but the film product obtained is much better. In the
absence of benzophenone, grafting of polypropylene with
vinyl pyridine in air produces films which feel leathery
to the touch and are slightly opaque. This must be a
function of the length of grafted side chain, and the
distribution of these grafted segments in the polymer.

The presence of a photoinitiator causes hydrogen
abstraction®>from the backbone of the polypropylene forming
a radical site capable of initiating a-graft. With vinyl
pyridine irradiated with the film only, the sites on the
backbone must be formed by a chain fransfer reaction,
terminating the growing homopolymer by hydrogen abstraction.
Studies of the polymerisation reaction in the presence of
benzophenone have shown that a termination process is
occurring producing oligomers of vinyl pyridine with some

long chain polymers. The termination process with vinyl
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pyridine alone is probably by combination of radicals
forming long chain polymer. It is reasonable to assume
that the lengths of the grafted side chains are similar
to the length of the polymer chains formed in the solution,
and therefore these long and randomly distributed grafts
may cause the changes in surface properties observed.
Increasing the concentration of benzophenone in the
polymerising system probably increases the number of |
grafting sites on the polypropylene film but also increases
the rate of termination. This results in shorter chains
grafted, but more frequently distributed. Overall,
the degree of grafting is lowered but the film is still
capable of being dyed.

Two types of grafting can therefore be distinguished;

(a) long and infrequently grafted side chains
and (b) short but frequently distributed grafted material

The reaction of polypropylene film with vinyl pyridine
in the presence of the photoinitiator produces grafted
films of the second type, the overall degree of grafting
being lowered as the concentration of initiator increases.
Grafting of the film under an inert atmosphere with
benzophenone produces a lower amount of grafted copolymer
than in air. Since the concentration of initiator is the
same, similar numbers of grafting sites sﬁould be produced
at similar irradiation times, resulting in the same amount
of grafting. This is not found to be the case, however,

therefore oxygen must be playing some part in the reaction.
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After hydrogen abstraction has occurred by
benzophenone, two alternative reactions are possible.
Firstly, direct grafting of the monomer can be initiated
forming side chains of copolymer, or secondly, rgaction

with oxygen to form the alkyl peroxy radical shown below.

RH Benzophenon@¢ R. ' (1)
R. + Monomer ~——————— Grafted copolymer (2)
R. + 0, ————  ROO. (3)

The alkyl peroxy radical can then further hydrogen
abstract to form the hydroperoxide which can be photolysed
to alkoxy and hydroxyl radicals.

ROO, + RH =—————s ROCH + R, | - (4)

ROOH ¥ » RO: + sOH ~(5)

The alkoxy radical can then initiate further grafting

with monomer.
RO, + Monomer ———+ Grafted copolymer (6)

Reactions under nitrogen giving grafting would be
restricted to step (2), whereas similar reactions under

air, produce increased possibilities for grafting, by

steps (4) and (5).
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The termination reactions involving benzophenone
are in doubt., Hydrogen abstraction processes form the
intermediate benzhydrol radical before further abstraction

to yield benzhydrol itself.

Benzhydrol Radical ‘ Benzhydrol

This radical can be resonance stabilised by the
phenyl groupings and may terminate by radical combination

shown below.

warve =} +C~OH E—— ww ~0OH

In the absence of polypropylene termination still
occurs on irradiation and the diradical I is probably
involved, since there is no source of active hydrogen to

form the benzhydrol radical.
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Termination reactions with benzophenone only occur
on irradiation with ultraviolet light, since the presence
of benzophenone in vinyl pyridine solutions without
radiation does not prevent the homopolymerisation
(Table V).

Further studies on this termination are 'necessary

to ascertain the exact role played by benzophenone.
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CHAPTER [I1] SYNTHES IS AND CHARACTERISATION OF VINYL
SUBST [TUTED COMPOUNDs FUR USE AS BUUND
SITABLLISERS AND ANTIOX IDANTS

The following compounds were synthesised to
determine their potential as bonded stabilisers in
polypropylene. These cbmpounds héve been previously
prepared, but used only as monomeric or polymeric additives
and no attempt haslbeen made to chemically combine them

directly to a polymer.

OH OH’
t+Bu t-Bu t-Bu t-Bu
C:n"_(":'-CH!"('.:l-l2 C“!°",='fc“ =CH2
(o] . o]

3,5 ditertiary butyl-4-hydroxy 3,5 ditertiary butyl-4-hydroxy
phenyl acrylate ~ benzyl acrylate

O

4-benzoyl-3-hydroxy phenyl acrylate

Q=0

O-C~CHw=CH,
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A. SYNTHESIS OF 3,5 DITERTIARY BUTYL-4-HYDROXY
PHENY]. ACRYLATE

The following reaction scheme was used;

OH OH ' o OH
By t-Bu t-Bu tBu t-Bu tBu -8y veu
e s e ey
CHy cHO o OH
OH
tBu t-Bu
O-C-CHsCH,
: [ Pre: i f -ditertiary butyl benzoquinone

The method of Coffield58 was used to prepare
3,5 ditertiary butyl-4-hydroxy benzaldehyde, and the
2,6 ditertiary butyl benzoquinone was obtained from this
by oxidation.

Thus, 128g (0.8M) of bromine was added dropwise to
a stirred solution of 44.6g (0.2M) of 2,6 ditertiary
butyl-4-methyl phenol (I.C.I. Ltd.) in 600ml of tertiary
butyl alcohol at 25°C. The'temperature rose, and after
the addition of bromine, stirring was continued for a
further hour. The mixture was cooled. and the yeliow
crystalline product filtered off. This was washed with
10% sodium thiosulphate solution, then with distilled
water and dried in a vacuum desiccator. The product was

an off-white crystalline solid, melting at 189°C.  The



yield was 43g (91%) of 3,5 ditertiary butyl-4-hydroxy
benzaldehyde.
The aldehyde was characterised by infra-red

spectroscopy (I.R.) and nuclear magnetic resonance

spectroscopy (N.M.R.)

I.R. data
~ phenolic O-H _ 3450cm'1
carbonyl 1670cm™1

N.M.R. (0014)

aldehydic proton 0.2% (singlet).
aromatic protons 2.3% (singlet)
phenolic proton 4,3¢ (singlet) -
tertiary butyl proton 8.6« (singlet)

The aldehyde (30g) was dissolved ih 5% caustic soda
solution (640ml) and 9lml of 6% hydrogen peroxide solution
added dropwise over one hour. The temperature was
maintained at 50-60°C, and throughout the addition
alr was bubbled through the mixture. A deep yellow
crystalline solid was precipifated. This was filtéred,

dried and recrystallised from methanol as yellow=-orange

prisms (10.5g) melting at 65.5°C.



59

I.R. data

C-H aromatic 3010cm™t
C-H aliphatic 2900cm™t .
Carbonyl 1660cm™1

N.M.R. (0014)

aromatic protons '3.57 (singlet)
tertiary butyl protons 8.6« . (singlet)
2, P rati i -4- X

2,6 ditertiary butyl benzoquinone was dissoived in
isoﬁropanol and concentrated hydrochloric acid, to give a
yellow solution. Zinc dust was added and a rapid
effervescence occurred. When the solution was colourless,
sodium bicarbonate was added to decompose any excess acid,
and the solids were filtered off. The isopropanol
solution was rotary evaporated to yield a white solid.
This was recrystallised from petroleum ether, and a white
crystalline solid was obtained melting at 101°C

(Literaature 99-101°C)59.

I.R, data
free phenolic 0O-H 3640cm™t
_hydrogen bonded O-H  3500-3100cm™>
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N.M.R. (c014)

aromatic proton 3.3% (singlet)
phenolic proton 5.4 (singlet)
tertiary butyl protons 8.6t (singlet)

N.M.R. (Acetone)

Solvent shift showing paraphenolic proton at

3.37¢(singlet) also.

3 - Pfepération of acryloyl chloride

Acrylic acid (Koch-Light) was fresﬁly distilled
free of stabilisers before use, and thén reacted with an
equimolar quantity of thionyl chloride. The mixturé was
heated strongly, and a lacrymatory colourless liquid was
distilled from the reaction at 77°C. The acryloyl |
chloride, was sealed in a glass phial before use.  Infra-

red data was difficult to obtain because of hydrolysis to

acrylic acid.

4. i f > i -4= d
with acryloyl chloride

The method of Stiehll3 was used for the preparation
of the 3,5:ditertiary butyl-4-hydroxy phenyl acrylate.
22.2g (0.1M) of 2,6 ditertiary butyl-4-hydroxy phenol and
20.2g (0.2M) of triethylamine were dissolved in 150ml of
tetrahydrofuran, under nitrogen (white spot grade), and
stirred with cooling in ice until a clear solution was

obtained. Over a period of ten minutes 9.1g (0.1M) of
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acryloyl chloride was added and stirring continued for

one hour. The triethylamine hydrochloride was filtgred,
and the filtrate poured into an excess of water to give

an oil, - This oil slowly solidified over a period of days
to give ‘an orange solid. After several recrystallisations
from ethanol, a white solid, 3,5 ditertiary butyl-4-hydroxy
phenyl‘acrylate was obtained melting at 102-103°C.

I.R. data

phenolic O-H 3500cm™L
ester carbonyl 1730cm™+
vinyl double bond 1650cm™L

N.M.R. (CDCl,)

.aromatic proton ¢+ 3.2% (singlet)
.. vinyl protons 3.4-4.2% (multiplet)
phenolic proton " 5.0% (singlet)

tertiary butyl protons 8.67 (singlet)

B,  SYNTHESIS OF 3,5 DITERTIARY BUTYL-4-HYDROXY
BENZYL ACRYLATE

This was prepared according to the following scheme; _

OH OH OH

CHOH cu,og-cwcna
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ks P j i 3 i
benzyl alcohol

The 2,6 ditertiary butyl phenol was used as obtaiﬁed
from CIBA-GEIGY Ltd., without further purification.

The method was followed directly as described by
Shell International ResearchGo. ,

53.5 parts by volume of a 7.5% solution of
formaldéhyde in tertiary butyl alcohol, 50 parts of a
500g/litre solution of 2,6 ditertiary butyl phenol in
tertiary butyl alcohol and 14 parts of a 50g/litre solution
of potassium tertiary butoxide in the same solvent were
mixed at 20°C and stirred under nitrogen (white spot grade)
for tﬁirty minutes. The mixture was tﬁen‘poured into
ice water and two layers formed, the uppér organic layer
solidifying.  The solids were washed with hater. stirred
with'isopentane, filtered and air dried. A sparkling
crystalline white solid of 3,5 ditertiary butyl-4fﬁydroxy
benzyi alcohol was obtained melting at 137%.

I.R. data

free phenolic OH 3580cm™L
Hydrogen bonded OH 3500cm™L

~N.M.R. (cc14)

aromatic protons 2.9¢ (singlet)
phenolic proton 4.9%¢ (singlet)
methylene protons 5.5% (singlet)_

tertiary butyl protons 8.6¢ (singlet)
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- N.v.R. (benzene)

Solvent shift showing aliphatic alcoholic proton

at 8.6t (singlet) also.

2. R i f di i -4-
alcohol with acrylic acid

This reaction yielding 3,5 ditertiary butyl-4-hydroxy

benzyl acrylate was carried out as described by Rocklin

and Morrisg.

A mixture of 47.2g (0.2M) of 3,5 ditertiary butyl-4-
hydroxy benzyl alcohol and 130ml of acrylic acid was warmed
gehtly'dntii complete solution was achieved. A further
10ml of acrylic acid containing one drop of concentrated
sulphuric acid was added and the solution allowed to remain
at room temperature for six hours.” The solution was then
poured into water and the organic phase extracted with
ether, and the excess acrylic acid removed with aqueous
sodium bicarbonate. The ether phase was dried over
magnesium sulphate, filtered and evaporated. The residue
was recrystallised from petroleum ether to give 19.9g of

3,5 ditertiary butyl-4-hydroxylbenzyl acrylaté. melting at
67.5-69°C,

I.R, data
free phenolic OH 3640cm'l
ester carbonyl 1830cm™}

-vinyl double bond 1640cm™t
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N.M.R. (cc14)

aromatic protons 2.9¢ (singlet)
vinylic protons 3.6-4.57 (multiplet)
phenolic proton | 4.8¢ . (singlet)
methylene protons 5.0% (singlet)
tertiary butyl protons 8.6% isinglet).

l

C. SYNTHESIS OF 4-BENZOYL-3-HYDROXY PHENYL ACRYLATE

This was prepared by the method of CIBA Ltd@lusing

the following reaction;

O — O opeen

The 2.4 dihydroxy benzophenone was used as received
from Koch-Light Ltd. without further purification.

64.2 parts of 2,4 dihydroxy benzophenone were dissolved
ina lye prepared from 12 pa;fs of caustic soda and 200 |
parts of methanol. The solvent was removed by rotary
evaporation and the monosodium compound dried, and
suspended in 500 parts of absolute benzene. Acryloyl
chloride (27 parts) was added dropwise with stirring and
cooling. and the mixture stirred for a further hour{

After a short period of heating, the sodium chloride was
removed and the benzene distilled off under vacuum,
The acrylic ester formed as an oily residue which crystallised

on the addition of aqueous ethanol., Further recrystallisation

9ave 51 parts (64%) of 4-benzoyl-3-hydroxy phenyl acrylate
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as yellow lustrous crystals melting at 80°C.

I.R. data
hydrogen bonded OH
ester carbonyl '

aromatic carbonyl

U.V. (acetone) -

_Kmax 335mp

N.M.R. (0014)

. phenolic proton
S5 aromatic protons
3 aromatic protons

vinyl protons

3400cm™1

l'if50t:rn'l

1640¢cm™t

-2.27
2,3-2,67%
3.2=-3.7x
3.1-4,0t

(singlet)
(multiplet)
(multiplet)
(multiplet)
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PULYMEHK LSAT LON_COF THE SYNTHESISED VINYL COMPOUNDS

The molecular weights and molecular weight distributions
were determined by gel permeation chrometography (g.p.c.)
using polymethyl methacrylate as a standérd. This work

.was carried out by Dr., J.M. Evans at R.A.P.R.A., Shawbury.

le P rati f P i i -4-hyd
phenyl acrylate

2.76g (0.01M) of the monomer were dissolved in QOhl
of benzene and 0,03g (0.002M) azobisisobutyronitrile
added as initiator. The whole was refluxed with stirring
under nitrogen (white spot). After eight hours a further
0.015g initiator was added and the reaction left for a
further sixteen hours. The product was rotary evaporated
to yield a white solid.

Polymerisation was confirmed by an infra-red spectrum
showing disappearance of the vinylic absorption of the
monomer. - ThelN.M.R. spectrum became broader, and
additional peaks appeared at 7.6-8.47 typical of CH-CH2
aliphatic resonance, with a corresponding decrease at

3¢ 4"'4. 2‘-'

Thermogravimetric analysis (t.g.a.) showed an increase
of weight loss from 100°C for the monomer, to 250°C for
the polymer.

Polymer characteristics from g.p.c. were

Mn

1

2982

Mw/Mn 1.51
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2, Preparation of Poly 3,5 ditertiary butyl=-4- hvdroxy
benzyl acrylate

Polymerisation of this monomer was carried out as

described above and a white solid was obtained.

I.R. data
broad phenolic OH 3640cm™t
_ester carbonyl 1830cm™t
vinyl double bond absent
W.M.R. (cnc13)
aromatic proton 2.8t (broad singlet)
phenolic proton 4,8¢ (broad singlet)
‘methylene protons 5,07 (broad singlet)
CH-CH, protons 7.4-8.41 (broad multiplet)

Thermogravimetric analysis showed an increase in
decomposition temperature from 100°C for the monomer to
225°C for the polymer.

Polymer characteristics from g.p.c. were Mn =.9415,

Mw/Mn = 3.64.

3 Pr i £ wd) - il

Polymerisation was carried out as previously described:
for the other monomers, and a yellow solid product was
eventually obtained. The infra-red spectrum was
uniformative since the double bond of the vinyl group was

masked by the carbonyl of the benzophenone at 1640cm™t
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The N.M.it. spectrum showed broad peaks, the 3.1l-
4,0t vinyl resonance disappearing and peaks appearing at
7.1-7.9t of the aliphatic CH-CH2 resonance.

The stability of the polymer was much increased
by t.g.a. to 300°C compared -with 65°C for the monomer.
The numbér average molecular weight Mn was 9914, and a

molecular distribution pf 4,36 was found from g.p.c.
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PREPARATION CF 3,5 DITERTIARY BUTYL-4-HYDROXY BENZYL
STEARATE

Although this compound does not contain a vinyl group
it was synthesised for use as a comparative antioxidant
and has been ihcluded here for completeness.

The preparation used was as described by Rocklin and
Morrisd., 23.6g (0.1M) of 3,5 ditertiary butyl-4-hydroxy
benzyl alcohol were reacted with 28.4g (0.1M) of stearic
acid in dioxane containing 2ml of concentrated sulphuric
acid. The mixture was allowed to stand for twelve hours,
then diluted with a litre of water, and the solid
precipitate filtered off. The solid was dried after
washing to yield 50g of alwaxy-orange precipitate of
3,5 ditertiary butyl-4-hydroxy benzyl stearate. The
melting point was difficult to assess but a vdlue of 58°C

was obtained using differential thermal analysis.

I.R. data
- phenolic OH 3640cm™t
carbonyl 1700cm™

N.M.R, (CDCy,)

aromatic protons 2.97 (singlet)
phenolic proton 5.0 (singlet)
methylene protons 5.6% (singlet)
tertiary butyl protons 8.6% (singlet)
stearyl protons 7.7-7.9t (multiplet)
8.8% (singlet)

9.2¢ (multiplet)
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[INSTRUMENTAL TECHNIQUES

The infra-red spectra were recorded on a PERKIN
ELMER 257 infra-red spectrophotometer.

Ultraviolet spectra were recorded on a PERKIN ELMER
137 spectrophotometer. |
| Nuclear magnetic resonance spectra were recorded on
a PERKLN ELMER R10 (60M/c/sec) instrument. Tetramethyl-
silane was used as a reference.

‘ Thermogravimetric analysis and differential

_&ermalanélfsis of the sampies were determined using a

DuPont 900 Thermal analyser.
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ABBREVIATIONS

The following abbreviated forms have been adopted

for the various compounds used in this work.

DBPA 3,5 ditertiary butyl-4-hydroxy phenyl acrylate
H
t-Bu t-Bu
(O-C=CH=CH,
o]
DBBA 3,5 ditertiary butyl-4-hydroxy benzyl acrylate
OH
t-Bu t-Bu
CH,0-C-CHCH,
@
DBBS 3,5 ditertiary butyl-4-hydroxy benzyl stearate
OH
t-Bu +Bu
CHzo-(i!-Stcaryl
o)
BHPA

 4=-benzoyl=-3-hydroxy phenyl acrylafe

HO

O Yogom.
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DHBP 2,4 dihydroxy benzophenone

HO

O Yo !

TCPANCL (C 2,6 ditertiary butyl-4-methyl phenol

OH
t-Bu By
CHy
LRGANCUX 1076
OH
+Bu tBy
CH,CHEL-O-Stearyl
3)

TUPANCL 354 2,6 ditertiary butyl-4-methoxy phenol

OH

QCH3

These abbreviations will be used throughout, where

appropriate.
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CHAPTER IV  EVALUATION OF ANTIOXIDANT ACTIVITY

The effective of the synthesised monomers and
polymers as antioxidants was determined using the
technique of oxygen absorption. The oxidation of
polypropylene is autocatalytic, and a graph of oxygen
absorbed with time at elevated temperatures produces

the trace A shown in the figure I below.

Fiqure I
A B
Polypropylene Stabllised
3 Polypropylene
s
"
<
s
&> i
x / Inductlon
0 /
! Perlod
de

Time

When a stabiliser is incﬁrporated into the polymer
system, the oxidation is retarded and an induction period
occurs as defined above at C. At this stage, the
stabiliser has been exhausted and the oxidation proceeds
at a similar rate as for the unstabilised polymer, giving

curve B,  The induction period can be used as a measure

of the relative activity of antioxidants.
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The induction periods of the synthesised antioxidants
were measured firstly in decalin, which oxidises quite
readily. This determined whether the systems were anti-
oxidants, since the introduction of adfylic groupings and
subseqﬁent polymerisation reactions may have affected the
actlQity of the hindered phenol.

Secondly, the compounds were used in polypropylene
to assess whether they were stabilisers for this polymer
or not. For comparison purposes, two commercial

antioxidants were also used. These are shown below.

OH OH
By t-Buy By +Bu

CHg CHaCHG-O-Steary!

TOPANOL OC (I.C.I. Ltd.) IRGANOX 1076 (CIBA-GEIGY Ltd.)

A further long chain hindered phenol was prepared

having the structure

OH
t-Bu t-Bu

CHZO-E-StcuryI
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to study the effect of increased chain len3jth on the

activity of the ester as an antioxidant.

. PREPARAT ION OF POLYMER F ILMS

1. Impr i f r

Several methods have been used to introduce
antioxidants into polymers. On a large scale this has
been achieved by ball milling or tumbling. The
dispersion of the antioxidant throughout the polymer-
is very important, and since only small quantities of
addltive'Were used in this study it was decided to use
the technique of solvent evaporation.

One hundred gram of unstabilised polypropylene powder
([.C.I. Ltd. HF 20C/CV 170) were shaken with a solution
of the antioxidant (2 x 10~% mole/100g polymer) dissolved
in dichloromethane (50-100ml). After shaking several
minutes, thé polymer suspension was rotary evaporated
at ambient temperature. Frequent additions of solvent
were made during evaporation to wash stray polymer back
into the bulk. Tumbling was continued for one hour after
total evéporation of the solvent. The stabilised polymer

samples were stored in the refrigerator prior to use.

24 Film Formation

The blended polypropylene powder (5g) wags pressed
between stainless steel plates (12" x 12") at 180°C for

three minutes. The press had electrically heated plattens

and could be water cooled. The pressure used was 25 tons/sq.

‘in. on a 6 inch diameter ram which produced films
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varying in thickness from 0,005 inch to 0.008 inch.,
Films of 0,005 inch thickness only were used for

‘oxidation studies.

DETERMINATION OF INDUCTION PERIOD

The equipment used for the measurement of the

" induction period-was devised in this department62

and is illustrated in Figure II. The system was
completely flushed with:oxygen for several minutes and
the reaction vessel A, (containing solution or f£ilm as
appr&priate) then immersed in a thermostated oil bath.
The lagged reservoir, B, connected to the reaction vessel
by capilliary tubing, C, dipped into a beaker containing
di-n-butyl phthalate, which is an involatile fluid.

The beaker was supported on a 6 x 2 X l/16" steel plate,
which was rigidly fixed at one end, the flexible part
being allowed to bend under the weight of the filled beaker.
Two strain gauges (Phillips type PR 9810F) were bonded to
each side of the clamped plate with an epoxy adhesive
(Araldite). These were electrically connected to a
recorder to form the four arms of a Wheatstone bridge.
circult. the pairs of strain gauges (3, and 83) and

(S, and S,) being on the same side of the steel plates.
The circuit is shown in Figure III, A D.C. 3 volt supply
was used throughout, and P consisting of a 2Mf and 25K
potentiometer in series was introduced to enable the

recorder to be adjusted to zero.
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As oxygen:was absorbed by the sample in A, an
equal volume of liquid was removed from the beaker into
the lagged reservoir. The steel plate began to unbend
Idue to the decrease in weight thus altering the
resistance of the strain gauges. This was recorded
as an oxidation curve on a Leeds and Nbrthrup."Speedomax"
recorder, the trace being similag to that shown earlier:

in Figure I. The system was, therefore, completely

automated.
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FIGURE II
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ANTIOX IDANT ACTIVITY IN DECALIN

The antioxidant was dissolved in freshly distilled
decalin at a concentration of 2 x 10™% mole per 100ml
decalin. The solution was constantly stirred during
the oxidation, which was carried out in a thermostated
bath at 120°C. The induction periods for the various

stabilisers are shown in Table I.

TABLE I

~INDUCTION PERIODS TO OXIDATION IN DECAL IN
OF 2 x 10=% MOLE/]00ml ANTIOXIDANT AT 1200C

Additive Induction period Melting point
- (hours) {°cY
None ‘ " 2 -

DBBA 102 68

Poly DBBA 100 -

DBPA 98 | 102

Poly DBPA 62 -
Topanol OC 345 170
Irganox 1076 133 . 52

DBBS 138 58
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ANT TUX IDANT ACTIVITY IN POLYPROPYLENE

Stabilised polypropylene film (lgram) of thickness
.005 inch was cut }nto thin strips and oxidised as shown
in A, Figure 1II. The induction period was determined
using the same additive concentration of 2 x 10~ mole/
100g polypropylene as used in the decalin studies.
The stabilised films were acetomeextracted in a Soxhlet
for_forty-eight hours and the induction periods of these
extracted films also measured. The results are

illustrated in Table II.

TABLE 1T
INDUCTION PERIODS OF POLYPROPYLENE STABILISED

FILMS AT 1209C AT CONCENTRAT ICN 0-% MOLE
STABIL ISER POLYMER

Additive ég%%%fégggggaigggégggigg
None 2 2
DBBA 28 2
Poly DBBA 35 2
DBPA 34 n
Poly DBPA 29 2
Topanol OC 115 2
Irganox 1076 2085 2
DBBS 130 5

The polymeric additives were incorporated at

2 x 1074 mole/100g polypropylene based on monomeric

molecular weight.
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OVEN AGEING OF POLYPROPYLENE

The stabilised polypropylene films were aged in
a Wallace oven at 120°C in a forced draught of air
(0.5 cu ft/hour). The failure point was taken as
embrittlement, on flexing the film through 180°C.
Table III shows the relative stabilities of 0.005 inch
thicklpolypropylene'blendedlfilms.

TABLE III

EMBRITTLEMENT ON OVEN AGEING AT 120°c CF.
PCLYPROPYLENE FILM CONTAINING 2 x 10-4 MOLE

ADDITIVE POLYMER .
Additive Embrittlement Times (Hours):
None 7
DBBA 20
Poly DBBA 18
DBPA 18
- Poly DBPA 17
Topanol OC 118
‘Irganox 1076 | > 1000

DBBS | 244
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DISCUSS ION

Evaluation of antioxidants using accelerated ageing
tests is no substitute for actual service conditions,
and predictions of polymer lifetimes during service from
such data should be viewed critically and objectively.
Because a stabiliser is excellent when tested under one
set of conditions; this does not imply that it can be
used universally. Increasing the temperature by 20°¢
can reduce a good antioxidant to one of mediocre performance.
Most antioxidants become less effective at higher
temperatures, but considerations such as volatility,
mobility and compatability must be taken into account and
an effort made to rationalise them.

Gordon63 has shown that antioxidants can be arrangéd.
in sevé:al orders of effectiveness depending onlthe type
of teﬁting employed.  Oven ageing data for example varies
with sample thickness, and some stabiliser systems are more
susceptible to increases than others. Accelerated test
conditions are valuable tools, however, if used with some
reservation. |

The oxidation of decalin, a pure ‘hydrocarbon, in a
sealed system of oxygen begins after two hours at 120°c.
The induction periods can bé;extended by diséolving an
antioxidant in the system and the results are as shown
in Table I under the conditions stated.

Since the oxidation was carried out in solution,
under an atmosphere of oxygen, the results should indicate

the true antioxidant behaviour, the factors of volatility,
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compatability, and mobility being eliminated.

Scott64 studied the effect of the molecular weight
of additives on their induction period in decalin using

the homologous series shown, under the conditions stated
in Table lv,

TABLE IV

INDUCTION PERIODS IN DECALIN AT 0%c AT

CONCENTRAT ION OF 0-3 MOLE/]00m) DECALIN
R Induction Period

(Hours

Methyl 27

s Hexyl 24

HO CH,CH.COOR Lateyl 22

+Bu Stearyl 18

At a concentration of 2 x 1074 mole/100ml decalin, at

the same temperature the stearyl antioxidant gave an

induction period of ten hour565

Lowering the temperature by 20°C to 120°C (Table I)
the same stabiliser gives an induction period of 133 hours, -
This illustrates the decrease in effectiveness with
increasing temperature shown by most.antioxidants.

Scott found a slight decrease in antioxidant activity
with increasing molecular weight. Comparisons on this
basis, of the stabilisers in Table I are not too revealing
as they do not represent a homologous series. However,

the inherent antioxidant behaviour of all the additives

studied was good, the Topanol OC being quite remarkable.
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The two long chain stearyl compounds show similar activity,
which could be éxpected since tﬁeir structures are not
too dissimilar.

Studies of the blended antioxidants in polyprOpyiene |
(Table IT) show a marked decrease in activity over that
in decalin. Again, using a sealed oxygen s?stem. the
volatility effeét of the antioxidant is eliminated.

The results reflect the compatability of the additives with
respect to polypropylene.,

Tﬁe long chain additives are more efféctive. and
Irgaﬁpx 1076 shows a remarkable induction period |
illustrating its great compatability with the polymer.

The synthesised monomer and polymer additives show a low
activity and are similar to each other in effectiveneés(
Acetone extraction of the material reduces the stability
to that of the unstabilised polypropylene. Even the
polymeric additives were removed, and the induction period
of the  Irganox 1076 sample fell dramatically. This
result is important when we consider the activity of the
grafted antioxidants, after acetone treatment.

Oven ageing of the films (0.005") in a stream of air
at 120°C (Table III) shows once again the importance of
éompatability. The two commercial stabilisers illustrate
the opposite effects under the conditions of the test.

The éctivity of Topanol OC falls from 115 hours in oxygen
to 11 hours in an air oven. Similarly the synthesised
additives show reduced activity, This may be attributed

to stabiliser losses due to volatility,
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Plant and Scott3 using torsional braid analysis,
oven aged fibre braids containing the stabilisers shown
in Table IV. The stearyl additive showed an activity

of 9,800 hours, compared with the methyl derivative of
25 hours at 100°C, |

-

On oven ageing films at 120°C (Table III) the stearyl
antioxidant showed stability of greater than 1000 Bours,
the fihal’figure probably being mﬁch greater. The
activity of the synthesised stearyl compound DBBS on
oven ageing (244 hours) is probably similar to that in
oxygen (130 hours), the increase being . due to circulating

air through the oven ‘and not oxygen.
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CHAPTER V(I) GRAFT MODIF1CATION OF POLYPROPYLENE WITH
ANT IOX IDANT MONOMERS

Although the activity of the synthesised stabiliser
monomers and polymers was low in comparison with the
conventional antioxidants, it was decided to graft the
monomers into polypropylene. The extractdbility of the
stabilisers would, therefore be reduced and compatability
effects would be limited since the compounds would be
grafted, and therefore an integral part of the polymer
unlike the blended additives.

5 I Preparation of samples

The antioxidant monomers used were all solids, and the
grafting was therefore carried out in a solution, using
benzene as the solvent. The monomers were normally made
up in 100ml of benzene, and because the concentration of
the monomer was often less than 10g per 100ml benzene the
irradiation times were longer than those uged for 2-vinyl
pyridine. Benzophenone waslagain used as the photoactivator.

Thus, 0.lg unstabilised polypropylene film (.005") was
immersed in a benzene solution of the monomer and
benzophenone,IStOppered in a quartz tube and irradiated for
a known perioa of time. Normally six solutions were
irradiated simultaneously.

After irradiation the film samples were washed with
benzene to remove residual solution and then Soxhlet
extracted in acetone for forty-éight hours. Acetone is
a solvent for both the monomeric and polymeric stabilisers

and removes all non-grafted material. The films were

then dried in a vacuum dessicator before use,
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2. h i i of f

The induction periods of the films were determined
as described earlier in a closed oxygen system and the
results are as shown in the various tables and graphs.
The following studies were carried out using 3,5 ditertiafy
butyl-4-hydroxy benzyl acrylate monomer (DBBA) at the

concentrations stated.

A, Ef' f Ir iagti i I i P

Benzene solutions (100ml) containing 5g DBBA and
lg benzophenone were irradiated for various periods of
time in the presence of 0.lg polypropylene film. The
induction periods were determined and are shown in |
Table I. |

TABLE I
INDUCTION PERIODS OF POLYPROPYLENE FILM GRAFTED

WITH DBBA AT A CONCENIRATION OF 1% BENZOPHENONE
AND 5% MONOMER

Irradiation Time Induction Period
(Hours) (Hours )
24 - 50
36 73
45 110
70 140
90 366
126 | 87

These results are 1llus£rated graphically in

Figure I.
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FIGURE I

INDUCTION PERIOD VS. IRRADIATION TIME OF GRAFTED POLYPROPYLENE
FILM USING A SOLUT ':ON OF 5% DBBA AND 1% BENZOPHENONE

trradiation Time (hrs)

: : :

Pojiag uol1dnpuy;

400
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B. ffe f M mer _ I P
The monomer concentration of DBBA was varied and
samples were irradiated for ninety hours at a fixed-

concentration of benzophenone. The induction periods

were measured and are shown below.

TABLE It

INDUCTION PERICDS OF GRAFTED POLYPROPYLENE FILM
IRRAD IATED FOR NINETY HOURS WITH A SOLUTION OF
1% BENZOPHENONE AT VARIOUS CONCENTRATIONS OF DBBA

Monomer Concentratioh Induction period Monomer/Benzophenone
(g/100ml Benzene) (Hours] Molar Ratio

10 342 6.28
2.5 550 + 1,57
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C. £F f none _co

2.5g of DBBA monomer were irradiated for ninety
hours with polypropylene in benzene (100ml) with various
concentrations of benzophenone. The induction-pgriods

are shown in Table III and graphically in Figure II.

IABLE IIT

INDUCTION PERIODS OF PULYPROPYLENE FILMS GRAFTED
WITH 2,59 DBBA SOLULIONS AT VAR IOUS CONCENIRATLONS
OF_BENZOPHENONE IRRADIATION TIME, NINETY HOURS

'Benzophenone Conc"* Induction Monomer[Beﬁzoghenone
q/100ml Period Molar Ratio
0 © 16
0.1 215 : 15.7
0.5 330 3.14
1.0 550 1,57
1.7 220 0.92

5.0 - 66 0,314
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FIGURE II

I[\]DUCT LON PERIOD OF GRAFTED POLYPROPYLENE FILM VS,
. BENZOPHENONE CONCENTRAT ION IN THE DBBA MONOMER SOLUT ION
Fixed monomer concentration 2,5g/100ml. Irradiation time 90 hours

Bl

Benzophenone Concentration

b N

8 g g : 8

pojiad uopanpu]
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D, Effect of nitrogen on Induction Period

A solution of 5g of monomer and lg of benzophenone
in benzene (100ml) was irradiated with polypropylene film
for ninety hours, after the system had been purged with
white spot nitrogen for four hours. The film was acetone
extracted and the induction periodlmeasured, the results

being as shown below, in Table Iv.

TABLE IV
IRRADIATION UNDER NITROGEN

Monomer Benzophenone Induction Period Monomer(Benzoghénone

{gram) (gram) (Hours ) Molar Ratio
5 = 1 172 3.14
E. Grafting of polypropylene with 3,5 ditertiary butyl=-

4-hydroxy phenyl acrylate

6.729 of 3,5 ditertiary butyl-4-hydroxy phenyl acrylate
were made up in a solution of lg benzophenohe in lOOm;
benzene and irradiated for ninety hours. The films were

then extracted and an induction period of 18 hours was

determined.



93

ANALYS1S UF GRAFTED FILMS

le U.V. Analysis

A calibration curve was plotted for DBBA (0.103g
polymer) using ultraviolet spectroscopy of a solution of
this polymer in trichloroethylene. A straight line was
obtained showing good correlation and this is shown in
Figure ILL, Some grafted films were analysed and the
results are shown in Table IV, for two of the systems

irradiated under the experimental conditions shown in

Table II.

TABLE V
ANALYSIS OF DBBA GRAFTED FILMS

Monomer Benzophenone ¥ Grafted polymer Moles/100g

present Polypropylene
2.5 1 0.092 3.18x10™%

10 1 0.089 3.02x10~4



U.V. CALIBRATION CURVE FOR 0,103g_ 3,5 DITERTIARY BUTYL-4-
HYDROXY BENZYL ACRYLATE IN ICHLOROETHYLENE
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Do Oven Ageing

Samples of film which had been irradiated with
various concentrations of DBBA at a fixed'benzophenonel
concentration (1¥%) (Table II) were aged in a Wallace
oven under a forced draught of air at 120°C. All thel
films yellowed and embrittled. The ageing times are

shown in Table VI,

TABLE VI
OVEN AGEING OF GRAFTED FILMS
M m i i Ageing time
irradiated m 00 {Hours)
245 240
5 240

10 | 240



96

DISCUSSION

The variation of induction period fo oxidation has
shown several interesting phenomena. Evideﬁce for
grafting is based predominantly on the induction period
after acetone extraction of the film. Extraction of films
blended with the polymeric stabilisers, has shown that
the activity of the films reverts to that of the unstabilised
polypropylene. It 1is, therefore, unlikely that the
lengthy induction periods of the grafted material is due
to incomplete extraction.

The grafting would seem to be a surface phenomenen
since U.V. analysis of the films grafted with DBBA (Tablev)
indicate a similar concentration to those of the blended
materials (viz 2 x 1074 mole/lOOQ polypropylene), yet the
antioxidant activity is ten tlmes greater. Increase of
the monomer concentration from 2.5 to 10% in the grafting
solution, at constant concentration of photoinitiator results
in a reduction of stability of two hundred hours (Table II).
Analysis of these two films by ultraviolet spectroscopy
shows that they have a similar concentration of graft of
3 x 10™% mole per hundred grams of polypropyiene. The
variation of induction period in these films must, therefore,
be a function of the grafted chain length. For the same
concentration of benzophenone (1%) irradiated for ninety
hours, a similar number of radical sites sﬁould be formed
on the polypropylene backbone. The increase in monomer
concentration should result in an increased grafted chain

length, and it would appear that this length is important

Tegarding stability of the polymer on oxidation.
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It can be concluded that the shorter the grafted chain
length of the antioxidant, the better becomes the stability.
This same effect is reflected in Table III.

Keeping the monomer concentration fixed at 2.5g/100ml
benzene the benzophenone concentration was varied and the
samples irradiated for ninety hours. The induction period
increased with photoinitiator concentration to a maximum
at approximately 1% initiator then decreased as the
concentration was raised above this figure. ‘

The monomer-benzophenone molar ratio appears to be
the significant factor since the induction period of
irradiating 5g monomer with lg benzophenone, in 100ml
benzene compares favourably with that of a solution of 2.95g
monomer with 0.5g in the same amount of solvent. |
(Table II and Table III), the molar concentrations being
equal.

The benzophenone is again acting as a chaiﬁ terminator
similar to the irradiation of vinyl pyridine. At low
concentrations of initiator é small number of sites are
found on ihe polymer backbone and the chain length of the
polymerising monomer increases. At higher concentrations
the number of polymer radical sites increases and the-
termination reactions also become. greater resulting in
shorter grafted chains causing increased effective
stabilisation. As the monomer/initiator rates falls
below unity, polymerisation becomes difficult dﬁe to the
much increased termination reaction and consequently the
induction period is reduced. It is therefore not the

amount of grafting which determines the stability of the
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films, but the density of the graft.

Irradiation of the monomer in_the absence of
benzophenone shows stability of only 16 hours (Table III)
indicating that initiation by other processes play only
a small part in the grafting reaction. The variation
of induction period with irradiation time was also studied
using ‘a solution of 5g monomer and lg benzophenone in
100ml benzene. Increasing irradiation time, increased
the period to oxidation, again to a maximum before the
stability decreased (Figure I). This stability decrease
is probably due to the onset of degradation of.the polymer

film, When polypropylene is irradiated alone in a |
quartz tube, and in benzene for 130 hours, the degradatlon
in benzene is much reduced. = This is illustrated by the
relative amounts of carbonfl formed after this'irradiation

time and is as shown in Figure 1IV.

FIGURE IV

RELATIVE AMOUNTS OF CARBONYL FORMED DURING
IRRADIATION OF POLYPROPYLENE FILM FOR 130 HOURS

(a) in air
(b) in benzene.
—ﬁ‘\\h"’,;-
(b)
«=(a)

/. Transmission

1715 wavenumber (cm”)
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Irradiation in benzene limits the amount of air
available for oxidation of the polypropylene film.

Eventually the degradation reaction becomes more
predominant than the grafting process, indicated by
the reduction in stability on measuring the induction
period. |

When the grafting process is carried out under
nitrogen, the induction period of the films falls to
approximately one half of that in air. (Table IV).

For the same concentration of benzophenone and monomer
irradiated under the same conditions the expected stability
should be the same.,  This is not found to be the case and
oxygen must therefore piay some part in the process.

As in the case of vinyl pyridine graft copolymerisation

the formation of hydroperoxides and subsequent phptolysis
reactions must be responsible for the more efficient grafting
of the antioxidant monomer, resulting in the greater stability
when irradiated in air. | ..

The graft copolymerisation of 3,5 ditertiary butyl-4-
hydrbxy phenyl acrylate was disappointing, an induction
periodipf.la hours.only being obtained for the conditions
shown in E. For this reason the graffing_reactions were
evaluatea using the second monomer DBBA as described.

The reasons for this low stability were not pursuéd
but it may be that a rearrangement may occur under
ultraviolet‘irradiation. reducing its effectiveness as an
antioxidant. The Fries photochemical iearrangement is
well known and polymerisation followed by such a rearrangement

May not be improbable.
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Thus

- =1
OH OH
~ +Bu t-Bu +Bu
hy »
O-C~CH=CH, 0‘0‘?"'&"2
; L <N
OH
t8 t Bu
hy
cp \
~CH-CH,
OH
L -4n

Further investigations with this material may
provide an answer to the low stability of this antioxidant
on grafting.

Oven ageing in air of several grafted film samples
show degradation at-240ihours with signs of brittleness
and yellowing. (Table VI). This figure is much lower
than the same induction periods under a closed atmosphere
of oxygen as shown in Table II. Degradation of the grafted
side chain with subsequent loss by volatilisation may be
the reason since in a sealed system thé antioxidant will
be fetained. Oxidation of the stabiliser couid account
for the stability of the film sémples on oven ageing, since
low molecular weight stabilisers would be formed which are

less effective than the parent antioxidant. Volatilisation

of these products would then reduce the stability of the films.
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Some possible oxidation products are shown below.

OH S o
t-Bu +Bu -8 t+Buy
S e
O-(;.‘-CI-F‘CH, L (o] ‘
(o]
OH ! OH
- By +-Bu . *Bu +Bu
———eeip
CHZOCS\-CH'CHQ COOH

Ox;dation of the stearyl compound Irganox 1076 would
not be as'rapid because of the presence of another
methylene grouping in the para position, and the reversal
of the ester grouping. Thus 1076 has a greater stabilising
effect than the other stearyl'compound DBBS which may

oxidise more quickly.  The structures are shown below.

L Bu t Bu tBu tBu

CH,CHig-O-Stmryl CH3O-C-Stearyl
o
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This may explain why 2,6 ditertiary butyl-4-methyl
phenol is such a good antioxidant. The activity under
both closed systems accelerated tests, (decalin and in
the film) is good, but losses in the oven ageing is due
to volatility. The para methyl grouping would be more
difficult to oxidise, than the benzyl acrylate br
benzyl}stearate type compounds, where this methylene
grouping would be activated more to oxidation because of
the presence of ester linkages in the molecule. The
low stability of grafted DBPA could therefore be
explained by the ease of oxidatidn to the hydroquinone
compound whose antioxidant activity would be much lower.

Further wofk on the ‘oxidation of these monomeric and
polymeric compounds may show that oxidation .of the
antioxidant and volatilisation of the oxidationlproducts
are the key factors in the stabilising efficiency of

these compounds.
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CHAPTER V_(PART II) EFFECT OF THE VINYL ANTIOXIDANT
ON THE POLYMERISATION REACT1ON

Irradiation graft copolymerisation of 3,5 ditertiary
butyl-4~hydroxy benzyl acrylate with polypropylene has
been achieved, using benzophenone as a photoinitiator.
Since the monomer is an antioxidant, and the grafting
process occurs by a free radical mechanism, it was
decided to study the reaction to determine the role of
the monomer functioning as an antioxidant.

Benzophenone acts as a hydrogen abstracting agent
from polypropylene on irradiation, and this process should
continue even in the presence of stabilisers; to give

benzhydrol (or possibly benzopinacol).

.n—o-

(0 = O

s

Y
*Bgﬁegtff OH

Benzhydrol
Y ;
C
@ | _@
OH

Benzopinacol
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However, if a large amount of antioxidant is.
present, e.g. monomer, during the copolymerisation,
relative to the benzophenone, then hydrogen abstraction
could occur during irradiation; from the phenol,_in
addition to that from the polypropyiene. This would
enhance the benzhydrol formation during thé reaction.

To determine whether the antioxidant played any
part in the reaction several systems of polfmer film,
benzophenone and stabiliser were irradiated and the
products analysed using gas=-liquid chromatography (GLC).
Three antioxidant systems were studied; the monomer,
3,5 ditertiary butyl-4-hydroxy benzyl acryiate;
2,6 ditertiary butyl-4-methoxy phenol (Topanol 354.4
I.C.I. Ltd.) and 2,6 ditertiary butyl-4-methyl phenol
(Topanol ¢C). ,

The following solutions were made up, (Table VII), the
stabiliser/benzophenone molar ration being fixed at 3.14:l.
All figures quoted are in grams and the additives were

dissolved in 1Omls benzene before irradiation for ninety hours.

TABLE VII

POLYPRUPYLENE FILM IRRADIATED WITH VARIOUS STABILISERS
IN BENZENE SOLUTIONS CONTALNING BENZOPHENONE

. | 1 2 ¢ B 4 5 6
Irradiated system - Topanol B64 Monomer Topanol CC

DBBA
Polypropylene 0.1 - 0.1 - 0.1 0.1
Benzophéenone 0.1 0.1 0.1 0.1 0.1 0.1

Antioxidant - 0.475 0.4075 0.5 0.5 0,38
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After irradiation the solutions were analysed for

benzhydrol using GLC.

PRODUCT ANALYSIS

Measurements were made on a PYE 104 GAS CHROMATOGRAPH
using a flame ionisation detector. The column was a
five foot CARBONAX_ZOM operafing at 240°C and nitrogen
was ‘used as the carrief gas.

A standard benzene solution containing 1%
benzophenone and 1% benzhydrol gave the chromatograph
shown in figure V, the retention times being 12 and 24
minutes respectively. Benzopinacol in benzene gavé
benzophenone and benzhydrol on analysis, and would éppear
to breakdown on the column. If benzopinacol is a
product in these reactions, then it cannot be detected
under these.conditions, only its breakdown products.

As the yield of benzhydfol was low in these reactions
the sensitivity of the inét;ument was increased by a
factor of twenty and the traces of benzhydrol shown in
figuré V at this sensitivity are actual size.

,Ifradiation of polypropylene film and benzophenone
alone in benzene yielded only benzhydrol as the major
product, together with unreacted benzophehone;' The
antioxidant I below yielded benzhydrol on reaction with
benzophenone alone, and in the presence of polypropylene

the amount was increased.
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The monomer III showed a little benzhydrol, but
this did not increase in the presence of polypropylene.
Stabiliser II even in the presence of polypropylene

showed little or no benzhydrol formation.
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FIGURE V
CHROMATOGRAMS
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- Since all the solutions were irradiated for the
-same period with the same benzophenone concentration,
then in the presence of polypropylene film the same
-amount of benzhydrol should be formed.

With the methoxy antioxidant I the amount of
benzhydrbl is increased indicating hydrogen abstraction
- by the activated benzophenone from the phenol.

Compounds II and III show reduced benzhydrol
formation and must therefore interfere with the hydrogen
abstraction process.

The first hydrogen abstraction from the polypropylene
cannot be impaired since it has been shown earlier that
grafting of the monomer occurs by this reaction.l

During the irradiation, polymerisation of III will
occur and the growing chains are probably terminafed in
some way by the benzophenone. This would explain the

decrease in benzhydrol formation as shown below.

O = OO

polymerising l groft

MCH:—CH—"-"C

o==c
_Q— CHs~O
t-Bu
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This does not explain the anomolous behaviour.
of the 4-methyl antioxidant II. Less benzhydrol
forms than with III, and since no vinyl group is present
no polymerisation can occur, so some other mechanism
must be responsible. -

Benzhydrol or its precursor is effectively removed
from the system, but only in the presence of two of the
antioxidants.

The similarity between them is the presence of the
para methylene group which could be a site for-hydrogen
abstraction, since work has showngthat the oxidation of
2,6 ditertiary butyl-4-methyl phenol occurs via the
radical 1V.

OH
t-Bu t-Bu

CHy
N
Photolysis of benzophenone in the presence of

2,6 ditertiary butyl-4-methyl phenol could result in a
coupled product.by the following scheme
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OH OH
+-B 1By @_‘i @ hy ?H +Bu +Bu
+ ————— < ?»§-< > +
CH, ' s
'rB i -Bu
or
CHy

hydrogen abstraction, followed by combination of
the radicals.

This compound may be one possibility.-a similar
process occurring with the monomer system III, DBBA.

Radical coupling of benzophenone has been reported9o
during the photosensitised oxidation of 1,4 diazobicyclo

(2, 2, 2,) octane (V). The isolated product was the
benzyl alcohol VI#¥

v ;{‘)T—h—zh—'%\‘{ w
/%
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The photolysed solution (6), Table VII was reanalysed
by GLC at the higher sensitivity of X20., After two and
a quarter hours a large broad peak was observed which
slowly came off the column over a period of twenty
minutes. No other products were observed. The remaining
antioxidant solutions were also analysed for this period
and the same product was observed but only in the case of
the monomer solutions 4 & 5. The methoxy antioxidant I
did not produce this long retained product, ;uggesting
that a benzyl grouping was necessary for this to occur.

/4
A sample of the dibenzyl derivative VII was obtained,

t-Bu +Bu
CHy=CHy=— OH YT
t-Bu : ¥Bu

and this was found to have a retention time similar
to the unknown product from II and III, extending over
a period of half an hour. |

For: two compounds to have a similar lengthy retention
time they must be similar in polarity or very close in
boiling point. Separation of these two compounds, the
dibenzyl adduct VII and a possible coupled product of
antioxidant with benzophenone was not practical since the

instrument was operating at optimum conditions.
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If coupled products were formed in the reaction(
VII is one possibility. Formation of benzophenone
adducts may also occur but evidence for this so far is

limited, and further work needs to be done ‘to clarify

the situation.
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}
CHAPTER VI (PART I) ULTRAVIOLET LIGHT STABIL ISATION
OF POLYPROPYLENE

Polypropylene, as a pure paraffinic material would
not be expected to absorb radiatioﬁ'from sunlight.
However, the polymer is severely affected by ultraviolet
light, and the large patent literature existing on the
photo stabilisation of polypropylene is evidence enough
of the importance attached to this field of research.

The lower photostability of polypropylene'compared
with polyethylene is attributed to the presence of the
labile tertiary hydrogen atom in the repeat unit.
Procéssing of the polymer involves thermal treatment which
is sufficient to oxidise the material forming hydrpperoxides?6’67
The presence of these and other éhromophoric impurities
is thought to be responsible for the initial photodegradation

processes in the polymer68. The decomposition of

polypropylene hydroperoxide has been thoroughly étudiéd69

~ and most of the prbducté characterised. The main oxidation
products are polymeric ketones, which continue the
degradation of the polymer70 according to the following

scheme, The two major ketone products are, I and IL;



114

During irradiation these decompose by either a
chain scission process in the case of I, or a terminal

chain scission to yield small molecular products, from

type II ketones.:

e T e - T |
a —%—CHTC-—CH,—?— —‘i.:_c"b'c"'c'“l" I
H H A
hy hy
Bt 3
_(I:_CH"’ + -C-CHf(I'. —(l:-:cﬂz + CHy C—CH,
H H H
02 RH hy

R+=—2-4 RO3 =+ ROOH ———+RO* +:OH

|

ITond 1l

To prevent this degradation, stabilisers arg'commonly
used, and are of three types. Firstly, a phenolic radical"
scavenger, which interrupts the kinetic chain process
leading to hydroperoxide formation. Secondly, a
hydroperoxide decomposer which mets by a non-radical process
preventing polymer chain scission, and thirdly, a‘light

stabiliser. There are numerous additives used to improve
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the photostability of polymers7l. Photostabilisers may

act by an U.V. absorbing process, preventing the
radiations from reaching the polymer, or by deactivating
the excited chromophore, disipating the absorbed radiation
harmlessly in another form.

Absorption of a photon by a carbonyl group leads to
an excited singlet state which either deactivates by
fluorescence to the ground state, or stabilises itself
by'intersystem crossing to a longer lived £ripiet state.

This triplet state can react with the substraté,
by hydrogen abstraction in the case of polypropylene, or

may breakdown to give radicals.

o
ncon‘-—!‘l—a. a«’gn’ —— RO + R )
1R"H
H
REW+R1 (2)

Reaction (y) is typical of aliphatic carbonyls,
(2) being typical of aromatic species.

Reaction (2), hydrogen abstraction from-the substrate
has been used effectively as a free radical initiator for

grafting onto polyolefins38

using benzophenéne. This
carbonyl activates by U.V. irradiation, and thén hydrogen
abstracts from the substrate generating a free radical site
on the backbone of the polymer, capable of initiating a
radical grafting process,

Thus with benzophenone
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(S e O
Q0 = OO
@ .@ ~MONOMEL  Graft copolymer

If the aromatic carbonyl is substituted by
hydroxyl groupings in the 2 position the molecule acts
as a deactivator and stabiliser. ‘Thus 2-hydroxy
benzophenones are stabilisers whereas 4-hydroxy
substituted compounds are not.

Unlike benzophenone, the'2-hydroxy benzophenones
showing similar U.V. absorption characteristics afe one
of the most important classes of ultraviolet light
deactivators presently used72, - | |

These are thought to act by the following scheme, .
hydrogen bonding being responsible for the stabilising ability

of these materials.

O’@ (n.'n’) lntzrsEt:m @ ©
crossing

@rtn o
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In an attempt to increase the effectiveness of
these hydroxy benzophenones substitutes have been

introduced at the 4=-position, normally in the form of

ethers where R =n- alkyl, below.

g OH '
@ m
OR
Investigations on sukstituted hydroxy benzophenones
have shown that the length of the alkyl group R is of

critical importance74. By compatability and diffusion

measurement575'76

it has been shown that in polypropylene

for the homologous series III,migration decreases with

increasing chain length, and compatability is independent

of this length. . In polyethylene, compatability was better

with - longer side chains. . As with antioxidants,

~ compatability, volatility and mobility are factors to be

considered in synthesising more effective U.V. stabilisers,
The mode of operation of 2-hydroxy benzophenones, 1is

a subject of much research. Guillory and Cook77

investigated 2-hydroxy 4-n-octyloxy benzophenone and

concluded that this acts both as a U.V. screener and an

excited state quencher. Carlseon, Wiles and Suprunchuk

confirmed this78, although they suggested that more worlk

needed to be done on these compounds.
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Recent research has been concerned,with.more
efficient methods of utilising U.V, stabiiisers. This
has-been approached by either using surface coatings of
stabiliser additives or by chemically combining the
additive with the polymer. Clearly, surface coatings
are subject to effects af.volatility and leachability
by solvents, and chemical combination would seem to be the
better approach.

.Early work by CIBA79 was concerned with new monomeric
polymerisable U.V. screening coatings based on 2-hydroxy
‘benzophenones, and these were used as surface freatments.
Mainly these were esters and amides based on acrylates and

80 synthesised glycidyl

acrylamides. Fertig and co-workers
acrylates of 2,4 dihydroxy benzophenone and blended either
this monomer, or polymer into polystyrene, polymethyl'
methacrylate or polyvinyl chloride, and found that the
extractability was much reduced. | It was thought that some

copolymerisation may have occurred during the processing to

obtain polymer films.

| Probably the most novel approach has been by Tocker®!
who copolymerised the acrylate iV with ethylene, and then
éffected a rearrangement on the copol&ﬁer to form a

hydroxy benzophenone as part of the material.
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R C R T o .
CecHy -CeCHy ¢ L
o=¢ Omt ffcricHy], =CrChy FerseHy) ,
.0 (o) . o=C
CHyCH, AlCj
4 +By
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By chemically bonding the additive, rélatively
high concentrations of absorber can be inéorpofatéd,l
This teéhnique avoided loss of the ﬁltraviolet absorber and
resuited in better weatherability.

A recent paper82

utilised this,réarrangement, with
polyesters as a barrier coating which rearrangéd_under the

influence of ultraviolet light to form polymeric hydroxy

| %@

benzophenones.

RSANACIATE [@ n
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As the surface materiél degraded, new polyester
was exposed which rearranged to give added protection.
The polyesters had to be modified slightly by varying R,
to increase their solubility in common solvents, but
were used as transparent ultraviolet barrier coatings

on several polymers, including polypropylene, with good

effect.

In thin polypropylene fibms, (22p ) it has-bgzen83
shown that photo-oxidation is confined to a surface layer
of the polymer. The degradation is initiated by

chromophores present in this ;ayer84

, and this prompted
-researéh into the effectivéneés of additives applied to the
surface. ' The conclusion reached showed that best effects
were achigved by incorporatiné a low pefcentage of the
stabiliser .throughout the bulk of the film, and a higher
concentration as a surface layer. This would lead to some
cost saving since better stabilisation could be'achieQed‘
using less -material, but utilisidg it where it would be
most effedtive, on the surface.
| In the same manner in which the vinyl antioxidants
have been grafted, as described earlier, it.was decided
to incorporate an U.V. stabiliser and assess its effectiveness
as a bbnded additive. .

The compound selectéd was the substituted 2 hydroxy

benZOphendne \Y

HO

ayan.

KI
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= @3©ozm,

whose synthesis has been described in Chapter II.
 By grafting this monomer it was hoped that extraction
problems and possible volatility effects would be"

overcome.
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-~ ASSESSMENT OF DEGRADAT ION

(7 Infra-red measurements

During the photo-oxidation of polypropylene,
‘polymeric ketone products form and these can be
monitoiea effectively using infra-red spectroscopy.
By measuring the intensity of the carbonyl bond as a
function of irradiation time the degradation of the
polymer can be followed quantitatively.

: From Beer Lamberts Law .

Absorbance, A = logyq 2% = gcl

where . " Io islthe intensity of radiation effectively
B entering the sample
‘I is the intensity of rédiatidn before leaving
| the éample | |
'€ is the extinction co-efficient
¢ 1is the concentration of the absorbing material

and 1 is the pathlength of radiation within the sample

Where the spectra are obtained, measured on

transmission paper, the value of A can'be found as

illustrated in figure I, -

Fiqure I

100
emssseeD=EE = B
[~
o
(]
N
E
w
c
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The ébsorbance A is calculated as defined above.
Génerally. difficulties, occur in measuring the
thickness of the sample. This can be overcome by
using an internal standard, whose concentration is known

and is ‘constant. Re-writing the Beer-Lambert expression

A o LW esi e
A log, W1’ ¢l e

where the primed samples refer to.the internal
standard. The internal standard chosen was the
2?20cm".l polypropylene band which was a convenient measure
of film thickness. This absorbance was calibrated against
films of known thickness, determined by a micrometer.

The calibration is shown in Figure II,
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FIGURE II
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CALIBRATION OF INTEﬁNAL STANDARD

- The absorbance of the carbonyl band was measured

at 17156%.

The value of Al715 will be referred to throughout
. A2720
as the CARBONYL INDEX,




125

The variation of carbonyl intensity with irradiation

téme is shown in Figure III.

Fiqure III.

T/CREASE OF CARBONYL INTENSITY WITH IRRADIATION
: TIME _

P «— 2ero time
. «— 40hrs

e« SOhrs
o— 60 hrs

a— |OOhrs

*, Transmission

1715¢m’

‘Spectra were recorded on transmissioq paper, since
calculations on logarithmic paper, although invoiving.
less computation, could lead to errors unless reflection
effects from the film are taken into account85.
Often the baseline B (figure I) may not be horizontal.
To determine I;,'a sloping baseline is drawn so as . to join
neighbouring minima of the absorption curve. The infra-
red spectra were recorded on a Perkin Elmer 457
spectrophotometer, the data being processed on a computer

to obtain the carbonyl index directly for each system studied.
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2. mi i Em emen i

.The £ilm samples (0.005") were fixed in cardboard
holders mounted on the rotating wheel, at a distance of
15cms from the source and irradiated in the ageing cabinet
previously described. Brittleness in the samples was
detected by flexing the films through 180°C and failure

under this test represented the embrittlement time.

3. Measur f Mo

The degradation of a 0.005 inch film of polypropylene
was followed by measuring the solution viscosity in
decalin after various irradiation times. Single pointr
viscosity measurements were taken of a 0.4% solution of
film in decalin at 135°C in an Ubbelohde viscometer.
The results are illustrated in figure IV. This technique
was only used for unstabilised polypropylene. Once
degradation occurs, the chain scission process is quité
rapid. The measurements required several polymer film
samples and since this is a destructive technique, the
same sample could not be used for further irradiations.

It was felt that the information obtained could not
add to the data found from carbonyl index, and since the
same film sample could be used continuously in the latter

technique, infra-red measurements were used throughout}
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F IGUKE IV

U.V. DEGRADATION OF POLYPROPYLENE FILM AS A FUNCTION OF
VISCOS [TY (0,4% SOLUTION POLYMER IN DECALIN AT 13%5°C

Relative Viscosity

20 40 60 80 100 120
Irradiation Time  (hrs)
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ULTRA VIOLET DEGRADATION STUDIES

The ultraviolet absorbers examined were synthesised

as described earlier and are shown below

o™ | - ‘
O oeen | O D owpes]
. BHPA PoyBHPA |
. | (o} I'O
O
DHBP

The 2,4 dihydroxy benzopheﬁone. DHBP, was obtained‘
from Koch-Light Laboratories, and was used for comparison
purﬁqses without further purification. These compounds
were incorporated into polypropylene powder at several
concentrations.by solvent evaporation, and films were
pressed to 0.005 inch'thickness as befofe. _

' The thermal (phenolic) stabilisers were irradiated
also but only at.a concentraéion of 2 x 10”4 mole per
hundred gram of polypropylene. Carbonyl index and
embrittlement times were determined and these are shown

in Figures V, VI, VII, VIII, IX and Tables I and II.
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A sample of polypropylene film containing 1%
benzophenone was prepared, and this was irradiated also.
The embrittlement time is included in Table I, and the

carbonyl index illustrated in Figure'V.

TABLE I
U.V. EMBRITTLEMENT TIMES OF U.V. STABILISED
POLYPROPYLENE
Embrittlement time
Additive concentration (mole/100g polymer)
2x10™% 151073 sx1073
BHPA : 62 107 174
Poly BHPA : 70 130 174
DHBP . | 70 107 130
Benzophenone | - - - 18
TABLE 11

U.V. EMBRITTLEMENT TIMES OF THERMALLY
STABIL ISED POLYPROPYLENE
CUNCENTRAT ION 2x10-4 MOLE/100q POLYMER

Additive Embrittlement Time
None ' 64
DBBA : 86
Poly DBBA 86
DBPA 63
Poly DBPA 63
Topanol OC 110

Irganox 1076 , 153
DBBS | 170
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LEGEND OF FIGURES

Figure V Unstabilised polypropylene and polypropylene
blended at 1% concentration with benzophenone.

Figure VI Polypropylene stabilised with BHPA,
Figure VTI Polypropylene stabilised with Poly BHPA.
Figuré VIII  Polypropylene stabilised with DHBP,

Figure IX U.V. irradiation of polypropylene with
thermal stabilisers.,
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DISCUSSION

|

All the ultraviolet absorbers used were ineffective

at a concentration of 2 x 10'4'mole/lOOg'polymer, since
the carbonyl index curves are the same as for the
unstabilised polypropylene.  The stabilising efficienéy
seems to be concentration dependent} and all show greéter

effectiveness with increasing concentration. The |
| thermal stabilisers also imprdve the ultraviolet stability,
their mechanism of stabilisation being as kinetic chain

breaking. compounds,

Hoif Qp  se—e—e 800 kinetic
. . 2 chain
RCO; + RH =—————s ROCH + R reaction

where AH represents the antioxidant, then

ROO: "+ AH +© wmememy' ROCH # A

the radical Ay further reacting to give non-radical
products. '
The hydroperoxides formed, still undergo photolysis,

but the propagation process becomes retarded when these:

additives are present,
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The increased stability with'the;lbng chain
antioxidants Irganox 1076 and DBBS coﬁld_be due to
their increased compatability with the polymer.

The failure of the hydroxy benzophénones'at low
concentrations is not totally unexpected since they
function essentially as absorbers.. Ambrovicsélin
studies of the homologous series of ‘4 -alkoxy hydroxy
benzophenones (IIT) reported that 2,4-dihydroxy
benzophenone was only slightly soluble in polypropylene
and found similar to previoﬁs workers 15,76 that the
'effectiveness improved as the chain length of the
substituents increased. _ |
| It has been shown®' that a correlation exists between
the chemical shift of the 2-hydroxy grouping, in the N.M.R.
and the activity of the compound as an U.V, stabiliser.
The.moré.effective these compounds were as U.,V. stabilisers
~ the greater was the negative shift of the hydroxy proton
resonance.

However, increased hydrogen bonding cannot be the
total explanation for the potential activity since 2-hydroxy-
4-methoxy benzophenone and 2-hydroxy=-4-dédecyl beniophenone
have a similar chemical shift. It is known that the
latterllbnger chain compound is a much better stabiliser-
than £he 2-hydroxy=-4-methoxy derivative. This has been
attributed in polyethylene to an increase in'compatability87.

Other factors must also contribute to the overall picture

88

however. Leitman and co-workers found that intermolecular

bonding could also influence the activity of these hydroxy

benzophenones by affecting the intramolecular bond strength
responsible for the stabiliser activity. |
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Carlson. and co-workers o reported that 4-methoxy
.2-hydroxy benzophenone was highly volatile and completely
sublimed from the polypropylene film during the first |
forty hours of irradiation. This explains the better
stabilisation achieved with the 4 dodecyl hydroxy |
compound therefore, Much more work will be required

to evaluate systems fully.

Comparing.em5rittlement times in Table I, there is
little to choose between the additives at any of the
concentrations - used. The value forlbénzophenone blended
at one percent Eoncentration is inclﬁded to illustrate
the increased stabilisation of 2 hydroxy substitution.

A better comparison of these additives at various
concentrations can be seen in the carbonyl index plots.
Stabilisation wiéh.DHBP even with inc:easing concentration,
shows little change in the rate of carbonyl build up in
the polymer. The rate of carbonyl formation for both
the monomer and polymer systeﬁs is much reduced at the
higher concentrations. A minimum cdncentration must

therefore exist before a measurable difference in stability

occurs and since these additives are more effective on the

78

surface - higher loadings are necessary for bulk blending

of the polymer.

An attempt was therefore made to graft the acrylic

ultraviolet stabiliser onto the surface of polypropylene.
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GRAFTING OF 4-BENZOYL-3-HYDROXY PHENYL ACRYLATE

A solution of 10g of 4-benzoyl-3-hydroxy phenyl
'acrylate and lg of benzophenone in 100ml benzene was
irradiated for ninefy hours with O0.1g of polypropylene
film.‘ After this period the film was acetone extracted
for forty-eight hours, then U.V; degraaed and the qarbonyl
build up recorded. = The trace was identical to that of
unstabiliséd polypropylene. ._

| ;Ahalysis of the film by ultravislef spectroscopy
oﬁ dissolving in trichloroethflene_revealed nothing.

Either the grafting was too low to detect, or none
had occurred. Since at low concentration of the additive,
the rate of carbonyl foimation is the same‘as polyﬁiopylene
(figures VI and VII) low grafting could be the reason.

| l;'was concluded that large amounts of grafted
co-ﬁﬁnomer would be needed to give the samé effect as the

blended counterpart.
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CHAPTER VI (PART I[) PHOTOSTABILITY OF VINYL PYRIDINE
AND CO-POLYMERS

Since vinyl pyridine can be successfully grafted
to polypropylene film, it was decided to assess the
U.V. stability of these films, to see if any increase
in stability could be achieved with this monomer.
The blended thermal antioxidants also showed U.V. activity
and since-grafting of the U.,V. absorber (BHPA) préved
disappointing an attempt was made to coﬁbl&merise the
vinyl antioxidant DBBA with vinyl pyridine to obtain both
increased stability and dyeability. |

p B Photostability of vinyl pyridine arafted films

Several film samples grafted with vinyl pyridine
were prepafed using various concentrations of benzophenone
initiator, By irradiating solutions for eighteen hours..
The films were ethanol extracted and the carbonyl index
followed with increasing irradiation time. All the -
samples showed an increased rate of carbonyl formation over
polypropylene although the embrittlemeﬁt times were the

same,

The results are illustrated in figure X.

2. I'. i f V'
Polypropylene film was irradiated in a benzene solution
(100ml) containing 2.5% DBBA, 5% vinyl pyridine and 1%

benzophédqne for ninety hours, The following samples were

irradiated simultaneously;
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Polypropylene film in 1% benzophenone/benzene solution

Polypropylene film with 5% vinyl pyridine/l%
benzophenone/benzene solution

Polypropylene film with 2.5% DBBA/1% benzophenone/
benzene solution

All the films were extractéd for forty-eight hours

in benzene and vacuum dried. The vinyl pyridine grafted
films were dyed with DYLON scarlet, but only dyed
slightly pink, polypropylene film dyeing orange. The
The films were dégréded by U.V. irradiation and the carbonyl
index monitored.  The results are shown in Figure XI
and the embrittlement times in Table III,

- Oxygen absorption of the vinyl pyridine/DBBA grafted
film in a closed oxygen atmosphere gave an induction period

of only 36 hours.

TABLE II[
EVBRITTLEMENT TIMES OF GRAFTED FILMS

System Embrittlement
Film/1% bgnzpphenone solution 18
Film/1% beﬁszhenone/B% vinyl pyridine | 44
Polypropylene 63

Film/1% benzophenone/5% vinyl pyridine/
2.5% DBBA R A

Film/1% benzophenone/2.5% DBBA 158
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DISCUSS LGN

The polypropylene, benzophenone irradiated film
(figure XI) shows immediate carbonyl build up, due to
'photolysis ‘of hydroperoxi&es formed during the hydrogen
abstraction process. The presence_of_grafted vinyl
pyridine reduces the stability of the film, as reflected
in the embrittlement tiﬁe, and'degfadgs faster than
polypropyleng'}tself. |
' The intrpducfion of the antioxiﬂant into the system
improves the U;V. stability of the total filﬁ, but the
presence of the vinyl pyridine must interfere in some way
with the activity of the stabiliser. -Grafting the
antioxidant alone, is better than blénding either the
monomerikor ﬁolymeric form into the film. Since the
material is grafted near the surface of the film the initial
owidation ean: be prevented, increasing the lifetime of the
film. The only added advantage of grafting vinyl pyridine
is the increase in dyeability of the film,  Incorporation
of more vinyl p#ridine with the antioxidant would only
increase the carbonyl formation degrading the film faster.
Similarly the thermal oxidation stability of vinyl pyridine/
antioxidant grafted films shows the same effect. Since
grafting of an U.,V., stabiliser seems ineffective alone,
it may be possible to copolymerise .this with the thermal
antioxidant and assess whether there is any enhancement

of properties, i;é; synergism, This could be a useful

study for further work.,
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QONCLUS IONS AND _SUGGESTICNS FOR FURTHER WORK

The?gréfting of pdlypfcpyiene fiim with‘
3,5 ditertiary butyl-d-hydroxy benzyl acrylate haé
" produced a bonded antioxidant system which is non-extractable.
The important feature of the grafting process was the ratio
of the monomer to the initiator since optimum conditions
were achieved for oxidation stability by varying this ratib
in the initial irradiated system. The role of benzophenone
as a terminator has shown that the stability of the graffed
film is a function of the density of grafting and not the
total'antLOXidant content. A suitable method for
determining the chainllength of the grafted monomer would
be useful o show this since the density of the side chains
can only be inferred. | |
éimilarly, the presence of éir in the irradiated systems
enhancés'the-final stability of the grafted film to oxidation
and this suggests the formation of hydroperoxide groups.
Subsequent photolysis of these species prbduces furtﬁer
grafting‘sites and therefore the grafting density ihcreases.
Pfe-oxidation, followed by grafting, may provide further
information on the part played by oxygen under the conditions
used in this study. Although the antioxidant becomes
bonded to the film, thus reducing the extractability,
volatilisation of the antioxidant may still occur during
dégradat;on. Oven ageing of the samples has shown that
this is probably the case. Studies on the oxidation
stability of the polymeric and monomeric antioxidants may
show that more volatile products are forﬁed'which can- be.

easily lost. This may reveal evidence as to the reason
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for the poor stability obtained on grafting 3,5 ditertiary
butyl-4-hydroxy phenyl acrylate, DBPA.. |

The graft copolymerisation of the U.V. stabiliser
BHPA was also disappointing, although a significant amount
would need to be grafted to produce favourable stability
since the activity was concentration dependent. Possible
synergism may be achieved by copolymerising BHPA with DBBA
although this would depend on the reactivity ratios of the
twp systems. . This is probably the case with the
copolymerisation of vinyl pyridine with DBBA, vinyl pyridine
probabiy predominating in the overall composition of the
copolyme?. causing the lowering of the thermal and U.V.
stability of the system,

Other monomer systems could also be used to produce
other properties absent in polypropylené.l |

A brief study was carried out on the graft
copolymerisation of 1,2 dimethyl-5-vinyl pyridinium methyl
sulphate (DMVPMS) (Midland Yorkshire Tar Distillers) below,
with polypropylene, by grafting in a solution of 1%

benzophenone in methanol.

HEmH
CH
1

©
CH3 CHSO,

The system was irradiated for eighteen hours, and

extracted with water which is a solvent for the polyméf.
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The wettability of the polymer was determined by
measuring the contact angle of a droplet of water on the
surface of the film., The angle measured was 90° for
polypropylene and 65° for the treated material, indicating
modification. . Polypropylene can therefore be modified with
this material,fo produce a hydrophilic film, By a
suitable choice of monomer, this techhique of UlV. grafting
may be widely applied to produce the desired properties
- in polypropylene. _

From a commercial aspect, ﬁhe main dfawback of this
technique is the time scale involvéd, especially with the
vinyl antioxidéht monomers. By increasing the power of
the lamp§ used; this may be overcome, but it is more likely
that better results could be achieved with a much lower
wavelength, and therefore a higher energy source.

A balance_wSUId have to be achieved between the
oxidation of the polymer film, and the desired amount of
grafting. ‘

Further studies with this techhiquelshould prove

rewarding.
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