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[571] ABSTRACT

Plastics materials suitable for use in packaging are

provided, which photodegrade upon exposure to di-
rect sunlight, but which have indefinite storage life
otherwise. The materials are polymers of common vi-
nylidene monomers such as ethylene, styrene and
methyl methacrylate, containing 0.1 — 5 mole per cent
of keto carbonyl groups located in side chains but ad-
jacent the main chain of the copolymer. These keto
groups absorb U.V. radiation and cause photodegra-
dation of the polymer.

5 Claims, No Drawings
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PHOTODEGRADABLE POLYMERS OF METHYL
METHACRYLATE AND UNSATURATED KETONES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. Pat.
application Ser. No. 135,424 filed Apr. 19, 1971, now
allowed as U.S. Pat. No. 3,753,952, which in turn was
a continuation-in-part of U.S. Pat. application Ser. No.
763,980, filed Sept. 30, 1968 and now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to disposable plastic packaging
materials, such as films, wrappers, cups, bottles, trays,
cartons, and the like which are commonly used for
packaging perishable commadities such as food, condi-
ments, beverages etc., and household products in gen-
eral. The invention also relates to plastic compositions
suitable for use in such packaging materials. More spe-
cifically, it relates to plastic packaging materials, and
plastic compositions for use therein, which when dis-
carded in an outdoor environment will degrade to be-
come part of the soil, or be washed away by rainfall or
wind erosion in a harmless form.

It is well known that the increasing use of plastic
packaging materials which are then discarded has cre-
ated serious problems of pollution and litter. Because
most conventional plastic materials used in packaging
have long lifetimes in exterior environments the accu-
mulation of litter of these materials in parks and recre-
ational areas, and even in conventional garbage dumps,

has led to many environmental and esthetic problems. .

Materials which would degrade to harmiless products in
such a situation would have great advantages over con-
ventional packaging materials.

Materials which ‘gradually decompose would, of
course, solve the litter and pollution problem, provided
they decomposed relatively rapidly. Such materials
could perhaps be made by including in a packaging
plastic an agent which causes-the material to decom-
pose. However, against this factor of desirable decom-
position must be weighed the requirement that the shelf
life of the packaging plastic must be rigidly controlled,
and in most cases must be indefinitely long, for proper
protection of the perishable contents.

2. Description of the Prior Art

It is known that copolymers of ethylene with carbon
monoxide can be prepared which degrade more rapidly
than polyethylene when exposed to ultraviolet light.
Such polymers contain ketonic groups in the backbone
of the polymer chain thus:

0
il
~(CILCIL) (CILCIL) C (CILCIL) (CHCTg) ~

It was shown by Hartley and Guillet (Macromolecules
1, 165 (1968) that the quantum yield for main chain
scission for such copolymers at ambient temperatures
was about 0.025. This means that for every 100 quanta
of light absorbed by the polymer, only 2.5 result in a
breaking of the polymer backbone, so the reaction is
inefficient. The breaking of the polymer backbone
chain is the main reaction involved in the reduction of
molecular weight and hence in the degradation of phys-
ical properties necessary before the plastic object will
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be broken up by wind, rain and other forms of natural
erosion.

In the case.of the ethylene-carbon monoxide copoly-
mers, if the concentration of carbon monoxide is in-
creased in order to provide more rapid degradation, the.
polymer appears to begin to absorb at longer wave-
lengths and will degrade in normal room:illumination.
Thus the shelf life of packaging materials made of these
materials is deleteriously affected.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide novel
polymeric composmons of matter.
A further object is to provide polymeric materials

15 suitable for use as packaging materials, which photode-
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grade after they have been discarded.

A further object is to provxde photodegradable arti-
cles.

Other object and advantages will become apparent
from the following descnptlon

The present invention provides polymeric packaging
materials which degrade under the action of the ultravi-
olet light of the sun, but do not degrade to any appre-
ciable extent otherwise. Thus these polymeric packag-
ing materials start to degrade after they have been dis-
carded in an outdoor environment, but have indefinite
storage life indoors, out of contact with direct sunshine.

The wavelengths of light emitted by the sun range
from about 2,900A in the ultraviolet to about 20,000A
in the infrared. Only the light with wavelengths ranging
from about 4,000 to 8,000A is visible to the human eye.
Indoor lighting fixtures emit primarily in this visible
range. The present invention is based upon the discov-
ery that there can be introduced into a polymer certain
photochemically active chemical groups which do not
absorb light of wavelength in the visible range, but do
absorb ultraviolet radiation in the wavelength range
from 3,000A to about 3,500. Having absorbed the radi-
ation, the groups cause scission of the polymer chains,
and hence degradation of the polymer. Thus the degra-
dation process is not initiated until the polymer is ex-
posed to the ultraviolet light of the sun. Furthermore,
because ordinary window. glass absorbs most of the ul-
traviolet radiation of the sun, these polymers will not
degrade in sunlight which has passed through window
glass. Packages or containers made of these materials
could be exhibited in store windows, for example, with-
out initiating the degradation process.

Thus according to the present invention, there are
provided normally solid polymeric materials capable of
being formed into packaging materials, comprising a
polymer of a vinylidene unsaturated monomer and con-
taining in the polymer backbone a minor amount of a
ketonic structural unit of general formula:

[

1]

wherein R’ represents a hydrogen atom or an alkyl
group having from 1 - 6 carbon atoms and R'' repre-
sents an alkyl group, an alkenyl group or an aryl group,
having from 1 - 9 carbon atoms, said ketonic structural
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unit being present in an amount which will permit the
solid polymeric material to degrade following exposure
to natural sunlight.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Ethylene is a vinylidene unsaturated monomer within
the terms of the present specification, and polymers of
ethylene containing minor amounts of the ketonic
structural unit previously defined comprise one aspect
of the present invention. As is well known, polyethyl-
ene is one of the more important plastics used for con-
tainer and packaging purposes. This polymer may be
linear or branched depending on the method of synthe-
sis and particularly, on the catalysts used for the poly-
merization. The conventional polyethylene breaks
down slowly by photo-oxidation in an outdoor environ-
ment, but molded and extruded objects still retain their
shape and an appreciable portion of their original
strength for several years under normal weather condi-
tions.

Other vinylidene unsaturated monomers, besides eth-
ylene which can be used in accordance with the present
invention are in general those of the general structure:

Csz(II—X
R

where R is hydrogen, halogen or an alkyl group, prefer-
ably a lower alkyl group and X is a functional group
such as phenyl, substituted phenyl, carboxylic acid, es-
ter, halogen, nitrile or alkenyl, preferably lower alke-
nyl. Polymers of such monomers are conventionally
used commonly for packaging materials and contain-
ers, and like conventional polyethylene break down
very slowly by photo-oxidation in an outdoor environ-
ment. However, molded and extruded objects of them
still retain their shape and an’ appreciable portion of
their original strength for several years under normal
weather conditions. The present invention provides
materials based on these common monomers, including
ethylene which have accelerated rates of photodegra-
dation.

By the term *‘substituted phenyl™ is meant nuclear
substituted groups such as halophenyl and lower alkyl
phenyl (e.g. vinyl toluenes} which when present as
group X in the aforementioned structure, give a mono-
mer which is polymerizable to a polymer useful as or
used as a packaging material. By the term “‘ester,” as
will be apparent from the following disclosure and spe-
cific examples, there are included groups of the for-
mula CO.O.R'", where R'"’ is lower alkyl, properly
termed lower alkyl carboxylate, and groups of the for-
mula O.CO.R'"’" where R'"" is lower alkyl, properly
termed lower alkyl acyloxy. Monomers where the X
group is lower alkyl carboxylate are represented by
methylmethacrylate. Monomers where the X group is
lower alkyl acyloxy are represented by vinyl acetate.
There are contemplated monomers of the aforemen-
tioned structures where X is an ester group, the poly-
mers of which are useful as or used as packaging mate-
rials.

The polymeric materials of the present invention are
distinguished from copolymers of ethylene and carbon
monoxide in having ketone carbony! groups not in the
backbone, or main chain, of the polymer, but at a car-
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bon atom immediately adjacent to the backbone chain
of the polymer. It has been found that the efficiency of
the chain breaking reaction is increased to between five
and ten times that of the ethylene-carbon monoxide co-
polymers, where the carbonyl is in the main chain.

Thus the materials of the present invention are more
rapidly photodegradable on exposure to ultraviolet
light, and this is achieved without endangering the sta-
bility of the materials in ordinary visible light. Further,
this is accomplished without the use of additives which
might exude or dissolve in the product, e.g. food, being
packaged.

In the specific aspect of the invention where ethylene
is used, the structure included in the polymer backbone
is of the form:

)%
~[(CILCy) (CICITa) - O - CHa— {CIT:CIT) (CFT: - CHa) ~
C=0

|
R

where (CH,CH,) represents a polymerized ethylene
unit and R'" and R’ are as previously defined.

The ketonic structural unit may be introduced into
the polymer chain by copolymerization of the selected
vinylidene monomer with a polymerizable vinyl or vi-
nylidene monomer of the general structure:

OO
G0
1]<'*

where R and R’ are as previously defined. Examples of
such monomers are methyl vinyl ketone, ethyl vinyl ke-
tone, propyl vinyl ketone, isopropyl vinyl ketone, butyl
vinyl ketone, methy! isopropenyl ketone, ethyl isopro-
penyl ketone, methyl isobutenyl ketone, pheny! vinyl
ketone, and the like.

An alternative method of introducing the ketonic
structural unit into polymers is to react the preformed
polymer with an acylating agent such as acetyl chlo-
ride, which will add to the internal double bonds in the
system. This reaction is carried out in the presence of
a catalyst such as aluminum trichloride. Preformed
polymers can also be treated with biacetyl, in the pres-
ence of radiation, whereupon the biacetyl decomposes
to form free radicals

CHi—C
I
o]

which attach to the polymer chain to give the desired
ketonic structural units.

The group R in the ketonic structural group of the
polymers of the present invention can generally repre-
sent an alkyl group having | — 9 carbon atoms, an alke-
ny! group having 1 — 9 carbon atoms or an aryl group
having | - 9 carbon atoms, i.e. lower alkyl and alkenyl
groups, and can also represent such groups when sub-
stituted by other functional groups. In the case where
R'" is an alkenyl group, it is preferred that the carbon
which adjoins the carbon atom of the keto group is not
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involved in the unsaturation of the group. Where there
is carbon-to-carbon unsaturation at a position conju-
gated with the C=0 bond of the side chain keto car-
bonyl, there appears to be interference with the wave-
length of light which is absorbed by the side chain keto
carbonyl group. Such materials tend to absorb in the
visible light range as well as in the ultraviolet range. As
previously described, this is undesirable as affecting the
shelf life of the materials made from these polymers.

In order to achieve the maximum effect it is desirable
that the ketone groups be distributed throughout the
entire polymer chain and preferably at maximum dis-
tance from each other. Further, it is important that
most of the polymer chains contain some ketonic
groups, otherwise some of the polymer will not degrade
photochemically. If the keto-containing polymer is pre-
pared by copolymerization with a vinyl or vinylidene
monomer it will be desirable to select a monomer hav-
ing the correct reactivity ratio, and a suitable polymer-
ization system, so that a uniform copolymer is ob-
tained. Alternatively one may use a continuous process
whereby the monomer ratio in the reactor is kept con-
. stant throughout the reaction. '

As will be clear from the foregoing, the\process and
compositions which can be used in the practice of this
invention are not restricted to binary copolymers with
a ketone comonomer, but also apply to multi-
component copolymers with other monomers. Mono-
mers which may be used to synthesize the copolymers
of this invention have been broadly referred to previ-
ously, from which it will be clear that they include eth-
ylene, styrene, a-methyl styrene, vinyl toluenes, nu-
clear chlorostyrenes, methyl acrylate, methyl metha-
crylate, ethyl acrylate, ethyl methacrylate, vinyl ace-
tate, vinyl propionate, methacrylonitrile, acrylonitrile,
viny! chloride, acrylic acid, methacrylic acid, butadiene
etc. Especially preferred are polymers of ethylene, sty-
rene, methyl methacrylate and methyl acrylate.

The amount of ketone carbonyl included in the poly-
mer is important in achieving the objects of the present
invention. This can be expressed as a mole percentage
of ketone carbonyl based on the monomers included in
the polymer, in which case the amount should range
from about 0.1 mole percent to about 10 mole percent
and preferably from about 0.1 mole percent to about
5 mole percent. Alternatively it may be expressed as a
weight percentage, in which case the amount of ketone
carbonyl should be from about 0.02 weight per cent to
about 2 weight per cent ketone carbonyl, and prefera-
bly from about 0.2 to about ‘1 weight per cent. The

amount actually used will be determined by the rate
and extent of degradation required. In the case of ethyl-
ene polymers ketone contents up to 10 mole per cent
can be used and the advantage of the invention ob-
tained. However, above 5 mole per cent, the polyethy-
lene-type properties tend to be lost. Higher concentra-
tions lead to faster degradation rates up to a limit deter-
mined by the thickness of the object to be fabricated

from the plastic. If too much carbonyl is included only |

the surface layers will absorb the U.V. light. Whilst
these surface layers will degrade, their residues will re-
main and protect the interior of the material from the
U.V. light, in the absence of some mechanical means
for their removal. Thus, very little degradation will
occur in the bulk of the material. The optimum concen-
tration can be calculated for a given specimen thick-
ness using the Beer-Lambert Law of photochemistry.
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For this reason, polymers to be extruded as thin films
may contain higher keto carbonyl concentrations than
those used in the manufacture of thicker sections such
as in bottles or waste containers. For example the ap-
proximate film thickness at which 90 percent of the ul-
traviolet light of 3,310 A. wavelength is absorbed for
copolymers of various concentrations of aliphatic ke-
tone groups is indicated in the following table:

Film thickness

Mole % for
ketone carbonyl 90% absorption
5.5% 0.10 cm
2.8% 0.20 cm
1.5% 0.40 cm
0.5% 1.0 em

The rate at which plastic films or molded pieces de-
grade in the presence of ultraviolet light can be deter-
mined in the laboratory using a mercury vapor arc and
filter system. The apparatus consists of a 250 watt me-
dium pressure mercury lamp (A.E.L type ME/D), with
a quartz lens which focusses. the light from the lamp
into a parallel beam. A solution filter is used to elimi-
nate the visible and infrared radiation and an interfer-
ence filter isolates the mercury line at 3,130 A. This
light then impinges on the plastic film or molded object
which is held in a metal frame in a metal block thermo-
statted to maintain its temperature at 25°C. The inten-
sity of the light is monitored with a photocell behind
the plastic specimen. The response of the photocell is
calibrated using a uranyl oxalate actinometer. To de-
termine the amount of light absorbed, the intensity of
the lamp is measured before and after each exposure
using the photoceil. The intensity of the light passing
through the plastic can also be measured during expo-
sure. The lamp intensity depends on various factors

. such as the voltage supplied, the age of the lamp, and -
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the characteristics of the filters used. In a typical exper-
iment, an exposure of 24 hours in the lamp system is
equivalent to the amount of U.V. radiation received in
the same area of a plastic sample in an average summer
month. »

The efficiency and rate of the photodegradation is
determined by measuring the number average molecu-
lar weight of the specimen before and after irradiation.
The quantity [(M,)° ~Y/M,] is the number of bonds
broken per original polymer molecule in the specimen.
Usually 5 to 10 breaks are sufficient to render the ma-
terial brittle and friable so that it will break up under
the action of normal erosion processes. The efficiency
of the process is the total number of main chain bonds
broken per quantum of light absorbed. This is called
the quantum yield ¢, and ranges from about 0.003 to
unity depending on the structure of the polymer and
other factors. The larger the value of ¢ the more effec-
tive is the degradation process.

The photodegradation mechanism by which the poly-
mers of the present invention degrade appears to in-
volve interaction of at least two different chemical
groups at different locations along the polymeric chain.
For this to occur, the polymer chain must have a con-
siderable degree of mobility and flexibility. It is known
that polymers in the liquid state, i.e. in the melt or in
solution, have much mobility and flexibility, but it was
not to be expected that the polymers of the present in-
vention would have this mobility and flexibility in the
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solid state, i.e. as films and molded products. To facili-
tate this degradation, therefore, and to increase the
rate of degradation, it is desirable that the flexibility of
the polymer chains be maintained, and this means that
the polymers should have glass transition temperatures
below the temperature of the environment in which

8

mately 20 percent. The polymer formed was dissolved
in benzene and reprecipitated several times with meth-
anol to remove catalyst residues and unreacted mono-
mer, then dried to constant weight under vacuum at
50°C. The properties of the polymers prepared are
given in Table 1:

Table |

Summary of Polymer Data

Toluene Initiator

Sample Composition %MVK Conc.  Conc. M1y M,(2) MJ/M,(2)
A MMA-MVK 29 0 1.0% 840,000 170,000 5
B MMA-MVK 3.0 .66 2.5% 67,000 33,000 207
C poly MMA O 66 1.0% 133,000 53,000 2.5

(1 rom intrinsic viscosity in benzene
{ 2yestimated from G.P.C data in tetrahydrofuran solvent

they are exposed to ultraviolet radiation. Polymers with
higher glass transition temperatures will photodegrade,
_but more slowly.

The copolymers of this invention can be prepared by
any of the conventional means of polymerization which
are known to be suitable for the specific monomers
chosen. Within the limits of catalyst composition either
low or high pressure processes may be employed. The
processes may comprise solution, suspension, bulk,
emulsion, free radical, gas phase etc. The polymers
may be prepared in batch autoclaves, or as is more
common in industrial practice, in continuous stirred or
in tubular reactors. Small amounts of antioxidants or
other additives may be present during polymerization

20
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Samples B and C were dissolved in benzene solution
at a concentration of 5% weight by volume. They were
irradiated with U.V. light of wavelength 3,130 A. in a
quartz cell under vacuum using the apparatus de-
scribed above for various periods of time, after which
samples were removed and the molecular weights mea-
sured by viscosity, ebulliometry and gel permeation
chromatography (G.P.C.). There was no appreciable
change in molecular weight of the poly methyl metha-
crylate (sample C), but the copolymer (sample B)
showed a rapid change in molecular weight. Data ob-
tained are summarized in Table II. Based on these data
the quantum yield for chain breaking in the MMA-
MVK copolymer was 0.20.

Table 2

Summary of Molecular Weight Data on Degraded Poly-MVK-MMA Copolymer B

Experi-
Light absorbed Expen- mental
by polymer G.PC. data mental M
(einsteins per/ M, M, M, M, /M, M, (Ebullio-
gram} meter)
0 31800 66200 61200 208 66000 32,200
0.1 x 10™ 30400 59800 56000 1.97 59800
0.2 x 10~ 28000 55000 52050 1.94 55500
1.0 x 107 20200 40650 37700 2.01 40300 21,200
2.0 X 107 14800 31600 28200 2.13 30100 15,200
47 X 107 9450 17990 16400 1.91 20500 12,600

or added later. They may be processed in conventional
- molding, extruding, blow-molding or other fabrication
processes. They may be used as injection molded ob-
jects such as containers, or as extruded films or blown
bottles. They may also be employed as coatings for
wood, metal, paper and other substrates where protec-
tion from exterior environment is desired for only a
limited time. They are generally useful in other applica-
tions where the corresponding plastic homopolymers
or copolymers have heretofore been used, e.g. films,
fibres, moldings, extrusions, twines, plastic holders
such as cigar holders, cups, bottles, trays, foam goods,
etc.
EXAMPLE 1

Poly methyl methacrylate (MMA) and copolymers of
methyl methacrylate with methyl vinyl ketone were
prepared by free radical polymerization in sealed boro-
silicate glass tubes under vacuum using lauroy! perox-
ide as the initiator. The polymerizations were run at
60°C for 24 hours and the conversion was approxi-
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M determined in chloroform using relation
[m}=5.81 X 10 *M,0.79

EXAMPLE 2

The polymers of example 1 were pressed into films of
thickness 0.3 mm in a Carver Laboratory Press at a
temperature of 180°C and a pressure of 20,000 p.s.i.
The films were then exposed on a quartz plate in the ul-
traviolet light system and the rate of degradation mea-
sured as in example 1 by determining the molecular
weight before and after degradation. The results are
summarized below:

Quantum Yield for Chain Scission

Polymer Temp. 25°C 86°C
poly MMA (C) 105 107
MMA-MVK copolymer (B} 0.0065 0.12
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There was no appreciable change in the molecular
weight of the poly MMA at either temperature, but the
copolymer showed an appreciable rate of degradation
even at room temperature. EXAMPLE 3

Copolymers of styrene and methyl vinyl ketone were
prepared by the following procedure: Polymerizations
were carried out in 100 ml. flasks equipped with a glass
stopper and valve. After monomer, catalyst and 20 ml.
ethyl acetate solvent was charged the flask was flushed
with nitrogen and heated at 60°C for 36 hours. The
contents were then cooled, poured into 1,000 ml. of
methanol, filtered and washed with methanol several
times and dried in a circulating air oven. The results are
summarized in Table 3 below:

Table 3
. Wt
Wit Wt. Benzoyl
Sample Styrene MVK Peroxide Yield
A 180 g 0 26mg - 10.8%
B i8.1¢g 02g 10.6 mg - 14.3%
C 180¢g 10g 5.6 mg 8.3%

Molded test specimens were pressed from samples A
and B in a Carver Press at a temperature of 165°C and
a pressure of 20,000 p.s.i. The thickness of the speci-
mens was 1.2 mm.

Sections cut from these specimens were exposed for
a total of 65 hours in the U.V. lamp system described
previously. Sample A, pure polystyrene had an initial
number average molecular weight of 60,000 and after
irradiation it was 58,000. Sample B, containing MVK
decreased from 32,000 to 20,000 after irradiation. At
this point the polymer became quite brittle and frac-
tured when bent. .

Thinner films were then prepared by making 10% so-
lutions of the polymer in benzene, which were then
coated on mercury. After removal of the benzene and
drying in an air oven, films with thickness of approxi-
mately 0.2 mm were obtained. These were exposed in
the ultraviolet lamp system described above and the
quantum yield ¢ for chain scission determined by mea-
suring the amount of light absorbed and the molecular
weight before and after irradiation. These results are
shown in Table 4. '

Table 4
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methyl vinyl ketone. 1.0 grams of a copolymer of sty-
rene containing 5 wt. percent of phenyl vinyl ketone
was dissolved in benzene and irradiated for 1 hour in
the ultraviolet light source. The initial number average
molecular weight was 75,000 and after irradiation the
molecular weight was 21,500. Calculations based on
the amount of ultraviolet light absorbed indicated that
this amount of degradation corresponds to a quantum
yield of chain scission of 0.21. In a similar experiment
no change in molecular weight was observed with pure
polystyrene.

A 2 mil. film pressed from this copolymer was ex-
posed to the ultraviolet light of the sun for 2 months.
Although the original film was tough and flexible, after
this exposure it became friable and brittle and had bro-
ken into small pieces as a result of the action of wind
and rain.

EXAMPLE 5

A copolymer of methyl acrylate and methyl vinyl ke-
tone was prepared by the following procedure: 20 ml
of methyl acrylate monomer was placed in an ampule
with 0.33 gms of benzoyl peroxide and 20 ml of puri-
fied toluene. 0.6 gms of MVK monomer was added to
the mixture and the tube was degassed and sealed
under vacuum. The ampule was placed in an oven at
60°C overnight. 1 litre of methanol was placed in a 2-
litre beaker and cooled with dried ice. The viscous
polymer solution was slowly poured into the vigorously
stirred and cooled methanol. The precipitated polymer
was redissolved and reprecipitated three times to re-
move impurities. Before the last precipitation the poly-
mer solution was filtered through a pressure filter. The
polymer so obtained was freeze-dried from benzene at
0°C.

Weight of polymer was 9.3 gms. (47% yield)

Number average molecular weight 75,000 (by

G.P.C)
Preparation of Film:

Films were prepared by pouring a 15-20 percent so-
lution in ethyl acetate onto water and allowing the ethyl
acetate to evaporate. The film was lifted off the water
by lifting up the film holder previously placed below it.
The film was then dried in the vacuum oven at room
temperature for 24 hours. The film was exposed to
U.V. radiation between two quartz plates. Rapid photo-

Photolysis of Polystyrene-Methyl Vinyl Ketone Copolymers

Wt. of Film Time of Irra- _

Polymer Temp. (°C) (mg/em? diation (hrs) M, X 10~ ¢

Polystyrene 25 27 0 1.52 —
(A) 25 27 72 1.06 1.4 x10°*

1%MVK 25 16.4 0 1.03 —
Copolymer 25 16.4 23.0 0.92 10 X 107
(B) 90 16.4 21.75 054 100 x 107
100 16.4 24.0 0.24 680 X 1073
i 16.4 24.0 0.47 120 x 107°

5%MVK 25 72 0 0.60 —
Copolymer 25 72 72 0.32 2.0x%x 1074

C
EXAMPLE 4 degradation occurred with a quantum yield of 0.18.

Copolymers of styrene and phenyl vinyl ketone were 65

prepared by the same procedure as used in example 3
except that phenyl vinyl ketone was used in place of

EXAMPLE 6

AS percent copolymer of methyl vinyl ketone and
methyl acrylate was prepared by the procedure of ex-
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ample 5. The yield was 65 percent and molecular
weight 45,000 determined by viscometry in benzene
solution. 0.19934 gm of the polymer was dissolved in
23.5 m! benzene in a quartz cell. The molecular weight
of the polymer was determined after irradiation for var-
ious periods of time at 25°C. The results are summa-
rized below:

Irradiation Time M, ]
0 45,000
20 min. 40,000
20
50 min. 35,500
90 min. 28,000

A sample of poly methyl acrylate showed no change in
molecular weight under these conditions.

The relation between the quantum yield ¢ and the
rate of degradation for specimens of various thickness
is given in Table 5. These data are calculated assuming
a ketone abserption spectrum similar to that of diethyl
ketone and an average intensity of U.V. light of 1.14 X
1072 einsteins per square cm per year. This is estimated
to be the amount available in normal sunlight on a
. plane surface in Washington, D.C. in a normal year.
This will obvicusly change depending on geographic
location, but is sufficient to give an idea of the way in
which the degradation can be controlled.

Table 5
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ethylene prepared in example 1, but an infrared spec-
trum of a molded film showed an absorbance at 5.9u
characteristic of the ketone carbonyl. By calibration
with known ketone samples the amount of ketone car-
bonyl in the copolymer was estimated to be 1.0 per-
cent.

EXAMPLE 9

The procedure of example 7 was repeated excepting
only that 0.3 parts by weight of methyl vinyl ketone
(MVK) monomer was was charged. The yield of co-
polymer was 7.1 parts by weight and it contained 0.9
mole percent MVK in the copolymer.

EXAMPLE 10

The procedure of example 7 was repeated except
that 2 parts by weight of MVK monomer was added to
the benzene solution before charging the autoclave.
The yield of copolymer was 12.1 parts by weight and
infrared analysis indicated a composition of 6.7 mole
percent MVK in the copolymer.

EXAMPLE 11

The procedure of example 7 was repeated except
that 3 parts by weight of methyl isopropenyl ketone
(MIK) was added to the benzene solution. 11.3 parts of
copolymer was obtained containing 3.3 parts MIK
based on infrared analysis.

Time Required for 10 Chain Breaks per Polymer Molecule

(based on U.V. data Washingtbn D.C. average}

Thickness/ 100 mil S50 mil 10 mil

5 mil

mil

Quantum Yield 2 mm I mm 0.2 mm 0.1 mm 0.02 mm

$0=0.2 2 months 1 month 6  days 3 days 1 day

¢=0.1 4 months 2 months 12 days 6 days 1 day

¢ =0.02 20 months 10 months 2 months month 6 days

¢ =0.01 40 months 20 months 4  months 2 months 12 days
¢ =0.001 34 years 17 years 3.2 years [.6 years 3 months
¢ = 0.0001 30 months

EXAMPLE 7 (comparative) EXAMPLE 12

Polymers and copolymers of ethylene were prepared 45 The procedure of example 7 was repeated except

by the following general procedure:

A solution of 0.008 part by weight of di-tert.butyl
peroxide in 20 part by volume of benzene was charged
into a stainless steel autoclave of 100 volumes capacity
which had been purged for 3 minutes with a stream of
ethylene. The reactor was then closed and pressured to
20,000 p.s.i. with ethylene and the polymerization ef-
fected at 140°C for 2 hours. The reactor was then
cooled rapidly to room temperature and vented. The
polyethylene thereby obtained very closely resembled
the conventional high-pressure polyethylene having a
relatively low softening point and a high degree of flexi-
bility. The yield of polymer was 11.3 parts by weight of
polycthylene having a density of 0.921 g/cc.

EXAMPLE 8 (comparative)

A copolymer of ethylene and carbon monoxide was
prepared by the procedure of example 1 except that the
ethylene charged to the reactor contained 1.6 mole
percent of carbon monoxide. The yield of copolymer
was 9.2 parts by weight. The physical properties of the
polymer were substantially the same as that of the poly-
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that 1 part by weight of ethyl vinyl ketone (EVK) was
charged with the benzene solution of peroxide. The
yield of copolymer was 5.7 parts by weight and it con-
tained 2.2 mole percent EVK.

EXAMPLE 13

The procedure of example 7 was repeated except
that 1.2 parts of methyl isopropenyl ketone and 5 parts
of vinyl acetate monomer were charged in benzene so-
lution. The yield was 14.3 parts of a copolymer con-
taining 1.6 percent MIK and 20 percent vinyl acetate.

EXAMPLE 14

The ethylene interpolymers prepared in the previous
examples were molded into films in a Carver press at
a temperature of 165°C and a pressure of 25,000 p.s.i.
The resulting films ranged in thickness from 0.3 to 1
mm. Specimens were cut from the film which were then
irradiated in air at 25°C using 3,130 A. ultraviolet light
using the apparatus described previously. The quantum
yield for chain breaking was estimated from the change
in solution viscosity measured in tetralin at 100°C. The
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irradiation time required to embrittle the film sample
was also determined in the same apparatus. The results
of these tests are shown in the following table 6:

Table 6
Ketone Quantam . Irradia-
Com- Yield tion Time
Polymer for to Embrit-
sition Chain tlement
Breuking
/ pilysthiylenc G % 000} 1 week
K. ethylene - CO I % 0.025 6 days
9. ethylene - MVK 0.9% 0.12 24 hours
10. ethylene - MVK 6.7% 0.16 12 hours
11. ethylene - MIK 3.3% 0.11 18 hours
12. ethylene - EVK 2.2% 0.18 20 hours
13. ethylene -MIK - VA 1.6% 0.13 30 hours

Samples of the above films were exposed to ordinary

15

room illumination for six months without any evidence 20

of embrittlement.

EXAMPLE 15

The small samples of the films prepared in example
14 were exposed on the roof of a building in the city of .
Toronto for various periods of time. Samples 9 to 13-
became brittle in periods from 2 weeks to 2 months of
exterior exposure to summer sunlight. Sample 8 re-
quired 3 months and sample 7 required 6 months to
show signs of embrittlement.

What 1 claim as my invention is:

1. Copolymers of methyl methacrylate and an unsat-
urated ketone selected from the group consisting of
methylvinyl ketone, ethylvinyl ketone, propylvinyl ke-
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tone, isopropyl vinyl ketone, butylvinyl ketone, methyl
isopropenyl ketone, ethyl isopropenyl ketone and phe-
nyl vinyl ketone, and containing from 0.02 to 2 weight
per cent of ketone groups, said copolymers being
photodegradable upon exposure to ultra violet radia-
tion.

2. Copolymers according to claim 1 wherein the ke-
tone is methylvinyl ketone.
- 3. Copolymers of methylacrylate and unsaturated ke-

tone selected from the group consisting of methylvinyl

ketone, ethylvinyl ketone, propylvinyl ketone, iso-
propylvinyl ketone, butylvinyl ketone, methylisoprope-
nyl ketone, ethylisopropenyl ketone and phenylvinyl
ketone, and containing from 0.02 to 2 weight percent
of ketone groups, said copolymers being photodegrada-
ble upon exposure to ultraviolet radiation.

4. Copolymers according to claim 3 wherein the ke-
tone is methylvinyl ketone.

5. Copolymers of methyl methacrylate or methyl ac-
rylate, and an unsaturated ketone of formula

R/—C—C—R"
(@Ha )

where R’ represents a hydrogen atom or an alkyl group
having from 1-6 carbon atoms, and R'’ represents an
alkyl group, an alkenyl group or an aryl group, having
from 1-9 carbon atoms, said ‘copolymer containing
from 0-02 to 2 weight per cent of ketone groups, said
copolymers being photodegradable upon exposure to

ultraviolet radiation.

* ok ok % ok



