CHAPTER IT
THEORETICAL CONSIDERATION AND LITERATURE REVIEW

2;1 Introduction of Photodegradation

Sunlight was s : an important factor in
the deteriorative : wesat, ocesses which occur in

commercial polymgsi-i'E’ij reason r this are readily
understood. Th J | \ adiatien from the sun which

ultra-violet ( : ~ageut.-of approximately 200 nm,

deperding upon atmofphfricléonditichs.\ The energies of 700,400

and 300 nm photons apge app atedy 170, 300 and 290 kJ mol

e 7 and C-H honds are
iyely although they

neighbourhood ofEBr g o,stigptures. Thus it is

clear that the eneggy. « of the quantg, of the UV and possibly of the

ioite GHU) D PRI I E T armice

bonds and that the shorter ﬁavelenoths will be moreqﬁffec%1ve
awwaﬁmmummmaa

Of course it is not enough that sufficiently energetic
‘quanta are available. Chromophoric groups are necessary to
absorb the incident radiation. In polymers, these are usually
unsaturated structures such as carbonyl, ethylenic- or aromatic
groups. The absorption of energy and its transfer to the bond to
be broken may be described as photophysical aspect of
photodegradation. This is a very large subject in its own right

and beyond the scope of the present treatment, which will be




concerned only with the chemical processes which occur from the

time at which the initial bond scission occurs.

Because absorption of radiation is an essential first
step to phot.odegrédat.ion, strongly ahsorbed radiation will be

attenuated as it passes throug e polymer and reaction will be

cencentrated in the sur see 18l is for this reason that a
"skin effect” is fronuently rvedeameplot.o-initiated reactions
The fir ap i \\ adation is wusually
homolytic bhond Ry s. These radicals
will normally réhc C it n\.\\ sen present. In this

way, visible a akticularly effective

Polvmers have di t ent; photodegradative sensitivities of
UV light. at d op engths Arying sensitivities
i e~

result from diff he ricture. As shown in

Table 2.1, themmaxim s CIvity of m\reral polymers (as

determined by the Bond dissociatiéw energies) is in the range of

250 and 4ﬂ b4 Ehrdd B3N B AR 3, suntient is

51gn1f 1cant source of degradative enepgys; hence, study and

e o RN T RN 3 A% Eﬂsﬁ Elraused 1y

lldht. are of great practical 1mportance.
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Table 2.1 Wavelength of UV radiation (energy of a photon) at

which various polymers have maximum sensitivity [5].

Polymer NM Kcal/mol
Styrene-acrylonitrile copolymeri 290, 325 99,88
Polycarbonate {/ 7, }95,345 97,83
Polyethylene 200 96
Polystyrene — T 318 90
Polyvinyl chlorides™ | | 320 89
Polyester ,f’,e’i; ¥ 325 88
Vinyl chloride-vinyl ‘%@ﬁé{ ij

copolymer £ . é“'; 327,364 87,79
Polypropylene J//i f:f f:& # 370 r
pA Al
2.2 Photophysifal Processes ol £
Z X
The phy;ical processes involved_ in photodegradation

include absorption of 1light by the

material, electronic

excitatiow of | the molecules, and deactivation by radiative or
radiationless energy transitions, or by energy transfer to some
acceptor.’ Wheni the |Iifetime"of “the excited ‘state s sufficiently
long, thé species can participaté » in various chemical

transformations.

Phenomenologically, the absorption of 1light can be
described by Beer-Lambert’s law. The intensity of the incident
radiation (I_ ) will be only partly transmitted (I) through the
material ; the logarithm of the +transmittance (T=1/1_ ), is

proportional to the thickness of the layer (1) and to the




1"

concentration of the absorbing component (C) ;
A= -log T = log IO/I =£€1C (2.1)

where the proportionality factor is the absorption coefficient (£).

A (also known as the extin 1 E) is dimensionless ;3 i.e., when

1 is given in cm and , then the dimension of ¢ is

1nct10n—coeff101ent)

' The M \\\\

liter mol ' ¢

in an electronic
transition betw ne absorbing molecules 3

this absorbed e o the energy of a light

quantum:
(2.2)
where h is 'laa_'~ﬂf:-ﬂ'? t and is_ the frequency of the
absorbed light =%
(2.3)

£
ﬂuﬁﬁwaw%ﬂaqﬂi

where C 9lis the ve1001ty A is the wavelength and v’ is the

kst PPN L A K g

dlmemslons =6.62x10 erg sec, » C =3x10 cm sec

A cm,
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2.3' Photochemical Processes

The chemical porcesses of photodegradation include

isomerization, dissociation, and decomposition of a molecule.

An especially im of photodecomposition is the

_radiation-induced decompo eroxides formed during

: ) . ) . C—— k2l
polymer ox1datlony %s sufficient to cause

both of the followi

ROOH (2.4)

ROOH 370 Keal/mol)

(2.5)

30 Kcal/mol) (2.8)

e Py
J) T—— 1l

Because of low bond dissociation energy, decomposition according

to react,iﬂ ﬂﬁ%ﬂm’wﬂﬂ ﬂlﬁoxidation.
S R e

obsorb UV light readily, hence, excitation to singlet and triplet

states is easy. The excited carbonyl groups decompose via
Norrish reactions of types I, II and III. The Norrish-I reaction
is a radical cleavage of the bond between the carbonyl group and

the e —carbon atom ( & -scission), and is usually followed by

the formation of carbon monoxide:

? 0
~—CH,—C-—CHz—~-'i:>~—C][z—(!.+ -CHy—~ (2.7)

!

~—Cll,- +CO
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The Norrish-II reaction is a nonradical scission which occurs
through the formation of a six-membered cyclic intermediate.
Abstraction of a hydrogen from the §-carbon atom results ‘in
decomposition by A2 -scission to an olefin and an alcohol or

ketone. For example, in the case of polyethylene, a terminal

- BT R T S 0 0 0 e 0 e o \‘
e . - ) 7 (2.8)

The Norrish-II cal chain scisson;

however, it -hydrogen atom and

~leads to the fornma “li.i 9 . " aldehyde:

(2.9)

The activation Lions are different;

| i
:jE Norrish-II (Ea = 0.85 Kcal/mol) is higher at

e TP TR 2
2,4’5}‘?}&;1@3510(1‘3514 dNR1INYIaE

the probability

Polymer photooxidation is very similar to thermal
oxidation of polymers. Significant differences exist. with

respect. to the photochemical decomposition of the hydroperoxide

and carbonyl - groups, as well as with regard to the initiation

reaction. The formation of polymer radicals by scission of a

hv
RH—R-+H- (2.10)




14

C-H bond is a possible consequence of UV irradiation. The
probability of reaction (2.10) is higher than that of the direct
reaction between molecular oxygen and a polymer, although the
probabilit.y. of the lattef reaction may be increased due to UV

excitation.

Not only can t

oxygen as well. _There are

*0,) having dﬁ/‘

state. The lower

) #/’/n excited state, but the
t@xcited singlet oxygen

_f;\%above their ground

- g ‘;';«,, &
an energy excess s & nol\ 5\ the higher ( = g)» 37.5
Kcal/mol. Sing - '
O0_ ; although t

L e, it is possible in

the upper layers photolysis, which is
very rapid in the to the formation of
singlet oxygen. ' si ) ,',-',_;.' .orms_ easily in polluted
(urban) atmospheéres. This may ca .-..-—-: deterioration of

polymers in : e ¥xvéen can act as a

Quenching ﬁy? E i zl fsi-gsinglet oxygen.
Besides 1@@1 o) ﬂ : ;mrg ﬂ" :jn traction from a
TS Al ST o e
of qi e:] i E]e’sl in polymers.

RH+'0, ('Ax)—>R~+1101' (2.11)

~In photooxidation the sample thickness is even more
important than in thermal degradation. The extent of oxidation
mainly occurs in a very surface layer of the material. The

molecular weight of the polyolefins rapidly decreases during

photooxidation.
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Various chromophores originally present in the polymer,
accumulated during processing and storage, or added intentionally
to the polymer may have an important effect on photostability.
Metallic impurities, e.g., residues of Ziegler-Natta catalysts

or metallic traces originating from processing equipment, may

Therefore ;: ups.are capable of absorbing
(albeit very weal avelengths photochemically harmful
the hydroperoxide

groups are form i ; 753' '_a~c/or melt processing

of the polyolefi e, Bolla 2 utoox1dat10n mechanism
thus (61
Initiation

P-H (2.12)
Propagation .

ﬂummmwmm

W o, g ARG {2.13)
ammmmwnwmaa

PO; + P-H ————— m;H+p- ' (2.14)

Termination
o PO KO
2P0, g : (2.15)

» 2P0 +0,

018673
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On exposure to light, the hydroperoxides dissociate in
the excited state to give alkoxy and hydroxyl radicals thus

hy :
POOH ——— PO- + -OH (2.16)

The radicals PO+ and *OH ca\'fen start the free-radical chain

'--...__ 2 _,......--"'

2.5 Photod adab

%he residual materials

wY

after use [71. 'slarey 1 cordage and films,

packaging: films '1 - 5 Thus, sensitized
e e
photodegradation is ma&n&ﬁ&resﬁiiiizd.to the bulk plastics such

poly (v1ny1 ahIo

as poiyolefins?l

Y

VC)—and polystyrene.

Althoug&jmény“unstabi‘ ; 'v:f‘icéjguch as polypropylene
and polystyrene nghfhemselves ht—sen51t1ve, if ultraviolet

detenoraﬂ)rubﬂ 'gn%lﬁj ﬁp% urd) fs| %fy}%le then it is

important £6 be able to coq}rol and, 1ndeed mon1t3£ithls effect.

. G B SO T B G 2

use of specially prepared photosensitive plastics, and the other,
appropiate selection of photoactive additives which are

incorporated in the commercial plastic during processing.

.2.5.1 Photosensitive Plastics

One effective method of preparing photosehsitive

plastics is to copolymerize the monomer with variable amounts of
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carbon monoxide or a vinyl ketone monomer. The plastics will
degrade when exposed to outdoor sunlight but will remain intact
if kept indoofs, i.e., behind window glass. This is because the
ketonic groups introduced into the plastics do not absorb 1light
of wavelengths greater than about 330 nm which is the cut-off
1 y\ -of-doors, where the 1light
th 4 290-330 nm, the same

__d

point for soda glass.

also contains radiati

' ivéa

ketonic groups aw n@iate degradation - of
polymer by the Fra \ \u@s. Control of

the concentration of

photodegradation

carbon monoxide g

e terephthalate) has

been prepared ~-diester  such as
dimethyl- ¥ -ketopime at.é‘_%i“féﬁl‘ﬁ' ire . The polyester degrades .

by a Nonﬂhwrﬁjr fjﬂﬁeﬂ W%\}%lm ﬂﬁl succinate of

structure KE), the diest.er;‘ did not produce a photodegradable
2 F-

RIS T TR Y

direckly cause scission polymer

~r

A recent modification of the above processes
involves the int.roduct,ic_m of photosensitive carbonyl groups into

. the polymer backbone by a photooximation proceSs. Polyethylene,
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for example, is treated with nitrosyl chloride (NOC1) and
hydrogen chloride gases. During the treatment process, the
polymer is irradiated with visible light (wavelengths > 400 nm).
This process generates nitroxyl and chlorine radicals by the

following process

NOC1 (2.17)
The photooximation ¢ then follows a non-chain radical
mechanism to give g

Cle + P-1 (2.18)

P- + Nod JE 28 pyo| (2.19)

123

.A:Rf”u ';

The presence. of HC1 ediate nitroso derivative to

isomerize to the oxi bion as the hydrochloride.

$2.20%

ﬂuﬂQWﬂﬂ§WEﬂﬂi
T“"’iﬁﬁ‘“’i ﬁ%ﬂﬁmﬁﬁ?ﬁm <1 i

" +I0H, OH OH O
H;0 | | ‘ [ I
~CHy—Cg G e B A C T ok SR ol
I (t)
., NOH NH,0 +NH,OH

Another process involves the grafting of
diazoacetophenpnes onto an ethylene-vinyl alcohol copolymer to
give a photodegradable polyethylene. During irradiation, and

intramolecular hydrogen-abstraction process gives rise to free
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alkyl aryl ketone (acetophenone) and in-chain ketone groups.

H
! 2
] k .
~GH,—C—CHy ~ =0 o e C—CH, ~ s C,H,CCH, + ~CH,—C—CH,~ " (2.29)
l / I |
(l) O : o} o)
CH, (': s
|
C=0
|
C M,
is then believed to
occur predomina and II processes
involving the e free alkyl aryl
ketone may also sen§i v\}on of the polymer by
a hydrogen atom i i eSS, w_ o a much lesser extent
than the "in-chai

hotosensitizers or

A Photosensitizer usually has a high absorption
o (¥}

cttsioff 34 DARAGH HAR oo s

into free radicals and 1n1t‘ates degradatlon or ox1dat10n of the
AR TN M SRS 9 F phoer o
to oxggen). A good sensitizer should be easily admixed with the

polymer and must not decompose thermally or in the dark.
Carbonyl compounds

A wide range of derivatives of aromatic aldehydes,
ketones and quinones effectively sensitize the photodegradation
of plastics. The most effectively studied group of compounds is

benzophenone and its derivatives. These compounds sensitize,
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through a primary photochemical process of hydrogen atom
abstract.ion from the polymer involving the photoexcited triplet

state of the carbonyl group.

Intersystem crossing, ise (g;y, = 1)

¢2C=é - kcl:-n:licul (2.24)

=0 25 '4.C0 — 2$,C=0 (2.23)

:1so. very ' effective
photosensitizers f the most extensively

studied aromatic When photolysed ihis

compound gives: ben; icals by the Followifs mechanism.

Aud? &rw ne %’w’ﬁﬁ”ﬁ i
RN iﬂé AN Y o

ébstract hydrogen atoms from the polymer. The high photochemical

(2.25)

‘activity of aromatic diketones has led to their use as

photosensitizers for photopolymerization and photografting

processes.

Aromatic  carbonyl compounds have also been
introduced into polyolefins as photosensitizers by an indirect

process.  Aromatic dienes such as 1,6-diphenyl-1,3,5-hexatriene
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have been formed to give benzaldehyde and cinnamic aldehyde

during photoo:éidat.ion by the following process

¢ H
R
C
7
H—C
|
H—C
VCZEZ20)
C—H
|
C—H
e B
¢
H—C
initially by
quenching of the nY 55 state of the diene by

ground state molecular

_ ‘t ,

excited state & biradical character, thm biradical abstracts

hydrogen Ej.:om th!' 5 er Ml%f pj fl% For example,
the addi uﬁﬂ S ﬂti photodegradation

of polylsoprene solutlonsf The sensibizing effedt’/ is drastic

oo} AR Y

enzophenone: their

Transition - metal compounds

Apart from the carbonyl-based photose_nsitizers,
coot,ain types of transition-metal complexes and salts have also
been found to be effective as photosensitizers for plastics. of
the transition-metal salts, the ‘chlorides have been widely

studied as phot.osensitizérs The effect ~ of different

mnuanmo mmnn Vl!lll’ ns
‘ﬂ'llﬂﬂlﬂluﬂ'l? ﬂ!ﬂhl
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transition-metal halides on the rate of photooxidation of

polypropylene is shown in Figure 2.1.

100

Hm)

AL DENSITY( 581
M

Fig. 2.1 Effect§ celerated ultraviolet

degradation GEpOLypre e as indicated by carbonyl

o

formation C6 M7 A T

|{

that only the -

transition-meta 1[ salts are photosensitizers. Ferric chloride,

e USRS -
RIANTUAMINGIRY-

F'eCl:3 FE Rt o _»FeCl2 4 CLy (2.27)

The chlorine radicals may then abstract hydrogen
atoms from the polymef' substrate to give hydrogen chloride and a

macroradical center.

B b Dol i SHIOY P8  (2.28)
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Of the many transition-metal complexes, iron
complexes are particularly favoured because of their cheapness
and low toxicity. Ferric stearate has been intensively studied
and is believed‘ to sensitize by first absorbing 1light, then

undergoing electron transfer to give a carboxylic acid free
”rboxylates to give an alkyl
@t ion.

(Z29)

radical. This species

radica,l; which initi

containing c¢ e.g. , nitroso and aromatic amino
compounds, deco | Té hen excited by UV light. For
example, 2-chlo found to radicals

sensitized photodeg oprene even more effectively

than anthraquinone _ are also active sensitizers,

e.g., trichllg de. e disuifides, like peroxides,
, 3\

photodecompose ™

degradation pro€ess. Dyes can also be app

ied for sensitizing

e RN T
“ARTERA SN Ing 4
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2.6 Literature Review

There are many reports investigating the degradation of
polymers in different ways. Some reports have investigated the
changes in artificial weathering and natural weathering with

and/or without 1ntrodu01n§£tn£2fosens1t1zers into the polymer.

The physical and chemghk} f photodegradable plastlcs

were observed. So ‘W“ wife ed as follow.

Torlka/ ‘[ ]”\ %photodegradatlon of
ifds o ked

polyethylene.

ethylene films with

Sample Commercial name Density Melt index

UHINENITWUART | wronm

’iW’ AERINNINBNGE -

Hizex 5100B (HD) 0.945 0.25
111 Neozex 4060B (MD) 0.945 7
v Neozex 2015H (1LD) 0.922. 1.2

Oxygenated products build-up such as carbonyl and
hydroperoxide was more favoured in LLDPE and the rate of

formation increased in the reverse order of polymef density. A
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similar trend was seen in gel formation. Measurements of
elongation at break (%) showed that the embrittled time of
photo-irradiated PE increased with the decrease of polymer
density (see Figure 2.2). Elongation at break of annealed HDPE

was very small both before and after photo-irradiation. The

samples were compared with

ﬁ that the photostability
...-J

LLDPE because of the

experimental results on \
those of quenched sar
of Quenched LLDPE™
density (or crysta size of PE play important

roles in determini

"/o )

reQ!
r?gi i
E| )

aff';’i

s 2

AMUNTNYINT
1,_ wrmma

N
o
o

Q) mngalion at B

2)
=3
- ) |

.é.i

o

Irraciation Timz ( hr )

Fig. 2.2. Changes in elongation at break (%) with irradiation
time of PE samples photo-irradiated in air -at 30°C:
sample I(0), II(8),III(0), and IV(e) [7].
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Andrady [8] studied weathering of polyethylene (LDPE)
and enhanched photodegradable polyethylene in the  marine
environment. The outdoor weathering of bolyethylene homopolymer
and enhanced polyethylene (1% CO copolymer) under exposure in air

and in sea water were studied Photooxidative degradation of
polyethylene films as L i y changes in the tensile
properties, particulsz . &te extension was markedly
lower when the ors, floating in sea
water, compared M )

The slower rates

as shown in Figure 2.3.
er were possibly due to

the samples bei hed ely lower temperature.

The en todegradabl hylene was found to

undergo rapid los imate tensi xtension, even where the
P o =7t

samples were expo AFloat i in water. The rate of

degradation marginally-“sgﬁé’x-"‘ >a. water than in air, but the

B%ﬂ&ﬂ@ﬂﬂ’]ﬂ‘i gk
INFUNAIINYIN Y

200 1 ®

it
AR

Méan Ullimamngaum

AIR

o T T
0 5 10 15

Duration of Exposure {months}

Fig. 2.3. The variation in the mean ultimate elongation of

polyethylene samples with the duration of exposure

£81.
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Li and Guillet [91 studied the photochemistry of
ethylene copolymers with carbon monoxide (COY, methyl vinyl
ketone (MVK), and methyl isopropenyl ketone (MIPK) in solid
films, the thickness of films was 0.10-0.15 mm. Infrared evidence
is presented to show that a variet.y of unexpected ketone

polymers as a result of

structures is presented
1,5-hydrogen transfer o via a six-membered ring
during free radica uverall quantum yield
for carbonyl disappe from 074 Ea20% 2470

0.26 in the serj _ ' ' WPE -2% MIVK  which

Norrish type I prgte he Cive ketone structures. 1In

sroups located in side
chains of pol;et}wlune' : hefically much more reactive.
Ketone ffroups a~polymer, as in the

i€} photodegradation

1% CO copoly |f
primarily becausqj;f

Ketone groups bon as a side c in to the polymer backbone are

oo RAEEPHD W T G

via the Norfish type I reacta.on Studles of the Gasagus preducts

o RTN G Y WA G M 0 o

three ases carbon monoxide is the major product (46-65% of the

chq}}\ scission process.

total). Acetaldehyde and methane, expected from the Norrish
type I reaction, are major products only for the MVK and MIPK

copolymers.

Czekej [10] examined the activity of Schiff’s bases of
cinnamic  aldehyde and aromatic amines in the controlled

photodegradation of polyethylene. N-cinnamylidene anilines
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containing different substituents in the amine ring (methyl
group, halogen, or amine group) and N-cinnamylidene £ -naphthyl
amine were sensitized arid introduced into the polyethylene films
by compression molding or extrusion, and they were exposed to the
filtered UV 1light produced by mercury lamp. The changes in
molecular weight, tensile strength, and characteristic IR

absorptions were followédx»_ ' #rradiation to control the
0

processes undergoing '!’ntg the po
that N—c1nnamy11$e‘gg_,en111n s c_phtai;gn_g methyl or halogen
a ne o< -paphthyl amine accelerated

ilms. It was discovered

substituents an

the photodegradati 1e_ne, Their sensitizing activity

: fai = 2SN
increased when ures= of \ Schiff ’s bases and stannous

laurate were intr PO yiler. PE films cont.ainlng

A
these additives

artificial UV 1ligh

exposure to the natml_sun@ in the medium geographic

=

_r.a-";/-_ll;:;" ::.I;‘ :’ -
latitudes. ey, JM‘*—

>

Taylor j and Tobias I studied accelerated

photo-oxidation oi;. polyethylene. A number of addltlves observed

to promoﬁ ‘ﬂﬁ 63 %%}%Wﬂ ’?' ﬁp‘%’flms has been

evaluated “/with respect sjc.o their relative phot.01n1t.1at1ng
TN ITE AR TIN Y YR - o
nature of the additive, the photo-oxidation process may display

autoretarding or autoaccelerating behaviour.

Gonzalez and DeSaja [12] studied a durability index in
the weat.herihg of LDPE films. Degradation resulting from
weathering in LDPE films used in agricultural applications was
investigated by a series of mechanical and spectroscopic

characterization techniques. An  easy, sensitive and
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nondestructive test, Dbased on conventional microhardness
measurement, was presented and found that this technique can give
very significant information on the durability of the LDPE films.
Apart from the initial scission of LDPE chain and in the later
exposure stage éonsidered, probably simultaneously with the chain

scissions,

S pnk phenomenon, with a three

y e reason for the increase

the properties of the

he weather-induced

‘desradation of LLD 5und that & ¢ acteristic feature

of the ultimate meghanfic rtie \ ir sensitivity to

the presence of * f1fivg in ddic- hulks £ materials. Which

. facilitated the usé o i i ies in the detection of.

sites. " Dimensionless

tensile streng *"' nt, elofigabiongef 1EDPE were studied

' )55 in both of these
properties soon the 3 @on’rhs of exposure

almost 50%4 of the v elue of these PLop erties was loss.

‘ﬂua’mamwmm

Rabifl et al C141. exalé;ned the effcct, of UV llght on the
meuhaaw ’Tﬂ‘ﬁﬂ 3‘ M%ﬁ WEJ &alﬁ films.

been observed that photochemical degradation of
polyethylene does not occur uniformly across the thickness of the
material; a gradient of degraded material seems to exist. The
damage is localized within a few micrometers of the surface and
decreased quickly with depth. Such a gradient gives rise to
internal stresses. In addition, the spherulitic bound.aries;
characterized by a high concentration of surface irregularities

(including chromophores), result in weak center formation. These
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defects eventually lead to stress concentration and microcracks.

A schematic representation of the phenomenon is shown in Figure

2.4.

bR
B e
STRESS e S

1 FRALTURE 5
PATH SRR L

FELEL

Fig. 2.4. equent effects of

ress on the formation

notodes fadation of the

ethylene-carbon = m r. Four different

y
polymers, cont.alr}‘;ng nominal 0 0.5, 1.0, and 1.5% carbon

monoxide ﬁ uﬁ} CJJ% E\J%ﬁﬂw Efa ﬁﬁ polymers were

tested éutdoor weatherlng and accelerated weathering.

=% u/ :
oﬂdﬁ gﬁpﬂzm r wwiv?ﬂegjoﬁr ﬂpropertles
and qnel index t w ound that photo 'gradabl ity increases

w1th the increase of carbon monoxide concentration in both cases.

vKapko [16] studied the sensitizing role of two-component
system consisting of N,NI,N”' -triphenylguanidine (TPG) .and metal
laurates in LDPE films. The first step made fast selection of
the optimal sensitizer concentration possible. In the second

step, changes of moleculér weight and ténsile strength of PE were
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determined. The tensile strength decrease (in %) was almost

proportional to the deterioration of PE, caused by irradiation.
Guillet and Troth [17]1 claimed in the patent related to

photodegradable polymer masterbatches Pdlymer compositions

photodegradable upon o_e re ﬁadlat.ion comprise a blend

1ymer containing about

where R represen alkyl group, an R

represents an alkyol alkaryl, alkenyl or aryl group, having f rom

1 to 9 ﬁxﬂﬁt%%WWﬂ ﬂTﬂﬁene monomer  of

general fofmula

’Q‘W’WMﬂ‘iﬂJﬁJ‘l&ﬂ‘ﬂMﬂﬁl

CH,—c

“where R represents hydrogen, halogen or an alkyl group, and z. is
a functional group such as aryl, substituted aryl, carboxylic
acid, lower alkyl carboxylate, lower alkyl, lower alkenyl,
hydrogen, halogen, nitrile, lower acryloxy, lower alkoxy or

amido. The copolymer thus contain the structural unit
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which is responsib 111ty on exposure to UV

radiation

Bailey e patent related to
photoreactive articles degradable
ultraviolet radi _ , helr manufacture A
photoreactive plastia .comp Jion sradable by UV radiation,
said composition i ng S ly of a photodegradable
polymer having unifor_ d therein about 0.01-10% by

is also provided a

-
process for| “flie pre lotoreactive plastic
' plastic capositions are useful
for making plas#l& articles, mrtlcularly plastic packaglng

et YH TNUNINEING

T}%‘lcal of the ;photosenmuzers are ali phatlc and

) B8] TR D) BRIRGE) ot

benzaphenone, benzoin, and anthrone. Also useful as

photosensitizer are quinones, peroxides and hydroperoxides.
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