CHAPTER 2

THEORETICAL CONSIDERATION AND LITERATURE REVIEW

Polyethylene
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density polyethylene (HDPE) includes polymers made with
Phillips or Ziegler-type catalysts: homolymer of densities 0.960-0.970 g/cm3,

including so called high molecular weight polyethylene (HMW-PE), and O~
olefin copolymers of densities 0.940-0.958 g/cm?.



Ultra high molecular weight polyethylenes are special polymers with a
molecular weight nearly ten times that of the HMW-PE products; they are
essentially unbranched and require special and fabrication techniques.

1. Production

The polymerization of ethylene can be released by radical initiators
at high pressure as well as by organometallic coordination catalysts. The
ied ngsolution or in bulk. For pressures
above 100 MPa, ethylene i ‘\\“ , / Both low and high nl:ﬂlecula.r
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pu]ye.lhylcnﬂ., which lead to its widespread use, may be summarized as follows:
low cost, easy processability, excellent electrical insulation and chemical
resistance, toughness and flexibility even at low temperatures, reasonable clarity
of the films, free from odor and toxicity, and sufficiently low water vapor
permeability for many packaging.



The limitations of polyethylene are the susceptibility of low
molecular weight grades to environmental stress cracking, the low softening
point, the susceptibility to oxidation (however polyethylene is better in this
respect than many other polymers), the opacity of the material in bulk, the wax-
like appearance, the poor scratch resistance, the lack of rigidity (a limitation in
some applications but a virtue in others), the low tensile strength and the high
gas permeability. For many purposes these limitations are not serious whilst in

additives processing conditions and

after treatment can help - " ¥ &

Starch is one of 4 7 "-"alsmmewoﬂd-ni“
ntaining carbon, hydrogen,

and oxygen. The latt . 2 ’1 are € \n allyin the same retail as they
exist in water, two atQms ydrogen 10, one bf oxygen, hence the name
carbohydrates, or hyd ff ofi on. . Ca ydrates are classified as
monosaccharides ihrides’~ fdisacchatides, and  polysaccharides.
Polysaccharides, very numieratss do ol hiave the sweet taste of the other
carbohydrates, « high molecular complexity. On
hydrolysis, a polysa nofecules of monosaccharide
sugars. Starch, cellul; i'?
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ranged from 5 to 35 pum. The largest are usually ally 25 to 35 pm and the smallest
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1. Chemistry of Starch
Starch is composed of carbon, hydrogen and oxygen in the ratio of
6:10:5 as an empirical formula of CgH;oOs placing in the class of
carbohydrate. It is a condensation polymer of glucose. The glucose units in the
starch are present as anhydroglucose units being formed as if a molecule of
water is removed during a step polymerization. The linkage of one glucose to



another through the C-1 oxygen is normally known as a glucoside bond. The
glucoside linkage is an acetal, stable under alkaline conditions and hydrolyzable
under acid conditions. The hydroxyl groups can react to form ethers and can be
oxidized to aldehyde, ketone, and carboxyl groups (Brautechet, 1953).

2. Molecular Structure

Most starch consists of a mixture of two polysaccharide types:
m amylopectin, a highly branched
/starChy fractions in particular starch are
14 Wit starch.

amylose, an essentially linear
polymer. The relative amounts
the major factor in dete ]

Figure 2.1 Branch structure of amylo@cﬁn and chemical configuration
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glucopymnasﬂ" form. This means that the glucose is arranged in the form of a
six-membered ring in such a way that the hydroxyl group on carbon atom 1 is
on the same side of the ring as the hydroxyl group on carbon atom 2.

Starch molecules have a multitude of hydroxyl groups, which impart
hydrophilic, or water loving, properties to the starch. In the addition to their
affinity for water, these hydroxyl groups also trend to attract each other, forming



hydrogen bonds. Since amylose is a linear polymer containing hydroxyl groups,
its shows special properties when sufficient interchain hydrogen bonds are
formed, the individual amylose molecules are associated to form molecular
aggregates with reduced hydration capacity and lower solubility.

Amylopectin has a highly branched structure consisting of short
linear amylose chains connected to each other by alpha-1,6-linkages (Figure
isp in water because of the association of

nt years to define terms
such as "degradatio i \ _context of environmental
applications. This haggProyfcd © be suwpri difficult; while several sets of
such definitions are a u‘l “be Jess general than might be
expected from a chemicdl s& g o review these definitions,
some reached by a consé ring the last few years.

Degradation is a

 ehemical structure of a plastic, involving
a deleterious change
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Degradable f . 1 .: “undergo bond scission in
the backbone of a polymer through chemical, biological and/or physical forces
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mechani$m of degradation is through tion isms such as
bacteria, fungi algae, yeast.

Photodegradable plastics - those degradable plastics where the primary
mechanism of degradation is through the action of sunlight.




Biodegradation - The capability of being chemically transformed by the
action of biological enzymes or microorganisms into products which they are
capable of further biodegradation.

Photodegradation - The absorption of high energy radiation in the ultra-
violet portion of the (light) spectrum, which activates the (plastics) electrons to
higher activity and causes oxidation, cleavage and other degradative reactions.
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the biodegradable component is able to biodegrade preferentially, yielding, at
least in theory, a void-filled matrix of the nonbiodegradable polymer which is
mechanically weak and amenable to deterioration. In these systems the synthetic
polymer component is not biodegraded but disintegrated as a result of biological
activity.
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Under field exposure, environmental disintegration proceeds via several
concurrent mechanisms such as photodegradation, biodegradation, hydrolysis,
and thermooxidation. However, it is often possible to identify a single
predominant mechanism which brings about the disintegration. These are
particularly true in the case of enhanced degradable polymers where the
polymer, the compound, or both, has been chemically designed to accelerate the
disintegration process. Even with compositions such as polyethylene-starch
blends containing metal compound pfceaxidants, concurrent photooxidation and

biotic environment,

| naterial is Ecostar, sold by St
Lawrence Starch Compa ot this produely regular corn starch is treated with
a silane coupling agent to n_ysﬁf ompatible with hydrophobic polymer, and
“normal 10- erscontent. It is then mixed

with an unsaturated, 14T Or Tafty acid auloOXidaNELo: ;‘ a masterbatch which is
lymer .Thepolynmcanﬂmnbe

processed by conven onal methods, mx:ludmg film blowing, blow molding or
injection molmm m must be kept below
230°C to avo mm W f the masterbatch to
air must be nmum::wd to avoid water absorption. Direct ad@mn of the starch

and au l Wy W this requires
some spéci equipment, it is only practical for volumes.

Degradation of the polymer proceeds by two mechanisms . While the
starch is consumed by microorganisms, the autooxidant interacts with transition
metal complexes present in soil or in water to produce peroxides, which attack
the synthetic polymer chains. This oxidation is enhanced by weakening of the
polymer matrix and increased surface area caused by consumption of the starch
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component. Final degradation of the fragmented polymer backbone relies on
microorganisms. Apart from material composition, the rate of degradation
depends on factors such as temperature, pH, moisture level, the presence and
types of microorganisms and metal salts, product surface area, and thickness
(Hocking, 1992).

Amylase and widespread character among
the anaerobic bacteria, and U _aclivity would be expected when
aerobic bacteria and fu may limit bacterial attack on
polymer blends. First, b z firmly attached to the solid
phase of terrestrial ile movement from an
attachment site to adje Pungi were major colonizers
of plant debris buried i \for decay of above ground
cellulosic materials. Sifice Plafit debris and plastics are mainly water insoluble, it

e fungi-should be the primary

colonizer of insoluble plasfics{ astics are buried in soil or remain
above ground (Boddy, 19133;}1a SeL0 un and Gould (1989) found that
bacteria they tasled:;hdmtamh ; »lastic films. Since the

attachment of cells| H insolubie” substraies precedesy | bstrate decay, in most
cases the failure to would | 1 ll The results obtained by
Imam and Gould are nut t)rpu:a], since numerous mvmtl,gators have reported

to algae to plastic

 baciend té rs of pores. Hattori
(1981) showed that when pore digmeters werg.in the range gf 100 to 200 pm,
o /4 M) S 940 8 e v i
colonized! Internal pore diameters of films have ranged between 5-25 pm. In
general, smaller pores should present a greater impediment to bacterial invasion
and therefore one would expect a higher percentage of vacant piled in
polysaccharide-plastic blends than Hattori observed. kohlmeyer (1980) indicated
that aerobic marine bacteria attacked cellophane films mainly from the surface
and that cellulose diffusion into the films did not occur readily. He (1969) had
previously reported that bacterial attack on wood in the deep sea was seen only
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on the wood surface even though wood is a naturally porous material. Fourth,
most soil bacteria produce exopolysaccharides that would clog pores even when
successful invasion occurred. Clogging would greatly reduce the degradation
potential of the colonizing organism by limiting diffusion of nutrients enzymes
and degradation products within the pore.

odicts to fungus

For the '—*” —Gied o 3 1 of degrading microbes
into starch-plastic E]@ is der 1 iheore ca]ly improbable. Since

starch removal does ocgur when the ﬁlms are huned in soil, the primary

mechanism m mlm d. pore, diffusion
of the cmm m products back to the
surface where they are metabolized’ (Figure 2.1, This mechanism would be the
iy o R T o R 10 )b o G
at diametérs < 0.5 pm). An alternative mechanism could be diffusion ﬂf a
water-soluble starch to the film surface, at which point degradation would occur.
None of the materials losses of starch even when soaked in water for extended
periods with microbial inhibitors present. Therefore, diffusion of amylase to the
substrate rather than diffusion of the substrate to the film surface is the more
likely mechanism.
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The scheme proposed above requires microbial colonization of the
material and excludes degradation by amylases and cellulases that are present in
soils (Pancholy and Rice, 1973), but are not newly synthesized or associated
with microbial cells. Active polysaccharide hydrolases are found in nearly all
soils, but these enzymes are primarily bound to soil organic matter or mineral
components; attachment is firm enough to severely limit migration of the
enzymes from surrounding soil to the film.

A common fe d non-intrusive mechanisms of
attack is that decay can De.amits surface, a conclusion from
which three correlaries ay rate ultimately depends on

the percentage of surf: idable material; [2] Among
materials of the sa afipelifida, the o rable sites per unit area
depends on the dimeg i€ able\c and [3] decay will not
occur if the dimensiongfo(fthe i "" \ble component are so small that neither
microbial intrusion nor agyldse di theé material can take place.

depending L production method of the
manufactured malp’ga]. Sm ﬁII& iffusional path area, the
bl‘l‘laﬂﬁl‘pﬂrﬂbc&n i ity luwﬁﬁnmﬂmuﬂmorm

LLELQM &lm fioihe ek, inward, channels are

created through which amylase swould diffuse inward and, digestion products
ol 0 68 P USRS B O e o v
where donstrictions occur (arrows), and these sites would confrol enzyme and
product flux through the entire channel. In contrast, the degraded material (B)
does not have the severe constrictions in channels. Therefore, material A would
likely be more repulsely degraded than material C, even though the percentage
composition of A and C is identical. In such cases, the decay rate is not
governed by the average pore size, but by the minimum porous than the surface
and smaller surface pores would further hinder product release from the film
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interior. Bottlenecks (arrow, Figure 2.2) may also have a localized effect on
concentrations on the "upstream" side of the path, there may be some
compensation for the smaller path dimensions and the influence of path
restrictions can be reduced. It should be evident from such considerations that
predicting the decay rate of these materials requires more than information about
the volumetric composition of blends.

A undegraded

Figure 2.3 Influence of ihinit gidc o diffus) aths in starch-plastic

| ['starch and plastic (not
and D: after starch removal.

ans that would control

laminates conty
to scale). A and

The ph}r-ucal .pmpcﬂm, du:ahmty and ease of processing of plastics

can be improv are several potential
impacts  of ﬂ%ﬂaﬁomﬂmm'ﬁ dability of plastic-
polysaccharide blends. The majority of commaonly used additiyes are metal salts
o LA R A, i b E A My of
organics fh this group are biodegradable, but are sufficiently toxic to inhibit
microbial growth in culture at concentrations in the parts per thousand range.
There compounds are weak inhibitors compared to antibiotics that are effective
at parts per million concentrations and inhibition of microbial activity is an
inadvertent secondary effect, not the primary reason for their inclusion in
plastics. If there compounds migrate to the plastic surface during processing or
are deliberately applied to the surface (lubricants, for example), concentrations
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may be high enough to prevent microbial growth on the material and thereby
retard degradation of an otherwise biodegradable material. Where inhibitors are
deliberately added to minimize marine fouling, the best control is achieved with
additives that diffuse to the plastic surface and then dissipate into the
surrounding water. An inhibitory surface concentration is maintained by
continuos diffusion, but biocontrol is eventually lost upon exhaustion of the
inhibitor (Bowden and Taylor, 1980). If one applies this concept to
polysaccharide-plastic blends, then o uld expect temporary inhibition of
decay if the additive migrates, buf thext be less effect if the additive has
o iastie; W ibition does occur, microbial

/ented. There in virtually no
*u between the plastic and
ends and this area appears to be a
J:‘ ‘g@‘\ bility based on material
\n [ additives will be a simple

0! example, starch loss from

degradation would be Jelayeds
published work in ﬂ'jr:.
polysaccharide compone
critical deficiency in
composition. It seemsglik
means of controlling 1t

LDPE-comstarch film$ is £ouf le im 120 days of soil contact when starch
connectivity exists, but X 4s too rapid when the films are used as
agricultural mulches with # m esidence time of 180 to 300 days. In this

case, use of an ml'ub:tur}r but giff - addiive would increase the useful life of

A
biat~ mhibitors, cannot readily

migrate fmm ﬁ‘]’gl and avmdmg these compotinds is recommended. For
A mmwm o o e
starch-plastic tEI: indicates that use of

carbon black sulvcnta added with it is nohcompauble w a biodegradable

—QTARARETA] AT Y g P -
dcgrada n of starch-plastic nds since ve shown to be

solubilized by soil bacteria (Cole, 1979) and to inhibit starch degradation in soil
(Michel, 1990).
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In order to understand some of the areas of application for degradable
plastics, it is useful to examine the current end users for plastics in general, and
to follow the way in which they end up in the waste stream. This helps to
illustrate the most suitable end uses for degradable plastics and areas in which
they could be used to substitute for conventional plastics.

cs is in excess of 100 million

of plastics in recent years has
snvirommentalists and indeed the plastics
“post-consumer waste and the

tones per year. The rapid. geowil

led to concerns from COpSUamers
industry regarding the ef
greater use of (and depe

The emphasis #owAs Sy , unnecessary use of plastics and
on developing methods gof Very. eycling. Alongside and compatible
with these, much work isfbaing ca out nio different methods of reducing

the environmental impaef of “doing this could be by the use

of degradable plastics.

1. Agric ural and Hc Apj 14

\j’ growth of plants by

creasing soil temperatures.

lication for many years

ssive heat build-up.
‘ ] & SCAL L stem and on outer

leaves. (hnmqﬂénﬂy,dmrsawedfmsprgnnganonuwgﬂmtypcbuf
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A further problem is the high cost of disposal of the plastic after use.
Mulch films are generally used over wide areas, making collection difficult and
expensive, and the recovered film requires cleaning if it is to be recycled. The
result is that the recycling of agricultural plastics of this type is generally not
visible, on both economic and technical grounds.

Plastic b ,
conserving moisture,
Thmblackpnlyeihylcnaﬁlm hasbecnuwdmﬂm
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These problems led to the development of degradable mulch films,
which offer significant advantages: there are no additional costs for recovery and
disposal of the plastic, the temperature under the surface of such products is 6-7
OC lower than that of black PE film resulting in improved root development,
and water requirements are reduced, i.e. there is no need for spray irrigation, an
important point in areas of limited water supply.

The plastic photodag ulting in the formation of small
fragments of polymer film which are plotighed into the soil after harvest of the
crop. It is claimed that these Small fragmontS ase then subject to biodegradation

exposure times for diffey : . & grade when the crop has
grown), must not affé Preparaii st the wexticrop, and must not release
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2. Packing ‘f;ff:‘j:ﬂ_: ‘
The packing i i fepresents @ipotentially large area of application
for degradable plastics, with s over litter and solid waste.
The majority of pmﬁ packagi f 1o recover, particularly in
the case of food & "—'-.'% """" '_ jal is often contaminated.
Although there are .ID]II . : ifor the recovery of plastic
boules:lmnﬁcnum?nﬂnuctumlknctfmdp ing waste, making this a

eradablerpacka gy tance where plastics
! T
are uaed in a 51 ' ".d !| mﬂ arket for degradable

plastics. Examples include retail ahd refuse bags, PS foam, hottles, blister, pack
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One of the main packaging applications for degradable plastics,
particularly starch-based degradable polyethylene, is the production of refuse
bags used for the management of compostable waste. In Europe alone about 65
million tones per year of household and garden waste could be treated in this
way, making a significant contribution to waste management. However, the
marginally higher cost of these and similar types of one-trip packaging, together
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with the slow development of composting schemes, has meant that they have
achieved only limited success up to now

A resent study has shown that around 75% of litter on beaches along
the 45,000 km Mediterranean coastline comprises plastics with metals, glass and
wood accounting for the rest. The increased use of degradable plastics in
packaging applications could help prevent some of these problems and

Goheen, S. d Wl RP .4 ) mvestigated the degradation of
LLDPE-com starch i 4 pel \-\-_ of 8 months. Both weight loss
and FTIR data show | ‘\. blends (52 and 67%)
exhibit an extensive Te ing the first 40 days, whereas
‘exhibit a slower and probably
incomplete removal of Stash v 7. data support spectroscopic data
showing similar gross t‘ea - 7'_7 es show evidence of swelling, an
increase in surface ayea; ¢ i i weight components. The

the Jars 10 make litle difference in the

lower percentage starc

degradation of the h afit

m;mmﬁmwm :

. ermoplastic o~ olefins,
.i bpolymers, contains a
biodegradable aubbtanoe having ene or several double bonds, from fatty acids
s OGANE) ) B 3418 ] B s
compounid which is soluble in the composition as an initiator and promoter of
further degradation. The change in tensile strength and elongation at break at
different temperatures, under composting conditions and under UV condition
which was measured for each composition demonstrated a markedly improved
degradation capacity when exposing to the mentioned condition promoting
decomposition.
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Sung, W. and Nikolov, L.Z. (1992) investigated the degradation of two
different starch-PE films containing about 5% (wt %) comn starch. The major
difference between the two films was the presence/absence of a prooxidant
additive in the formulation. The accelerated starch biodegradation of the film
examined by using a buffered Bacillus sp.o. amylase solution whereas oxidative
degradation of the PE was hastened by incubating the starch-PE film in a
forced-air oven at 700C. The progress of degradation was followed by

monitoring physical and chemicalichafges of the sample by using tensile and
elongation testing, high crature € P A - and SEM. The result showed
that the presence of a preoxidant 1 seessential of initiating the PE
degradation, which then leg ;i i evels ﬁf starch removal from films
The films without a p thigir_physical properties after 20
days of heat treatment._dfic fapid disintegratin s of plastic in the environment

was probably due to - ..-v 1 ations @f oxidative degradation of the polymer
and starch biodegradau®r |

| : and Theodore, B.B. (1991)
described a pore culture’sys ’ ing the biodegradable of degradation

plastic films containing prooxjdasi 6% &tarch. The lignocellulose degrading
micro-organisms used were }ﬁu - and Streptomyces species. The
biodegradability was'evaluated by weight "Chemical degradation of
the plastic was iniffated by & ment or a 365 nm. UV

irradiation pretmannﬂiqju filn dem@bstrated that there is strong
evidence to support }Bd'l.’lﬂl.lﬂn in plamc integrity caused by microbial]

-

biodegradation of plastic m quempmnumﬂm
distinction between* f these materials by

providing the necessary controlss’ The pure gulture demonsirates that lignin-
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indicated|by molecular weight reductions.

Strantz, A.A., and Zottola, E.A. (1992) investigated the stability of com
starch-containing polyethylene films to starch-degrading enzymes. Processes
have been developed to incorporate corn starch into plastics with the intent of
increasing the rate of plastic biodegradation. The effect of starch-degrading
enzymes on food-grade PE film that contained 6% com starch (CSPE) was
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examined. Controled polyethylene film with no added starch, CSPE, and
laboratory grade soluble starch were treated with O-amylase or
amyloglucosidase. Samples are removed periodically and were subjected to the
Nelwon-Somogyi method for the determination of reducing sugar content.
Treatment with Ot-amylase and B-amylase released over 30% of the soluble
starch as glucose, while less than 1% of the starch in CSPE was released.
Amyloglucosidase activity released up to 50% of the soluble starch as reducing

sugar. However, less than 4% o NY  starch was liberated. Image analysis
of iodine-stained films showe i th: it en i tment did not remove surface
granules. These results indieated that of CSPE by starch degrading
enzymes was limited. 7” .

Vincent, T. an 5 ‘ film of polyethylene and
starch-polyethylene co i v low-through seatables in the
laboratory. The deterigfatigh 6f #hesg filing , ing posure was measured by
determining changes i oerties, weight 10ss, starch loss, and carbonyl

content of the sheet plas the rate of deterioration of

starch-polyethylene comipogite and controlle PE and LLDPE films were
measured for films weatheréth i s i water and the strawline of a marsh.
However, the composite am@y fene film deteriorated more rapidly in

both the strawline of @ marsh and subr . cé, water as compares (o a
corresponding PE control film - upd similar conditions.
Deterioration of stzu-@- Nt ﬂ'ﬂm& in the strawline was

rapid and ]:|111|1.ar11‘_t,nr MW b}r photode%danﬂn. Sample which was weathered

i m biological activity,
! 8 5 {: butmg to the lower
observed rate Gf deterioration.

ammmm NW'T]‘V]EI’I@EI

Roque, L.E, Zivko, L.N., Wei, S., Jay-lin, J., and Robert J. G. (1991)
investigated the propertiecs of LLDPE with native and modifies (octenyl
succinate) com starch films. The optimum conditions for continuous
compounding were 205°C and 20 rpm resulted in bubble-free cast films
containing up to 15% NCS and up to 20% SOS. Physical properties of LLDPE
containing starch octenyl succinate (SOS) were compared to the cast films that
contained native comn starch (NCS). The addition of either starch to LLDPE
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decreased the tensile strength and elongation and increased the water absorption.
In all cases, SOS/LLDPE cast films, the biodegradation rate of starch for SOS-
containing films was lower than the rate observed for NCS-containing films.

Peanasky, J.S., Long, JM. and Wool, R.P. (1991) investigated the
accessibility of starch blends by computer simulation, percolation theory, and
acid hydrolysis experiments. The nb_pct of this work was to model the bilateral

garch blends as a function of starch

epial. It was found that computer
=at with both percolation theory
\imulation the accessibility is
iold. concentration (pc) , which is

invasion of microbes on polye
concentration (p), and thickuess
simulations in three dimensions were i
and the acid digestion ex

highly dependent on
31.17%. Similarly, the ac

ighly dependent on an apparent
percolation threshold ately 40% by weight of
starch. At p < pc_a sg il : | slarc oved from the surfaces only,
but at p > p. connecteddpaghy s existifie throughout the bulk of the material

h extract Jarpness of the transition at pg
particle size. The results of
reacting system where one

dPproxt

facilitate large amounts of §
increased with the ratio ¢
this work have applicati

— ,
component is dispersed in a mairix her.
- ,-‘f;’.-"-"._( BT = o0

dy, AL (1992) 'i-" thermogmvunemc

analysis as a tacl‘nuqﬂf Or TApid o h content in LDPE/starch
blend films. At Ieast in the range of 0-12% by weight starch, the
thermogravi ; : Cle >_range correlated well
with the s mventional extraction/

spnctrophummm lechmque; ’]3:: method uught be ' applicable to
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approximately 6.0% starch, exposed under several biotic exposure cundmuns.
Generally 87-88% of the initial starch content was present in the films after
different types of environmental exposures. The main limitation of the method is
that it did not yield good data for samples exposed for longer periods of time.
This might be due to interference by low-molecular weight oxidation products
of polyethylene (formed rapidly due to the presence of metal compound
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catalysts), which volatilized in the temperature range where starch degraded.
Biomass infiltrating the polymer matrix may also complicate the analysis in the
case of heavily biodegraded samples.

Griffin, G.L.S. (1988) studied a degradable polymer composition
comprised a blend of a normally stable, chemically saturated polymer, such as
polyethylene, a less stable ::hemically unsaturated polymer or copolymer, such
as a styrene/ butadiene block \\\ I . patural rubber, an antioxidant active
overalnmmdpcnudmld suchabanmgmucsallnfa
transition metal, e.g. cobaliaph piesence of the antioxidant also
with the prooxidant give mise-t6 a X ri d of.induction before a sharp loss of
physical strength occurs e | ion can be exploited as the
) ¢ polymer composition
preferably also inc fMilley panticie -w y biologically sensitive
material such as na S 1l ative o tural starch or a natural
cellulose product of me, ; processing temperature of the
host polymer compositig breakdown, in natural
environments or in f gorul : active surroundings of
compositing urban garbagé, of the mole agments created by the onset of
oxidative scission of the molecislar cly n he chemically saturated polymer is

<
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