CHAPTER Il

LITERATURE SURVEY

Polymers, or macromolecules, are very large molecules formed by linkages of

d to as constitutional units or monomers.

"

many smaller molecules, which are

Plastics are polymeric materi oint in their manufacture, can be

shaped by heat, pressure, ymers, such as cellulose, which

are not plastics. On the

Plastics used i broad groups on the basis of

the structure and the b ¢ macromolecules (Figure 2.1).

First, plastics whose m pbranched chains are called

thermoplastic. The indivi = held together exclusively by

secondary bonding forces. d, can be melted and formed again.

Besides the group of thermopl other group of plastics in which the
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individual molecules are bonded" ss-links- Plastics based on highly

cross-linked Hy— == rmed, the thermosetting
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Figure 2.1 lllustration of the arrangement of chain molecules in plastic [8]



Packaging is a major market for the plastic industry. Almost all plastics used in
packaging are thermoplastic, e.g., polyethylene, polypropylene, polystyrene, polyvinyl
chloride, polyethylene terephthalate, nylon and polycarbonate. As seen in Figure 2.2,
about 60% of all plastics used in packaging in the U.S. is polyethylene. Similarly,
polyethylene is widely used in Thailand as well. This is mainly because of its low cost

and excellent properties for many applications.
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Figure 2.3 Low-density polyethylene structure

where R may be -H, -(CH,) CH, or more complex structure with sub-branching



LDPE is a partially (50-60%) crystalline solid melting at about 115°C, with
density in the range 0.910-0.925 g/cm’ [11].

The mechanical properties of LDPE are between those of rigid materials like
polystyrene and limp plasticized polymer like the vinyls. LDPE has a good toughness.
At room temperature, LDPE is fairly soft and flexible material. It can maintain this

flexibility well under cold condition, so is applicable in frozen food packaging. However,

/b/ecomes too soft for many uses.

D g. In thick sections it is

at moderately elevated temperatu

The electrical prope

translucent because of its thi oy is obtained in thin films. It

is very inert chemically in room temperature, but it is
slightly swelled by quuids 1 carl chloride which are solvents

lkaline, so, it is often used in

containers for acids. Itisno ive good barrier against water

vapor. Properties of LDPE are ghow it
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Table 2.1: Typical Propertie 9,1 1-12]
:
Properﬁ ﬁ Value
Glass transition temperattiue %% “120

g el %mww INYAT

Decomposition tg;nperature °c) 340 - 440
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Tensile sﬂength (MPa)

Tensile modulus (MPa) 55.1-172
Elongation at break (%) 100 - 965
Tear strength (g/25pum) 200 -300
Impact strength, I1zod (f/Ib/in notch) > 16
Water absorption (%) <0.01

Flammability Burn with blue flame




LDPE is the most widely used packaging polymer, accounting for about one-
third of all packaging plastics in the U.S. [9]. Because of its lower crystallinity, it is softer
and more flexible than HDPE. This property makes LDPE too soft for most bottle
applications, but the material of choice for films owing to its low cost. Over three-fourths
of the polyethylene film produced goes into packaging application, including bags,
pouches and wrapping for product. Other film uses include drapes and tablecloths. It

is also used extensively in agriculture (greenhouses, ground cover, tank, pond, and

canal liners, etc.) and construction app Extrusion coating for packaging

material is the second-largest market f ting for almost 10% of the use in

the U.S. [10]. The constr fien 13 ma%aper and polyethylene, are

2.2 Polymer Degradatic

Regarding to materials etic \ cromolecules, the term polymer
degradation is used to denote ,: f shang f al properties caused by chemical
reactions involving bond scission E_ﬁ:~ of the macromolecule. In linear
polymers, these chemical reactions lead to a reductionin-n fug‘,x- lar weight.
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When considera biopolymers, the definition @ polymer degradation is
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functionality of polymeric materials, which in the case of biopolymer usually called

denaturation.

It is useful to subdivided this broad field into 5 groups according to its various

modes of initiation as follows:



1. Chemical Degradation refers to processes which are induced under the
influence of chemical (e.g. acids, bases, solvents, reactive gases, etc) brought into

contact with polymers.

2. Thermal Degradation refers to the case where the polymer, at elevated
temperature, starts to undergo chemical change without the simultaneous involvement

of another compound. Often, it is rather difficult to distinguish between thermal and

thermo-chemical degradation bec: aterials are rarely chemically pure.

Impurities or additives present t with the polymeric matrix, if the

er -ch@dation.

temperature is high enough, €

3. Biodegradation i al'degradation as far as microbial

attack is concerned. Mic iSris” produce \\ rlety of enzymes which are
\- ne enzymatic attack of the
w oorganisms in order to obtain

|aI attack of polymer occurs

capable of reacting wi
polymer is a chemical p
food (the polymer serves

over a rather wide ranges of t

4, .'*i__ﬁ'*:’""';aa;.iﬁ.:ﬁm.@mm%i: effects brought

y

5. Photo ns the physical and
chemical changﬁ useﬂ gaﬂmwmers ﬂﬂravnojor visible light. The
importa i ﬁ e ultraviolet
portion Eﬁlﬁgnmﬂﬁ”t ﬂﬁﬁn aterials. The

resulting chemical process may lead to severe property deterioration.

i

about under the influenceo

The strong inter-relationship between the various modes of polymer degradation
should be emphasized. Frequently, circumstances permit the simultaneous occurrence
of the various modes of degradation. Typical examples are: (a) environmental

processes, which involve the simultaneous action of UV light, oxygen and harmful



atmospheric emission or (b) oxidative deterioration of thermoplastic of polymers during
processing, which is based on the simultaneous action of heat, mechanical force and

oxygen.

2.3 Biodegradation

The general mechanism of ¢ atio ﬁymers into the small molecules

employed by nature is a chemi ne. |V|n s are capable of producing

enzymes which can attack bigpelyi ‘ aIIy specific with respect to
both the enzyme/biopolym \ at the polymer. Thus, the

formation of the specific dec , . \ 3 . teed.

2.3.1 Mode of Bial@gi _grgd\?{'
T
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Generally, natural an ,L«_-Ai" _ u an be attacked by living organisms

%
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either chemically or mechanicall V2 g,“

i e

X/

The chemical \ﬂ. of ‘polymers in the digestive

tracts of highly organi » living species, humans, for e@mple or to the attack of
microorganisms. giyj al mode of polymer
degradation. @ﬂ“ maﬁ] mgﬁﬁ roduce a variety of
enzymes mlcro ,gfmsms usualis edfalize on the attack of only a single substrate and
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microorganisms start, after a few weeks or months, the production of new enzymes

are, ther

capable of attacking the new substrate. The capability of microorganisms to adapt to
new substrate is, of course, of great importance to the problem of the biodegradability of
synthetic polymers. It is now generally accepted that a great number of microorganisms
are capable of attacking synthetic polymers. At this point it must be emphasized that

generally synthetic polymers are biodegradable. The reason we are not usually
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confronted with problems caused by microbial attack of synthetic polymer is simply
because this class of material is in principle brand new to nature. Thus, it can be
anticipated that the situation will become different after the realm of microorganisms has

adapted more generally to man-made polymers.

The mechanical mode of biodegradation of polymers relates to the attack by
certain mammals (e.g. rodents) and insects, Regarding materials composed of natural

polymers, wood and wool, for instance, the y animals is a serious problem. In a

number of cases the reasons for attac \g th include also the nutritional needs
.J
of the attacking mammal o ws and termites digest wood

or moths eat wool). Synthgii p6rs (8.0, polyethyiene or polystyrene), on the other

hand, are not attacked forreasor witriti e acking animal bites or chews
articles made of synthetic#bo Joseas e the \ properties of the polymeric
material are compatible with't W?ﬁﬂ' | 8 al. A typical example is the
need of rodents for biting, whic ﬁmggp_%' \. ems, e.g. for plastic insulation

of electrical cables placed’n thie ground. ‘,‘ of

d@;«-ﬂ.n*

T
2.3.2 Methods of Testing-Bib@ec

There are four ml C fudying biological decomposition

of plastic material.
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location or under laboratory condition. From time to time, samples are withdrawn and
analyzed for signs and quantitative characteristics of decomposition, such as weight
loss, mechanical properties or a microscopic (SEM) examination. This method lacks
reproducibility because of soil of various origin (from garden soil to sewage sludge) and

the difficulties in controlling climatic factors (temperature and humidity).
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(2) Culture of Fungi or Bacteria

More reproducible results can be obtained by using cultured fungi or
bacteria. Commonly, the microbial degradability of synthetic polymers is studied by
growth tests on solid agar media. Nutrient-salt agar is poured onto the sterile dishes
and after the agar solidified, the medium is inoculated by spreading the fungus or

bacteria spore suspension throughout the surface of the agar. The polymer material

(the latter in the form of films, gr or powder) is deposited on the
inoculated agar surface. The agar mi ’ &utnents necessary for microbial
growth except a carbon sourt yDi emp|oyed for these tests are

listed in Table 2.2. The testisslnever: : 3weeks)

Table 2.2: Typical mic>ro‘a,

polymer [13]

Microorganisms e q ies
(AT a1

. ————_ —
Fungi Asperglllu -fr--—‘*»‘vi; lus flavus, Chaetomicum globosum,
(o i

ulldlans

Bacteria SBréus, Coryneformes

Actinomycetes cteriu , Bacillus sp. m
‘o o/
Thﬂg%‘rafa w &%]ﬁ'wg’]ﬂﬁ is measured after

incubation for a c?nvenlent period of time. Accordln 0 ASTM G21- QﬁJgrowth rates are

ARGV HRARIHA o e

classes as foIIow

0 = no visible growth

1 = less than 10% covered
2 = 10-30% covered

3 = 30-60% covered

4 = 60-100% covered.
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After microbial treatment, weight changes and other physical or chemical

alterations are checked.

(3) Enzymatic Degradation

Biodegradation proceeds in many cases via chemical reaction catalyzed

by enzymes which are synthesized by microorganisms and have very specific action.

Testing of biodegradation can be sing isolated and purified enzymes

instead of the microbes the of the detail of degradation is

_.J
s t€ pe@ressure and irradiation may

SNZym

v ogether with their substrate

\ polymers [13]

possible, and reaction con

)
=
=

be easily varied. A compil

polymer is presented in T

Occurrence

Carbohydrases bacteria, malt,

pancreas

Yoy v twir v STl
l'll.lvlv_-ll.l'-lvlvnuv'u."

)

bacteria, yeast,

animal, plants

N
nﬁﬁ}j VI EI ﬂlé’ w Eln ﬂ 4§bodily secretions,

whites of eggs

polysaccharides i@cell bacteria, fungi

deoxyribonucleases

deoxyribonucleic acid

(DNA)

[ 3
R NEIN TN A
in" ins s
q p
carboxypeptidase proteins bacteria, pancreas
Esterases ribonucleases ribonucleic acid (RNA) | bacteria, plants,

spleen, pancreas

bacteria, pancreas
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(4) Activated Sludge Waste Water Treatment

This method is the simulation studies ranging from laboratory designed
equipment, which replicates aerobic sewage treatment and anaerobic sludge digestion,
through the exposure ftrials where material is submerged in activated sludge
environment. Exposure trials require that the sample be securely held on some form of

racking for aqueous environments. The racks, normally made of stainless steel, are

submerged into the test situation z | samples! are periodically removed. This test

method is designed to be app -H_._% |l plastie’ >rials that are not inhibitory to the

are widely used in disposable
packaging materials, have fbegh wbf: fnteres & P s ears due to environmental

v Io ent of the new biodegradable
polymeric material has focused mah following four areas since the beginning of

1970s:

7 1.' poly-B-hydroxybutyrate
(PHB), polyhydroxyvalarate (PHV). m
2. Modification of ngt | polymers.

s w9 Ewe}'; WEFAVRG . poroycoice

(PG) and polycapﬂlactone (PCL).

TRARIES AIHBAIHHAR 2

1. Synthesis of7new |

Biodegradable Polymer Composite (Starch-Filled Plastics

Starch can be used as a natural filler in synthetic polymers and particularly in

polyolefins to speed degradation. When the starch based fiims are exposed to
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during the first 40 days, whereas lower percentage starch blends (< 30wt%) exhibited a

slower and probably incomplete removal of starch.

Later, in 1992, Strantz et al. [16] studied the stability of corn starch-containing
polyethylene films to starch-degrading enzyme. Processes have been developed to
incorporate corn starch into plastics with the intent of increasing the rate of plastic

biodegradation. The effect of starch-ds ; ding enzyme on food-grade PE fiim that

contained 6% corn starch (CSPE).was exarning ontrolled PE film with no added
starch, CSPE and laborato hv 7Sl ane yere treated with a-amylase.
Samples were removed p nination of reducing sugar content.

Treatment with a-amylase telé « % \“i- starch as glucose, while less

[ ' diga faThese results indicated that breakdown of
CSPE by starch degrading 26 Was-timite | \

brittleness and resulted in lower-te ste’s -"_ ) - . Gas permeability and
water vapor transmissiea.rate.increased. proporionaiy-to-sta \ii‘ content. Degradability
of samples tested by i soil showed a substantial

decrease in mecham:m strength tensile and flexural modulus, and percentage

ﬂuﬂ’mﬂﬂ‘mﬂ" 1)
L AETAS Eﬁﬁ g

non-modified wood flour (NWF), modified wood flour (MWF), starch (S), lignin (L) and

dextrin (D) by soil burial test over periods of 6,12 and 24 months. The mechanical
properties, weight loss, water absorption, as well as thermal behavior of samples
exposed to soil were evaluated. They found that incorporation of NWF, MWF, S, L and D
into LDPE decreased the LDPE mechanical characteristics. The weight loss of

LDPE/natural polymer blends increased with duration of sample exposure in soil and
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depended also on both the type and concentration of the natural polymer used. The
samples most susceptible to biodegradation were the blends of LDPE with dextrin and
lignin. The increase in natural polymer concentration in blends led to an increase in
weight loss. The water absorption increased with both the increase in natural polymer

content in blends and with the duration of exposure in soil.

In the same year, the structure and properties of degradable LDPE-plasticized
starch blends were studied by Zu .\\ //1 ]. Potato starch was plasticized by
glycerol and blended with LD ' n the initial stage of degradation

with microorganism the mo@ olar - tinuity of starch phase. An

increase in starch content impreved the ‘accessibility of the polymer matrix. A

2.5 Starch
In nature, starch represent energy of the sun, which is partially
captured during photos eserve for plants and

utilize the energy suppli@ by sun. econd moﬂabundant polysaccharide,

is a reserve carbohydate #high is stored asgmicroscopic granules (2 to 150 um in

(
diameter) in variﬂ &%} pﬁ&w%ﬂaﬂ@swgﬂ%ﬂaﬁ stems.
v ¢ o e/

@CW anﬂs&ﬂc%bmy&}% %%n&i@ rﬂ) %:10:5 as an
empirical farmula of CeHmos. It.is a cohdensation polymer of glucose. The glucose
units in the starch are presented as anhydroglucose, the linkage between the glucose
units being formed as a molecule of water is removed during a step polymerization. The
linkage of the one glucose to another through the C-1 oxygen is normally known as a
glucosidic bond. Generally, starch consists of two major components: amylose, a linear

polymer, and amylopectin, a highly branched polymer. The ratio of these components
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The relative amount of these two fractions is a major factor in determining the
properties of starch. Starch granule contains crystalline in amylose component and
amorphous in amylopectin component. From their difference in the structure, amylose
and amylopectin exhibit different properties. Amylose forms strong flexible films and
has value as a coating agent. The branched component, amylopectin, forms film with

poor properties but finds wide usage as a thickening agent, especially in food and

paper applications. Starch is thermally stable in an open atmosphere to about 230°C.

Above that temperature the starch n olecule to decompose. Native starch is

presented in semicrystalline @ J of 1.5 g/c:m3 [20]. Granular

Starch is used fo gradable materials. It can be
used as fillers or can be tra rch which can be processed
alone or in combination with ers. Its structure can be easily
altered in various ways. emperature and pressures in the
presence of high amQuat.-ctwaler,a-{otally-amorphcus mate! { can be produced and

can be molded in variou al, however, becomes brittle

when the water conter@ ii' less than 5 wt%. Thus, usually water is replaced by
=9 ./
plasticizers and (ﬂyﬂTﬂa ﬂfﬁjﬂt?mﬂﬁmgaﬁon (~170%) but
its tensile strengthais relatively low (0.7MPa) [21].
Ol ﬂ\ﬂﬂiﬁljﬂmﬁmﬂ 8y
9

2.6 Banana Starch

Banana is a common name for any of a genus of tropical, tree-like herbaceous
plants and also for their fruit. Species of the genus are native to South East Asia but are
now grown extensively in all tropical countries. Banana is a large, herbaceous perennial

with a plant rhizome (underground stem), from which the plant is perpetuated by
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sprouts. In the tropics the stems are annual that is, they die after the fruit ripens, and
new stems are developed from buds on the rhizome. These buds are the common
means of propagating and making new plantations, and the growth is so rapid that the
fruit is usually ripe within ten months after the offsets are planted. When fully grown the
stem reaches a height of 3 to 12 meters. The fruits vary in length from about 10 to 30

centimeter. The average weight of a bunch is about 11 kilogram.

Banana is considered as e list of developing world’s most

gwever, bananas have won an
a@onsumed fruit in the world.

Thailz Banana is probably the most

important food crops, after ri
entry in the Guinness Boo
There are more than 20 v
familiar to Thais, for who ou | ment in their childhood. It is
high in vitamins and good stem All parts of the plant
can be utilized. The Thai as a sweetmeat, in assorted
ways. It can also be a Thai dishes. 1t is grown in all
regions of the country. Sci € ha endg vassed over the field of food and
nutrition. Modern improvem ‘a d processing can also be seen

in the handling of bananas in -

Many researches+ have ‘from banana, however, they
focus only on composmon physucal and chemlcal properties of banana starch. A little

works have beﬂ ﬂﬁl Ofa ﬂﬂw?wm TTT for biodegradable

polymer [22].

mmmmmnmm s

1981, Kayisu et al. [23] extracted starch from banana by freeze-dried at -18°C for 5
days, and then ground and mixed with distilled deionized water. After mixing, the
suspension was allowed to stand for about 15 min. The starch was precipitated and the
supernatant was decanted. The precipitated starch was washed several times with
distilled water and dried at room temperature for 24-28 hours. The isolated starch has

protein content 0.2%, lipid 0.2%, ash 0.02% and moisture 10.8%.
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Later on in 1982, Lii and co-workers [3] used sodium hydroxide (NaOH) solution
to extract banana starch. Bananas were mixed and ground at low speed for 2 min in
one of following four solutions: 0.1N NaOH, 0.05N NaOH, 0.05N NaOH plus 0.02%
sodium azide or 0.05N NaOH plus 0.01N HgCl,. The slurry was filtered and then starch
was sedimented from the filtrate. The starch was washed several times with distilled
water. They found that addition of sodium azide or mercuric chlofide increase amount

of impurities and decreased starch recovery. Hence, 0.05N NaOH was used as a

solution for starch isolation. They. rgen banana has 61.74% starch, while

ripe banana has only 2.58% asis). The starch has a protein

content 0.09%, lipid 0.11%

Recently in 2000, S \ eight different varieties of
green banana varieties by ization-of slice n \ W|th an aqueous solution of
4%w/v sodium chlorid Jow/v ethylene-dinitrolotetra

acitic acid. The homoge . \ cese cloth. The slurry was

centrifuged for 20 min at 2 ':' i |tate as washed with a cold aqueous

solution of 4%w/v sodium ¢ fed that the chemical composition of

the starch varied according to anana. The range obtained were
61-76.5% starch, 2.5%8< ~4-0% mois: ..._a;‘:a:;:\‘, , 2.6-3.5% ash and 6-

15.5% total fiber. 2 - ; Iﬂ

With in geég ﬂoﬂrﬂﬁ wgqﬂﬁom banana using a

sodium sulfite soqlon ananas were mixed and ground with the solution. The

homog Wja ﬁmrﬂ“ ﬁvﬂcﬁ' nd then the
homog:ae trifuged. ite starch was dried a 40 C for hours This

method yielded 43.8% starch.
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2.7 Compatibilizer

Because the physical, rheological, or chemical properties required for some
applications cannot always be achieved using a single commercially available polymer,
polymer are often blended. Most polymer blends tend to be immiscible because of the
very low entropy of mixing. The result is the phase separation of the component into

discrete domains, which produces inferior mechanical properties due to the lack of

penetration of polymer chains from o

r@etween otherwise immiscible

polymers, but they do not pr ibility on the-moleCular scale. Their action can

Compatibilizers are

be thought of as reducing t e components by adsorbing

at the interface surrounding

In blending starchiwi L heti mers, the hydrophilic character of

starch due to the presence i \ ecule leads to poor adhesion

with synthetic polymer resulting i _.:T-u_ pnechanical properties. Therefore, in
order to enhance the compatibili -";_ veen ! mmiscible polymers, a compatibilizer
must be used. Caompatibilizers | used to in patibility and adhesion

\ 5 Y ) .
between starch and !;r!a |r molecular structures,

polar part and hydroca pon part. Polar part acts as the rmrophilic portion, which can

introduce hydrn Fﬁo og I f starch and carbonyl group of
the compatibiliﬁrﬂﬂa eﬁ:ﬁfﬁ hﬁ:ﬁp’lﬂ j\ion, which can have
good mﬁiw )ﬁitréoléetﬁeﬁe. ¢ o Y
SAWRTINE AL
9

The examples of widely used compatibilizer are ethylene-acrylic acid copolymer
(EAA), ethylene-vinyl acetate copolymer (EVA) and polyethylene-g-maleic anhydride
copolymer (PE-g-MA). As shown in Figure 2.7 through 2.9, these compatibilizers

contain groups capable of forming hydrogen bond with the hydroxyl group of starch,

and have the hydrophobic part, that can compatibilize with polymer matrix.
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compatibilizer. The prepared blends were studied using mechanical properties
measurement and SEM microscopy to determine their morphology. The result showed a
much better dispersion of plasticized starch within the LDPE matrix, with a concurrent
significant reduction in the phase size, indicating an increased adhesion between the
two polymers. This was also reflected in the mechanical properties of the blends which

were significantly improved in comparison to the uncompatibilized blends.

Apart from that, Bikiaris. an u [1] studied LDPE/starch blends

the mechanical properties clally in the tensile strength. The
biodegradation of the blends fo S the r activated sludge. It was found

that the compatibilized blend £ '—:.'. F wer degradation rate compared to

the uncompatibilized biend
a}

2.8 |ntroduct|oFTﬂ ﬁ%ﬂ E] ‘ﬂ ‘j w EI ’] ﬂ ‘j

Sunlight has been recognized’as an important factor in the deteriorative ageing
o3 wrtibs bV bbb ¥ ool bbb cmmera
organic polymers undergo chemical reaction upon (as regular constituents or as
impurities) capable of absorbing ultraviolet (UV) light. This fact is important because the
spectrum of the sunlight penetrating the earth’'s atmosphere contains a portion of UV
light. Therefore, photoreaction is usually induced when organic polymers are subjected

to outdoor exposures.
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The wavelength of the radiation from the sun which reaches the earth's surface
extends from the infra-red (>700 nm) through the visible spectrum (400-700 nm) into the
ultraviolet (UV) (<400 nm). Polymers have different photodegradative sensitivity to UV
light of difference wavelength. The varying sensitivity results from differences in the
chemical structure. As shown in Table 2.4, the maximum sensitivity of several polymers
(as determined by the bond dissociation energies) is in the range of 290 and 400 nm.

Although the atmosphere of the earth filters out the UV part of solar radiation, the above

Table 2.4: Wavelength of = (€ O £ '~ on).at which various polymers

have maximum sensitivi

Styrene-acrylonitrile 290 and 325
Polycarbonate 295 and 345
Polyethylene 300
Polystyrene 318
Polyvinyl chloside —1:':‘ 320
Polyester ﬂ

Vinyl chloride-vinyl ‘gcetate copolymer 7 and 364

§ =y
Po*vprovp' P11 NSNS WEINAS
W L G - . = 1110
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2.9.1 Autooxidation Process

Plastic is a hydrocarbon polymer. When it is exposed to the radiation energy,
chemical bond will break and begin to degrade. Effective degradation happens with the

presence of oxygen. The first chemical step in photodegradation is usually a homolytic
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bond scission to form free radicals. These radicals will normally react rapidly with any
oxygen present and then form chemical groups, especially hydroperoxide group
(ROOH). The hydroperoxide group will then decompose to carbonyl group and
hydroxy!l group, which is the importance case of plastic degradation. In this way, UV

radiation is particularily effective initiator of oxidation.

The conventional mechanism of autooxidation is as follow :

1. Hydrocarbon radlcals

2. Hydroc jen and form peroxide

radicals

3. Peroxy radi e other hydrocarbon molecule
[ ]

R

4

ally d@mposed into alcoxy

4, Hydro;ﬁoxi g

radical (m)

AU Hcﬂrﬂﬂ &Lm o o T
RRARINFH HIATRYULR B o

formed in %we terminal reaction. The excited carbonyl groups decompose via Norrish

reaction of types I, Il and Ill.

The Norrish-I reaction (Figure 2.10) is a radical clevage of the bond between the
carbonyl group and the a-carbon atom, and is usually followed by the formation of

carbon monoxide.
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0 o

Il
MCH C- CHW i—) MCH C + CH A

|

MCH2.+ cO
Figure 2.10 Norrish-I reaction
The Norrish-Il reaction (Figure 2 M C radical scission which occurs
through the formation of a si n i é Abstraction of a hydrogen

from the y-carbon atom re I€eOmposition by 3-SEission to an olefin, an alcohol,

‘k\&_\

erminal double bond and an

or ketone. For example

enol/ketone end groups

CH CH~n~

]
ﬂuEJ’JVIEJVﬁWElﬂﬂ‘i
ammnimummmaa

Figure 2.11 Norrish-Il reaction

The Norrish-lll reaction (Figure 2.12) is also a non-radical chain scission;
however, it involves the transfer of a B-hydrogen atom and leads to the formation of an

olefin and an aldehyde.
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0 CH 0 CH

hy I T

Figure 2.12 Norrish-11l reaction

It is clear that the | Q sufficient to break chemical
bonds. However, the ever- qunt of plas ’ used for disposable packaging
material and their potenti o lution of the environment have
prompted workers to see w1th controlled service life
After having finished its ner for milk, the plastic becomes

during or after the polyn form. Chromophoric groups

]

polymer, these are usually
unsaturated str ﬁ ﬁ( ic groups. These
chromophores Qﬁﬂse mﬁm omﬂjﬁion upon prolonged
irradiati us tor ﬁﬁ ﬁ{/ y, is adding or
mixing @ﬁp] ﬁ/&?ﬁ iv &Mﬁﬂ% g 91 of additive.

Recently the term sensitization has been used by photochemists to solely denote

are necessary to absefb the incident radiation. In

process involving energy transfer which is subsequently followed by a chemical reaction

or a physical process.

The mechanism of photosensitization is as follow :
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1. An additive absorbs radiation energy and turns into excited state.

S > §

2. An excited additive can be transfered absorbing energy to polymer molecule.

S +P > s+ P

3. Excited polymer molecule will be separated into free radicals.

1 ; it ssocCiati ily into free radicals after

2. Intermolecular hydroge

S+ PH o ks + P

ﬂ‘lJEJ’WIEWl‘ﬁWEJ’]ﬂ‘i

These frea'radmals are the beqnnlng of polymer degradatlon

ammn‘imummmaﬂ

2.10 Photosensmzer

Photosensitizer or photoactivator is a compound which has a high absorption
coefficient for UV light. The excited compound either decomposes into free radicals
and initiates degradation or oxidation of the polymer, or it transfers the excitation energy

to polymer (or to oxygen).
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Many compounds have been studied for their photo-activity as shown in Table

2.5

Table 2.5: Compounds examined for photoactivity [27]

Aromatic Carbonyl Compounds Deoxyanision, Flavone, 10-Thioxanthone
Dibenzocycloheptadienone
4 nzophenone
,4"-Oxydibenzophenone
Organosulfur Compounds Behzy! wnyl disulfide
/ othiazole
Inorganic Pigments - itahiu ' i, Oxide
Quinones 4 L nt loroantraquinone
- _,."9'; 7 - inone
o ’u ' , 2-Methylantraquinone
Organo-metallic Compou : 1 no ), Ferric stearate
& lang tearate
Transition Metal Salts S o e
E mSulphate
Aromatic Amines ' 4,4'-Methylenebis (N,N-dimethylanilline)
691817 91 drney

¢/

q] v v
q o ;]néiazer sﬂ? ; éasny ﬁmlxed wmtgal ;’)JymerEajnd must not

decompose thermally.

Many studies have been carried out to achieve the promotion of the degradation
of synthetic polymer such as PE by addition of photosensitizer. In 1992, Furguson et al.
[7] studied the effect of titanium dioxide (TiO,) and ferric stearate pigments on the

polyethylene photodegradability. The amount of TiO, was 0.25, 0.50 and 0.75 %wt, and
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the amount of ferric stearate were 0.10, 0.25 and 0.40 %wt respectively. The carbonyl
index was found to increase in LDPE films containing 0.10 %wt ferric stearate, as well as

0.25 %wt TiO, after irradiation.

Later, in 1994, Angulo-Sanchez and co-workers [5] reported the
photodegradation of LDPE films formulated with titanium (IV) oxide acetylacetonate

(TAc) and titanium dioxide in different proportions. Samples of blow-extruded films were

submitted to accelerated UV aging with : mps and the polymer degradation

was measured. They found that.T, ca tooxidation and accelerate the
-‘
flm degradation. The cafbonyl iidex, T m and elongation at break

Afterward, in investigated degree of

photodegradation and tion of three degradable

e T
M) WIS e LR (1N e

[28]. Results showed that CeCar, can cause the accelerated photooxidative
degradation of LDPE films, but CeCar, in combination with AK may bring about the

accelerated or retarded photooxidative degradation of LDPE films to varying degrees.

Both organic and inorganic metal compounds can sensitize photodegradation.

Inorganic metal oxides and salts, e.g., ZnO, TiO,, and FeCl, accelerate
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photodegradation. It is assumed that free radicals are formed from these compounds
during irradiation [6]. It has been established that ZnO acts both as a PP light-stabilizer

[29] and as a light-sensitizer of cross-linked LDPE [30] at the same time.

In 2001, Bircan Dindar and Siddik Icli [31] studied the photodegradation of
phenol in presence of TiO, Fe,O,, and ZnO. Irradiations have been done in

photoreactors under sodium lamp, direct sunlight, and concentrated sunlight. They

\
found that the photodegradation of _\\‘. ( en to be faster for all of the oxides
iradiated by concentrated sunfight. The at:on capacity of TiO, is superior
to that of ZnO and Fe,O, UAAEFa Sodium mﬁmsunlight. but ZnO is found to

be as reactive as TiO, undegedhoehirargdisnlight.

Polyethylene is relatively’

|

adiation in the absence of oxygen.
However, when it , \r diation it becomes brittle
because of photooxi ;;}'?, are generated and then
polyethylene molecule mt contains carbonyl group will b@issociated by Norrish type |

or Norrish type | eaction. £Fhese processe8.fesult in reduction in polymer molecular

wor  PIUEIVEVIWEINT

Y

ren R BNAIRNRIINEAN

OC0OH
hv !
WCH{CHQ-CHQ—CH;M + 02 P——— 'MCH{CHQ—CH-CHQW

(?OH (“)
e CH7CHZ CH-CHAr ——— ~~~CH-CH; C-CH v~ + HO
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Norrish Type |

0 0

~mme CHECH; _¢- CHW»-L ~~CH:"CH, +C- CH A~

Norrish Type |l
T \ 9
MCHQ—CHQ-C—CH;-'V& 4 ' CH=CH2 + CHS—C-CHQM
Figure 2.1 photooxidation
Furthermore, crossli thylene molecule can be
occurred, as shown in Fig
'\MCHQ—CH CH-R
'VWCH,‘,—CH- : -CH- + OH
o Y CH-CH-CH-
2 2

~~CH;-CH- CH- E«vv» i 0

"VWCH2 CH2 CH-

ﬂumwmwmni
wwmnmumfmmaa

"VWCH CH CH-

or

o CH-CH-CH- + ~~~CH-CH-GH- —
e R LA v CH-CH-CH-

Figure 2.14 Crosslink reaction between polyethylene molecule
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2.12 Processing

In this study, there are two procedures for processing LDPE blend films. Twin
screw extruder has been used as a mixing device for mixing LDPE, banana starch, and
other compositions, whereas chill roll cast film has been used for film production

process.

2.12.1 Extrusion

In application for p yis to convert the solid plastic,

usually in pellet form, into a d using heat and pressure.

An example of the equip this ruder for film, sheet, extrusion

blow molded bottles and a mjectlon molded. Extruder

and injection molding ot and structure, differing

primarily in how the materi chamber where itis melted.

The purpose of an extrudenis {a ‘take id plastic and, using heat, pressure

and shear, transform |t into a __-f"’"g;c mel f__, an then be delivered to the next

processing stage. Producing the melt may involve mixin J-in/ additive such as color
. Y

J eg ind. The final melt must

concentrates, blending -j..

be uniform in concentra n The pressure must be high énough to force the viscous

e T TN ST
::aimm LRV lo kit Y gl

control carbinet (control device, power supply). A simplified extruder diagram is shown

in Figure 2.15.
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The extruder acc rel containing a screw with

helical channels. The plasii ugh a hopper at one end,
and then conveyed by t barrel. The depth of the
channels in the screw decr er, building up pressure on
the plastic. External heating friction between the plastic

and the screw cause the pl

Extruder gene_nsllly contﬁflg'?éi‘ﬁ? .. 3¢ Sections. e first, next to the feed
hopper, is the feed on. s func into the extruder at a
relatively even rate. BD in_ ned at a relatively cool
temperature, to avoid blbc':kge in the feed channel. Next comes the compression

section, in whncﬂnﬂﬂwé}n%ﬁ%%ﬂﬁﬂ ﬂﬁt up. The transition

between the fee@!section and the compression section can be abrupt or gradual.
L/

Finally, a(tWWﬂ ﬂﬁ ?ﬁﬂﬁlq ﬁtngﬁrﬁ i$ to assure a

uniform flow of material out of the extruder. he end arrel, the melted plastic
leaves the extruder through a die, which has been designed to impart the desired shape
to the stream of melted plastic. This may be the final shape for the plastic, or it simply

may be the beginning of further processing.

Different types of extruders are employed depending on the application. The

most widely used type is the twin screw extruder.
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2.12.2 Twin Screw Extruder
Twin screw extruder is used where superior mixing or conveying is important.

They can be divided into co-rotating and counter-rotating types. As the name indicated,

the difference is in whether the two screws rotate in the same or in opposite direction.

(1) Co-rotating Twin Screw Extruder (Figure 2.16)

With each revoluti win screw extruder transfers the

melt from the screw channe ther screw. The conveying

mechanism-drag force- is com | the single screw extruder. By

being transferred from one ¢

longer path and is subjecte lypes of extruder finds application

=~
\\\ ver the melt does follow a
’\

)

al
—

today primarily in compoeundi

/

qu%%@%ﬁw A7
PAINTUIMINAE

% (2) Counter-rotating Twin Screw Extruder (Figure 2.17)

A fundamentally different conveying mechanism characterizes this
extruder. Each screw segment forms a closed chamber that conveys the melted
material from the hopper to the end of the screw without any exchange with neighboring
chambers. Drag force are not needed for this positive conveying, with the result that

little dissipation-induced heating occurs.
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Generally, cast fi on of the melt onto chilled

rollers. For production gh which the melted plastic
exits the extruder is shape it, produging a rectangular profile in the melt, which
the width must greater than —~The'plastic € the die downwards or at an
angle between vertical and horizogtz 7-':'_ hilled, highly polished, turning roll
where it is quenched from one side ing it tangentially. The roll is highly polished
tics 1o - hefSpeed of the roller control

ola/second roller for cooling

to give good surface chare
the draw ratio and final fiif
of the other side. Comﬂnly, the a\ 13 -pati@u around at least two chill

rolls, before the film is coolfepgugh to wind. la.fact, the first roll typically operates at a

omperature of @fu fopcd bbe) Wlag. W h bkedvouon a system of

rollers and is wound onto a roll. A typical film casting process is depicted in Figure

2o QRIRNNIUNATINEIRE
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Casting Die  Thickness Gauge

[ ‘Tf{ .

Extruder Casting Machine Treater Winder

r;!al/f//éistng operation
|

control automatically a%"s the d

Cast fllﬂpﬂﬁﬁm%])ﬂl% wﬁﬁn'ﬂ ctjstretching of the film

under conditionf¢ausing some molecular realignment in direction of the stretch,

| ¢ _ o Ky, »
W TN R T ITEL e ™
barrier properties, and strength in the s retched direction, while decreasing strength in

direction perpendicular to the orientation direction.

If the cast film is not stretched significantly in the machine direction (the direction
of travel through the production equipment), it is relatively unoriented and has fairly
balanced mechanical properties in the machine and cross direction. |If the takeoff

speed is significantly higher than the rate of extrusion, the plastic is stretched and
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uniaxially oriented. The stretching can occur at the initial contact with the chill roll, but is
more commonly done after the first chill roll, and usually involves some reheating of the
film prior to stretching it. If the plastic is also stretched in the cross machine direction, it
is biaxially oriented. Biaxial orientation can be accomplished in either a single step or,
as occurs more commonly, in two consecutive steps, as shown in Figure 2.19 and
Figure 2.20. The resulting film is “balance” if the orientation is equal in the two

directions, or “unbalance” if it is more highly oriented in one direction than the other.

~Z

// tx‘«é

B "/ EANN
/NG PN

-: ! \

....... ation of cast film
s

zone =¥

Vachine
direction
stretch L

Qﬁ?ﬂﬂﬂﬁmﬂﬁmﬂ“ﬂﬂ'} &)

& Heating zonc = ¢ Cooling zone =

Figure 2.20 Two-step orientation of cast film
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2.13 Tensile Properties

Tensile properties are most widely used for defining the quality of production of
polymeric materials, their design and engineering behavior. Tensile test, in a broad
sense, is a measurement of the ability of a material to withstand force that tends to pull it
apart and to determine to what extent the material stretches before breaking. Different

types of plastic materials are often compared on the basis of tensile strength, elongation

' d',/{é’@mum original cross section

Ql. simen at any given moment. It is

and tensile modulus data.

Tensile stress is th
within the gauge boundarie
expressed in force per \m e stress supported by the
specimen during a tension Elo on is the increase in length
produced in the gauge ensile load. It is expressed in

6 € ongation to gauge length of

unit of length, commonly ' ¢ fa \.\

A‘ er \

asticity, an indication of the relative

the test specimen, that is t of original length, is strain. It is

stiffness of a material, is the-ratio corresponding strain below the

proportional limit of a:material | & stress-strain diagram, as

Elongat 2
at yield at break
Strain

Figure 2.21 Diagram illustrating stress-strain curve
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The result of tensile properties are widely different for different polymers and can
vary greatly for the same polymer. Such variation in test result is due to the diversity of
structure found within the broad range of polymers, strain rate, and environmental
conditions such as humidity and temperature. Schematics of tensile curve for different

types of polymers can be seen in Figure 2.22.

RYSTALLINE

RUBBER

of tensile test result

The four tensi 1;:.‘1. lymer in different states
that have been tested toBilure 8 ain rate. ,r,'j he first curve to left shows
the extreme case of a crystalline state with thedamella oriented in one direction such as

would occur wiﬂ ut&] ’ﬂv% &4 n§ w &]ﬂtﬂo‘i highly cross-linked

polymer. The ne?curve shows typical-behavior for Epolymer in theﬂﬁssy state. The

ovs @ PR ATIFIH N FIVHEE 3 Brron o

rubber staﬂa which shows no real linear region at the onset of testing.
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