CHAPTER Il

LITERATURE SURVEY

Starch is a reserve carbohydrate found principally in seeds, roots, tubers, fruits,

food and non-food products. Bece \\ I /
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polymer that consists of six-membered-ring glucose repeating units. The molecular

weight of starch varies from 10° to 10” daltons. Starch can be found in some algae and
in all parts of higher plants including leaves, stems, and shoots, but mainly in the
storage organs such as rhizomes, tubers, bulbs, and seeds. Its amount in any one

source varies from a few percent to 60% found in cereal seeds. Starch is, of course, an



extremely important source of energy in human diet, and indeed more than three-

quarters of all food crops are cereals and starchy root crops [17]. Today, starch is used
- extensively in many industries including paper, textile, explosive, food, alcoholic
beverage, clothing, petrochemical, and adhesive industries. Currently, it is also used for

biodegradable plastics preparation.

2.1.1 Chemical Structure of Starch [18]

A uniqueness i s compose of a mixture of two

components: an essential ar-molecule c@se and a highly branched

molecule called amylo amylopectin, starch also

contains lipid (up to a..0.4%), and trace amounts of

phosphorus (up to 0.0

near polymer in which the

anhydroglucose units predomma m—, - O(-D-(1—>4) glucosidic bonds. Its
i >
molecular size vane “withe ant ingf Conditions employed in

extracting the starch. 'VJ ycioglucose units. At one
end of the polymeric m@cule, ne anhydroglucose unit co@ins one primary and two
secondary hydroxyl groups‘*%well_ as an aldefjydic reducing group in the form of an
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and two sgcondary hydroxyl groups. A schematic diagram of the amylose is shown in

Figure 2.2.
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Figure 2.2 Chemical structure of amylose [17].
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producing a gel consisting of @ three<dimensioneal n ork held together by hydrogen
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of amylose favors formation ofstretig film. For the menop-in which intermolecular
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Amylopectin is a branched polymer containing, in addition to

anhydroglucose units linked together as in amylose through O-D-(1—>4) glucosidic
bonds, periodic branches at the carbon-6 position (Figure 2.3). These branches link to
the 6-carbon by O(-D-(1—>6) glucosidic bonds. Each branch contains about 20 to 30

anhydroglucose units.
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Figure 2.3 Chemical structure of amylopectin [17].

The large" ture of amylopectin reduce the
] ‘the@ to orient closely enough to

esulf, aqueous sol of amylopectin is
characterized by clari ¢ 28 mea: Oy resistance to gelling on aging.
xibl at of the linear amylose
does. Furthermore, it dog ‘ on vhich giving deep blue coloration with

iodine.

Native _starchis” presented in alline- granular forms  with
densities ca. 1.5 glc h;,'JWfF; ater but they can be
solvated by heating with v ter, o ) rgﬁc solvents (e.g. dimethyl
sulfoxide), aqueous alkahne or salt solutions (e. %"CaClz, Kl).
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he dried starch granules, they show polarization crosses reflecting

crystalli ﬁ:’j‘a grﬂ ﬂ;l eghght. The
granuleﬂb E;gtegm; xpo gh humidity or when

suspend in water. However, the swelling is reversible and the polarization crosses
retaine when the humidity reduces or the starch is dried. The average increase in
diameter of granules for various starches in passing from anhydrous conditions to a

water-saturated atmosphere, together with increase in water sorption, are shown in



Table 2.1. When equilibrate under normal atmospheric conditions, starches usually

contain 10 to 20% moisture depending upon the starch source.

Table 2.1 Effect of water-saturated atmosphere on granule diameter and

water sorption of various starches [18]

Starch source Average increase in Water sorption/ 100 g dry

.;\«% ameter (3 starch (g)

Com Y ' 39.9

Potato . 50.9

Tapioca 47.9

Waxy corn 51.4
When thefSlurgy of @tepis heated above a critical temperature,
which varies with the type of g : "__\ 4 ’ \ the hydrogen bonds are
responsible for the structural integri l ‘Aha G ’.” B 1~ n allowing the penetration of
water and hydration of the i =2y, ,e—r}; ‘ vlopectin. As this occurs, the
molecules start to form helice_s'__ . : , angential pressures causing the

granules to imbibe wate ¢ ' 2l folume.

1

During t@swelling, ne amylose tends to reg\ out of the granule and,

along with the amylopectif, pgcome highly hy@rated. The suspension becomes clear

o o vicostty WS VVELIN S INEID ) Forroscros oot

where the granul& have approached their maximum Q&dratlon As heamg is continued,
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and aggr‘gates. Thié causes viscosity drops. During the process as the polymeric
molecules are released, the sol often develops a cohesive, rubbery texture. As the sol is
cooled, the clarity decreases and the viscosity tends to rise and, in the case of regular
cereal starches such as corn or wheat, the sol forms a gel if the concentration is
sufficiently high. Sols of cereals starches, having relatively high levels of moderately

sized amylose molecules, become opaque and form gels on cooling. Those of potato



and tapioca, however, usually maintain their clarity much better than other starches and

do not form opagque gels while they thicken on cooling. Waxy corn starch, unlike regular
corn starch, behaves like tapioca or potato. Its sol shows even less tendency to thicken
on cooling than tapioca or potato. The difference in behavior between starches such as
tapioca and potato and starches such as corn and wheat may be attributed to be lower
amylbse content and bulkier amylose molecules in the former starches, reflecting their

higher molecular weights and possibly slight degree of branching.

nes swell more rapidly in a narrow

temperature range than the.cemmor re: sﬁr example, cassava starch,

used in this experiment, . tions occured at 60°C and

80°C, respectively.
2.1.3 Cassav :

Cassava is t ustially applied'in Burgpe and in the United States to
the root of the plant, whereas, fapi 53 ] the ¢ for the processed products of
cassava [19]. The composition of ¢ s rootis.shown in Table 2.2 [20]. The size of

the cassava granules rz 5t0 35 tm. ent in cassava starch is

Table 2.2 The composition in caggava’s root [20]
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Sugar 51
Protein 1.1
Fat 0.4
Fiber 1.1
Ash 0.5




Cassava is recognized as one of the most important crops to the Thai
economy [21]. It is the third most important crop after rice and sugarcane. The
production of the crop is on average about 18 million tons in each crop year from a
planted area of 1.5 million hectares; and about half of this amount (9 to 10 million tons) is
converted to starch. This product capacity was 5% of the global total in 1999 [22]. In
1994, Thai Tapioca Flour Industries Association estimated the annual starch export

growth rates between 1987 and 1992 as follows: native 10.5%, modified 33.8%, sorbitol

48.9%, monosodium glutamate (MS ose syrup 9.4%, and sago 8.3% while

)ented as percents of 1,121,625
tons of starch produced in (e us@n in Table 2.3 [23].
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2.2 Polystyrene [24]

Although known since 1845, polystyrene became a commercial product only

after the Second World War as a result of high production of styrene for the synthetic
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rubber. Styrene, along with most of its substituted derivatives, can be as either an

electron donating or an electron attracting center. Therefore, in addition to free radical
polymerization, these monomers can be polymerized by all other primary propagation

mechanisms: anionic, cationic, and coordination.

The world production of 3.3 million tons in 1970 is surpasséd by 5 million tons in

1980. In USA, the 2.5 million tons production of polystyrene (PS) and its copolymers in

1983 had reached 3.8 million tons i ' 93 ver, the production rate of PS is lower
than that of total thermoplastics, dt gle v w number of applications, but
especially to the fact that ductién is-erientedsto prepare copolymers and to

Styrene, likes and its concentrations in

the atmosphere should ation takes place in most

cases through the radica ' out initiators (peroxides). The

system needs heat only for st ; othermic (71 kd/mol). As the

temperature or initiator conceptration-i e redaction rate increases and in the

meantime, polystyrene moleculan; - eereases. The chemical structures of

e Leled

styrene monomer and polys
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Large scaled polymerization can take place via bulk, solution or suspension
techniques. Polymerization conditions determine PS purity, styrene content, MW, degree

of branching and polydispersity. PS obtained through continuous mass polymerization
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does not contain emulsifier, salts, initiator or foreign impurities, providing superior

dielectric properties.

The polymer with a MW of 50,000 is normally used for coatings and with MW of

20,000 to 300,000 is suitable for processing through compression or injection molding.

PS shows good dielectric properties, chemical stability, and water stability. It is

are its brittieness, low th : low resilienceyand Righ flammability.

=

PS is very suital ﬂg QUG ‘\ dr injection and blowing. PS
has a lot of applications " 9 \\Q\; > ory equipment, food and
. E o .,\

X& Aore recently, more and more

copolymers are also used to replace

PS. Poly(2,5-dichlorostyrene frene-acry ile eopolymer and acrylonitrile-

butadiene-styrene grafted copolymer-are ihe &

¥

1ples of new modified styrene used in
(b A 2/ ~

industries.
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Figure 2.5 Structure of graft copolymer [25].

A graft copolymer is a polymer comprising molecules with one or more species

of blocks connected to the main chain as side chains, having constitutional or
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configurational features that differ from those in the main chain, exclusive of branch

points as schematically presented in Figure 2.5. As a sequence of A monomer units is
the main chain or backbone, the sequence of B units is the side chain or graft, and X is
the unit of the backbone which the graft is attached. In graft copolymers the backbone
and the side chains may both be homopolymeric, the backbone may be homopolymeric
and the side chains copolymeric or vice versa, or both backbone and the side chains

may be copolymeric but different in chemical compositions. Branching in one or more

olymer cﬁsented as poly(A)-graft-poly

echnlque for the chemical

stages and cross-linking may also o

The simplest case
(B). Grafting has been u
and physical propertie neir tremendous industrial
potential [15].

B R
olyﬁ jon

2.3.1 Method of G

e WO gef - ethods for the synthesis of a graft

copolymer [26].

J directly by a suitable

i
ﬁ “Htﬁf‘i w Eﬂiﬁ% %‘:‘w &l’e] ﬁ%oh as free radicals

or ions formed u&n it which are used ? polymerize a suitable monomer to produce the
QRN I URIINEA

There are many methods for synthesis of graft copolymer but free-radical

chemical reaction to thegckbon.

polymerization methods are the oldest and most widely used procedures, because they
are relatively simple. However, the methods summarized in this thesis are described for

starch graft copolymerization.
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2.3.1.1 Free Radical Polymerization [27]

Radical can be produced by varieties of thermal, redox,
photochemical, and irradiation methods. In order to function as a useful source of
radicals, an initiator system should be readily available and stable under ambient or
refrigerated conditions, which process at a practical rate of radical generatidn at

temperatures that is not excessively high.

ol Qz ciation of initiators is the most widel
used mode of radical gener On {6 t|o s’ S es of compounds, including
those with O-O, S-S and'N-Qdbondls| pro :- : \s ge of dissociation energies.

However, it is only the gEroxides _.C Arelext :
‘ _ ot re

other classes of compoungds aj -\\ available or not stable enough.

as radical sources. The
Several different types of pgro ) s are widaly L ed. One of them is benzoy!

peroxide which is widely used

tallihe, solid having melting

temperature in the range , “ )eating above 105°C. It

is slightly soluble in wag and solub orga solvents@enzoyl peroxide can be
used as a bleaching agentgénd, a drying agent;dowever, it is usually used as an initiator

or o caavt RS SEI N TIHINA B 6 ove 106 o

diacylperoxides, %(O OO(O)CR, whlcg decomposes by an initial clea@ge of oxygen-
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shown in Figure 2.6 with a first order rate constant of 1 X 10™¢?**%'s [29].
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Figure 2.6 Dissociation effpenzoyl peroxide [29].

formed by the initial bon ctlon shown in Figure 2.6

(b) before they can rea ence of reaction (b) has
slightly effect on the overe enyl radicals formed in (b)
can add themselves to thgfmo Sr tosDIing i lon So that, both benzoyl
and phenyl radicals are i % S jnitating specles " solution, there is a small
possibility for reformation of b - 5 @t 80°C in isooctane) and only

minute amounts of phenyl benzoa :ﬁ:- ohe ormed within the cage. Therefore,

.

in the presence of a regcti production of radicals can

reaction of benzoyl
ﬂﬂﬂ?ﬂﬂﬂ?ﬂﬂ” 3
qua\ﬂﬂim URIAINYIAY

be almost quantitative/F
peroxide [30]. m
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Figure 2.7 Ov issQciation. of benzo peroxide [30].

as an initiator for graft
w\\ ethylene-propylene-diene
monomer copolymer (EPE . j_. » \\ (BPO) and 2,2-azo-bis-
isobutyronitrile (AIBN) [ . j percent depended on the
reaction parameters such gnconce ion, fime and temperature. However,

; 4 :
the result showed that BPO was s .‘f.;w:‘a 0 AlE , by chemical analysis, it was found

moid onto poly(ethylene
terephthalate) fibers usmg BPO as |n|t|ator [32] They found that the grafting yield

- Zﬁ.ﬂﬂﬂ"@ I ﬂﬁ?ﬂﬂﬁﬂ@°raﬁﬁ§?fo§ s
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Meral and Mehmet grafted ethyl acrylate onto monofilament
polyester [33]. They found that breaking tenacity and densities of grafted fibers

decreased while breaking elongation increased with grafting yield. However, scanning
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electron micrographs showed that the fiber geometry and its diameter were not affected

by grafting.

Boonsri studied the new method to modify the hydrophilicity of
polyester fabrics by grafting with poly(methacrylic acid) and found that swelling of
fabrics was necessary for grafting occurrence[34]. However, when the percent of

grafting increased, the fabrics tended to be stiffer than ungrafted fabrics but they could

be softened by controlled treatment with 2 / )}Iu’uon of sodium hydroxide.

methacrylate upon gelatin by

sulphate, potassium p%‘n | agent, ;Bj calculated percent of
grafting between estumatmg’%kcose in the hydnglysate of the copolymer by titration and

veneamn i )9 V1 H NINYINT
Q) RENTDHH A TR w0 =

methylacrylate (MA) grafted onto starch in aqueuos medium [37]. They found that the
percent grafting depended upon concentration of initiator, concentration of monomer,
time, and temperature. In this experiment, it was found that AN was more reactive than
MA. They also compared the relative reactivites of BPO and AIBN for graft
copolymerization of vinyl acetate onto potato starch [38] and found that BPO (53.6%)
appeared to be more reactive than AIBN (23.5%).
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The following chain transfer mechanism (Figure 2.8), suggested
by Flory in early 1937 and elaborated by Hof%man and Bacskai, is postulated for the
grafting of vinyl monomers onto starch in the presence of free radical initiator. The
mechanism invoked to explain grafting of vinyl monomers onto starch is chain transfer
process [37]. In chain transfer process, the initiator fragment (I-) arising from the
decomposition of initiator usually abstract a hydrogen atom from the polymeric

backbone leading to generation of active sites on the backbone polymer where grafting

IMM* +  ,_ \\\
starch- + | ‘_ \\%\ Starch(M)r', (5)

\ \

IMM- + M

starch— (W) #dis— M —I (7)

starch—— (M) - g~ M—: I (@)
) L # n

')

g0 vinyl.ﬁ)nomers onto starch [37].

ol
v !

Figure 2.8 The chain traﬁer me

‘a /
FJ] uﬂrg mmh&lsm iiuﬂé:]tra] :ie radical sites on
starch may also form on C,-OH, C -OH or C,-OH (Figure 2.9). C.-OH%ging a primary
hydroxﬂrm glﬁoﬂiﬂ sﬁ@aﬂr%tﬁyﬁm& igla &jvide active

sites, starch would be expected to show identical reactivity towards grafting. Misra
studied that the grafting of poly(vinyl acetate) onto starch took place to a greater extent
than onto cellulose. This may indicate that generation of active sites by process

involving abstraction of hydrogen from starch by the initiator fragment (I-) being

important. Since starch is easily dispersible in water, (I') has greater chance to react
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with starch. Thus, wastage of (I') by cage recombination is minimum when grafting is

carried out in the presence of starch. Havva, et al. reported the termination of graft

copolymerization may take place by either chain transfer or combination reaction [35].

reactions produce radicals
that can be used to initiate graf r- Y : e advantage of redox initiation

is that radical production occu S—a asan wates over a very wide range of

temperature. A wide rapg

offi, inorganic and organic
components either w 'ﬁf tF ‘purpose. Some redox
systems involve direct @ntron transfer between reductant/and oxidant, while others

involve the intermediate fonmation of reductant-gxidant complexes; the latter is charge-
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were as fdllows:

(i) Ceric ion salts (ceric ammonium nitrate), suggested by
Mino and Kaizerman in 1958, has been used to graft copolymerize a number of
monomers onto polysaccharides. Reactions of ceric salts with alcohols have been

studied, and researched using model compounds to determine the Chemistry involved
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when a glucopyranosyl unit reacted with ceric ion. On the basis of available evidence,
one reaction path for ceric-initiated graft copolymerization is presented in Figure 2.10.
After initial formation of a starch-ceric complex, the ceric ion (Ce‘”) reduces to cerous
ce™), a hydrogen atom is oxidized, and a free radical is formed on starch. The starch
free radical may then react with monomer to initiate graft copolymerization or may loose
through further reaction with the ceric ion. This method is grafting yields substantially

pure graft copolymers since the free radicals are produced exclusively on the

backbone.

Complex

Free Ratlical + Manomer == Graft Cagalyme!

wﬂuwn—*_o &
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2 10 Initiation of graft polymerizati & by ceric ion [3&
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Gugliemelli, et al., grafted acrylonitrile onto gelatinized

0
|

cationic starch to produce stable latex-like copolymer dispersion and then they
produced the film of graft copolymer by coalescence of the dispersed particles [40].
Ronald, Rodney, and Thomas prepared starch-g-poly(methyl acrylate) copolymers with
molecular weight less than 500,000 [41]. They extruded this copolymer in form of

biodegradable mulch film which showed excellent initial tensile streng‘th and elongation.
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While Mingzhu, et al., synthesized starch graft methyl acrylate similar to Ronald but they
changed the type of starch from corn to potato and they st;Jdied the kinetic of graft
copolymerization [42]. In addition, Athawale, Rathi and Vidyagauri grafted
methacrylamide onto maize starch [43] where Anthawale and Lele also grafted

methacryonitrile onto maize starch [44].

Athawale and Rathi studied the role and relevance of

polarity and solubility of vinyl mono \ I lemenzatlon onto starch [45]. They

ers in aqueous medium using

ceric ammonium nitrate asdnitaior. Qecreased with decreasing
monomer polarity in th | ¢ acrylonitrile acrylic acid > methyl

as sodium thiosulfate
reductant for preparingwﬂe con W solid@ation time and highest
insoluble yield and carboxykc&gtent
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(iii) Ferrog.s ammonium sulfate—hydrogen &roxude is also
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are produged from the hydrogen peroxide-ferrous ion system, and these free radicals

then abstract hydrogen atoms from starch. In further development, hydrogen peroxide
has been replaced by organic hydroperoxides or inorganic persulfate salts while such
reducing agent as sodium bisulfite has been substituted for ferrous ion. Trimnell, Fanta
and Salch [46] compared the method to synthesize graft copolymer of methyl acrylate

onto granular starch by Fe*'/H,0, and ceric initiating system. They found that Fe*"/H,0,
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system gave higher levels of homopolymer produced on starch granule surface than
ceric initiating system when detected by scanning electron microscopy (SEM) and

attenuated total reflectance (ATR) infrared spectroscopy.

(iv) Manganese derivatives, Mn*" (as MnO, from a
KMnO, acid system) and Mn°" (as manganic pyrophosphate) have been employed for

graft polymerization of vinyl monomers onto starch. For the Mn*" initiator, starch is

generally immersed in KMnO, solution \depc i; MnO, on it. In the presence of acid,

)t of the action of acid on the

deposited MnO,. Hence, difigientprimary radi a@ecreated depending on the

transfer.

e e Y]
m | rolic ' rr%;hanism of manganic
pyrophosphate initiator isgpresented to acceupt for the synthesis of starch graft
L= )

copolymer by cﬁ%ﬂw’éy% drobi bf e Hahyerbaibode Tnits in amylose an

amylopectin by ﬂanganlc pyrophosppate with the d|$30C|at|on of the glycol- -Mn>*

o WIS AN IR -
pyrophos@hate as an initiator [47]. In this experiment, they described the mechanism of
this initiator such as ceric initiator and they also used the Arrhenius equation to calculate

the apparent activation energy for this graft copolymer which were about 27.1 kJ/mol.
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(c) Irradiation

Radiation initiated graft copolymerization involves two
simultaneous or consecutive processes in which active sites are formed on or near the
surface of existing polymer by irradiation, followed by polymerization of monomer on

these sites. There are four main methods of radiation-initiated graft copolymerization

[48]. The first technique is direct or mutual method. In this technique the monomer
(which may be gas or vapor, liquid, ‘ irradiated in contact with the polymer
in air, or better, under an in mer is generally irradiated in

contact with excess mono L several vériations-are-possible and the polymer may,

for example, be impre{ diation. In radical graft

initiate polymerization A " : mer P,-P,. The irradiation
also generates radicals . monomer | tiate polymerization to give the

homopolymer, - a s formed by radiolysis of

treated before irradiationgith a solutio na racﬁion sensitive solvent (for

swelhng) [49], and if the poyrﬂq is added with sugh compounds as acid [50], inorganic

e e s Eda@o%%ﬂ‘ﬂ‘i NEINT
A IR AT s

the backBbne polymer is irradiated in the absence of air and deaerated monomer

placed in contact with the irradiated polymer. Grafting is brought about macroradicals
trapped in the irradiated polymer, and homopolymerization does not occur. While the
absence of homopolymerization is an advantage, disadvantages of this method are

possible degradation of the backbone polymer, the significant temperature
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dependence, dependence on the crystallinity of the polymer, and a comparative low

degree of grafting.

The peroxide method is the third technique which involves
preirradiation of the polymer but in the presence of air or oxygen so that the.formed
macroradicals are converted to peroxides and hydroperoxides. An advantage of the

peroxide method is the possibility of storing the irradiated polymer for a considerable

time before grafting. However, the dis :I of this technique is that hydroxyl

radicals inducing homopolymerizatic n of his can be avoided by adding

transition metal compoun : romrmation.

two polymers. Irradiation

~:\'

of a mixture or solution and Py o crosslinking, that is, to

ymer, fre -\. dicals on the starch backbone
can be produced with “Co, elegffon. bam nd Weliradiation [51-52]. The first to the third

methods are used to initiate starch‘f aft-copoiy but starch is usually irradiated first

ﬂ tua%; ’ﬂj‘hﬁ E] wgwﬂ ’]xﬁ § described above,

alternative metho88 of synthesizing stargh graft copolymers have been developed such
>~ ERAIRTUUN TR TR
alkoxide &s an initiator. When the alkoxide concentration increased, the grafting yield
increased. The graft polymer composition depends on the reaction conditions. With
increasing monomer concentration and temperature, the extent of formed poly(lauryl
methacrylate) increases. In this experiment, graft polymers containing 30-65% poly

(lauryl methacrylate) are obtained.
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The anionic grafting of methacrylonitrile on starch in dimethyl
sulfoxide initiated by the lithium ana sodium alkoxide derivatives has been studied. The
results were compared with those obtained previously with potassium alkoxide. As
indicated by the monomer-starch balance at the end of the polymerization with lithium,
the results were not highly reproducible but the results were reproducible with sodium.
The yield of pure graft polymer with different alkoxides were in the order: potassium>

sodium>lithium, lower alkoxide concentration was required for attaining complete

} @(oxide.

, Q.ers via reactive extrusion
has been used to bring a(f actions betw arch and vinylic polymers

[53-54]. An example i ' opolymer using reactive

conversion and optimal yield in the ¢

extrusion done by Chin » 1as In thi erfiment, they described the

molecular mechanism al~and, molecu ranges during extrusion

degradation. This may happen from,%i ~all of the following molecular mechanisms:
"::{-"::l:-" 4 [ =

(a) molecular reve{}_’ﬁnj (b) intramo

These Jmolecular mechapisms of degradation or reformation of

starch due to hﬁ %a&n’(ﬂhw &%%nw Enﬂgg’t}cﬁw different ways to

obtain a desiredq"functional end procuuct. ChemicaEgents such aburea, sodium
o QAR VG TOLUNA PRI B o -
acceleraté] starch molecular degradétion. Similarly, starbﬁ molecule degrade by
increasing the shear rate and residence time in the extruder, restricting the die nozzle
opening, increasing barrel temperature, decreasing starch moisture content and
combinations. Combinations of chemical agents and processing conditions yield a wide
range of degraded starch products with different functional characteristics. It is known

that the covalent bonded atoms or groups of atoms are literally torn off during starch
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degradation. Thus, this process offers a climate conductive to free radical formation on

starch molecules which can be used to polymerize the starch with molecules having

vinyl groups.

CHa . H20

Figure 2.11 Molecul u processing of starch

E for graft poN ation [53]. ﬂl

‘o W
ﬂ u?B %rw S%r@ﬂ“%jge] ﬂd‘i synthesize starch
graft copolymer. ﬂui, Chang and Jung wsed this methg‘ to prepare gra‘tloolymerization
of 8-0aﬂléﬁn€]ﬁ @nﬂﬁ%“t%ﬁi}%f&l%ﬁhﬂeld of graft
copolyme‘ increased with increasing water content in the feed. This dued to the
enhancement of starch gelatinization by theb water. The starch gelatinization can

generally induce the effective destruction and plasticization of granular structure of

starch and, consequently, promote the reactions between the starch and CL monomer.
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2.3.2 Previous Studies on Graft Copolymerization of Starch and Styrene

Monomer

Fanta, et al, prepared starch-g-styrene copolymer by grafting
copolymerization reaction of styrene onto corn starch via simultaneous ®Co irradiation
method [56]. Copolymers were characterized in terms of the percent add-on, the

molecular weight, and the molecular distribution. In a typical polymerization, 4 g of each

starch and styrene were blended w r.and 1.5 cm™ of an organic solvent
They found that the highest 43% | st 76% conversion of styrene to
grafted polystyrene were 3ﬁlycol and ethanol used as

exhibited little or no/
methacrylate) were hardgnd n 0po ymersﬂepared from methyl and
butyl acrylate were more ireéple and leatheny.sThe graft copolymers with lower Ty

enes o ELBEE I BB PHE NG o s

feature of these r%l;ults was that the matrix polymers starch and celh&je were rigid
g RGP URIINYIA Y

Henderson and Rudin prepared starch-g-polystyrene by simultaneous
®co irradiation of mixtures of wheat starch and styrene at room temperature [58]. They
found that the extent of conversion of monomer to polymer increased drastically with
increasing water content up to a level of about 26% weight on starch. Methano!l had

approximately the same effect as water at equivalent concentration but ethanol was
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clearly less effective as a promoter of homopolymerization and graft copolymerization.

Drying of the starch reduced the conversion to polymer with all promoters but caused
the greatest deterioration in the ability of ethanol to promote polymerization. Water and
methanol were better radical scavengers and polymerization promoters because they

were better disrupt hydrogen bonds and permeated the starch structure.

They also prepared wheat starch-g-polystyrene by simultaneous ®Co

molecular weight distributio rand graft portions were
characterized and extr ' production of ribbon both
samples. Both copoly 6O Sie arably ' by soaking in water and

this effect was more im methyl acrylate). Both graft

copolymers regained th [ f le 8 ths drying but the poly(methyl

it was found that polysty_gwe graf / valu@ of 515,000 and 190,000,

respectively, whereas meag yalues of M,, and M, for the homopolystyrene were 375,000

anct 150000, LB DI LIV S DL SLRAAS e, bon iy

phthalate and gl)ﬂarol as plasticizers were used to re&ce the ultimate‘ﬁnsile strengths
of extr@dﬁ@%ﬂﬁnmi%i %‘It@l@ %ryr{é}ﬁs E;’proximated
by the p&ceht elongation at break. When cellulose was used as a substrate, it was
found that percent add-on of cellulose-g-polystyrene was lower than that of starch-g-
polystyrene even the amount of styrene monomer used in the preparation of the former

was higher.
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Expanded foam materials having a high degree of biodegradability were

prépared by combining a starch graft copolymer (SGC) synthesized by Boehmer and
Hanlon [61] with grain-based starch containing materials. The mixture of SGC and grain-
based material was directly expanded at elevated temperature with an extruder or other
expansion means. These products can be produced at lower cost and they had lower
moisture ébsorption than the products prepared from high amylose starch alone and

modified amylose with plasticizers.

From the experiments of K tnagar and Hanna [62], it was

observed that the energy.le '-'--v mﬂuenced extruded radial

expansion ratio, bulk den(

(WSI), and degree of gr: ‘ ‘ ._ 5.5\ *’n- for synthesized starch-g-

E) water solubility index

polystyrene and starch-¢

radical expansion ratio,

‘l""'.l"‘l'

.u’": it ¥ /)

synthesized starch graft copolyme fiation method [13]. Starch graft copolymers
B et T Hrp Sl S

were mixed with cas:@ﬁg starch an ¢ polystyrene sheets by

using two-roll mill. The.dég of th ' ‘wefe investigated by out-
door exposure, soil buriahl esting, and bacterm exposure. It was found

that all plastic sheets canf’ degrade at the afiea of the starch by all degradation

processes but thﬂl%ﬂ ’3 I%(ﬂ w‘ég%“ eg/’];ﬂl Q’nal et
ChARGA: ﬂ‘w IR P EHH b e

has been $tudied by Graaf and Janssen [63]. This copolymerization was initiated using
benzoyl peroxide and potassium persulfate as initiator. Parameters such as screw
rotation rate, fully filled length of the extruder, wall temperature and throughput had
been varied. They used maleic anhydride added in the grafting system to increase
grafting of polystyrene onto starch. The total conversion of styrene could be controlled

by adjusting extruder parameters while the molecular weights of polystyrene could be
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controlled by adding dodecylmercaptan which acted as a chain transfer agent to

styrene phase. It was found that the grafting of polystyrene onto starch occurred at the

interface between the dissolved starch and the styrene phase.

They also used starch-g-polystyrene as a compatibilizer for starch and
polystyrene blend [64]. The results of tensile strength and impact strength provided of

the same magnitude as they were blended material without compatibilizer. X-ray

jraft copolymer from starch and
e

styrene monomer have beeg ) sed on irradiation method. Since alternative
approaches have been usee nthesize graft « from other monomers;
hence, these approacheg'maybgfapplied {0 are starch-g=polystyrene. Therefore, a

new approach for graft co@olymenization.of s 2ne monomer based on free

radical polymerization was siidig : \ following chapters.
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