CHAPTER 11

THEORY AND LITERATURE REVIEW

2.1 Starch [1]
Starch, the princi plants, constitutes a substantial
portion of the human die fhe principal co nt of most seeds, tubers, and

roots. Today, starch is usg exploswes foods, alcoholic

beverage, clothing,

Starch is abunda 51rable source of calories, and

occurs in the form of gran \ imately 1.5 x 107 kg/cm®. In a

granule form, starch is &€ cold water but imbibes water

reversibly and swells slightly. 'ﬁf;s' - ;. in shape and size ranging from about 1
to 100 um in diameter dependi r,{fﬂ-j, g cassava starch, the size of granules

range from 5 to 35 i The larcest sizes are usually- 2544 .; pum and the smallest ones
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bonds. It is a heterogeneous material consisting at the extremes of two major types of
polymers, amylose and amylopectin. In addition to amylose and amylopectin, starch

also contains lipid, residues of protein, and trace amounts of phosphorus.



2.1.1.1 Amylose [2]

Amylose is essentially a linear polymer in which the
anhydroglucopyranose units are predominantly linked through o-D-1,4-glycosidic
bonds. Its molecular size varies depending upon the plant source and processing

conditions employed in extracting starch.

Amylose may ywhere from about 200 to 2000

anhydroglucopyranose uni the polymeric molecule, the

anhydroglucopyranose un two secondary hydroxyl groups

as well as an aldehydiesrédlCing Sroup -\ an inner hemiacetal. This is

called the reducing e end, or nonreducing end, an

anhydroglucopyranosg ing one, rimary h 1 group and three secondary
hydroxyl groups. The g ‘ its along the chain contain one
primary and two seconda shows a schematic diagram of

the amylose molecule.
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Figure 2.1 Linear structure of amylose g
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The abundance of hydroxyl groups imparts hydrophilic properties to
the polymer, giving it the affinities for moisture absorpability and dispersibility in
water. However, because of their linearity, mobility and polarity, amylose molecules
have a tendency to orient themselves in a parallel fashion and approach each other
closely enough to permit hydrogen bonding between hydroxyl groups on adjacent
molecules. As a result, the affinity of the polymer for water reduces and the sol

becomes opaque. In dilute solutions, the aggregate size of the associated polymers may
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increase to point where precipitation occurs. At high concentrations, steric hindrance
may interfere so only partial orientation between segments of the polymer may occur,
producing a gel consisting of a three-dimensional network held together by hydrogen

bonds at those sections where close alignment has occurred.

In general, the linearity of amylose favors the formation of strong film.

For the phenomenon in which intermolecular association occurs between amylose

called retrogradation (starch molecules
associate and precipitate in an insoluble i)’ ylose can form a complex with

amylose-containing starch.

‘containing, in addition to
anhydroglucopyranose aginitg'linked toge n amylose through a-D-1,4-glycosidic

ese branches are linked to the

Fles 7

carbon-6 by a-D-1,6-gly w‘;g;ﬂan_.

anhydroglucopyranose units. A sghematic
ydroglucopyr Eg,{»‘g_,

il

branch contains about 20 to 30
ram of the amylopectin molecule is
shown in Figure 2.2, :
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Figure 2.2 Branched structure of amylopectin
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The large size and branched nature of amylopectin reduce the mobility
of its molecules and interfere with their tendency to orient closely enough to permit
significant levels of hydrogen bonding. As a result, aqueous sol of amylopectin is
characterized by clarity and stability as measured by resistance to gelling on aging.
Amylopectin sol does not form a strong and flexible film as that of the linear amylose
does. Furthermore, it does not form a complex with iodine which gives deep blue

coloration.

ical countries in Africa, South

America and Asia. How i land; ‘th ere | been well recognized as more
than a subsistent crop#1t i sommercially as the raw material for a large and
complex industrial syst 1s a significan ‘n t t0 the country’s economics. The
roots of this crop conta ‘ \\ pproximately half of the roots
produced are used for 7 __'“ Y Y. starch has many remarkable

-

characteristics including high paste ch paste clarity and high freeze-thaw
= l""r’";:'. .a-

stability, which are adya addition, the native starch with
il -

high purity can be réadily mod 12 enzymatic processes into
many diversified pr@.lcts

consequently, encourage inore industrial ap;&ijations.
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contain a low quantity of impuritie§ such as ﬁionin and lipid, afid have high starch
i
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(dry basig). Chemical compositions and general properties of cassava starch are shown

in Table 2.1.

prove @ starch functionality and,

The most important characteristics of cassava starch are:

Odorless: The absence of unpleasant odor in cassava starch enables this

product to be conveniently and readily blended with other flavoring ingredients.
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Paste clarity: Cassava starch, when cooked, provides a paste with clear
appearance. The paste clarity of cassava starch (1%) as indicated by % transmittance at
650 nm is in the range of 40-70%. The products of cassava starch are clear and suitable

for combining with other coloring agents.

Stickiness: With a high ratio of amylopectin to amylose (80:20), cassava starch

provides a high peak viscosity but low potential for retrogradation, resulting in starch

Iy

Starch from cass: S recog; ~a pure starch suitable for a wide

gel with good freeze-thaw stabilit

range of applications suc

Food: Appli \ ess, clear paste and high
freeze-thaw stability pr i is stargh. \

Chemicals: pectin is recognized as a good

acceptor site for active tin content (~80%) in cassava

starch, it assures good susceptibifityto any. ical’molecule.

Fermentation: As féed stock. of atation. processes, cassava starch

delivers low-price “;f':wmt Ue ptibility to acid and/or

enzymatic hydrolysis "

2

Adhesives & Glues,Clear appearanice and sticky texture of cooked paste are

- (VO by
AMIANITNNNINGAE



Table 2.1 Chemical compositions and general properties of cassava starch [4]

Value
Chemical composition (% dry basis)
- Protein 0.15-0.30
- Fat 0-0.01
- Ash 0.10-0.15
Granule size (um by e 3-34
Amylose content (%bY 17-23
size exclusion chfoma
Amylose size (DP, 2040-4640
size exclusion ¢
Swelling power at 85°%€ (Qf 40-62
of distilled water) 4
Solubility (%) at 85°C(0. i stafef in 1 2-42
of distilled water) S
Paste viscosity (by rapid
3 g. starch at 4% moisture cont
of distilled watef}:
- Pasting tempé rhture °C) 67.0-74.0

e Tyeninens o

éﬁﬁﬁmm umfmmaéfgi

Thermal analysis (by differential scanning

calorimeter using 30% starch)

- Onset temperature (°C) 60.0-65.0
- Peak temperature (°C) 67.0-74.0
- Conclusion temperature (°C) 79.0-87.0

- Enthalpy (J/g) 14.0-17.0




2.2 Poly(methyl methacrylate) [5,6]

Poly(methyl methacrylate) (PMMA) is the most important member of acrylic
polymers. It is hard, clear, colorless, transparent plastic that is usually available as

molding and extrusion pellets, reactive syrups, cast sheets, rods, and tubes.

PMMA for molding or extrusion is produced commercially by suspension

polymerization or bulk polymerizatio 1 methacrylate (MMA). To minimize

polymerization reaction exothérm and shr lk polymerization, which is used in

@ with reactive syrup of partially
ityC for handling. An example of
' N\ \\\\"\

the production of sheets
polymerized MMA,

polymerization reactie

Initiation
I A» (2.1)
2Re + (2.2)
Propagation
o, §8 Y CH,
RCHCe + E: .~ = zf)ﬂﬁ}lz-lc- (2.3)

COOCH COOCH COOCH, COOCH,

Tmmmﬂuﬂqmaw5WH1ﬂs
cfw;m m:s mnm Ny e

The bulky nature of the pendant group (-O-CO-Me), and the absence of
complete stereoregularity makes PMMA an amorphous polymer. Isotactic and
syndiotactic PMMA may be produced by anionic polymerization of MMA at low
temperatures. However, these forms of PMMA are not commercially available.
Modified PMMA can be obtained by copolymerizing MMA with monomers such as

acrylates, acrylonitrile, and butadiene.
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PMMA is characterized by crystal-clear light transparency, and good chemical

resistance and electrical and thermal properties. It has a useful combination of stiffness,
density, and moderate toughness. PMMA has a moderate Ty of 105°C, a heat deflection

temperature in the range of 74 to 100°C, and a service temperature of about 93°C.

However, on pyrolysis, it is almost completely depolymerized to its monomer.

The outstanding optical properties of PMMA combined with its excellent

manufacture of soft contact len€Cs” Typical appl 4\ of PMMA are given in Table
22
Table 2.2 Typig¢al apy ionsof poly(me hyl methacrylate) [5]
el
fifos
Area ' F s pplications
T4 S
] S —
Construction .Enclo: sures for swimming poolsshopping malls and restaurants,
st LR LA :

d r" ing and glare, domed
J

Lighting aﬂ ué@%%{%ﬂ ﬁi]’lﬂﬁjlenses and shields

Automotive Lenses, instrumént panels, signals and nameplétés

Aviationqq W r] &iﬁwﬁr@ﬁm&tﬂn&,?glﬂgﬂm’le@ové!, radar

plotting boards, canopies

Household Housing, room dividers, decorating of appliances, furniture,

vanities, tubs, counters

Others Display cabinets and transparent demonstration models in

museums, exhibits, and department stores
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2.3 Graft Copolymerization

2.3.1 Principles of Graft Copolymerization

Copolymerizations are the reactions which lead to the formation of polymers
containing two or more discrete types of monomer units. Graft copolymer, also called

branched or comb polymer, is one of the basic types of copolymers. It is a polymer of

molecules with one or more sp connected to the main chain as side
chains. These side chains Onairorconfigurational features that differ
from those in the main chidifies At @ed in Figure 2.3, a sequence of
“A” monomer units re{ in chain er backbone while a sequence of “B”
units is the side chai ' \-\ > backbone which the graft is

attached. In graft side chains may both be

homopolymeric, the b cand the side chains may be

copolymeric or vice ver  backbe ¢ chains may be copolymeric but

AAAAAAAA
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Figure 2.3 Schematic structure of graft copolymer [7]

The simplest case of a graft copolymer can be represented as:
poly(A)-g-poly(B), where a polymer named first [poly(A)] is the backbone while that
named second [poly(B)] is the side chain [8]. Thus, poly(methyl methacrylate)-g-
polystyrene indicates a backbone of poly(methyl methacrylate) and the grafts of
polystyrene.
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In principle, there are two general methods for synthesizing graft copolymer [9].

(a) The side chain polymer could be linked directly by a suitable chemical
reaction to the backbone.

(b) The backbone polymer could have active sites such as free radicals or ions
formed upon it. These can then be used to polymerize a suitable monomer

to produce the side chain of polymer.

copolymers are form ical - ion. Irradiation and chemical

initiations can be use

2.3.2 Synthesis of Star

The structure of a" own schematically in Figure 2.4,

where AGU represents an an > unit, and M is the repeating unit of

the monomer used in the po ﬂ’l-g‘ re:

:

AGU—(—-AGU-—)—AGUM

ﬂ%’mﬂmwmﬂﬁw

QW%Nﬂ‘iﬂJ ZJWT'J ’1@ d

AGU =

OH

Figure 2.4 Schematic representation of starch graft copolymer [10]
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Starch graft copolymers are synthesized by first generating free radicals on
starch backbone and then allowing these free radicals to serve as macroinitiators for
vinyl monomers. Generally, free radical initiated graft copolymers have high molecular
weight branches that are infrequently spaced along the starch backbone.
Copolymerizations can also be initiated anionically by allowing monomer to react with
an alkali metal alkoxide derivative of starch. However, grafted branches produced by

anionic initiation are of low moleculag weight. Consequently, end-use applications of

these anionically initiated polyme have )een limited.

In free radical graft.COpo atio age number of AGUs per high
molecular weight graft e o&'from several hundred to several
3 ol \ \ y'a very few grafted branches.

€ calculated from the weight

percent synthetic polym€r i thefgrafl copolymier (percent add-on) and the average

Grafting efficiency is a termused 10 eribe graft copolymerization reactions
s S

and is defined as the pére formed that has been grafted’

to starch. For example, Siyaner produced in a graft

copolymerization wasE‘ngrae Omopa while t@ other half was chemically
attached to starch, grafting gfficiency wouldgbe 50%. High grafting efficiencies are, of

course, desirabﬂ;'u Hof}a%@éw @W@’%ﬁﬁ:@ would afford mainly

a physical mixtufié of starch and homgpolymer

ARARIAT AN BADIE A E i

copolyme?s, and they can be divided into two broad categories: irradiation initiation

and chemical initiation [11].
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2.3.2.1 Irradiation Initiation [12]

Irradiation initiated graft copolymerization can be accomplished by the

following methods.

a.) The Direct Grafting Method

In its simpl \ ing method involves the irradiation

of a polymeric substrate j encglof m and in the absence of oxygen.
Graft copolymerization{ er to then initiated through the free

€ PO
radicals generated on _ '

be considered before applying

direct irradiation method ien polym \\\. ner System. Ionizing radiation as

such is non-selective. S the g o only the effect of radiation on

the polymeric substrate, also 1t "i ct o1 nonomer, the solvent, or any other
‘ s

substances present in the sys r_w;g, mg be radiation sensitivity of the polymer-

monomer combination, one must-aise consie he effect of the radiation on the actual
- L
“eith 0 ain scission or crosslink
-
of 2 monomer, this will lead

and, i@xe latter occurs, the network

under irradiation. I '(j,o
predominantly to bloc@opo ymer.

structures will be formed. € a

ﬂummjmwmm

b.) Prelrragdlatlon in Air

AW Nk RN Y

In this method, the polymeric substrate is irradiated in air or oxygen to

produce perox1de groups. These peroxide groups are reasonably stable and the polymer
can be stored in the cold without loss of activity. If they are subsequently heated in the
presence of monomer (as liquid or vapor) to about 150°C in the absence of air, the
peroxide groups decompose liberating free radicals which can then initiate graft

copolymerization.
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c.) Grafting Initiated by Trapped Radicals

One of the primary effects of irradiation on polymers is the formation
of free radicals. Although free radicals are highly reactive, it has been demonstrated
that they can become trapped for extremely long periods (several days or months) in a
viscous medium such as that encountered in a polymer at a temperature below its glass

rystalline, the free radicals formed within the

transition point. If the polymer is part

crystalline regions upon irradiat rmly trapped, since the mobility of
polymeric segments is muc th _ xplved in an organized structure.
Although the free radica ‘Whly reactive and provided the
monomer which can di \ ] -. ach the reactive sites. So, the

In 1993, Ki‘atkamjo , and Nakason [13] studied the effect
of radiation modification on operties of native cassava starch,
gelatinized at 85°C, f ooy ile carried out by mutual

irradiation using gam 2, rac ic foll-was used to cover the inner
wall of the reaction vessel so that the homopolymer concentration was reduced to less
than 1.0%. The Itant “séponifie e% qaye.a distilled water retention
valﬁe of 665 g/ﬁ mz, vﬁ;ﬂmif ﬁ:ﬁfglﬂtﬁhey used the infrared
spectrophotometrﬂ technique to confirm the results of graft copolymerization and

s GG N T AN TR E

Then in 1997, Kiatkamjornwong and Meechai [14] investigated the
enhancement of the gamma radiation grafting of acrylonitrile (AN) onto gelatinized
cassava starch. They used infrared spectroscopy to follow the chemical changes in the
grafting reaction and from saponification. The saponified starch-g-PAN was then
characterized in terms of grafting parameters to provide a guide for the optimum total
dose and the appropriate ratio of starch/acrylonitrile for a fixed dose rate of 2.5 x 10°

kGy/min. They also carried out other dose rate to obtain the appropriate result of
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grafting copolymerization and water absorption. They found that using a thin
aluminium foil cover the inner wall of the reaction vessel is far more effective than any
other metal films in the enhancement of the grafting reaction and the water absorption

as well.

Two years later (1999), Kiatkamjornwong, Sonsuk, Wittayapichet, et al. [15]

prepared cassava starch-g-polystyreneybyya simultaneous irradiation technique from

Co-60 source. The mixture o tyrene and methanol solution was

irradiated by gamma rays t ed dose rate. The resultant graft

copolymers were used as a_ e Styrek “Pased polymer for studies of the

degradation of plastic. T

the homopolymer con ing ratio, conversion, and

polyethylene sheets was stu py-Kiatka , Thakeow, and Sonsuk [16]. The

irradiation grafting technique___. ed | 1€ 7 acrylic acid onto cassava starch.

etherification with pé!

3 'spe@)scopy and contact angle
measurement. Then, thx s¢madified productgwas used for blending with low density

polyethylene (ﬁpﬁﬁ Qﬁ%:ﬁ}:%ﬁ w:glqcﬂ %rmal and degradation

properties. They¥found that the blend°§ of LDPE w1th ethylene- bzs-stearamlde wax had

propena w atﬁ ﬁhﬁmMﬂ ?nﬁﬁ@n ms of surface
wettablhtq ensile properties, an ness, but wi bett gadation in soil

due to the much higher water absorption.

characterized the modified produ

In 2002, Zhai et al. [17] prepared a series of excellent poly(vinyl alcohol)
(PVA)/starch blend hydrogels by gamma and electron beam radiation at room
temperature. They investigated the influence of dose, the content of starch in blend
systems on the properties of the prepared hydrogels. They reported that the gel strength
was improved obviously after adding starch into PVA hydrogels, but the swelling
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properties decreased slightly due to poor hydrophilicity of starch. In order to elucidate
the effect of component of starch on the properties of PV A/starch hydrogels as well as
the formation mechanism of PV A/starch blend hydrogels under irradiation, the two
components of starch, amylose and amylopeetin, were chosen to blend with PVA to
prepare hydrogels, respectively. The results indicated that amylose was a key
component that influenced the properties of PV A/starch blend hydrogels. The further

analyses of FT-IR spectra, DSC and,Z TGA thermograms of the prepared gels after
\

extracting sol manifested that t fling reaction between PVA and starch

molecules besides the crossl under irradiation.

Also in 2002, Ki and Sonsuk [18] carried out

acid onto cassava starch by a

simultaneous irradiation 4€C. isihg. amma.ra as an initiator. They studied
various important par : : , ymer-to-cassava starch ratio,
and maleic acid conte va starch g\ -\ oly[acrylamide-co-(maleic acid)]
performed as a superabsogbe i ¢ Addition a\ w/w diprotic acid of maleic

acid into the reaction mixtuge yieidsa sap d starch graft copolymer with a water

absorption in distilled water as of its dried weight. The morphology of

the superabsorbent polymérs reveals sorhe bafveen the porosity, network
P O/ mers reveals Some Ie NN 1 P y

structure, and extent i ')

} G
AULINENTNEINS
RINNINUNINGIA Y
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2.3.2.2 Chemical Initiation

In addition to irradiation initiation, free radicals on starch backbone can be
generated by chemical methods. Grafting of vinyl monomers onto starch via chemical
initiation has been accomplished by using various types of free radical initiator. In the
following text, various initiators used in graft copolymerization of vinyl monomers

onto starch are reported.

o of chemical initiation is the
reaction of starch with cea nium nitrate (CAN). In 1997,
on of methacrylic acid onto
nted out that methacrylic acid
can be easily graft polymeéri ‘ tarchy T lence of grafting on the reaction
variables, such as monogier, amgfﬁ *‘ sonc -\;_ ations, reaction time, reaction
is and infrared spectroscopy were used
for the confirmation of graft _ ation. Further, a representative graft

thermogravimetric analysis, and

differential scanning ‘heyaitsore ' ‘ bility/swellability and the
gelatinization characte , they also studied the effect

of alkyl group chain geﬂ;?h of alkyl methacrylates on graft copolymerization using
CAN as an i ethyl methacrylate
(EMA), and “@ Hﬁ?ﬂﬂdﬂ?‘ﬁﬂ tlﬁfa:d that as alkyl group
chain length ea m d to be in the
order omq Ié &aﬂ‘%/’ mzﬁ ﬁ'ﬁﬂﬁeﬁt d relevance of

polarity and solubility of vinyl monomers. They reported that the grafting efficiency

decreased with decreasing monomer polarity in the following order: acrylonitrile >

acrylic acid > methyl methacrylate > vinyl acetate > styrene [21].

Choi et al. (1998) [22] examined the photodegradation properties of graft
copolymers of vinyl ketones and starch. They synthesized starch-g-poly(methyl vinyl
ketone) and starch-g-poly(phenyl vinyl ketone) by using CAN as an initiator.
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In 1998, Athawale and Lele [23] studied the grafting of acrylic acid (AA) onto
granular maize starch in aqueous medium initiated by ceric ions. They expressed the
effect of concentration of ceric ion, concentration of AA, reaction temperature,
polymerization time, and material-to-liquid ratio on the grafting in terms of %grafting
efficiency and %add-on. They found that the crystallinity of starch decrease owing to

grafting, and grafting of AA also affected the thermal stability of starch. From scanning

rafting is essentially a surface phenomenon.

| ’tf)
‘A@ia’wr in graft copolymerization of

methyl acrylate (MA) Onto..sag rc :%nd that the rates of graft

electron micrographs, they concluded

Also in 2000, Athawale dnd 5 AN as an initiator once again. This
time they grafted methacrylonitzi ontodried maize starch in aqueous medium.

They studied this (gfa:

oIz _P' etrically under nitrogen
atmosphere, and found as favored by increasing
monomer concentratiomnd reaction , but was affe@d by higher concentration of
initiator and high temperature. No grafting jwas observed beyond 45°C. The graft

T — wﬂ uy&]ﬁs ‘ﬂag %@%ﬁﬂ ﬂ@g of MAN onto starch

does not alter th%lthermal stablllty og starch. The crystal]me reglon of starch was also

involv m mmﬂa wm ﬁpamer coating of
grafted P on t starch surface.

The work of Sugahara and Ohta in 2001 [26] also used ceric salt as an initiator
in the graft copolymerization of three vinyl monomer species, acrylonitrile (AN),
acrylamide (AM), and acrylic acid (AA) onto starch. With the constant concentration of
ceric salt, the vinyl monomer activity onto starch decreased in the following order:

AN > AM > AA.
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On the basis of available evidence, one reaction path for ceric ions initiated
graft copolymerization is diagrammed in Figure 2.5. After initial formation of
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 initiating graft copolymerization or may loose through further reaction

with ceric ion [10].

qus ey
qrasRasl gy

o
o=

Figure 2.5 Initiation of graft copolymerization by ceric ion [10]
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b.) Initiation by Persulfate Groups

Generally, potassium persulfate (PPS) and ammonium persulfate are
used as the initiators for graft copolymerization. When an aqueous solution of
persulfate is heated, it decomposes to yield sulfate radical anions along with the other

free radical species. The mechanism for grafting is as follows [8]:

(2.5)

'o—lsl——o- = S—oH + HO- (2.6)
0 . —k 1 0

2HO- ¥ \ \HOOF (2.7)

HO-s + . “\. + HO,* (2.8)

St-OH + Ry  SSCCR & 0- + RH 2.9)

St-0° + CHy=C ,,,: g St-O-CH,-HC- (2.10)

; I
" g—.‘\ ‘ X

St-O- CImHO Monomer molecules J Graft copolymer  (2.11)

ﬂTJEJ’NIEJVﬁWEJ’]ﬂ‘ﬁ

Where St- OH = starch, R- = HOe- and

QW']%Nﬂ‘iﬂJ um'mma d

Sago starch-g-PMMA copolymer was prepared by Fakhru’l-razi et al.
(2001) [27] in aqueous medium by different initiators of PPS and CAN. When they
used PPS as an initiator, the maximum percentage of grafting was 90%. The optimum
conditions were at the reaction temperature of 50°C, the reaction time of 1.5 hours, the
monomer amount of 47 mmol, and PPS amount of 1.82 mmol. They suggested that this

sago starch-g-PMMA may have application as a biodegradable plastic.
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Recently, in the year 2002, PPS was used by Cho and Lee [28]. In their
research, they grafted styrene onto native corn starch by emulsion polymerization,
using PPS as an initiator, sodium dodecylbenzenesulfonate as an emulsifier, and
tetraethylthiuram disulfide as a chain transfer agent. They found that, when the reaction
time and the emulsifier concentration increased, the graft percent increased, but when

the concentration of chain transfer agent increased, the graft percent decreased. The

l@showed a certain relationship with the

Mn*" (as MnO, from a

ait, copolymerization of vinyl

molecular weight of the grafted pol

variation of the graft percent.

M113+

The followingfreactio T anis  been presented to account for

anganese ions [8].

Initiation V&
X
M P207)2]' complex

!

et

]

Starch + [Mn(Hsz

‘a &/[Mn(H,P,07),]* complex (2.12)
AULININIWEATTS
Starch—[Mn(Hsz%'/)z]- complex + [Mn(HzP,07),}% complex  au

qu‘:l a&@;&;ﬂ m :JQ n& 2;1]07 ]’El (2.13)

Propagation

Starch macroradical + Monomer Starch graft copolymer (2.14)

Termination

MM* + Mn>* ———>  Mn*" + H' + Copolymer (2.15)
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Gao et al. (1994) [29] investigated graft copolymerization of canna
starch and MMA monomer initiated by manganic pyrophosphate. They found that
manganic pyrophosphate can initiate the reaction efficiently. The percentage of
grafting, grafting efficiency, and rate of grafting were all depended on the
concentration of the initiator, monomer and starch, as well as reaction time and
temperature. From the characteristics of starch-g-PMMA showed that not only the

amorphous, but also the crystal phase

't,rch was involved in graft copolymerization.

For the init] or st nerally immersed in potassium
permanganate (KMnO,) it. In the presence of acid,

formation of primary radi Jodeurs as It of the action of acid on the
starch macroradicals i tractio Ir hydrogen from the hydroxyl groups
starch macroradicals are added

on the monomers (i.e., the chains

are initiated). Subsequent addjw onomer molecules to the initiated chains

occur by coupling .A mbination), dis i ~'w- with the initiator, and/or

chain transfer. ID

B B R TIRBIA B o i

copolymenzatloa'l)f methacrylic acxdém starch and hydrolyzed starvs By this system
of graﬂ@ waﬁﬁrﬂlﬁnﬁl&ﬂwgﬁ %t%m ﬂ Hmnes of starch
and the substituents present on them. The percent solubility of hydrolyzed starches
decreased with increasing graft yield. On the other hand, it was found that the
copolymers derived from hydrolyzed starches functioned better as the sizing agents
than the original starch, hydrolyzed starches lying between the two. So, he suggested
that this kind of copolymer could be developed to use for sizing of cotton textiles. Then
two years later, in 1997, he used this initiator system again to graft acrylamide onto rice
starch and hydrolyzed rice starch on the purpose as a size base material for cotton

textiles [31].
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The formation of radical in a polymerization system initiated by
KMnOyj in the presence of citric acid seems likely to occur through reduction of Mn**
to Mn®* and/or Mn>*. Thus during grafting of a vinyl monomer such as acrylamide onto
starch under the catalytic effect of KMnO, in the presence of citric acid, the creation of

a primary free radical may be as follows [31]:

(IIHz-COOH
Mn*" + CI-(OH)-COOH
CH,-COOH ™=

Mn** TR N + HY + HO-  (217)

RH % HO- 2.18)

-COOH + Mn** + H  (2.16)

i e starch or hydrolyzed

kY

,;ﬁ o be represented as follows:
4

FJITJEF‘”?VI EWT%JW 801 )5 (219)
AR ATTSHII T TR

In the work of Gao et al. (1998) [32], they studied the graft

copolymerization of starch and AN using KMnOy as an initiator. The results indicated

starches to produce sta

that the grafting parameters, such as the concentrations of initiator, monomer, starch,
and catalyst acids, all had significant effects on the graft copolymerization and the
components of graft copolymers. Moreover, they pointed out that KMnO, can be used
as a cheap initiator to replace Ce*" salt in manufacturing the starch-g-PAN copolymer,

a raw material for water-absorbing materials.



25

d.) Initiation by Hydrogen Peroxide-Ascorbic Acid

Several researches involving starch graft copolymerization using

hydrogen peroxide-ascorbic acid as an initiator system are presented below.

In 1992, Wiwatwarrapan [33] investigated graft copolymerization of

acrylic acid onto cassava starch by hydregen peroxide-ascorbic acid initiation. Prior to

ar-weight, and water absorption

characterized in terms gfeWeighi .  : _\
capacity in distilled wateg@ // ; .:“

Araya al gr _.«" 9 l":\ pa .,;
cassava starch and acrylic a€id i.Sa 7 % \

= P
aer \
hydrogen peroxide-ascorbic a€id a mitiator ‘ em. She suggested the application

e

graft copolymers of native

, Arayamaythalert also used

of this starch graft copolymer aga thici ptton fabrics printing.

over, in 2000, Limworanusorn [3 4} prepared a new type of

Al

biodegradable sup copblymerization of acrylic

)

3 ' - 1] :
acid/acrylamide onto gassava starch by the initiator system of hydrogen peroxide-

AUHINENINE NS

ascorbic acid.

used ascorbic acid as an accelerator for hydrogen

TRy

C—C—OH C—C—Oe
/

o | +HO0, —— o | + HO» +H,0

el CH-C—OH

HCOH HC'OH (2.20)

H,OH éH;,OH
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St-OH + R* - St-O* + RH (2.21)
—C—=0>
Where St-OH = starch, R* = HO* and O ”
=
o
éHzOH

e.) Initiation b

Benzoyl p s\: \o the initiators which initiation
mechanism involving ndl gomolytic Q C \ his kind of initiators is widely
used as mode of radical/gen€ration’ foi i at1 Only few classes of compounds,

including those with O-Q 8. and - N onds, possess the desired range of
dissociation energies. Howeve ;'r, i ide which are extensively used as
radical sources. -__g ¢ sually. either not readily available

)

or not stable enough %4

BPO is a whlte crystallme solid having melting temperature in the
range of 103 t It slightly dissolves
in water and dﬂo 35; 1H§nmﬂmm an(jcbleaching agent and a
drying el i in free radical
polym ﬁ mé gﬁ ﬁMWTﬁﬂHiﬁﬁiﬁ@c& which
decomposes by an initial cleavage of oxygen-oxygen bond. BPO undergoes the initial

bond scission (B-scission) as shown in Figure 2.6 with a first order rate constant of

1 x 10Me290RTS1 1367
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(2.22)

— O
@ 0, (2.23)
) =
\\\\
25N\

This rate constagf i ‘ ithe’ 3 seful thermal initiator in the
temperature range of 60 t “Despite the re low temperature at which this
initiator is useful, the benzoyloxy tadicals med. y the initial bond rupture may
further decompose as shown in : ;-—--e-—ff ‘before they can react with monomer.
However, the occurrence ' h 2. effect on the overall rate of
initiation, because t ;___i-" 3' can add themselves to
the monomer to bring at , . bo .-,- ; 7oyloxy and phenyl radicals

are important as 1n1t1a1 specxes In solutlon there is a small possibility for

reformation of ?te amounts of phenyl
benzoate or blmn(yﬁ;o; ﬂﬂﬁ?ﬂﬂhemfore in the presence of a
reactive t quantitative.
Figure 2 mﬁi‘aﬁ‘ﬁ%ﬁrﬂlﬁ Fﬁiiyrmnmy
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N
\\ \. zoyl peroxide [6]

Since this work has Beegfocu .-xm. ft €opolymerization of cassava starch

initiated by BPO. Therefore, the #y —w} to this work is reported below.

Tn 2001, Kiratifa A

ation of cassava starch and

i .. :
n aqueous-medium. The influence of the

dlO]

styrene monomer using/BPO as an ir

ratio of starch and styrénesmonomer, thegamount and eﬁxrg of BPO, the mixing

method, th rﬁw vl adling efeflud

reaction tempera re and time were ‘80°C and 2 hours respectlve@ In his report, he

QNIRRT BRIV AR s

Initiation:

results, the optimum

I — 21 (2.24)
I* + Starch —_— Starch® + IH (2.25)

Starch® + M —_— Starch-M* (2.26)
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Propagation:

Starch-M* > Starch-(M)p +1° (2.27)

Termination:

Starch-M)n+1° + I-M)n+1° ——»  Starch-(M)an +2-1 (2.28)

Starch-g-PS copolymer

Chain Transfer Reaction: ™

Starch-(M), +1° n+1-H + Starch® (2.29)

e
g=PS copolymer

However, the results in the formation of

homopolystyrene.

Initiation:
I (2.30)
il (2.31)

4 |

“mm“ﬂuﬂﬂﬂﬂﬂ§W81ﬂﬁ
aMaqnimW13%wwaa

Termma on:

2 I'(M)n +1 ? —— I'(M)2n +2‘I (2.33)

homopolystyrene

Chain Transfer Reaction:

I-M)n+1* + Starch —_— I-M),+1-H  + Starch® (2.34)

homopolystyrene
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The crosslinked starch may be possibly formed from termination by

combination as showed below.

Termination:
Starch-M)n+1° + Starch-(M),+1°  ———>  Starch-(M)a, +2-Starch (2.35)
’ ,// crosslinked starch
7z,
—

2.3.3 Grafting of PM

PMMA is gener S d vyl ' aft copolymerizations onto

various polymers. Besid i . « - out graft copolymerization in

as follows.
\

ned graft copolymerization of

In 1996, Okieimen and O ..v'v d"‘ 38] \'.
methyl methacrylate (MMA)), agi .'W' nitrile ), and their mixture on carboxy methyl

cellulose (CMC). They found tha m 4, ;ﬁ e reaction conditions, the molecular

ylof grafting were not of the
Tt copolymer compositions

of the copom-ner samples showed that a
disproportionately low anfount of ACN mongmer units were incorporated into the graft

oy PRI 'iﬂr%i Hheded\ E1T17
CRARGA L i"ﬂ%‘%ﬂﬁlﬁ IR ishine o v

monomerfonto natural rubber using potassium persulfate as an initiator. The effects of

weight of the grafte -! poly

same order of mag ﬁ'ﬁ

obtained from the totm nitrogen €O

the initiator concentration, reaction temperature, monomer concentration, and reaction
time on the monomer conversion and grafting efficiency were investigated. The
grafting efficiency reached a maximum value at initiator concentration of 0.75 phr,
reaction temperature was 55°C, and 8 hours reaction time. The morphology of the
grafted natural rubber was determined by transmission electron microscopy and

confirmed that the graft copolymerization was a surface-controlled process.
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Also in 1999, Keles et al. [40] studied the graft copolymerization of MMA upon
gelatin using BPO as an organic initiator in aqueous medium. The grafting reactions
were carried out within the 65-90°C temperature range, and the effect of monomer and
initiator concentrations on the graft yield were also investigated. They found that the
maximum graft yield was obtained at a BPO concentration of 0.20 x 102 mol/L and the
optimum temperature was 80°C. Thermogravimetric analysis showed that the thermal

stability of gelatin increased as a res rafting. Furthermore, such changes in the

properties of gelatin-g-PMM | isture regain, and water uptake were

also determined.

Moreover, in 2000 B ai \\\. e homogeneous grafting of
MMA onto methacryla od1f ‘ ’ C~« VIA). using azobisisobutyronitrile
(AIBN) as an initiator eved by a two-step process at

: ALl o‘l "c;'-.‘ a.‘
three difference reactifn tgmpgrature i th ’\\ \
efficiency percentage wére detgm iq: el

. Grafting yield and grafting

\ \w ditions of synthesis. The role

of various reaction paramets .‘; ) yle .\ and grafting efficiency was also

gt

evaluated. They also determified;molect lar ats of graft PMMA, homoPMMA, and
grafted chain of CEMA, utili Ty‘:—a he effect of reaction temperature on
grafting yield. e L

(S ]
As described emher it can be seen that graﬁ'm)polymerlzatlons have been

previously carried outf im, considerablefiv i;E]In this present work, graft

copolymenzanﬂ W’J wc&];qﬂ ‘§r ﬂﬂtsed using BPO as an

initiator. The ex&lnment and the results are report in the followi hapters

ARIANN I umwma d
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