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ABSTRACT

The grafting of various acrylic ester monomers onto tapioca starch were
examined using potassium persulphate (K,S,0,) as the initiator.  The gravimetric
analysis showed that the grafting yield depends on monomer concentration,
monomer ratio, initiator concentration, emulsifier (soap) concentration and reaction
temperature. The thermal and rheological,:piéperties of starch graft poly(acrylic ester)
were examined. It was found that suitable processes properties are low shear rate
processes, such as compression molding and thermo forming. In the case of
compression molding, the starch graft copolymer can be processed at a moisture
content of 4-8% and temperatures from 140 to 170 °C. The physical and mechanical
properties of the material can be varied in a wide range from elastomeric material to

rigid plastic. The advantage of the produced materials is its fast biodegradability.
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CHAPTER 1

INTRODUCTION
Problem Statement

Tapioca is a kind of economic plant in Thailand which grows widely in the
eastern and northeastern regions. Mainly tapioca product has been exported to
European Union. Nowadays the agriculturist has encountered problem of uncertain
marketing.  Especially European Union has limited the quota of import and
standardized the quality of product. Furthermore the structural of production and
marketing of tapioca product are not balanced. Consequently the tendency of price
decrease occurs. In order to increase the value of agricultural product especially
tapioca starch, the research on the usage of tapioca starch in our country is very
important and necessary. Besides in the present the plastic waste effect the

environment and cause great problems to the world.

The increasing production of plastic means ever increasing problems with
disposal of plastic waste. The most counties of the world have recognized the need
to reduce the amount of plastic waste. Although the plastic process scrape is largely
recycled by feed back into the process and improved efforts to recycle discarded
plastic would help accomplish this goal, but so far for plastic in domestic waste

because it’s highly disperse so recycling in this case is too high cost.



Incineration is one of the most effective method but they is not popular in
many countries because of safety and unsatifatory economics when energy lost.
Although plastic in domestic waste have been used as fuel or converted to electric
power in incineration plants.

Landfill is the same effective method because it’s low cost. However in the
future shortage of landfill space will be occurs.

According to demands for environmentally friendly materia_l, extensive
research programs to develép biodegradable plastic are interesting. The challenge in
replacing conventional plastic with biodegradable materials is to design materials that
exhibit structural and function stability during storage and use, vyet are susceptible
by microorganism attack and environmental degradation upon disposal, without any
adverse environmental impact.

In recent vyear, scientists use grafting as a technique for modifying the
chemical and physical properties of starch and other natural polymer such as
cellulose, lignin and so on. It was assumed that synthesis polymer on to natural
macromolecules. The yield of compounds have the combination properties of both
materials, leading to increased mechanical stability and they can susceptible by
microorganism.

In our research, a free radical chain initiation system with the potassium
persulphate(K,S,0,) has been used to initiate the graft copolymerization of various
acrylic ester monomer,both single monomer and binary monomer mixtures on to
tapioca starch at controlled reaction condition. The grafting vields,physical and
chemical properties have been determined.

We study the grafting of two different monomers to see what’s the result of
products both at any different monomer ratio and percent of mole of monomer per

mole of starch. Afterthat the products were evaluated the different physicochemical



properties and estimated which one of whole products was suitable to process to

be the packaging material.
Obiecti

1. To study the starch graft copolymer production from tapioca starch.
2. To study the process of converting starch graft copolymer to packaging material.
3. To study the propertiés of starch graft copolymer such as mechanical properties,

thermal properties and rheological properties, etc.



CHAPTER 2

THEORETICAL CONSIDERATION AND LITERATURE REVIEW

Starch

Starch is semi-crystalline polysaccharide. tt is composed of repeating
1,4 D-glucopyranosyl unit(fanhydroglucose unit {AGU]), in plants it exist in two main
forms. The linear component {amylose) has a molecular weight of several hundred
thousand, whereas the molecular weight of branched amylopectin is on the order of
several million, which vary in amount in reserve granules of different plants.

Starch occurs in living plants iﬁ the form of discrete granules ranging form
about 5-40 microns in diameter. Tapioca starch has granule size about 5-16 microns
depending on the plant source. Most cereal and tuber starches contain
approximately 30% amylose, although genetic modifications of corn through
agricultural breeding have produced starch with virtually no amylose, call “waxy
maize”, or with up to 70% amylose (high-amylose). Starch is a potentially useful
polymer for thermoplastic biodegradable material because of its low cost when
compared with the other biodegradable materials as show in‘Table 1, availability

and production from annually renewable resources.



Table 1 Approximate costs for the polymer (as of January 1994) and their

production levels in 1993

Polymer Costs Production levelb Principal mode of
{$ per Ib) {Ib per year) production
Starch 0.150.8 >230 billion Plant biomass
Cellulose acetate 1.70 2.3-2.4 billion Chemical conversion,
plant biomass

Polythydroxybutryate co-  6.00-8.00 660 000 Bacterial fermentation
valerate)
Poly{vinyl alcohol) . 1.50-250  150-200 million Chemical synthesis
Polycaprolactone 2.70 <10 million Chemical synthesis
Poly(lactic acid) 1.00-3.00 10 million Chemical polymerization

"Additional information from personal communications with companies.
b
Represents total production level, not all of which is going into biodegradable

materials.

Dissolyi ot st

Starch does not dissolve in cold water. To dissolve native starch, it has to be
added to cold water, whilst stirring, the resultant suspension is heated whilst stirring
continuously. As the temperature rises, the viscosity in initial time is shows
increasing because the hydrogen bond between starch molecules are broken and
granule swell and lose their birefringence. The highest viscosity is achieved when
the granules are swollen to their maximum diameter, this point is called “The
gelatinization point™( for tapioca starch it is reached at temperature of about 49-65
0C). After this the granules burst open and fall into pieces of irregular conglomerate

of starch molecules, now the granules remain large undissolved which are dispersed
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more and more as the temperature true rises and stirring continued. When the
molecules dispersed completely, a homogeneous solution is obtained with rather
low and constant viscosity. Starch solution can be readily prepared by passing starch

. - water slurries through a steam jet cooker.

CH,0H ) CH,0H CH,0H
0 o 0
-0 OH 0 oM oM 0—
oH OH OH
Maltose_residu 5
e_residue Y RE
NRE «--—

Figure 1 Amylose structure (Haworth projection).

Amylose structure consists of more than 250 D-glucose units liked linearly
by the glycosidic bond CL(1—>4)linked, as show in figure 1. A partial rotation of
all glycoside bond result in a helical structure,The interior of which traps iodine,fatty
acid,or monoglycerides. Amylose gives a blue color when complexed which iodine in

water,

...O OH 0 .
oH
CH,0H CH, ’ CH,0H
0 /—o }—o0
-0 OH 0 OH L_owO -
OH oM OH
' n .
NRE, <-- — RE

Figure 2. Amylopectin structure (Haworth projection).
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An amylopectin is a highly branched polysaccharide made of glucose
unit,whose branching point are O {(1—> 6) linkages and whose linear branches are

made of O (1—>4) linked D-glucose units (similar to amylose), as show in figure 2
Amylopectins have between 1053nd 106 glucose unit and corresponding molecular
weight between 1.6 x 107 and 1.6x108. Amylopectins give purple color with iodine
in water,

Amylose and amylopectin are major components of starch granules.Upon
standing, amylopectin can form gel (retrogradation) by weak intermolecular
association such as hydrogen bonding. The re:trograded amylopéctin fraction is
redispersed by heating above 50 0C, whereas the retrograded amylose will not
redisperse. In the case of amylose, these association are more numerous and
stronger hydrogen bonds are formed between the amylose molecules.The
gelatinized starches have tendency to orient themselves and approach each other
closely enough to permﬁ hydrogen bonding between hydroxyls on adjacent polymer.
This phenomenon is called retrogradation. The rapid increase in the viscosity of
gelatinized starch after cooling down and leaving it to stand for some time was

cased by their retrogradation which it effected to their viscosity stability.
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Tapioca starch

Tapioca starch is obtained from the large tuberous roots of the cassava
plants which grows in many equatorial regions.Cassava roots may either
“sweet”containing less than 50 mg of potential hydrogen cyanide per kg of fresh
root or “bitter” containing 260 mg or more hydrogen cyanide per kg of fresh root.
Sweet root varieties are grown for food purposes and bitter varieties for other
industrial uses. In either case, the hydrogen cyanide is lowered to acceptable level
during processing.Tropical roots contain 70% water, 24% starch, 2% fibers, 1%
protein and 3% fat, minerals and sugars. Tubers should be processed with in 48 h.
and sulphur dioxide (0.05%) is added to water used in the starch process to6 prevent

microbial growth.w
Modified h.

Today, with and economics situation in which renewable raw materials are
taking on a primary important and the ideas cost are pushing revision of
formulations, the native starch and more particularly, the modified starch, are finding
the opportunity of participating in the more from synthetic compounds toward more
conventional formulas.

The definition of modified starch is any starch whose hydroxyl group has
been altered by a chemical reaction such as esterification, etherification, oxidation or
grafting technics or disturbance of the initial structure. Such methods can be

changed in a chemical or physical properties of native starch.
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~hemical modificati
Rheological modification

Setting the viscosity and more generally the rheology of a starch is the first
step performed by the technologist in developing a modified product viscosity level,
dry solids and rheology evolution determine the nature of the chemical treatment.
Two categories of modification are iﬁvolved the depolymerizations and the
crosslinking reactions.

1.1 Depolymerization. Depolymerizing a starch reduce its viscosity and
consequently, allows its use at a higher level of dry solids.There are various ways to
do this such as dextrinification, acid conversion, alkaline conversion or oxidation,
thermochemical liquefaction and enzyme produced liquefaction.

1.2 Cross-inking. Cross-linking or bridging the molecular chains, lead to a
more rigid macromolecular network inside the granule. The crossdinking occurs
when starch granules are reacted with difunctional reagent that react with hydroxyl
group on to reference molecules within the granule. Crosslinks reinforce the granule
and reduce both the rate and the degree of granule swelling and subsequent
disintegration i.e. reduce sensitivity to processing to conditions (high temperature),
extended cooking times, low pH, high shear during mixing, milling, homogenization

and /or pumping.

Modification by stabilizati

The stabilization of starch reduces the hydroxyl number and decreases the
reassociation of the molecules. Consequently, retrogradation in slowed down and

starch stability increases particularly at low temperatures.
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e modificati

Special and original property can be introduced by specific reactions. For
example, cationization, carboxymethylation, grafting and periodic acid oxidation,
generate well-defined products that do not really fall under the heading of stabilized

starch, although some of them may be quite stable.

oxidi | acid modified |

By treating starch with an oxidizing agent or an acid the chain of the starch
molecules are shortened, the long chain are split up into shorter fragments. Since
the viscosity of starch solution depends on the length of the chain of molecules, (or
: the degree of polymerization, DP } a lower viscosity can be obtained in this way.

The resulting type of product is called “ thin boiling starch”.

Starch ether and starch esters

The gelforming { or insubficient stability} of the native starch is caused by
close approach of parts of the starch molecules, so that physical-chemical bond are
formed, either directly or with the aid of water molecules. This phenomenon can be
prevented by means of attaching side group (this means chemical group) attached
perpendicular to the direction of the chain molecules) to the molecule, a “close
approach” is then no longer possible, and product giving solutions with an excellent
stability can be obtained.

In the described chemical formulas, the formula for starch is simplified in

such way that only the reactive OH group have been sketched.



13

An Anhydroglucose unit {AGU) have 3 OH groups. In principle each of them
can react with an etherifying agent, so that on the reaction spot a side group is
attached. If this has taken place with only 1 OH group per AGU, the “degree of
substitution”( = DS) = 1; if 3 OH group have been introduced per 100 AGU, the
DS = 0.03

Starch_graft copolymer

A number of researchers have studied the new starch transformation
technology, grafting is certain original in that it allows one to associate a synthetic
structure  with a  natural macromolecule. Grafting is performed either in
heterogeneous phase (suspension) or in homogeneous phase, depending on the
monomer considered (hydrophilic monomer or hydrophobic monomer).

Peroxides give rise to free radical { hydrogen peroxide and persulphate),
sometime alone, but generally associated with an activator to form a redox pair
(HZOZ/Fe2+, K,S,04/NaHSO; ) or oxidants, such as Ce' orMn ;

Ceric ion a strong oxidant rapidly complexed with starch and oxidized the
polysaccharide, in a slower secondary reaction, to yield free radical on the starch
back bone. The advantage of ceric initiation is that it forms considerably less
homopolymer than the redox initiation which is not specific, infact, the ceric ions
produce a free radical directly on starch but redox pair H202/Fe2+ generate an HO
radical, an initiator of free radical on both starch and monomer.

In the presence of monomer, fhe free radical on the starch backbone act as
macroradical with initiate polymerization. Both granular and gelatinized starch have

been used as substrates for graft polymerization.



14

MW AGU-(AGU) ~AGU WW
| ] AGU «

MW M--M---M M---M--M MW

M s Monomer of Polystyrens
QF other plastic polymers

6
Figure .3 The starch graft copolymer structure.

The starch graft copolymer structure is show in figure 3, the AGU
represents a glucopyranosyl { or anhydroglucose) unit and M is the repeating unit of
monomer used in grafting reaction. The starch graft copolymer or random polymer
are prepared by first generating free radicals on starch and then allowing it to
serve as a macroinitiator for other synthetic polymer such as vinyl or acrylic polymer
like polystyrene and polyethylene(see Figure  4) generally, these free radical
initiated graft copolymers have high molecular weight branches that in frequently

found alone the starch backbone.

CHa OH CHy OH
o .
, / I o
o OH +Ce(V)orother _._ - M
similar chemical agent —0: .
on 7S on
AGU TH2 o1 Ce (V) Complex

Free Radical + Monomeric unit ~p-Graft or blgek Copolymer
of a palymer

BSul- (M)

6
Figure ~ 4 Mechanism of free radical initiated starch graft polymerization.
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In free radical polymerization, the average number of glucopyranosyl unit per
high molecular weight graft (grafting frequency} will range thousand and therefore,
each‘ molecule will have only a very few grafted branches. A number of free
radicals initiating system have- been suggested the preparation of starch graft
copolymer and these are classified as chemical initiation, irradiation initiation and
mastication. The choice of method depends on type of polymers used for grafting as
well as desired functional properties of the product. The macroradicals formed from
the mastication technique have been used to prepare a limited number of starch

6
block copolymer .
polyacrylic ester polymer
polyacrylate

Polyacrylates are produced by free radical initiated polymerization of acrylics
acid esters the property of acrylic ester polymer depend to a large extent on the
type of alcohol from which the acrylate is prepared. Solubility in oils and hydrocarbon
such as acetone, as expected with increase in the length of side chain. Polyacrylate
with short chain are relatively. soluble in polar solvent. Because of their low glass
transition temperature, polyacrylate are permanent plasticizers. To optimize
properties of polyacrylate, copolymer often produced.

The relative case of free radical induced copolymerization of a 1:1 mixture of
and an acrylate ester with other comonomer as show by reactivity ratio is given in
table 4 the lower values indicate that comonomer lower reactivities than acrylate
ester.33

Polylmethyl acrylate) and poly(ethyl acrylate) are produced from methyl

acrylate monomer and ethyl acrylate monomer by free radical chain polymerization,
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light, and peroxides. The pure monomer can be stored below 10 °C without

incurring polymerization. Both of them are transparent, elastic substance. Practically

no odor, little adhesive power, resists the usual solvent.

Table 4 Relative ease of copolymer formation for 1:1 ratio of acrylates and other

comonomer (R,/R,)X100 .

Comonomer Methyl Ethyl Butyl
acrylate acrylate acrylate
Acrylonitrile 53 46 77
Butadiene 66 47 8.1
Methyl 50.3 306 14.6
methacrylate
Styrene 21 16 26
Vinyl chloride 2 pilk| 18
Vinyllidine chioride 100 52 55 B
Vinyl acetate 1.1 0.7 06

Table from Ulich, H. :1993,p 91

Using the methyl acrylate monomer in manufacture leather finish resin,
textile paper coatings, and plastic film. Produce the hardest resin of the acrylic ester
resin.

Using the ethyl acrylate monomer in the manufacture of water emulsion paint
vehicles, textile, paper coating, leather finish resins and adhesives, impart flexibility
to hard film.

Caution, both of monomers are highly irritating to eyes, skin mucous membranes.
Lethargy and convulsions may occur if vapors of monomer are in haled in high

concentration.
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Poly(butyl acrylate) and poly{2-ethylhexyi acrylate) are elastic, tacky substance.
Brittle temperature are 44°C and 34 °C. The monomers are used in the
manufacture of polymers and resin for textile, leather finishes, paints formulations,

and adhesives.

Poly(methyl methacrylate), PMMA

Poly(methyl methacrylate) is produced by free radical chains initiated
polymerization. It has crystal clear transparency, good chemical resistance and useful
combination of stiffness., density and moderate toughness but unexcelled
weatheability. The glass transition temperature of PMMA is 105 °C and heat
defection temperature range from 74 to 100 "t

Poly(methyl methacrylate) can be modified by copolymerization of methyl
methacrylate with other monomer, such as acrylate, acrylonitrile, styrene. and
butadiene. Major uses of PMMA are safety glazing fixtures, windows, skylight and
PMMA molding compound are use in the automotive industry for taillights.

The structure and molecule formula of acrylic ester monomer are show in
table 5. Physical properties of monomers are show in table 6. Rate and heat of
polymerization of monomers are shows in table 7 and some physical properties of
acrylic ester polymer are show in table 8.

Table 5 Structure and molecular of monomer,

Monomer Formula Structure ‘

Methyi acrylate C,Hg0, CH,=CHCOOCH,

Ethyl acrylate CsH 0, CH,=CHCOOC,H;

Butyl acrylate C,H,,0, CH,=CHCOOC Hj

2-Ethylhexy! acrylate Cy4Hy0, CH,=CHCOOCH,CH(C,H,JC,H,
Methyl methacrylate CsHg0, CH,=C(CH,)COOCH,

036609
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Table 6 Physical properties of acrylate monomer and methacrylate monomer.

Physical properties Moethyl Ethyl Butyl 2-Ethylhexy! Methyl
acrylate acrylate acrylate acrylate methacrylate
boiling range {C) bPea 70 | 98100 | 145-149 130 100-101
density (glem) | 430 0.9561 | 0917 0.894 0.881 0.939
2 n1.401 | 1.4037 1.4106 1.4332 1.4119
flash point { F) - 50a 120a 195b 55a
solubility at 25 °C
- in water, part/100 6 15 0.2 0.01 0.015
-part/100 monomer 1.8 15 0.7 0.15 -
heat of vaponzation 95 83 46 61 86
(cal/g)
specific heat {callg 0.444 0.47 0.46 0.46 0.45
0
a = Tagliabue open cup b = Cleveland open cup ¢c=at20°C




Table 7 Rate and heat of polymerization.
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Monomer Kp/Kt-m Ka AH
441 (0 eofc) | 44100 6000 | Kecaymole
Methyl acrylate 0.982b 1.93b | 250b 1480b 18.8
Ethyl acrylate 123° 2277 | 313° 1730° 186
Butyl acrylate - - - - 18.5
2-Ethylhexyl acrylate - - - - 145
Methyl methacrylate | 0.105° — 1.161° | 27° 123" 138
a = Measured in the bulk
b = Measured in the solution
Table 8 Physical properties of polymer,
Polymer qensity<25°0) Tg | Brittle point |  Softening point
wem) | o | (o ‘o)
Methyl acrylate - 6 - -
Ethyl acrylate 1.095 -22 -24 -17
Butyl acrylate - 54 44 -
2-Ethylhexyl acrylate - -55 -34 -
Methyl methacrylate 1.190 105 92 113
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Packaging
The basic function of all packaging is to identify the product and carry it
safely through the distribution system to the final user. The packaging must protect
the product from mechanical and limited hazard of environment countered during
distribution. All retail packages must communicate, convenience and use. They
must also assist in selling and the quality and cost effectiveness must be ensure
for success in marketing.
The principal material in packaging today are paper, glass, steel, aluminum
and plastics. The vast range of products available in packed form requires

sophisticated materials capable of containing, protecting, transporting, preserving

and dispensing each product according to its particular characteristics and purpose.

Ve
plasti |

Plastic are exhibit such properties as transparency, flexibility, high tensile
and impact strength. To provide an even greater range of properties, plastic are
often combined either paper or aluminum foil or with other plastic materials to
form a laminate, the major plastic materials used in packaging application are
polyethylene, polytvinyl chloride)(PVC), polystyrene, polypropylene and poly(ethylene

22
terepthalate)(PET) .

Biodeqradabl .

The one way of solving the plastic waste problem to reduce packing. Many
applications are expected from biodegradable plastic. The starch- synthetic polymer

blend, low density polyethylene(LDPE} mixed with starch has been market. These
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plastic break down through a combination of biodegradation, photodegradation

and oxidation of the LDPE. The various sliphatic polyester can be completsly
degraded by microorganisms, there are hydrolyzed by lipase, a digestive enzyme,
and break down into smaller molecules to be assimilated by microorganism.
Copolyesters of aliphatic polyesters are biodegradable, but low melting points,
poor heat resistance, low mechanical strength and other factor. Copolyesters made
by alternating aromatic polyester afford different characteristics and better

performance.

iad WY l

There have been a number of patent involving biodegradable packing. The
various techniques have been used to produce biodegradable polymer.
Thermoplastic materials with starch as the major component, although additives,
including water as a plasticizer are necessary to obtain the desired processability
and properties. These materials are readily degraded in hydrolytic enviroments and
susceptible by microorganism, yet have properties comparable to commercial
plastic, the other biodegradable materials produced by any company are listed in

table 9.

Plasti ,

The term plastic processing is technology of converting raw polymer, or

compounding polymer to articles of a desired shape.
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Table 9

Biodegradable materials producers.

Comp':my

Base polymer

Feedstock Cost ($/lb)

Capacity
(MM Lbsyr)

Cargi", Minneapolis,
MN

Ecochem, Wilmington,
DE ’

Flexel, Atlanta GA

Zeneca (business unit
of ICI)

Novamont, Montedison,
Italy

Novon Products
(Wamer-Lambert),
Morris Plains, NJ*

Union Carbide,
Danbury, CT

Air Products &
Chemicals, Allentown,
PA

National Starch &
Chemicals,
Bridgewater, NJ

MI Biotech Inst./GRT-
Japan Corn Starch
John Venture, Ml
Planet Packaging
Technologies,

San Diego, CA
Showa Highpolymer
Co., Lid.

Polylactide (PLA)
Polylactide copolymers

Cellophane
(Regenerated cellulose)
Poly (hydroxybutyrate-
co-hydroxyvalerate),
PHBV

Starch-synthetic polymer
blend containing approx.
609% starch

Thermoplastic starch
polymer compounded
with 5-25% additives
Polycaprolactone (Tone
polymer)

Polyviny! alcohol

(PVOH) & Thermoplastic

PVOH alloys (VINEX)

Low ds starch ester

Water repellant,
thermoplastic
modified starches

Polyethylene oxide -
blends ’
(Enviroplastic)

condensation polymer
of glycols with aliphatic
dicarboxylic acids
(BIONELLE)

Renewable resources, 1.00-3.00

Com

Renewable resources, <2.00 proj’d

Cheese whey, com

Renewable resources 2.15

8.00-10.00;

Renewable resources,
Carbohydrates 4.00 proj’d
(glucose), organic

acids

Renewable resources 1.60-2.50

Petrochemical

Renewable resources, 2.00-3.00
Starch

Petrochemical ..2.70
Petrochemical 1.0-1.25

(PVOH); 2.50-
- 3.00 (VINEX)

Renewable resources, 2.00-3.00
Starch

Renewable Resources, 1.0-1.50
Starch

Petrochemical 3.00

Petrochemical approx. 3.00

10 (‘94 scale up);
250 (mid-1096)

0.15 (‘94 scale up)

100
0.66, additional

capacity slated for
‘96 is 11-22

50, in Tumni, [taly

100

<10

150-200 (water sol.
PVOH); 5 (VINEX)

Nol available

0.1 (pilot scale); ~
150 slated for early
‘06

10

0.2 (pilot); 7
(semi-commercial,
end ‘04)

* Warner-Lambert has recently announced the closing of its Novon Products Division.
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. di

Injection mold is the most common mean of fabricating thermoplastic
articles. The molding compound usually in the form of pellets is fed from hopper
and they are conveyed forward through the barrel by rotating screw. The material
is melted as its goes by combination of heat from the barrel and the shearing of
the screw. The molten polymers were injected through a nozzle into the water-
cooled mold where it travels in turn through a sprue, runner and gate into the
mold cavity by hydraulically driven plunger. When the parts have cooled
sufficiently, the mold opens and where then the cooled parts are ejected from
mold, the mold closes and the screw is pushed forward hydraulically, injecting a

new shot into the mold.

. , di

Thermosetting compounds are traditionally compression molded. The molds
are mounted in hydraulic presses on the steam, electric, oil-heated platens. The
molding compound is fed to the heated mold which closes, maintaining the
material under pressure until cured. The part is then ejected from mold. Molding
compound in the form of granules or powder may be fed to the mold in weighted
shot or as preformed tablets. The charge is often preheat by cold pressing to

reduce heating time.

Figure 5 compression molding {a) mold open (b) mold closed .
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Thermoforming (Shest formi

Thermoplastic sheet is converted to wide variety of finished articles by
process. These processes all involve heating the sheet above its softening point
and forcing it to conform to cooled mold. In vacuum forming, the heat- plasticized
sheet either directly from an extruder or preheated in oven, is drawn against the
mold surface by the application of vacuum from preheat the surface. Similarly, a
positive pressure may be used.to force the sheet against the mold surface and
very deep draws are required, mechanical assists plug forming are used.

From a material standpoint, polymers used for thermoforming should have
high “melt strength” that is high melt viscosity so that they do not drawn or thin
out excessively or perhaps even tear in the forming operation. Thus, high molecular
weight resins are preferred. One of the great advantages of thermoforming is that
relatively in expensive molds are required since no high pressure are involved.
Epoxy mold are often used because they can be easily cast to shape from a hand-

made pattemn.

Sheet [=}— Clamp

\DD B Ut

Vacuum floles

27
Figure 6 Sheet forming process.
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copolymerizati

We can think of copolymerization as an extension of free radical addition
polymerization but using two monomer feedstock instead of the single monomer
feedstock. The composition of random copolymer can influence many of its
important properties, including solubility, degree of crystalinity, Tg and Tm, the

control of copolymer composition is therefore of great practical importance.

I I " :

A quantitative treatment of copolymerization is base on the assumption.
1. The reactivity of the growing chain free radical is independent of its length
{ same as for homopolymerization).
2. The reactivity of the growing chain is determined only by the terminal unit, i.e.
the last type of monomer added.
3. During copolymerization a steady state is established, i.e. there is a constant
number of free radicals of both monomer type in the reaction mixture.

Considering a reaction mixture consisting of two different types of
monomer, monomer type1 and monomer type2 and polymerization is taking place.

There will be four different types of propagation reactions , i.e.

Reaction Rate equation
K11
Py + M, ——— P, = Ky P IM,] 2.1
k12
P1 + M2 P2 = K12 [P1] [le 22
K22

P2 + M2 —_— P2 = K22 [P2] [le 23
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K21
P, + M, ——— P, = K PIM] 24

where P, and P, refer to the growing chain of any length with terminal unit of each
monomer and M, and M, refer to monomer types. Rate of disappearance of

monomer type M, will be;

d[M, /dt = KyPd IMy] + K,IP,] IM,]
= M1 (K [Pyl + Ky [P)]) 25

And rate of disappearance of M, will be;

‘d[ngdt = Kn [P1] [M2] +K22 [le [le
= [M2] ( K12[P1] + K22 [le ) 26

The first subscript on the rate constants designates the nature of chain end
and the second identifies of the monomer being added to the chain.

divided 2.5 by 2.6

dMl = IMIK[P + KylP)l) 27

diM,] Myl ( KglPy] + KyylP,l )

Application of the stead - state assumption to P, and P, requires that they
be generated and consumed at equal rate. P, are generated in reaction 2.4 and
consumed in reaction 2.2. Note that 2.1 just converts one P, into another one, with

no net change in their number. Therefore;



~’
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KiolP1 IM,] = Ky [Pyl [M,] 2.8
From which

[P,] = K,M1]

[P,] KyolM,]

Substitution of this expression for [P,] in 2.7 followed by divided through the

[P)]
resultant by K,, lead to; .
d (M,] = M1 M+ M 29
d [M,] [M,] M.} + 1[M,]

This expression is known as the copolymer equation r, and r, are the

monomer reactivity ratios.

K
r=— ;which represents the rate constant for radical P, adding its own
K
" monomer M, to the rate constant for its adding the other monomer M,.
Similarly
K

r= —Z. : represent the rate constant for radical P, adding its own monomer

K21 M, to the rate constant for its adding monomer type M,.

Reactivity ratios are experimentally determined or may be estimated. In
organic free- radical copolymeﬁzation, for a given monomer pair they are pretty
much independent of initiator and solvent, and are only weakly temperature
dependent. In ionic copolymerization,however, they depend strongly on the gegen
ion and solvent.

This relation may be put in a more convenient from by defining.

f, = mole fraction of monomer 1 in the reaction mixture at any instant.
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F, = mole fraction of monomer 1 in the copolymer formed.

F, =(1-F) = dM, 2.10
diM,+M,)
f, =04) = M, 21
M, +M,
Combination of 2.9 - 2.11 gives
Fo= ) o+t =+, 2.12
r11‘,2 + 2f1f2+r2f22 { 1'1+r2-2)f12 + 201-r)f,+r,

F, = Fylr.nf)

Siqnifi =

To gain an appreciation for physical significance of 2.12, let look at some
case study of reactivity ratio.
Case 1, r,= 1, = 0, here neither type of chain end can add its own monomer, so a
perfectly alternating copolymer results, F, = 0.5 regardless of f,, unit one of the
monomer is used up ,at which point, polymerization stops.
Case 2,1, =1, = OC, here, P, can add only M; monomer and P, only M, , so the
polymer formed will be a physical mixture of homopolymer 1 and homopolymer 2
chain {“self polymerization™ ).
Case 3; r, =r1,=1, under these conditions, the growing chain find the monomer
equally attractive, so the addition depends only on the ratio of monomers in the
vicinity of the chain ends F, = f,.
Case 4; rr, = 1, this is the so - called ideal copolymerization, where each chain

displays the same preference for one of the monomers over the other.
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Ky1/Ky2 =Kp/Kp,. S0 it doesn’t matter what’s on the end of chain. In this case, 2.12

reduces to;

F, = rf; 213
ry-1) +1

Case 5 ; r,< 1, r,< 1, this common situation corresponds to an azeotrope in

vapor-liquid equilibrium. At the azeotrope;

F f, = (1-1,) 214

1az
2-1-1)

System for which r, > 1, r, > 1, also from azeotrope, but have been

reported only rarely. At this point there will be no drift in monomer ratios and

composition of copolymer and feed will remain constants during polymerization.

Variation of e ;

it F, = f£,, where one monomer is very much more reactivity than the
other, the first polymer formed contains mostly the more reactive monomer. Later
in the polymerization this monomer is used up and last polymer formed consists
mainly of the less reactive monomer.

Because of the wide difference in the reactivity ratio of many monomer
mixture, considerable heterogeneity in the composition of the chains and in the
distribution of monomer unit along the chain may be developed to give the wide
range of properties. Controlling the heterogeneity of copolymer involve either
programmed addition of the more reaction monomer or “ short stopping” of the
 reaction at the proper conversion. Computer methods for predicting heterogeneity
and the planning of monomer charging schedules have been developed base on

the copolymer composition equation.
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The literature of the preparation of acrylic ester copolymer is very extensive.
Although any process may in principle be used, commercial production is confine
largely to solution and emulsion process. The choice and proponiéns of
comonomer are usually determined by the product. Many of the more important

physical properties bear a relationship to the glass transition temperature (Tg).

The effect of copolvmerizati

The glass transition temperature of many copolymer vary as monotonically
with composition between those of the homopolymer. They can be approximated
fairly well from a knowledge of Tg values of homopolymers, Tg, ,Tg, and Tg, with
the empirical relation.

n

T =W +W,. W 2.15

Tg, Tg, Tg, Tg,

Where the W’s are weight fractions of monomer in the cbpolymer.

Literature Review

C.C. Nguyen et al, US. Pat. No. 5,003,022. (1990) disclosed a stable
aqueous polymeric dispersion comprising a graft copolymer of thinned, gelatinized
starch and one or more vinyl monomers utilizing potassium persulfate initiator, the
vinyl monomers including at least 10% by weight 1,3-butadiene is disclosed. This

patent teaches the preparation of graft copolymer of gelatinized starch which
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provides a high grafting efficiency. The polymeric dispersion used in paper coating

applications.

A. M. Henderson and A. Rudin {1982) reported the successful grafting of
styrene and methyl acrylate onto wheat starch by gamma radiation and chemical
initiation. The respective percent add on value were 46 and 45, 68% of the
polystyrene formed was grafted to starch, and the corresponding proportion of poly
{methyl acrylate) was 41%. The molecular weight distribution of the hor-hopolymer
and graft portions were characterized and extrusion condition were established for
production of ribbon samples of starch-g-PS and starch-g-PMA. Both copolymer
type were considerably weaken by soaking in water and this effect was more
immediate and drastic for starch-g-poly(methyl acrylate). Both graft copolymer
regained their original tensile strength on drying, but the poly(methyl acrylate)
specimens did not recover their original unswollen dimensions and retained high
breaking elongations characteristic of soaked specirﬁens. Tensile and dynamic
mechanical properties of extruded and molded sample of both graft polymers are

reported and the plasticizing of water are summarised.

J.S. Shukla and G.K. Sharma (1987) described efforts using ceric ammonium

nitrate(CAN)/thioglycolic  acid(TGA) redox couple system to graft methyl

methacrylate(MMA) onto wool at 55 + 2°C under atmospheric oxygen. Graft
copolymer was characterized by IR spectroscopy, scanning electron micrographs
and thermogravimetric analysis. Effect of amines, acid, alkali, oxidizing, and reducing
agents were determined experimentally. The molecular weights of graft poly(methyi

methacrylate) and homopolymer were also evaluated.
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C.E. Brockway(1964) has been studies the factor which influence the
efficiency of extraction of homopolymer of methyl methacrylate from its graft
copolymer with granular corn starch. The moisture content and various solvent for
the homopolymer are evaluated, .about 25% moisture seems optimum for many
samples. For the starch/PMMA system, chloroform and dichloroethane are about
equally efficient and either is superior to benzene which in tumn is better than

toluene, methyl ethyl ketone or acetone.

R. Chinaswamy and M.A. Hana{1991) presented the review outlines the
rationale behind starch polymer based thermoplastic resin product using reactive
extrusion processing techniques, as well as characterization of these polymer. They
are also reported reactive extrusion processing technique for starch grafting onto
polystyrene. The mixtures of starch, polystyrene, sodium bicarbonate, citric acid and
water were extrusion processed at temperatures of 100 to 200 oC, a combination
of molecular mechanism produced a starch graft onto polystyrene and/ or

copolymer. This product contained about 60% starch on dry weight basis.

G.M. Gurruchaga, J. Sanroman, M. Valero and G.M. Guzman(1993) have
been studied the simultaneous grafting of ethyl acrylate with methyl methacrylate
onto amylose with redox method with the Ce(lV) ammonium nitrate initiated the
graft copolymerization. Grafting yields obtained using gravimatric and 13C n.m.r.
spectroscopic methods. A study of microstructure of grafted products obtained
involving either the quantitative determination of the grafted copolymer

composition or qualitative study of sequence distribution and the stersochemical.

Configuration of grafted copolymer sequences has been carried out. The O -

methyl group carbon, the quaternary carbon and the carbonyl group carbon have
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found to be sensitive to relative stereochemical configuration .of the chain

segments.

D. Patil and GF. Fanta (1993) characterized starch graft poly(methyl
acrylate) copolymer containing 55-60% PMA which prepared from com starch with
ceric ammonium initiation. Graft copolymers were characterized grafting yield,
grafting frequency, the molecular weight and molecular weight distribution of PMA
grafts. Variables investigated in graft copolymerization reaction were nitric acid
concentration , ceric ion-to-starch ratio, reaction time, gelatinization of the starch,
and reactant concentration in water. At high reactant concentrations, high
conversion of methyl acrylate to grafted PMA could be obtained in less than 0.5

hour at 25 oC.

D. Trimnell, C.L. Swanson, R.l. Shogen. and G.F. Fanta(1993) studied the
extrusion processing of granular starch graft poly{msethyl acrylate) and the effect of
extrusion condition on morphology and properties. starch-g-poly(methyl acrylate)
copolymer containing various percent PMA by weight, were prepared by ceric
ammonium nitrate initiated polymerization. Graft copolymer were extrusion
processed through a strand die with water content of 10 and 30% (base on starch)
and at temperature of 140 and 180 oC. Properties of ribbons prepared from
extrusion process depended on the combined effect of processing temperature,
PMA level in the graft copolymer and water content during extrusion. The value of
ultimate tensile strength(UTS), % elongation at break(%E) and DSC data were

evaluated.
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M. Liu, R. Cheng, J. Wu and C. Ma (1993) disclosed a study of the
copolymerization of the ceric ammonium nitrate(CAN) initiated graft
copolymerization of methyl acrylate(MA) onto potato starch. The variables effecting
the graft were investigated such as concentration of MA ,CAN nitric acid, reaction
time and reaction temperature. The molecular weight of graftedvpoly(methyl
acrylate) has been determined. The mechanism of grafting has been explored, a

new kinetic equation of graft copolymerization is established.

D.R. Patil, M.N. Crookston and G.F. Fanta {1994) reported the preparation
of starch graft polyimethyl acrylate) containing 40-85 % PMA using ceric
ammonium nitrate(CAN) initiation in a 2-gallon reactor. CAN initiator was added
either in one portion or portionwise. Graft copolymers were characterized with
respect to % homopolymer, PMA content of the graft copolymer, molecular weight
of grafts. Conversion of monomer to polymer was nearly quantitative. Continuous
plastic ribbons for tensile testing were prepare by extrusion processing. Tensile
properties varied with the preparation method used for addition of CAN initiator
(i.e., single portion vs. portionwise) and depended on the particular starch variety
used in the polymerization reaction. Since water acted as a plasticizer for starch.
Sample extruded at high moisture content exhibit higher %elongation(%E) values
than the same polymer extruded at low moisture content. Value for %E also

increased with higher percentages of PMA in the graft copolymer.



CHAPTER 3

EXPERIMENT

: zation and identificaticfar

Extraction of graft 6opolymers was used by soxhlet extraction apparatus, the
dimension was 30x100 mm and using 28x100 mm of cellulose extraction timber.
The reflux was heated with model MR 3001 Heidolph heater,

Infrared spectra were obtained with IR-810 Jasco spectrophotometer.
Thermogravimetric analysis was performed on TGA 51 Dupont thermogravimetric
analyzer. DSC data were obtained with the DSC 50 Shimadzu differential scanning
calorimeter. Molecular weight of grafted polymer and ungraft freepolymer were
determined with a Water GPC system, model 150 C consisting of The Styragel

6
column(10 ), a pump and autosampler in combination with Rl detector.

Physical and mechanical o

Graft copolymer sample was processed without acetone extraction of
freepolymer. The casting sheet of graft copolymer pelletized by Cosmo crusher was
then masticated to form sheet by two rolls mill (10” diametfr) from Lab Tech
Engineering Co, Ltd., model LRM 110. The testing specimens were prepared by hot

compression molding of masticated sheet using LP20 hot compression machine,
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Lab Tech Engineering Co, Ltd. Tensile strength, % elongation and flexural modulus
were tested with LR 30, Lloyd instrument materials testing machine, Lloyd
instruments Co.,Ltd. Impact strength data was determined with impact tester, model
258-PC, Yasuda Seiki Seisakusho Co., Ltd. Hardness testing were operated by Shore
A and D type hardness tester. Rheological properties were characterized by Rosand

Precision Advanced Capillary Rheometer. Rosand Co, Ltd.

Material

Tapioca starch {13% moisture content) was obtained from Tai wah Co., Ltd.
Methyl methacrylate(MMA), Methy! acrylatefMA), Ethyl acrylate(EA), Buthyl acrylate
(BA) and 2- Ethylhexyl acrylate(2-EHA} were commercial graded monomers from
Mitsubishi Rayon Co.Ltd, DIA Acrylate Co., Ltd, Inter Chem Co., Ltd. and Forhosa
Plastics Co., Ltd. respectively. All of the monomers were used without futher
purification. Potassium persulphate(K,S,0,) was AR graded purchased from Famitalia
Calo Erba Co., Ltd. The initiator solution was prepared by dissloving 27.00 g. of
KyS,0p in 1000 ml. of 1 N nitric acid(HNO,). Disodium ethylenetetraacetic acid
solution {Na,EDTA) was prepared by dissolving 40 g of Na,EDTA in 1000 ml of
distillated water. Commercial gread Nonyl phenol ethoxylate (40 mole ethoxylate
group, NP-40) was used as emulsifier. Commercial gread Propylene glycol was used

as a chain transfer agent and all others were analytical grad.
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i comolvmerizati

The graft copolymerization reaction was carried out under nitrogen
atmosphere in four- necked 2L glass reactor equipped by a stirrer with a paddle
type designed in our laboratory and a variable rotor speed control, a thermometer, a

reflux condenser and a gas inlet tube (see figure 7 ).

Figure 7 The 2 L reactor for preparation of a starch graft copolymer.
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Hundred grams of starch in 1200 ml of distillated water were
gelatinized for 1 hour at the temperature 90 qC, rotor speed at 500 rpm and then
cooled down to the desired reaction temperature, NP-40 was added and stirred until
it became homogeneous solution, followed by the required amount of monomers.
The mixture was stirred at the rotor speed 700 rpm for 10 min and then initiator
solution was added. The reaction was allowed to continue for a specific period of
time, whist stirring continuously at 500 rpm. After completion of the reaction, the
resultant was neutralized with 1 N NaOH, excess methanol was added to quench
the reaction and to coaggurate the product. The crude product was isolated by
filtration and throughly washed with water and methanol and dried in thermal oven

at 50-55 C until its weight constant .

Figure 8 Neutralization of latex product of starch graft copolymer.
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Figure 9 The soxhlet extraction apparatus for the separation a free polymer from a

starch graft copolymer.
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To remove free acrylic polymers, about 2 g of dried sample were weighed
accurately and extracted in soxhlet extractor with acetone for 72 hours. The
residues was then dried and weighed. This fraction was used to calculate the
percentage of free polymers in the graft copolymers. The Figure 9 shows the

apparatus for the separation of a freepolymer from a starch graft copolymers.

T :

In order to obtain acrylic copolymer chains(grafted) free from starch, 1 g of
starch grafted copolymer was weighed accurately and added to 100 ml glacial acetic
acid. The mixture was stirred for 1 hour at temperature about 90-100 °Cto swelling
the graft copolymer, followed by hydrolysis proceeded by adding dropwise 2 ml of
perchloric acid(60%), within 1-2 min, the mixture became clear solution. The product
was immediately poured into water to precipitate the side chain copolymer. The
precipitate was thoroughly washed to neutral and dried until a constant weight was

obtained.

Métacui iaht d o

Molecular weight of grafted polymer and ungrafted free polymer were
determined with a Water GPC system, model 150 C consisting of a pump and
autosampler in combination with Rl  detector. The styragel column(106) was
calibrated with polystyrene standard. The mobile phase was HPLC-grade

tetrahydrofuran (THF), and flow rate of the mobile phase was 1ml/ min. Grafted
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poly (acrylic ester) and ungrafted poly (acrylic ester) {~15 mg) were stirried with 10
ml of THF for 3 days at room temperature. Insoluble material was separated by

centrifugation and solution was through a 0.46 um nylon filter before injection.

figure 10 Gel permeation chromatography apparatus, Water GPC system
model 150C.

Grafting vyield parameter such as the percentage of grafting(G), grafting
efficiency(GE) and grafting frequency (AGU/chain) were determined by the following

14
formulas :
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%GE = W,  x100
Wi+ W,
AGU chain = W,/ 162
| W,/ Mw

where W, W,, W, and W, were weighed of starch, starch graft copolymer, the free

polymer and grafted polymer respectively.

%Free polymer = weight of acetone extractable polymer in 100 g of starch graft

copolymer

Total solid I :

The total solid content of starch graft copolymer was determined by
weighing 2 g of sample, then putting wide-spread into a dish. After drying dried the
sample in vent air oven at 110 °Cfor 2 hours, the sample was cooled down to room
temperature in desiccator and weight accurately. Drying until the sample was
proceeded its weight constant.

The percent total solid content(%TSC) percent conversion were calculated by

25
the following formulas :

%TSC

(C-A) x 100

(B-A)
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where, A= weight of dish, g unit.
B = weight of dish contained sample before dried, g unit

C = weight of disch contained sample after dried, g unit.

% Conversion = X x 100
Y
where, X =TSC from the experiment

Y = TSC from the theory

identification of £t

lnfrared spectroscopy, IR spectra were obtained with Jasco IR 810
spectrophotometer. KBr pellets were prepared for measurements of tapioca starch,

starch graft copolymer and side chain polymer.

Thermal o dotons N

Different ino DD DSC

A shimadzu DSC 50 was used to determine glass transition temperature of
starch graft copolymer. The thermal block was set at 30 °C and purged with nitrogen
prior to DSC analysis, starch graft copolymers were purified by soxhlet extraction,
and grinded by vibration grinder in liquid nitrogen. At last the fined powder was
obtained. Approximately 10 mg of each sample was sealed inside aluminum DSC
pan and the sample was heated in the DSC from 30 to 250 °C at heating rate 10

o
C /min.
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Figure 11 Differrential scanning calorimeter.
_Thermogravimetric analysis
The thermogravimetric diagrams of starch and starch graft copolymer

were measured by a Dupont TGA 51 equipped with recorder and purged with

o (o]
nitrogen, the heating rate was 20 C/min from the room temperature to 900 C.
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Figure 12 The thermogravimetric analyzer.

Biiica) ki . ,

The graft copolymer samples for mechanical properties testing were used in
solid form without acetone extraction. The solid sheet was obtained by casting the
emulsion product on the aluminum tray which has been covered with polypropylene
film and were then dried in vent oven at 50-60 C. The casting sheet was grinded

to pellets form by a crusher and the peliets then were masticated in to
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homogeneous sheet by two- rolls mill. The test specimens was obtained by placed
masticated sheet on compression mold which having been designed refering to
ASTM standard. The heating temperature of compression molds was set between
glass transition temperature(Tg) and decomposition temperature (Td, about 150 oC).

2
The compression condition was with 85 kg/cm of pressure for 5 mim.

Table 10 Mechanical properties test method .

Mechanical Test method unit
properties
------ -Tensile strength ASTM D 638N/mm2
Elongation ASTM D 638 %
Modulus of elastic ASTM D 638 N/mm2
Flexural modulus ASTM D 790 N/mm2
Impact strength —  ASTM D 256 K/’

Hardness Shore A,D
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Figure 13 The molded starch graft copolymer specimens (ASTM D-638 type( IV ).

ASTM D-638 type IV tensile test specimens were compression molded from
masticated starch graft copolymer ( including free polymer). Tensile properties such
as tensile strength, %elongation at break, and modulus of elastic were measured
with Lloyd instrument material testing machine mode! LR30, equibped with a laser
strain detector and operated with “Windap” software programming. The test
specimens was holded with grips, control speed with respect to stationary grip{ in
range of 10 to 50 mnvmin) and 1 kN load cell detector was used. Breaking
elongation was detected using a laser-strain detector to measured the progressive
separation of gauge line marked on the sample, the initial gauge length was 4 cm.

The testing value was analyzed by “Windap” computer software programming.



Figure 14 The instrument material testing machine for tensile properties testing.

Tensile strength
The tensile strength (G ) was calculated as:
Soff
A
where C = tensile strength , N/mm:l
F = load at break,N
A = cross sectional area of gauge length section, mm2
Elongation at break
The elongation at break was calculated as followed :
E{%) = L-L

(¢]

L

6]

48



49

where,  E = elongation at break, (%)
L = stretched length at break

L, = original length of gauge

Modulus

The modulus of elasticity(Young’s modulus) was calculated by extending the
initial linear portion of load-extension curve and dividing the difference in stress
corresponding to any segment of section on this straight line by corresponding

strain. For a straight forward tension test the formula is simply:

2
Meodulus = stress (N/mm )

strain (mmy/mm)

In fact, all elastic modulus valye can be computed using the average initial
cross-sectional area of test specimens in calculation, and the result is in pounds-

force per a square inch.

..

ASTM D-256 v - notch type Izod impact test specimens were compressive
molded from masticated product. Impact strength were tested with Yazuda impact
tester model 258-PC linked with computer, and the testing results were analyzed by

software programming.



Hardness testing

Shore D-type hardness tester was used in measuring rigid sample and shore
A type for elastic sample. The sample was laid down on the pan and where then
pressed under 5 kg of load for 1 or 10 second, read the resultant in 0 to 100 scale

range.

Rheological properties testing

Starch graft copolymerfincluding freepolymer) was used in testing. Extrusion
were carried out with Rosand Precision Capillary Rheometer, with a long die length
24 mm, long die diameter 1.6 mm. Drive was provided by hydraulic piston at
programming speed 1 to 500 mmymin. The extruder barrel has two temperature
controlled zone, bottom zone(die zone) was controlled and pressure transducer

mounted in barrel.
Water absorption

The masticated sheet sample  accurately weight was immersed in 10 ml. of
distillated water and allowed to stand at 25 C for 18 hour. After that removed the
water which adhering on surface of sample and weight. Water absorption was

calculated as follows:

%Water absorption = wet weight of sample - starting weight of sample x 100

starting weight of sample
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The density of sample was determined by liquid displacement of sample in

. N . . 25
pycnometer. Methanol was used as immerse liquid. Density test formula is

Density(g/cm3) = [(CAxd]

[{(B-A)-{D-A)]
where, A = weight of pycnometer, g
B = weight of pycnometer filled with methanol, g
C = weight of pycnometer contained the specimens,g
D = weight of pycnometer contained the specimens and filled with
methanol,g
d, = density of methanal, (0.79 g/cm3)
Moisture content

The 1g of starch graft copolymer sample( isolated free polymer) was

accurately weighed on glass dish and then dried in an oven at 105 C for 2 hours.

The sample was cooled down to room temperature in desicator- and weighed

1
accurately. Moisture content was calculated as followed :

%Moisture content = [( F+T), - (F+T),1 x 100

F



where;

F = initial weight of sample
(F+T),= weight of dish contained with sample

(F+T),= weight of dish contained with sample after dried.

Figure 15 Impact tester
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Figure 16 Hardness tester,



Figure 17 The Extrusion capillary rheometer.
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CHAPTER 4

RESULT AND DISCUSSION
: . ‘ . iabl
Effect of monomer ratio

The percentage of total conversion of the starch graft poly(MMA,EA)
polymerization was initialy rise sharply when monomer ratio of MMA/EA were
100/0, 80/20, 50/50 to 45/65 and later decline. This could be explained by the
assumption of a strong gel effect and solubility of polymers in the monomer phase
( Figure 18 ). The value of the grafting parameter was obtained from various
monomer ratio variation on starch graft poly(MMA,EA) polymerization. In  the
comparison of %G and %GE values obtained from mixture monomer and single
monomer usage, both values of mixture monomer were higher than the later,
except for MMA/EA = 80/20. Nevertheless the maximum value of %GE is 39.42 for
MMA/EA =45/85, the same behavior observed the percentage of grafting (%G)
with a maximum value of 32.02 for MMA/EA 45/55. Whereby under this reaction
condition, the present of another monomer lead to the increasing in the propagation
rate of graft copolymerization.

The percentage of total conversion of the starch graft poly(MMA,BA)
polymerization at various monomer ratio, at first increase and later it is constant in
tendency. When the amount of BA monomer in the polymerization was higher the
percentage of total conversion is‘ higher than those obtained from single MMA

monomer usage. Therefore the present of BA into MMA lead to an increase in



over all propagation rate of polymerization. Also the result
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achieved from any

monomer ratio of MMA/BA did not effect to the percentage of total conversion

(Figure 4.3). The same behavior can be observed for starch graft poly(MMA 2-EHA)

showed in figure 4.4

Table 11 Effect of monomer MMA/EA ratio on graft copolymerizationa.

c

Monomer | % Solid %Total % free | % G| % GE| Mw grafting
ratio content | conversion | polymer frequence
MMA/EA {(AGU/chain)
100/0 12.2 - 7889 33.38 [23.45| 31.88 | 484968| 9771.09
80/20 13.69 88.33 38.29 119.86| 24.25 | 683522 17024.32
50/50 12.57 81.1 3227 |(27.32| 36.45 | 546427 | 8579.39
45/55 16.3 98.73 32,98 [32.02| 39.42 | 540468| 7083.25 )
40/60 10.99 70.94 33.08 |23.98| 32.66 | 8655348| 16742.4
0/100 9.92 63.97 39.99 119.19] 19.19 [ 895110 | 29406.09

100%mole R R/ 49.67 1450 [3.568(17.37 - -
(45/5,5)b

200% mole 15.30 98.73 3298 [32.02] 39.42 | 540468| 7083.25
(45/55)b

300% mole 18.67 99.78 4544 1553|1033 - -
(45/55)

*Reaction carried out with starch 150 g,1.5 g propylene glycol and 18.75¢{10.17 by weight

monomer)NP-40 in water 1800 ml, 100% starch mole: 200%monomer mole{150 9:185.18 g}

bMonc;mer MMA/EA ratio 45/55 ;% mole monomer compared with % mole starch (weight of

starch, g divided by 162 mole/g = 100%mole starch)

“Mw of grafted polymer from acid hydrolysis measured by GPC method.



Effect of monomer ratio on starch graft poly
(MMA,EA)
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Figure 1‘8 Effect of monomer ratio on starch graft poly(MMA EA) polymerization,

starch/monomer ratio = 1/2 mole.

Effect of monomer concentration on starch graft
poly(MMA,EA) polymerization
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4077 M %TC
207° % free polymer
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Monomer concentration

Figure 19 Effect of monomer concentration on starch graft poly(MMA EA)
polymerization, starch/monomer ratio = 1/2 mole, monomer ratio MMA/EA

= 45/65.
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The percentage of grafting (%G ) and grafting efficiency (%GE) increase
when the amount of butyl acrylate in monomer mixture was increased. The
maximum %G and %GE of starch graft poly(MMA BA) polymerization were observed
when MMA/BA = 0/100 were 49.65 and 65.12 respectively (Figure 201. The same
behavior were observed for starch graft poly (MMA,2-EHA), in case the amount of
2-EHA increased the maximum values of %G and %GE were observed for
MMA/R-EHA = 0/100 were 51.84 and 74.80 respectively, as shown in figure 21
This could be expl.ained that reaction conditions, using both hydrophobic monomer
kBA and 2-EHA) in monomer mixture can accelerate grafting of starch.

In all cases, except for MMA/EA = 80/20 ,%free polymer decrease when
used single monomer in the graft polymerization. Thus under these reaction
condition the present of another monomer lead to a decrease in propagation rate of
free polymer. However , any ratio of monomer mixture except for MMA/EA = 80/20
there were no significant effect on %free polymer.

Figure 20 and 21 show that the percentage of free polymer of monomer
mixture used were higher with respect to single monomer used. Thus under these
reaction conditions the present of BA or 2-EHA comonomer to MMA lead to  an
increase in propagation of free polymer, The increasing of the amount of both
comonomer in monomer mixture scarcely effected on percentage of free polymer.

( a little decreasing ).

Polymerization with increased amount of ethyl acrylate showed that higher
levels of ethyl acrylate monomer led to higher graft molecular weight except for
MMA/EA = 80/20. The highest grafting frequency (AGUfchain) and molecular weight
were obtained from a usage of a single monomer. When used ethyl acrylate as

single monomer, the grafting frequency and molecular weight were 29406.09, and

895110 respectively.
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Table 12 Effect of monomer ratio and monomer concentration on starch graft poly

(MMA,BA) polymerization.

100/0 4521 | 1177 | 7647 | 2535 3593
95/5 sLe4 | 1551 | 9234 | 2070 36.52
8020 5286 | 1580 | 96.88 | 32.49 38.10
7030 4969 | 1601 | 9388 | 3373 40.43
60/40 4250 | 1622 | 9606 | 3858 47.58
0/100 2659 | 1740 | 9574 | 49.65 65.12
100%mole(70/30) | 2548 | 1126 | 9478 | 2325 4771,
200% mole(70/30)'| 4800 | 1825 | 9561 | 35.12 42.25
300% mole(70/30) | 5953 | 2496 | 9650 | 45.73 43.44
200%mole(6535) | 4667 | 1818 | 9037 | 34.12 4223
200%mole(65/35) | 4948 | 1478 | 9629 | 3520 4157
200%mole(6040) | 4701 | 1847 | 8718 | 33.12 4133

aFieac:ticm carried out with 100 g starch, 1g propylene glycoliPG) and 200%mole monomer compared with
100%mole starch, NP-40 =10% by weight  monomer in water 1200 ml, 25 ml Na,EDTA, K,8,04 0.01 mole
(100 ml, 0.1N K,S,05 in 1 N HNO,} 60 °C 3h, 90 °C 1h.

I’Fieaction carried out with 150 g starch, 1.5g propylene glycollPG] and NP-40 = 10% by weight monomer in
water 1600 m|,37.5 mi Na,EDTA, K;S,0; 0.015 mole(150 mi 0.1N K,S,04 in 1 N HNO, ) 60 °C 3h, 80 °C 1h,
cReaction carried out with 150 g. starch, 1.5g propylene glycoliPG) and 200%mole monomer ,NP-40 = 10% by
weight monomer in water 2000 ml, 37.5 ml Na,EDTA, K28203 0.015 mole (150 mi 0.1N K2$203 in 1N HN03)
60 °C 3h 90 °C 1h.



60

Table 13 Effect of monomer ratio and monomer concentration on starch graft poly

(MMA,2-EHA) polymerization .

100/0 4521 1177 7647 | 2535 | 3593

95/5 . 53.63 1571 9528 | 31.02 | 36.64

30/20 52.37 1662} 97.71 | 3678 | 41.26

70/30 - 46.90 17.21} 9533 | 40.64 | 46.42

60/40 3943, 1781 96.97 | 4638 | 54.05

0/100 ; 17.46 19.23| 90.96 | 51.84 | 74.80
100%mole(70/30) 43.97 19.71] 94.77 | 50.28 53.35
200% mole(70/30) 46.90 17.21] 9533 | 40.64 | 46.42
300% mole(70/30) 57.76 24.19| 9850 | 6437 | 52.71

aHeaction carried out with 100 g starch, 1g propylene glycol(PG) and 200%mole monomer compared with
100%mole starch, NP-40 =10% by weight monomer in water 1200 ml, 25 mi Na,EDTA, K;S,05 0.01 mole
{100 ml, 0.IN K,S,0; in 1 N HNO,} 60 °c 3h, 90 °C1h.
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Figure 20 Effect of monomer ratio on starch graft poly(MMA BA) polymerization,

starch/monomer ratio = 1/2 mole.

Effect of monomer ratio on starch graft poly
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Figure 21 Effect of monomer ratio on starch graft poly(MMA 2-EHA) polymerization,

starch/monomer ratio = 1/2 mole .
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Effect of monomer concentration on starch graft
poly(MMA,BA)
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Figure 22 Effect of monomer concentration on starch graft poly(MMA,BA)

polymerization, starch/monomer ratio = 1/2 mole, monomer ratio MMA/BA = 70/30.

Effect of monomer concentration on starch graft
poly(MMA,2EHA)
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JFigure 23 Effect of monomer concentration on starch graft poly(MMA 2-EHA)

polymerization, starch/monomer ratio = 1/2 mole, monomer ratio MMA/2-EHA = 70730,



The effect of monomer concentratioh

The effect of monomer concentration on percentage of graft(%G) and
percentage of grafting efficiency(%GE) of starch graft poly(MMA,EA) were illustrated
in figure 19. At the increase in monomer concentration from 100% mole monomer
compared with 100% mole starch to 300% mole led to an increase in %graft and
% grafting efficiency with maximum %G and %GE were achieved at 200% mole
and then decreased rapidly.

The %G and %GE increased because of rising of grafting rate which the
accelerating effect of grafting of the monomer mixture MMA:EA({45/55) onto tapioca
starch is in agreement with previous studies which described this to gel effectz'so.
At higher monomer concentration, 300% mole monomer, the decrease in grafting
yield might be due to two reason. The first one is the waste of the monomer due to
the formation of large amount of free polymer. That is to say, increasing in %free
polymer the rate of diffusion is bounded to be progressively effected by formed
polymer, which increased rapidly at higher monomer concen’tra’tion.a0 The second
one is the increase of monomer concentration, this causes the chain transfer f;om

starch macroradical to monomer increase, leading to the decreasing of %G.
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Table 14 Effect of soap concentration on starch graft poly(MMA EA) polymerization.

%NP40"|  %TSC %TC | %Free | %G | %GE Mwb Grafting
polymer freequency
{AGU/chain)

256 9.06 6035 | 1447 | 10.76 {38.88| 465279 23361.60

5.06 11.03 7237 | 2263 | 823 [21.95| 590000 40619.40

6.34 1494 | 9851 | 4655 | 1496 [14.66] 717136 | 25157.00

800 1607 | 98,08 | 3656 | 14.07 |1963] 983627 | 37062.60

10.12 15.30 98.73 | 3298 | 32.02 |39.42| 540468 \ 7083.25

"Reaction carried out with 150 g,1.5 g propylene glycol and 200%mole monomer (% mole
monomer compared with % mole starch {weight of starch,g divided by 162 mole/g = 100%

mole starch} which monomer MMA/EA ratio 45:55 in water 1800 ml

wa of grafted polymer from acid hydrolysis measured by GPC method.

The increase in percentage of total conversion because of the more soap
{NP-40) was used, the more micelles were established in the state which the
reaction mass at this time consists of a stable number of growing polymer
( originally micelle ) and monomer droplets, and higher particle per liter of reaction
mass (N} or higher growing chain per liter of reaction mass N/2, consider the

27
polymer rate in following equation.

r, = kM [P]

where k, is the usual homogeneous propagation rate constant for polymerization

within particle and [M] is the equilibrium monomer concentration within particle,
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now, [Pl = N  mole radicalfliter of reaction mass
2A
23
where A is Avogadro’s number(6.02x10  radical/mole radical)

The rate of polymerization is then

=k NIP]

2A

So the increase in the rate with soap concentration because the N value
increase with soap concentration.

The percentage of free polymer(%free polymer) was observed to be
increased in tendency until the maximum value of 6.34 for %NP-40. After this value
the faster termination of free polymer in the polymerization and the reduction of
amourit of free polymer may be the cause of the increase of percentage of graft

(%G).
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Effect of amount of NP-40 on starch
graft poly(MMA,EA) polymerization.

——%TSC

—~#—- %TC

i Y Free polymer
—%— %G

—%— %GE

%

2.56 5.06 6.34 3 10.12

%NP-40(compared with weight of
monomer)

Figure 24 Effect of soap(emulsifier) concentration on starch graft poly(MMA, EA)

polymerization, starch/monomer ratio = 1/2 mole, monomer ratio MMA/EA = 45/55,

Effect of initiator concentration on starch graft
poly(MMA,EA) polymerization.

——%TSC
~— %TC
e o free polymer |
~3~ %G
—¥—%GE

Amount of K S,Og(mole)

Figure 25 Effect of initiator concentration on starch graft poly(MMA, EA)

polymerization, starch/monomer ratio = 1/2 mole, monomer ratio MMA/EA ,

= 45/55
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Effect of initi .

Table 15 Effect of initiator concentration on starch graft poly(MMA EA)

polymerization. ’

Amount of | %TSC|%TC| %Free | %G |%GE| Mw Grafting

K;S,04 plolymer freequency
{(mole) (AGUfchain)
0.01 12.83 183.46| 8.95 |8.77 |47.16| 754234 48417.86

0.0125 14.54 19547} 2964 |6.95 [14.26 - -

0.015 15.3 [88.73] 3298 [32.02/39.42| 540468 7083.26

0.0175 1556 (98.61| 32.44 |4.90(10.34| 929929 164718.5

0.02 15.62 199.85| 29.83 |3.567| 6.9 | 915725 109697.7

*Reaction carmed out with 150 g starch,1.5 g propylene glycol, 18.75g(10.17% by wt of
monomer) NP-40 and 200% mole monomer which monomer ratio 45:55 in water 1800 ml,
100% mole:starch 200%mole monomer (150 g:185.18 g .
wa of grafted polymer from acid hydrolysis measured by GPC method .

The effect of initiator concentration on the percentage of total conversion (%
TC)in figure 25 indicated that the %TC increased at the increasing of the amount
of K;S,0; initiator in beginning and then the %TC is constant in tendency with
further increasing of K,S,Q; initiastor over 0.016 mole. Figure 25 shows that a
maximum percentage of graft (%G) and percentage of grafting efficiency(%GE) value
were observed at the initiator concentration of 0.015 mole, before this concentration
both value increased and beyond this critical concentration both percentage of graft
(%G} and percentage of grafting efficiency(%GE) decreased. At the increase in
K,S,0; initiator, the SO, and macroradical of starch were also increased by the

decomposition of K,S,0, initiator to SO, , these primary free radicals abstract the
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hydrogen from the reactive functional group of tapioca starch( C-H bond of sFarch
molecule) and produce macroradical of starch which lead to the formation of graft
copolymers. Consequently, graft yield(%G and %GE) were increased. The decrease
grafting vield at higher initiator concentration may be due to efficiency of —SOL to
take part in the termination of growing grafted chain and free polymerization.
Perhaps this is the result of the increasing in molecular weight of graft copolymer
due to the viscosity of reaction system getting higher. It is difficult for monomers to
reach the radical site of macroradical. Grafting vield effected much more than %free

polymer because of its steric hindrance of macroradical molecule.

Effect of temperature

Table 16 Effect of temperature on graft copolymerization of starch graft poly

(MMA EA).”

Temperature| %TSC| %TC| %Free %G | %GE| Mwb | Grafting frequency
(°c) polymer { AGU/chain)
40 7.82 [60.23 0.85 - - - -

60 8.17 |52.45| 094 as & ]
40/90 | 9.74 |6257|  7.07 oY } ’ ]
60/90 | 163 [98.73| 3298 |32.02/39.42| 540486 7083.25
90 1555 [99.84] 4025 |11.45/16.76| 673870 32167.32

*Reaction carried out with 150 g starch, 1.6 g propylene glycol(PG) and 18.75 g
NP-40 (10.12% by weight monomer) in water 1800 ml, 200% mole monomer which
monomer ratio 45:56 MMA:EA, 0.015 mole K,S,0, (150 mi 0.1 N K,S,05 in 1 N
HNO,), 4 h reaction time.

wa of grafted polymer from acid hydrolysis measured by GPC method .
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The increase in percentage of total conversion{%TC), percentage of graft{%G)
and %free polymer indicated that the polymerization of acrylic ester monomer onto
tapioca starch can be speeded up by heat. The decrease in %G, and %GE from
reaction temperature from 60/90 °Cto 90 °C might be due to the termination of
grafted chain free radical and the large amount of free polymer may be the cause of
decrease of graft yield. Besides, high temperature may be cause of reducing of

monomer concentration in emulsion phase and lead to lowering of grafting rate.

= kIMIPL ;M T, 4

Effect of monomer type
MMA 45.21 11.77 76.47 25.35 35.93
EA 39.99 9.92 63.97 19.19 18.19
BA 26,59 17.40 95.74 4965 |65.12
2-EHA 17.46 19.23 90.96 5184 (74.80

"Reaction carried out with 100 g starch, 1 g propylene glycol and 200 % mole of monomer, NP-
40 = 10% weight monomer in water 1200 mi, 25 mi Na,EDTA, K,S,0, 0.01 mole {100ml of 0.1
N K,S,04n 1N HNO,) 60 °C 3h, 90 °C 1h.

The effect of monomer type on the starch graft polymerization could be
compared of yield obtained with each monomer type, the increase in tendency of
%G and %GE value when more hydrophobic acrylate monomer (2-EHA> BA> EA)
were used. Therefore the starch graft poly(MMA) was produced higher than the
starch graft poly(EA) and lower than the starch graft poly(BA) and the starch graft
poly(2-EHA). The maximum ( %G & %GE ) are 51.84 and 74.80 for the starch graft
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poly(2-EHA). The percentage of free polymer are observed to convert tendency
because of the increasing in grafted polymer formed. Thus, the extent of synthetic
polymer reactivity with the tapioca starch was depending on the type of monomer.
The order of reactivity is 2-EHA> BA> MMA>EA. Meanly, the percentage of total
conversion of MMA/EA used in polymerization are lower than MMA/BA and MMA/2-
EHA used because the polymerization rate in present of EA must be lower than the
rate that in present of BA or 2-EHA. In fact, the percentage of total conversion are
related with colloid behavior of system (reduction of the number of pol;/merizations
centers as a result of flocculation). Thus, BA and 2-EHA have smaller degree of
flocculation than EA and the introduction of more hydrophobic monomer resulted in

the increase in the value of emulsifier adsorption.



Effect of monomer type on graft copolymerization
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Figure 26 Effect of monamer type on starch graft polymerization.
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Identificati f fl.'

The starch graft poly(acrylic ester) spectra are shown characteristic IR band of
C=0 of grafted acrylic ester polymer appeared at 1730-1750 cmvj, it indicated an
evidence of grafting. (see Appendix A)

Table 18 Infrared spectroscopy characterization.

Absorption Assignment

Wave Number (cm.1 )

1100-1300 C-O stretching (C-O and C-O-H) of starch and

C-O of acrylic ester polymer

1600-1700 multiplete band C=0 aldehyde group of starch
1730-1750 C=0 stretching of acrylic ester polymer
2900-3000 C-H stretching of hydrocarbon of acrylic ester

polymer and C-H group of starch
3200-3600 O-H stretching of starch




Thermal properties of starch graft poly(acrylic este]

Difforential scanning calorimetruDSC) d

Table 19 Data of starch graft poly(MMA, BA).
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Monomer ratio %G moisture content Tq of starch
(MMA/BA) (%) component(’C)
100/0 11.77 8.4392 101.50
80/20 15.80 5.9299 128.70
65/35 18.18 48191 133.60
0/100 17.40 4.3098 11210

Table 20 Data of starch graft poly(MMA, 2 - EHA).

Monomer ratio %G moisture content Tq of starch
(MMA/BA) (%) component( C)
100/0 11.77 8.4392 101.50
80/20 16.62 4.9341 121.80
60/40 17.81 4.4298 142.20
0/100 17.46 4.0530 135.20

Starch graft copolymer were examined by DSC to obtained information for -

processing condition setting. Result of DSC measurements on some starch graft

polylacrylic ester) copolymer( after an extract of the free polymer) are shown in table

19 and 20. Values for glass transition temperature(T, g of starch component

increased with the level of grafting(%G). This evidence suggests that increases in T,
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are the result from absorption of some of the moisture in system by grafted chain at
high temperature and their low moisture content. Thus the decreasing in amount of
water are available for plasticizing starch. This result is correspond with the previous

32
research, on which extrusion processing of starch graft poly(methylacrylate) .

I imetric analvsisTGA

Thermogravimetric analysis(TGA) of the starch graft copolymer are shown in
table 21 and appendix B. The TGA thermogram give the decomposition temperature

(Ty of which indicafes thermal stability of polymer{reported onset temperature). The

weight loss(T,) of ungrafted starch occurred in the range of 310 to 3556 OC. The
thermal behavior of starch graft poly(acrylic ester} polymers are composed of two main

components. One component is to start the decomposition of starch vccurred in the
range of 282.6 to 2956 ©C, the other is to start the decomposition of grafted

polyacrylic ester chain, occurred beyond this temperature up to about 400 ©C. These
Ve
results show that thermal stability of starch was improved with grafting due to the

lately decomposition of grafted polymer.

The decrease in thermal satability of starch component from from 310 OC to
282.6-295.6 OC can be explained by the result from absorption of some of water in the
system by grafted chain at high temperature. Thus by decreasing the amount of
water for plasticizing starch, its easier to decompose. These results correspond with

the result of D. Trimmell studies with the effect of grafting on Ty and Tm



Table 21 TGA Data of starch graft polylacrylic ester).
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T,(0
Polymer %G Starch Polymer
component component
Ungrafted starch - 310 - 355 -
PMMA - - 300 - 422
(Free polymer)
. poly{MMA/2-EHA) - - 350
:80/20 (Free polymer)
Starch graft poly 35.93 282.60 408.70
(MMA)
Starch graft poly 34.21 287.00 400
(MMA/BA) :65/35
Starch graft poly 36.78 284.80 395.60
(MMA/2-EHA) ;80/20
Starch graft poly( BA) 49.65 295.60 386.95

Rheological eI ittt o

The study of the rheological properties provide the information about the
deformation and flow characteristic. The flow curve of starch graft copolymer
cover the transition from pseudoplastic to upper Newtonian region. The flow

curve of starch graft copolymer in figure 27 shows the relation between shear

stress and shear rate.
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Figure 27 The relation between shear stress and shear rate of starch graft copolymer.

It is not obey Newtonian' s law (the viscosity states that the shear stress is not

linearly proportional to shear rate T # 11Y ). Dilatant fluid( shear tickening), the flow
curve has a slope greater than 1 and pseudoplastic { shear thinning) the flow curve has
a slope less than 1. Both behaviors of the fluids were observed at high shear rate

( high stress) and low shear rate( low stress) respectively. Pseudoplastic behavior
which occurred at high shear rate region shows that the resistance against the flow of
starch graft copolymer compound was decreased with intensified shearing and dilatant

behavior was reported an increase resistance to flow with intensified shearing .
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Figure 28 The relation between apparent viscosity and shear rate of starch

graft copolymer.

The viscosity of a material express its resistance to flow. The flow curve
shows the relation between apparent viscosity and shear rate of starch graft
copolymer in figure  28. It has a higher apparent viscosity than many more
general purpose thermoplastics at the same shear rate and when the shear rate

increased the apparent viscosity reduced. At low shear rate range the material
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pseudoplastic behavior and at very high shear rate it has a tendency to be at the
region of upper Newtonian behavior{ less changed in apparent viscosity when shear

rate was increased). The higher apparent melt viscosity than the general

thermoplastics due to the high molecular weight of starch graft copolymer(Mw>
1,000,000). It has a strong influence on its melt viscosity, which it derived from
molecular weight entanglements which begin to dominate the rate of slippage of
molecules. An increasing shear rate lead to reducing in apparent viscosity This
behavior has been explained by Stephen L. Rosen in terms of molecular structure27.

This illustrated schematically in figure = 29

Purely Viscous Flow

——1 e

Lower
Newtonian

logr
log g

Toa

figure 28 Generalized flow properties for polymer melt and solution.

At low shear rate the randomization effect of thermal motion of chain
Segments overcomes any tendency toward molecular alignment in the shear field. The
molecules are thus in their most random and highly entangled state and have their
greatest resistance to slippage(flow). As the shear increased the molecules will begin
to entangle and align in the shear field, reducing their resistance to slippage past one
another. Under severe shearing, théy will be pretty much completely unentangled and

27
aligned, to reach a state of minimum resistance to flow _
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Figure 30 The effect of shear rate (stress) variation on properties of extruded.

Figure 30 shows the effect of shear rate (stress) variation on properties
of extruded, die swell and melt fracture were occurred at high level of shear rate due
to intense shearing, eventually lead to an extensive breakage of starch graft copolymer
bond. In fact, this reaction is mechanical degradation. This will be defined as a
deformation process under intense shearing, especially in upper- Newtonian region,

with all the applied mechanical energy is not recoverably dissipated as heat in material
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through molecular friction, this process is known as viscous energy dissipation. It is

difficult to maintain the temperature constant under intense shearing.

Mechanical ios of starch araft polv(acryli ]

Figure 31~ 3g illustrate the mechanical properties of molded starch graft
(MMA BA). The vali:es obtained from the mixture of -monomer used ‘in graft
copolymerization, shows the increasing amount of butyl acrylate monomer(BA) which
leads to a decrease in tensile strength, hardness and modulus of elastic  and
increasing in % elongation and impact strength. The same behavior was observed in
molded starch graft poly(MMA,2-EHA). This phenomenon could be explained by the
glass transition temperature.  Starch graft copolymer is composed of some
elastomeric segment in amorphous linear grafted chains. This segment gives a higher
mobility in molecular chain. Thus the more proportion of low glass transition
temperature segment (BA) lead to the more Joses some mechanical properties such .
as tensile strength, hardness and modulus of elastic, because in its rubbery state it

deforms much more easily.



Table 22 Effect of monomer ratio and monomer concentration on mechanical

properties of starch graft poly(MMA BA).

“at at at at

yield | break | yield | break
1000 ) 3 o 3 3 B}
95/5 2286 |21.96 | 268 | 287 | 95526 | 2035 | 62.89
80/20 1410 | 1380 | 376 | 383 | 43743 | 27.55 | 84.00
70/30 872 | 920 | 565 |1457| 19800 | 1380 | 6556
60/40 334 | 624 | 919 [23106] 5582 | Nbo | 6056
0/100 3 % ) §' 144 ) No | 35.00
100%moleoRo) | _ | _ | . | _ e ) )
200%mole(70/30)’ | 568 | 879 | 668 [5613| 12640 | 24.40 | 63.33
300%mole(70/20) | 6.68 | 108 | 64 [151.9| 12379 | 11.20 | 60.44
200%mole(65/35) | 3.90 | 973 | 973 [17547| 6206 | 12.90 | 52.89
200%mole(65/35)° | 3.45 | 885 | 885 [190.05] 4840 | 1312 | 60.33
200%mole(60/40) | 2.04 | 546 | 2.04 |333.55| 27.64 | 17.80 | 6557

*Reaction carried out with 100 g starch, 1g propylene glycol(PG) and 200%mole monomer compared with 100%
mole starch, NP-40 =10% by weight monomer in water 1200 ml,26 ml Na,EDTA, K,S,0, 0.01 mole (100 ml, 0.1
N K;S,0g in 1 N HNO; ) 60 °c3h, 9 °C 1h,

bReaction carried out with 160 g starch, 1.5g propylene glycol(PG) and ,NP40 = 10% by weight monomer in

water 1500 ml,37.5 mi Na,EDTA,K,8,0; 0.016 mole(150 mi 0.1N K,S,0y in 1 N HNO,) 60 °C 3h, 90 °C 1h.

*Reaction carried out with 150 g starch, 1.5g propylene glycol{PG) and 200%mole monomer, NP-40 = 10% by

weight monomer in water 2000 mi,37.5 mi Na,EDTA, K,S,0, 0.015 mole {150 mi 0.1N K,S,05 in 1 N HNO; )

60 °C 3h,90 °C 1h.

d . .
Tested by shore D hardness tester. { _ } = could not be prepared the good specimens by compression mold ,

Nb = Not break,




Table 23 Effect of monomer ratio and monomer concentration on mechanical

properties of starch graft poly(MMA,2-EHA)

yield | break | vyield | break

100/0 i} 7 m ) B -

95/5 / . N\ _ \ 3

80/20 956 | 11.270 | 059 |1062| 27030 | 1400 | 70,00

70/30 228 | 4700 | 1279 [327.20| 26.01 | 2805 | 47.89

60/40 115 | 2,040 | 11.70 [677.20| 11.09 | 2020 | 35.17

0/100 0.07 | 0002 | 5055 [282.00] 021 | No | 1333
100%mole(70/30)’ | 0.13 | 0143 | 6484 |1081.0] 040 | No | 2956°
200%mole(70/30) | 1.90 | 4296 | 190 | 430 | 190 | 8409 | 4683
300%mole(70/30) | 2.41 | 2.405.| 482 | 527 | 3147 | 1560 | 4800

82

aReaction carried out with 100 g starch, 1g propylene glycol(PG) and 200%mole monomer compared with 100%

mole starch

NP-40 =10%weight of monomer in water 1200 ml, 25 mi Na,EDTA, K,S,0, 0.01 mole {100, 0.1N K;S,04 in 1
N HNO,) 60 'C 3h, 90 °C 1h,

bTested by shore D hardness tester ,cTested by shore A hardness tester.

(_) = could not be prepared the good specimens by compression mold , Nb = Not break ,



Tensile strength of starch graft poly(MMA,BA)
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Figure  31.Tensile strength of starch graft poly(MMA,BA).

Tensile strength of starch graft poly(MMA,2-EHA)
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Figure 32 Tensile strength of starch graft poly(MMA,2-EHA) .



% Elongation of starch graft poly(MMA,BA)
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Figure 33 %Elongation of starch graft poly(MMA BA),
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Figure 34 %Elongation of starch graft poly(MMA,2-EHA) .
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Modulus of elastic of starch graft poly(MMA,BA)
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Figure 35 Modulus of elastic of starch graft poly(MMA,BA) .
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Figure 36 Modulus of elastic of starch graft poly{MMA,2EHA) ,
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The strength of starch graft copolymer provided by domain starch and a high
T, segment of methyl methacrylate(MMA) in grafted chain. The impact strength of
starch graft copolymer is related to its ability to absorb energy and the fact that the
material of lower T  is high impact strength. The starch graft copolymer with the
more low T, ( more rubbery phase) in the molecule is getting higher impact strength.

Thus, its obvious that the rubber phase has better energy dissipation than rigid phase.

P l:l'l I hsical ties of starcl ft_polytacryli
ester). '

The results of thermal properties are that the processing temperature of starch
graft copolymer should be in between T, and Ty At this temperature is especially
important for processability because upper T, the starch graft copolymers changed to
rubbery. state. The significant thermal decomposition of them occurred quite rapidly
above T, and the reason for high apparent melt viscosity of starch graft copolymer
which indicate a high melt strength and the deformation of their melt easily occurred

at high shear rate. So this could be determined that the suitable processes are

compression molding or thermoforming( low shear rate process). In the case of
compression molding, the starch graft copolymer could be processed at a moisture
content of 48% and temperatures from 140 to 170 °C. Some physical properties of
starch graft copolymer are shown in table 24. and 26 . The result of grafting
products lead to decrease in moisture content of starch from 13% to 4-8%. The
starch graft copolymer can absorbed water from 20% to 120% when immersed in

water. The density of graft copolymer were observed highér then the general

polymer.



Table 24 Some physical properties of starch graft poly(MMA,BA).

100/0 8.4392 59.19 12193
95/5 8.0792 74.99 1.249
80/20 5.9299 19.26 13372
70730 6.025 52.97 12515
60/40 48603 58.56 12036
0/100 43098 65.44 11508
100%mole(70/30) | 5.3679 77.48 12451
200%mole(7030)" | 53265 71.07 11882
300%mole(70/30) | 37221 54.81 1.1764
200%molo(66/36) | 48191 86.22 1.6966
200%mole(65/35) | 43000 84.09 12756
200%mole(60/40) 6813 6287 16595
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*Reaction carried out with 100 g starch, 1g propylene glycol{PG) and 200%mole monomer compared with 100%
mole starch, NP-40 =10% by weight monomer in water 1200 ml, 25 mi NazEDTA K,S,0; 0.01 mole (100 mi, 0.1
NKZSO in 1 N HNO;} 60 °Cah, 90°C 1h.

F{eac'uon carried out with 150 g starch, 1.6g propylene glycol(PG) and, NP-40 = 10% by weight monomer in
water 1500 ml, 37.5 ml Na,EDTA,K,S,0, 0.016 mole{180 ml 0.1N K;S,05 in 1 N HNG;) 60 °C 3h, 90 °Ch
eReaction carried out with 150 g. starch, 1.5g propylene glycol(PG) and 200%mole monomer, NP-40 = 10% by
weight monomer in water 2000 ml,37.5 mi Na,EDTA, K;S,0, 0.015 moie {150 mi 0.1N K;S,05 in 1 N HNO, )
60 °C3h 90 °C th

“The values were evaluated by liquid (methanol) displacement method in pycnometer.
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Table 25 Some physical properties of starch graft poly(MMA,2EHA).

100/0 8.4392 59.19 12193
95/5 4.4925 74.99 1.4355
80/20 4.9341 36.22 1.2770
70/30 5.2110 116.31 13819
60/40 4.4298 70.34 1.3693
0/100 40530 64.18 1.2472
100%mole(70/30) 43098 120,62 1.3229
200% mole(70/30) 5.2110 115.31 1.3693
300% mole(70/30) 43254 45.10 1.6093

aHeaction carried out with 100 g starch, 1g propylene glycol(PG) and 200%mole monomer compared with 100%
mole starch, NP-40 =10%weight of monomer in water 1200 mi,25 mi Na,EDTA, K;5,05 0.01 mole (100 mil, 0.1N
K;S;0 in 1 N HNO, ) 60 °C 3, 90 °C 1h,

cLlhe values were evaluated by liquid {methanol) displacement method in pycnometer.
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Figure 37 Masticated sheet of starch graft copolymer compound on the two rolls

mill.

Figure 38 The compression molding machine used to form starch graft copolymer.



Figure 40 Biodegradability of starch graft copolymers in soil . (a) Before testing
(b) After 4 weeks ,

This
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CHAPTER &
CONCLUSION

Starch graft poly(acrylic ester) copolymers containing 2364 % of grafted
polymer by weight were prepared by a free radical chain initiation system. The
potassium persulbhate(KQSZOB) has been used to initiate the graft copolymerization of
various acrylic ester monomer] methyl methacrylate(MMA)), ethyl acrylate(EA), butyl
acrylate(BA) and 2-ethylhexyl acrylate(2-EHA)], both single monomer and binary
monomer mixtures were graft copolymerization onto tapioca starch under nitrogen
atmosphere. They were found that the percentage of grafted(%G), grafting efficiency
(%GE), and percentage of free polymer(%free polymer) were all dependent to some
extent, on the monomer concentration, monomer ratio { MMA/EA,BA or
2-EHA), concentration of  potassium persulphate(K,S,0,) initiator and reaction

temperature. The suitable condition are concluded as followed.

Monomer type depended on required properties
Monomer ratio depended on required properties
Amount of monomer 200% mole monomer/100% mole starch
Amount of initiator(K,S,0,,0.1N}) 0.015 mole/150 g starch
Soap(NP-40) concentration 10% by weight monomer
Temperature, Time 60 oC, 3 h followed by 90 oC, 1h
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The evidence of grafting was identified by IR spectroscopy. Thermal and
rheological properties were determined by thermogravimetric analyzer(TGA),
differential scanning calorimeter(DSC) and capillary rheometer, respectively. The
resulted data show that T, and Tg depended on percentage of grafting. The result
of study indicates that the starch graft copolymer has a high shear viscosity (high
melt strength) and it should be process at low shear rate range with moisture
content 4-8 % (base on starch graft copolymer} and in the range of temperature 140-
170 °C. The suitable processing are compression molding or thermoforming. Both
processes can be used to form the starch graft copolymer to be a packaging
matenial. The mechanical broperties such as tensile strength,% elongation, modulus
of elasticity, impact strength and hardness properties of starch graft poly(MMA,BA)
and starch graft poly(MMA,2-EHA) were reported, and the effect of water was
summarized by immersing the material in water. The wide range of properties of
starch graft copolymer compound were obtained (elastomeric material to rigid
plastich. The properties depended on the combined effect of monomer
concentration, monomer ratio and type of monomer using in graft copolymerization
onto tapioca starch, which lead to increased mechanical stability and they can

susceptible by biological attacked.
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Appendix A. The IR spectra of starch graft copolymers, grafted chains and free
polymers.
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Figure 42 Infrared spectrum of starch graft poly(MMA, BA), monomer
ratio MMA/BA = 80/20, Starch/ monomer ratio = 1/2 mole _
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Figure 50

Infrared spectrum of poly(2-EHA) free polymer ,

Starch/monomer ratio = 1/2 mole
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Appendix B. Thermogram of starch graft copolymer.
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(%)

Weight

110

Sample: TAPIOCA STARCH Run: 5
Size: 6.2966 mg Kcell: 0.8523 'T‘CB /\
Method: ROSE BRAND FROM THAI WAH Operator: SAROACH
Comment: CHECK KMITL j
120 _— 100
9
100
—50
80+ <
E
] M
60 : S
Eal
3
50 >
-t
&
40+ i 2
T
~—-100
20
4 ° I
3108. 355¢
v 4
0 —— v - v 150
200 400 600 8o
Temperature (°C) DuPant 9000
Figure 52

TGA Thermogram of ungraft starch

FLUA I
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Weight
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Sample: STARCH-G-MMA+BA Run: 9
Size: 9.8030 mg Kcell: 0.8523 TGA
Method: 049 200X65/35MMA/BA Operator: SAROACH
Comment: CHECK KMITL
120y = e e e 30
1
3
100
1
80 :-‘_::
e
Q
60
i z
43
] 2
-t
G
40+ Qa
201
257 & 3¢5.6 o
0 v R S 4 . 10
0 200 30753 400 600 800
Temperature -(°C) PuPant 8000
Figure 53 TGA Thermogram of starch graft poly(MMA, BA), monomer

ratio MMA/BA = 65/35, Starch/ monomer ratio = 1/2 mole
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Sample: STARCH-G-B80/20MMA/2EHA Aun: 1
Size: 10.5401 mg Kcell: 0.9523 ‘r'CS %\

Method: 020 80/20MMA/2EHA Operator: SAROACH

Comment: CHECK KMITL
iao_l,___._,-.. e e e —— —_— 20
100+
\

80 <
-4
€

—10 :\S
60~ | gx
-t
+
E ©
-5 >
g
40 i 2
-0
20+
2349 koo e’
0 — R i . . 5
200 400 600 800
Temperature (°C) DuPont 8000
Figure 54 TGA Thermogram of starch graft polyMMA, 2-EHA), monomer

ratio MMA/2-EHA = 80/20, Starch/ monomer ratio = 1/2 mole
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Weight
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Sample: STARCH-G-MMA Run: 2
Size: 9.4868 mg Kcell: 0.9523
Method: 038 200XMMA _r.cs %\ Opersator: SARAOACH
Comment: CHECK KMITL
120 30
1004
] -20
80 =
-4
- \E
60 10 2
Eal
-+
]
>
L. -t
- ®
40 Q
1 -0
20
292.6¢” sonsne
+ ; N
0 v v v 10
200 400 600 ~. 8do
Temperature (°0) { OuPont 8000
Figure 55 TGA Thermogram of starch graft poly(MMA,),

Starch /monomer ratio = 1/2 mole
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Weight
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Sample: STARCH-G-BA Run: 3
Size: 12.2554 mg Kcell: 0.9523
Method: 033 200%BA —r.CS /\ Operator: SAROACH
Comment: CHECK KMITL
120~~~ e 30
100+
20
80 <
s =
~
1 a¢
60 10 2
-t
e
©
>
- -t
&
40 2
1 -0
20+
295.4¢ 38645
0 ¥ - 10
200 400 600 800
Temperature (°C) DuPont 9000
Figure 56 TGA Thermogram of starch graft poly(BA,), Starch / monomer

ratio = 1/2 mole
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Weight
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Sample: HOMOPOLYMER Run: 7
Size: 9.9792 mg Kcell: 0.9523 TGA
Method: 200% BO/20MMA/2EHA Operator: SAROACH
Comment: CHECK KMITL
120 T s ~—~-————[-ao
h
~60
=
ol
E
40 g
R Q
-
-3
+~
n
20 >
-t
[
.0
& (> ]
AL AT WY _o
- v == v 20
500 600 700" 800 800
Temperature (°C) DuPont 9000
Figure 57 TGA Thermogram of poly(MMA, 2-EHA) free polymer,

monomer ratio MMA/2-EHA = 80/20, Starch / monomer ratio

= 1/2 mole
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Sample: HOMOPOLYMER Run: 8
Size: 10.6745 mg Kcell: 0.9523
Method: 200X MMA T G A Operator: SAROACH
Comment: CHECK KMITL
12 e I —— 20
100
] 15
80+ 5
E
J —40 :§
60-] 1 o
i
., 0
S 2
&
40+ ] 2
;
-0
20-1 ’ .
0 : A — - 5
200 400 ¢ 600 800
Temperature (°C) BuPont 9000
Figure 58 TGA Thermogram of poly(MMA)} freepolymer,

Starch / monomer ratio = 1/2 mole
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FILE NAME ({SRO19.000>>

96/02/28

\
¢ TEMPERATURE PROGRAM '§

DATE(y/u/d) : 96/02/28 dT/dt Tihold) t(hold) 6T(add)x nlrepeatl)
SAMPLE NAME : 200X50/20MMA/BA 1: 20 400 0 0o o
COMMENT + NON LIQUID N2 2: 6 0 0 0o o
SAMPLE Q'TITY: 10 g 3: (] 0 0 0 (]
MODULE TVYPE™ : DSC i: 0 0 0 0 °
SAMPLING INT.: 1 sec 5t 0 0 0 0 0
37000=% 731
=
Q.u
128.7
20 70 120 170 220 270 320
ey

[ TEMP, ) —=cteanenTEMP (*C)=~~Heal Flow (aW)—~—n e

t 20.4 -0.0033

2 35.8 -4, 2447

3 83.3 -8: 0817

4 128.7 -16.9373

S 205.3 -4.7598

3 ny 2 -4,R58

. DSC Thermogram of starch graft poly(MMA, BA), monomer

Figure 59

ratio MMA/BA = 80/20, Starch / monomer ratio = 1/2 mole
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FILE NANE <(SR049.0005>
DATE(y/n/d) : 96/02/16

96/02/16

¢ TEMPERATURE PROGRAM §
dT/dU Thotd) t{hnld) 8T(add)x nlrepeat)

SAMPLE NAME @ 200X65/35MMA/BA 1: 10 250 0 0 [
COMMENT + NON L1QUID N2 2: 0 [} 0 0 0
SAMPLE Q'TITY: 8.98 ng 3: 0 [} 0 0 .0
MODUIE TYPE : DSC LH 0 0 0 0 0
SAMPLING INT.: | sec 5: 0 0 0 0 0
i 2.000eW 74V
244.5
/T\
Sl o ..
20 60 90 120 150 180 210 240
rel
[ TRHP. ) ——-memm=~TEMP (*C) ~=-lieal Flow (a¥)ememmmv
1 3 0.2786
2 36.9 -i.4349-
3 133.6 -6.1531
4 201.8 -1.821
5 244.5 -0. 2533
Figure 60 DSC Thermogram of starch graft poly(MMA, BA), monomer

ratio MMA/BA = 65/35, Starch / monomer ratio = 1/2 mole
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96/02/15
FILE NAME ¢CSR20.000)
§ TEMPERATURE PROGRAN §
DATE(y/m/d) : 96/02/15 dT/4L T{hold) t(hald) 6T (add)x alrepeat)
SAMPLE NAME : 200X 80/20MMA/2EHA 1: 10 250 0 0 0
COMMENT 1 NON LIQUID N2 2: 0 0 0 0 0
SAMPLE Q'TITY: 8.9 mg 3 0 0 0 0 0
MODULE TVPE : DSC 4 0 0 0 0 0
SAMPLING INT.: 1 see 5 0 0 0 0 0
¥
OO 7A ]
codun ... COITRR LR R S —— Ao % ;
/}[ \\\\r\n\ﬁﬁ_
30 60 90 120 . 150 180 210
(&3]
[ 1112 J— ~~TEMP (" C)~~-tleal Flow (aWh)———-cmmm
i 74.9 ~2.5024
2 101.2 -3.5592 .
3 121.8 ~8.8576
4 176.2 ~3.2625
5 229. 1 -1.7996
. - mer
Figure 61 DSC Thermogram of starch graft poly(MMA, 2-EHA), mono

ratio MMA/2-EHA = 80/20, Starch / monomer ratio = 1/2 mole
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96/02/28

FILE NAME <(SRO22.000>)
4 TEMPERATURE PROGRAM 4

DATE(y/n/d} : 96/02/28 4T/dt T(bold) C(hold) 8T (add)x n(repeal).
SAMPLE NAME : 200X60/40MMA/2-FHA : 1+ 20 300 ] 0 0
COMMENT : 220 0 0 0 ‘0
SAMPLE Q'TITY:  11.6 wg 3 0 0 0 0 0
MODULE TYPE : DSC 4 0 0 0 ] 0
SAMPLING INT, : 1 sec 5 0 0 ] ] (]
TATOPORE 7MY
ok 4
6.2
8:@ ....... Nmm.& P TP TP R
Tt T~
142.2
30 60 90 120 150 " 180 210 240 270
c
[ TEMP, ) =memmoeoeen TEMP ("C)~--HNeal Flow(eW)=-oemunv
1 : 30 0.3075
2 46.2 ~5. 5265
3 100 -7.4012
4 119.1 ~8.9218
5 142.2 ~19.6319
6 265.4 -6. 6431
Figure 62 DSC Thermogram of starch graft poly(MMA, 2-EHA), monomer

ratio MMA/2-EHA = 60/40, Starch / monomer ratio = 1/2 mole
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Figure 63

FILE NAME ((SR038.000>>

96/02/16

§ TEMPERATURE PROGRAN ¢

DATE(y/a/d) : 96/02/16 dT/dl T(hold) T{hotd) 8T (add)x a(repeal)
SAMPLE NAME ¢ 200XMMA 1: 1o 250 0 0,0 0
COMMENT 1 NON LIQUID N2 2: 0 0 0 0 0
SANPLE Q' TITY: 8.2 mx 3: 0 0 0 0 0
MODULE TVIE : DSC 4: 0 ] ] 0 0
SAMPLING INT.: 1 sec 5t (] 0 (1] 0 0

T /div

101.5
20 50 80 110 146 170 200 230
(*c)
[ TEMP, ) —-—em—men TEMP (" C)~~~lleal Flow (aW)==mmm-mme
1 28.3 0.0582 1
2 35.7 -1.5025
3 101.5 -5.3869
4 172.1 -1.5136
S 233 -1.0352
6 245.2 ~0.4928

DSC Thermogram of starch graft poly(MMA,), Starch/ monomer

ratio = 1/2 mole

us.2 .
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Figure 64

s 96 02: 106
H

FILE NAME <CSKR039.000>> :
0 TEMPERATURE 110GRAY 0

DATE (v /m/d) ¢ 96702716 A1 Tihotd) Thindd) ST (add) ¢ nfrepealy
SAMPLE NAYF. @ 200 I: 10 ] 0 0 0
COMMENT : NON LiQiiD N2 X 0 0 0 0 0
SWPEE Q' TITY: R.5 me 3: 0 0 (1} [ 0
NODULE TV ¢ ISC 1: 1] 0 Q ] 0
IPLING INE.: 1 see ) g ) n 0 " o
' .
0.3
i -
- G R e I CEERRERTS RIS I B
AR 6
; Pe !
e e NG P H '
< ! ,
_ ,
= | I i
! H
H
tees o et e . o« Cem e i \
e SIS g i . __ . "
o VA % or .
e 1 - - R
in Ho 20 120 130 180 20 2in

FIEMPL Y comb e TENPCC) Jleal Flow (uiF) e o
30.5
39.9
73.5

12,1

188.¢

227.2

247.6

- -

1w

DSC Thermogram of starch graft poly(BA,), Starch/ monomer

ratio = 1/2 mole
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96/02/16

FILE NANME <(SR040.000)>

DATE (y/m/d)
SAMPLE. NANE

COMMENT

SAMPLE Q' TITY

0

MODULE TYPE

SAMPLING INT.

¢ TEMPERATURE PROGRAM

T 96/02/16 dT/dt Tthold) t(hold) 8T{add)x nlrepreatl)
t 200X2FHA 1: 10 250 0 0 0
: 2: 0 0 0 [4 0
: 128 E& 0 0 0 0 0
: DSC 4: 0 0 0 0 0
: 1 sec S: 0 0 0 0 0

7. 000aR7a{v

30 60 20 120 150 180 210 240
el
{ TEMP.) ==~-=-e-~TENP{'C)—-lleal Flow (aW)-—-=-—-~—
1 ‘ 36.3 0.4074
2 40.1 ~3.0247
3 94.4 ~3.7225
! 4 135.2 -6.1687
S 233.5 ~3.162
Figure 65 DSC Thermogram of starch graft poly(2-EHA), Starch/monomer

ratio = 1/2 mole



Appendix C. The flow curve of starch graft copolymer.
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ROSAND PRECYISION CAPILLARY RHEOMETER

Sth Jan 1996 3:44am TEST INFORMATION
POLymer £¥Pe..cccerannnes AHTA/BAGS/3S  Stavch- graft polyCmma,ga) -
S eI monomer rtic MMA/GA » 65/35
Batch mumber. ... ... ..., 1
Lab code rmumber. .. ....... Ocerator's initials...... SARQT
Molecular weight Mw...... [3,%77 1t o TN
Filier percentage........ . Orying teroersture.......
Filler tyres..cveeeeene.. . Drying atmoschere........
Sarple origin. . coeeeen. DIE 1.3MMX24 SCOES Drying hours. i e evceceans
acditiorml information... 200%mole
TEST TEMFERATURE . TEST GEOrETRY
T Top zome temo (°C)....-.... 140 Long die length (mm).... 264
Middle zone tero (°Cl..... 140 Long die diemeter (mm).. 1.8
Bottom zore temo (°Cl..... 140 Short die length (mm)... O
Bottom actual temp (°C)... 133.9 - St die diameter {(mm).
Die entry =rgle (deg)... S0
RV SCEDULE — Piston Speeds nm/min
i, 2, 3, 10, 20, S0, 75, 10G, 150, 200, 250, 30
PRESSLRE TRANSDUCERS PREFEAT SEQUENCE CONTRCL. FACTORS
Trensaucer at long ae... Initisl pressure long die {MPs).... Q.3 Variation cn stancerd sasle rste.. 1
rax oressure (psile.e..e 10000 Initial pressure short die (ifa)... 0.5 Max o, of tamoles at any wesd.... ¥
Inforaation..coeennennns $72992(Rs) Tise before 2nd cosoression {min).. & tndpoint ¢{lter time constant...... 2
Transoucer 3t short die.. Fina) presuurs long die {IPa)...... 0.5 Allovanle ceviation at +nd pofnt... 0.2
¥ax sresmure (psil....... 1500 Firal pressire shoct die (MPal..... 0.5 Disc title....
Informetion..c..ceueeens 14-22-%672123{0Y) Preneat tise (min)....oeevninnnnn. 2 file title.... % 9
CURRENT TEST RESULTS
Shear |[Time Pl Ps Po Shear Shear Exten Elong n
rate Stress Visc Stress Visc
/s s MPa MPa MPa kPa Pa.s kPa kPa.s
8.91115.7] 11.52 @] [w} 180.062 202583 e} Q] 0.97
17.81142.7}) 12.58 o (=] 196. 20 11083 ] O} 0.12
4l .6 1159. 2] 14a.84 a o 231.50 5218 (=] Q) 0.16
38.9|169.2) 16.72 [m] Q 261.23 2939 Q 3§ 0.21
177.841175.8} 12.01 o o 295.96 1670 3 a .25
$ 44.4.4.1180.8 ] 23.69 a [w] 370.14 833 [m] aj 0.30
666.71184.8| 26.84 (a] a 419.40 629 o ol 0.33
283.91188.8| 29.77 Q o 465,18 522 a C| 0.3
H 1333.3(193.81 34.91 o] [»] 545,45 409 [m] gl 0.37
1777.3}1197.8| 39.98 [®] a 624,57 351 ] gl 0.38
2222 . 2|201.8) 44.56 o (=} 695, 27 313 c gl 3.40
lN 2666, 7 209.3[ 21.70 Q [m] 339-121 127 @] al 1.0
Figure 66 Test information of extrusion capillary rheometer for starch

graft poly(MMA, BA), monomer ratic MMA/BA: = 65/35, Starch/

monomer ratio = 1/2 mole .
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Data reading

Data from reading rheological of starch graft poly(MMA, BA),

monomer ratio MMA/BA = 65/35, Starch/ monomer ratio = 1/2

mole,



127

1 5th Jan 1396
10 ¥ .1Illll! T L] llllll! 14 1 .lerl' 1 ] LBRIRELELLS
: © 140 eq C
I}
r
¢
1}
'}
8
L
B
i
1§
£
@
‘ 3 i lll!'li A L’ll'lli —r— A ’XXLLl! 1 H b ¥
10
) ! 2 1
1o 1o 1o 10 1o’
Shear rate {/s) #
Figure 68 The relation between shear stress and shear rate of starch

graft poly(MMA, BA), monomer ratio MMA/BA = 65/35,

Starch/ monomer ratio = 1/2 mole .
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Figure 69 The relation between apparent viscosity and shear rate of

starch graft polyMMA, BA), monomer ratio MMA/BA = 65/35,

Starch/ monomer ratio = 1/2 mole .



Figure 70
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The relation between apparent viscosity and shear stress of
starch graft pon(MMA, BA), monomer ratic MMA/BA = 65/35,

Starch/ monomer ratio = 1/2 mole.
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Apendix D. The specification of tapioca starch
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Appendix E. The machanism of emulsion polymerization.
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Figure 72

The mechanism of emulsion polymerization
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