CHAPTER 1II

THEORY and LITERATURE REVIEW

2.1 Theoretical Back

ydrate occuring in
ts. The granules are

deposited princip ¥ outs, tubers, fruits,

\\ reverse food supply

'l

for periods of dor y S mermindtion and growth. It occurs
as tiny, water-inuolqugaigf sranules, usually associat-

ed with proteins, ats, and inorgani --_eltu. The granules

vary in shape end s i~ut 1 to 1000 um in

diameter dapendlag on the snurcas (7). For cassava starch,

o size (LIS GRAIRMLGH § v0 35 0.

largest nra usually 25 to 35 um d the sma est are 5 to
s bl | NTIIEM um’mma d

The commercial sources of starch are the seeds of
‘cereal grains (corn, wheat, sorghum, and rice), tubers (po-
tato), roots (tapioca, sweet potato, and arrowroot), and
the pith of the sago palm. Each starch is described accord-
ing to its plant source as corn starch, tapioca starch,

wheat starch, and so on. The properties of the starch vary



15

with the plant source from which it is derived.

The commercial starches can be divided into three
groups. The first group comprises the tuber, root, and pith
starches. The second group comprises the common cereal
starches. These two groups are distinctly different from

each other with respect to

emical composition and physi-

ﬂ-priaas the waxy starch-
es. These starches

L n cereals, but the phy-
TE—— W ——

.‘--!Hﬂlarﬂ similar to those

cal properties. The |

sical properties™®

of the root starch

rbohydrate, composed of
carbon, hydrogen & the ratio of 6:10:5

(C_H,_0.)

B, 006 0 iered as a condensation polymer

of glucose, ct n--' N droglue pse units (AGU). The

;f " ;"

linkage het.weaﬂ being formed as if a

molecule of wntaq.is removed during a step polymerization.

e il ) DRI THEN Forones ne o

oxygen, nor-nlly known as glucoside bond. a glucoside
11nkaaaﬁm ma %wqq w&qagditlnns and
hydrnlyzahle under acid conditions. The hydroxyl groups
can react to form ethers and can be oxidized to aldehyde,

ketone, and carboxyl groups (10).
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2.1.1.2 Molecular Structure
Starch is not a uniform product. Most
starches consist of a mixture of two polysaccharide types:
amylose, an essentially linear polymer; and amylopectin,

a highly branched polymer. The relative amounts of these

starch fractions in a pnrtig;}ar starch are a major factor

ﬁ hat starch.

in determining the p

chain of glucos it g7 connected to each other by 1-4

linkages. These ax-D-glucopyra-
nose" form rdo sse polymer fraction of
starch will show a di :;fﬁj ton.. of molecular sizes, and
the average degree nﬂégﬁiﬁmr_ ion (D.P.) will vary with

htalnad. Depending
upon the type of s range from about
250 to 4000 AGU qpr amy lose lﬂlacule. corresponding to a

srecuir G150 pHRR B4R o o on. one-

rally, starehes contain about 15-25% nlrlos ., For cassava
at.nr:g wma-ﬂﬂjmquwqaﬂ 2% (2). A
stahle formation of amylose is that of a helix, which
explains the characteristic sulutiun behavior of native
amylose. Amylose is embedded in a continuous network of
amylopectin in starch. The network hinders the formation

of complete helix structure.
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The abundance of hydroxyls imparts hydrophilic

properties to the polymer, giving it an affinity for mois-
ture and dispersibility in water. However, because of their

linearity, mobility, and hydroxyl groups, amylose polymers

have a tendency to orient themselves in a parallel fashion

and approach each other closely enough to permit hydrogen

Vk/ddacant polymers. As a
he & for water is reduced

lute solutions, the

bonding between hyd
result, the affin
and the sol beco

aggregate size o ers may increase to

.
a point where prg . At higher concen-
trations, steric hindranc i”: ”~~=-%ﬂre so only partial
orientation betweer lay occur, producing a
gel consisting of afhres :‘*;' sional network held together
by hydrogen bonding a:;‘rj;-_. pt.ions where close alignment

of amylose favors

¢ omon

b
@

g

[ e
oo

Figure 2.1 Chemical structure of amylose chain.



18

b) Amylopectin
Amylopectin is a branched polymer
containing, in addition to AGUs linked together as in
amylose through «-D-(1->4) glucosidic bonds, periodic
branches at the c¢arbon-6 position. These branches are

linked to the 6 carbon by «

-D-(1-»8) glucosidic bonds. Each
branch contains abou w

anhydroglucose units. A

schematic diagranm lolecule is shown in

Figure 2.2. In sddils a0y S 1'aar¥ branches may ex-
trude off the main

in starch, and so But amylopectin

is dispersed in cg ate Yy ‘n"-\r'irring. On drying,
an amylopectin nuﬁ =3 cannot form long

helix sequences, because of the

high degree of hrunch amorphous powder, however,

can be redlsp,

- - ')
The lurj-*?’ dﬁ”ure of amylopectin

reduce the loh11ﬁ}3 of the poly-ers and interfere with any

contoncy B} LR IYMIR TNRIA | Foeety ononan to

permit significant levelg of hydr en hundi As a result,
savecth 18614 G ﬂﬁ&%ﬁq}%ﬂﬂ-ﬂ% by clarity
and stah1lity as measured by resistance to gelling on aging.
Amylopectin sols do not form as strong and flexible films

as the linear amylose (9).
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Figure 2.2

amylopectin and
‘%gﬁﬁhg_‘ at the branch point

2.1.2 Gra ymerization

A graft ists of a polymeric back-
bone with cuvalantlfﬁ T bolymeric side chains. In

principle, hugJ,iﬁa,mum___;,;,;_,,,”B;h}ins could be homo-
. A

polymers or c-fn‘ slyfiers are of great

interest in the ﬁ#eld of nhaorhency in a number of aspects.

orrssne TR P s s oroer

ties nf tha side chains gan be ndded to thusa of the sub-

i AR GRS Fb i A B

2.1.2.1 Methods of Grafting copolymerization

In the context of this thesis, the
backbone polymers for grafting are starch. The grafted side
chains are hydrophilic in nature, either catiomiec, anionic,

and nonionic. These can be prepared by directly grafting



20
such monomer as acrylic acid, or by grafting monomer such
as ﬁfrrlonitrila and hydrolyzing to acrylic acid and its
salts (11).

In principle, there are two general methods for the
synthesis of graft copolymers.
(1) Side chain polymer could be linked directly by

y///ha backbone polymer.

'vant this approach which

a suitable chemical r

is, in principle ; e yn i@ method. There could
be fewer problediS o b g-: formation. More important-
ly, the length and :élf side ﬂi\~k could be readily
controlled. Thi€ ;;;ﬁ;- properties, includ-
ing absorbency bt degrees of substitu-
tion and shorter side c '.ﬁﬁ' \However, the difficulty of
inducing polymer ranqﬁjﬂ; hﬂqlts‘a real problem. This

ion and perhaps the

most successful ha 4ving polymers to a

suitably reactive backbone.
'3

<aﬂ ﬂﬁ%%ﬂﬂqﬂﬁ active sites

such as fred radicals or ions fnrlad upon it. These can
oven SR PSRRI VAR proase
the si&a chain of polymer.

This general method has been much more sucessful
and a large number of techniques have been developed.
Essentially, there are free radical processes although
ionic grafting has been accomplished by more difficult

éxperilanhul techniques.
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2.1.2.2 Free radical initiation

Radicals can be produced by a variety
of redox, thermal, and irradiation methods. 1In order to
function as a useful source of radicals, amn initiator
system should be readily available, stable under ambient

or refrigerated conditions, and possess a practical rate

of radical generation

: w ures which are not excess

ively high 12}

often an efficient
method of ini zation. It usually
results in _\r,i homopolymerization
since only the polyderic _=~:f‘1 E, ormed.

: intage of redox initiation

is that a ;j’ reasonable rates

over a very wide 5‘ depending on the

particular red systal; including inttiation at moderate

i gH TN

Sone redox srstels invnlva a direct
elecﬂow.’}ﬁbarﬂﬁwgd ﬁcﬁ]d}ﬂ BE]ﬂ §jidant, while
nthers involve the intermediate formation of reductant-oxi-
dant complexes; the latter are charge transfer complexes in

some cases (12).
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b) Types of Redox Initiator

Peroxides in combination with a reducing

agent are common sources of radicals, for example,

H_ O + Fe —y HO + HO" + Fe (2.1)

HO" 4 (2.2)
The HO® radical Bet det “TJTN‘ vhe H_O, molecules.

HO® 4+ ot (2.3)

HO_® + IS T (2.4)
However, daculpusitiéu;; :; f by HO® radicals takes place

to an appreciab! 0. i5 present in large

Y. : Y ]

exXxcess over '.: ﬂ
61118 TR R s poire on wiv

initiate a ﬂhlr-ar1zatini, nsuallr but not nlwara by oxida-

on 8§ FETGHA MY 'IQ %&lﬁﬂ@ oxidation

of an alcohol group by Ca“. i 'S as follow:

R-CH,-OH + Ce** ——— ce®* + H' + R-CH-OH (2.5
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¢) Thermal Decomposition of Initiators

The thermal, homolytic dissociation of
initiators is the most widely used mode of generating ra-
dicals to initiate a polymerization. The number of diffe-
rent types of compounds which can be used as thermal ini-

tiators is rather li-ited5

WE is usually limited to com-

&EIEB in the range 100-

compounds -including

pounds with bond disso
170 kJ/mole. Onl 3
those with 0—0,’5'!--” nd; ss the desired range
of dissociation e ‘

xides which fi e “Use as adical sources. The

j e e h{*‘-+2005 (2.8)

ﬂﬂfﬂ*’)ﬂ&é@%ﬁﬂﬁﬂ‘i

Grafting by adiation certain po-

tymerd] knbElN ﬂﬁ@é%‘iﬂ?’&%’l&&m

has haen one of the most successful methods and has been
applied to an enormous number of polymer-monomer systems.
Chemical bonds of organic materials are usually ruptured of
when they are irradiated to electromagnetic wave or parti-
culate radiation of 100 eV or greater. Among the commonly

used energy sources are Cobalt-60, electron accelerator,
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and nuclear reactor. Free radicals have been detected in
irradiated organic systems, and if vinyl monomers are irra-
diated, polymerizations take place through a free radical
mechanism. When organic polymers are irradiated, simulta-
neous crosslinking and degradation of the chains occur due

to the formation of free radicals on the polymer backbone.

#/) gen, an effective free

Es and hydroperoxides

Irradiation in the

radical scavanger,
—

!!!F‘Ef'i

within the polym

peroxides formed on
éan be used to ini-

tiate the polymerifafif “f_iﬁﬁ"z—r vinyl monomers, lead-

source is relative-

5.25 years, the

source itself 15|Pnaffected by high energy radiations from

external sﬁ reed) ’}&ﬂ En‘ﬂﬁ /8da) p¥d T temperature of

1300 K. The emission ofytwo gamma rays per disintegration
provibba | 2| GLaT|og bl 0 m&m dihtegration.
COl-erclal operations require the use of multi-kilocurie
sources, with continuous exposure providing high penetra-
tion levels. Several sources geometries are available to
satisfy particular requirements. The Co-60 sources which
is used on a commercial scale lend themselves to ready

automation, are reliable, highly penetrating, and provide
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continuous irradiation during exposure. As stated above,
the source gradually lose its strength, though in a con-
trolled manner. This loss of strength means that the
sources need replacing at an approximately 2-5 year inter-
val. The need for automation in product delivery for irra-

diation is a limiting factor in the degree of flexibility

in exposure doses in he distance between the

radiation sources g irradiated.

Radintiun-ﬁnﬂl", y convemient source for graft

initiation as i .'. degree of control

to be exercise 'S such as the number

and length of areful selection of

the dose and do f=} NE\ n and mutual irradia-

tion are two differ : g; >s used for radiation graft-

Ell Chain Transfer nnjDCﬂpulzlar1znt1nn

287 EI qmﬂ“ﬂ?wqﬂlﬁ of initiating

graft copolymerization %py be for-ad on a pnlyler via a

e QRAGIFD T JA B Ryferiaation.

For an 1n1t1nt10n by chain transfer, the efficiency of the

grafting reaction is dependent on the tendency of a propa-
gating radical to transfer to a polymer (14).
In this method radicals are created on the polysac-

charide backbone by the following reactions :
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R* + Polysaccharide (PS) — ——— PS" + RH (2.7)

PS* + Monomer y Graft copolymer (2.8)

R° can be the growing chain of polymers formed by
polymerization with a radical initiator in the presence

of the polysaccharide, or by the primary radical from the

initiator itself. ansfer reaction can be

enhanced by the dein ion of such groups as
halogens and dency of this type of
grafting reaction i  :“ : %; roved by increasing
s such as by using a
\\

simple swollen sy r withhe \f ect choice of swell-

ing agents. With t imary. ma ";1 approach, the initia-

tor can be absorbe ;;"'3‘ the polysaccharide. With
redox initiation such ;Ezﬁﬁi' prous ion-hydrogen peroxide
system, the iron can be absorbed inté,  polysaccharide or

LY
even exchanged Sit haxXylic acid group, and

) U

the hydrogen parﬁfida added Hith monomer. These methods can

often be ﬂ%ﬂfq %E%ﬁ Wﬂ.']:ﬂn‘iar the surface or

throughout Qhe substratey (11).

ARIANN I URIAINYIA Y
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2.2 Terminology and Definition

Before proceeding to the experimental part, several
technical terms need to be c¢larified for the better

understanding of readers.

2.2.1 @Gelatinization of Starch

%/ nsoluble in water below

'a{FL is is a very important

Native s

their gelatinizati
property, which anules to be easily
extracted from an agueous system.
Starch granules

drogen bonds, for ‘.‘ r gdirectly via neighboring alco-

are weak, but tha;gm r ;:;: ny hydrogen bondings in a
Starch granules—oi i cold water (a 10-15%
increase in d1ana?er1 but thls swelling is reversible. The

eiee FHHRVIH TN i = o

(9).

o Voo @ ity @d 3494112 88 1k Ekea o o
critlcal temperature, a point is reached where the polari-
zation cross starts to fade at the hilum, and this rapidly
extends to the periphery of the granule. Simultaneously,
the granule starts to swell irreversibly. The term "gelati-
nization" is applied to this loss of polarization and con-

current initiation of swelling. This gelatinization temp-
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erature varies with the type of starch and other factors;
the hydrogen bonds responsible for the structural integrity
of the granule weaken, allowing the penetration of water
and hydration of the linear segments of the amy lopectin.
As this occur, the molecules start form helices or coils,

creating tangential pressures causing the granules to

u@tlles their original

__J
e ———

During : . ﬁuh“hh_:usa tends to leach

out. of the granu amylopectin, becomes

imbibe water and s3

volume (15).

highly hydrated. ns to clarify and the

“\
viscosity of the intil it approaches a
peak where the gr ached their maximum

hydration. As heat the granules tend to

rupture, collapse, and releasing the polymeric

_ el |
molecules and ag@grega cosity drops. During the
process as the released, the sol
often develops a cuhesive, ruhbarr texture. As the result-

s st RN BT IR oo 1 viscoss

tends to rise and, 1in the case o regular G eal starches
such ap eorh ﬂuﬂﬁf}&%ﬁ’i’}%&l’lﬂ»ﬂ concentra-
tion 1s sufficiently high (15).

In gelatinizing, starch undergoes a radical
alteration in molecular arrangement, with a concomitant
change in properties. From a practically insoluble product
of semi-crystalline structure, it becomes an amorphous sub-

stance, miscible with water in any proportiomns at suffi-
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ciently high temperatures, giving a viscous solution which
at lower temperatures, set to a semi-solid, elastic mass,
a jelly or gel.

This process may be brought about by the action of
chemical, or by heating in the aqueous medium; only the
latter case is of current interest. The onset of gelatini-

V// ss of structure of the

g- both processes can

zation is characterizée
granules, which al
easily be follglﬂﬂ"-,' he mic ope. with cassava
starch, gelatiniz .t n at abou 80°C, and the pro-
' of gelatinization
to. a certain ext zpdnds fou, ‘granule size, the small
granules being mor -3 11;'; ‘ ;i_'ing (186).

}n:rnh forms a continuous

system, refered to as @ook or starch paste. 1In a

starch cook #ixture of hydrated,

—————— .‘
swollen zrunul’* eles,

a typical maze ﬁf assnciativa forces, as schematically

presentod 3 E1 4] YPEJA YIS Feion ans inain

the avallnﬁu water, the starch concentraﬁhpn must equal

o ol Rhah Gl \bhlog Ehp dartide) Sonbhadsfl fob. whscn 1

0.1%, 1 0%, 1.4%, 4.4%, 5.0%, and 20.0% for potato, sago,

held together by

cassava, corn, wheat, and high-amylose corn starch,

respectively (17).
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studied the graft-

ing of acrylonitrife \;- gelatinized starch.

It was found that he grafting was higher

with gelatinized sge han with granular one. The

accessibility of s ng is enhanced, which

will increase the e pnversion. The resulting

starch-g-PAN frpm gelatin zed starch g&ve about eight times
T~ X
higher molecular « , ﬂi granular starch. A

. )
— U
higher -nlacular‘ﬁgfnht of the graft copolymer has shown to

s vinnd] W8 BAHATHEI 1T 9
RALAIALNIINYIAY

It is refered to as the percentage of synthetic

polymer in the graft copolymer and is determined as follows:

percent add-on = Polymer in grafts X 100 (2.9)

Weigth of the grafted sample
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Usually, one has to cleave the polymer attacted from the
starch matrix by acid hydrolysis. The graft copolymer is
under reflux in dilute acid solution in which the grafted

polymers are separated from the starch backbone.

2.2.3 Grafting efficiency (G.E.)

It. is a t ibe graft copolymerization

which is defined of the total synthetic
T ——

d to starch. High graft-
a polymerization of
low grafting ef i f‘?‘ afford ainly a physical mix-

fting efficiency can

i GiE- = . lx 100 (2.10)

—
P

"Bd polymer)

AULINENINYINS
SEREHAT 11210 Y

Monomer conversion is defined as the extent of

the monomer which is charged to the system and then becomes

a respective polymer (polymers). For this particular case,
the conversion of acrylic acid to be a graft copolymer and

a homopolymer is refered to as the percentage conversion.
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% conversion of monomer = _ Polymer formed  x100 (2.11)

Monomer charged

2.2.5 Grafting ratio

It is a term used to describe a graft copoly-
merization which is defined as the percentage ratio between

the grafted polymer " {‘sskis ratio can be calculat-

ed 1lows: S
as follows —

AN
\ 1 e ._ afted x100 (2.12)

/@ﬂ\“\ te (or starch)

% grafting ratio =

2.2.6 gGraftige ﬁ;r'¥ff p 4 AGU/ hain)

F: ' erage number of anhydro-
glucose units {AGUi s;;m;f each grafted branch. It can
be calculatedx;,___-:iJ y

T Y

e

grafting fraquanﬁr (hﬂﬂfﬂhainl— glucose (mole) (2.13)

ﬂ uﬂ"] qn Hﬂjﬂﬁﬁfﬂtﬁpolﬂer (mole)
o) W) ANNIUNNRIINYIAY

synthet1c polymer (mole) = % add-on (2.14)

molecular weight

glucose (mole) = 100- % add-on (2.15)

glucose molecular weight (162)
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2.3 Survey of Related Literature.

Considerable studies on the synthesis, properties and
of cellulose graft copolymers have been carried out since
1952. Graft copolymerizations onto starch are carried out

in much the same way as graft copolymerizations onto cellu

lose. The hydrolyzed star

sh—g-PAN copolymers were not the

! #/ used as superabsorbents

dlscuvery did much to

first types of polym

field. Recent reviews
on the synthesis T o 5, & pplication of starch

11, 20-22). Cormn

lymerizations, ho o . : #from  wheat, sorghum, rice,

and potato will gi ,7;”ff'; . tarch-g-PAN copolymers

a very wide varc vinyl monomers such as acryloni-
trile, acrylami: per wWwith amino substi-
tuents, acr311c‘acid esters. styrene, butadiene, vinyl

cvtorsae, b4 RLRL B 4 1) 3

Although other @absorbent.polymers, 5 both natural
ans. Spthec 6] \bhbed Gk bbhn [odopdrih 151 Bhss avprica-
tion, rafted starch still holds an important place in the
market. The development of the grafted starch products,
essentially involving acrylic acid grafted side chains,
immediately attracted worldwide attention because of their
tremendous water sorbing and retention properties. Related

works on the study of starch graft copolymers, classifed

.
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by the type of initiators, are listed below.

2.3.1 The ce'® Initiation

Due to its ease of application as well as its
grafting efficiency, the ce'® ion method has considerable

importance in the grafti eaction. This technique is

#/h is oxidized by a ceric

salt such as ceric ammonium n1#5===t_free radicals capable
—————

based on the fact th
of initiating are formed on the
starcﬁ by a sing Since the radicals
produced are almog
formation is theogbtdchl ‘ ‘0 .‘;u\

Ceric ammoni

starch, homopolymer

a complex salt and is
ionized in solution monium ions and nitra-

tocerate ions. The ni ions subsequently decom-

pose to yieldi€p  cations and nit ate‘anions.

5

g -

(NH,) ,Ce(NO } CEEHD = 2NH (2.186)

wﬂma%q!a-wﬂmmn
ARIAIATHUNATNYNEY crovee o

A

-

the glycol groups of the anhydroglucose units. The ce’
jons forms a complex with the starch, propabably at the C_
and C_, hydroxyls, which then causes one of the hydrogen
atoms on C_ or C, to be oxidized while the Ce'” ion is
reduced and a free radical is formed on the starch at the

C, or C, atom. The bond between C_ and C, is then broken
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with the formation of an aldehyde group on the C_ or C

3 at?

which does not have the free radical form. It has been con-
cluded that both C -C_, glycol end group and C_,-C, glycol
groups along the polysaccharide chains form reactive graft-
ing sites as shown in Figure 2.4. The free radical then

reacts with the monomer to form a starch grafted copolymer.

Complex™

Free lliit‘l + .I‘.'.l[I't']-—h )_ 4 Cell) + W

 AUIINENITNEINS

Fl;ﬂrﬂ 2.4 Enncginn Schele to sxnt ize a starch

quﬂﬂﬂiﬁuﬂﬁm’%&]ﬂ%&b

Reyes, Z., C.E. Rist, and C.R. Russell (23) studied
the grafting of AN and acrylamide to starch. The variables
affecting the grafting of AN and acrylamide were investi-
gated with granular wheat starch dispersed in aqueous N,N-

dimethylformamide. The results showed that the concentra-

11509#4+9
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tions of monomer and initiator are the major factors in-
fluencing the grafting of AN. The grafting of acrylamide
is also influenced by these variables, but to a much less
degree.

Fanta, G.F., R.C. Burr, C.R. Russell and C.E. Rist

(24) investigated &t of selected reaction

condition on both

weight of graft.y.

pency and the molecular

of gelatinized wheat

starch with AN. iments, conditiomns

were sought that arge number of relatively
short PAN chains '_ae':'-* I W*F;hnne as opposed to

a small number of A sht grafts.

a, C.R. Russell, and C.E.

Rist (25) detprmined & uratel : e, degree of swelling
e ————— 1[

and the extent < 1d influence the

- n 6o
s g

composition of ‘grnft capulyner prepared from gelatinized

ness svo S04 DRI F T B4 FRivion. ooy o

tained =a aLre frequently grafteiﬁFopnlynernyhﬂse grafted

v VAT BT B oo 1

cuntrnat to previous results (11), grafting AN to gelati-

nized wheat starch has afforded a product with grafted
chains having few numbers, but high in molecular weight

¢about 800,000).
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Burr, R.C., G.F. Fanta, C.R. Rusell, and C.E. Rist
(28) prepared a starch-g-PAN copolymer in a number of aque-
ous-organic solvent system. The organic solvents used in
this experiment were methanol, tetrahydrofuran (THF), DMF,

t-butanol, acetic acid, and acetonitrile. They found that,

with an exception of anetEiltrlle, the graft copolymers

y/ red in water alone and

II'JE

had more grafts than.

these were lower no!

&

., and C.R. Russell

{27) isolated gra ; 'aﬁjf“,-“- (ro starch backbone by

N
periodate-alkall wetho & 'h \\ hat. the graft copoly--

J’da- 4

mers could be isol; mild condition at room

G
.l..‘l‘.‘-"'gx’ﬂ‘l J

;.rh“ T

temperature.

Fanta b jurr, C.R. Rdssell, and C.R. Rist

i
(28) studied tk "

y of starch, size of

the starch graﬁrles, reaction time, and possible reasons

o e KR HEARAI E FRrion o 0

cu-pus1t1on of the copolymers._ The resu t showed that

nostatk Ibhe] GHiNiE) SNRA TN Bqﬁﬂm amounts

of a:ylcse and amylopectin affect materially the molecular

weights and frequencies of the grafts. Since the grafting
frequencies were not greatly different from each other and
showed no dependence on granule size, the evidence suggest
that granules of starch were grafted internally. If the

grafting frequencies were plotted against reaction time, it
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showed that the number of grafted chains levelled off more
rapidly and to a lower final value with 50.9 g of AN than
with 10.0 g. The grafting frequencies and molecular weight
of grafted PAN changed from 600 anhydroglucose units (AGU)/
graft and 120,000 to 280 AGU/graft and 36,000 when concen-

tration of starch and AN were varied from 0.27 and 1.20 to

0.023 and 0.235 moles/dm , respectively.

Gugliemed : : . ';y, » C.R. Russell, and

C.E. Rist (29) pr \H a starch-g-PAN graft

copolymer consisti h and one part PAN

ﬂ N
28 N\N

°C to polyelectrolyteS oputaimife Lhe carboxyl and amide

(M.W. 794,000) wWitdh

functionalities but. -ad-detectable amounts of

nitrile.

Heaver,E
C.R. Russell taﬁi prepnrad three starch-g-PAN copolymers

mf—mninvﬂ%’i%ﬁﬁ*ﬂﬂ’}ﬂ?

1:0.64 by graft polymerjization n gelatinized

starchl VAl G drartl] b5 ']r’é]- 1&3 'iaﬂ Starch hed an

stnrch PAN ratio of 1:2.16. These grafts were hydrolyzed

W.M. Doane, and

in aqueous KOH under various conditions to give ahsaries of
products with varying amounts of carboxylic acid and amide
groups. Maximum conversion of nitrile to carboxyl was 65%.
Their viscosities reflected the amount of PAN add-on, with

the highest add-on giving the highest viscosity.
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Fanta, G.F., F.L. Baker, R.C. Burr, W.M. Doane,
and C.R. Russell (31) determined the location of PAN within
a starch granule matrix for two wheat starch-PAN graft
copolymers which contained 22% and 44% grafted PAN.
Granules of graft copolymers were fractured by ballmilling.
then heated wunder reflux in

E’ e starch moiety, and the
N ﬂfé

N was examined with a
'—

scanning electro poStope . "The nd that, areas in the

The milled copolymer was
dilute hydrochloric

fracture surface i

grafted granules : taine no PAN thus
appeared as void n 4T rﬁﬂf:;fyn:_f- faces. Electron micro-

.
o

mer were largely anus ..'.H' ;:3 1 n the higher add-on

Taylor, N H., and E. E. Bagley (32) prepared a

stamh-g—pﬂ u%&&%gﬂﬁuﬂﬁ’}%mnsia of PAN

moiety to a letura of ngrbnxylat and earh ide. In many
vave Shaib G Dbyl s ’%%Exl Wrﬂ:&hect-mlstes
solutions. but dilution experiments revealed that linear
reduced viscosity-concentration plots could be obtained
even under ostensibly isoionic dilution conditions. These
results, combined with a determination of gel content from
centrifugation studies, 1led to the conclusion that high

viscosity HSPAN water mixtures consist of swollen, deform-
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able gel particles closely packed in an intimate contact.
Under high dilution or at high ionic strength condition,
the gel particles no longer are tightly packed, solvent is
present in excess, the viscosity drops precipitously, and

thickening action effectively dissappears.

u& R.C. Burr, W.H. Doane,

rqpn ﬁerlas of hydrolyzed

Fanta, G.F.,
and C.R. Russell
starch-g-PAN cop he only differences being in the
degree of swelli 5 ;-.  ization of starch granules.
This variable w I emperature at which
starch-water slur v,xare graft polymeriza-
tion. Comparison @§f fsea g'e ‘r"-n micrographs of each
starch-g-PAN copo mers l } 2 of the corresponding

saponified product sk $les which retain the out-

ward appearauc of graft v:.;;ziLL__wnnrch granules.
7. o X .
Weaver, ., R.R. qutgu-ery, L.D. Miller, V.E.

U [ UTTEE YOS S

for making the starch-g-PAN copolymer (Supep Slurper) in
v L DA STUAUAINL VB E s saasen
This process avoided intermediate isolation steps, permitt-
ed efficient removal of the unreacted monomer, kept the
concentration of extraneous salts low, and gave a high so-
1lid concentration for the drying step. Variation in drying
procedure allowed Super Slurper to be made in a film, mat,

powdery or flake form. Shearing the hydrolysis mixture
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prior to isolation and avoiding extended exposure or iso-
lated the product to an elevated temperature gave Super

Sluper with a highest absorptive capacity.

Fanta, G.F., R.C. Burr, W.M. Doane, and C.R.

Russell (35) prepared starch-g-PAN copolymers of corn
A W/ btained when selected
sjiléﬂr the portion of the

fied and saponified
m \;“\\\ s for agqueous fluid.
\\\ 1 onic acid (AASO_H)

ﬂ the j§;x\

‘”'\\ antly shorter sapo-

starch from monomer

comonomer which

AN. Graft copol

polymers were dr

Use of 2-acrylami

as a comonomer I 41

‘I

ﬂ-«i il da L
nification times, 2 qﬁﬁp» ot i ucts and gave saponi-
?uﬂ £

fied graft copolymej l,-ular and gelatinized

starch which &haorhed} F“?F?f? ounts of aqueous fluids than
their counterpart *¢,,__,_______Eﬂ~?. Incorporation of
Y. - .

acrylamide into- 1 ixtlure similarly short-
ened the time ne%?ed for sapon1f1cutlun, but the absorben-

v vrs AUH IHBNTNEANG 1 2 0

products pr pared in the‘ahsance f cnnonon The effect
I f@mmm@mm%%'qw-e een
ahsarhencr of saponified graft copolymer was examined.
Aérylic acid increased water absorbency and shortened the
saponification time. A shorten saponification time was also
obtained with 10 mole* methyl acrylate. Although inclusion
of vinyl sulfonic acid also gave a saponified polymer with

higher absorbency, the saponification time was somewhat
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longer. When 10 mole%* of either methyl methacrylate or
styrene was included with AN in the graft polymerization,
The absorbency values of products were 1awer-than those of
saponified starch-g-PAN and there was little or no reduc-
tion in the saponification time. Substituent flour or corn
meal for starch in the cariﬁ initiated graft polymerization

%Efter saponification, had

luid than saponified

of AN which gave a p

a higher absorben

starch-g-PAN. 7

W.M. Doane (38)

\\\\

ch-PAN graft copoly-
mers in water and A "1 \X .09% deionized water,

1.94% urea, 0.80% "TH_O, and 0.06% CaCl)).

ymers, more than 50% of

absorbence capeagit 3 f,:.‘&ghh,mm_;;;bnds. "Total" capa-
— L

city is reanhéifﬁ _4r s graft copolymers

can absorb a laage amount of aqueous fluids. This graft

e

tary napk1ns, bandages,s bed pads, and th like replace

cor1sibdll TxokT] 3 T SJWI’JWEH&IEI

Fanta, G.F., E.B. Bagley, R.C. Burr and W.M. Doane
(37) used methanol as a precipitant to isolate saponified
starch-g-PANs from aqueous alkaline saponification mixture
to give a product with higher water absorption and better

storage stability than that resulting from precipitation
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with ethanol, acetone, or isopropanol. Storage stability
is strongly dependent on moisture content of the polymer
and is enhanced if excess alkali in the saponification
mixture is neutralized before the product is isolated.
Although absorbent polymers prepared from granular starch

have lower absorbencies than products prepared from gela-

tinized starch, grapular-basGf bolymers also loss a small
percentage of their™ é}ncr on storage.

Fanta, G.

Doane (38) examin-

ed the influence corn starch : ce™”

\ ‘
ts, AGU, per Ce =% o

‘ solubility) of HSPAN,

(between 10-1000
the properties (
with the goal of mi ampunt of CAN used to ini-
tiate a graft pnlquzé;y oy found that, with granu-
lar starch, . - !;Hng from 10 to 500
AGU/Ce” ™ all y3 itH about the same %
add-on. The of c? ion hnd little effect on viscosity

aversge -ﬁ%ﬁ%‘ﬁbﬂ%‘l‘m 5117 7 e A et

however, at 10 and 500 qpurﬂe graft lnl ular weights
vere Yo mamsmumamﬂmm of CAN had

graat effect on water solubility of HSPAN than it did on
water absorbency, and relatively high water solubilities
were observed at both 10 and 500 AGU/Ce” “. Ceric-initiated
graft polymerization onto other varieties of corn starch,
such as acid modified, waxy, and high-amylose, were also

investigated. It is appeared that waxy corn starch requires
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more CAN to initiate a graft polymerization than do the
other varieties of corn starch, particulary when it is
gelatinized. With the exception of the product made from
gelatinized high-amylose starch, water absorption of other
varieties of corn starch were all higher than those of pro-

tarch.

ducts made with normal cor Additionally, the pre-

of AN onto starch A3 of = \ain combination of growing
PAN macroradicals. _ slinking also occurred between
: LY r

starch and PAN __byflcution. Soluble

- N

(and thus uncr AN polymers were ren-

dered partially insoluhle by alkalina saponification, as

o v B HRRLTHHARG oo

would self-crosslink if ¢ saponifications wege carried out
in et wﬂaa\ﬂ ﬂgm unmqgam&flaﬂﬂh ethanol.
PAH.PAH crosslinking did not take place during aqueous
saponifications. Since the individual grafted starch gra-
nules were crosslinked, these granules maintain their in-
tegrity after alkaline saponification and exist in the
saponificate as highly swollen gel particles. When the

saponificate was dried, these gel particles coalesce into
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either films or macroparticles which would not redisperse
back into gel when placed in uater: These properties may
be similarly explained by assuming interdiffusion of poly-
mer chain ends on thelsurface of individual gel particles,

followed by hydrogen bonding between these polymer chains.

If a dry saponified starch-i-PAH was heated, its &dbility

,’&/er, this absorbency loss

ﬁen—hunded water from

to absorb water was r

d W.M. Doane (40)

investigated the Mlefhdd Byl AMhich methanol was added to

sure complete abs ‘ by the reaction mass,
would sepdrate 1q§1v1dual nicron—s1zed fragments of HSPAN

gel and uuﬂ%ﬁl@ %Wﬁ Wf%] '}ﬁl‘a' enough particle

size to prn uce a smoothy free-fl wing gel perslun when
aated b dad BN £33 Drbantd] 1’&%&1’]&&1@13 as
a thlckenar than as a water absorbent. More rapid addition
of methanol, resulted in incomplete absorption by the re-
action mass and caused individual gel fragments to coalesce
to form millimeter-sized chunks of water-swollen HSPAN.
Subsequently dewatering with excess methanol produced a

granular product with good absorption. Gel-blocking was re-
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duced by adding either stearic acid or poly(vinyl acetate)

to methanol-precipitated.

Patel, A.R., K.C. Patel, and R.D. Patel (41) prepared
and investigated graft copolymers of six cereal starchs
(corn, wheat, rice, great millet, bulrush millet, and

common millet starch) @it ’W/‘:e molecular weights, the

frequencies of gra orbencies of the saponi-

fied product wer f the source of gra-

nular starches. percent add-on of,

graft copolymers starches were almost the
same as those frowl gfani ; “.'t‘ 1\F ches. However, their
molecular weight, \\ Requency of gelatinized

starch graft copolyfie :_545‘;: -eih:d five times, the absor-

bency of which was deuli

et

i J K
Ziderman, L "ﬂ”gif (42) studied on

water sorbence by sapnnif1ad PAN-grafted polysaccharides

i retas ] B ARSI B4R TS covotrmecs -

pared from wheat flour, gorn flu » cotton ul and rayon
nheﬂ Vdehibal b 36 leedd Wlﬁ i¥ing | aﬂﬂ“ 2e-Lold
1ncreasa in sorbency over the starting materials. They
found that, a further enhanced water capacity was obtained
when homopolymer was not removed. Soaking the wheat flour
copolymer in salts or dilute mineral acids nullified the
enhanced water sorbence, which could be reversibly restored

by neutralization of acrylic acid functionality with alkali.
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Sandle, N.K., O0.P.V. Verma, and I.K. Varma (43)
investigated thermal behavior of several starch-g-PAN co-
polymers having different percentage graft-on, by changing
the AN concentration in the initial feed. Thermal behavior
was investigated using dynamic thermogravimetry in a nitro-

gen atmosphere. They found that, the decomposition of

starch took place ma -step reaction, and about

80% of starch is d E‘u' o 340°C. The decompo-
TE——

;ESER“”
grafted samples / \\*

action, whereas ‘ %\\

three distinct ste

sition of PAN one step with a

loss of 52.5%. lymers, the low

\\‘ in a one-step TrTe-

O a degraded in two or
”-=1;:- weight loss during
first step degrad esed as the percentage

graft-on increases. in percentage graft-on re-

sulted in char yield at 550°C.
A graft cnpuly*?"? gf' graft-on had a
char yield of 521. whlch was h1nher €£Ln that of PAN.

ﬂumwﬂmwmm

Ba aye, A., E. ﬁf Dklﬂluen, and 0.B. Said (44) pre-
parea w‘qaﬁﬂsmum qlalﬂcﬁl{] @IHEI lulose and
starch at 29°C using the continuous initiation and depleted
initiator methods. They found that, the extent of graft co-
polymer formation (grafting level and molecular w;ight of
grafted chains) on starch was higher than on the bleached
holocellulose. The extent of graft copolymer formation us-

ing the depleted initiator method was higher than that ob-
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tained using the continuous initiation method but grafts
from the latter method were more frequent on the polymeric

substrates.

Bazvaye, A., F.E. Okieimen, and 0.B. Said (45)

prepared starch-g-PAN co rs by varying the amount of

/é)s showed that, at each

e mﬂaﬁ. level was attain-

ed at 10.0 m.mol o™ g cUdrch. The ceric ion concentra-

initiator, and mono

monomer concentr

tion at which
considered to ingdic
bone polymer to gy€d

Gurruchaga .B. Vazquez, M. Valero,

and G.M. Guzman (464 d “the homopolymerization of

methyl methac 'y;‘-— she absenve oi o reductant and the
inf luence of 'ph@.oa

that, poly(methyl methacrylate) was formed from the beginn-

e AUEINENINGING
AR WES it e 0

the amount of homopolymer but its formation in the absence

the iait.iat.nr. They found

of pulxaaccﬁaride. In addition, they found that, percentage
grafting increased in the presence of sunlight which impli-

ed the initiation was more efficient under these condition.
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Okieimen, F.E., J.E. Nkumah, and F. Egharevba (47)
prepared graft copolymers of acrylic aéid on starch by the
use of various initiator concentrations in aqueous media
at 29°C. The attachment of the grafts to starch led to

marked improvement in the water retention capacity and

metal ion binding capacity the polymeric substrate. The

y ions on starch graft

uqﬁll ;herm, with the coeffi

equilibrium sorption

Caste > CE v-—:--—n———-_,; debert (48) report-

8 R )
ed about the influen , #Erturnl parameters on
the swelling pranprt1ea ater or saline solution of

- ABUNIW s 2

ionic and cat1¢n1c supersibsorbent.gels. ionic gels were
obta o oy Bl L rd s Tﬂ’]élaﬂél'l-ﬂ Bho: whason:
Eatinn1c gels have been synthesized by copolymerization
with cationic monomer (trimethylaminoethylacrylate chloride)
and a crosslinking reagent such as N,N-methylene bisacryl-
amide. The influence of several structural parameters on
the swelling properties of these absorbents had been studi-

ed in terms of crosslink density, ionic content, and compo-
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sition of the starch. They found that, the absorbency de-
creased with an increase in crosslink density. The water
absorption increased with the ionic content of graft copo-
lymer up to a maximum value of an excessive change in any
of these parameters leading to a decrease in swelling. The

PAN branch length depended the origin of the starch.

afted onto the waxy corn,
a starch with high r,_-;, i t . In saline solution,
the absorbency st fonic gels deCreases significantly.
For cationic absogbeats fthelswelli] epends on the iomnic
strength but not
anionic absorbent
lent cations.
Kiatkaljurny- ¥ J'f; .G. Faullimmel (49,50)
prepared a sups

y-—-—

m._._m._;:i by grafting
cnpulylerizatloﬂ of

A,

A0
I
starch. In additao to cassaﬁe,starch—g—PAH, a homopolymer

v e AT BB or 3 e

BT TRER T

convert the nitrile groups into a mixture of acrylamide and

gelatinized cassava

carboxylate groups which were responsible for water absor-
bency. The water absorption capacity in pure water ranged
from 120 to 270 time its original dried weight. Water ab-
sorption capacity in saline (MgCl_ ) solution decreased

dramatically with increasing the salt concentrations. Water
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retention in sand and in mixed sand-copolymer at different
copolymer concentrations was also performed. Increasing the
concentrations of the copolymer in sand increased the water

retention capacity.

2.3.2 The Mn

.
i4 ion (manganic pyro-

been reported. The mechanism

The use of
phosphate) as an
of Mn™® initiati proposed for the ce™®
initiation as s

Mehrotra, 51) studied the graft
copolymerization o vﬁz’.ifii

onto starch. The results

N TR :
showed that grafting-efficien nd  polymer yields were

high when ‘E, ere grafted with

AN and nathslzieti:- len nﬂ}ylalide was used as

a grafting monomeTgnin contragk to AN, low grafting effi-

J:gumm ieR g1 A
AR N A

of the order of 10° for methyl methacrylate as a monomer.
Consequently, the average number of AGU separating the
grafted chains was in the range of 600-1,600 for AN and
over 25,000 for methyl methacrylate. Reaction mechanisms
responsible for initiation of graft copolymerization were

discussed as follows: (a) Glycol cleavage in the AGU by
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Mn*" ions leading to the formation of a radical; (b) enoli-
zation and further oxidation of oxidized starch by Mn' "~
ions also leading to radical species. Mechanisms of homo-
polymerization were proposed through the Mn"® oxidation of

enols which were properly formed by a vinylogous addition

+ (Mn(H,P,00,J%

)—H complex
L vind H,_Ftoflﬂ-

(77 = Y1,
complex * ' 17+ [Mn(H PO, -
DH:}C c [ree r-1u:lu:u.i"j

pm,mgatﬂummﬂ'mmm

I‘ree radical + mgnomer —= r:lf L nnpoiyme

Terﬂﬁ’]’ﬁﬂﬂ‘imuﬁﬂﬂﬁﬂaﬂ

(M),M- + Mn®* — M H* + polymer

Figure 2.5 Reaction Scheme to the synthesis of starch

grafted copolymer by Mn*®. Reproduced from

Ref (51).
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Mehrotra, R., and B. Ranby (52) examined the effect
of reaction conditions on the composition of granular
native potato starch-g-PAN copolymers onto starch slurries
at 30°C. They found that, when the Mn ' ion concentration
was increased from 0.15x10 ° M to 3.0x10 ° M (other condi-

tions were kept constant), increase in conversion of
)

monomer to polymer ai
quency of grafts Also, the average
molecular weight a decrease from
2.2x10° to 1.5x1 £res ing the eoncentration ratio of
starch to monomeg'd "jj merization by a factor of 3
produced an indr of monomer to poly-
mer, as well as a hain, i.e. an increase
in grafting freque F{Imﬂlfd}f : The value of % add-on

and average lﬂl&ﬁ%&ﬁ#ﬂyﬂﬁijliu_., he grafts showed, how-

ever, a decreﬁ;.~— =33 Nt hT: fi"astigation, little
or no PAN was f:}li- :lerﬂ}n a physical mixture

with the starch sukstrate.

ﬂumwﬂmwmm

AT A

total conversion of AN to PAN and % add-on were almost
constant and showed :only slight wvariation wiﬁh increasing
starch pretreament temperatures. Average molecular weight
of grafts showed, however an increase by a factor nearly 10
(i.e., from 0.4x10° to 4.0x10°) after swelling and gelati-

nization of the starch, and the grafting frequency also
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increased in proportion. Increasing Mn°* concentration
inereased the conversion of monomer and % add-on, whereas
the average molecular weight of grafts and the grafting
frequency decreased. A selective solution of the PAN homo-
polymer by DMF extraction indicated that grafting efficien-

cies were high in all c

vapor absorption

Ranby, B/ ‘ Q investigated water

95-97 %. At hi ' 3.1 }f t ‘at.er vapor absorption
' yith distilled water,
the modified starch becomes “superabsorbent” by retaining
very large amounts “'ionfv'ﬁi g 1,!)’

Y "

prepared a sample of
starch-g-P ( ﬁfﬁn ratio B2%) at 303 K in aqueous acid
solution \ﬁu &Mﬂimﬁjﬂgtrute. Subsequent
alkaWhr cﬁxﬂx ﬂj; % aeu ,i.ia*{ﬂups to the
carboxamide %iﬂi) a:; carggzgiile ( j{[ groups. The swell-

ing of the copolymer formed which retained about 700 g

(5

water per g dry polyler: had been studied in alcohol/water
mixtures of increasing alcohol content at 294, 304 and
314 K. The main transition for both alcohol/water mixtures
was a collapse of the gels at 50-80 volume % ethanol and

60-70 volume* methanol, respectively. Increasing the tempe-
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rature from 294 to 314 K increased the liquid retention.

Rodehed, C., and B. Ranby (56) prepared starch-g-
PAN copolymers. Both granular native starch and water-
swollen gelatinized starch were used as substrates. Conver-

sion of monomer, graftin io, and percent add-on tended

J“-i.of monomer charged. The
%’EIEIF low at approxi-

as conversion, was

to increase with incre
amount of hu-opu‘l"-_—' &
mately 1%. The eff ¥

consistently high®T & ¥ gelatinized starch as a substrate.

increasing % add-o :,'H;fi-‘ ified PAN branches alone

had a water rgtent'.;;ﬁf]i Vﬂﬁ:_ ee times higher than that

Rodehed, Cg, and B. Ranby (57) studied the absorb-

o wser B IHANINIHEARS . e
T::iﬂ’iﬁ NPTV Wl F i} )

dry polymer. Molar heat capacity measurements at tempera-
‘tures higher than 273 K gave a partial molar value between
those of ice and bulk liquid water. No crysatllizable water
was detected in copolymers with water contents lower than
0.44 g/g dry polymer. 1In copolymers containing larger

amounts of water, both the amount of bound uncrystallizable
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water and the amount of free crystallizable water increased
linearly. Two melting endotherms were detected, suggested
that the free water could be divided into two components
with different melting points, i.e 268 and 274 K, respec-

tively.

Rungsriwon

%‘Ed cassava starch-g-PANs

. ritq’ction of AN onto the

Yo .ypes-of high water absorbing
\\\n atinization tempera-
;tttsﬁ-- starch-g-PAN was

efficiency and fre-

by a grafting
polysaccharide ba
polymer were ob

ture of 65 and
characterized in
quency, the % add

ity average molecular

weight. Finally, t bt.ion as a function of the

ST A I ; 2
amount of AN grafted-aato st : was determined with

deionized uat=;¢-<wf:v-——m—v“ :#ifferent concentra-

tions of NacCl, E}CI-. and MgCl, he E%aults indicated that

water absorption fimereased with increasing % add-on and

viscostty Blddetd Ibel] AIE) L) Fecronsed as tne
concentr of, salt i Ereased. SV n in sand
was E;wiargiﬁd%agg m Ayt]eﬂa:i'ﬁ:ﬂ:se in the

water holding capacity of sand was proportional with the

amount of absorbent used.
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Faullimmel, J.G., S. Kiatkamjornwong, and N. Rung-

sriwong (59) prepared saponified starch-g-PANs by a graft-
ing copolymerization of AN onto the polysaccharide back-
bone. Prior to the grafting reaction, starch was gelati-
nized at 65°C. Following the reaction, the amount of homo-

polymer, PAN , obtained byproduct, was removed from

the grafted starch by n. The purified product

was then saponifi j .======H solution resulting in

—

the disappearance _

of carboxylate a ride functional groups.

Faullimm .,“8¢Kiatkamjernwong, and N. Rung-

sriwong (60) repogl cy test of saponified

cassava starch-g- deionized water and

other solutions. he absorption in deion-

ized water was 2

b "

between water ab-
i
sorption and iEidf;-- ﬂ%surhency value was

as high as 200 g/gwhich wasgabove the value of similar

werrie EUSANININENAT o eer
WA

intake by the copolymer. It was suggested that this was due
to an osmotic pressure effect: as the salt concentrations
increased, the osmotic pressure differtial between the in-
side and outside of the gel decreased more rapidly, thus

allowing less water to be absorbed. Water retention in sand

by mixing the sand itself with the grafted copolymer at
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the concentrations of 0.5, 1.0, 1.5, and 2.0% showed a
linear relationship of water increase with increasing

amount of the absorbent added.

Faullimmel, J.G., S. Kiatkamjornwong, and N. Rung-

sriwong (61) reported on ppeffect of gelatinization tem-

perature on water absorption aponified cassava starch

-g-PAN copolymers

perature of BD“E!'-’—-::Vl.-'- saponified starch-g-PAN
AN

had better absorti®n operfiies thap

&

a gelatinization tem-

the one synthesized

with the starch

2.3.3 The Fe'

A mechanisi 1g polymerization of a

vinyl monomer (M) ot_%ggg@%¢£. haride (SH) is shown below

(62). lf'

U

Redox sysg

AUINENINYINS

Fe'® + HO —%€— Fe'dA + HOT @4 HO' (2.18)
wiatnsausivIngae

Fa'®™ & B> =——=3 Re =t HO (2.17)
#HO® + H, 0, — H_,0 + Ho,® (2.18)

+2 =

HO,* + Fe = —— Fe'> + HoO, (2.19)
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HO,* + Fe'® ——— Fe*® + H' + 0, (2.20)
Graft copolymerization
M + HO®* ———> HOM" (2.21)

SH + H_O (2.22)
s* + (2.23)
SM_° + (2.24)
S(M_IM" + F/ e iy ] \ polymer + Fe'~ (2.25)
S(M_)M* + radical =iy s t. copolymer (2.26)
|
When

ntﬁtiun was kept con-

stant, it usually_.influencedgbhe number of HO® radicals

formed Hhﬂhu%] arm &w ﬁrmgm ir - the relative
amount, of ;ELD olymer and copolymér. e variation in the
H.ﬂg-;i*w I]nﬁg ﬂfim uh‘f]ri ma ’lﬁ[ns of the
mechanism. At very low ratio only the steps (2.18) and
(2.17) occured and the steps (2.18), (2.19) and (2.20) did
not take place. As this ratio increased the competition for
the HO  radicals in (2.17) and (2.18) became more pronounced.

At high H_0_-Fe” ratio however, the competition for the HO,*

radical in (2.19) and (2.20) would be predominate. i:n order
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to favor the graft copolymer formation over homopolymer
formation, the HO® radical should effectively abstract a’
hydrogen atom from the polysaccharide chain rather than
initiate homopolymerization. This favorable situation could
be arrived at by keeping the Fe'® ions in the proximity of

the polysaccharide chain ¢ g the reaction.

Fanta, G.E.. B.C. Wrdﬂussell, and C.E. Rist

pendent of the reagbion times However, grafting frequen-

cies with swollen and umswollgnistarch tended to converge

toward a comm 2lug —Jpcrez=ad/reaction time and

AUTIRYBINGINZ, oo v 2
(64,65) prepared graft copolymersmof AN ont@sground, water
e P TN TN WNEAD B s, v

saponified with sodium hydroxide and isolated under three

sets of saponification and work-up conditions. Each react-
jon mixture was separated into a water-soluble and water-
insoluble fraction, which were individually analyzed for
percentages (by weight) of the synthetic polymer (saponi-

fied PAN), cellulose, hemicellulose, and lignin. Water
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solubles amounted to 14-24% of the total product and con-
tained 70-74% synthetic polymer, the remainder being hemi-
cellulose and lignin. Although water-insoluble fraction
contained 52-54% saponified PAN, their absorbencies were

low (14-17 g H_O/polymer).

Vazquez, B., urruchaga, M. Valero, and

G.M. Guzman (62) l e ; gondition of graft copo-

2.3.4 The -‘i’--,-__;:'::'-—;“_:t'_*r"“-—-:l"

Fanta, gﬂF-, ‘ WJ.A. Btolp, R.C. Burr, and

W.M. Doane (88) studied theglocation of grafted polymer

witnin tnefyebd &) FHLE) NG INE) ABkRic ore0tron micro-

scopy for ;Eu wheat stafch grafted copolymdvrs repared by
e QAN DU VRN IALL. o v
trimethylaminoethyl methacrylate methyl sulfate (TMAEMA MS).
For a graft copolymer containing 16 % synthetic polymer,
prepared by the simultaneous irradiation of a starch-

monomer mixture, grafting took place throughout most of the

granule interior. However, a graft copolymer containing
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31% synthetic polymer, prepared by a reaction of preir-
radiated starch with a water solution of monomers, was
grafted largely near the granule surface. In contrast to
starch-g-poly(acrylamide-co-TMAEMA MS) prepared by simul-
taneous irradiation, irradiation of a starch-styrene mix-

ture gave predominantly e grafting. All graft copo-

lymers had the ““t'"“‘n.;_ | “"uf the starch granules,

and this appearangs e.=in==:g§§; after removal of the

\{\{:g;;% distribution of wheat
ter counter measure-
e \\

\

ﬂnpﬂly-er1zat1nn of

starch moiety by
starch granules,
ment, was not gr
‘acrylamide-TMAEM! L copolymerization of
styrene onto increased the granule

size.

1‘ reacted the monomer

of 2-butenyl aﬂﬁbla : '-ﬂﬂ exposure to either

Co"~ irradiationgox ceric iqp, initiation. They found that,

the si.um "Vl k3 W EhAEJwoura porymerize

2-buten ﬁ;] élnt.e ad’ much as£%7% convefdion. However,
on

NDIUURIANG DA Yer et

recovery than irradiation for 2 hrs due to degradation of

irrad

the polymer backbone.

Chen, L.J., Z. Xin, And C.Z. Ping (68) studied graft

copolymerization of corn starch with AN by gamma-irradia-

tion. The graft copolymer produced by the reaction was
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hydrolyzed by sodium hydrate and the water absorption poly-
mer was obtained having a water absorption value of 875
cnafg. The effect of dose rate on water absorption was
examined in the range of 4 x 10° to 10° rads/hr. They found
the optimum dose rate was 8x10° rads/hr. The effect of

total dose on water abso was examined in the range of

4x10° to 1.2x10° rads, jhowed that all products
(x L. 8x10° rads had high

reaction temperature on

produced in the

water absorption.

he range of 20-40°C.

smperature was about

30°C.

Kiatkamjor . Chvajarernpun (89) re-

ported on the radiaéiocfi mod ion on liquid retention

properties of ﬁf ve casst b 3 rafting copolymeri-

zation with acrgln by ﬁ.lt.ual irradiation to

¥ rays. The comBined effect gof radiation parameters in

o o QUASHERIWEANT.. . e v
A A T

Prior to radiation graft copolymerization, cassava starch
was gelatinized at 85°C. Since homopolymer formation always
takes place during graft copolymerization, the present
research has successfully reduced its content, down to 1.6%
with a water retention value of 665 g/g of its dry weight

in deionized water, by inserting an aluminum foil to cover
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the inner wall of the reactor. This finding helped elimi-
nate the need of homopolymer removal by DMF extraction on
a production scale. The infrared spectroscopic technique
was used to follow up changes during the processes. A

homopolymer of polyacrylonitrile was removed by DMF extrac-

tion, resulting in the opolymer which was subse-

ﬁtinn in a saponification

ermanentl ight vyellow color was

quently subject to

reaction at 100°

obtained. The IR presence of cassava

starch as a fra ; n- \\\‘\ ;opolymer (3,400

1,100-1,000 cm

and

of the -C=N group at

L3
-»ﬂﬂf"

o 1| uagy &L Ba
AN

2,243 cm = to ylate and carboxamide

[ TR
- -

j; [}

groups (1,571 an ;zjl“ng parameters denoting

o

the degree of graf tion were determined in

terms of the percentage yf'iiﬂ_ ymer, grafting efficien-

cy, grafting 9’{—— dd=on, gra: ' ueney, and viscosi-

ty-average molecular ;'atEFn to the extent of

liquid retention fim deionizediwater, NaCl solutions, MgCl,

BN PV ¥ g1 R
oy AR R i)

tage of add-on/grafting ratio, grafting frequency and mole-
cular weight of grafted PAN; ionic strength of the saline
solution and the valency of the corresponding cation.
Incorpoation of a small a;uunt of this superabsorbent

polymer in sand, with its water retention value of only

0.3 g/g, enhanced drastically the water retention of sand
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up to 250 times. The data suggested this polymer can be
used in sandy soils of the Northeast region of Thailand to

improve the local agricultural produce.

2.3.5 The Benzoyl Peroxide Initiation

Misra, B.N., R. I. Kaur, and D. Sood (70)

.“%nnnolers onto starch in

an aqueous mediu co amreactivities of vinyl

monomers towards Ang ~- so that the reacti-

vitity order ca s: AN > MA. Percent

prepared graft copol]

5
\ . \ he concentration of
! \\\ ime and temperature.

2.3.8 The Hydrogen Feroxide As@orbic Acid Initiation

This method sised \ ng agent or an antioxidant
of L(+)-ascor) y‘;_m_-,_ Iaccalerat.or for or-
ganic pernxida.wn AT l._m'.hﬂ most distinctive

property of ascorbic acid is dts reductant activity (71,

-mifastecﬂ:uﬂ lﬂﬂmimaﬂi dehydroascorbic
ey W’]‘Mﬁiﬁwﬁ?ﬁm A

S S -C=0-
[]/ {ﬁ " H2U 0<- | | + 2H 4 2
\“([:H"C =R T EH“ L= (2.27)
* HCoH HCOH
CH,OH CHZDH

2
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Appearently, this redox reaction proceeds by tuo

successive one-electron transfer reactions, which suggests

that its chemical property is responsible for its accelera-

tive action with peroxides. Equation 2.28 outlines a pos-

sible proton-assisted one-electron transfer mechanism for

an oxidation reaction of

acid (AA).

Masuda, B .

en peroxide with ascorbic

+ Ha‘ "l'!lu 5‘2- 23}

‘ Aﬂﬂakmmrn (7T2) pre-

pared biodegradahle water-absgrbent polymers by polymeri-

zing at Mﬁtu%l Qnﬂ&l wlﬁ Mqrm@rizahle double

R TR R

kinds of starch and cellulose) with a crosslinking agent

if necessary, the resulting product is subjected to hydro-

lysis with NaOH.

Sanyo

Chemical Industries (73) prepared starch-g-

poly(acrylic acid) copolymers by stirring corn starch in
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water at 55°C for 1 hour, cooling to 30°C, purging with
nitrogen gas, mixing continuously with acrylic acid. A
crosslinking agent solution contained water and methylene
bisacrylamide in a teflon mixing head without a driving

part through 5 jet nozzles at a jet speed of 1.2 m/s, pass-

ing through a polymerizati eactor in 2 hours at 90-85°C
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