CHAPTER II

THEORY and LITERATURE REVIEW

Theoretical Backeround 7

1. Gamma Réﬂy '_s_.

Gamma r; aré hxgh—enkrgy photons and as such carry no charge

or mass. X-rays and

' fays are-tﬁe same exeept for their source. X-rays

—

::::::

process of radioactive 1sotopes._ =

A

When. electromagnetlc radfdtlo‘n passes ?rough matter its intensity
decreases, prlmanT“ S 2 '

ing and '.,r'“ @1 absorption by some of
the irradiated molecﬂes Three major processes are operatlve
a) Photoelectnc Process

In the photoeléciric process a photon!is completely absorbed in
a collision with an orbital electron and the electron is ejected from the atom.
This can happen whenever the énergy of the photon is greater than the binding
energy of the electron. The difference between the electron binding energy and
the photon energy is carried away by the electron.

The photoelectric effect is greatest for radiation of low energy

and for material of high atomic number.
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b) Compton Process
The Compton process is the result of an elastic collision
between a photon and an orbital electron in which part of the photon energy is
transferred to the electron. The electron causes further ionization and
excitation, while the photon is scattered with reduced energy.

The Compton scattering process is often the principal effect for
y-rays in radiation Chemistry: for example it is the only important process
occurring when Co® y=rays(1.17 and 1.33 MeV) interact with water or other
substances of low atogg'c. number. i

c) Pair P u;fion }-

Ifa Iy(o;r has an- encrgy greater than twice that equivalent to

the rest mass of an elej;t’rodf then the ﬂ;lr-productlon process can occur. Since
J/

the rest mass of an elgction is. 0. 51 ‘MeV, the minimum energy for pair

production is 1.02 MeV. JIn this prooa&s the photon interacts with a nucleus

and disappears with the producuon of gw‘partlcles a positive and a negative

electron. The energy of photo‘n"m excéss “of the mipimum 1.02 MeV appears

4 .
-
=
e

primarily as kinetic-ghergy of the pair of particles: =

The Epsitron so formed usually is éxmihilated by an electron.
When this occurs, two. annihilation photons occur travelling in opposite
directions and carrying one-half of the energy, ' 1.02/2 MeV, or 0.51 MeV (2).

2., Interaction of Radiation with Water
2.1 The Formation of Primary Free-Radical Products in
Water Radiolysis

The overall process of producing chemical changes by the use
of ionizing radiation starts with the bombardment of water or aqueous solution
by the 'radiation and terminates with the reestablishment of chemical
equilibrium. This process is usually divided into three sfages.
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e The physical stage consists of energy transfer to the system.
Its duration is of the order of 10 sec or less. The incident radiation produces,
indirectly, ionization of water,
H,0 “ww» e + H0' 2.1
as well as directly excitation,
H0' -Anz H,0" (2.2)
o The physicochemical S;age'consists of processes which lead
to the estalishment of thermal equilif)rium in the system. Its duration is usually
taken to be of the ordé;;..of 107" sécl or less. Electron ejected in the ionization
process become the lzed and hydiated
¥ —rethm—)eaq (2.3)

l ]

The H,O" ions undergfo ,a prdton tx’}xﬂsfer reaction with neighboring water

did

molecules, F Ficc b

Hzo* ™ Hzo 4« H3O + OH (2.4)
and the H;O" becomes hydrated heneﬁ,—fﬁe point of formation an the initial
spatial distribution of H3O and OHI are essenthﬂy the same and different
from those for e ,9; It the volume in which ﬂley arose is considered to be

spherical, then the rg_g_ilus for the initial distribution _Qf the hydroxyl radicals and
H3O+aq is about three times smaller thancthat of the hydrated electrons.
The dissaciation of excited water molecules gives the hydrogen atom
and hydroxyl radical as main products,
HQ' > H' + *OH (2.5)
It also gives a low yield of hydrated electrons and, eventually, molecular
hydrogen. It seems, however, that the contribution of excited water molecules
to the formation of primary free-radical products in water radiolysis is of minor
importance in comparison with that of the ionization processes.
e The chemical stage consists of diffusion away from the point

of origin and chemical reaction of primary species (€ 5, "OH, H30",,, and HY),
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and leads to the establishment of chemical equilibrium. It begins in the spur
about 10™" sec after the passage of the radiation and about 10™'° sec in the bulk
of the solution. Table 2.1 summarizes important chemical reactions of the
primary species.

The expression for radiation-induced water decomposition,

H,0 ANy Hi Oy 'OH, ¢, H*, H;0,, H, (2.6)
represents the state in irradiated water at;gﬁL.LO sec after the passage of high-
energy radiation, when the reactions in the spurs, blobs, and short tracks are
practically tennmated “These ‘products are found in irradiated water
irrespective of the Mnd euergy Lf radiation. Their amounts per 100 eV
absorbed, the so-calle r{;m;ny product yields (GH o’ 10 Gy, Gon, Gs » GH , and

-'J

will be discussed. / ;f 3 4% 24 4

e
- i

Gu,o0,) depend, howexy ;}!l tﬁe LET bf tadiation and on other parameters that

When dilute aquéous solutlonsr-are irradiated practically all the energy
absobed is deposited in watet melecules;and the observed chemical changes are

brought about mdzrectly via the moiecular and, paxtlcularly, the radical

products. Dzrectv yctlon due to energy deposﬁed:_ dlrectly in the solute is
generally unimport{ii}i in dilute solutions. At h{gher solute concentrations
direct action may be significant, and there is some evidence that excited water

molecules may transfer energy directly to the solute (3).

2.2 ‘Spatial Distribution of Primary Species
Most radiation-chemical changes result from various
secondary processes involving ions and excited molecules produced by the
direct interaction of the radiation with matter. Since the process of ionization
or excitation requires a strong interaction between a fast-moving charged

particle and a molecule of the absorbing medium, such primary ions and
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Table 2.1 Reactions of Free Radicals in Irradiated Water

Reaction Rate constant, pH
M sec™

€aq + € —222+ H, + OH 55 x10° 13.3
e +H —24 H, + OH- 25:x40" 10.5
€+ OH —— OH- _ V x 10" 11
o + O~ — 201 /éx 10‘° 13
ey + HsO— 2.1-43
Cui oDy '/ 7

11
ey~ + HOy-— 13
e + H,0 8.3-9.0
H+H — 3
H+OH — 0.4-3
H + OH- —— ¢, 11-13
H + H,0, 0.4-3
OH + OH 0.4-3

7

(}+(}——»Of—

“*ﬁim’;l %ﬁ]ﬂ’ﬁfw{lﬂﬂ‘i 15

0H+H202—-»H02+H,o A
ammmmwwmmaa«

o + 02——»02+0H— 7 %A

OH + H,—— H + H,0 6 x 10 7

O- + Hb—— H + OH- 8 2 10° 13
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excited molecules are necessarily located close to the path of the ionizing
particle. Thus, the initial distribution of primary active species is very similar
to the distribution of the water droplets around the track of charged particles
4.

Fig. 2.1 Schematic diagr i)f th.e pres:;mg:d distribution of primary events

along the track of,a fast electron A
4 ,l_ﬂ-.:_- : :‘-;‘--_geffj

F

m— E—

Flgure 2.1 shows 1soléteif clusters of ions distributed like
beads on a string ﬁmg—the—pﬂh—of—a—fm—elwmﬁ" Such sites of dense
1onization and ex01tat10n are called “clusters” or spurs Once a cluster or a
spur is formed, the local density (or concentration) of active species decreases
rapidly as a résult of both diffusion and chemical reaction,

Owing to the high local concentration of active species (e.g.
free radicals) in a'spur, recombination reactions are highly favoured, since the
rate of these processes is proportional to the square of the concentration. Thus,
in water, primary radicals OH and H can lead to the formation of hydrogen and
hydrogen peroxide. The reaction products formed in the spur are called

“molecular products”.
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2.3 Radiation-Chemical Yields of The Primary Products of Water

Radiolysis and Their Dependence on Various Factors
2.3.1 Definition

The radiation-chemical yields of primary species is
meant the number of free radicals, G (where R is H', "OH, or e7,), or
molecules, Gy (where M is H, or HZO%,' Ber absorbed 100 eV, present during
the chemical stage of water radiolysis. S :

9

C6F Scavenger Reactivity

substan S reacts with a short-lived species R

to the reaction
LR+ S>> P 2.7)
then the increase of the ¢ ncentpatlon t;_fis should be followed by the increase
of G(P). This increasing pr%ess sMﬂ# continue until all the species R

escaping the recombmatlon (R ¥R= M)’ are scavengfd The effectiveness with

which the substanc§ S reacts with the species R aig J depends on the reaction
rate constant kg.s. b ']

At very low congentrations, the scavenger cannot react
with all radicals because their other feactions with miolecular products or
impurities are also effective; at moderately low concentrations is removes all
those R’s ‘which are in the'bulk of the solution,” | When the reactivity is
sufficiently high, the scavenger S also competes for the species R from the

intraspur reactions. Then increase in G(P) begins to occur on account of Gy

3).
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2.3.3 Effect of pH
pH markedly influence the reactions occurring in

irradiated water. This is true to an even greater extent in the case of irradiated
aqueous solutions. In ‘some solutions pH will determine the structure of the
solute, but in all solutions changes in pH may alter the nature and reactivity of
the primary radicals. Some of these dhm)ges have been mentioned already but
for convenience all the pH-dependent reat’ggns of the primary radicals are
collected here. Those already mentr:dned are (5):
(1) anmversiox; of a solvated electron to a hydrogen atom
in acid solutions, /ﬁ h
£/ e w +'H = H (2.8)
)(5 "Fhe relatlv%lyeslow association of a hydrogen atom
and a hydrogen ion in ac;d salutlons

TP
FEAD
.a'

H2 aJH + H (pKa<2.7) (2.9)
Offier pH -de _ G ent equilibria are:

() Dlssomauonf of the hyd;roxyl radical in alkaline

solutions —"; 2 1

-y !
OH & H" + O | (pKaabout10)  (2.10)
(iv) Dissociation of the perhydroxyl radical in neutral or

alkaline solutions

HQ, = H +.0,  (pKa probably2) (2.11)
The O, ion formed by this redaction can act as a
reducing agent
(v) Conversion of a hydrogen atom to a solvated electron
in alkaline solutions,
H+ OH - eq e 12.17)
(vi) At pH below about 3 and above about 11, the yields

of reducing and hydroxyl radicals increase without any éorresponding decrease
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in the yields of molecular hydrogen and hydrogen peroxide (Fig.2.2) The
increase in radical yield in acid solutions may be due to attack upon the acid by
an intermediate that would otherwise revert to water.
H,0' + H —> H,  + OH (2.13)
Similar reactions of the intermediate with hydroxyl ions are postulated to
account for the increase in radical yield at high pH (4).
RO A > .- + OH 2.14)

Fig. 22 Variation with pH of primary yields in y-trradiated water

2.3.4 |Effectiof Linear Energy Transfer

All types of high-energy radiation interact with matter
by giving rise to energetic charged particles (electrons or heavy particles) and
that these react in essentially the same way to produce ionizations and
excitations close to the track. However, it is found in practice that different
types of radiation often produce different effects due to differences in the linear

density of events along the track. When the ionized and excited molecules are
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close together (a-particles), the reactive entities to which they give rise are
formed sufficiently close to each other to react together, whereas when the
ionizations and excitations are further apart (y-rays), the reactive entities are
less likely to react together and are hence able to react more effectively with
substances in the medium.

The termused nowy::fdays to describe the linear density of
events along the track is “linear energy traﬂsfer’ or LET, which

may be expressed in keV absorbed" per micron of track in the medium. The
value of LET mcrew}n/wm the square of the charge on the particle and

decreases as its speed increases (’6) x
/ sy 1o predlct qualitatively the effect of LET on

the yield of a radiatiogscl rtlﬁloal rcaqtudn The increase of LET leads to the
increase of the density ﬁnmary evagts per unit space and unit time. This
should favor reactions of l‘écombmatlou’s@f primary species. The value of Gy
is expected to increase, whxl'e'—GR shmﬂ&fdecrease If the product P comes
mainly from the solute reactlons with ﬁée ra&xcals (Iﬂ OH, and e,q ), then G(P)
should decrease (3)‘ ¥1

»H_J

J .
L i

2.3.4¢Effect of Dose Rate

The increase of . dose rate should, in a way, have an
effect similar to that observed insthe case of the increase of -LET, since in both
cases @n increase i, dénsity of primary events i§ involved.' This means that a
favoring of recombination reactions and an increase in Gy, with a simultaneous
decrease in Gg, are to be expected. The yields of stable reaction products
should increase or decrease, depending on whether these are formed by

reactions with molecular or radical primary products.
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2.3.5 Effect of Temperature

The increase of temperature might lead to a broader
distribution of primary species and thereby to an increase in Gy and a decrease

in Gy (3).

3. Starch / 4
Starch is the.most abundaif c@j;wtltuent in the human diet. Starch

occurs naturally in most plant tlssueﬁ mcludmgroots and tubers, cereal grains,

green vegetables, a:'/.ﬁy.a It'is'a carbohydrate, a very large group of
a

compounds containi on, liydrogen, and oxygen in the ratio of 6:10:5 as
an empirical formula ‘I;},,%Og' -'T];eJ"latter two elements are essentially in the
same ratio as they exist i water ngmely, two atoms of hydrogen to one of

oxygen. Hence the n ff ca,rbohydrgtcs, or hydrates of carbon. Besides
starch, carbohydrates mcﬁlde such mqﬁqrtant substances as cellulose, sugars,
and gums, all of whlch aiawldelygismbuted as natural plant products.

Carbohydrates fUIIIlSh the basic matemil fBr most b}nldmgs paper, explosives,

foods, alcoholic bmn , fuel, etc. X )

Carbolgdrates are classified as monosaccharides, disacchrides,

trisaccharides, and pelysaccharides. Monosaccharides are simple sugars with
six carbon atoms, which cannot be hydrolyzed to smaller molecules. Dextrose
(glucose) is a monosaccharidey while disaccharides contain twelve carbon
atoms’and, can be “hydrolyzed to two'simple sugars. Disaccharides include
sucrose (common sugar), lactose, and maltose. Trisaccharides contain eighteen
carbon atoms and yield three molecules of simple sugars on hydrolysis.
Raffinose is the best known trisaccharide. Polysaccharides, which are very
numerous, do not have the sweet taste of the other carbohydrates, are insoluble,

and are of high molecular complexity. On hydrolysis, a polysaccharide
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molecule yields many molecules of monosaccharide sugars. Starch, cellulose
and glycogen are polysaccharides (7).

Starch is abundantly available, inexpensive, a desirable source of
calories, and occurs in the form of granules with a density of approximately 1.5
g/em’. In granule form, starch is semi-crystalline, dense, insoluble in cold
water, and only slightly hydrated. Tl‘l_g/granules themselves vary considerably

in shape (from spheres to rods) and siz'e*‘éghfa diameter of 2 pum in the pollen
starch of amylomaize to-175 pm for canna starch), depending on the source.
|

— ’ | - .
For cassava starch, thﬁjjzf ‘of'the grgnules ranges from 5 to 35 um. The largest
sizes are usually 25 to. and the smallest ones are 5 to 15 um (8).

o
¥

3.1 Molec mponent
i
Althou mmercial starch granules contain small amounts of

protein, lipids (especial phdéphog‘&ggrides), and other components, the
P }T“,:* }

-
o

principal components are aniylose and.

Axgylose ié*aﬁi;éssentf‘ahﬁi"uﬁ’hear p?ysaccharide composed of
(1-4)-linked x-q%ﬁmm@jMy&oglucose units, or
simply AGU) (FiglEé 2.3). Its degree of polymeqi%ation (DP) is 1,000-16,000
(MW 160,000-2,650,000), depending on the source and method of preparation.
Amylose can‘have several conformations.  In the solid state, it probably exists
most often as 4 left-handed, six-fold helix. In.solution, it seems to be a loosely

woundand extended helix that béﬁéves as a random coil.
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O ———
QH
m@ylose chain
Al ’; on h structure. Amylopectin
molecules are compos 15 ;f;._-' "*‘a_‘\- ed oc-D-glucopyranosyl units;
branches are forme ig the \} '

'. oc-D-(1-6) linkages. A

schematic diagram o c1§ shown in Figure 2.4 (9).

ARIANNT

CH,OH CHOH

NN NN

Figure 2.4 Branched structure of amylopectin
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3.2 Gelatinized Starches
Occurrence in a granular form makes starch unique. Starch
granules can be dispersed in water, producing low viscosity slurries that can be
easily mixed and pumped. They can then be isolated by filtration or
centrifugation, resuspended, reacted, and recovered.
When heated m f )arch granules absorb water, increase

manyfold in size, swell,

‘——_
starch suspension becwrcerdin @S semiopaque, and finally

ently, the initially thin, opaque

transparent. The tem at W ch this‘dsag& change occurs is usually
termed the gelatinizati Te tly, ﬂle pastlng temperature of starch.
More exactly, the gelé Tl is mmtded as a temperature range
in which the starch gran D With cassava starch,

As a resd[’t’of'co '(

referred to as star?' “00K Or starch arch icook or paste, there is a
mixture of hydrated;gfuvollén' oranul sranule E}rticles, held together by a

typical maze of associatiye forces (Figuze 2.5)

ﬂUEJ'WIEJ‘V]‘ﬁ‘WEJ’]ﬂ’ﬁ
aqmmnm URIINYIRY
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Figure 2.5 }ﬂ'uc.mre of molecules in a cooked starch paste
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I

4. Free-RadféaL,zérjﬁft#‘ deolyxgg@zaﬁon of Starch by Radiation

o

Methods & & .07 Sl

A graft copolymer consi;s&-‘?of a polymeric backbone with
covalently linked p_,(zlymen'é" side chaing‘f}':;ﬁf‘pﬁncip}e, both the backbone and
side chains couldT_t_)?‘j‘!rmnDpDiymers—Cr—CTpilymrswijGraft copolymers are of
great interest in the }iéld of absorbency in a number éf aspects. Grafting can be
carried out in such al“.way that the properties of the ;ide chains can be added to
those of the sibstrate polymer withont greatly changing the latter.

In " free-radical-initiated graft copolymerizations, a free radical
produced ou starch reacts with a monomier to form a grafted copolymer. One

of the free radical initiation methods of starch is irradiation (11).

4.1 The Different Methods of Radiation Grafting
As indicated above, the irradiation of organic macromolecules
leads predominantly to the formation of free radicals. If the irradiation is

carried out in air, an effective free radical scavenger, peroxides and
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hydroperoxides are formed within the polymer. If, however, the polymeric
substrate is highly crystalline and in particular if the irradiation is carried out at
low temperature and in the complete absence of air, the free radicals can be
trapped in the system and can remain “active” for a considerable time. The free

radicals, peroxides, and hydroperoxides formed or trapped in polymeric
| substrates upon irradiation can be used, qplte conveniently to initiate block and
graft copolymerizations. Expenmentally then, radiation synthesis of graft and
block copolymers can be accomphshféd oy the following methods.

4.1. l;ﬂi’e Direct Graftlng Method
. Ln its szmpfest fotm, the direct grafting method involves
the irradiation of a pglﬁheric Substraté n the presence of a monomer and in the
absence of oxygen. GTaﬁ oogo}ymerlzanon of the monomer to the polymer is
then initiated through the ﬁ'ee radicals génerated m the latter.
A number_ of ur_tgortant factors must be considered,

however, before applymg the direct Iﬁ&i'atlon method to a given polymer-

monomer system. | E)mzmg radiation as such is liTIS'EEgtlve One must therefore
consider not only the effect of radiation on the polymenc substrate but also the
effect on the monomer,. the solvent, gr, any other substance present in the
system.

The radiation sensitivity of a substrate is measured in
terms of its G, value or fre¢ radical yield which'is the number of free radicals
formed per 100 eV energy absorbed per gram. The highest grafting yields will

“occur for polymer-monomer combinations in which the free radical yield of the
polymer is much greater than for the monomer. It also follows that the grafting
yield will increase with the lower the monomer concentration. The free radical
yield of a monomer can be directly derived from the kinetics of its radiation

polymerization and from experiments with free radical scavengers.
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Together with the radiation sensitivity of the polymer-
monomer combination, one must also consider the effect of the radiation on the
actual polymeric substrate. In general, polymers either degrade or crosslink
under irradiation. If the polymer degrades, then irradiation in the presence of a
monomer will lead predominantly to block-type copolymers (eq. 2.15); if the
polymer crossliﬁks, graft structurés will result (eq. 2.16). This may be

represented schematically as follows:

-
. | ey
-y;+§.i"—ﬂs+§ (2.15)
7 2.ath
y, ; _.l’i,iw,BJ,Bq (2.16)

V. ."' v
,> > 9. .
Here A.w and A',wA represent polymeric free radicals

derived from Ap, R* repl’esen&a lov@}nolecular weight radical or hydrogen

--"U

2,
atom and B represent a monomcr htom —===

_ The dose and dose-r‘ate'of irradiation are important factors

b . )
in any radiation grafiing system: in the direct method, the total dose determines

the number of grafting sites while the dose-rate dcteMes the length of the
grafted branches. Th; length of the branches is also_controlled by other factors,
such as the presence of chain transfer,! the concentration of monomers, the
reaction temperature, the viscosity of the reacting medium, diffusion
phenomenon, etc,

Diffusion of the monomer into the polymer plays an
important role in the direct radiation method as it is by this means that the
monomer reaches the active sites within the polymer. It would be expected that
the rate of graft polymerization would be directly proportional to the radiation
dose-rate. In some cases, however, the diffusion of monomer can not satisfy

the increased rate of initiation within the polymer.
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It will be appreciated that in the direct radiation method
a certain amount of homopolymer will always be formed both because of the
effect of the radiation on the monomer and as a normal consequence of the
grafting reaction (eq. 2.16). Contamination of the grafted product with
homopolymer can be quite inconvenient, as most polymers are incompatible
and due to a segregative tendency, the Bresence of physically mixed polymer
impurity can yield a product with poef Jhy51cal optical, and electrical
properties. The direct radlatlon meﬁlod 1S, on the other hand, by far the most
efficient technique sinceatinvolves yapld utilization of the accessible backbone
polymer radicals as sgx/as they are formed
/ Avoid ﬁemep*olymer formation, Hugin and Johnson
(12) attempted to overpéme this prob!em by adding ferrous, ferric, and cupric
salts in the aqueous’ so tign,, of nylon 6 dilm-acrylic acid. The anions were
found to have no effect on _the grafﬂng or homopolymerization, but both

-----

processes were suppressed by the catxo
4,#132—Preirrzrdizﬁmr1vleﬁr0‘d7 Y

| In prineiple; the preirradiation method should not yield

homopolymer becal;se the monomer is never direc;:ly exposed to radiation. In

some cases, however, there is- evidence that irradiation in air leads to the

formation of hydroperoxides on the polymer backbone. The hydroperoxides on

heating, decompose (to give hydroxyl radicals - which) can initiate the

homopolymerization of the added monomer.

4.2 Kinetic Features of Radiation Grafting
In principle, the conventional free radical polymerization
scheme should be applicable to radiation-grafting systems as, in general, the

reaction involves the polymerization of a vinyl monomer initiated by a



27

polymeric radical. In practice, however, the situation is not quite as
straightforward as this because of the number of specific features that result
from the special reaction conditions prevailing in most grafting systems. The
gel effect, chain transfer, phase separation, and diffusion effects are but a few

of the many factors which can seriously affect the reaction kinetics.

f t radiation technique, if one assumes
that the graft polymerizati cham process then the overall

reaction scheme can @,mﬂf thx@eps initiation, propagation,
and termination. W ! \fBUQVLS

Kinetic feature
\,

Initiation:
(2.17)
(2.18)

(2.19)
(2.20)

Pfovagauonﬂuﬂ 1 ‘VIEJ‘mTWEJ’]ﬂ'ﬁ
AR a\m‘mwwmm AY e

= kp, [PM,’'][M] (2.22)
Termination by two growing radicals:

PM,’ + PM," — PMuwn or PM, + PM, (2.23)
, = 2k[PM,][PM,] (2.24)
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If one makes the normal assumption that the length of the polymer chains is
long, then reaction 2.19 can be neglected with respect to reaction 2.21, and one

obtains the following relation for the rate of graft polymerization:
=k, [PM,"] [M] (2.25)
Introducing the conventios ,w ption that the rate of change in

the radical concentr:—'-__i Qlts rates of formation and

disappearance, then

(2.26)
ie.,

2.27)
then

(2.28)
On combining &gs — Rie et s o iRt
polymerization as thﬁfdn wing: ' a

ﬂuﬂ?ﬂﬂw}w&m Sk (229)

where

Qv name 111791276

“ P = backbone polymer

P* = polymer radical

PM,,, PM,, or PM,,., = graft copolymer
M = grafting monomer

r = rate of initiation of polymer radicals

r; = rate of initiation of graft reaction
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I, Iy = rate of propagation and termination respectively
k = rate constant for initiation of polylmer radicals
k; = rate constant for initiation of graft reaction

k,, ki = propagation and termination rate constants, respectively

5. Saponification of Starch-g- B(}]yacrvlommle to Impart Water
_,.f-‘

Absorbency o
To enhance' “the hyr_frophillic character of the starch-g-

causing the nitrile gr onyert i;ito a mixture of carboxamide and alkali

polyacrylonitrile, it vzgl« beMydrolyzed with an 8.5% potassium hydroxide
7

metal carboxylate an a.nimoma -The mtermediate colored products are

formed. A deep re f{qr s, atfpbuted to the formation of a partly

hydrogenated naphtmdu;é type ,st;ructu,qu~ which is initiated by the nucleophilic

attack of OH™ on the caﬂ)on atom o'ffthe nifrile group. Insolubility of the

polymer is known to occur dunﬂg thls:step and is explained by “propagation

crosslinks” between mtercham nelghborfrlg nitrile gr(j),ups

L=

-

i dLe-

: _\__..’

The end of the reaction is characterized by the light yellow color of the
solution indicating the disappearance of the conjugated system (C = N),
and the formation of CONH, and CO, groups. The product is recovered by
precipitation in methanol and washed to neutrality. The hydrolyzed
polyacrylonitrile grafted starch remains largely in the form of a highly swollen
but insoluble gel after the saponification reaction (13). .
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Terminology and Definition

Before proceeding to the experimental part, several technical terms need
to be clarified for the better understanding of readers.
Percent Add-on ',
It is refered to.as the weight éfant synthetic polymer in the graft

copolymer and is detem‘nned as folld{vs

% add-on = welghtﬁ@;rgraéed x 100 (2.31)

we1ght 0 fied copolymer

N ‘a*.'
S b,

&b ddd
'the acid hy;lrolysis method. The grafted polymers

It 1s calculated

are separated from the st ch backbone"ab_y heating the graft copolymer under

reflux in dilute acid solution.”~ i'g'-ﬁ
i ;. fﬁq —
Graftmg“mmmencv A

Itisa term often used to describe graft polymerlzatlon reactions and
is defined as the precentage of the total synthetic polymer formed that has been
grafted to starch. ~ & High  grafting | eﬁiciehcies are desirable since a
polymerization of the low grafting efficiency.would afford,mainly a physical
mixturé of star@hfmd homopolyxx;e}:i If;,cah be calculated as follows:

% grafting efficiency = __ weight of polymer grafited x 100 (2.32)

weight of homopolymer + weight of polymer grafted
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Percent Conversion
It is used to describe the degree of the monomer, which undergoes
graft copolymer and homopolymer. It can be evaluated by the following

expression.

% conversion of monomer = weight of polyn (2.33)

% grafting ratio = _ we polyme ¥ : (2.34)

It is deﬁnﬂl a5 an average MUY anﬁ'droglucose units (AGUs)
per h1gh molecular Vgeglt graft that can be calculated by the following

camsion: ] 1 §)) VIEJW?WEJ']T’]?
e QARAGE MRG0 e

PAN (mole)
where
PAN (mole) = %add-on = (236)
molecular weight
glucose (mole) = 100 - % add-on (2.37)

glucose molecular weight (162)
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Literature Survey

Erickson, R.E., et al. (14) prepared water swellable aerated films and
laminates, made from solutions of carboxylic polyelectrolytes. The films and
laminates were cured and crosslinked with a polyfunctional or difunctional
crosslinking agent that was reactive W.lth carboxylate groups by heating and
removing substantially all of the watéw:‘ggd alcohol from the precursor
composition. The solutions weie mebhamcally aerated prior to the curing step.
The absorbent articles had arapid water absorbency rate and were useful as

™

components in dlape%pons banhages dressings and the like.

Elmquist, ?/(LS) prévente“d the formation of gumballs (surface-
wetted, dry-centered lu f abmr%ents which occur when particles absorb
|

l to prevcnt passage of liquid into the center of

liquid on their surfac a
the particle for additi al;absqrptlon ];Le proposed that the treatment of the
hydrolyzed starch polyacrylomtnle g@!‘copolymer with aluminium ions
provided a product having~a: substanfiaﬂy enhax),ced degree of wicking
(absorption rapldly):

59 salts of aluminium such
as aluminium chlonﬁe aluminium acetate or alummlum hydroxide. He found
that the treatment of product with aluminium shghtly reduces the overall
absorbency of the! product, directly proportional to the lincreased aluminium
level. However, the wicking time of the product is substantially improved
through| obfaining! a“prodiict 'which has ‘been mlodified! thioughout with the
aluminium ions.

Makita, M., et al. (16) produced an improved water-absorbent resin
having a high water absorbency and a high water absorption rate and capable of
forming a gel having a high gel strength and nonstickiness. The water-absorbent
resin particles which contained water and a crosslinking agent and were in the

semi-swollen state were agitated at an elevated temperature in the presence of
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an inert inorganic powder to conduct the crosslinking of the resin. The
obtained water-absorbent resin contained a monomer units having a carboxyl
group in the form of free acid or a metal salt.

Grushevskaya, L.N., Aliev, R.E., and Kabanov, V.Ya. (17) developed
a method of grafting acrylamide onto low density polyethylene by the different
methods and under different conditions: by the direct liquid phase method from
this monomer solution in water (in neutr'aft;f{d\acid media) and acetone, and by
the pre-irradiation methodfrom aquedus solution-as well as from its sublimated
vapor. A decreased rate of homopolymerization was noted when metal ions
were presented. ‘ f" i‘i

Garnett, J.L. }ékiewwz S. V “and Sangster, D.F. (18) found that the
presence of either ac1d gf neufral salt §nhanced the radiation grafting that was
attributed to a saltmg ot ;of monomgr from the solution into the grafting
region within the polymer substtate Mémurements using a swelling/leaching
technique and tritium labelled styrene had: shown that the rate of transfer and
the equilibrium dlstnbutlon are dependént‘bn the polantles of the monomer,
substrate and solvegtﬂl—tlmﬂﬁb@ of ionic solute and
monomer. Molecular_\_yelght studies and the effect Q_t: other additives confirmed
the proposed mechax—xism. A number ,of other additives exhibited specific
radiolytic chemical effects. These usually reduced th¢ grafting yield.

Gargan, K., Kronfli, E., and Lovell, K.V. (19),carried out an
investigation to identify | (compounds |that| are suifable’ | for use as
homopolymerization inhibitors when grafting acrylic acid or methacrylic acid
onto pre-irradiated low-density polyethylene. It was found that certain
transition metal compounds were able to suppress the formation of
homopolymer whilst still allowing significant levels of grafting to take place.
For acrylic acid the most suitable inhibitor found was ferrous sulphate, whilst



cupric sulphate or potassium ferrocyanide were favoured for use with
methacrylic acid.

Iyer, V., Varadarajan, P.V., Sawakhande, K.H., and Nachane, N.D.
(20) prepared superabsorbent polymers by using acrylonitrile grafted to corn
starch employing low levels of gamma ray radiation as initiator. Various
grafting parameters had been stadied at these low dosages. The viscosity
values of the dispersion of the final ;;roducl were lower than that of the
products prepared through- ceiic ion-initiation and the product had high water

absorbencies. Use of the superabsorbent as a desiccant had better than silica

i

gel. . . 1

Kiatkamjornw f ¥, Dwéljhnyn, P.A., and Garnett, JL. (21)
reported grafting of styrgﬁe iny methamal to cellulose in the presence of Ce(IV)
for three systems nzfindy thennal photochemlcal and ionizing radiation
induced processes. The rqie of _addmvﬁ,s such as acid and TMPTA in these
systems 1is discussed for enhaﬂcmg grafta gdv minimizing homopolymer. In the
presence of acid the concenfration is mgher in the backbone polymer, the
- higher concentratl‘ot/lp—ef—mﬁnomcr—are—mﬂabic—fo*i J;graflmg at a particular
backbone polymer 51t‘e The mechanism of the TMPTA effect was attributed to
branching and crosslmkmg of the polystyrene chams which lead to accelerated
grafting. Therole of cationic| salt Tike Ce(IV) in photografting and radiation
grafting suppressed both homopolymer and grafting. However the addition of
acid to these solufigns containing cationic salt leads to enhanéement in grafting
due to the partitioning of monomer between grafting solution and backbone
polymer.

Nakason, C. (22) prepared cassava starch-g-PAN by a grafting
copolymerization reaction of acrylonitrile onto gelatinized starch backbone via
gamma ray initiation method. Saponified starch-g-'PAN was characterized in
terms of the grafting efficiency and frequency, the perceht add-on, the amount
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of polyacrylonitrile formation, percent conversion of monomer, and the
viscosity average molecular weight. This information provided a guideline to
judge an optimum total dose (kGy), dose rate (gray/min), and ratio between
starch/acrylonitrile. Water absorption was carried out in deionized distilled
water, NaCl, MgCl,, K3P0;;.3H20, KCl, NH4Cl, and (NH4),HPO, solutions.
The results indicate that water absorpﬂon{capacity in pure water was ranged 31
to 665 times their original dried weight. Waﬁer absorption capacity in saline
solutions decreased with-inereasing t;he salt concentrations. Water retention in
sand was also detennined and showed that the increase in the water holding
capacity of sand is propemonal with &1e amount of absorbent used.

Hongfei, H., Xiaohong, = and Jilan, W. (23) investigated the acid
effect in mutual radlauqn gfaftmg of a‘b,ry;hc acid (AA), 4-vinyl-pyridine(4-VP)
and N- 2-vmy1pyrrohdon (Ni-NP) m meghanol on silicone rubber and measured
grafting yields as a function of dose. Théy found that acid in grafting system of
4-VP had enhancement effect, in N-VP_system had inhibition effect with a
wide absorbed dose range “But'in the éase of AA the relationship was more
complex; below 6]<€}y‘acrd‘enhmced‘ﬂre—graﬂmg‘y:e§d while dose was up to
13 kGy the opposite results were obtained.

Lokhande, H 1., Varadarajan, P.V., and Nachane N.D. (24) reported
the influence ‘'of different concentrations of the monomer acrylonitrile on the
PAN add-on, the number average molecular weight of the PAN side chains, and
the grafting frequency of the PAN side chains in the gamma-radiation induced
grafting of acrylonitrile onto guar gum. They found that at 0.3 Mrad desage,
the PAN add-on were 32.4, 48.5, and 66.2% and the number average molecular
weight of the PAN side chains were 59,100, 132,200, and 238,900,
respectively, at three different réaction conditions. The frequency of grafting
also showed considerable variation at 0.2 Mrad dosage, for all three sets of

samples. The viscosity of the aqueous dispersions of the saponified samples at

Ti455201
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different concentrations decreased when the concentration of dispersion
decreased. The water absorbency of the saponified samples were evaluated and
the values were around 250 g/g.

Le Ha, P, Canh, T.T., and Hai, L. (25) prepared chitosan by
deacetylating irradiated chitin with 47% sodium hydroxide solution at the
temperature of 80°C, 110°C, and 135%C: They found that irradiated chitin were
deacetylated much more gasily than théﬂ" unirradiated control. The higher
hydrolysts temperature; the higher "ﬁegree of deacetylation. Acrylamide was
grafted onto the prepared chitosan by gamma-ray irradiation. They found that
at the dose of 0.75 l\il;xtfs Was optlmil for grafting copolymer. It was indicated
the wettability of graftft{ chltnsan pow&er increase with the grafting degree.

Dworjanyn, l;,f-\ f'/(}nmett J& Khan, M.A., Maojun, X., Meng-Ping,
Q., and Nho, Y.C. (26) ;tucﬁed the 1ole ‘of additives including acids, inorganic
salts, organic inclusion compounds Iil(e.. ~urea, multifunctional acrylates and
methacrylates for increasing ylclds n réiaﬁon grafting reactions. They found
that acids have efﬁc1ency in enhancmg gré‘;ftmg 51tes by hydrogen abstraction

reactions because! o} an increase in G(H). But muitjﬁmctlonal acrylates and
methacrylates are supcnor to acids in accelerating gzgftmg by chain branching.
Kiatkamjornwong, S., Chavajarernpun, J., and Nakason, C. (27)
studied radiation modification on liquid reténtion properties of native cassava
starch, gelatinized at 85°C, by graft copolymerization with acrylonitrile which
was carried out by mutual irradiation to'gamma-ray. A thin'‘aluminum foil was
used to cover the inner wall of the reaction vessel that the homopolymer
concentration was reduced to be less than 1.0% with a distilled water retention
value of 665 g/g of the dry weight of the saponified grafted product.
Haddadi-asl, V., Burford, R.D., and Garnett, J.L. (28) studied
radiation grafting of hydrophilic vinyl monomers onto ethylene-propylene

elastomers (EPM rubbers) by the simultaneous method. It was centered upon
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gamma radiation induced grafting of acrylamide (AAm), N-vinyl-2-pyrrolidone
(NVP), 2-hydroxyethyl methacrylate (HEMA) and acrylonitrile (AN) onto four
different EPM rubbers. They found that the graft efficiency of EPM rubber
increased with in;:reasing the ethylene content and molecular weight of the

rubber. Metal-based homopolymerization inhibitors including Mohr’s salt, Cu
(N03)2 and FeSO, were eval al EEd to prevent homopolymerization

nitrate was evaluted as a graft
promoter. They foundt '. w1th an inert gas such as
nitrogen could signi Seincrease 1e1d. However, under all

conditions studied, no Signif ‘ achieved with AN.
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