
CHAPTER 2

T H E O R Y  a n d  L IT E R A T U R E  R E V IE W

2.1 Superabsorbent Polymers (SAPs)

Superabsorbent polym ers are the m aterials that can absorb or retain liquid or 

fluid greater than 15 tim es their dry w eigh t and that cannot release the retained liquid 

out in a liquid or fluid form  but on ly  d iffuse through the gel m embrane as w ater vapor 

or m oisture.

2 .1 .1  C lassification o f  Superabsorbent Polym ers

C lassifications o f  S A P s based o n  com p osition  and preparation m ethods  

(netw ork form ation, introduction o f  hydrophilic groups and product form) are show n  

in Table 2 .1 .

T a b le  2 .1  Four C lassifications o f  Superabsorbent Polym ers

A. Polymer composition
a) Starch Graft polymerization

Carboxymethylation

b) Cellulose Graft polymerization

Carboxymethylation

c) Synthetic polymer Poly(acrylic acid)

Poly(vinyl alcohol)

Polyacrylamide
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Table 2.1 Four Classifications o f  Superabsorbent Polymers (continued)

A. Polymer composition
c) Synthetic polymer Polyoxyethylene

B. Network formation
a) Graft polymerization

b) Crosslinked copolymerization

c) Network forming reaction of water-soluble polymers

d) Self-crossl inked polymerization

e) Radiation crosslinking

f) Introduction of crystal structure

c. Hydrophilic groups
a) Polymerization of hydrophilic monomers

b) Carboxymethylation of hydrophilic monomers

c) Graft polymerization of hydrophobic polymers with hydrophilic monomers

d) Hydrolysis of nitrile or ester group

D. Product form
a) Powder Globular

b) Film

Amorphous

c) Fiber Short fiber

Long fiber 

Non woven fiber

2 .1 .2  Properties

M aterials w hich  are o f  increasing interest in S A P s sh o w  high capacity for 

im m ediate sw elling  o n  pouring w ater on to  them , and they have properties o f  gelling  

and holding the w ater absorbed. A t the high level o f  absorption, their w ater-absorbing  

p ow er ranges from  several hundred to  many thousand tim es their w eight.
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The factors that supply absorbing p ow er  to  polym ers are 

considered  to  o sm otic  pressure based o n  m ovable counter-ions, and affinity betw een  

the polym er electro lyte and water. The factor that suppresses absorbm g pow er, in 

contrast, is found in the elasticity  o f  the g e l resulting from  its n etw ork  structure [2].

2.1.2.1 Water Absorption Mechanism in Superabsorbent Polymers

before water absorption after

F ig u re  2 .1  W ater A bsorption  in Ionic Polym er N etw ork

Figures 2.1 and 2 .2  sh ow  the w ater absorption m echanism  o f  a type o f  

S A P , w hich is a  crosslinking polym er w ith  sodium  carboxylate groups. B efore  

absorption, long chains o f  polym ers are in terw oven, and polym ers m ake a three- 

dim entional structure by crosslinking b etw een  the chains to  m ake a dense phase. In 

contact w ith  w ater, the hydrophilic polym er backbone containing hydrophilic 

functional groups, interacts w ith  the so lven t accom panied  by energy decrease and
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entropy increase. H ydration and the form ation o f  hydrogen bonds are tw o  sources for 

such polym er/solvent interactions. The polym er chains also tend to  d isperse in the 

g iven  volum e o f  solvent. This leads to a higher number o f  a llow ed  configurations for 

the system , w hich  is equivalent to  a higher degree o f  entropy.

restricted in sw elling  by elastic retraction forces o f  the netw ork. T he m ore the chains 

separate from  each  other, the m ore stiffness the originally co iled  polym er chains 

b ecom e. This d ecreases the entropy o f  the chains. Finally there is a balance betw een  

the infinite d ilution o f  the chains and the retractive forces. H igher crosslink densities 

g iv e  netw orks w ith  stronger retractive forces and w ith  low er d egrees o f  sw elling at 

equilibrium.

Crosslinks restrict
“ infinite” olymer
by elastic

D ue to the presence o f  the crosslinks, the polym er chains are

Negative electric 
charges along th< 
polymer backbon 
expand the polymer

forces

Dissociated sodium 
carboxylate groups 
increase the osmotic 
pressure in the gel;

coils by repulsive forces sodium ions are trapped 
in the gel to maintain 
electrical neutrality

Figure 2.2 Mechanisms o f  Swelling o f  Superabsorbent Polymers
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For ionic polym ers, the so lvent/polym er interactions include m ore  

than a sim ple m ixing term. T h ese ge ls bear electrical charges a long the polym er chains. 

The negative charges o f  the carboxyl groups repel on e another and are com pensated  

for by the p ositive  charges o f  the sodium  ions, in order to  maintain electrical 

neutrality. W hen the polym er com es into con tact w ith  w ater, the solvent d iffuses into 

the polym er netw ork  and so lva tes the sodium  ions. W ater w ith  its high dielectric 

constant low ers the attractive forces b etw een  the sod ium  ions and the negatively  

charged carboxylate groups. A s in so lu tion s o f  sim ple salts, the sodium  ions are 

released and b ecom e freely m ovable w ithin the gel. H en ce they contribute to the  

osm otic  pressure. It is con seq u en tly  im possible to  leave the g e l region due to  the 

attraction forces o f  the negative charges, w hich  are fixed  along the polym er  

backbones. T he sodium  ions therefore behave as i f  trapped by an invisible, sem i- 

perm eable m em brane. T he driving force for sw elling  is then the difference betw een  the  

osm otic  pressure in- and ou tsid e o f  the gel. Increasing the salinity and by this the  

osm otic  pressure o f  any external aqueous so lu tion  low ers the absorption capacity o f  

the g e l for that fluid [3].

The w ater absorbency and the strength o f  S A P s can be expressed  by 

E quation  2.1 (F lory’s equation) and E quation 2 .2 , respectively.

Q 5/3 =  [(i/2v„ ร ’ 172 )2 +  (1 /2  - x . ) /v . ]  /  (Ve/Vo) (2 .1 )

G  =  R T v e/Vo (2 .2 )

w here Q is d egree o f  sw ellin g , i/v u is charge density o f  polym er, ร* is ionic strength o f  

solution , (1 /2  - X i)/Vi is polym er-so lvent affinity, v e/V 0 is crosslinking density, and G  

is rigidity.
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The w ater absorbency, therefore, increases w ith  increasing number o f  

hydrophilic and ionic functional groups, and w ith  decreasing in the crosslinking  

density o f  the polym er netw ork and in the concentration  o f  ionic so lu tion s (N aC l 

solution , urine, etc .).

2 . 1 . 2 . 2  W a t e r  A b s o r p t i o n  C a p a c i t y  a n d  A b s o r b i n g  R a t e

W ater absorption capacity is generally a term  em ployed  to 

indicate capacity to  retain as m uch absorbed fluid as possib le (retention). In addition, 

this term  also has tw o  other m eaning. O ne is the capacity to  sw ell by absorbing fluid 

(absorption), and the other is the capacity to  g e l and decrease flow ability  by absorbing  

fluid (gelation). T hese three typ es o f  w ater absorption capacity can  be influenced by 

m odifying the com p osition  and the product form . Table 2 .2  sh o w s the m ethods for 

m easuring w ater absorption capacity according to  each  definition.

The w ater absorption rate is m ore influenced by the product form  

than by the com p osition  o f  the S A P . Fundam entally, the larger the surface area the 

higher the w ater absorption rate. H o w ever , lum ps are produced  in the case  o f  fine 

p ow d ers, and tend to  obstruct absorption. A  w ay  to  elim inate this obstacle is to  have  

coarse particles and to  increase the surface area by m aking the resin  p orou s or scaly.
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T a b le  2 .2  M easurem ent o f  the W ater A bsorbing C apacity

R e q u ir e d
p e r fo r m a n c e s

M e a s u r e m e n t
m e th o d

O u tlin e  o f  th e  m eth o d

A bsorption
pow er

C ap illary  m ethod  
(D em an d  W etability  
m ethod)

T he resin  is p laced  on  a porous sh eet or on a  sh eet w ith  
sm all h o les , and put in contact w ith  the fluid.

W ater
retention

F iltration  m ethod A fter m aking  th e resin  su ffic ie n tly  sw e ll in  an ex c e ss  o f  
flu id , th e e x c e ss  flu id  is  filtrated  by a  screen .

C entrifugal dehydration  
m ethod

A fter m aking  th e  resin  su ffic ie n tly  sw e ll in  an ex c e ss  o f  
flu id , it is  p laced  in a bag, and centrifugal dehydration  
is  perform ed.

T ea -b a g  m ethod T h e resin  is in c lo sed  in a  n on w oven  bag, and after d ipp ing  
it in  the flu id  for a  certain  tim e, it is  w eig h ed  after 
drain ing water.

S h eet m ethod T he polym er is  in serted  b etw e en  tw o  layers o f  tissu e  paper 
in order to  obtain  a sh eet, and is  th en  im m ersed  in  the  
liqu id.

u v  absorbance T h e polym er sw e lls  in aqueous B lu e  D extrin  so lu tion , and  
U V  absorbance is  m easured  in  com parison  to  a  blank.

G elation V ortex  m ethod A  fix e d  volum e o f  liqu id  is  put in  a  beaker, th e  polym er is  
introduced w h ile  stirring, and tim e is  m easured  until the  
disappearance o f  the vortex.

F lo w  m ethod T h e polym er is put in a beaker, liqu id  is  added  to  m ake it 
s w e ll , and the poin t at w h ich  th e g e l starts to  flow  
con stitu tes th e end  point.
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2 .1 .3  A pplication

Table 2 .3  indicates the application o f  the S A P s classified  from  the market 

fields and the properties o f  polym ers.

M aterials w ith high absorbing capacity for w ater or other aqueous fluids 

w ere u sed  in large number o f  sanitary products in the early years, and then u ses as 

agricultural-gardening agents and in civil engineering as the next fo llow er. Further 

applications in cosm etic-to iletries, m edical, and other fields also have been  developed  

recently. T h ese applications are based o n  the m aterial’s ability to  soak  up liquid and 

also im m obilized it. H ere, som e characteristics o f  n ew  applications are d iscussed .

A lthough  hard contact lenses w ith  10% m oisture content w ere used in 

the past, lenses containing 70 to 80%  m oisture, superior in properties such as 

transparency, strength, oxygen  perm eability, and lo w  irritation to  ey es, have been  

d ev e lo p ed  using such polym ers as silicone acrylate, fumaric acid d iester, and alkylene 

g ly co l m onoacrylate.

D rug-release-con trol agents using appropriate S A P s have been  devised  

to  facilitate gradual drug d issolution  at specific  sites w ithin the patient’s body. 

C rosslinked  polym er materials com p osed  o f  po ly( A - viny lpyrro lido ne) are particularly 

suitable w ith  regard to  biocom patibility and safety, //-su b stitu ted  acrylam ide, cellu lose  

ether, and poly(vinyl a lcohol) derivatives are also used  for the sam e application.

W ound dressings and artificial skins as cure supporters for bum s or 

external w ou n d s are m ade from  the crosslinking o f  a lcoholic  so luble n ylon  w ith  gelatin, 

sod iu m  polyacrylate, and from  porous films o f  chitin as polysaccharide coated  w ith  

hydrophilic polym er [2],
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T a b le  2 .3  P ossib le A pplications o f  Superabsorbent Polym ers

P r o p e r t ie s
fie ld s

W a te r  a b so rp tio n  
a n d  re te n tio n

S w e llin g  in 
v o lu m e

G e llin g  a b ility I n c r e a s e  in
v isc o s ity

Sanitary •  Sanitary' napkins '
products •  D iapers

•  B reast pads
A griculture- •  W ater-retaining •  C u ltivation

garden ing agents in soil p lot for
•  S eed  coatings m ushroom s
•  D rying  preventives •  S eed  bed s in

for sam plings fluid
•  A rtificia l m oss

C iv il •  D ew  preventing •  W ater sea lin g •  S lu d ge so lid ifica tio n  agents •M u d
en g in eerin g , agents in w alls agents •  Lubricants in  d rillin g sh ie ld in g
architecture •  W ater-retaining •  Substitu tes for w orks w orks

agents in concrete sandbags •  Slurry e x p lo s iv e s
C o sm etics , •  S w ea t absorbing •  G elarom atics

T o ile tr ies and k itchen  papers •  P ock et w arm ers
•  D isp o sa b le  cham ber pots

M edica l •  W ound d ressings •  C ontrol re lease •  G elation  o f •  W et p lasters
•  S h eets  for surgical agents for drug b lood  w astes

operation •  D isintegrators
in tablets

Food •  A gen ts  for préserva- •  G ellin g  agents •  V isco sity
industry tion  o f  freshness •  C old  k eep in g  hydrogels en h ancin g

•  D rip  absorbents add itives

•  D ehydrating agents
O thers •  F og  p reventing  film •  T oys sw e llin g •  Flydrogel for fire figh tin g •  E m u lsion

•  D ehydrating  agents w hen  soaked •  A rtificia l snow paints

in  o il in  w ater •  W ater bed
•  M oisture sensor
•  Ink je t for printer
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2 .2  S tarch

Starch, (CôH ioO s),,, the principal reserve polysaccharide in plants, constitu tes a 

substantial portion o f  human diet. It is the principal com p on en t o f  m ost seed s, tubers, 

and roo ts and is produced com m ercially from  c o m , w heat, rice, tap ioca, p otato , sago, 

and other sources [4],

2 .2 .1  Granular Nature and C ooking Properties

Starch occurs in plants in the form  o f  granules. The size  and shape o f  

granules are specific  for the plant o f  origin and can be identified m icroscopically. 

D iam eters (in m icrom eters) o f  som e com m ercial starches are in the fo llow in g  ranges: 

rice, 3 -8 ; co m , 5 -25; tapioca, 5 -35; potato , 15-100 .

Starch granules do not d isso lve  in cold  w ater. T hey reversibly imbibe 

w ater and sw ell slightly, but remain as granules until the suspension-slurry is heated. 

W hen heated in w ater, starch granules gelatin ize. G elatin ization is the collapse  

(disruption) o f  m olecular orders w ithin starch granules m anifested in irreversible 

changes in properties such as granule sw elling, native crystallite m elting, loss o f  

birefringence, and leaching o f  soluble com ponents (primarily am ylose).

Pasting is the phenom enon fo llow in g  gelatin ization w h en  a starch slurry 

containing ex cess  w ater is heated. It involves further granule sw elling , additional 

leaching o f  soluble com ponents, and eventually, especia lly  w ith  the application o f  

shear, to ta l disruption o f  granules, resulting in m olecu les and aggregates o f  

m olecu les in d ispersion or solution , although in m ost, i f  not all cases, granule rem nants 

rem ain [5].
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The tem perature at w hich this drastic change occu rs is usually termed  

the gelatin ization or, m ore correctly , the pasting tem perature o f  starch [6]. The  

gelatin ization tem perature is recorded as a tem perature range that depends o n  starch  

type [4],

Starch R ange, °c
potato 5 9 -6 8

tapioca 5 8 .5 -7 0

c o m 6 2 -7 2

w axy  c o m 6 3 -7 2

w heat 5 8 -6 4

2 .2 .2  M olecular C om ponents

A lth ou gh  com m ercial starch granules contain  sm all am ounts o f  protein, 

lipids (especially  phosp hoglycerid es), and other com p on en ts, the principal com ponents  

are am ylose and/or am ylopectm .

1) A m y l o s e

A m ylose  is an essentially  linear polysaccharide com p osed  o f  ( l ->  4 )-  

linked a-D -glucopyranosyl units. Its degree o f  polym erization (D P ) is 1 ,0 0 0 -1 6 ,0 0 0  

(M W  1 6 0 ,0 0 0 -2 ,6 5 0 ,0 0 0 ) , depending o n  the sou rce and m ethod o f  preparation. 

A m ylose can have several conform ations. In the solid  state, it probably ex ists  m ost 

often  as a left-handed, sixfold  helix. In so lu tion , it seem s to  be a lo o se ly  w ou n d  and 

extended  helix that behaves as a  random  co il [5].
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CH20H CH2OH c h2oh

F ig u re  2 .3  C hem ical Structure o f  A m ylose  Chain

A m ylose, because o f  its special helical structure, is able to  com p lex  

w ith  hydrophobic m olecules. W hen iodine b ecom es lod ged  w ithin this helix, a deep  

blue starch-iodine com plex  results [7]. This characteristic blue co lo r  has b een  used  

both as a qualitative and quantitative test for starch in various system s [4],

F ig u re  2 .4  Form ation o f  the A m ylose  H elix  as a B lue Charge-transfer C om p lex  w ith  

M olecular Iodine

2 ) Amylopectin
A m y lo p e c tin  h as a b ra n ch -o n -b ra n ch  stru ctu re. A m y lo p ec tin

m olecu les are com p osed  o f  chains o f  ( l ->  4)-linked  a -D -g lu co p y ra n o sy l units;

branches are form ed by join ing th ese  chains w ith  a -D - ( l ->  6) linkages. T he m olecular  

w eigh t o f  am ylopectin  has been  m easured as 5 X 107- 4  X 108 (D P  3 X 102 * * 5 - 2 .5  X 106),

depending on  the source and m ethod o f  preparation [5].
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A m ylopectin  also form s a com p lex  w ith  iodine, but its co lor  is purple 

to  reddish-brow n, depending on  the source o f  am ylopectin . T his co lor  reaction is 

usually obscured  by the am ylose-iod ine blue [4].

F ig u re  2 .5  Branched Structure o f  A m ylopectin

Starch properties are greatly influenced by the ratio o f  am ylose to  

am ylopectin . This ratio varies according to  the type o f  starch and the fractions may 

range from  70%  am ylose and 30%  am ylopectin , ๒  recently d evelop ed  high am ylose  

starches, to  practically 100%  am ylopectin  in the so -ca lled  w axy  starches. C om m on  

starches, h ow ever , such as co m , w heat, rice, barley, tap ioca, sago , and p otato , contain  

17-27%  am ylose and 73-83%  am ylopectin. For any on e sp ecies o f  starch, the ratio is 

constant [8].
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2.3 Free-Radical Graft Copolymerization by Radiation Methods

A  graft copolym er con sists o f  a polym eric backbone w ith  covalently  linked 

polym eric side chains. In principle, both  the backbone and side chains could  be 

hom opolym ers or copolym ers. Graft cop olym ers are o f  great interest in the field o f  

absorbency in a number o f  aspects. G rafting can be carried ou t in such a w ay that the 

properties o f  the side chains can be added to  th ose  o f  the substrate polym er w ithout 

greatly changing the latter [9],

In free-radical-initiated graft cop olym erization s, a free radical produced on  the 

backbone reacts w ith  m onom er to form  a grafted copolym er. O ne o f  the free radical 

initiation m ethods is irradiation.

2 .3 .1  R adiation-Induced Synthesis

W hen electrom agnetic radiation p asses through matter, its intensity  

d ecreases, primarily as a result o f  scattering and energy absorption by som e o f  the 

irradiated m olecu les. Three major p rocesses are operative.

1) The photoelectric effect

2 ) C om pton scattering

3) The production o f  e lectron  pairs

For gam m a rays from  C o60 the predom inant effect in organic m aterials is 

C om pton  scattering. In the C om pton effect the incident gam m a ray interacts w ith  an 

orbital e lectron  ejecting the electron from  its orbit and producing another p hoton  o f  

low er energy. B o th  the electron  and p h oton  subsequently interact w ith  the material or 

the surroundings giving rise to  essentially  tw o  p rocesses, on e o f  ionization and the
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Other o f  excitation. In the case  o f  ion ization  the C om pton  electron  transfers sufficient 

energy to  the orbital electron  o f  another atom  to  o vercom e the forces binding it to  the 

nucleus. T he e lectron  is therefore ejected , leaving behind a positive ion. I f  the energy  

transferred is insufficient to  cause ejection  o f  an electron, the energy level o f  the atom  

is raised and the atom  is said to  be in an excited  state. The ions and excited  m olecules  

are very reactive; they either react w ith  other m aterials present in the system  or 

d ecom p ose  into radicals and atom s or m olecu les. The free radicals produced upon  

irradiation o f  polym eric system s m ay be used  to  initiate graft copolym erization.

2 .3 .2  The D ifferent M ethods o f  R adiation Grafting

R adiation synthesis o f  graft cop o lym ers can  be accom plished by the 

fo llow in g  m ethods.

1) T h e  D i r e c t  G r a f t in g  M e t h o d

In its sim plest form  the direct grafting m ethod involves the irradiation 

o f  a polym eric substrate in the presence o f  a m onom er and in the absence o f  oxygen . 

Graft copolym erization  o f  the m onom er to  the polym er is then initiated through the 

free radicals generated in the latter.
A  num ber o f  important factors m ust be considered, h ow ever, before  

applying the direct radiation m ethod to  a g iv en  polym er-m onom er system . Ionizing  

radiation as such is unselective. O ne m ust therefore consider not on ly  the effect o f  

radiation o n  the polym eric substrate but also the effect o n  the m onom er, the solvent, or  

any other substance present in the system .
T he radiation sensitivity o f  a  substrate is m easured in term s o f  its Gr 

value or free radical yield  w hich  is the num ber o f  free radicals form ed per 100 eV  

energy absorbed per gram. The highest grafting y ields w ill occur for polym er-m onom er
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com binations in w hich the free radical yield o f  the polym er is m uch greater than for the 

m onom er.

T ogether w ith  the radiation sensitivity o f  the polym er-m onom er  

com bination, on e  m ust also consider the effect o f  the radiation o n  the actual polym eric  

substrate. In general, polym ers either degrade or crosslink under irradiation. I f  the  

polym er degrades then irradiation in the presence o f  a m onom er w ill lead 

predom inantly to  b lock-type copolym ers (eq . 2 .3 ); i f  the polym er crosslinks, graft 

structures w ill result (eq . 2 .4 ). This m ay be represented schem atically  as fo llow s:

A
I  ^ — ►
A

+ nB

+ nB

(2.3)

(2.4)

H ere A  and A  '***' A  represent polym eric free radicals derived  

from  A p, and R  represents a lo w  m olecular w eigh t radical or hydrogen  atom .

A s a general em pirical rule, it m ay be stated that w h en  the structure o f  

a vinyl polym er is such that each  carbon a tom  o f  the m am chain carries at least on e  

hydrogen  atom , the polym er crosslinks (ca se  I), w hereas i f  a tetrasubstituted carbon  

atom  is present in the m onom er unit, the polym er degrades (ca se  II).

H -
ก

---- CH2— Ç — —  CH2— Ç----

R - R2“

(I) (II)
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The d o se  and dose-rate o f  irradiation are important factors in any 

radiation grafting system . In the direct m ethod, the total d o se  determ ines the number 

o f  grafting sites w hile the dose-rate determ ines the length o f  the grafted branches. The 

length o f  the branches is also controlled by other factors, such as the presence o f  chain  

transfer, the concentration  o f  m onom ers, the reaction tem perature, the v iscosity  o f  the 

reacting m edium , diffusion phenom enon, etc.

D iffu sion  o f  the m onom er into the polym er plays an important role in 

the direct radiation m ethod as it is by this m eans that the m onom er reaches the active  

sites w ithin the polym er. It w ou ld  be exp ected  that the rate o f  graft polym erization  

w ou ld  be d irectly  proportional to  the radiation dose-rate. In som e cases, how ever, the 

diffusion  o f  m onom er cannot satisfy the increased rate o f  initiation w ithin the polym er.

It w ill be appreciated that in the direct radiation m ethod a certain  

am ount o f  h om opolym er w ill alw ays be form ed both because o f  the effect o f  the 

radiation o n  the m onom er and as a normal con seq u en ce o f  the grafting reaction  

(eq . 2 .4 ). C ontam ination o f  the grafted product w ith  hom opolym er can be quite 

inconvenient as by large m ost polym ers are incom patible and due to  a segregative  

tendency, the p resence o f  physically m ixed polym er impurity can yield  a product w ith  

p oor physical, optical, and electrical properties. The direct radiation m ethod is, o n  the 

other hand, by far the m ost efficient technique since it in vo lves rapid utilization o f  the  

accessib le  backbone polym er radicals as they are form ed. It is not surprising then that 

num erous techniques have been  d eveloped  in an effort to  reduce the am ount o f  

h om op olym erization  form ed during the reaction.

2 ) Preirradiation in Air
In this m ethod the polym eric substrate is irradiated in air or o x y g en  to  

produce p eroxide bonds. T hese peroxide groups are reasonably stable and the polym er
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can be stored in the co ld  w ithout loss o f  activity. I f  heated subsequently in the presence  

o f  m onom er (as liquid or vapor) to  about 150°c in the absen ce o f  air, the peroxide  

groups d ecom p ose  liberating free radicals w hich  can  then initiate graft polym erization.

In principle the preirradiation m ethod should  not yield hom opolym er  

because the m onom er is never directly ex p o sed  to  radiation. In  som e cases, how ever, 

there is ev id en ce that irradiation in air leads to  the form ation o f  hydroperoxides on  the 

polym er backbone. T hese, o n  heating, d eco m p o se  g iv ing a hydroxyl radical w hich can  

initiate the hom opolym erization o f  the added m onom er (eq s. 2 .5 -2 .7 ) . H om opolym er  

form ation can, how ever, be reduced considerably by the incorporation o f  a redox  

system  during irradiation to  convert the hydroxyl radicals to  hydroxyl ion s (eq . 2 .8 ).

02 heat
(2.5)Px AAA---► PxC>2 ■ — PxOOH -----► PxO. + .OHuv

PxO . + M —► PxOM. graft copolymer (2.6)

■ OH + M —► HOM- homopolymer (2.7)

POOH + Fe2+ - —  PO . + OH + Fe3+ (2.8)

3) Grafting Initiated by Trapped Radicals
O ne o f  the primary effects o f  ion izing radiation o n  polym ers is the  

form ation o f  free radicals. A lthough  free radicals are h ighly reactive it has been  

dem onstrated that they can b ecom e trapped for extrem ely lon g  periods (several days or 

m onths) in a v isco u s m edium  such as that encountered  in a polym er at a tem perature  

b e lo w  its g lass transition point. I f  the polym er is partly crystalline, the free radicals 

form ed w ithin  the crystalline regions upon irradiation are still m ore firmly trapped, 

since the m obility  o f  polym eric segm ents is m uch low er i f  th ese  are involved  in an 

organized  structure. A lthough  the free radicals are trapped th ey  are still highly reactive
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and provided the m onom er can diffuse through the polym er to  reach the reactive sites, 

the trapped radicals can be used to  initiate graft copolym erization .

The grafting yield obtained by this m ethod w ill depend d irectly  on  the 

effic ien cy  o f  radical trapping. R adical m obility  is a function o f  tem perature and the 

physical state o f  the system ; it fo llo w s therefore that the m ost efficient radical trapping 

w ill occu r for crystalline polym ers irradiated at lo w  tem perature. T he concentration  o f  

free radicals in an irradiated polym er has b een  show n to  increase linearly w ith  d ose  but 

tends to  reach a lim iting value for a certain d ose. This lim iting d o se  is apparently a 

function  o f  the particular polym er system  and has to be determ ined experim entally.

A s  w ith  the peroxidation technique, hom opolym er form ation should  

not occu r in this p rocess as the m onom er is not ex p o sed  to  radiation. M oreover, low  

m olecular w eight radicals, w hich  w ou ld  also  initiate hom opolym erization , are not 

exp ected  to  rem ain trapped at ordinary tem peratures.

The efficiency o f  the trapped radical m ethod o f  grafting is not as g o o d  

as for the peroxidation  m ethod because o f  the very lo w  concentration  o f  frozen-in  

radicals that can be achieved. T he lim ited lifetim e o f  th ese  radicals a lso  m eans that the 

grafting reaction m ust be carried out a lm ost im m ediately after the irradiation. Perhaps 

the on ly  advantage o f  this m ethod over the peroxidation technique is the fact that the 

tem perature required for the grafting reaction to  occu r is m uch low er. T his m akes the  

m ethod  usefu l for polym ers w ith  a poor heat stability.

2 .3 .3  K inetic Features o f  R adiation Grafting

In principle, the conventional free radical polym erization  schem e should  

be applicable to  radiation-grafting system s as, in general, the reaction  in vo lves the 

polym erization  o f  a vinyl m onom er initiated by a polym eric radical. In practice, 

h ow ever , the situation is not quite as straightforward as this becau se o f  the number o f
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specific  features that result from  the special reaction  con d ition s prevailing in m ost 

grafting system s. The g e l effect, chain transfer, phase separation, and diffusion effects  

are but a few  o f  the m any factors w hich  can seriously  affect the reaction  kinetics.

1) T h e  D ir e c t  R a d ia t io n  T e c h n iq u e

I f  on e assum es that the graft cop olym erization  occu rs by a radical 

chain p rocess then the overall reaction  schem e can be d ivided into three main steps: 

initiation, propagation, and term inaiton. This m ay be represented as fo llow s:

Initiation:

P ->  p -  (2 .9 )

r =  k l (2 .1 0 )

Propagation o f  initial radical:

p  - +  M  P M - (2 .1 1 )

r, =  kj [P ][M ] (2 .1 2 )

Propagation:

P M „- +  M  - >  PM„+1 - (2.13)

rp =  kp [PM n'][M ] (2.14)

Term ination by tw o  grow in g radicals:

PMm - + PMn * - >  PMm+n or PMm + PMn (2 .1 5 )

r, =  2k, [PM  ๆ2 (2 .1 6 )
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I f  on e m akes the normal assum ption  that the length o f  the polym er 

chains is long, then reaction 2.11 can be n eg lected  w ith  respect to  reaction 2 .1 3 , and 

o n e  obtains the fo llow in g  relation for the rate o f  graft copolym erization:

rp =  kp [PMn -][M ] (2.17)

Introducing the conventional steady-state assum ption that the rate o f  

change in the radical concentration is sm all com pared  to  its rates o f  form ation and 

disappearance, then

k , [ P ] [ M ]  = 2k, [PMn ■]2 (2.18)

i.e .,

r, =  2 k, [PMn f (2.19)

then
[PMn-] =  (rj / 2k,)1/2 (2.20)

O n com bining Equations 2 .1 7  and 2 .2 0  on e obtains for the rate o f  graft 

polym erization  as the follow ing:

w here

rp =  kp [M ] (rj /  2 k ,)1/2

I =  intensity o f  radiation, 

p =  backbone polym er, 

p * =  polym er radical.

(2.21)
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PMm, PMn, or PMm+n =  graft copolym er.

M  =  grafting m onom er, 

r =  rate o f  initiation o f  polym er radicals.

Tj =  rate o f  initiation o f  graft reaction.

rp, rt =  rate o f  propagation  and term ination respectively.

k =  rate constant for initiation o f  polym er radicals.

k, =  rate constant for initiation o f  graft reaction.

kp, kt =  propagation  and term ination rate constants, respectively.

2 ) Grafting with More than One Monomer
D eviation s from  norm al copolym erization  kinetics have also been  

n oted  in ca ses o f  the direct radiation graftm g o f  m ore than on e m onom er to  a 

polym eric substrate. On the basis o f  the norm al copolym er com p osition  equation,

dM , =  M , r. M l + M 2 (2 .2 2 )
dM 2 M 2 r2 M 2 +  M l

w here

d M i/d M 2 =  ratio o f  m onom er 1 to  m onom er 2 in the copolym er  

form ed at any instant.

M l, M 2 =  concentrations o f  m onom er 1 and 2, respectively , in the 

com on om er solution.

ri, r2 =  relative reactivities o f  m onom ers 1 and 2 , respectively.

on e  should then  be able to  predict the com p osition  o f  the grafted cop olym er provided  

the values o f  ri and r2 are kn ow n  [10].
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2.4 Terminology and Definition

B efore proceeding to  the experim ental part, several technical term s need  to be 

clarified for the better understanding o f  readers.

1) Percentage A dd-on

It is refered to  as the w eight percentage synthetic polym er in the graft 

cop olym er and is determ ined as fo llow s:

% add-on =  w eigh t o f  polym er grafted X  100 (2 .2 3 )
w eigh t o f  the grafted copolym er

It is calculated by the acid hydrolysis m ethod. T he grafted polym ers are 

seperated from  the starch backbone by heating the graft cop olym er under reflux in 

dilute acid solution.

2) Grafting E fficiency

It is a term  often  used  to  describe graft copolym erization  reactions and is 

defined as the percentage o f  the total synthetic polym er form ed that has b een  grafted  

to  starch. H igh  grafting effic ien cies are desirable since a  polym erizaton  o f  the low  

grafting efficiency w ou ld  afford m ainly a physical m ixture o f  starch and hom opolym er. 

It can  be calculated as fo llow s:

% grafting efficiency = weight o f polymer grafted X 100 (2.24)
weight o f homopolymer + weight o f polymer grafted
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3) P ercen tage C onversion

It is used to  describe the degree o f  the m onom er, w hich  undergoes graft 

cop olym erization  and hom opolym erization. It can be evaluated  by the fo llow ing  

expression .

% c o n v e rs io n  o f  m o n o m e r  =  w e ig h t  o f  p o ly m e r  fo rm e d  X 100  (2 .2 5 )

w eight o f  m onom er charged

4 ) G rafting Ratio

It is a term  used  to describe graft copolym erization  w hich  is defined as the 

percentage ratio b etw een  polym er grafted starch and can be calcu lated  by the fo llow ing  

expression .

% graft ratio =  w eight o f  polym er grafted X 100 (2 .2 6 )
w eigh t o f  starch

2.5 Literature Survey

R eyes et al., [11] studied the grafting o f  acrylic acid to  preirradiated starch. 

T he influence o f  acrylic acid concentration, irradiated starch concentration , and solvent  

o n  d egree o f  grafting, m olecular w eight, and number o f  grafted branches w ere  

evaluated. T hey also found that higher degree o f  grafting w as attained w ith  electron- 

irradiated starch than w ith  gam m a-irradiated starch.
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Garnett and Jankiew icz [12] studied the effect o f  acid  in radiation  

polym erization. T hey found that the addition o f  mineral acid to  so lu tion s o f  styrene in 

dioxane enhanced the radiation polym erization yield o f  polystyrene. G el perm eation  

chrom atographic analysis o f  the resulting hom opolym er sh o w ed  that M n values w as  

significantly reduced by acid inclusion. W hen radiation polym erization  w a s carried out 

in the presence o f  a trunk polym er such as cellu lose or po lyeth y len e (i.e . grafting 

conditions), the sam e acid effect on  M n w as observed  in the m onom er solution. A  

m echanism  for this acid effect in both radiation polym erization  and grafting w as  

p rop osed  based o n  the form ation o f  shorter-chain o ligom ers.

Ranby and R odehed [13] prepared the m odified  starch by M n3+ initiated  

grafting o f  acrylonitrile onto starch fo llow ed  by alkaline hydrolysis. A t relative  

hum idities (R H ) up to  95-97%  the m odified  starch sh ow ed  norm al w ater vapor  

absorption like cellu lose  and the other polysaccharides. A t higher R H  the w ater vapor  

absorption increased very rapidly. W hen in contact w ith  liquid, d istilled  w ater, the 

m odified  starch form ed a superabsorbent g e l w hich retained very large am ounts o f  

w ater (up to  800  g  g"1). A t lo w  and high pH  and in aq u eou s salt so lu tion s (N aC l, 

CaCl2 and synthetic urine), the w ater retention w as strongly reduced.

Z icheng et a l ,  [14] prepared three types o f  polyacrylam ide hydrogel by 

radiation techniques. The first type, polyacrylam ide h ydrogels (P A M -H G 1 ) w ere  

prepared by 60C o y-ray  in itia ted  p o ly m er iza tio n  acrylam id e so lu tio n s  and 

polyacrylam ide (P A M ) obtained w ith  M w  =  5 .7  X 106 w a s crosslinked  under 

subsequent irradiation. PA M -H G 1 form ed had w ater retention  value from  10 to  300  

g  g '1 depending o n  the g e l content. The secon d  type, anionic polyacrylam ide hydrogels  

(P A M -H G 2) w ere  prepared by su sp en sio n  hydrolysis o f  P A M -H G 1 in the
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hydrogenated gaso line w ith  N aO H  to  convert part o f  the -C O N H  groups to  -C O O N a  

groups in the polym er chains. The w ater retention value o f  P A M -H G 2 w as three tim es 

greater than the w ater retention value o f  P A M -H G 1. T he last type, copolym er  

hydrogels (P A M -H G 3) w ere prepared by radiation polym erization and crosslinking o f  

the m ixture o f  acrylam ide and sodium  acrylate in aq u eou s solutions. P A M -H G 3 had 

w ater retention value greater than 2 0 0 0  g  g '1.

Iyer et al., [15] prepared superabsorbent polym ers using acrylonitrile grafted  

to  c o m  starch em ploying lo w  levels o f  gam m a-ray radiation as initiator. V arious 

grafting param eters had been  studied at these lo w  d osages. T he absorbency values for  

the final products w ere fairly g o o d  and com parable w ith  th o se  reported for various  

products prepared by chem ical initiation m ethods. U se  o f  the superabsorbent as a 

desiccant is better than silica gel.

C astel e t a l .,  [1 6 ]  prepared  starch  graft su p erab sorb en ts by graft 

copolym erization  either w ith  polyacrylonitrile (P A N ) and saponification  o f  the  

resulting copolym er or w ith  trim ethyl-am ino ethylacrylate chloride (C M A ) and  

m ethylene bisacrylam ide as crosslinking agent. The influence o f  several structural 

param eters on  the sw elling  properties o f  th o se  absorbents had been  studied: crosslink  

density, ionic content, and com p osition  o f  the starch. A s exp ected , the absorbency  

decreased  w ith  an increase o f  the crosslink density. It increased w ith  the ionic content  

o f  the graft cop olym er up to  a m axim um , an ex cess  o f  charges leading to  a decreased  

sw elling. The P A N  branch length depended on  the origin o f  the starch. H igh  m olar 

w eigh t P A N  w as grafted on to  w axy co m , a starch w ith  high am ylopectm  content. The  

sw elling  increased w ith  increasing m olar w eigh t o f  P A N  up to  5x1 o 5. In saline so lu tion  

the absorbency o f  both  ionic g e ls  decreased  significantly. H ow ever , in the presence o f
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m ultivalent ions their behavior w as different. F or cation ic absorbents the sw elling  

depended o n  the ionic strength but not o n  the ion  valency. O n the other hand, anionic 

absorbents are significantly affected by m ultivalent cations.

G argan et al., [17] carried out an investigation  to  identify com pounds w hich  

w ere suitable for use as hom opolym erization  inhibitors w h en  grafting acrylic acid or 

m ethacrylic acid on to  pre-irradiated low -d en sity  polyethylene. It w as found that certain  

transition m etal com pound s w ere able to  suppress the form ation o f  hom opolym er  

w hilst still a llow in g  significant levels o f  grafting to  take place. For acrylic acid the m ost 

suitable inhibitor found w as ferrous sulphate as this com p ou n d  allow ed  a high degree  

o f  grafting that w as independent o f  inhibitor concentration. W hen grafting m ethacrylic 

acid  either cupric sulphate or potassium  ferrocyanide cou ld  be used  and preferably at 

lo w  concentrations (ca 0.01 M).

H on gfei et a l ,  [18] investigated the acid effect in m utual radiation grafting o f  

acrylic acid (A A ), 4-vinyl-pyridine (4 -V P ) and 7V-2-vinylpyrrolidone (N V P ) in 

m ethanol o n  silicone rubber and m easured grafting y ields as a function o f  d ose . They  

found that acid  in grafting system  o f  4 -V P  provided an enhancem ent effect, but in the  

N V P  system  had an inhibition effect w ith  a w id e absorbed d o se  range. B ut in the case  

o f  A A  the relationship w as m ore com plex: b e lo w  6 k G y acid enhanced the grafting 

yield; w hile d o se  w as up to  13 kG y the op p osite  resu lts w ere obtained.

K iatkam jom w ong et al-, [19] studied radiation m odification  on  liquid retention  

properties o f  native cassava  starch, gelatin ized  at 8 5 ° c  by graft copolym erization  w ith  

acrylonitrile, w hich  w as carried out by m utual irradiation to  gam m a rays. A  thin 

alum inium  fo il w as used  to cover the inner w all o f  the reaction v esse l, so  that the
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ho m o polym er concentration  w as reduced to  be less than 1.0%  w ith  a distilled water 

retention value o f  6 65  g  g '1 o f  the dry w eight o f  the saponified grafted product.

L okhande et al., [20] reported the influence o f  different concentrations o f  the 

m onom er acrylonitrile o n  the P A N  add-on, the number average m olecular w eight o f  

the P A N  side chains, and the grafting frequency o f  the P A N  side chains in the gam m a- 

radiation induced grafting o f  acrylonitrile on to  guar gum . T h ey  found that at 0 .3  Mrad 

d osage , the exten ts o f  P A N  ad d -on  w ere 3 2 .4 , 4 8 .5 , and 66 .2% , respectively; and the 

num ber average m olecular w eigh t o f  the P A N  side chains w ere  5 9 ,1 0 0 , 1 3 2 ,2 0 0 , and 

2 3 8 ,9 0 0 , respectively , at three different reaction conditions. T he frequency o f  grafting 

also sh o w ed  considerable variation at 0 .2  M rad d osage, for all three se ts  o f  sam ples. 

The v isco sity  o f  the aqueous dispersions o f  the saponified  sam ples at different 

concentrations decreased  w hen the concentration  o f  d ispersion  decreased . T he water  

absorbency o f  the saponfied sam ples w as evaluated and the va lu es w ere around  

2 5 0  g  g-1.

D w oijan yn  et al., [21] rev iew ed  the role o f  additives including acids, inorganic 

salts, organ ic  in c lu sio n  co m p o u n d s like urea, m u ltifu n ction a l acrylates and 

m ethacrylates for increasing y ields in radiation grafting reactions. Synergistic e ffects in 

perform ance b etw een  the first three groups and the latter tw o  had b een  observed . They  

also reported tw o  n ew  classes o f  com pound s including o ligom er acrylates and 

photoin itiators as additives in radiation grafting and com pared their reactiv ities w ith  

the earlier series.

H addadi-asl et al., [22] studied radiation grafting o f  hydrophilic vinyl 

m onom ers on to  ethylene-propylene elastom ers (E P M  rubbers) by the sim ultaneous
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m ethod. It w as centered upon gam m a radiation induced grafting o f  acrylam ide (A A m ), 

V -vinyl-2-pyrrolidone (N V P ), 2-hydroxyethyl m ethacrylate (H E M A ) and acrylonitrile 

(A N ) on to  four different E PM  rubbers. T hey found that the graft efficien cy  o f  EPM  

rubber increased w ith  increasing the ethylene content and m olecular w eigh t o f  the 

rubber, w hilst attem pts to graft E P M  rubber in aqueous so lu tion  o f  A N , A A m , H E M A  

and N V P  led to exten sive  hom opolym erization. M eta l-based  hom opolym erization  

inhibitors including M ohr’s salt, C u (N 0 3 ) 2  and F eS 0 4  w ere  evaluated and found to  

prevent hom opolym erization  and sigificantly increased graft yield . Lithium  nitrate w as  

evaluated  as a graft prom oter. The effect o f  o x y g en  up on  grafting w a s also studied. 

R eplacing o xygen  w ith  an inert gas such as n itrogen cou ld  significantly increased  

grafting yield. H ow ever, under all con d ition s understudy, no significant graft yield  

cou ld  be achieved w ith  A N .

D u n g et ฟ ., [23] studied the grafting o f  acrylam ide on to  starch by radiation 

m ethod. The effects o f  irradiated d o se , d o se  rate and m onom er concentration  on  

grafting yield w ere investigated. T he urease enzym e w a s then  im m obilized o n  the 

grafted starch. Som e quantitative relationships b etw een  the percentage graft and the 

activ ity  o f  im m obilized enzym e w ere determ ined. The enzym e activity w as m aintained  

by m ore than seven  batch enzym e reactions.

K iatkam jom w ong and M eechai [24] investigated  the enhancem ent o f  the  

gam m a radiation grafting o f  acrylonitrile on to  gelatin ized cassava  starch. T hey  found  

that addition o f  ionic salts at appropriate concentrations cou ld  reduce hom opolym er  

form ation to  a certain extent, but they  also caused  defic ien cy  in the product co lor and 

purity. The insertion o f  a clean  alum inium  foil to cover  the inner w all o f  the reaction  

v esse l cou ld  reduce efficiently the hom opolym er w ith  an im provem ent in the water
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absorption. In addition, a total d o se  o f  3 .5  kG y at a d o se  rate 6 .6x1  O'2 kG y m in'1 for 

2 0  cm 3 o f  acrylonitrile w as found as the m ost effective  in the sim ultaneous irradiation  

grafting o f  the gelatin ized  cassava  starch and acrylonitrile under a specific  condition. 

T he alum inium  foil w as found to  be the best m etallic suppresser o f  hom opolym er  

form ation. A cid  cou ld  be used to  increase the number o f  grafted sites o n  the starch 

backbone and to  im prove w ater absorption capacity. Styrene com on om er hampered  

the grafting o f  acrylonitrile onto  starch at this d o se  and d o se  rate. B y  a freeze drying 

the saponified  starch -g-P A N , the w ater absorption capacity  increased considerably  

com pared  w ith  that using a 6 5 ° c  oven . A lum inium  trichloride hexahydrate im proved  

the w ick in g  tim e, but decreased w ater absorption capacity. The quality o f  

h om op olym er form ed in the system  o f  starch-acrylonitrile system  lessen ed  w ith  

increasing w ater absorption w hen a lo w  d o se  rate w as used.

Liu and R em pel [25] prepared superabsorbents com prising acrylic acid and 

acrylam ide in the presence o f  form aldehyde by a so lu tion  polym erization  technique 

using a p otassiu m  persulfite-potassium  m etabisulfite red ox  initiation system . The  

absorption  behavior o f  superabsorbents w as related to  their chem ical com p osition  and 

the nature o f  the solvent. A  superabsorbent (1 .5%  acrylam ide) had a high water- 

absorption  capacity  and a fast rate o f  absorption. A s exp ected , the absorption capacity  

decreased  w ith  increasing crosslink density. The addition o f  N aC l resulted in a 

con tin u ou s absorption capacity decreased for the superabsorbent (1 .5%  acrylam ide). 

T he decrease o f  absorption capacity w as due to  the decrease o f  the o sm o tic  pressure 

difference b etw een  the g e l and the external solution. The e ffec ts  o f  initiator 

concentration , p o lym erization  tem perature, and am ount o f  acrylam ide in the  

cop olym ers w ere investigated. It w as noted  that absorption capacities decreased  w ith  

increasing in itiator concentration, polym erization tem perature, and am ount o f

X 1 ri c  5  ๆ  0 c6 ‘6
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acrylam ide in the copolym ers. The sw elling o f  the copolym er form ed, w hich  retained a 

9 0 0  g  w ater g '1 dry copolym er, w as studied in a lcohol/w ater m ixtures o f  increasing  

a lcoh ol content at 2 9 4 , 3 0 4 , and 3 1 4  K. The main transition for ethanol/w ater and 

m ethanol/w ater m ixtures w as a large decrease o f  retention capacity o f  the copolym er  

at 5 0 -6 0  vol%  ethanol and 5 5 -6 5  vol%  m ethanol, respectively.

Z hou et al., [26] prepared superabsorbent copolym ers from  acrylam ide, sodium  

m ethallyl sulfonate, sod ium  acrylate, and N, N ’-m ethylenebisacrylam ide in aqueous  

so lu tion  using potassium  persulfate/ N,N,N’,N ’-tetram ethylethylenediam ine as the 

red ox  initiator. The copolym ers w ere characterized by Fourier transform  infrared 

sp ectroscop y  (F T IR ), scanning e lectron  m icroscop y (S E M ), and therm ogravim etric 

analysis (T G A ). The experim ental results sh ow ed  that absorbency increased w ith  an 

increase in crosslinker concentration  but decreased  w ith  ex cess iv e  crosslinking. The 

ionic groups in the polym er netw ork  significantly increased the equilibrium  sw elling. 

W ater retention at pressures o f  1-10 k g  cm'2 and tem peratures o f  6 0  and 1 0 0 °c  w ere  

also reported.

K iatkam jom w ong and Suw anm ala [27 , 28] prepared partially hydrolyzed  

polyacrylam ide-c0 -poly(n-v inyl pyrrolidone) used  as a superabsorbent from  acrylam ide 

m onom ers exp osed  to  y-rays to  becom e polyacrylam ide that w as subsequently partially  

hydrolyzed and w as then copolym erized  w ith  «-vinyl pyrrolidone to  obtain a 

terpolym eric superabsorbent. T h ey  found that a w ater absorption value w as vitally 

dependent o n  the d o se  rate and total d o se  absorbed at each  polym erization step, 

material concentration  and the hydrolysis condition. The w ater absorption capacity  

cou ld  be im proved by using a freeze dryer for drying the copolym er. The resulting  

copolym er cou ld  absorb distilled d eion ized  w ater o f  1100  g g ’1.
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K iatkam jom w ong and Phunchareon [29] synthesized  highly water-absorbing  

cop olym ers o f  poly(potassium  acrylate-co-acrylam ide) by an inverse suspension  

copolym erization . Acrylam ide and potassium  acrylate w ere used as com onom ers, and 

N, N ’-m ethylenebisacrylam ide as a crosslinker polym erized by am m onium  persulphate 

in /7-hexane, each  em ulsified by a series o f  sorbitan surfactants w ith  a relatively low er  

concentration  o f  1.0%  พ  v '1 at 6 0 ° c  for 2 h. The effects o f  influential reaction  

param eters o n  the w ater absorption o f  the new ly  synthesized  copolym ers w ere  

investigated . T he obtained copolym er had high the w ater absorption (775  g  g '1 dry 

w eigh t) and liquid sorption rate (21 .41  ร). The w ater absorption depended highly on  

the p H  o f  the buffer solution  and the type and concentration  o f  the saline solution. The 

cop olym ers exhibited a shear-thinning behavior at both lo w  and high shear rates.

D iatao  et ฟ ., [30] studied the grafting o f  acrylic acid on to  pow dered  iso tactic  

polypropylene by an electron beam  preirradiation technique. A ll p rocesses (including  

irradiation, storage o f  the sam ples, and grafting polym erization) w ere carried out in 

air. T he e ffec ts  o f  irradiation d o se , storage tim e, reaction tem perature, M ohr’s salt, 

acid, and m onom er concentration w ere investigated and d iscu ssed  in detail. The results  

sh ow ed  that the grafting cou ld  be achieved w ell w ithout purging oxygen , and M ohr’s 

salt w a s in d isp en sa b le  for in itia tin g  grafting rea ctio n  and d ecreasin g  the  

hom opolym erization . Optimal reaction conditions cou ld  be generalized for a large- 

scale p roduction  o f  the desired polym er materials.
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