
CHAPTER 1

IN T R O D U C T IO N

1.1 In tro d u c tio n

In recent years there has been considerable interest in w ater-sw ellab le  

“Superabsorbent P olym ers (S A P s)” capable o f  absorbing and holding large am ounts 

o f  w ater. T hese polym ers have found exten sive  com m ercial application as sorbents in 

personal care products such as infant diapers, fem inine hygiene products, and 

incontinence products, and have received  considerable attention for a variety o f  m ore 

sp ecialized  applications including m atrices for enzym e im m obilization, b iosorbents in 

preparative chrom atography, m aterials for agricultural m ulches, and m atrices for 

contro lled  release d ev ices [1].

T o  function  as an absorbent for aq u eou s fluids, a polym er m ust have certain  

fo llow in g  properties:

1) It m ust be hydroph ilic, for exam ple, m any i f  not m ost o f  the  

superabsorbents contain  polym erized acrylam ide, acrylic acid, or acrylic acid salts.

2 )  The polym er m ust sw ell in aq u eou s fluids but m ust not d isso lve . In m ost 

instances, this requirem ent dictates that som e crosslinking takes p lace either during 

polym erization  or after the polym er is prepared. W ith tota lly  synthetic polym ers, a 

crosslinking agent m ay be conveniently  included in the polym erization  recipe. 

H ow ever , in the preparation o f  polysaccharide graft cop olym ers, crosslinker can in 

m any cases be exclu d ed  because:
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a) S o m e crosslin k in g  o fte n  o ccu rs  naturally during the graft 

cop olym erization  process.

b) H ydrogen  bonding b etw een  polysaccharide chains (particularly 

cellu lose) prevents the graft copolym er from  dissolving.

C rosslink density is a critical factor in determ ining properties o f  the  

absorbent. T oo  little crosslinking w ill produce a soft, lo o se  g e l and excess iv e  w ater  

solubility, w hereas to o  m uch crosslinking reduces polym er sw elling to  the point w here  

little fluid is absorbed.

3) A lthough  not a  strict requirem ent, absorbents should have som e ionic  

character, since charge repulsion is an im portant factor in prom oting polym er sw elling  

in aq u eou s fluids.

There are many kinds o f  S A P s available in the market place. C onsidering the 

sh e lf life o f  the materials, there are tw o  typ es o f  products existing as natural or 

biodegradable S A P s w hich  are biodegradable and last on ly  about on e year, and  

petroleum -based S A P s w hich  are non-biodegradable and have an absorption efficiency  

o f  four years or even  longer.

A s for the biodegradable one, the naturally occurring resources for this type o f  

polym er are o f  starch- and cellu lose-base. Starch or cellu lose  grafts in a form  o f  

carboxylated product are abundantly available in the market. A ccord ing to  a w ide  

variety o f  research w ork  carried out e lsew h ere, starch is proven  as a  better substrate 

for graft copolym erization  w ith  vinyl m onom er to  produce SA P s. B ecau se  o f  the m ore  

am orphous characteristic, a ccess o f  incom ing m onom ers to  the substrate is greater to  

copolym erize and thus a higher degree o f  w ater absorption is attainable. A lthough  

starch occu rs naturally throughout the plant w orld , on ly a lim ited number o f  plants o f
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the com m ercial starches, cassava  starch is produced in tropical countries such as 

Thailand and others. Thailand ranks ninth in the w orld ’s producer o f  cassava roots and 

is the w orld ’s largest exporter o f  cassava products. Q uite often , the production o f  

cassava  starch ex ceed s the export and consum ption  scale that m ake the country too  

m uch surplus and unused cassava  products. This situation forces the cassava starch to  

go  into vain and it is usually destroyed in order to k eep  the suitable pricing o f  the 

product. It is therefore appropriate to d evelop  a cheap and reliable p rocess to use the 

surplus cassava  starch to  increase its com m ercial value by m odifying its chem ical 

structure w ith  petroleum  based m onom ers through the initiation o f  gam m a rays to 

produce a SA P  for various applications.

1.2 O b je c tiv e s

The ob jectives o f  this research are the follow ing:

1. T o  determ ine the optim um  condition  for the synthesis o f  starch-g- 

po ly(acrylam ide-co-acrylic acid) by a sim ultaneous irradiation m ethod.

2. T o determ ine the optim um  condition  for saponification o f  starch-g- 

poly(acrylam ide-co-acrylic acid) to produce the saponified starch-g-poly(acrylam ide- 

co-acrylic  acid).

3. T o  study the w ater absorption capacity o f  saponified starch-g-poly  

(acrylam ide-co-acrylic acid) in various absorbing environm ents.
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1.3 E x p ected  B e n e fits  O b ta in a b le  for  F u tu re  D e v e lo p m e n t o f  th e  R esea rch

The benefits for the developm ent can be:

1. T o  obtain the technique for synthesis o f  starch-g-poly(acrylam ide-co-acrylic  

acid), w hich  can be m odified  for production o f  cassava  starch-based SA P .

2. T o  use the surplus cassava starch to  save the pricing o f  the crop and to add  

m ore values to  this crop.

1 .4  S co p e  o f  th e  In v estig a tio n

In this research, the necessary procedures o f  graft cop olym erization  o f  

acrylam ide and acrylic acid onto  cassava  starch via gam m a radiation to  ach ieve the 

best product are as fo llow s:

1. Surveying o f  literature and in-depth studying o f  th is research w ork.

2 . Preparing graft copolym er o f  acrylam ide and acrylic acid on to  cassava  

starch via gam m a radiation by sim ultaneous irradiation m ethod  and studying the  

fo llow in g  param eters so  as to  se lect the suitable technique and to  attain the  

appropriate reaction conditions:

a) T he optim um  ratio o f  m onom er (g ) to  cassava  starch (g ).

b) T he optim um  quantity o f  total d o se  (kG y).

c) The optim um  quantity o f  d o se  rate (kG y hr'1).

d) T he optim um  ratio o f  acrylam ide (g ) to  acrylic acid  (g ).

e) T he addition o f  nitric acid and m aleic acid as the additives.

3. Extracting the hom opolym er (polyacrylam ide, poly(acrylic  acid )) and free 

cop olym er [poly(acrylam ide-co-acrylic acid)] o f  the crude product.
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4. Bringing the graft copolym er obtained from  S ection  3 for further 

characterization steps:

a) D eterm ination o f  percentage con version  o f  the m onom er.

b) D eterm ination o f  the hom opolym er form ation.

c) D eterm ination o f  percentage add-on  o f  the graft copolym er.

d) D eterm ination o f  grafting ratio o f  the graft copolym er.

e ) D eterm ination o f  grafting efficiency  o f  the grafted polym er.

5. Saponifying o f  starch graft copolym er. In order to  k eep  the ratios o f  

acrylam ide and acrylic acid m oiety  at the specific  quantity, the optim um  reaction tim e 

(m inute) w ill be investigated.

6. Studying the absorption capacity o f  the saponified  starch-g-poly(acrylam ide- 

co-acrylic  acid) in distilled water, sod ium  chloride, m agnesium  chloride, calcium  

chloride, and pH  buffer solutions.

7. Sum m arizing the result and preparing the report.
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