
CHAPTER 5

CONCLUSION and SUGGESTION

5.1 Conclusion

H igh-w ater absorption polym ers o f  the saponified starch-g-polyacrylam ide, 

saponified  starch-g-poly(acrylic acid), and saponified starch-g-poly(acrylam ide-co

acrylic acid) w ere synthesized by a sim ultaneous irradiation technique using gam m a- 

rays as the initiator under various conditions fo llow ed  by alkaline saponification. The  

absorption behavior o f  h igh-w ater absorption polym ers is related to  their chem ical 

structure, chem ical com position , the absorbing environm ent, and the nature o f  the 

solution . T he results are sum m arized as fo llow s: 1

1. S ta rch -g -p o ly a cry la m id e , starch -g -p o ly (acry lic  a c id ), and starch -g -  

poly(acrylam ide-co-acrylic acid) w ere synthesized and confirm ed by the F T -IR  

sp ectroscop y . T he infrared absorption spectra o f  starch-g-polyacrylam ide g iv e  the 

absorption  peaks o f  the cassava  starch and the absorption peaks o f  -C O N H 2 group  

containing in the acrylam ide. W hen the starch-g-polyacrylam ide w a s saponified  

carefully, no addition peaks can  be significantly observed. It indicates that on ly  a  

m inute am ount o f  the carboxam ide groups in the acrylamide m oiety  can  be converted  

into the carboxylate groups. In the case  o f  starch-g-poly(acrylic acid), its infrared 

absorption spectra g ive  absorption peaks o f  cassava starch and g ive the additional 

peaks o f  the -C O O H  group containing in the acrylic acid. A fter starch-g-poly(acrylic  

acid) has b een  saponified, the disappearance o f  the absorption peaks o f  the -C O O H
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group and the appearance o f  the absorption p eaks o f  the -C O O K  group indicates that 

the carboxylic group o f  the acrylic acid m oiety  has been  con verted  to  the carboxylate 

group. T he IR  spectra o f  starch-g-poly(acrylam ide-co-acrylic acid) g iv es absorption  

p eak s o f  cassava  starch, acrylam ide, and acrylic acid, and after saponification  o f  this 

graft cop olym er, on e can  observe absorption peaks o f  the carboxylate group o f  the 

acrylate in stead  o f  the carboxylic group o f  acrylic acid.

2 . T he optim um  tim e for a saponification  o f  the graft cop o lym er w ith  5%  

p otassiu m  hydroxide so lu tion  at room  tem perature is thirty m inutes. D uring this period  

all acrylic acid  m oieties can  be converted  to  the acrylate salt and the insignificant 

am ount o f  the acrylam ide m oiety  can  be con verted  into the acrylate salt.

3. Increasing the m onom er-to-starch  ratio at a fixed  acrylam ide-to-acrylic acid  

ratio 5 0 :5 0  enhances the grafting efficiency, the percentage add-on , and the grafting  

ratio. T he w ater absorption is highest at the m onom er-to-starch  ratio o f  2:1 (7 5 5  tim es 

its original dried w eigh t) and d ecreases w ith  the increasing m onom er-to-starch  ratio 

higher than 2:1 . This m ay be due to  that chain transfer to  polym er increases w ith  

increasing m onom er concentration, w hich  results in increasing am ounts o f  branching 

and self-crosslinking reactions.. Increasing crosslinking d ensity  restricts the sw elling  o f  

the highly w ater absorbents by elastic retraction forces. 4

4 . Increasing the quantities o f  to ta l d o se  to  graft copolym erization  o f  

acrylam ide, or acrylic acid  on to  the starch at the fixed  three d o se  rates w ill not on ly  

decrease the hom opolym er but also increase the grafting efficiency , percentage add-on, 

and grafting ratio. H o w ever , the to ta l d o se  higher than 6 .0  kG y at the d o se  rate o f  2 .2 4  

and 5 .7 5  k G y hr'1 in the case  o f  grafting acrylam ide on to  starch; and at 14 .75 kG y hr'1
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in the case  o f  grafting acrylic acid on to  starch, the grafting effic ien cy  unfortunately  

decreases. T his is attributed to the form ation o f  small fragm ents o f  O H  ' ,  and e'aq to  

form  h om opolym er at the expense o f  grafting. T he highest w ater absorption  is 

obtained at the tota l d o se  o f  6 .0  kG y and d o se  rate o f  2 .2 4  kG y hr'1.

5. A n  increase in the irradiation d o se  rate at the fixed to ta l d o se  d ecreases  

con version  o f  the m onom er, grafting efficiency, percentage add-on, grafting ratio, and  

w ater absorption  due to  the surplus radicals and short kinetic chains tend  to  term inate  

the grafting grow in g  chains before an adequate grafting is reached.

6. A dding nitric acid into the reaction m ixture o f  starch and acrylam ide before  

irradiation, graft copolym erization  increases along w ith  the grafting efficiency , 

percentage add-on , and grafting ratio; because an increase in hydrogen  a tom  yields  

[G (H )] from  secondary electron  capture by H* w hich  leads to  the increasing the  

number o f  grafting sites, fo llow ed  by increasing grafting probability cau sed  by the  

partitioning phenom ena. U nfortunately, the w ater absorption d ecreases b ecau se o f  the  

im idization o f  the am ide pendants in the copolym er. T he im idized structure o f  starch  

grafted acrylam ide restricts its sw elling due to  m ore rigidity o f  the chains.

7. W hen the m aleic acid w as added into the m ixture o f  starch and acrylam ide, 

the hom opolym er increases w hile the grafting efficiency, percentage add-on , and  

grafting ratio decreases. It indicates that both  m onom ers prefer to  cop o lym erize  as the  

free, ungrafted copolym er rather than the grafted cop olym er on to  starch, the w ater  

absorption thus decreases.
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8. A dding nitric acid into the reaction m ixture o f  starch and acrylic acid before  

irradiation d ecreases the conversion  o f  m onom er, grafting efficien cy , percentage add

on , and grafting ratio. N itric acid hydrolyzes starch backbone before the starch can be 

grafted w ith  acrylic acid. Fortunately, adding the nitric acid into the starch-acrylic acid  

m ixture increases w ater absorption.

9 . Increasing the concentration o f  nitric acid added into the reaction m ixture o f  

starch, acrylam ide and acrylic acid before irradiation, graft cop olym erization  decreases 

in term s o f  the con version  o f  m onom er, grafting efficiency , percen tage add-on , grafting 

ratio, and w ater absorption. A t higher acidity o f  nitric acid, it cou ld  attack and 

hydrolyze the starch backbone before the sufficient grafting occur.

10. The optim um  w eight ratio o f  acrylam ide-to-acrylic acid used  in graft 

cop olym erization  is in the range b etw een  7 0 :30  and 50 :50 . A t this range, the grafted  

cop olym er o f  starch obtained has a h igh grafting efficiency, w h ich  g iv es the saponified  

graft cop o lym er w ith  a h igh  w ater absorption.

11. T he sw elling  o f  the copolym er w hich  retains d istilled  w ater as high as 1142  

g  g"1 its dried w eigh t, w a s studied in the isoton ic fluid o f  0 .9%  พ  V 1 o f  N a d ,  M gC b , 

and CaCl2 solutions. T he w ater absorption in the salt so lu tion s is very m uch low er than  

that in distilled w ater due to  the screening o f  the ionic charges bound to  the netw ork  

and to  the decrease o f  the o sm otic  pressure difference b etw een  inside o f  the g e l and 

the external so lution . T he w ater absorption in the m ultivalent saline so lu tion  decreases  

m uch m ore strongly in com parison w ith  that in the m onovalent saline solution .
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12. The w ater absorbency o f  the cop olym er w as found to  increase w ith  

increasing pH s o f  the external so lu tion  until pH  5, after w hich  it rem ains relatively  

unchanged because o f  the anionic nature o f  copolym er.

13. The surface m orphology  o f  the saponified graft cop olym ers and grafting  

polym ers studied by S E M  reveal that saponified  graft cop olym ers having the higher 

absorbency are m ore porous, w hereas the grafted polym ers are co m p o sed  o f  

irregularly crosslinked  polym er due to  the form ation o f  im ide structure during the acid  

hydrolysis reaction o f  starch.

5.2 Suggestion and Future W ork

T he synthesis o f  saponified  cassava  starch-acrylam ide/acrylic acid  graft 

copolym ers as superabsorbent polym ers by a  sim ultaneous irradiation technique should  

be further studied as fo llow s:

1. Investigation  o f  the graft cop olym erization  at the d o se  rate lo w er  than 2 .2 4  

kG y hr'1. B ased  o n  the present w ork , the irradiation at the low er d o se  rate, the graft 

cop olym er so  obtained has a higher grafting yield  and also g iv es  the saponified  graft 

cop olym er w ith  a higher w ater absorption. W e anticipate that the d o se  rate low er than  

the on e  used  in this w ork  m ay/m ay not produce a better starch grafted A M /A A  

absorbents.

2. The effect o f  other kinds o f  mineral acid additive, such  as sulfuric acid, and 

hydrochloric acid at various concentrations o n  grafting reaction  and w ater absorption
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should be persuade. T h ese  acids m ay be better in activating the trunk polym er o f  starch  

by the hydrogen  abstraction reaction.

3. T he effect o f  other kinds o f  diprotic acid, such as itacom c acid at various 

concentrations o n  grafting reaction and w ater absorption capacity  should be carried  

out.

4 . The effect o f  particle size o f  saponified graft cop o lym er o n  the w ater  

absorption  is w orthw hile to  investigate. 5

5. The g e l strength o f  the saponified graft copolym ers and im provem ent o f  their 

g e l strength using a very m ild crosslinking agent such as iV,jV’-m ethylenebisacrylam ide  

are recom m ended to  carry out.
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