REFERENCES

1. Kinney, A.B., and Scranton, A.B. Formation and structure of cross-linked
polyacrylates: Methods for modeling network formation. In F.L. Buchhloz
and N.A. Peppas (eds.), Superabsorbent Polymers: Science and Technology:
ACS Symposium Series # 573. p. 2. Washington DC: The American
Chemical Society, 1994,

2. Ichikawa, T., and Nakajima, T. Superabsorptive polymers (from natural
polysaccharides and peptides). In J.c. Salamone (ed.), Polymeric Materials
Encyclopedia. Vol. 10. pp. 8051-8059. New York: CRC Press, 199.

3. Buhholz, F.L., and Burgert, J.H. Synthesis and applications of superabsorbent
polymers. In C.A. Finch (ed.), Industrial Water Soluble Polymers, pp.92-94.
London: Hartnolls Ltd., 1996.

4, Whistler, R.L., and Daniel, J.R. Starch. In H.F. Mark and D.F. Othmer (eds.),
Encyclopedia of Chemical Technology. Vol. 21. pp. 492-496. New York:
John Wiley & Sons, Inc., 1983,

5. BeMiller, J.N. Starch. In Y.H. Hui(ed.), Encyclopedia of Food Science and
Technology. Vol. 4. pp. 2418-2421. New York: John Wiley & Sons, Inc.,
1992.



109

6. Jarowenko, . Starch. In H.F. Mark and N.G. Gaylord (eds.), Encyclopedia
of Polymer Science and Technology. Vol. 12. pp. 819-820. New York:
John Wiley & Sons, Inc., 1970.

1. Wade, L.G., Jr. Organic Chemistry. 2nd ed. New Jersey: Prentice Hall, Inc.,
1991, pp. 1082-1085.

8. Paschall, E.F. Starches. In AH. Johnson and M.s. Peterson (eds.), Encyclopedia
of Food Technology. Vol. 2. pp. 850-851. Connecticut: The AVI Publishing
Company, Inc., 1974,

9. Chatterjee, P.K. Absorbency. Amsterdam: Elsevier Science Publishers, 1985.
pp. 257-258.

10. Battaerd, H.A.J., and Tregear, G.w. Graft Copolymers. New York: Interscience
Publishers, 1967. pp. 54-64.

11. Reyes, Z., Syz, M.G., and Huggins, M.L. Grafting acrylic acid to starch by

preirradiation. J. Polvm. Sci. ¢ . 23(1968): 401-40s.

12. Garnett, J.L., and Jankiewicz, s.v. Acid effects in radiation polymerization
and grafting reactions. Radiat. Phvs, Chem. 18[3-4](1981): 469-477.

13. Ranby, B., and Rodehed, c. Water vapor absorption and aqueous retention
of hydrolyzed starch polyacrylonitrile graft copolymers-“Superabsorbent
Starch”. Polymer Bulletin 5(1981): 87-94.



110

14, Zicheng, z., Qian, L., Donghui, L., and Xin, z. Preparation of polyacrylamide
hydrogels by radiation technique. Radiat. Phys. Chem. 3Q[4]f19871: 307-308.

15. Iyer, V., Varadarajan, P.V., Sawakhande, K.H., and Nachane, N.D. Preparation
of superabsorbents by gamma-ray radiation. J. Appl. Polvm. Sci. 39(1990):
2259-2265.

16. Castel, D., Ricard, A., and Audebert, R. Swelling of anionic and cationic
starch-based superabsorbents in water and saline solution. J. Appl. Polvm. Sci.
39(1990): 11-29.

17. Gargan, K., Kronfli, E., and Lovell, K.v. Pre-irradiation grafting of
hydrophilic monomers onto polyethylene-I. The influence of
homopolymerization inhibitors. Radiat. Phvs. Chem. 36[6](1990): 757-761.

18. Hongfei, H., Xiaohong, L., and Jilan, . Effect of acid on radiation grafting
of functional monomers onto silicone rubber. Radiat. Phvs. Chem.
39[6](1992): 513-516.

19, Kiatkamjomwong, ., Chvajarempun, J., and Nakason, c¢. Modification on
liquid retention property of cassava starch by radiation grafting with
acrylonitrile. 1. Effect of y-irradiation on grafting parameters. Radiat.
Phvs. Chem. 42[1-3](1993): 47-52.



111

20. Lokhande, H.T., Varadarajan, P.V., and Nachane, N.D. Gamma-radiation
induced grafting of acrylonitrile onto guar gum: Influence of reaction
conditions on the properties of the grafted and saponified products.
J. Appl. Polvm. Sci. 48(1993): 495-503.

21. Dworjanyn, P.A., Garnett, J.L., Khan, M.A., Maojun, X., Meng-Ping, Q., and
Nho, Y.c. Novel additives for acceleration radiation grafting and curing
reactions. Radiai. Phys. Chem. 42[1-3](1993): 31-40.

22. Haddadi-asl, V., Burford, R.P., and Garnett, J.L. Radiation graft modification
of ethylene-propylene rubber-1. Effect of monomer and substrate. Radiat.
Phvs. Chem. 44[4](1994): 385-393.

23. Dung, N.A., Huyen, N.D., Hang, N.D., Canh, T.T. Immobilization of urease
on grafted starch by radiation method. Radiat. Phvs. Chem. 46[4-6](1995):
1037-1042.

24, Kiatkamjomwong, ., and Meechai, N. Enhancement of the grafting
performance and of the water absorption of cassava starch graft
copolymer by gamma radiation. Radiat. Phvs. Chem. 49[6](1997): 689-696.

25, Liu, Z.S., and RempeL, G.L. Preparation of superabsorbent polymers by
crosslinking acrylic acid and acrylamide copolymers. J. Appl. Polym. Sci,
64[7](1997); 1345-1353.



26. Zhou, .-J,, Yao, K.-J., and Kurth, M.J. Studies of crosslinked poly(AM-
MSAS-AA) gels. 1. Synthesis and characterization. J. Appl. Polvm. Sci.
64[5](1997): 1001-1007.

21. Kiatkamjomwong, ., and Suwanmala, P. Effect of total dose on water
absorption of partially hydrolyzed acrylamide-pyrrolidone copolymers.
Radiat. Phvs. Chem. 50[6](1997); 617-624.

28. Kiatkamjomwong, ., and Suwanmala, P. Partially hydrolyzed polyacrylamide-
poly(N-vinylpyrrolidone) copolymers as superabsorbents synthesized by
gamma irradiation. J. Appl. Polvm. Sci. 68(1998); 191-203.

29. Kiatkamjomwong, ., and Phunchareon, P. Influence of reaction parameters
on water absorption of neutralized poly(acrylic acid-co-acrylamide)
synthesized by inverse suspension polymerization. J. Appl. Polvm. Sci.
72(1999): 1349-1366.

30. Daitao, c., Nai, ., Duanfu, X. Study of electron heam preirradiation-induced
graft copolymerization of acrylic acid onto powdered isotactic
polypropylene. J. Appl. Polvm. Sci. 73(1999): 1357-1362.

31. Dennenberg, R.J., and Abbott, T.p. Rapid analysis of starch graft copolymers.
J. Polvm. Sci.. Polvm. Lett. Ed. 14(1976): 693-696.

32. Shugar, GJ., and Dean, JA. The Chemist’s Réadv Reference Handbook.
New York: McGraw-Hill Publishing Company, 1990. pp. 28.22-28.25.



33

3

i

35

36

37

38

39

113

. Buchholz, F.L. Preparation methods of superabsorbent polyacrylates. In
F.L. Buchholz and N.A. Peppas (eds.), Superabsorbent Polymers; Science
and Technology; ACS Symposium Series # 573. pp. 29-30. Washington DC:
The American Chemical Society, 1994,

. Kiatkamjomwong, ., and Chvajarempun, J. Radiation Graft Copolvmerization
of Cassava Starch for Agricultural Applications. Phase One Report:

Synthesis of Cassava Starch-g-PAN, June 1990-May 1991, pp. 125, 1991.

. Stannett, V. Grafting. Radiat. Phys. Chem. 18[1-2](1981): 215-222.

. Garnett, J.L. Grafting. Radiat. Phvs. Chem 14(1979): 79-99.

. Thomas, W.M. Acrylamide polymers. In H.F. Mark and N.G. Gaylord (eds.),
Encyclopedia of Polymer Science and Technology. Vol. 1. pp. 181-183.
New York: John Wiley & Sons, Inc., 1970.

. Saraydin, D., Karadag, E., Cetinkaya, ., and Guven, 0. Preparation of
acrylamide/maleic acid hydrogels and their biocompatibility with some
biochemical parameters of human serum. Radiat. Phvs. Chem. 46[4-6]

(1995): 1049-1052,

. Yao, K.-J., and Zhou, W.-J. Synthesis and water absorbency of the copolymer
of acrylamide with anionic monomers. J. Appl. Polvm. Sci. 53(1994):

1533-1538.



40.

41.

42.

43.

44,

45,

114

Spinks, JW.T., and Woods, R.J. An Introduction to Radiation Chemistry.
2nd ed. New York: John Wiley & Sons, Inc., 1976. p.348.

Brewer, R.J., and Bogam, R.T. Cellulose esters, inorganic. In H.F. Mark
and N.M. Bikales (eds.), Encyclopedia of Polymer Science and Engineering.

2nded. Vol. 3. pp. 142-147. New York: John Wiley & Sons, Inc., 1985.

Garnett, J.L. Grafting of monomers to cellulose using uv and gamma
radiation as initiators. In J.c. Arthur, Jr. (ed.), Cellulose Chemistry and
Technology: ACS Symposium Series. No.48. pp. 335-339. Washington
DC:. The American Chemical Society, 1977.

Brandrup, J., and Immergut, E.H. (eds.), Polymer Handbook. 2nd ed. New York:
John Wiley & Sons, Inc., 1975, pp. 11-111, [11-146.

Chang, Y.S., and Dimonie, V.L. Emulsion Polymer Institute Graduate Research
Progress Reports. Lehigh University, Pensylvania, No.32 (1989), pp.231-241.
(unpublished)

Kurenkov, V.F., and Myagchenkov, V.A. Acrylamide (polymerization and
applications). In J.c. Salamone (ed.), Polymeric Materials Encyclopedia.

Vol. 1. pp. 51-53. New York: CRC Press, 1996.



APPENDIX A

DETERMINATION OF CHN IN COPOLYMER
BY ELEMENTAL ANALYSIS

Compositions of starch-g-polyacrylamide after saponification with a 5%

potassium hydroxide solution for various periods o ftime are shown in Table A -1.

Table A-1 Compositions of Starch-g-polyacrylamide after Saponification

Period of Saponiflaction Time  Sample NO. Composition of the Elements (%)

(minute) Carbon Hydrogen Nitrogen

0 1 46.499 6.978 10.982
(unsaponified sample) 2 46,611 6.761 10998
3 46.144 6.992 10.928

Average 46.418 6.910 10.968

30 1 43.463 6.417 10,573

2 43717 6.696 10.549

3 43.396 6.273 10.550

4 43.770 6.427 10.481

Average 43587 6.453 10.538

60 1 42.268 6.570 9.630

2 42,558 6.786 9.740

Average 42.413 6.679 9,685



Table A-I Composition of Starch-g-polyacrylamide after Saponification (continued)

Period of Saponifiaction Time  Sample NO. Composition of the Elements (%)
(minute) Carbon Hydrogen Nitrogen
90 1 41.372 6.438 9.173
2 41.650 6.286 9.383
3 41,629 5,965 9.355
. Average 41550 6.230 9.304

These data were analyzed by CHNS/O analyzer (Perkin Elmer PE 2400 Series I1).



APPENDIX B

INTERACTION OF RADIATION WITH WATER

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 o f chemical equilibrium. This process is usually

divided into three stages.

1) The physical stage consists of energy transfer to the system. Its duration is
of the order of 10'5 sec or less. The incident radiation produces, indirectly, ionization

of water,
HO  *M + H + (B.I)
as well as directly excitation,
H2) »  H20* (B.2)
2) The physicochemical stage consists of processes which lead to the
establishment of thermal equilibrium in the system. Its duration is usually taken to be

of the order of 101l sec or less. Electron ejected in the ionization process become

thermalized and hydrated:



118

€ —>  Cthem € aq (BS)

The H20 +ions undergo a proton transfer reaction with neighboring water molecules,

H0++ H0 -» H30++ OH (B.4)

and the H3) + becomes hydrated; hence, the point of formation an the initial spatial
distribution of H30 tagand OH are essentially the same and different from those for e'ag
Ifthe volume in which they arose is considered to be spherical, then the radius for the
initial distribution o f the hydroxyl radicals and H30 +aqis about three times smaller than
that of the hydrated electrons.

The dissociation of excited water molecules gives the hydrogen atom

and hydroxyl radical as main products,

H2* -> H + OH (B.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.3

3) The chemical stage consists of diffusion away from the point of origin and
chemical reaction of primary species (e’ay, OH, H30 4 and H), and leads to the
establishment of chemical equilibrium. It begins in the spur about 10*" sec after the
passage of the radiation and about 1010 sec in the bulk of the solution. Table B-I

summarizes important chemical reactions of the primary species.
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The expression for radiation-induced water decomposition,

HO  *M*  HX+gOH, e'w H , HN 2 H2 (B.6)

represents the state in irradiated water about 10'9 sec after the passage of high energy
radiation, when the reactions in the spurs, blobs, and short tracks are practically
terminated. These products are found in irradiated water irrespective of the type and
energy of radiation.

When dilute aqueous solutions are irradiated practically all the energy absorbed
iIs deposited in water molecules and the observed chemical changes are brought about
indirectly via the molecular and, particularly, the radical products. Direct action due to
energy deposited directly in the solute is generally unimportant in dilute solutions. At
higher solute concentrations direct action may be significant, and there is some

evidence that excited water molecules may transfer energy directly to the solute [1].

Reference
1. Dragamc, 1.G., and Draganic, Z.D. The radiation chemistry of water, pp.38-42.

New York: Academic Press, Inc., 1971.



Table B-1 Reactions of Free Radicals in Irradiated Water

eqt eq

gaq + H202

€aq + HO2
g + HD

H + H

H + OH

Reaction
H2 + 20H

mo> 2+ OH'
-> OH'
-> 20H'
> H+ HD
-> OH + OH
-> 0'+ OH
-» H + OH
-> h?2
A h 2

Rate Constant,

IVTL sec'l
55x 10
5x 10
6x 109
25x 10°
3X10D
3X10D
22 x 10D
206 x 10D
2.36 X10D
22x 10D
2.26 x 100
123 x 10°
136x 10D
11x 10D
13x 10D
35x 18
16
15x 10D
10x 10°
7./5x 109
13x 10°
1%5x 10D
32x 10°

133
1013

105
109

2143
45

414.7

n
13
8390
0.2-0.8 NH2s04
21
3
043
23
043



Table 2.2 Reactions of Free Radicals in Irradiated Water (continued)

Reaction Rate Constant pH
AT1 5ec"1
H + OH" eal 1.8 x 107 115
2.2 x 107 11-13
H+HD2 - HD +OH 5 x 107 acid
1.6 x 108 0.4-3
9x 107 2
4x 107
OH + OH - H2) 2 6x 109 0.4-3
4x 109 !
5x 109
0-+0- > 02
moy HO0Z2'+ OH" 1x 109 13
OH + OH" 01+ HY 3.6 x 108
OH + HD2 ->  HO02+HD 4.5 x 107 7
1.2 x 107 0.4-3
2.25 x 107
0r+ HOZ > 02+ OH" 7x 108 13
2.14 x 108 13
OH + H2 H + HX 6x 107 !
4.5 x 107 1
0" +H2 -) H + OH" 8x 107 13
HO++ OH" ->  2HD 143 x 100
4.4 x 101G

8Low value obtained in neutral solution with high-intensity pulses
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