136

REFERENCES

. Buchholz, F. L. Preparation and structure of polyacrylate. In R. S. Harland,
(ed.), Absorbency Polymer Technology. pp.23-43. Amsterdam:
Elsevier Science, 1990.

. Masuda, F. Trends in the development of superabsorbent polymers for diaper.
In F. L. Buchholz; and N. A. Peppas (eds.), Superabsorbent
Polymers: Science and Technology; ACS Symposium Series # 573.
PP- 88-98. Washington DC: The American Chemical Society, 1994.
. Kiremitci, M., and Cukurova, H. Production and highly cross-linked
hydrophilic polymer beads: effect of polymerization conditions on
partial size and size distribution. Polymer 33(1992): 3257-3261.

. Shimura, T., and Namba, T. Preparation and application of high-performance
superabsorbent polymers. In F. L. Buchholz; and N. A. Peppas
(eds.), Superabsorbent Polymers: Science and Technology; ACS
Symposium Series # 573. pp.112-127. Washington DC: The
American Chemical Society, 1994.

. Kim, U. Y. Recent developments in high water absorbing polymers and

applications, In the Proceeding of the International Conference on

Recent Developments in Petrochemical and Polymer Technologies.
December 12-16, 1989, pp. 6-1 to 6-4. Bangkok, Thailand:

Chulalongkorn University Press.
. Mark, H. F., Bikales, N. M., Overberger, C. G.,and Mengel, G. Encyclopedia

of Polymer Science and Engineering. Volume 7, 2nd ed., pp. 783-
802. New York: John Wiley & Sons, 1987.



137

7. Buchholz, F. L. Superqabsorbent Polymer. J. of Chem. Ed. 73(1996): 512-
J15.

8. Polle, H. Filler for longitudinal sealing of Electrical and/or Optical cables.
EP 357,685 (1991).

9. Kobayashi, H., Okamura, K., Sano, Y., and Shimomura, T. Water stopping
agent for cables, water, stopping method using same, and water
stopping tape containing same. WO 88/10001 (Aug. 06, 1988)

10. Kinney, A. B.,and Scranton, A. B. Formation and structure of cross-linked

Polyacrylates methods for modeling network formation. In F. L.
Buchholz; and N. A. Peppas (eds.), Superabsorbent Polymers:

Science and Technology; ACS Symposium Series # 573. pp. 2-26.
Washington DC: The American Chemical Society, 1994.

11. Peppas, L. B. Preparation and characterization of cross-linked hydrophilic
networks. In R. S. Harland (ed.), Absorbency Polymer Technology.
pp. 45-63. Amsterdam: Elsevier Science, 1990.

12. Stanley, F. W., Lamphere, J. C., and Wilson, L. R. Wrinkled absorbent
particles of high effective surface area having fast absorption rate.
WO 92/16565 (Oct. 1, 1992).

13. Woodrum, G. T., and Majette, T. H. Process for the conversion of fine

superabsorbent polymer particles into larger particles. U.S. Pat

5,350,799 (Sep. 27, 1994).

14. Tsubakimoto, T., Shimomura, T., and Irie, Y. Absorbent Articles. U.S. Pat
4,666,983 (May 19, 1987).

15. Primoz, O. Process for the Manufacture of a Superabsorption acrylic
polymer. EP 0703244 (Mar. 27, 1996).



16.

17.
18.

19.

20.

21.

22.

23,

24.

23,

138

Buchholz, F. L., and Burgert, J. H. Synthesis and Applications of
Superabsorbent Polymers. In C. A. Finch (ed.) Industrial Water
Soluble Polymers. pp. 92-105. London: Hartnolls Ltd., 1997.

Buchholz, F. L. A Swell Idea. Chemistry in Britain. 30(1994): 652-656.

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. 27-38.
Washington DC: The American Chemical Society, 1994.

Yoshinaga, K., Nakamura, T., and Itoh, K. Process for Producing Highly
Water-Absortive Polymers. U.S. Pat 5,185,413 (Feb. 9, 1993).

Siddall, J. H., and Johnson, T. C. Crosslinker stabilizer for preparing
absorbent polymers. U.S. Pat 4,833,222 ( May, 23, 1989).

Takeda, H., and Taniguchi, Y. Production process for highly water
absorbable polymer. U.S. Pat 4,525,527 (Jun. 25, 1985).

Chen, C-Y., Chen, C-S., and Kuo, J-F. The multiple-component initiator
technique for constant rate free-radical homopolymerization.
Polymer 28(1987): 1396-1402.

Irie, Y., Iwasaki, K., Hatsuda, T., Kimura, K., Harada, N., Ishizaki, K.,
Shimomura, T., and Fujiwara, T. Method for production of
hydrophilic polymer from hydrated gel polymer. U.S. Pat 4,920,202

(Apr. 24, 1990).
Yano, K., Kajikawa, K., Nagasuna, K., and Irie, Y. Method for the
production of absorbent resin. EP 559476 (Aug. 9,1993).
Tsubakimoto., T., Shimomura, T., Irie, Y., and Masuda, Y. Absorbent resin
composition and process for producing same. U.S. Pat 4,286,082
(Aug. 25, 1981).



26.

27.

28.

29.

30.

31

32.

33.

34.

35

139

Chamber, D. R., Fowler Jr., H. H., Fujimura, Y., and Masuda, F.

Superabsorbent polymer having improved absorbency properties.

U.S. Pat 5,145,906 (Sep. 8, 1992).
Nowakowsky, B., Beck, J., Hartmann, H., and Vamvakaris, G. Batch-wise

preparation of crosslinked finely divided polymers. U.S. Pat
4,873,299 (Oct. 10, 1989).

Cizek, A., Rice, H. L., and Thaemar, M. O. Acrylic composition for water
treatment and process for making same. U.S, Pat 3,665,035 (1972).

Blay, J. A., and Shahidi, I. K. Polyacrylic acid having high chelation volume
and its production. U.S. Pat 3,904,685 (Sep. 9, 1975).

Goretta, L. A., and Otremba, R. R. Method of controlling the molecular
weight of vinyl carboxylic acid- acrylamide copolymer. U.S. Pat

4,143,222 (Mar. 6, 1979).

Lenka, S., and Nayak, P. L. Polymerization of acrylic acid initiated by a
hexavalent chromium organic sulfur compounds reducing agent
system. J. Poly. Sci.:Part A Polym. Chem. 25(1987): 1563-1568.

Goretta, L. A., and Otremba, R. R. Formic acid and alkali metal formates as
chain transfer agents in the preparation of acrylamide polymers,

U.S. Pat 4,307,215 (Dec. 22, 1981).

Muenster, A., and Rohmann, M. Manufacture of polymers of acrylic acid or
methacrylic acid. U.S. Pat 4,301,266 (Nov. 17, 1981).

Furuno, A., Inukai, K., and Ogawa, Y. Process for the preparation of

cationic polymers. U.S. Pat 4,514,551 (Apr. 30, 1985).
Cramm. J., and Bailey, K. Water-absorbent acrylic acid polymer

gels. U.S. Pat 4,698,408 (Oct. 6, 1987).



140

36. Yoshinaga, K., Nakamura, T., and Itoh, K. Process for producing highly
water-absorptive polymers. EP. 0398653 (Nov. 22, 1990).

37. Nagasuna, K., Kadonaga, K., Kimura, K., and Shimomura, T. Method for
production of absorbent resin excelling in durability. EP. 372981
(Jun. 13, 1990).

38. Hosokawa, Y., and Kobayashi, T. Absorbent resin with excellent stability.
U.S. Pat 4,812,486 (Mar. 14, 1989).

39. Aoki, S., and Yamasaki, H. Process for Preparation of spontaneously-
crosslinked alkali metal acrylate polymers. U.S. Pat 4,093,776 (Jun.

16,1978).
40. Yamasaki, H., Kobayashi, T., and Sumida, Y. Process for producing highly
water absorptive polymer. U.S. Pat 4,497,930 (Feb. 5, 1985).

41. Chmelir, M., and Pauen, J. Process for the continuous production of

polymers and copolymers of water-soluble monomers. U.S. Pat

4,857,610 (Aug. 15, 1989).

42. Nagasuna, K., Namba, T., Miyake, K., Kimura, K., and Shimomura, T.
Production process for water-absorbent resin. U.S. Pat 4,973,632
(Nov. 27, 1990).

43. Masuda, F., Nishida, K., and Nakamura, A. Water absorbing starch resins.
U.S. Pat 4,076,663 (Feb. 28, 1978).

44. Heidel, K. Method of manufacturing polysaccharide graft polymers which
absorb water and are capable of swelling. U.S, Pat 4,777,232 (Feb.
13, 1987).

45. Mark, H. F., Bikales, N. M., Overberger, C. G, and Mengel, G.

Encyclopedia of Polymer Science and Engineering. Volume 16, 2nd

ed., pp. 443-470. New York: John Wiley & Sons, 1987.



46.

47.

48.

49.

50.

.

52.

33.

141

Trommsdorff, E., and Munzer, M. Polymerization Process, High Polymers
Vol. XXIX, Schildknecht, C. E., and Skeist, I. (eds.), pp. 106-124.
New York: John Wiley & Sons, 1977.

Heide, W., Hartmann, H., and Vamvakaria, G. Preparation of polymer beads

by inverse suspension polymerization. U.S. Pat 4,739.009 (Apr. 19,

1988).
Yamasaki, H., and Harada, S. Process for preparation of high water
absorbent polymer beads. U.S. Pat 4,446,261 (May, 1, 1984).

Dimonie, M. V., Boghina, C. M., Marineseu, N. N., Marinescu, M. M.,
Cincu, C. L, and Oprescu, C. G. Inverse suspension polymerization
of acrylamide. Eur. Polym. J. 18(1982): 639-645.

Makita, M., and Maeno, J. Process for preparing highly water-absorbent
resin. U.S. Pat 4,647,636 (Mar. 3, 1987).

Patel, S. K., Rodriguez, F., and Cohen, C. Mechanical and swelling
properties of polyacrylamide gel spheres. Polymer 30(1989): 2198-
2203.

Han, Y-K., Kim, U.Y., Kim, Y. H., No, Y-P., Jung, Y-T., and Chung, G-S.,

Preparation of high water absorbing polymers from acrylic acid and

their agriculture use. In the Proceeding of the International
Conference on Recent Developments in Petrochemical and Polymer

Technologies. December 12-16, 1989, pp. 6-20 to 6-24. Bangkok,
Thailand: Chulalongkorn University Press.
Abe, T., Egawa, H., Ito, H., and Nitta, A. Synthesis and characterization of

thermo sensitive polymerric beads. J. of Appl. Polym. Sci.

40(1990): 1223-1235.



54.

35,

56.

7

58.

29,

60.

61.

142

Dubrovskii, S. A., Afanaseva, M. V., Lagutina, M. A., and Kazanskii, K. S.,
Comprehensive characterization of superabsorbent polymer
hydrogels. Polymer Bulletin 24(1990): 107-113.

Qirong, L. Preparation of cationic water-absorbent resin from PEI and PEO.
J. of Appl. Polm. Sci. 45(1992): 1611-1616.

Akashi, M., Saihata, S., Yashima, E., Sugita, S., and Marumo, K. Novel
Nonionic and cationic hydrogels prepared from N-vinylacetamide.
J. of Polym. Sci. Part A : Polym. Chem. (1993): 1153-1160.

Askari, F., Nafisi, S., Omidian, H., and Hashemi, S. A. Synthesis and
characterization of acrylic-based superabsorbents. J. of Appl.
Polym. Sci. 50(1993): 1851-1855.

Kiatkamjornwong, S., and Chokwibulkit, P. Synthesis and characterization
of highly water-absorbing polymers of Poly(potassium acrylate-co-
acrylamide) by Inverse suspension polymerization, I. Effects of
Reaction Parameters on water Absorption. J. Sci. Res. Chula,
Univer. 19(2), 1994: 223-233.

Kiatkamjornwong, S., and Chokwibulkit, P. Synthesis and characterization
of highly water-absorbing polymers of Poly(potassium acrylate-co-
acrylamide) by Inverse suspension polymerization, II. Copolymer
properties. J. Sci. Res. Chula. Univer. 20(1), 1994: 21-33.

Omidian, H., Hashemi, S. A., Askari, F., and Nafisi, S. Modifying acrylic-
based superabsorbents. 1. Modification of cross-linker and

comonomer nature. J. of Appl. Polym. Sci. 54(1994): 241-249.
Yao, K-J., and Zhou, W-J. Synthesis and water absorbency of the copolymer

of acrylamide with anionic monomer. J. of Appl. Polym. Sci.

53(1994): 1533-1538.



62.

63.

65.

66.

67.

68.

69.

70.

143

Smith, S.J., and Lind, E. F. Superabsorbent polymer having improved
absorption rate and absorption under pressure. U.S. Pat 5,399,591
(Mar. 21, 1995).

Rebre, S. R., Collette, C., and Kowalik, A. Superabsorbent acrylic powders.
U.S. Pat 5,397,845 (Mar. 14, 1995).

Mizutani, Y. Supersorbent Poly(acrylic acid) complex. J. of Appl. Polym.
Sci. 61(1996): 735-739.

Brandrup, J., and Immergut, E. H. (eds), Polymer Handbook, 2 nd ed., pp II-
111, I1I-146. New York: John Wiley & Sons, 1975.

Chang, Y. S., and Dimonie, V. L. Emulsion Polymer Institute Graduate

Research  Progress Reports, Lehigh University, Pensylvania, No.
32(1989), pp. 231-241. (unpublished)

Harsh, D. C., and Gehrke, S. H. Characterization of ionic water absorbent
polymers: determination of ionic content and effective cross-link

density. In R. S. Harland (ed.), Absorbency Polymer Technology.
pp- 111-122. Amsterdam: Elsevier Science, 1990.

Bikales, N. M. (ed.), Water-Soluble Polymes, Polymer Science Technology.
Volume 2, pp. 214. New York: Plenum Press, 1973.

Siegel, R. A., and Firestone, B. A. pH-Dependent equilibrium swelling
properties of hydrophobic polyelectrolyte copolymer gels.
Macromolecules 21(1988): 3254-3259.

Park, T. G., and Hoffman, A. S. Synthesis and Characterization of pH-

and/or temperature sensitive Hydrogels. J. of Appl. Polym. Sci.
46(1992): 659-671.



71.

4,

73.

74.

75.

76.

17

78.

144

Chatterjee, P. K. (ed.) Absorbency, Textile Science and Technology.
Volume 7, pp. 55-56, 204. Amsterdam: Elsevier Science, 1985.
Brannon-Peppas, L., and Peppas, N. A. The equilibrium swelling behavior of
porous and non-porous hydrogels. In R. S. Harland (ed.),
Absorbency Polymer Technology. pp. 67-102. Amsterdam: Elsevier
Science, 1990.
Ricka, J., and Tanaka, T. Swelling ofionic gels:quantitive performance of
the Donnan theory. Macromolecules 17(1984); 2916-2921.
Kiatkamjornwong, S., and Faullimmel, J. G. Synthesis of cassava starch-

based water-absorbing polymer for agricultural application. In the

proceedings of the International Conference on Recent
Developments in Petrochemical and Polymer Technologies

December 12-16, 1989, pp. 6-13 to 6-18. Bangkok, Thailand:
Chulalongkorn University Press.

Hooper, H. H., Baker, J. P., Blanch, H. W., and Prausnitz, J. M. Swelling
equilibrium for positively ionized polyacrylamide hydrogels.
Macromolecules 23(1990): 1096-1104.

Christain, G. D., Analytical Chemistry. 4 th ed., p. 108. New York: John
Wiley&Sons, 1986.

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

Castel, D., Richard, A., and Audebert, R. Swelling of anionic and cationic
starch-based superabsorbents in water and saline solution. J. Appl.

Polym. Sci. 39(1990): 11-29.



79

80.

81.

82.

83.

145

Schramm G. Introduction to Practical Viscometry. pp. 11-17. West
Germany, Gebruder HAAKE GmbH, 1981.

Anon (1994). Western European Water-Soluble Polymer Markets:
Environmental Awareness Promotes Increases in Demand., pp. 1-3.
New York: Frost& Sullivan.

Anon (1994). Western European Water-Soluble Polymer Markets:
Environmental AWarengss Promotes Increases in Demand., pp. 1-5.
New York: Frost& Sullivan.

Takatsuki, M. M., and Maeno, J. Process for preparing highly water-
absorbent resin. U. S. Pat 3,647,636 (Mar. 3, 1987).

Rabek, J. F. Experimental methods in polymer chemistry physical principles

and application. pp. 123-125. New York, John Wiley & Sons, 1980.




APPENDICES



APPENDIX A

147

Determination of Copolymer Compositions of CHN/O Method

Example of calculation

Assume AM : KA
AM(CSHSON)
KA(CSH 402)

From CHN/O method C:H:N

Il

Carbon % [3a+3b]x12

I

Nitrogen N [a]x14
From eq. (1.2) Y
From eq. (1.1) 36a + 36b
Instead of a value with 0.660
36(0.660) + 36b
23.765+ 36b
b
b
a+b = 0.660+0.401
a:b

.". Molar ratio of AM : KA

a:b mole %
a(C3H5ON)
b(CSH 402)

38.191:5.750 :9.242

38.191 (1.1)
9.242 (1.2)
9.242/14 =0.660
38.191

38.191

38.191

(38.191-23.765)/36
0.401 (1.3)
1.061

62.21:37.79 %

62.21:37.79 %
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Determination of Copolymer Compositions of CHN/O Method

Sample | Molar ratio of | Molar ratio of
No. AM KA AM : KA % Carbon | % Hydrogen | % Nitrogen

in feed in copolymer
1 10:90 12.10 : 87.89 29.861 4.445 1.405
2 20:80 22.43:71.57 31.403 4.782 2932
3 30:70 36.75 : 63.25 33.612 4910 4.803
4 40 : 60 47.15 :52.85 35.136 4.976 6.443
3 50:50 56.88 :43.12 36.943 5.437 8.172
6 60 : 40 62.21:37.79 38.191 5.750 9.242
7 70 : 30 74.43 : 25.56 40.561 6.069 11.741
8 80 :20 80.95 : 19.05 42.390 6.367 13.343
9 90:10 89.24 : 10.76 44.403 6.901 15.410

This data is analyzed by CHNS/O analyser(Perkin Elmer PE2400 Series II).




149

APPENDIX B

Viscosimetric Methods [83]

Deformation of a polymer sample occurs when an applied force change
the sample’s shape and size. These deformations can be
(a) Reversible (elastic). When a force is applied to a perfectly elastic
polymer sample, a finite deformation occurs. After removal of the
force, the elastic sample returns to its original size and shape. The
energy applied for the reversible deformation is completely recovered.
(b) Irreversible. When a force is applied to a perfectly viscous sample, the
deformation changes with time and the sample flows. The energy
applied for the irreversible deformation is not recovered.
Many polymers exhibit an elastic(reversible) deformation for short periods
of time and an irreversible deformation if the force is applied for a longer period

of time.

The shear stress(T) in a reversible deformation is given by
T =F/A (Appendix B-1)
in dynes per square centimetre(CGS) or newtons per square metre(SI), where

F is the applied force(Figure 1)(in dyne(CGS) or newton(SI),

A is the area(in square centimetres(CGS) or square metre(SI).
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Figure 1 Reversible deformation. A is the area and F is the applied force.
The shear strain(Y) is the amount of deformation given by
NFE Ax/ Ay (Appendix B-2)

For an ideal elastic material, the shear strain is directly proportional to the
shear stress.

Hooke’s law for reversible deformation gives the relation between shear

stress(T) and shear strain(Y):
T =F/A =GY (Appendix B-3)

where G is the shear modulus.

A fluid polymer sample constrained between two plates can be considered
as a series of parallel layers(Figure 2). The upper plate moves with a
velocity(V)relative to the lower plate under a shearing force(F) per area(A).
Particular parallel layers of liquid move with velocities which are proportional to
distance of the fluid layer from the lower plate (laminar' flow).
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Foe ideal viscous fluids, the shear stress is directly proportional to the rate

of change of velocity with distance(dV/dy).

7 DS >~

Figure 2 Irreversible deformation. A is the area and F is the applied force.

Hooke’s law for irreversible deformation gives the relation between shear

stress(T) and shear strain(Y):

q
[

F/A =M(dV/dy) (Appendix B-4)

since

(dVidy) = d(dx/dt)/dy = d(dx/dy)/dt (Appendix B-5)

eq. Appendix B-4 can be rewritten as
T-= T]’.Y ~ (Appendix B-6)

whereT)] is the viscosity and '.Y is called the shear rate (velocity gradient)(in s™).
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The viscosity (1)) is defined for a given shear stress(T) and velocity
gradient(d(dx/dy)/dt) by the equation

n= 1Y (Appendix B-7)

in dyn.s.cm*(CGS) or N s m’(SI). The unit (dyn.s.cm™) is called the POISE.
CENTIPOISE is equal to 10~ poise.

The viscosity(T]) is independent of the velocity gradient, the fluid is called
Newtoniun fluid.

The viscosity(T]) is dependent of the velocity gradient, the fluid is called

Non-Newtoniun fluid.

# Example : At speed 3.0 rpm, viscosity = 0.25 Pa.s, Spindle No. 14, time for

measurement 10 min.

Factor for shear rate calculation = 0.4 N, N = Spindle speed
*. shear rate, 'Y. =04x5 =20s".
From eq.(Appendix B-5) shear strain, Y = ’Y. xt
Y =205  x 10 min. x 60 s
SY =1200
From eq.(Appendix B-6) T=1N ’Y.
= 0.25Pas x 25"

=0.5Pa
From eq.(Appendix B-3) G =Ty
G = 0.5Pa/ 1200

"G =4.166x10"Pa
shear modulus =4.166 x 10"Pa
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APPENDIX C
Determination of Cross-link Density

The effective cross-link density, p_is defined as the concentration of
elastically active chains (chains which are deformed by an applied stress) in the
polymer network, and is usually reported on the basis of moles of chains per
cubic centimete; of dry polymer. Network structure can also be described with a
number of closely related terms. For example, when linear polymers are
crosslinked, it is often desirable to express cross-linking in terms of the number
average molecular weight of the polymer before cross-linking, l\_dn, and the
number average molecular weight between cross-links, IVIC. These quantities can

be related to the cross-link density as follows:
P, = [VVM][1-2M /M ] (Appendix C-1)

where V = polymer specific volume. The factor (I-ZIVIC/IVIn) is a correction for
network imperfections such as dangling ends. In the case of an ideal network,
this factor reduces to one. This correction is difficult to apply to networks
formed by copolymerization/ cross-linking reactions since an appropriate value of
IT'In may be difficult to determine. In many cases, however, I—VI-rl is much greater

than I\—/Ic, and equation can be simplified to the following:
p, = 1/VM, =1/V_Z (Appendix C-2)

where Z = degree of polymerization between cross-links.
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Determination the cross-link density by elasticity measurements [68]

When a network polymer is subjected to an external force, it undergoes
elastic deformation. The behavior of crosslinked polymers under strain has been
the subject of considerable work. The classic reference is by Treloar; Peppas and
Barr-howell have reviewed the specific problems related to hydrogel.

The following simple equation characterizes the stress-strain response of

ideal networks under uniaxial compression or extension:

T = F/A, = G (A-A? (Appendix C-3)

where T = engineering stress; F = applied force; A, = undeformed cross-sectional
area of swollen polymer; G = shear modulus; A= L/L,; L = sample length under
strain; and L, = undeformed sample length. At low strains, a plot of stress versus
(7\,-}\"2) will yield a straight line whose slope is the modulus. The effective cross-
link density may then be calculated from the modulus as follows:

/

p, = G/(Vz”3 RT) (Appendix C-4)

The cross-link density obtained in this manner is referenced to the swollen
polymer volume at the time of compression(p'x). For comparison to theory or to
similar polymers swollen to different extents, it is necessary to define the cross-
link density in terms moles of chains per unit volume of dry polymer(2 ). This

conversion is simply:
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P, = (p'x)/\’2 (Appendix C-5)

Efficiency of the cross-linking reaction can be defined ratio of effective
cross-link density, O, to the theoretical cross-linking density, P,. Theoretical
cross-link density is not easily defined except for chemical methods, however.. If

all of the reagent used forms elastically effective cross-links, then the theoretical

cross-linking density, P, is given as:
Pp— =Cf/2 (Appendix C-6)

where C = cross-linker concentration in the bulk polymer, and f = cross-linker
functionality. Cross-linker functionality is defined as the number of network
chains connected to the junction. For a bifunctional vinyl monomer such as NN’
-methylene bisacrylamide, commonly used for copolymerization/cross-linking
synthesis of network, f = 4. Theoretical cross-linking density then reduces to 2C,

Equipment for determination of gel moduli are usually based on either
compression or extension of the polymer samples. Figure B-1 illustrates the
device used to determine cross-link density from equilibrium stress measured
after the application of constant strain. Swollen polymer samples are placed in a
glass dish beneath a teflon plate attached to a fore transducer and micrometer.
The dish contains sufficient solution to prevent drying of the swollen polymer. A
constant strain is applied by adjusting the micrometer, which lowers the upper
plate and compresses the gel. The force is measured by the transducer and
monitored by the computer; when it relaxes to a constant value, the plate is
lowered further. After collecting stress-strain data, the modulus and the effective

cross-link density are calculated using the equation(Appendix C-3-5).
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4+=Micrometer

Force Transducer

:lTo Coméuter|

Figure 3 Apparatus for determining O, by uniaxial compression of a gel

sample.
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