
REFERENCES

Amaike, M., Senoo, Y., and Yamamoto, H. (1998). sphere, honeycomb, regularly 
spaced droplet and fiber structures of polyion complexes of chitosan and 
gellan. Macromolecular Rapid Communications. 19(6), 287-289.

Begin, A. and Van Calsteren, M.R. (1999). Antimicrobial films produced from 
chitosan. International Journal of Biological Macromolecules. 26(1), 63- 
67.

Chung, Y.S., Lee, K.K., and Kim, J.w. (1998). Durable press and antimicrobial 
finishing of cotton fabrics with a citric acid and chitosan treatment. Textile 
Research Journal, 68(10), 772-775.

Cook, J.G. (1984a). Handbook of Textile Fibres I. Natural fibres. 5th ed. Durham: 
Merrow.

Cook, J.G. (1984b). Handbook of Textile Fibres II. Man-made fibres. 5th ed. 
Durham: Merrow.

Corbman, B.p. (1987). Textile Fiber to Fabric. 6th ed. New York: McGraw-Hill 
International Editions.

Denkbaç, E.B., Seyyel, M., and Piçkin, E. (2000). Implantable 5-fluorouracil loaded 
chitosan scaffolds prepared by wet spinning. Journal of Membrane Science. 
172, 33-38.

East, G.c. and Qin, Y. (1993). Wet spinning of chitosan and the acetylation of 
chitosan fibers. Journal of Applied Polymer Science. 50(10), 1773-1779.

East, G.C., Mcintyre, J.E., and Qin, Y. (1989). The production of fibers from 
chitosan. In Skjak-Braek, G., Anthonsen, T., and Sandford, p. (Eds.), Chitin 
and Chitosan. London: Elsevier.

Felse, P.A. and Panda, T. (1999). Studies on applications of chitin and its 
derivatives. Bioprocess Engineering. 20(6), 505-512.

Hirano, ร. (1992). Applications of chitin and chitosan in the ecological and 
environmental fields. In Goosen, M.F.A. (Ed.), Applications of Chitin and 
Chitosan. Lancaster: Technomic.



49

Hirano, ร., Zhang M., Nakagawa, M., and Miyata, T. (2000). Wet spun chitosan- 
collagen fibers, their chemical ^modifications, and blood compatibility. 
Biomaterials, 21, 997-1003.

Hirano, ร., Nakamura, K., Zhang, M., Kim, S.K., Chung, B.G., Yoshikawa, M., and 
Midorikawa, T. (1999). Chitosan staple fibers and their chemical 
modification with some aldehydes. Carbohydrate Polymers. 38, 293-298.

International Organization for Standardization. (1973). International Standard ISO 
139.

International Organization for Standardization. (1993). International Standard ISO 
2062. 2nd ed.

Knaul, J.z. and Creber, K.A.M. (1997a). Degradable chaff from chitosan fibers. 
Advances in Chitin Science. 2, 779-789.

Knaul, J.Z. and Creber, K.A.M. (1997b). Coagulation rate studies of spinnable 
chitosan solutions. Journal of Applied Polymer Science. 66, 117-127.

Knaul, J.Z., Hudson, S.M., and Creber, K.A.M. (1999a). Crosslinking of chitosan 
fibers with dialdehydes: Proposal of a new reaction mechanism. Journal of 
Polymer Science: Part B: Polymer Physics. 37(11), 1079-1094.

Knaul, J.Z., Hudson, S.M., and Creber, K.A.M. (1999b). Improved mechanical 
properties of chitosan fibers. Journal of Applied Polymer Science. 72(13), 
1721-1732.

Knaul, J., Hooper, M., Chanyi, c., and Creber, K.A.M. (1998). Improvements in the 
drying process for wet-spun chitosan fibers. Journal of Applied Polymer 
Science. 69(7), 1435-1444.

Li, Q., Dunn, E.T., Grandmaison, E.W., and Goosen, M.F.A. (1992). Applications 
and properties of chitosan. In Goosen, M.F.A. (Ed.), Applications of Chitin 
and Chitosan. Lancaster: Technomic.

Lipp-Symonowicz, B. and Kowalska, ร. (1994). Physico-chemical properties of 
chitosan and butyrylchitin fibers. In Kamicki, Z.S., Wojtasz-Pajak, A., 
Brzeski, M.M., and Bykowski, P.J. (Eds.), Chitin World. Bermerhaven: 
Wirtschaftsverlag NW.



50

Min, B.G. and Kim, c.w. (2002). Sorption properties of the composite fibers made 
of PAN and chitosan. Journal of Applied Polymer Science, 84, 2505-2511.

Molloy, R. and Yoriya, ร. (2002). Effects of some processing variables in the wet 
spinning of chitosan monofilament fibers. Advances in Chitin Science. 5, 
207-211.

Morton, W.E. and Hearle, J.w.s. (1975). Physical Properties of Textile Fibres. 2nd 
ed. London: Heinemann.

Muzzarelli, R.A.A. (1977). Chitin. Oxford: Pergamon.
Nakamura, A. (2000). Fiber Science and Technology. New Hampshire: Science 

Publishers.
No, H.K. and Meyers, s.p. (1997). Preparation of chitin and chitosan. In 

Muzzarelli, R.A.A. and Peter, M.G. (Eds.), Chitin Handbook. 
Grottammare: Atec.

Nousiainen, P., Vehvilâinen, M., Struszczyk, H., and Màkinen, E. (2000). 
Functional hybrid fibers of cellulose/microcrystalline chitosan. I. 
Manufacture of viscose/microcrystalline chitosan fibers. Journal of Applied 
Polymer Science. 76, 1725-1730.

Park, S.Y., Jun, S.T., and Marsh, K.s. (2001). Physical properties of 
PVOH/chitosan-blended films cast from different solvents. Food 
Hvdrocolloids, 15(4-6), 499-502.

Park, K.H., Oh, S.Y., Yoo, D.I., and Shin, Y. (2000). Preparation of silk 
fibroin/chitosan fiber. Advances in Chitin Science. 4, 122-127.

Rathke, T.D. and Hudson, S.M. (1994). Review of chitin and chitosan as fiber and 
film formers. Journal of Macromolecular Science—Review in 
Macromolecular Chemistry and Physics. C34(3), 375-437.

Sabnis, ร. and Block, L.H. (1997). Improved infrared spectroscopic method for the 
analysis of iV-deacetylation of chitosan. Polymer Bulletin. 39, 67-71.

Sannan, T., Kurita, K., Ogura, K., and Iwakura, Y. (1978). Studies on chitin: 7. Ir. 
spectroscopic determination of degree of deacetylation. Polymer. 19, 458- 
459.



51

Shigemasa, R. and Minami, ร. (1995). Applications o f chitin and chitosan for 
biomaterials. Biotecbnol Genet Eng Rev. 13, 383-420.

Shu, x . z .  and Zhu, K.J. (2000). A  novel approach to prepare
tripolyphosphate/chitosan complex beads for controlled release drug 
delivery. International Journal o f Pharmaceutics. 201. 51-58.

Shu, X.Z. and Zhu, K.J. (2001). Chitosan/gelatin microspheres prepared by 
modified emulsification and ionotropic gelation. Journal o f
Microencapsulation. 18(2), 237-245.

Shu, X.Z. and Zhu, K.J. (2002). Controlled drug release properties o f ionically 
cross-linked chitosan beads: the influence o f anion structure. International 
Journal o f Pharmaceutics. 233(1-2), 217-225.

Shu, X.Z., Zhu, K.J., and Song, พ . (2001). Novel pH-sensitive citrate cross-linked 
chitosan film  for drug controlled release. International Journal o f 
Pharmaceutics. 212, 19-28.

Struszczyk, H. (1997). Preparation o f chitosan fibres. In Muzzarelli, R.A.A. and 
Peter, M.G. (Eds.), Chitin Handbook. Grottammare: Atec.

Struszczyk, H., Wawro, D., and Niektaszewics, A. (1992). Biodegradability o f 
chitosan fibers. In  Brine, c . ,  Sandford, P.A., and Zikkakis, J.p. (Eds.), 
Advances in Chitin and Chitosan. London: Elsevier.

Struszczyk, H., Mikolajczk, พ ., Niekraszewick, A., Wawro, D., and Stemplewski, 
พ . (1994). Some aspects o f chitosan fibers. In  Kamicki, Z.S., Wojtasz- 
Pajak, A., Brezeski, M .M ., and Bykowski, P.J. (Eds.), Chitin W orld. 
Bermerhaven: Wirtschaftsverlag NW.

รนท, ร., Wong, Y.W ., Yao, K., and Mak, A.F.T. (2000). A  study on mechano- 
electro-chemical behavior o f chitosan/poly(propylene glycol) composite 
fibers. Journal o f Applied Polymer Science. 76(4). 542-551.

Tamura, H., Sawada, M., and Tokura, ร. (2002a). In itiation o f a-chitin type 
crystalline structure applying chitosan fiber. Advances in Chitin Science. 5, 
289-291.

Tamura, H., Tsuruta, Y ,  and Tokura, ร. (2002b). Preparation o f chitosan coated 
alginate filament. Materials Science and Engineering: c .  20(1-2), 1 4 3 -1 4 7 .



52

Tokura, ร. and Tamura, H. (2002). Dissolution and regeneration o f chitin and 
chitosan under mild conditions. Advances in  Chitin Science. 5, 104-107.

Tokura, ร., Nishimaru, ร., Nishi, N., Nakamura, K., Hasegawa, O., Sashiwa, H., and 
Seo, H. (1987). Preparation and some properties o f variously deacetylated 
chitin fibers. Sen-I Gakkaishi. 43(6), 288-293.

Urbanczyk, G.w. (1997). Fine structure and properties o f filaments prepared from 
chitin derivatives. In Goosen, M .F.A. (Ed.), Appbcations o f Chitin and 
Chitosan. Lancaster: Technomic.

Walczak, Z.K. (1977). Formation o f Synthetic Fibers. New York: Gordon and 
Breach Science Publishers.

Wang, พ ., Bo, ร., Li, ร., and Qin, พ . (1991). Determination o f the Mark-Houwink 
equation for chitosans w ith different degrees o f deacetylation. International 
Journal o f Biological Macro molecules. 13, 281-285.

Wei, Y .c .  and Hudson, S.M. (1994). A  hydrophobic chitosan fiber: complex 
formation between chitosan and sodium dodecyl sulfate. In  Karnicki, Z.S., 
Wojtasz-Pajak, A., Brzeski, M .M ., and Bykowski, P.J. (Eds.), Chitin W orld. 
Bermerhaven: Wirtschaftsverlag NW.

Wei, Y.C., Hudson, S.M., Mayer, J.M., and Kaplan, D.L. (1992). The cross-linking 
o f chitosan fibers w ith epichlorohydrin. Journal o f Polymer Science: Part 
A: Polymer Chemistry. 30, 2187-2193.

Zheng, H., Du, Y.M ., Yu, J.H., Huang, R.H., and Zhang, L. (2001). Preparation and 
characterization o f chitosan/poly(vinyl alcohol) blend fibers. Journal o f 
Applied Polymer Science. 80(13), 2558-2565.

Zhou, Z.J., Chen, H.L., Liu, M .E., and Zhang, Y . (2001). Pervaporation dehydration 
o f alcohol w ith  polyelectrolyte membrane. Chemical Journal o f Chinese 
บทiversities-Chinese. 22(7), 1212-1215.



APPENDIX A

Test Results of Chitosan

W avenum ber (cm '1)

Figure A l  FTIR  spectrum  o f  chitosan.

Table A 1 Intrinsic v isco sity  m easurem ent o f  chitosan

Cone. T im e (ร) Tired Tlinh
(g/dL ) 1 2 3 4 5 A v g (dL /g) (dL /g)

0 .00 9 7 .8 6 97 .77 97 .88 97 .82 97 .85 9 7 .8 4 - -
0.01 102.78 102.73 102.69 102.69 102.69 102 .72 4 .99 4 .87
0 .02 107.71 107.63 107.71 107.73 107.60 107.68 5.03 4 .79
0.03 112 .82 112.65 112.65 112.82 112.65 112 .72 5 .07 4 .72
0.05 123.19 123.30 123.21 123.23 123.15 123 .22 5.19 4.61
0 .10 152.63 152.82 152.83 152.77 152 .74 152 .76 5.61 4 .46
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Table A2 Solution viscosity at room temperature o f chitosan solutions in 4% (v/v) 
aqueous acetic acid

Chitosan concentration (% w/v) Solution viscosity (poises)*
5 13.21
6 31.82
7 83.00
8 272.50
9 951.00

10 EEEE

* Measured after aging overnight at room temperature.



APPENDIX B

Test Results of Atomic Absorption Spectroscopic Measurement

Table B1 Atomic absorption spectroscopic test results o f Ca content in chitosan 
fiber prepared by using CaCl2 saturated 50% aqueous methanol as the first coagulant

Spinning
condition

Weight o f 
sample per 

50-mL stock 
solution (g)

Ca content 
in final 

solution* 
(mg/L)1

Ca content 
in stock 
solution 
(mg/L)

Ca content 
in sample1 

(mg)

Ca content5 
(mg/100 g 

fiber)

A 0.1593 0.66 0.66 0.033 20.72
B 0.1514 2.01 20.1 1.005 663.80
c 0.1556 0.50 5.0 0.25 160.67
D 0.1560 0.54 5.4 0.27 173.08

* The stock solution was diluted 10 times except sample A.
+ Measured using atomic absorption spectrophotometer (Varian SpectrAA 300P); 
wavelength = 422.7 nm; nitrous oxide-acetylene flame; a calibration curve created from 1, 2, 
and 3 ppm standard Ca solutions.
* Ca content in sample (mg) = Ca content in stock solution (mg/L) X 50 mL.
§ Ca content (mg/100 g fiber) = Ca content in sample (mg)AVeight of sample (g) X 100.



APPENDIX c

Test Results of Chitosan Fibers Prepared from Spinning Condition A, B, c , D, 
E, F, and G (Table 4.1)

Table Cl Weight o f 15-cm chitosan fibers prepared from spinning condition A, B, 
C, D, E, F, and G

Sample Weight o f chitosan fiber (g)
no. A B c D E F G

1 0.0067 0.0059 0.0062 0.0057 0.0038 0.0045 0.0042
2 0.0071 0.0060 0.0070 0.0057 0.0044 0.0044 0.0043
3 0.0068 0.0061 0.0060 0.0061 0.0045 0.0043 0.0042
4 0.0068 0.0060 0.0061 0.0059 0.0038 0.0045 0.0043
5 0.0064 0.0060 0.0066 0.0059 0.0044 0.0043 0.0044
6 0.0072 0.0059 0.0061 0.0066 0.0037 0.0043 0.0042
7 0.0072 0.0059 0.0055 0.0053 0.0045 0.0044 0.0041
8 0.0069 0.0060 0.0066 0.0065 0.0044 0.0045 0.0044
9 0.0070 0.0061 0.0061 0.0061 0.0044 0.0044 0.0042
10 0.0068 0.0061 0.0065 0.0068 0.0046 0.0044 0.0042
11 0.0072 0.0062 0.0057 0.0067 0.0044 0.0043 0.0040
12 0.0064 0.0061 0.0063 0.0063 0.0044 0.0045 0.0044
13 0.0064 0.0061 0.0061 0.0074 0.0044 0.0043 0.0042
14 0.0072 0.0059 0.0063 0.0065 0.0038 0.0044 0.0043
15 0.0069 0.0060 0.0055 0.0062 0.0044 0.0046 0.0042
16 0.0066 0.0060 0.0064 0.0064 0.0045 0.0043 0.0043
17 0.0073 0.0060 0.0066 0.0057 0.0046 0.0045 0.0043
18 0.0071 0.0061 0.0062 0.0058 0.0045 0.0046 0.0042
19 0.0070 0.0061 0.0063 0.0055 0.0045. 0.0045 0.0044
20 0.0068 0.0062 0.0063 0.0059 0.0045 0.0045 0.0041
21 0.0071 0.0060 0.0065 0.0067 0.0039 0.0045 0.0040
22 0.0064 0.0061 0.0069 0.0052 0.0044 0.0045 0.0043
23 0.0070 0.0062 0.0071 0.0056 0.0038 0.0044 0.0043
24 0.0064 0.0060 0.0069 0.0061 0.0039 0.0044 0.0041
25 0.0068 0.0062 0.0058 0.0067 0.0044 0.0046 0.0040

Cont
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Table C l (Continued)

Sample
no.

Weight o f chitosan fiber (g)
A B c D E F G

26 0.0067 0.0061 0.0069 0.0073 0.0045 0.0045 0.0041
27 0.0070 0.0062 0.0060 0.0069 0.0038 0.0044 0.0041
28 0.0072 0.0060 0.0066 0.0057 0.0043 0.0045 0.0042
29 0.0067 0.0061 0.0059 0.0061 0.0045 0.0044 0.0042
30 0.0073 0.0060 0.0064 0.0075 0.0043 0.0046 0.0042
31 0.0065 0.0061 0.0059 0.0063 0.0038 0.0044 0.0043
32 0.0070 0.0060 0.0065 0.0062 0.0044 0.0045 0.0043
33 0.0067 0.0061 0.0063 0.0068 0.0044 0.0044 0.0041
34 0.0073 0.0060 0.0071 0.0066 0.0037 0.0045 0.0042
35 0.0069 0.0061 0.0065 0.0074 0.0044 0.0043 0.0043
36 0.0070 0.0059 0.0068 0.0052 0.0039 0.0045 0.0041
37 0.0066 0.0062 0.0069 0.0060 0.0042 0.0044 0.0043
38 0.0067 0.0059 0.0064 0.0056 0.0041 0.0045 0.0042
39 0.0067 0.0060 0.0063 0.0052 0.0045 0.0045 0.0041
40 0.0072 0.0059 0.0062 0.0061 0.0038 0.0045 0.0041
41 0.0071 0.0061 0.0072 0.0057 0.0045 0.0045 0.0043
42 0.0067 0.0060 0.0063 0.0074 0.0043 0.0045 0.0041
43 0.0070 0.0059 0.0068 0.0069 0.0041 0.0045 0.0041
44 0.0068 0.0060 0.0072 0.0072 0.0037 0.0045 0.0043
45 0.0071 0.0062 0.0070 0.0060 0.0040 0.0043 0.0042
46 0.0068 0.0059 0.0069 0.0063 0.0042 0.0044 0.0041
47 0.0065 0.0059 0.0064 0.0058 0.0043 0.0044 0.0041
48 0.0066 0.0059 0.0064 0.0063 0.0044 0.0045 0.0041
49 0.0066 0.0060 0.0067 0.0064 0.0037 0.0044 0.0041
50 0.0069 0.0059 0.0059 0.0061 0.0041 0.0044 0.0041

Avg (g) 0.0069 0.0060 0.0064 0.0062 0.0042 0.0044 0.0042
SD 0.0003 0.0001 0.0004 0.0006 00003 0.0001 0.0001

L.D.’
(tex)

45.7 40.2 42.8 41.6 28.1 29.6 28.0

SD 1.8 0.7 2.8 4.1 2.0 0.6 0.7

Linear density (tex) = (Average weight in gram per 15-cm length X 1000)/0.15.
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Tensile Strength and Elongation at Break of Chitosan Fibers Prepared from
Spinning Condition A, B, c, D, E, F, and G (Table 4.1)

Table C2 Tensile strength and elongation at break o f chitosan fiber prepared from 
spinning condition A

Sample Weight Linear Max. Tensile strength Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0071 47.3 3.635 7.68 6.911
2 0.0068 45.3 3.431 7.57 5.580
3 0.0060 40.0 3.252 8.13 6.511
4 0.0072 48.0 3.707 7.72 6.178
5 0.0072 48.0 4.040 8.42 7.611
6 0.0069 46.0 3.668 7.97 7.029
7 0.0070 46.7 3.236 6.93 5.796
8 0.0064 42.7 3.389 7.94 6.777
9 0.0072 48.0 3.833 7.99 6.629
10 0.0069 46.0 3.542 7.70 6.429
11 0.0060 40.0 3.375 8.44 7.162
12 0.0070 46.7 3.184 6.82 5.313
13 0.0071 47.3 3.705 7.83 6.265
14 0.0064 42.7 3.270 7.66 7.198
15 0.0064 42.7 3.063 7.18 5.998
16 0.0068 45.3 3.272 7.22 7.128
17 0.0070 46.7 3.714 7.96 7.798
18 0.0075 50.0 3.999 8.00 6.579
19 0.0073 48.7 4.089 8.40 6.729
20 0.0067 44.7 3.691 8.26 5.044

Avg - - - 7.79 6.533
SD - - - 0.47 0.729

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15. 
f Tensile strength (cN/tex) = (Max. load in Newton X  100)/Linear density in tex.
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Table C3 Tensile strength and elongation at break of chitosan fiber prepared from
spinning condition B

Sample Weight Linear Max. Tensile strength Elongation
no. (g/15 cm) density* (tex) load(N) (cN/tex) at break (%)

1 0.0059 39.3 4.178 10.62 6.511
2 0.0061 40.7 4.395 10.81 6.295
3 0.0060 40.0 4.243 10.61 6.198
4 0.0061 40.7 4.306 10.59 6.031
5 0.0062 41.3 4.451 10.77 7.113
6 0.0061 40.7 4.400 10.82 6.610
7 0.0059 39.3 4.238 10.77 5.965
8 0.0060 40.0 4.334 10.84 6.744
9 0.0060 40.0 4.346 10.87 6.410
10 0.0060 40.0 4.414 11.04 6.965
11 0.0062 41.3 4.438 10.74 6.978
12 0.0060 40.0 4.379 10.95 7.111
13 0.0062 41.3 4.451 10.77 6.245
14 0.0059 39.3 4.300 10.93 7.113
15 0.0056 37.3 4.094 10.97 6.062
16 0.0059 39.3 4.407 11.20 6.413
17 0.0060 40.0 4.248 10.62 6.080
18 0.0061 40.7 4.277 10.52 6.098
19 0.0061 40.7 4.522 11.12 6.281
20 0.0065 43.3 4.738 10.93 7.162

Avg - - - 10.82 6.519
SD - - - 0.18 0.421

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
1 Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table C4 Tensile strength and elongation at break of chitosan fiber prepared from
spinning condition c

Sample Weight Linear Max. Tensile strength Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0062 41.3 3.211 7.77 7.263
2 0.0076 50.7 3.998 7.89 6.579
3 0.0061 40.7 3.403 8.37 6.495
4 0.0055 36.7 2.933 8.00 7.496
5 0.0061 40.7 3.591 8.83 5.746
6 0.0061 40.7 3.582 8.81 6.564
7 0.0065 43.3 3.883 8.96 5.931
8 0.0057 38.0 2.860 7.53 6.180
9 0.0063 42.0 3.808 9.07 7.128
10 0.0061 40.7 3.337 8.21 5.498
11 0.0063 42.0 3.366 8.01 7.210
12 0.0055 36.7 2.852 7.78 6.298
13 0.0064 42.7 3.198 7.50 5.728
14 0.0066 44.0 3.466 7.88 5.480
15 0.0062 41.3 3.687 8.92 6.495
16 0.0063 42.0 3.765 8.96 7.413
17 0.0058 38.7 3.372 8.72 7.095
18 0.0070 46.7 3.679 7.88 6.431
19 0.0066 44.0 3.976 9.04 6.479
20 0.0072 48.0 4.163 8.67 6.179

Avg - - - 8.34 6.484
SD - - - 0.55 0.626

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.



61

Table C5 Tensile strength and elongation at break of chitosan fiber prepared from
spinning condition D

Sample Weight Linear Max. Tensile strength^ Elongation
no. (ร/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0061 40.7 2.979 7.33 6.865
2 0.0059 39.3 3.236 8.23 5.665
3 0.0075 50.0 3.684 7.37 5.913
4 0.0066 44.0 3.741 8.50 6.480
5 0.0045 30.0 2.171 7.24 5.977
6 0.0061 40.7 3.326 8.18 6.198
7 0.0068 45.3 3.420 7.54 5.510
8 0.0050 33.3 2.590 7.77 5.762
9 0.0074 49.3 3.979 8.07 5.365
10 0.0065 43.3 3.404 7.86 5.498
11 0.0062 41.3 3.500 8.47 6.280
12 0.0055 36.7 3.084 8.41 5.313
13 0.0059 39.3 3.252 8.27 6.098
14 0.0057 38.0 2.945 7.75 5.598
15 0.0067 44.7 3.697 8.28 6.880
16 0.0063 42.0 3.534 8.41 6.810
17 0.0038 25.3 1.984 7.83 6.098
18 0.0043 28.7 2.082 7.26 6.362
19 0.0067 44.7 3.208 7.18 6.310
20 0.0061 40.7 3.154 7.76 5.331

Avg - - - 7.89 6.016
SD - - - 0.45 0.509

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
* Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table C6 Tensile strength and elongation at break of chitosan fiber prepared from
spinning condition E

Sample Weight Linear Max. Tensile strength^ Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0032 21.3 2.342 10.98 9.513
2 0.0045 30.0 3.289 10.96 12.70
3 0.0038 25.3 3.111 12.28 10.10
4 0.0044 29.3 3.554 12.12 13.61
5 0.0044 29.3 3.166 10.79 11.13
6 0.0044 29.3 3.058 10.43 11.86
7 0.0045 30.0 3.092 10.31 12.98
8 0.0045 30.0 3.468 11.56 .13.51
9 0.0045 30.0 3.375 11.25 11.46
10 0.0045 30.0 3.100 10.33 12.28
11 0.0039 26.0 3.002 11.55 9.865
12 0.0039 26.0 3.087 11.87 10.01
13 0.0044 29.3 3.323 11.33 14.00
14 0.0045 30.0 3.400 11.33 11.91
15 0.0046 30.7 3.759 12.26 9.528
16 0.0038 25.3 2.629 10.38 15.05
17 0.0044 29.3 3.127 10.66 13.70
18 0.0046 30.7 3.449 11.25 13.20
19 0.0038 25.3 2.780 10.97 11.36
20 0.0046 30.7 3.328 10.85 10.47

Avg - - - 11.17 11.91
SD - - - 0.62 1.66

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table C7 Tensile strength and elongation at break of chitosan fiber prepared from
spinning condition F

Sample Weight Linear Max. Tensile strength^ Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0044 29.3 2.597 8.85 7.465
2 0.0043 28.7 2.336 8.15 5.995
3 0.0044 29.3 2.964 10.10 9.662
4 0.0044 29.3 2.593 8.84 7.265
5 0.0044 29.3 2.603 8.87 7.064
6 0.0043 28.7 2.754 9.61 8.912
7 0.0044 29.3 2.613 8.91 8.546
8 0.0046 30.7 2.785 9.08 9.564
9 0.0047 31.3 2.768 8.83 9.413
10 0.0045 30.0 2.819 9.40 9.446
11 0.0046 30.7 2.600 8.48 8.331
12 0.0045 30.0 2.892 9.64 9.512
13 0.0045 30.0 2.492 8.31 5.598
14 0.0045 30.0 2.712 9.04 7.298
15 0.0044 29.3 2.985 10.18 9.665
16 0.0046 30.7 2.623 8.55 8.031
17 0.0045 30.0 3.064 10.21 5.798
18 0.0045 30.0 2.954 9.85 10.15
19 0.0043 28.7 2.572 8.97 8.631
20 0.0044 29.3 2.735 9.32 5.932

Avg - - - 9.16 8.114
SD - - - 0.61 1.477

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table C8 Tensile strength and elongation at break of chitosan fiber prepared from
spinning condition G

Sample Weight Linear Max. Tensile strength^ Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0043 28.7 2.189 7.64 7.031
2 0.0042 28.0 2.738 9.78 9.943
3 0.0043 28.7 2.437 8.50 7.347
4 0.0044 29.3 2.583 8.81 9.229
5 0.0042 28.0 2.624 9.37 10.03
6 0.0044 29.3 2.843 9.69 8.346
7 0.0042 28.0 2.461 8.79 9.595
8 0.0040 26.7 2.330 8.74 7.664
9 0.0044 29.3 2.264 7.72 6.498
10 0.0042 28.0 2.814 10.05 9.177
11 0.0043 28.7 2.414 8.42 7.613
12 0.0045 30.0 2.429 8.10 7.665
13 0.0043 28.7 2.672 9.32 8.895
14 0.0043 28.7 2.537 8.85 6.765
15 0.0044 29.3 2.424 8.26 7.680
16 0.0041 27.3 2.745 10.04 9.865
17 0.0041 27.3 2.745 10.04 9.596
18 0.0041 27.3 2.065 7.55 6.395
19 0.0042 28.0 2.236 7.99 9.098
20 0.0042 28.0 2.399 8.57 10.50

Avg - - - 8.81 8.447
SD - - - 0.82 1.297

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Knot Strength of Chitosan Fibers Prepared from Spinning Condition A, B, c ,  
D, E, F, and G (Table 4.1)

Table C9 Knot strength o f chitosan fiber prepared from spinning condition A

Sample Weight Linear density* Max. load Knot strength^
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0072 48.0 0.4452 0.93
2 0.0067 44.7 0.7492 1.68
3 0.0065 43.3 0.3590 0.83
4 0.0070 46.7 0.2452 0.53
5 0.0073 48.7 0.2537 0.52
6 0.0073 48.7 0.4043 0.83
7 0.0074 49.3 0.8415 1.71
8 0.0070 46.7 0.3501 0.75
9 0.0066 44.0 0.4017 0.91
10 0.0064 42.7 0.2821 0.66
11 0.0078 52.0 0.8585 1.65
12 0.0070 46.7 0.4820 1.03
13 0.0068 45.3 0.3139 0.69
14 0.0071 47.3 0.2298 0.49
15 0.0056 37.3 0.2037 0.55
16 0.0068 45.3 0.4691 1.03
17 0.0065 43.3 0.2736 0.63
18 0.0066 44.0 0.4277 0.97
19 0.0061 40.7 0.3385 0.83
20 0.0069 46.0 0.7752 1.69

Avg - - - 0.95
SD - - - 0.41

Linear density (tex) = (Weight of fiber in gram per 15-cm length X  1000)/0.15. 
1 Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table CIO Knot strength of chitosan fiber prepared from spinning condition B

Sample Weight Linear density* Max. load Knot strengthT
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0055 36.7 0.7636 2.08
2 0.0062 41.3 0.4848 1.17
3 0.0060 40.0 1.056 2.64
4 0.0061 40.7 0.5837 1.44
5 0.0060 40.0 0.5258 1.31
6 0.0061 40.7 0.8186 2.01
7 0.0060 40.0 0.9460 2.37
8 0.0061 40.7 0.9340 2.30
9 0.0060 40.0 0.5640 1.41
10 0.0059 39.3 0.8713 2.22
11 0.0060 40.0 0.9972 2.49
12 0.0061 40.7 1.159 2.85
13 0.0060 40.0 0.6412 1.60
14 0.0064 42.7 0.8596 2.01
15 0.0060 40.0 1.093 2.73
16 0.0059 39.3 1.101 2.80
17 0.0059 39.3 0.7230 1.84
18 0.0062 41.3 1.182 2.86
19 0.0060 40.0 0.9608 2.40
20 0.0059 39.3 0.8283 2.11

Avg - - - 2.13
SD - - - 0.53

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table C ll  Knot strength of chitosan fiber prepared from spinning condition c

Sample Weight Linear density’ Max. load Knot strength
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0060 40.0 1.203 3.01
2 0.0059 39.3 0.5866 1.49
3 0.0064 42.7 0.7415 1.74
4 0.0059 39.3 0.6690 1.70
5 0.0065 43.3 0.8690 2.01
6 0.0053 35.3 0.8852 2.51 '
7 0.0071 47.3 1.132 2.39
8 0.0065 43.3 1.134 2.62
9 0.0069 46.0 1.163 2.53
10 0.0063 42.0 0.9804 2.33
11 0.0062 41.3 0.6598 1.60
12 0.0072 48.0 1.311 2.73
13 0.0063 42.0 1.054 2.51
14 0.0068 45.3 1.260 2.78
15 0.0054 36.0 0.9775 2.72
16 0.0077 51.3 1.245 2.43
17 0.0064 42.7 1.325 3.11
18 0.0067 44.7 0.6595 1.48
19 0.0076 50.7 1.209 2.39
20 0.0059 39.3 1.255 3.19

Avg - - - 2.36
SD - - - 0.53

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
1 Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table C l2 Knot strength of chitosan fiber prepared from spinning condition D

Sample Weight Linear density’ Max. load Knot strength
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0067 44.7 0.5632 1.26
2 0.0073 48.7 1.079 2.22
3 0.0075 50.0 1.211 2.42
4 0.0063 42.0 0.8358 1.99
5 0.0066 44.0 0.4362 0.99
6 0.0074 49.3 1.234 2.50
7 0.0052 34.7 0.4184 1.21
8 0.0060 40.0 0.3984 1.00
9 0.0056 37.3 0.6055 1.62
10 0.0052 34.7 0.7696 2.22
11 0.0061 40.7 0.6939 1.71
12 0.0046 30.7 0.6890 2.25
13 0.0057 38.0 0.9156 2.41
14 0.0082 54.7 1.187 2.17
15 0.0069 46.0 0.8412 1.83
16 0.0072 48.0 1.164 2.43
17 0.0041 27.3 0.3233 1.18
18 0.0058 38.7 0.5902 1.53
19 0.0063 42.0 1.046 2.49
20 0.0064 42.7 0.8052 1.89

Avg - - - 1.87
SD - - - 0.52

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table C13 Knot strength of chitosan fiber prepared from spinning condition E

Sample Weight Linear density* Max. load Knot strength^
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0045 30.0 1.975 6.58
2 0.0046 30.7 2.151 7.01
3 0.0044 29.3 2.329 7.94
4 0.0035 23.3 1.540 6.60
5 0.0044 29.3 1.823 6.21
6 0.0039 26.0 2.132 8.20
7 0.0042 28.0 2.303 8.23
8 0.0041 27.3 2.100 7.68
9 0.0046 30.7 2.254 7.35
10 0.0037 24.7 1.358 5.51
11 0.0045 30.0 1.809 6.03
12 0.0037 24.7 1.771 7.18
13 0.0045 30.0 2.011 6.70
14 0.0043 28.7 1.730 6.03
15 0.0041 27.3 1.745 6.38
16 0.0037 24.7 1.697 6.88
17 0.0040 26.7 2.124 7.97
18 0.0042 28.0 1.585 5.66
19 0.0037 24.7 1.773 7.19
20 0.0041 27.3 1.710 6.26

Avg - - - 6.88
SD - - - 0.83

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table C14 Knot strength of chitosan fiber prepared from spinning condition F

Sample Weight Linear density* Max. load Knot strength
no. (ร/15 cm) (tex) (N) (cN/tex)

1 0.0045 30.0 1.857 6.19
2 0.0044 29.3 1.845 6.29
3 0.0046 30.7 1.655 5.40
4 0.0044 29.3 1.697 5.79
5 0.0045 30.0 1.580 5.27
6 0.0044 29.3 1.536 5.24
7 0.0043 28.7 1.623 5.66
8 0.0047 31.3 1.944 6.20
9 0.0045 30.0 1.399 4.66
10 0.0044 29.3 1.692 5.77
11 0.0045 30.0 1.390 4.63
12 0.0045 30.0 1.528 5.09
13 0.0045 30.0 1.483 4.94
14 0.0045 30.0 1.721 5.74
15 0.0045 30.0 1.535 5.12
16 0.0045 30.0 1.796 5.99
17 0.0046 30.7 1.489 4.86
18 0.0043 28.7 1.548 5.40
19 0.0044 29.3 1.465 4.99
20 0.0044 29.3 1.752 5.97

Avg - - - 5.51
SD - - - 0.48

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table C15 Knot strength of chitosan fiber prepared from spinning condition G

Sample Weight Linear density’ Max. load Knot strength
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0042 28.0 1.254 4.48
2 0.0045 30.0 1.126 3.75
3 0.0043 28.7 1.086 3.79
4 0.0046 30.7 1.280 4.17
5 0.0043 28.7 1.332 4.65
6 0.0041 27.3 1.384 5.06
7 0.0042 28.0 1.472 5.26
8 0.0041 27.3 1.385 5.07
9 0.0043 28.7 1.346 4.70
10 0.0042 28.0 1.378 4.92
11 0.0041 27.3 1.313 4.80
12 0.0041 27.3 1.280 4.68
13 0.0041 27.3 1.095 4.01
14 0.0044 29.3 1.581 5.39
15 0.0042 28.0 1.049 3.75
16 0.0041 27.3 1.027 3.76
17 0.0039 26.0 0.9216 3.54
18 0.0038 25.3 1.179 4.65
19 0.0041 27.3 1.061 3.88
20 0.0041 27.3 0.9506 3.48

Avg - - - 4.39
SD - - - 0.61

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.



APPENDIX D

Test Results of Citrate-Crosslinked Chitosan Fibers Prepared by the Addition 
of Citric Acid to Chitosan Dope

Table D1 Weight o f 15-cm citrate-crosslinked chitosan fibers prepared by using 
citric acid concentrations o f 0.025, 0.125, 0.25, and 0.5% (พ/v) in chitosan dope

Sample Weight o f citrate-crosslinked chitosan fiber (g)
no. 0.025%* 0.125% 0.25% 0.5%

1 0.0046 0.0043 0.0054 0.0061
2 0.0046 0.0042 0.0053 0.0060
3 0.0046 0.0043 0.0053 0.0059
4 0.0047 0.0042 0.0052 0.0061
5 0.0046 0.0043 0.0052 0.0060
6 0.0045 0.0043 0.0054 0.0062
7 0.0046 0.0043 0.0051 0.0064
8 0.0046 0.0044 0.0053 0.0064
9 0.0046 0.0043 0.0052 0.0061
10 0.0044 0.0043 0.0053 0.0062
11 0.0044 0.0041 0.0054 0.0060
12 0.0045 0.0041 0.0052 0.0062
13 0.0047 0.0044 0.0053 0.0061
14 0.0046 0.0042 0.0051 0.0061
15 0.0045 0.0042 0.0053 0.0063
16 0.0044 0.0043 0.0051 0.0059
17 0.0045 0.0043 0.0054 0.0060
18 0.0044 0.0041 0.0054 0.0059
19 0.0045 0.0042 0.0052 0.0060
20 0.0046 0.0041 0.0052 0.0061
21 0.0046 0.0042 0.0053 0.0059
22 0.0046 0.0041 0.0054 0.0058
23 0.0044 0.0041 0.0054 0.0061
24 0.0046 0.0041 0.0053 0.0059
25 0.0045 0.0041 0.0053 0.0062

Cont



73

Table D1 (Continued)

Sample Weilght o f citrate-crosslinked chitosan fiber (g)
no. 0.025%’ 0.125% 0.25% 0.5%
26 0.0045 0.0044 0.0052 0.0064
27 0.0045 0.0042 0.0052 0.0064
28 0.0045 0.0043 0.0052 0.0060
29 0.0047 0.0044 0.0053 0.0061
30 0.0045 0.0043 0.0052 0.0060
31 0.0045 0.0042 0.0053 0.0060 „
32 0.0045 0.0041 0.0054 0.0063
33 0.0046 0.0043 0.0051 0.0060
34 0.0045 0.0043 0.0054 0.0059
35 0.0045 0.0045 0.0054 0.0060
36 0.0045 0.0041 0.0052 0.0059
37 0.0045 0.0043 0.0052 0.0062
38 0.0047 0.0042 0.0054 0.0062
39 0.0045 0.0045 0.0053 0.0060
40 0.0046 0.0041 0.0054 0.0060
41 0.0047 0.0043 0.0052 0.0059
42 0.0045 0.0043 0.0052 0.0061
43 0.0045 0.0043 0.0054 0.0059
44 0.0046 0.0044 0.0052 0.0058
45 0.0044 0.0042 0.0053 0.0062
46 0.0047 0.0044 0.0052 0.0061
47 0.0046 0.0042 0.0053 0.0058
48 0.0046 0.0043 0.0052 0.0059
49 0.0045 0.0045 0.0053 0.0058
50 0.0046 0.0043 0.0052 0.0058

Avg (g) 0.0045 0.0043 0.0053 0.0061
SD 0.0001 0.0001 0.0001 0.0002

L.D.1
(tex)

30.3 28.4 35.2 40.3

SD 0.6 0.8 0.6 1.1

Citric acid concentration in chitosan dope.
+ Linear density (tex) =  (Average weight in gram per 15-cm length X  1000)/0.15.
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Tensile strength and Elongation at Break of Citrate-Crosslinked Chitosan
Fibers Prepared by the Addition of Citric Acid to Chitosan Dope

Table D2 Tensile strength and elongation at break o f citrate-crosslinked chitosan 
fiber prepared by using citric acid concentration o f 0.025% (w/v) in chitosan dope

Sample Weight Linear Max. Tensile strength^ Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0046 30.7 3.049 9.94 13.50
2 0.0047 31.3 3.180 10.15 14.40
3 0.0045 30.0 3.176 10.59 13.25
4 0.0046 30.7 3.021 9.85 13.33
5 0.0045 30.0 3.006 10.02 14.15
6 0.0044 29.3 2.942 10.03 12.86
7 0.0045 30.0 3.146 10.49 11.84
8 0.0046 30.7 3.060 9.98 13.13
9 0.0046 30.7 3.107 10.13 13.14
10 0.0046 30.7 2.980 9.72 11.95
11 0.0045 30.0 3.001 10.00 11.75
12 0.0045 30.0 3.099 10.33 12.80
13 0.0045 30.0 2.930 9.77 12.06
14 0.0047 31.3 3.323 10.61 14.70
15 0.0046 30.7 3.223 10.51 12.51
16 0.0044 29.3 3.095 10.55 14.40
17 0.0044 29.3 2.917 9.94 12.76
18 0.0047 31.3 3.134 10.00 12.53
19 0.0044 29.3 2.974 10.14 11.84
20 0.0045 30.0 2.996 9.99 14.68

Avg - - - 10.14 13.08
SD - - - 0.28 0.98

* Linear density (tex) =  (Weight o f  fiber in gram per 15-cm length X  1000)/0.15. 
+ Tensile strength (cN/tex) =  (Max. load in Newton X  100)/Linear density in tex.
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Table D3 Tensile strength and elongation at break of citrate-crosslinked chitosan
fiber prepared by using citric acid concentration of 0.125% (w/v) in chitosan dope

Sample Weight Linear Max. Tensile strength^ Elongation
no. (g/15 cm) density* (tex) load(N) (cN/tex) at break (%)

1 0.0043 28.7 2.703 9.43 10.91
2 0.0042 28.0 2.821 10.08 11.00
3 0.0043 28.7 2.638 9.20 9.544
4 0.0042 28.0 2.864 10.23 12.87
5 0.0043 28.7 3.098 10.81 13.66
6 0.0043 28.7 3.045 10.62 13.70
7 0.0043 28.7 3.103 10.82 14.30
8 0.0044 29.3 3.116 10.62 14.51
9 0.0043 28.7 2.663 9.29 10.14
10 0.0041 27.3 2.598 9.50 8.996
11 0.0044 29.3 2.817 9.60 10.28
12 0.0042 28.0 2.876 10.27 11.86
13 0.0042 28.0 2.910 10.39 11.33
14 0.0041 27.3 2.954 10.81 12.33
15 0.0041 27.3 2.767 10.12 11.26
16 0.0041 27.3 2.894 10.59 11.26
17 0.0040 26.7 2.568 9.63 14.63
18 0.0043 28.7 3.082 10.75 10.10
19 0.0041 27.3 2.518 9.21 14.10
20 0.0042 28.0 2.885 10.30 14.53

Avg - - - 10.11 12.07
SD - - - 0.58 1.84

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table D4 Tensile strength and elongation at break of citrate-crosslinked chitosan
fiber prepared by using citric acid concentration of 0.25% (w/v) in chitosan dope

Sample Weight Linear Max. Tensile strength^ Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0052 34.7 3.041 8.77 11.70
2 0.0052 34.7 3.035 8.75 9.198
3 0.0054 36.0 3.373 9.37 14.50
4 0.0053 35.3 2.976 8.42 11.94
5 0.0052 34.7 3.008 8.68 12.06
6 0.0053 35.3 3.372 9.54 14.90
7 0.0051 34.0 3.215 9.46 11.41
8 0.0053 35.3 2.996 8.48 11.13
9 0.0051 34.0 2.933 8.63 12.16
10 0.0054 36.0 3.589 9.97 15.11
11 0.0053 35.3 2.869 8.12 11.67
12 0.0054 36.0 3.273 9.09 14.46
13 0.0055 36.7 3.662 9.99 15.23
14 0.0053 35.3 2.995 8.48 11.44
15 0.0052 34.7 2.836 8.18 9.914
16 0.0052 34.7 3.395 9.79 14.78
17 0.0054 36.0 3.459 9.61 13.80
18 0.0053 35.3 3.372 9.54 11.05
19 0.0052 34.7 3.428 9.89 9.398
20 0.0054 36.0 3.401 9.45 11.03

Avg - - - 9.11 12.34
SD - - - 0.62 1.95

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
t Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table D5 Tensile strength and elongation at break of citrate-crosslinked chitosan
fiber prepared by using citric acid concentration of 0.5% (w/v) in chitosan dope

Sample Weight Linear Max. Tensile strength Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0059 39.3 3.834 9.75 12.57
2 0.0061 40.7 3.837 9.44 11.91
3 0.0062 41.3 3.666 8.87 12.87
4 0.0061 40.7 3.509 8.63 10.50
5 0.0062 41.3 3.810 9.22 14.36
6 0.0060 40.0 3.238 8.10 10.80
7 0.0062 41.3 3.864 9.35 14.24
8 0.0061 40.7 3.855 9.48 13.23
9 0.0061 40.7 3.462 8.51 12.20
10 0.0063 42.0 3.737 8.90 12.57
11 0.0059 39.3 3.822 9.72 10.73
12 0.0060 40.0 3.200 8.00 9.245
13 0.0059 39.3 3.852 9.79 12.13
14 0.0067 44.7 3.534 7.91 9.611
15 0.0058 38.7 3.158 8.17 9.314
16 0.0061 40.7 3.210 7.89 12.08
17 0.0059 39.3 3.326 8.46 9.914
18 0.0061 40.7 4.012 9.87 10.27
19 0.0064 42.7 3.988 9.35 14.04
20 0.0060 40.0 3.850 9.63 9.665

Avg - - - 8.95 11.61
SD - - - 0.69 1.68

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Knot Strength of Citrate-Crosslinked Chitosan Fibers Prepared by the Addition
of Citric Acid to Chitosan Dope

Table D6 Knot strength o f citric acid-crosslinked chitosan fiber prepared by using 
citric acid concentration o f 0.025% (w/v) in chitosan dope

Sample Weight Linear density’ Max. load Knot strength^
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0045 30.0 1.183 3.94
2 0.0048 32.0 1.274 3.98
3 0.0045 30.0 1.039 3.46
4 0.0045 30.0 1.116 3.72
5 0.0045 30.0 1.227 4.09
6 0.0044 29.3 1.046 3.57
7 0.0045 30.0 1.062 3.54
8 0.0047 31.3 1.297 4.14
9 0.0048 32.0 1.089 3.40
10 0.0047 31.3 1.427 4.55
11 0.0044 29.3 1.142 3.89
12 0.0046 30.7 1.315 4.29
13 0.0048 32.0 1.452 4.54
14 0.0047 31.3 1.354 4.32
15 0.0047 31.3 1.335 4.26
16 0.0046 30.7 1.192 3.89
17 0.0045 30.0 1.410 4.70
18 0.0040 26.7 1.168 4.38
19 0.0041 27.3 1.106 4.05
20 0.0046 30.7 1.273 4.15

Avg - - - 4.04
SD - - - 0.37

* Linear density (tex) = (Weight o f  fiber in gram per 15-cm length X  1000)/0.15. 
f Knot strength (cN/tex) =  (Max. load in Newton X  100)/Linear density in tex.
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Table D7 Knot strength of citrate-crosslinked chitosan fiber prepared by using citric
acid concentration of 0.125% (w/v) in chitosan dope

Sample Weight Linear density’ Max. load Knot strength
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0043 28.7 1.423 4.96
2 0.0043 28.7 1.278 4.46
3 0.0042 28.0 1.562 5.58
4 0.0043 28.7 1.539 5.37
5 0.0047 31.3 1.540 4.91
6 0.0043 28.7 1.489 5.19
7 0.0043 28.7 1.411 4.92
8 0.0042 28.0 1.491 5.33
9 0.0045 30.0 1.486 4.95
10 0.0041 27.3 1.271 4.65
11 0.0043 28.7 1.186 4.14
12 0.0041 27.3 1.385 5.07
13 0.0045 30.0 1.287 4.29
14 0.0043 28.7 1.194 4.17
15 0.0044 29.3 1.397 4.76
16 0.0045 30.0 1.361 4.54
17 0.0044 29.3 1.313 4.48
18 0.0046 30.7 1.281 4.18
19 0.0045 30.0 1.447 4.82
20 0.0043 28.7 1.455 5.08

Avg - - - 4.79
SD - - - 0.42

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.



Table D8 Knot strength of citrate-crosslinked chitosan fiber prepared by using citric
acid concentration of 0.25% (w/v) in chitosan dope

Sample Weight Linear density’ Max. load Knot strength^
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0052 34.7 1.652 4.77
2 0.0053 35.3 1.440 4.08
3 0.0054 36.0 1.671 4.64
4 0.0051 34.0 1.357 3.99
5 0.0054 36.0 1.453 4.04
6 0.0052 34.7 1.815 5.24
7 0.0052 34.7 1.462 4.22
8 0.0054 36.0 2.011 5.59
9 0.0053 35.3 1.472 4.17
10 0.0051 34.0 1.722 5.06
11 0.0054 36.0 1.716 4.77
12 0.0052 34.7 1.731 4.99
13 0.0053 35.3 1.680 4.75
14 0.0058 38.7 1.943 5.03
15 0.0051 34.0 1.694 4.98
16 0.0055 36.7 1.476 4.03
17 0.0055 36.7 1.584 4.32
18 0.0052 34.7 1.447 4.17
19 0.0052 34.7 1.906 5.50
20 0.0052 34.7 1.403 4.05

Avg - - - 4.62
SD - - - 0.52

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
1 Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table D9 Knot strength of citrate-crosslinked chitosan fiber prepared by using citric
acid concentration of 0.5% (w/v) in chitosan dope

Sample Weight Linear density’ Max. load Knot strength^
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0064 42.7 2.602 6.10
2 0.0064 42.7 2.288 5.36
3 0.0061 40.7 1.942 4.78
4 0.0060 40.0 2.528 6.32
5 0.0065 43.3 2.769 6.39
6 0.0059 39.3 2.195 5.58
7 0.0060 40.0 1.896 4.74
8 0.0059 39.3 2.012 5.12
9 0.0062 41.3 2.170 5.25
10 0.0062 41.3 2.207 5.34
11 0.0060 40.0 2.480 6.20
12 0.0059 39.3 1.901 4.83
13 0.0061 40.7 1.982 4.87
14 0.0059 39.3 2.204 5.60
15 0.0058 38.7 2.068 5.35
16 0.0056 37.3 1.937 5.19
17 0.0053 35.3 1.701 4.81
18 0.0058 38.7 1.721 4.45
19 0.0058 38.7 1.829 4.73
20 0.0058 38.7 2.090 5.41

Avg - - - 5.32
SD - - - 0.57

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.



APPENDIX E

Test Results of Citrate-Crosslinked Chitosan Fibers Prepared by the Addition 
of Citric Acid to the First Coagulation Bath

Table El Weight o f 15-cm citrate-crosslinked chitosan fibers prepared by using 
citric acid concentrations o f 0.025, 0.125, 0.25, 0.5, 1.25, 2.5, 3.75, and 5% (w/v) in 
the first coagulation bath

No. Weight o f citrate-crosslinked chitosan fiber (g)
0.025* 0.125* 0.25 0.5 1.25 2.5 3.75 5

1 0.0056 0.0044 0.0053 0.0046 0.0041 0.0058 0.0047 0.0054
2 0.0060 0.0050 0.0053 0.0049 0.0041 0.0052 0.0047 0.0054
3 0.0048 0.0048 0.0055 0.0046 0.0041 0.0057 0.0059 0.0054
4 0.0058 0.0050 0.0052 0.0047 0.0041 0.0061 0.0051 0.0053
5 0.0058 0.0049 0.0053 0.0047 0.0041 0.0055 0.0055 0.0055
6 0.0053 0.0046 0.0052 0.0047 0.0041 0.0057 0.0056 0.0054
7 0.0050 0.0049 0.0054 0.0047 0.0041 0.0061 0.0048 0.0053
8 0.0060 0.0052 0.0052 0.0047 0.0041 0.0056 0.0048 0.0053
9 0.0056 0.0049 0.0052 0.0046 0.0041 0.0057 0.0053 0.0053
10 0.0060 0.0048 0.0052 0.0046 0.0040 0.0057 0.0054 0.0054
11 0.0059 0.0050 0.0053 0.0046 0.0041 0.0061 0.0055 0.0055
12 0.0054 0.0049 0.0051 0.0048 0.0041 0.0057 0.0053 0.0056
13 0.0051 0.0049 0.0055 0.0047 0.0042 0.0057 0.0055 0.0054
14 0.0057 0.0049 0.0053 0.0049 0.0041 0.0057 0.0055 0.0056
15 0.0057 0.0050 0.0050 0.0048 0.0041 0.0058 0.0050 0.0056
16 0.0057 0.0050 0.0054 0.0045 0.0040 0.0058 0.0056 0.0056
17 0.0058 0.0049 0.0050 0.0048 0.0041 0.0057 0.0050 0.0056
18 0.0052 0.0046 0.0052 0.0047 0.0041 0.0056 0.0053 0.0054
19 0.0051 0.0047 0.0053 0.0047 0.0041 0.0057 0.0053 0.0057
20 0.0056 0.0049 0.0052 0.0046 0.0042 0.0056 0.0057 0.0055
21 0.0053 0.0045 0.0050 0.0046 0.0040 0.0058 0.0055 0.0054
22 0.0057 0.0048 0.0054 0.0047 0.0041 0.0060 0.0055 0.0052
23 0.0059 0.0050 0.0054 0.0049 0.0040 0.0056 0.0057 0.0055
24 0.0053 0.0051 0.0050 0.0046 0.0042 0.0055 0.0056 0.0055
25 0.0059 0.0049 0.0052 0.0048 0.0042 0.0056 0.0057 0.0053

Cont
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Table E l (Continued)

No. Wei ght o f citrate-crosslinked chitosan fiber (g)
0.025* 0.125* 0.25* 0.5 1.25 2.5* 3.75 5

26 0.0051 0.0046 0.0050 0.0048 0.0041 0.0057 0.0054 0.0055
27 0.0060 0.0048 0.0053 0.0045 0.0041 0.0057 0.0057 0.0052
28 0.0053 0.0050 0.0055 0.0046 0.0040 0.0057 0.0053 0.0052
29 0.0053 0.0050 0.0051 0.0046 0.0041 0.0057 0.0054 0.0055
30 0.0059 0.0047 0.0054 0.0045 0.0040 0.0054 0.0056 0.0054
31 0.0052 0.0050 0.0055 0.0047 0.0040 0.0057 0.0055 0.0056
32 0.0051 0.0048 0.0053 0.0045 0.0042 0.0057 0.0054 0.0057
33 0.0051 0.0048 0.0055 0.0046 0.0041 0.0054 0.0055 0.0053
34 0.0057 0.0050 0.0053 0.0045 0.0040 0.0057 0.0056 0.0057
35 0.0046 0.0049 0.0054 0.0046 0.0041 0.0057 0.0050 0.0056
36 0.0059 0.0049 0.0055 0.0048 0.0040 0.0056 0.0056 0.0053
37 0.0060 0.0052 0.0054 0.0047 0.0042 0.0060 0.0056 0.0054
38 0.0057 0.0050 0.0055 0.0048 0.0041 0.0059 0.0054 0.0054
39 0.0054 0.0048 0.0053 0.0047 0.0040 0.0058 0.0055 0.0056
40 0.0053 0.0048 0.0052 0.0045 0.0042 0.0054 0.0055 0.0055
41 0.0058 0.0048 0.0051 0.0045 0.0042 0.0053 0.0056 0.0052
42 0.0056 0.0050 0.0054 0.0045 0.0041 0.0058 0.0058 0.0055
43 0.0051 0.0050 0.0053 0.0047 0.0040 0.0055 0.0053 0.0057
44 0.0055 0.0044 0.0051 0.0045 0.0040 0.0057 0.0056 0.0054
45 0.0059 0.0051 0.0055 0.0048 0.0040 0.0053 0.0054 0.0054
46 0.0057 0.0047 0.0053 0.0046 0.0040 0.0055 0.0054 0.0053
47 0.0057 0.0046 0.0054 0.0048 0.0040 0.0057 0.0047 0.0053
48 0.0045 0.0048 0.0052 0.0047 0.0040 0.0053 0.0055 0.0055
49 0.0057 0.0048 0.0053 0.0048 0.0040 0.0056 0.0054 0.0054
50 0.0051 0.0047 0.0052 0.0047 0.0040 0.0056 0.0056 0.0054

Avg 0.0055 0.0049 0.0053 0.0047 0.0041 0.0057 0.0054 0.0054
ร ว ิ 0.0004 0.0002 0.0002 00001 0.0001 0.0002 0.0003 0.0001

L.D.t
(tex)

36.7 32.4 35.2 31.1 27.2 37.8 36.0 36.3

SD 2.5 1.2 1.0 0.8 0.5 1.3 1.9 0.9

* Citric acid concentration (% w/v) in chitosan dope.
f Linear density (tex) =  (Average weight in gram per 15-cm length X  1000)70.15.
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Tensile Strength and Elongation at Break of Citrate-Crosslinked Chitosan
Fibers Prepared by the Addition of Citric Acid to the First Coagulation Bath

Table E2 Tensile strength and elongation at break o f citrate-crosslinked chitosan 
fiber prepared by using citric acid concentration o f 0.025% (พ/v) in the first 
coagulation bath

Sample Weight Linear Max. Tensile strength Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0060 40.0 3.304 8.26 9.611
2 0.0048 32.0 2.674 8.36 8.032
3 0.0058 38.7 3.190 8.25 8.629
4 0.0035 23.3 2.010 8.61 11.43
5 0.0050 33.3 3.268 9.80 10.98
6 0.0060 40.0 3.368 8.42 9.763
7 0.0059 39.3 3.334 8.48 10.06
8 0.0051 34.0 2.986 8.78 7.196
9 0.0058 38.7 3.509 9.08 11.76
10 0.0052 34.7 3.236 9.33 11.63
11 0.0056 37.3 3.560 9.54 12.43
12 0.0045 30.0 2.700 9.00 8.448
13 0.0057 38.0 3.281 8.63 9.099
14 0.0059 39.3 3.239 8.23 8.547
15 0.0031 20.7 1.950 9.44 9.744
16 0.0059 39.3 3.289 8.36 7.644
17 0.0045 30.0 2.524 8.41 10.53
18 0.0053 35.3 3.449 9.76 7.314
19 0.0060 40.0 3.672 9.18 12.48
20 0.0057 38.0 3.606 9.49 9.399

Avg - - - 8.87 9.736
SD - - - 0.54 1.655

Linear density (tex) = (Weight o f  fiber in gram per 15-cm length X  1000)/0.15. 
t Tensile strength (cN/tex) = (Max. load in Newton X  100)/Linear density in tex.
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Table E3 Tensile strength and elongation at break o f citrate-crosslinked chitosan 
fiber prepared by using citric acid concentration o f 0.125% (w/v) in the first 
coagulation bath

Sample Weight Linear Max. Tensile strength Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0050 33.3 3.169 9.51 9.611
2 0.0048 32.0 2.986 9.33 7.145
3 0.0050 33.3 3.032 9.10 8.511 .
4 0.0049 32.7 3.236 9.91 10.64
5 0.0029 19.3 1.773 9.17 5.463
6 0.0048 32.0 3.172 9.91 9.299
7 0.0050 33.3 2.928 8.78 7.547
8 0.0049 32.7 3.073 9.41 8.463
9 0.0050 33.3 3.464 10.39 9.181
10 0.0046 30.7 2.672 8.71 5.963
11 0.0047 31.3 2.741 8.75 5.847
12 0.0049 32.7 3.286 10.06 8.932
13 0.0048 32.0 3.077 9.62 8.411
14 0.0049 32.7 3.358 10.28 8.999
15 0.0023 15.3 1.306 8.52 9.926
16 0.0049 32.7 3.371 10.32 6.396
17 0.0052 34.7 3.146 9.08 5.399
18 0.0049 32.7 3.341 10.23 7.496
19 0.0049 32.7 3.221 9.86 6.099
20 0.0050 33.3 3.244 9.73 5.596

Avg - - - 9.53 7.746
SD - - - 0.59 1.666

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E4 Tensile strength and
fiber prepared by using citric
coagulation bath

elongation at break 
acid concentration

o f citrate-crosslinked chitosan
o f 0.25% (w/v) in the first

Sample Weight Linear Max. Tensile strength^ Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0053 35.3 3.313 9.38 15.24
2 0.0053 35.3 3.094 8.76 13.14
3 0.0052 34.7 3.296 9.51 13.31
4 0.0052 34.7 3.399 9.80 14.56
5 0.0052 34.7 3.058 8.82 10.51
6 0.0051 34.0 3.130 9.21 11.06
7 0.0053 35.3 3.030 8.58 10.90
8 0.0050 33.3 3.103 9.31 9.796
9 0.0053 35.3 2.949 8.35 11.54
10 0.0050 33.3 3.192 9.58 11.33
11 0.0054 36.0 3.052 8.48 10.07
12 0.0054 36.0 3.148 8.74 11.84
13 0.0050 33.3 2.894 8.68 10.76
14 0.0052 34.7 3.500 10.10 14.38
15 0.0057 38.0 3.119 8.21 12.44
16 0.0053 35.3 2.926 8.28 11.66
17 0.0054 36.0 3.494 9.71 10.13
18 0.0052 34.7 3.509 10.12 8.547
19 0.0055 36.7 3.425 9.34 10.80
20 0.0052 34.7 3.396 9.80 9.895

Avg - - - 9.14 11.60
SD - - - 0.61 1.76

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
t Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E5 Tensile
fiber prepared by
coagulation bath

strength and elongation at break o f citrate-crosslinked chitosan
using citric acid concentration o f 0.5% (w/v) in the first

Sample Weight Linear Max. Tensile strength Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0046 30.7 3.261 10.63 9.962
2 0.0047 31.3 3.356 10.71 11.18
3 0.0047 31.3 3.296 10.52 11.33
4 0.0047 31.3 3.089 9.86 7.665
5 0.0047 31.3 3.509 11.20 12.40
6 0.0050 33.3 3.635 10.91 12.60
7 0.0046 30.7 3.073 10.02 8.665
8 0.0048 32.0 3.397 10.62 11.66
9 0.0049 32.7 3.376 10.33 9.047
10 0.0048 32.0 3.482 10.88 11.28
11 0.0048 32.0 3.308 10.34 11.64
12 0.0047 31.3 3.195 10.20 9.013
13 0.0046 30.7 3.129 10.20 8.428
14 0.0044 29.3 2.815 9.60 8.913
15 0.0046 30.7 3.451 11.25 11.60
16 0.0049 32.7 3.543 10.85 11.89
17 0.0046 30.7 2.851 9.30 8.428
18 0.0048 32.0 3.017 9.43 7.364
19 0.0049 32.7 3.662 11.21 6.664
20 0.0047 31.3 2.961 9.45 7.098

Avg - - - 10.38 9.841
SD - - - 0.61 1.921

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E6 Tensile strength and
fiber prepared by using citric
coagulation bath

elongation at break 
acid concentration

o f citrate-crosslinked chitosan
o f 1.25% (w/v) in the first

Sample Weight Linear Max. Tensile strengthT Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0039 26.0 2.789 10.73 12.48
2 0.0041 27.3 2.947 10.78 14.24
3 0.0041 27.3 2.876 10.52 11.86
4 0.0041 27.3 3.027 11.07 13.81
5 0.0041 27.3 3.104 11.36 14.06
6 0.0041 27.3 2.912 10.65 12.34
7 0.0041 27.3 3.051 11.16 14.74
8 0.0041 27.3 3.037 11.11 13.96
9 0.0041 27.3 2.887 10.56 13.56
10 0.0042 28.0 3.074 10.98 14.08
11 0.0041 27.3 3.053 11.17 15.90
12 0.0041 27.3 3.142 11.50 15.36
13 0.0040 26.7 3.023 11.34 15.14
14 0.0041 27.3 3.007 11.00 15.38
15 0.0041 27.3 3.048 11.15 15.78
16 0.0042 28.0 3.009 10.75 12.83
17 0.0041 27.3 3.047 11.15 14.48
18 0.0041 27.3 3.086 11.29 14.20
19 0.0043 28.7 3.254 11.35 13.48
20 0.0042 28.0 3.090 11.04 14.48

Avg - - - 11.03 14.11
SD - - - 0.28 1.13

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.



89

Table E7 Tensile
fiber prepared by
coagulation bath

strength and elongation at break o f citrate-crosslinked chitosan
using citric acid concentration o f 2.5% (w/v) in the first

Sample Weight Linear Max. Tensile strength^ Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0058 38.7 3.540 9.16 8.860
2 0.0062 41.3 3.684 8.91 8.096
3 0.0057 38.0 3.861 10.16 12.68
4 0.0061 40.7 3.433 8.44 9.262
5 0.0057 38.0 3.676 9.67 9.480
6 0.0061 40.7 3.329 8.19 7.828
7 0.0061 40.7 3.541 8.71 9.014
8 0.0057 38.0 3.572 9.40 9.311
9 0.0057 38.0 3.173 8.35 8.999
10 0.0058 38.7 3.879 10.03 11.61
11 0.0058 38.7 3.682 9.52 9.432
12 0.0057 38.0 3.129 8.23 8.478
13 0.0050 33.3 2.972 8.92 7.212
14 0.0056 37.3 3.870 10.37 13.10
15 0.0057 38.0 3.264 8.59 7.329
16 0.0056 37.3 3.475 9.31 10.20
17 0.0060 40.0 3.588 8.97 9.111
18 0.0055 36.7 3.118 8.50 7.999
19 0.0057 38.0 3.230 8.50 12.86
20 0.0056 37.3 3.066 8.21 8.930

Avg - - - 9.01 9.490
SD - - - 0.68 1.759

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E8 Tensile strength and
fiber prepared by using citric
coagulation bath

elongation at break o f citrate-crosslinked chitosan
acid concentration o f 3.75% (w/v) in the first

Sample Weight Linear Max. Tensile strength Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0025 16.7 1.587 9.52 10.16
2 0.0033 22.0 1.946 8.85 11.01
3 0.0038 25.3 2.076 8.19 12.41
4 0.0045 30.0 2.787 9.29 13.80
5 0.0056 37.3 3.085 8.26 11.56
6 0.0054 36.0 3.126 8.68 10.93
7 0.0055 36.7 3.493 9.53 11.77
8 0.0042 28.0 2.454 8.76 10.60
9 0.0055 36.7 3.367 9.18 12.00
10 0.0050 33.3 3.001 9.00 10.80
11 0.0056 37.3 3.551 9.51 13.67
12 0.0050 33.3 2.911 8.73 9.565
13 0.0053 35.3 3.003 8.50 9.196
14 0.0042 28.0 2.623 9.37 11.20
15 0.0053 35.3 3.123 8.84 11.33
16 0.0055 36.7 3.333 9.09 13.28
17 0.0037 24.7 2.407 9.76 12.20
18 0.0059 39.3 3.714 9.44 12.97
19 0.0048 32.0 2.768 8.65 12.10
20 0.0057 38.0 3.648 9.60 14.20

Avg - - - 9.04 11.74
SD - - - 0.46 1.38

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E9 Tensile strength and elongation at break o f citrate-crosslinked chitosan
fiber prepared by using citric acid concentration o f 5% (w/v) in the first coagulation
bath

Sample Weight Linear Max. Tensile strength Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0054 36.0 2.661 7.39 12.68
2 0.0054 36.0 2.627 7.30 12.33
3 0.0053 35.3 2.687 7.60 13.23 .
4 0.0054 36.0 2.725 7.57 13.80
5 0.0053 35.3 2.695 7.63 13.94
6 0.0054 36.0 2.705 7.51 15.48
7 0.0055 36.7 2.708 7.39 12.15
8 0.0054 36.0 2.698 7.49 15.30
9 0.0056 37.3 2.706 7.25 15.24
10 0.0055 36.7 2.814 7.67 13.51
11 0.0053 35.3 2.588 7.32 12.57
12 0.0055 36.7 2.666 7.27 13.58
13 0.0052 34.7 2.628 7.58 12.38
14 0.0052 34.7 2.620 7.56 12.44
15 0.0055 36.7 2.721 7.42 13.13
16 0.0055 36.7 2.811 7.67 12.74
17 0.0053 35.3 2.602 7.36 13.24
18 0.0053 35.3 2.635 7.46 12.10
19 0.0056 37.3 2.746 7.36 12.43
20 0.0056 37.3 2.714 7.27 14.76

Avg - - - 7.45 13.35
SD - - - 0.14 1.09

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Knot Strength of Citrate-Crosslinked Chitosan Fibers Prepared by the Addition 
of Citric Acid to the First Coagulation Bath

Table E10 Knot strength o f citric acid-crosslinked chitosan fiber prepared by using 
citric acid concentration o f 0.025% (w/v) in the first coagulation bath

Sample Weight Linear density’ Max. load Knot strength^
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0051 34.0 1.712 5.04
2 0.0042 28.0 1.588 5.67
3 0.0032 21.3 1.440 6.75
4 0.0059 39.3 2.641 6.71
5 0.0052 34.7 2.116 6.10
6 0.0051 34.0 1.863 5.48
7 0.0046 30.7 1.980 6.46
8 0.0059 39.3 2.471 6.28
9 0.0060 40.0 2.536 6.34
10 0.0057 38.0 2.489 6.55
11 0.0054 36.0 1.794 4.98
12 0.0058 38.7 2.666 6.89
13 0.0056 37.3 2.107 5.64
14 0.0051 34.0 1.977 5.81
15 0.0055 36.7 1.924 5.25
16 0.0059 39.3 2.477 6.30
17 0.0057 38.0 2.652 6.98
18 0.0057 38.0 1.973 5.19
19 0.0045 30.0 1.730 5.77
20 0.0057 38.0 1.950 5.13

Avg - - - 5.97
SD - - - 0.65

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X  1000)/0.15. 
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Lmear density in tex.
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Table E l l  Knot strength o f citrate-crosslinked chitosan fiber prepared by using
citric acid concentration o f 0.125% (w/v) in the first coagulation bath

Sample Weight Linear density* Max. load Knot strength
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0046 30.7 1.405 4.58
2 0.0048 32.0 1.357 4.24
3 0.0050 33.3 1.414 4.24
4 0.0050 33.3 1.557 4.67
5 0.0047 31.3 1.327 4.24
6 0.0050 33.3 1.188 3.56
7 0.0034 22.7 0.9782 4.32
8 0.0048 32.0 1.247 3.90
9 0.0050 33.3 1.639 4.92
10 0.0049 32.7 1.744 5.34
11 0.0052 34.7 1.359 3.92
12 0.0050 33.3 1.619 4.86
13 0.0038 25.3 1.217 4.80
14 0.0048 32.0 1.808 5.65
15 0.0050 33.3 1.718 5.15
16 0.0050 33.3 1.322 3.97
17 0.0051 34.0 1.447 4.26
18 0.0046 30.7 1.675 5.46
19 0.0048 32.0 1.201 3.75
20 0.0048 32.0 1.672 5.23

Avg - - - 4.55
SD - - - 0.61

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E12 Knot strength o f citrate-crosslinked chitosan fiber prepared by using
citric acid concentration o f 0.25% (w/v) in the first coagulation bath

Sample Weight Linear density* Max. load Knot strength1
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0051 34.0 1.611 4.74
2 0.0054 36.0 1.285 3.57
3 0.0055 36.7 1.899 5.18
4 0.0053 35.3 1.291 3.65
5 0.0054 36.0 1.572 4.37
6 0.0055 36.7 1.754 4.78
7 0.0054 36.0 1.766 4.91
8 0.0058 38.7 1.811 4.68
9 0.0055 36.7 1.411 3.85
10 0.0056 37.3 1.824 4.89
11 0.0054 36.0 1.857 5.16
12 0.0048 32.0 1.387 4.33
13 0.0051 34.0 1.515 4.46
14 0.0057 38.0 1.886 4.96
15 0.0056 37.3 1.886 5.05
16 0.0053 35.3 1.737 4.92
17 0.0054 36.0 1.688 4.69
18 0.0050 33.3 1.522 4.57
19 0.0052 34.7 1.566 4.52
20 0.0052 34.7 1.829 5.28

Avg - - - 4.63
SD - - - 0.48

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
t Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E13 Knot strength o f citrate-crosslinked chitosan fiber prepared by using
citric acid concentration o f 0.5% (w/v) in the first coagulation bath

Sample Weight Linear density* Max. load Knot strength
no. (ร/15 cm) (tex) (N) (cN/tex)

1 0.0046 30.7 1.378 4.49
2 0.0047 31.3 1.299 4.15
3 0.0046 30.7 1.016 3.31
4 0.0045 30.0 1.053 3.51
5 0.0044 29.3 0.9978 3.40
6 0.0046 30.7 1.167 3.81
7 0.0047 31.3 1.273 4.06
8 0.0048 32.0 1.296 4.05
9 0.0047 31.3 1.068 3.41
10 0.0044 29.3 1.098 3.74
11 0.0045 30.0 1.411 4.70
12 0.0045 30.0 1.110 3.70
13 0.0045 30.0 1.217 4.06
14 0.0049 32.7 1.397 4.28
15 0.0045 30.0 1.251 4.17
16 0.0048 32.0 1.274 3.98
17 0.0049 32.7 1.150 3.52
18 0.0048 32.0 1.211 3.78
19 0.0048 32.0 1.395 4.36
20 0.0047 31.3 1.463 4.67

Avg - - - 3.96
SD - - - 0.42

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E14 Knot strength o f citrate-crosslinked chitosan fiber prepared by using
citric acid concentration o f 1.25% (w/v) in the first coagulation bath

Sample Weight Linear density’ Max. load Knot strength
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0041 27.3 0.9590 3.51
2 0.0041 27.3 1.019 3.73
3 0.0040 26.7 0.9552 3.58
4 0.0042 28.0 1.047 3.74
5 0.0041 27.3 1.240 4.54
6 0.0040 26.7 1.156 4.34
7 0.0041 27.3 1.075 3.93
8 0.0040 26.7 1.412 5.30
9 0.0042 28.0 1.206 4.31
10 0.0044 29.3 1.500 5.11
11 0.0042 28.0 1.315 4.70
12 0.0041 27.3 1.030 3.77
13 0.0040 26.7 0.9366 3.51
14 0.0040 26.7 1.378 5.17
15 0.0040 26.7 1.055 3.96
16 0.0039 26.0 1.104 4.25
17 0.0042 28.0 1.271 4.54
18 0.0040 26.7 0.9800 3.68
19 0.0040 26.7 1.160 4.35
20 0.0040 26.7 1.269 4.76

Avg - - - 4.24
SD - - - 0 57

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E l5 Knot strength o f citrate-crosslinked chitosan fiber prepared by using
citric acid concentration o f 2.5% (w/v) in the first coagulation bath

Sample Weight Linear density* Max. load Knot strength^
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0057 38.0 1.654 4.35
2 0.0057 38.0 1.937 5.10
3 0.0057 38.0 1.777 4.68
4 0.0062 41.3 1.493 3.61
5 0.0054 36.0 1.132 3.14
6 0.0057 38.0 1.245 3.28
7 0.0057 38.0 1.521 4.00
8 0.0057 38.0 1.981 5.21
9 0.0056 37.3 1.282 3.43
10 0.0059 39.3 1.419 3.61
11 0.0053 35.3 1.625 4.60
12 0.0058 38.7 1.779 4.60
13 0.0055 36.7 1.894 5.17
14 0.0052 34.7 1.270 3.66
15 0.0057 38.0 1.581 4.16
16 0.0049 32.7 1.159 3.55
17 0.0053 35.3 1.392 3.94
18 0.0057 38.0 1.941 5.11
19 0.0053 35.3 1.502 4.25
20 0.0056 37.3 1.489 3.99

Avg - - - 4.17
SD - - - 0.66

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E16 Knot strength o f citrate-crosslinked chitosan fiber prepared by using
citric acid concentration o f 3.75% (พ/v) in the first coagulation bath

Sample Weight Linear density’ Max. load Knot strength
no. (ร/15 cm) (tex) (N) (cN/tex)

1 0.0055 36.7 1.524 4.16
2 0.0057 38.0 1.229 3.23
3 0.0056 37.3 1.592 4.26
4 0.0053 35.3 1.325 3.75
5 0.0056 37.3 1.846 4.94
6 0.0055 36.7 1.331 3.63
7 0.0054 36.0 1.171 3.25
8 0.0056 37.3 1.146 3.07
9 0.0050 33.3 1.342 4.03
10 0.0056 37.3 1.416 3.79
11 0.0054 36.0 1.328 3.69
12 0.0055 36.7 1.843 5.03
13 0.0055 36.7 1.434 3.91
14 0.0056 37.3 1.936 5.19
15 0.0053 35.3 1.987 5.62
16 0.0054 36.0 1.623 4.51
17 0.0047 31.3 0.8807 2.81
18 0.0055 36.7 1.700 4.64
19 0.0054 36.0 1.714 4.76
20 0.0056 37.3 1.857 4.97

Avg - - - 4.16
SD - - - 0.78

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table E l 7 Knot strength o f citrate-crosslinked chitosan fiber prepared by using
citric acid concentration o f 5% (w/v) in the first coagulation bath

Sample Weight Linear density’ Max. load Knot strength
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0051 34.0 0.8899 2.62
2 0.0054 36.0 1.242 3.45
3 0.0056 37.3 0.8609 2.31
4 0.0058 38.7 0.7336 1.90
5 0.0053 35.3 0.8718 2.47
6 0.0057 38.0 0.6271 1.65
7 0.0056 37.3 0.9144 2.45
8 0.0053 35.3 0.8483 2.40
9 0.0057 38.0 0.8631 2.27
10 0.0057 38.0 1.302 3.43
11 0.0054 36.0 0.6189 1.72
12 0.0055 36.7 0.7420 2.02
13 0.0052 34.7 0.7511 2.17
14 0.0055 36.7 0.8431 2.30
15 0.0057 38.0 0.8786 2.31
16 0.0054 36.0 0.6212 1.73
17 0.0053 35.3 1.090 3.08
18 0.0053 35.3 0.6442 1.82
19 0.0055 36.7 0.8929 2.44
20 0.0054 36.0 1.171 3.25

Avg - - - 2.39
SD - - - 0.55

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.



APPENDIX F

Test Results of Glutaraldehyde-Crosslinked Chitosan Fibers

Table FI Weight o f 15-cm glutaraldehyde-crosslinked chitosan fibers prepared by 
using glutaraldehyde concentrations o f 0.0005, 0.001, and 0.002% in chitosan dope

Sample Weight o f glutaraldehyde-crosslinked chitosan fiber (g)
no. By using 0.0005% By using 0.001% By using 0.002%

glutaraldehyde glutaraldehyde glutaraldehyde
1 0.0052 0.0039 0.0039
2 0.0052 0.0039 0.0038
3 0.0053 0.0035 0.0041
4 0.0051 0.0033 0.0037
5 0.0050 0.0034 0.0037
6 0.0051 0.0032 0.0040
7 0.0052 0.0039 0.0041
8 0.0051 0.0033 0.0042
9 0.0053 0.0041 0.0041
10 0.0051 0.0031 0.0040
11 0.0051 0.0032 0.0041
12 0.0053 0.0039 0.0041
13 0.0050 0.0041 0.0040
14 0.0051 0.0037 0.0040
15 0.0051 0.0042 0.0041
16 0.0051 0.0042 0.0039
17 0.0051 0.0037 0.0039
18 0.0051 0.0032 0.0039
19 0.0051 0.0041 0.0038
20 0.0052 0.0040 0.0040
21 0.0051 0.0041 0.0038
22 0.0053 0.0037 0.0040
23 0.0052 0.0038 0.0037
24 0.0051 0.0042 0.0038
25 0.0051 0.0040 0.0042

Cont
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Table FI (Continued)

Sample Weight o f glutaraldehyde-crosslinked chitosan fiber (g)
no. By using 0.0005% By using 0.001% By using 0.002%

glutaraldehyde glutaraldehyde glutaraldehyde
26 0.0051 0.0038 0.0038
27 0.0051 0.0039 0.0041
28 0.0050 0.0030 0.0037
29 0.0050 0.0040 0.0038
30 0.0051 0.0037 0.0040
31 0.0051 0.0041 0.0042
32 0.0051 0.0034 0.0038
33 0.0052 0.0034 0.0039
34 0.0053 0.0033 0.0041
35 0.0051 0.0040 0.0038
36 0.0050 0.0034 0.0039
37 0.0053 0.0035 0.0039
38 0.0051 0.0033 0.0042
39 0.0051 0.0041 0.0041
40 0.0052 0.0038 0.0039
41 0.0050 0.0031 0.0039
42 0.0051 0.0038 0.0038
43 0.0053 0.0034 0.0040
44 0.0053 0.0032 0.0040
45 0.0053 0.0039 0.0038
46 0.0051 0.0040 0.0038
47 0.0053 0.0034 0.0037
48 0.0051 0.0034 0.0038
49 0.0053 0.0037 0.0042
50 0.0051 0.0040 0.0041

Avg (g) 0.0051 0.0037 0.0039
SD 0.0001 0.0004 0.0002

L.D.* 34.3 24.6 26.3
(tex)
SD 0.6 2.3 1.0

Linear density (tex) = (Average weight in gram per 15-cm length X  1000)/0.15.
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Tensile strength and Elongation at Break of Glutaraldehyde-Crosslinked 
Chitosan Fibers

Table F2 Tensile strength and elongation at break o f glutaraldehyde-crosslinked 
chitosan fiber prepared by using glutaraldehyde concentration o f 0.0005% in 
chitosan dope

Sample Weight Linear Max. Tensile strength Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0052 34.7 3.534 10.19 14.45
2 0.0053 35.3 3.623 10.25 15.91
3 0.0051 34.0 3.630 10.68 17.07
4 0.0050 33.3 3.453 10.36 14.50
5 0.0051 34.0 3.452 10.15 12.98
6 0.0052 34.7 3.619 10.44 16.85
7 0.0051 34.0 3.322 9.77 13.10
8 0.0053 35.3 3.503 9.91 14.46
9 0.0050 33.3 3.356 10.07 13.81
10 0.0051 34.0 3.548 10.44 16.41
11 0.0049 32.7 3.343 10.23 13.23
12 0.0051 34.0 3.537 10.40 15.70
13 0.0051 34.0 3.573 10.51 16.51
14 0.0051 34.0 3.397 9.99 13.53
15 0.0051 34.0 3.522 10.36 14.40
16 0.0053 35.3 3.586 10.15 14.45
17 0.0051 34.0 3.510 10.32 15.37
18 0.0053 35.3 3.660 10.36 15.38
19 0.0051 34.0 3.669 10.79 14.60
20 0.0051 34.0 3.389 9.97 14.68

Avg - - - 10.27 14.87
SD - - - 0.25 1.24

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15. 
+ Tensile strength (cN/tex) = (Max. load in Newton X lC'0)/Linear density in tex.
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Table F3 Tensile strength and elongation at break o f glutaraldehyde-crosslinked
chitosan fiber prepared by using glutaraldehyde concentration o f 0.001% in chitosan
dope

Sample Weight Linear Max. Tensile strength^ Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0021 14.0 1.557 11.12 13.54
2 0.0035 23.3 2.447 10.49 13.40
3 0.0034 22.7 2.486 10.97 12.30 ,
4 0.0039 26.0 2.813 10.82 13.15
5 0.0041 27.3 2.965 10.85 15.40
6 0.0028 18.7 1.995 10.69 13.20
7 0.0031 20.7 2.334 11.29 12.94
8 0.0041 27.3 2.829 10.35 13.67
9 0.0037 24.7 2.753 11.16 11.70
10 0.0041 27.3 2.885 10.55 14.48
11 0.0040 26.7 2.673 10.02 11.36
12 0.0037 24.7 2.735 11.09 13.34
13 0.0038 25.3 2.652 10.47 14.18
14 0.0025 16.7 1.880 11.28 15.18
15 0.0025 16.7 1.674 10.04 14.96
16 0.0027 18.0 1.913 10.63 15.38
17 0.0032 21.3 2.407 11.28 13.70
18 0.0039 26.0 2.620 10.08 11.78
19 0.0032 21.3 2.235 10.48 14.73
20 0.0041 27.3 2.870 10.50 12.18

Avg - - - 10.71 13.53
SD - - - 0.42 1.25

* Linear density (tex) = (Weight of fiber in gram per 15-em length X 1000)/0.15.
f Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table F4 Tensile strength and elongation at break o f  glutaraldehyde-crosslinked
 ̂ chitosan fiber prepared by using glutaraldehyde concentration o f  0.002% in chitosan

dope

Sample Weight Linear Max. Tensile strength^ Elongation
no. (g/15 cm) density* (tex) load (N) (cN/tex) at break (%)

1 0.0039 26.0 2.896 11.14 14.40
2 0.0038 25.3 2.490 9.83 10.83
3 0.0041 27.3 2.647 9.68 11.00
4 0.0037 24.7 2.647 10.73 9.611
5 0.0040 26.7 2.638 9.89 12.10
6 0.0040 26.7 2.497 9.36 10.20
7 0.0041 27.3 2.619 9.58 11.70
8 0.0040 26.7 2.631 9.87 10.47
9 0.0039 26.0 2.788 10.72 13.57
10 0.0039 26.0 2.952 11.35 12.63
11 0.0039 26.0 2.548 9.80 11.57
12 0.0038 25.3 2.676 10.56 12.43
13 0.0040 26.7 2.399 9.00 9.477
14 0.0040 26.7 2.398 8.99 9.865
15 0.0036 24.0 2.505 10.44 11.76
16 0.0046 30.7 2.890 9.42 12.30
17 0.0041 27.3 2.508 9.18 11.56
18 0.0041 27.3 3.112 11.39 10.60
19 0.0044 29.3 2.745 9.36 8.281
20 0.0041 27.3 2.831 10.36 14.06

Avg - - - 10.03 11.42
SD - - - 0.76 1.58

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Tensile strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Knot Strength of Glutaraldehyde-Crosslinked Chitosan Fibers

Table F5 Knot strength o f glutaraldehyde-crosslinked chitosan fiber prepared by 
using glutaraldehyde concentration o f 0.0005% in chitosan dope

Sample Weight Linear density* Max. load Knot strength
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0051 34.0 1.899 5.59
2 0.0051 34.0 1.582 4.65
3 0.0050 33.3 1.642 4.93
4 0.0050 33.3 1.508 4.52
5 0.0051 34.0 1.821 5.36
6 0.0053 35.3 1.840 5.21
7 0.0051 34.0 2.121 6.24
8 0.0050 33.3 1.478 4.43
9 0.0051 34.0 1.887 5.55
10 0.0051 34.0 2.100 6.18
11 0.0047 31.3 1.929 6.16
12 0.0051 34.0 1.637 4.81
13 0.0053 35.3 2.118 5.99
14 0.0053 35.3 2.468 6.98
15 0.0053 35.3 2.288 6.48
16 0.0051 34.0 1.684 4.95
17 0.0053 35.3 1.843 5.22
18 0.0051 34.0 1.687 4.96
19 0.0051 34.0 2.277 6.70
20 0.0054 36.0 1.668 4.63

Avg - - - 5.48
SD - - - 0.78

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X  1000)/0.15. 
+ Knot strength (cN/tex) = (Max. load in Newton X  100)/Linear density in tex.
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Table F6 Knot strength o f glutaraldehyde-crosslinked chitosan fiber prepared by
using glutaraldehyde concentration o f 0.001% in chitosan dope

Sample Weight Linear density’ Max. load Knot strength*
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0027 18.0 0.8005 4.45
2 0.0040 26.7 1.538 5.77
3 0.0039 26.0 1.612 6.20
4 0.0030 20.0 1.120 5.60
5 0.0040 26.7 1.702 6.38
6 0.0037 24.7 1.453 5.89
7 0.0034 22.7 1.158 5.11
8 0.0033 22.0 1.011 4.60
9 0.0040 26.7 1.473 5.52
10 0.0034 22.7 1.029 4.54
11 0.0035 23.3 1.069 4.58
12 0.0033 22.0 0.8826 4.01
13 0.0038 25.3 1.471 5.81
14 0.0038 25.3 1.247 4.92
15 0.0032 21.3 0.9053 4.24
16 0.0040 26.7 1.774 6.65
17 0.0034 22.7 1.372 6.05
18 0.0025 16.7 0.6872 4.12
19 0.0034 22.7 1.378 6.08
20 0.0037 24.7 0.9908 4.02

Avg - - - 5.23
SD - - - 0.86

Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
+ Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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Table F7 Knot strength o f glutaraldehyde-crosslinked chitosan fiber prepared by
using glutaraldehyde concentration o f 0.002% in chitosan dope

Sample Weight Linear density’ Max. load Knot strength
no. (g/15 cm) (tex) (N) (cN/tex)

1 0.0038 25.3 0.8020 3.17
2 0.0041 27.3 1.206 4.41
3 0.0038 25.3 0.7911 3.12
4 0.0040 26.7 0.9401 3.53
5 0.0043 28.7 1.543 5.38
6 0.0041 27.3 0.8853 3.24
7 0.0038 25.3 1.127 4.45
8 0.0039 26.0 1.592 6.12
9 0.0039 26.0 1.483 5.70
10 0.0042 28.0 1.148 4.10
11 0.0039 26.0 1.287 4.95
12 0.0039 26.0 1.457 5.60
13 0.0038 25.3 0.9111 3.60
14 0.0040 26.7 0.8243 3.09
15 0.0038 25.3 1.522 6.01
16 0.0038 25.3 1.103 4.35
17 0.0042 28.0 1.514 5.41
18 0.0041 27.3 1.481 5.42
19 0.0037 24.7 1.073 4.35
20 0.0035 23.3 0.7988 3.42

Avg - - - 4.47
SD - - - 1.04

* Linear density (tex) = (Weight of fiber in gram per 15-cm length X 1000)/0.15.
f Knot strength (cN/tex) = (Max. load in Newton X 100)/Linear density in tex.
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