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A Study of Fine Fiber Formation and Physical Properties of Polyacrylonitrile Copolymer

Shin Hee Lee'
Dept. of Clothing & Textiles, Kyungpook National University, Daegu, Korea

Abstract : The conditions of wet spinning were considered in order to prepare the fine denier of acrylic fiber. Poly-
acrylonitrile copolymer was synthesized by the copolymerization of acrylonitrile (AN) and methyl acrylate (MA) initiated
by an aqueous sulfite-chlorate redox system. Acrylic fiber was manufactured through wet-spinning in a dimethyl for-
mamide (DMF) system. The conditions of wet-spinning were investigated by i-value, spinning speed, diameter of spin-
neret, draw ratio, water content of spinning dope and morphology of protofiber. The physical properties of fibers were
investigated by Instron. In this experiment, the minimum ¢-value decreased with the decreasing spinneret diameter, an
increased spinning speed, and an increased coagulation bath (CBC) concentration. The maximum draw ratio increased
with an increased CBC. The optimum CBC and water content of the spinning dope were 60%-65% and 3.5%, respectively.
The tenacity at the breaking point increased with a decreased fineness of fiber. The elongation at breaking point was
almost the same value as a function of the fineness of fiber.

Key words: acryl fiber(¢}=2 2 4J ), coagulation(-3-37), fine denier(Al @Y o)), i-value(i-%}), wet-spinning(552] A
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Fig. 2. Minimum i-value versus nozzle diameter according to spinning
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Table 1. Fiber formation and water content of spinning dope.

Draw ratio : 5.5 times(in boiling water)

Water Minimum :

content (%)  i-value i-value Theoretical
fineness (denier)

2.5 0.6 0.9 0.38

35 0.6 0.8 0.32

45 0.6 0.9 0.38
Aol AR 1 o] g A7kd A9 YA ol
Y 1A 4o mE $aY AT =ES U 4FIN

2 7

Aoz et B AMs Eol 5% o)
2] g318 Aslol] 713t WA

3} ol
o ArAkse BZ2 A4 jvaluerl A I8l =28 B3t

o
9
o
i
2y

Fig. 82 Table 1] ¥ARINZO] =9 T 25% 9 3.5%
oﬂAM LuARFe] gu) e T3 5.5 dalale] Aol
dAarke] @ S ARIE Az Al ARLE Beted U

EM Zolth. &9] ol 3,5%2] 739 2.5%0] Hlste] g

HANIL 15KV

— Pm
HANIL  15KU X7,000 16mm HANIL _15KUY X?7,808 16mm

( ,;u"«v'“"

. \ % < 0
—_ jarm iy 18V S
X1.000 1Sam g x'!kxu Xx1,008 15Am

(a) (b)

HANTL 5Ky

Fig. 8. SEM micrographs of the protofibers(after 2nd coagulation). water
content of spinning dope(%) : (a) 2.5, (b) 3.5.



Table 2. The physical properties of fiber

. . . Work to Modulus at
Finess Tenacity  Elongation . o
(denier)  (af/denier) %) rupture extension 0-1%

(gf'cm) (gt/denier)

0.39 4.14 27.38 0.47 57.18

0.55 3.43 27.49 0.58 55.84

0.97 329 28.93 1.07 50.34

Z o Bo] xgEo] e guljd] 71U micro void7} L}
ERGAL Qlth o)1 WAL AEe] & HFS AAA 8L

34 EMIE

Table 2= AF7HA] A WAL 2702 Fo=o] A= W
AR A7 0.035mm, 78 %
LAZo] EofFhg 3.5%, A% Al 559000149 i-valuer s}
2 Edlo] AR 2718 248l Alxd dAke BAS U
Ehd Zlo]

£

»
I
H

B Aol BT olaY FEIAY SIS B
A B AR Aol B 24 A3 et

myy 4

=
N7 20 W dste] A A Az

=
= o
golstaint. gk A2 ivalues S8 FE 7o 3

<

Fefolad e FFFHNS T HAE H 2 EY 4T

o). sl @7 gk Wl Aashe ARE el
#Ae| 2

o] =R 201230 ATt sraTHlel] elsje]

References

Jeong, D., Lee. D., & Lee, M. (2000). Effect of Heat Treatment on
Dyeing and Physical Properties of Nylon 6 Ultramicrofiber.
Journal of the Korea Society of Dyers and Finishers, 14(6), 328-
334.

Kim, G, Kim, B., Kim, H., Park, Y., Park, J., Baek, D., Oh, T., Lee,
H., Cho, H., Ji, D., & Choi, C. (2001). New Synthetic Fiber. Seoul:
Hyungseul, pp. 318-319.

Koh, J., Park, J., Lee, K., & Kim, S. (2005). Dying and Fastness
Propreties of Direct Spun Type PET Microfiber Fabrics. Journal
of the Korea Society of Dyers and Finishers, 17(5), 13-19.

Lee, H., Lee, H., Park, E., Choi, Y., & Kim, S. (2010). Alkaline
Dissolution and Dyeing Properties of Sea-island Type Ultrafine
Nylon Fiber. Journal of the Korea Society of Dyers and Finishers,
22(4), 325-331.

Lee, K. S, Lee, B. S., Park, Y. H,, Park, Y. C., Kim, Y. M., Jeong, S.
H., & Kim, S. D. (2005). Dyeing Properties of Nylon 66 Nano
Fiber with High Molecular Mass Acid Dyes. Fibers and
Polymers, 6(1), 35-41.

Lee, S. (2003). Ripening Time and Fiber Formation of Chitosan
Spinning Dope. Journal of Applied Polymer Science, 90, 2870-
2877.

Lee, S. (1998). A Study on the Characterization and Properties of
Acrylonitrile-Methylacrylate Copolymer Containning Vinylpyrrolidone
and Polyvinylpyrrolidone. Unpublished doctor's thesis, Pusan National
University, Pusan.

Oh, J., Jeong, D., & Lee, M. (2000). Dyeing Properties and
Aftertreatment of UMF Nylon 6 Nonwoven Fabric. Journal of the
Korea Society of Dyers and Finishers, 12(6), 344-352.

Paul, D. R. (1969). Spin Orientation during Acrylic Fiber Formation
by Wet Spinning. Journal of Applied Polymer Science, 13(5), 817-
825.

Paul, D. R. (1968). A Study of Spinnability in the Wet Spinning of
Acrylic Fibers. Journal of Applied Polymer Science, 12(10), 2273-
2298.

Various Microfibers for Clothing. (1992). Japan Textile News, p. 83,
pp. 81-85.

(90114 108 972 F4/90194 92 91 1Rf K/
90194 9% 912 AJKHEHE)




