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Abstract— The effects of air-gap distance on properties of cellulose fiber spun from the 6 wt%
solution of cellulose in monohydrate N-methylmorpholine N-oxide (NMMO) were investigated. The
diameter of fiber spun was drastically reduced in 10 cm of air-gap distance at fixed drawing speed,
however, no great change was observed beyond 40 cm. As the distance lengthened, the Cellulose
II structure was first appeared and followed by Cellulose II and IV mixed morphology. Also the
degree of crystallinity and the size of crystals were tending to decrease.
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Table 1. Spinning conditions for cellulose fiber pro-

duction

Cellulose content in dope 6 wt%

Spinning nozzle ® 0.2 mm (3 hole)

Spinning temperature 110°C

Air-gap distance 1~85 cm

Coagulant water, 10% and 20% aq.
NMMO

Length of coagulation bath 150 cm
(room temperature)

Take-up speed 50 m/min

23. 2 A

FAE] 6%9] AEZex LA 110°Ce) uba}
SEoA £ WA S FIAEZ o] walglae
= AMgsioleh AR RE 2R} A
A5 JPPAPEAS ALl shsl 2Ed
g ATE Este] 42 or)F
Saagel 347 F, AAD
FTrE FASl] &2 23] A AT
100°C2] 2Bl AzA|A desiccatorel] R#3te]
o} A& HAZ AL Table 10 vreheic).

AX Az Agchie AHE
of Feslw Wyl A% E wdsle] o}BL 1A
AlAAM AHE = F Rigaku D/Max-IIIAS A}
£35kod 205 5~20° WA ZAste] Agr).
59 AAZEE A7) WAX 3)ds)=ze iy
Hinrichsen ¥l wla} Azl on), Ax=7)
= (002)%e) sl-d=agxe] (002)He] $Aq 2
76‘5-7]% Scherrer®] Ale| ule} 7 Ababoich

l

3.

N

79 o

uow\}

® 54 R AxHYES AR A4

1o vehiel

% Xﬂ}_EJ RN 3,7;10

em oAbl A 2 W FE
5

14 (A), (B), (O)=

o #7115
10 cm7bR) 2] F7]% F7bellA]
w43 ZrastEoen 40
g el A %3 9ok Fig.
A AHES T A WEas



AZ2 A Ao WA 371% Agrt B4 rlAe 49

30
, COAGULANT
s : distilled water
25 |- v 1 10% aq. NMMO
) \ « : 20% aq. NMMO
z
by
w20 F * .- ]
£ T (A)0724g/min
8 LN T |
o S
- AN (B) 0.28 g/m
c 15 [ I
L
g
9
[N 0.078 g/min
‘ik:}E!::M:\!—‘v-——'::, (C)
5 . . . ) ) . . .
o 10 20 30 40 50 60 70 80 90

Air-gap(cm)

Fig. 1. Filament diameter versus distance between
spinneret and coagulant.
Take-up speed: 50 m/min. Outflow: (A) 0.724
g/min, (B) 0.28 g/min, (C) 0.098 g/min.
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Fig. 2. Effect of spinning draft on volume porosity
at different coagulant.
Air-gap distance: 1cm (solid line: variation
of dope outflow at fixed take-up speed of 50
m/min. Qutflow: 0.5, 0.27, 0.23, 0.078 g/min.
Dashed line: variation of take-up speed at fi-
xed dope outflow of 0.068 g/min). R: experi-
mental diameter of fiber, Ry: theoritical dia-
meter of fiber.

w2b e Aol HAe] debA i Qg HolFa
stk & EFF4, 10% NMMO 584, 20% NMMO
&Y o' Ao HHL sheoAL Aok 2
v} 2 Al Au|(H-E wEEPel e S
ZA) W < 2] AA] Wsith

WAty dEre s %"—3% Saulell A A
Fol EAlsh= ool Snffor sAtLrel &
CEANEE R0 z“&* Aol wtet M=
b2 o d(porous)®] AFTEE olFH o) o
A Fxe e T AEA s

gato] ofe] kAl AQm(ZAR AHEEA
WEFS M3 APelA Azl diel #7]
25 AdF9o A3 obFAd(volume porosity)S
AR ZH 3o —46}“4(F1g 2),

Jm

e

P

5]

WAk A g

AEE(Ea ié 2o ])4 #Hap ez A o

J. of Kor. Soc. of Dyers and Finishers, Vol. 5, No. 2(1993.6),” 141



52 Tz . 2

12.0° 14.6°16.4°20.0°21.5°

226

A

o A\
E‘ \//\v/ " \«w AIR-GAP

E "
E:‘ \/—/ \\/\/\“v:l'ﬂjcm
g 1//\\}/ 50cm
é /\\vf/\f 40cm
<< k\//\/ 20cm
\‘/_/\/ 10cm
lem

L L S 1 |

|

15 20 25 30 35 40
Two theta

Fig. 3. X-ray diffractograms of cellulose fibers which

were prepared by apinning at different air-gap
distance.
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Fig. 4. Crystallinity and crystallite size for cellulose
fibers which were prepared by spining at diffe-
rent air-gap distance.

i+

2 Zolr} Aol we} oA A gle.
<)
R 1. de-

4
(002) el F2)al A A7) EJF FFasti
rmansl5+= X-rayE o]48 AEZ oA~ MF9 A
A3 ZAF BarolA vz do]2(FHA)e 2
e 40%°) 3 ER(H IS 70%etL LRI
a2} Segall6e Ewie] 1 g2 89%eii dHeole
& 5%t Rastgch B Aol 37139
Aol web 2 ghe] 90%ell A 80%7FA1 2] W

el gle}. v)wslr] $8te] Hinrichsen ¥HHW
of ule} Fodgt woz #AAI Asahi ¥|AIA
#o]22] AR e E 65.7%¢]wHl, o] AR Ko}
15 F29 zole vlAAdd S Jehl7] #
o] Ao} el o Heo|w, of7jA B}
AAstze] Al FARckE 2}
A2 AAswe] F3Agkelztr Azt
dutdon wHal £-5A] Aol WA

of whel A% W] Yol P

=
=

o O
fo of

=
=
rlo

ot Lo of
RN

o ek

a2

£

2]

Zrlee S RodFed "bsied* Fig 139
Az Bolslr}al 4 glet ololl HE el oA
EEsh} dggz oo vz M3l F Cellu-
lose ITol 4] Cellulose IVE Q] o] wjFo] oldr}
o] 7 7).



I
M
rhu

Agrorrt $8%9 1 53t Nwjdgza], N-&
E(NMMO) #HAHl el walstod, “W %
1% At A28 AR Hgel T4
u] A dges AT 43 dFHSEA 4] 10
cm7kA| 8l Fr) Sl Ae Axd Hfe AA2
A3 7taslelon], 40cm o)iolAe F W3
Rolx| okgte) EFF wiEeko] WL 4R
A7t Fe4E 3% Aol we 4
W} 2A vebdek 371% A7t 5718
A2 o9 v|A 3 Cellulose IT 3ol 4 Ce-
llulose 1Is} IVe] E3Hdel= Mistsigler, =
Az Ao AYswe} AA 27w 714 A
viepi oo

12

0L o o

)
Ed|

o @

® b X a o

_.1 2 T =l° -!lN

o r.?L'

e

IT2s

]

1. C. F. Bross, E. J. Bevan and C. Beadle, Br. Pat.
8, 700 (1892).

2. A. F. Turbak, Tappi Journal, 67(1), 94-96 (1984).

3. R. D. Gilbert, Mesophases of Cellulose and Deriva-
tives- a review, in press.

4. a) C. L. McCormick and T. R. Dawsey, JMX-REX.
Macromol. Chem. Phys, C30(384), 405 (1990); b)
A. F. Turbak, A. Kafrawy, F. Synder and A. Auer-

o WAl B71% ARt &

10.

11.
12.
13.

14.

15.

16.
17.

el vlH e 3% 53

bach, USP 4, 302, 252 (1981).

. D. L. Johnson and S. P. Minn, USP 3, 508, 941

(1970).

. The Chemical Engineer, 17, 14 June 1990.
LA

HE Y, #1823

(93-10) (1993).

,(-“7_“7] /\Ha]n.

. C. L. McCormick, P. A. Collais, and B. H. Hutchi-

nson, Macromolecule, 18, 2394 (1985).

. E. Maia and S. Perez, Acta Crystallogr, B38, 849

(1982).

a) C. C. McCorsley, III, and K. V. Julianna, USP
4, 142, 913 (1979); b) C. L. Henry (Akzona In-
corp.) USP 4,290,815 (1981); ¢} K. V. Julianna
(Akzona Incorp.') “USP 4,324,593 (1982); d) C.
Michels and P. Malitzke, Ger (East) DD 271, 534
(1989).

G. Hinrichsen, J. Polym. Sci. Part No, 38,303
(1972).

A. Ziabicki, “Fundamentals of Fiber Formation”,
John Wiley & Sons, 1976.

H. Mark, “Cellulose and Cellulose Derivatives”,
(E. Ott et al., Ed), Chap. 4, Interscience, 1954,
R. H. Marchessault and P. R. Sundararajan, “The
Polysaccharides”, (G. O. Aspinall Ed.), Academic
Press, 1981.

P. H. Hermans and A. Weidinger, J. Polym. Sci.,
6, 533 (1951).

E. Segal, /. Applied Poly. Sci, 8, 1325 (1964).
M. Matsui, ##EEEH(HA), 38, 508 (1982).

J. of Kor. Soc. of Dyers and Finishers, Vol. 5, No. 2 (1993.6),” 143



