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Simulation for Dry Spinning Process of Segmented
Poly (urethane-urea) Fibers

Li, Guangzhu*'/Yamada, Toshiro™'/Tada, Kaoru*'/Katsuo, Ken-ichi**/Ishihara, Hideaki**

Segmented poly (urethane-urea) (SPUU) fibers such as spandex fibers are usually produced by
dry spinning process. The processing conditions for dry spinning of SPUU can be optimized by
computer simulation.

In this work, a simulation model is proposed for the dry spinning process where the SPUU dope
in the liquid state is first extruded from the nozzle in the shape of spinline, then the solvent in the
spinline is removed by the blowing of hot gas while elongated, and finally a few spinlines come to
a fiber in the solid state after they are twisted. The deformation behavior, solvent concentration,
temperature of spinline and so on can be predicted with this model.

Governing equations composed of the equations of continuity, motion, energy, rheology and de-
flection were derived under the assumption of Newtonian fluid. Simulations for dry spinning proc-
ess were carried out with various diffusion coefficients previously reported for two kinds of sol-
vents (dimethyl formamid (DMF), dimethyl acetamide (DMAc)) and three measurement meth-
ods of diffusion coefficients (Moiré pattern, Film and Dope methods), where Moiré pattern
method gives the mutual diffusion coefficient for the liquid-liquid system, Film method gives the
diffusion coefficient of solvent into the film which changes from the solid state to the semisolid
state during measurement, and Dope method gives the diffusion coefficient of solvent from the
dope which changes from the liquid state to the (semi-)solid state during measurement.

The temperature distribution in the spinning chamber was linearly approximated in the distri-
bution close to a practical plant. The simulation model can predict the residual solvent concentra-
tion, temperature, cross sectional area, spinning stress and deflection of spinline.

The simulation results denoted that the change of solvent concentration is mainly determined in
the hot gas zone even if the diffusion coefficients are different. Therefore, the deformation behav-
ior of spinline is chiefly governed in the hot gas zone. And there is little change found in the in-
terim zone and blowing zone.
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MDI: 4.4' diphenylmethane diisocyanate
PDA: propylenediamine

DI: diisocyanate

PTMG: polytetramethyleneglycol

Fig.1 Chemical structure of segmented (polyurethane-
urea) (SPUU)
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Fig.2 Schematic diagram of dry spinning process
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Fig.3 Schematic diagram of micro-volume element of
a spinline cross-section
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Fig.4 Schematic diagram of divided spinline cross
section
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Fig.5 Relationship between diffusion coefficients and
temperature for two kinds of solvent and
three measuring methods
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Table1 Calculation condition of dry spinning simulation

Dry spinning condition

Throughput, Wx (kg/s)

Raw material temperature, 7y (C)

Solvent concentration, wyo (—)

Orifice diameter, D (m)

Dimensionless length of spinning chamber, a, (—)
Dimensionless twisting position, o, (=)

Gas temperature, T*(C) & drying gas velocity, V, (m/s)

0< a<0.1647

0.1647< a<0.1659
0.1659< a.<0. 7882
0.7882< a.<0. 882
0.8823< a.<0. 8847
0.8847< ax<1

Take up speed, V., (m/s)

Value

2x107°
40
0.65
2.6x107*
1
0.35
T* (T) V, (m/s)
T* =200 V,=0.1
T*,=200 V,=0

*,=200—-80 (o,—0.1659) V,=0
T*=150—1169 (a.—0.7882) V,=0
T*5=40-6250 (a.—0.8823) V,=0
T*=25 V,=0
3.33
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Fig.8 Relationship between spinline temperature and
distance from spinneret
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Fig.10 Relationship between solvent concentration distribution and distance from spinneret
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Fig.11 Relationship between average elongational
viscosity and distance from spinneret
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Fig.12 Relationship between cross sectional area of
spinline and distance from spinneret
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Fig.13 Relationship between spinline velocity and
distance from spinneret
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Fig.15 Relationship between spinning stress and

distance from spinneret

SRR, SRAEWTHR R EOZIL D I1T L A CEJR IR Tk

E S, WP, MR TOZIIN S W b o7,

G, BARIZERIC L BARLREOERNELE EE L
YIial—YarETNERMETS. AL, F—TEE T4
WV BEETRD T2 PEHAR D O SR SIRE & AR AR %
ZRELU7IBR B A& L, 2oty Hwc/
ZNWAHEOWARIREE D 5% MY fHE O BARIREICE S
TOEHFRLROREOZEDZ FllT 5.

ff A &8 5
A REWTHIRE (m’)
G EPUREL (—)
Cr :lbE (J-kg'-T™)
¢t TEREICBULIETVEE (mol-m ™)
D R — - AR (m*s™)
Dy #MifLD 7 XV (m)
E iRKEE (16) XOWERFE T A —% (K)
E” [ BAIZESE (18) ROBBEMRGFEH T X — 5 (K)
F Bl (N)
g L EJIMEE (m-s™)
b BMRERE (Jm*s+C™

Hs AR ERMOTOBRIOSHIRBIIBI A2H5EVT Y

Seikei-Kakou Vol.19 No.5 2007

10 [© DMAc(Fim)
9 DMF(Film)

8 [ DMAc(Dope) l
* DMF(Moiré) xx'xxx

(=2}

F(107N)

B

0.0 0.2 0.4 0.6 0.8 1.0
Q:(-)

Fig.14 Relationship between spinline tension and
distance from spinneret
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Fig.16 Relationship between spinline deflection and
distance from spinneret
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