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1 - Melt spinning
2 - Dry spinning
3 - Wet spinning
4- Spinneret

5- Take up device
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- Undrawn yarn (UDR)

- Fully oriented yarn (FOY)

- Crimped yarn

- Partially oriented yarn (POY)
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1 2 Reference FOY Desirable
yarn 1 range

Spinning .

Take-up velocity (m/min) 9000 7000 6000 1500 7000 m/min

Draw ratio 33 no drawing
Viscoelasticity

f pi— (°C) 102 104 114 132 85-110°C

(tan ©)max =) 0.126 0.129 0.182 0.110 0.115-0.135

E 3 (g/d) 74 73 49 97 over 50 g/d
Refractive index

An ) 0.083 0.108 0.116 0.173 0.03-0.110

Average refractive

index ) 1.660 1.677 1.673 1.691 1.65-1.70

Difference of

refractive indices

Mg —Ho ) 0.031 0.026 0.009 0.002 0.01-0.08
X-ray

Degree of

crystallinity (%) 77 75 66 58 over 70%

Crystallite size (A) 65 56 36 18 over 55A

Degree of orientation (%) 94 94 91 90 over 90%
Yarn property

Tenacity (g/d) =5] 43 4.1 5.0 over 3 g/d

Elongation at break (%) 25 46 62 25l 20-60%

Boil-off shrinkage (%) 2.9 3.2 39 7.8
E 220/E 150 0.79 0.70 0.64 0.53 over 0.75
Equilibrium exhaustion (%) 89 75 52 49
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Spinning SLH Tenacity Elongation Dry shrinkage

speed at 160°C
(m/min) (g/d) (%) (%)
1 4000 none 2 85 2281
2 4000 heating jacket 4.5 35 12.0
3 6000 none 353 68 Sl
4 6000 heating jacket 5.0 29 9y
[vf] (Toray culted wbwl ») SLH 56 -¥-5 Joux
Vapor pressure Tenacity Elongation Boil-off shrinkage
(kg/cm®) (g/d) (%) (%)
1 (none) g 82 11.5
2 1.0 4.0 33 9.0
3 : 3.2 44 23 49
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Quench bath position Boil-off shrinkage Density X-ray diffraction
(cm below spinneret) (%) (g/cm?)

96.5 67 1.357 amorphous halo
107 s 1.385 crystalline spots
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Undrawn Drawn
Cooling system An Density Tenacity Elongation Modulus
below spinneret (g/cm®) (g/d) (%) (g/d)
Water bath (36cm) 0.150 1.3582 11.3 7.4 171

Air cooling 0.088 1.3722 8.2 7.6 148
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Du Pont>' Hoechst-Celanese*
Spinning
Atmosphere below spinneret Heating shroud Heating zone
(375°C) (room temperature)
Cooling [conventional] homogeneous
Tension (g/d) 0.0026 0.076
Spinning speed (m/min) 228 1300
Draw ratio 6.25 2.52
Properties and structure
UD filament An 0.0005 0.038
Tenacity (g/d) 9.6 8.8
Elongation-at-break (%) 15.6 6.8
Dry shrinkage (%) (14) 5.0
4.5kg load (%) (6.3) 6.1
Hysteresis loss (in-1b) (0.09) 0.014
Stability index (0.8) 14.1
Tension index (g/d) (1250) 1148
Amorphous orientation . (0.61) 0.56
Long period (A) 180 140

Stability index = 1/(hysteresis loss x 175°C dry shrinkage).
Tension index = tenacity x modulus.
Bracketed figures indicate estimated values.
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Operational State (1993) Remarks Plan
Operation started  Spinning speed Amount Fully-operational ~Amount
(year-month) (m/min) (t/month) (year) (t/month)
Asahi Kasei 884 7000 300 Direct take-up, easy dyeability, soft hand - 600
5500 300 Godet
Teijin 88-6 6000 1100 Godet, specific yarn, FMS 92 1100
Toray 90-3 6000 2060 Godet, versatile production unit - -
Mitsubishi
Rayon 894 6000 500 Godet, provided with downstream
processing system 91 720
Toyobo ? 6000 110 Godet (up to 4), also capable of spinning
nylon 91 ~450
Unitika ? 6000 ? Godet, for regular yarn 90 ~800

- Tricot

- Flexible manufacturing system

- Take-up

-Ultra- fine
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- Liquid- crystal

- Gel method

- Phase- separation
- Gelation

- Hemogeneous

- Heterogeneous
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- Concentration fluctuation
- Cloud point

-Cloud point curve
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- Micro- phase separation

- Critical nuclei
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- Critical concentration
- Low concentration spinning

- High concentration spinning
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- Immersion method
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- Dry- jet wet spinning
- Air- gap method
- PAN: polyacrylonitrile
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Shrinkage in the first

dryer (%) 0 5 10 15 19 19
Elongation in the second

dryer (%) 0 0 1 3 0 4
Tensile strength (g/d) 3.9 3.8 3.6 3.6 3.1 3.4
Tensile elongation (%) 8.0 10.7 15.0 16.8 28.0 213
Knot strength (g/d) 1.1 1.9 2.1 2.2 3.1 2.5
Knot elongation (%) 1.8 6.0 7.0 10.0 22.4 15.0
Shrinkage at the boil (%) 14 12 11 10 4 6
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- Subsequent relaxation

- Net conveyor
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First stage
elongation ratio

Conditions of pressurized steam elongation

Steam ?rﬁsum

(kg/em®-G) speed (m/min)

Maximum elongation

L5
20
3.0
3.0
3.0
4.0
50

27
2.9
20
32
4.0
35
3.6

1450
2430
2400
3020
2370
2260
1330

Fiber properties
Final spinni

Stable elongation  speed (m/min) Denier  Tensile strength Tensile elongation
speed (m/min) (d) (ad) (%)

900 810 110 4.10 200
1700 1530 59 6.31 17.2
1600 1440 63 5.90 16.3
2400 2160 42 6.82 15.4
1500 1350 67 5.50 16.2
1500 1350 67 543 17.7
800 720 125 3.94 18.7
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Conventional High-speed spinning
Tensile strength (g/d) 5.1 3.0
Tensile elongation (%) 13.9 27.8
Knot strength (g/d) 26 20
Knot elongation (%) 1.5 25.2
Maximum twist number (t/m) 1092 1928
Shrinkage in boiling water (%) 6.8 1.5
Fibrillation grade* 2nd 5th

* Fibrillation grade: evaluation was done by means of a 5-grade scale. The 5th grade is the
highest,
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- Micro- stripes
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High elongation Conventional
funnel (UNP) (NP)
Spinning Spinning speed (m/min) 1000 1100 1200 1500 400 600
conditions  Length of /; + /; (mm) 270 270 270 270 275 190
Length of ;3 (mm) 240 240 240 240 300 300
Length of /; (mm) 40 40 40 40 = =
Diameter of d3 (mm) 14 13 1.2 1.0 75 175
- Length of free fall (mm) 2700 2700 2700 2700 1350 1200

The 1st coagulant temp. (°C) 50 55 60 65 40 45
The 1st coagulant vol.

(ml/min) 1000 1000 1000 1000 800 1200
The 2nd coagulant temp. (°C) 80 80 80 80 - -
The 2nd coagulant vol. (ml/min) 900 1000 1100 1200 1200 1500
The 3rd coagulant temp. (°C) 80 80 80 80 - -
The 3rd coagulant vol. (ml/min) 1500 1500 1500 1500 - -

Tension (g) 10 11 15 20 13 12
Fiber Dry tensile strength (g/d) 23 230 23 2323 2]
properties  Dry tensile elongation (%) 140 13.0 122 10.0 13.0 103
Wet tensile strength (g/d) 14 13 13 13 14 12
Wet tensile elongation (%) 23.0 200 180 160 210 175
Fibrillation grade 90 85 80 75 170 5.0
Stiffness (mg/100 filaments) 1.2 ] 1.0 09 10 03
Fluffs on the surface of the
cheese (n) 1.0 12 15 20 25 50
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bond)® dynam.i)’ value sll.'erlgt.h‘s value modulus®
g/d GPa g/d GPa g/d g/d gld GPa g/d g/d
PE flexible 372 32 80 6.9 9.0 2775 240 100 860
UHMWwPE flexible 30-40 727 1000-2000 2697
Polyamide-6 flexible il6 32 66 6.7 9.5 9.8 1406 142 50 187
PPTA rigid 235 30 - - 18-28 1500 183 400-1100
PET flexible 232 28 41 5.0 9.5 15.5* 1023 125 160 285°
WAP rigid - - - - 23 560
POM flexible 264 33 - - 11.7 424 53 310 ~400
PVA flexible 236 27 51 5.9 11-17° 4410 2251 255 230-387° 1040'°
PP flexible 218 18 32 2.7 9.0 18 423 34 120 489
PAN flexible 196 20 - - 5-14 23" 833 86 85 268"
PVC flexible 169 21 28 3.6 4.0 - - 45
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- Screw-type extruder
- Gel-spherulites

- Capillary type viscometer
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UHMwWPES5% Conventional PE PET
(Solution) (Melt) (Melt)
Mw ~2000kg/mol Mw ~ 180kg/mol M, ~ 80kg/mol
Tapin=150°C Tepin = 180°C Topin=280°C
Shear rate 1000 ~ 630 1000
(1/sec)
Shear modulus ~9x10° ~5x10° ~5x%10°
(dyne/cm?)
Relaxation time ~17x1073 ~10x103 ~2x1073
(sec)
Shear viscosity ~ 150 ~ 5000 ~ 1000
(poise)
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- Spin-line
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- Die-swell
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Die-swell Pull-out

Spinning speed
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- Morphological structure
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High Preformance wi ;% L Dyneema SK60 awglic -0-¥ Jguz

Dyneema SK60 Aramid fiber ~ Carbon fiber E-glass Polyester, Steel fiber

fiber polyamide
HT type. HM type HT filament
Density (g/fem® 0.98 1.4-1.5 1.7-1.9 1.7-1.9 2.54 1.1-1.4 8
Tensile (g/d) 30-45 22 17-22 12-15 9.6 9-10 4
strength (kgfmm’) 260400 290 280-350 200-250 220 100-110 280
Modulus (g/d) 10001400 1500-1000 1200-1500 2000-2500 300 50-100 260
(kg/mm? 8800-13 000 6000-13 000 20000-25000 3500040000 7000 500-1200 19000

Elongation
to break (%) 2-5 24 1.0-1.5 0.5 4.0 13-19 2
Thermal
behavior Melt 150°C Degraded 2500°C 2500°C Melt Melt

420°C 730°C 240°-260°C
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- Glycerol
- Ethyleneglycol

- Tacticity
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- Ultra- fine- fibers
- Petal - shaped

- Triangular Cross- section
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- Flat ultra- fine
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- Super ultra- fine fiber

- Continuous filament fype

- Random (staple)type

- Islands — in — a — sea type

- Separation type or splitting type

- Multi- layer type
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- Bursting
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- Quenching
- Spining draft

- Tension
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Spinning conditions '

<0.3d - | <0.15d

Number of holes in spinneret > 140 >150
Cross-section of output hole (cm) <3.5%x10* <1.5x10*
Polymer melt viscosity (poise) <950 <300
Ambient temperature at a point

1-3 cm below spinneret (°C) <200 <150
Filament-assembling position (cm

below spinneret) 10-20 20-70
Drawing conventional conventional
Tenacity (g/d) 3-5 3-5
Elongation (%) 2040 2040
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- Fluff formation

- Conjugate spinning
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- islands- in- a- sea
- Islands- in-a-sea or alternately- arranged- polymer Spinning
- Sheath- and - core

- Micro- fiberization
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Occurrence of
Multi~islands-in-a-sea-type fiber ultra-fine fibers
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- Petal — shaped cross- section
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Filament

Direct spinning

Islands-in-a-sea type

Multi-layer type

Limit of the finest

denier (after splitting)

Method

Processing

Inter-filament
distance in fabric

Hand.

Single-component
fiber

Dyeability/Color
fastness

>0.1d

Spinning and
drawing

Relatively difficult.
Different from

conventional fibers,

Fluffy.
Small.

Hard.

Yes.

Also possible to
make multi-
component fiber.
Easy dying.
Poor color
development.

~0.0001 d
Possible also to
make non-circular
cross-section

Remove a
component
by solvent

Relatively easy.
Similar to
conventional fibers.
Less fluffy.

Can be controlled.

Soft.

Yes (by dissolving).
Also possible to
make multi-
component fiber.
Easy dying.

Poor color
development.

0.1d
Flat cross-section

Physico-chemical
splitting

Relatively easy.
Similar to
conventional fibers.
Fluffy.

Small.

Hard unless
chemically
treated to shrink.

No.
(Only possible by also
dissolving).

Poor color-fastness.
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One-phase Two-phase

solution Spinning jet

Polymer solution
supply
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= Spinning nozzie
orifice'

Spih'ﬁing orifice

Polymer solution : b
chamber Decompression chamber
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One-phase

Cloud-point curve
At solution preparation 9 a

Pressure

i
_At spinning® b

ﬁvo-phase
—_region

Temperature
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- Ultra- centrifugal spinning
- Beating

- Turbulen flow



Fabrics to reduce frictional
resistance. (Ski and skate
wear, swim suits).

Pile fabrics having
hydroplane surface.
Fabrics to prevent shells
and seaweeds from
growing on the surface.

Suede-like materials.
Feather-like materials.
High-touch clothing
material and Shingosen

peach-skin-like, etc.)

(silk-like, rose-petal-like,

Gel-like fiber of a quick
response type.

High-resistance to heat
and chemicals
Filters, squeezing rolls

neducung flow resistance

Softness, high fashicn. Good
appearance

Wiping cloths.

Lens cleaners.
Dust-absorbing cloths.
Filters.

Anti-dust masks.
Separators for electric cells.
Anti-tick bed covers.
Underwear which cleans
the body.

Bed covers for down.

Wiping and filtration

Vapor permeable/water
repellent fabrics.

High sensitivity to environment
and chemicals

/

Prospects for ultra-fine

Reinforcing characteristics = fiber application

________,_....-—--'and 5

lon-exchange fiber.
Image guides. Reinforced
plastics. Paper.
Superconductive fiber.

pecial configurations

Biocompatibility

Vascular grafts.
Artificial bone. Blood
separation. Carrier for cell

cultivation. Enzyme fixation.

High strength and smoothness

Water-absorbent or water- _|

repelient characteristics

Specialties

Water-absorbing or oil-
absorbing material.
Special towels for hair
drying.
Water-absorbing rolls.
Stamp pads.

Typing ribbons.
Water/oil separation
fabrics.

Tough paper (envelopes).
Floppy cases. Speaker cones.

Insulating cloths.
Brushes. Fabrics for clear
printing. Bar-code and
identification cloths. Hot-

melt adhesive materials.
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1. Step Index type Optical Fiber

Step Index type Single Mode Index Profile

,
Lr

Band width 10GHz+km

Step Index type Multi Mode

AL -

Band width 2~50MHz=km

2. Graded Index type Optical Fiber

Graded Index type Multi Mode

A\c:yﬁ D

Band width 100M~1GHz<km

LedT BT 0l (sl 9 5599 S 58 ek g 5 395 V) S

Sewdly (5598 i Olgo —V-Y
Az, STaal jloye s SYL codlad 5ol M ol 5 (550 olg> Sadly (5,58 G onims LSCid olge
9 wyo).' LSLQ S:3)) ).a.]a.' ).u )in) 0‘5.0 Lol ")5'“"(59 oolaiul LSJ.LA ools U‘?"’” (PC) g_)L.J; kSL 9 PMMA )‘ S’w



sl gl yeubis S s MMA-mMaleic oo ol joilis s« MMA- methacrylic oo ,usl edis S« Sl
oo 55 ol BMLE lge CnSd o po Wb a8 el 5laiil e 4545 0,90 30 MMA-methacrylicimide
Teflon AF vinylidene fluoride L :J -Ls fluoroplastics sly—s ;| pl b sl e olge ConSs
ooliul s5ae o3le olsxn 1,251 fluorinated methacrylate , fluroinated polycarbonate . Teflon FEP
et L iy ke o 5l sk Ol o sy ols Sl yS  51 (Seadly 6y SIS S 0 igdee
ol 00 ool ML ylgim VO CunSll
Sy (6595 i Ul Bl Y -V-F
S s 90w by e lgie 1) el Vs il ead Cend (V-Y) S0 5o (Seiodl (5,95 SUI Jlasl sl Jle
Sy 18 (8,95 O yg0 4 KAINO cessls 0y (659955 5 (3l ()5 il g ools 095 5 (3L 15 cdl Julis
i g 0ls ploul Slidss PMMA a0 b (Seoeadl cid 6l (idy g wdo 5l (250 slodl ol J3lo sl
[V] sibcs S0 LED ;o #0+ NMzge Jobo sl V-#IY AB/KM sg0  Jsls il ol o5lail a5 5
Intrinsic { Absorption{;f;?;:ir:::nn;;i;f ot vibration
Scattering Rayleigh scattering
Transition metals
Organic contaminants
Extrinsic Dust and microvoids
Fluctuation in core diameter

Scatteding Orientational birefringence
Core-cladding boundary imperfections

POF (5,9 SLII g1y JUEI <l Jolgs Y=Y S
(Mitsubishi- Rayon a5 o_Jg) Eska EXtra sla il slp zge Jsb o p Jgone Jlisil slozd!

a> STl sad 03,91 (V-Y) JS 50 8,08 pgu e (6,18 (Seidls (5,95 BUI o jo 1y Jsl cdl o 5 ol oS
oS 2l s o3lasl 5 Y- AB/KM sg0> a5 wslaw £V AB/KM sg0> 10 05A NM z40 Job o Jlal cél

Absorption

Gl e 58 les o (Sl ez BB ke 4 wigd ags (Sieio bide ;o SLIaSaln 2l nl (Jy ool
Sy a5 aiboe S LED (o £0° MM ooy mge Jsb ,0 VYo AB/KM L 4l o BUIN g sl il
09S el 00 dnloee KAINO Lawgs a5 asly o V-# ABIKM Jolos 510 a0 o3 5 ool o solictasl lbols )|

A dmlys 0ls 75 (s3he 03le gty PMMA Sl oslical b cdl o8 (Seoudly (6,55 (o)l adgs a8



10° _ i
S = ’;’ W
et
=17 0
- U \
: =E y
oe) : [ A\
- \ N7
5 N, ]V
= ]O -
S V
2
: ;
@
©
=
0 — ——
10 :
300 500 700 900 1100

Wave Length(nm)
90 Jsb w5 ESka EXtra Sl cqe JUs! cél -V-¥ Jsi

PMMA (s5%0 b (5,98 (Saiuwdly id odgi' w758 -V -0

A ool ond ool plias (V-F)USs o PMMA g5ae b Setdl 6,55 i ades ail 51 IS (s,
L S8l ln 0955 g, 53 Iy 02l @y 0395 5 Ggmailgr ailinyonly ) 53 8 Olsies 95
5 Ogemslizyonly 00 S LET ol Bran (e (galin yorky w3 (nl yo 45 Cendl g050 (ul e 05 sz oS
dlbse oS (6 pSeiir Hlade a4y (J3SUge ()59 0o Lo

5 By il o 3o 00ls (3905 Ll darls Wb Sl O 35 a5 55 IS5 ol 4y e SSes Bk 1L
0,8 aaly oy GRlidl g laie JEil S8l (e (Semdly 5558 d el5 Sz sy 5D 9] 8 bl

9y 3 L YL eeds a0 LPMMA el VAV L. o Mitsubishi Rayon abs,i5 b sl sl
Jls ;e Mitsubishi Rayon cllee ool 5l ooul canss doe s a0l p.wle adg MMA 5l osgs gl youds
I, Esxa EXtra sl b g hosm b SLI sy 093 s MMA plos gy ol (5551 08 pleal b VAAY

- Suspension polymerization

- Pellet



Juissl alols 5 0591 g o Sl i i ol Jisil 108 wdpe Ik a2 bl cg (Setdly 6,95 il lyin
el 00 08,51 (V=0) JSb o cad cpl adgs ol )3 .l il V0 M o
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Polymerization P Pelletizing e Spinning —— 1000 dB/km
Bulk Melt
Polymerization ——®»1 Prelletizing p——P SrininE 3 ~ 300 dB/km
Bulk Melt
e ——®» - 150 dB/km
Polymerization > Spinning
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Initiator Distillation Tower Molecular Weight Modifier Distillation Tower

Polymenization Tank

Spinning Head

Sheath-Melt Process

MMA Distillation Tower - :
Volatile-removing

Mixing Tanks Poeecs
MMA Reserve Tank
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Cylindrical vertical purifier

Feed hole Degassing
~— hole
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Degassing hole
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Wavelength Co Cr Mo Fe Cu Ni
630nm 2 10 200 500 30 70
850nm = . = 120 30 30

Units ppb, except * > ppm
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Processing region

Fiber shape

Requirement

Inner wall of’
nozzle

Core-sheath
junction

Nozzle length

Imperfections of core-
sheath inner surface
Fluctuation in outer
diameter

Core, sheath
concentricity
Imperfections of
core-sheath
surface

Imperfections of core-
sheath inner surface

Improvement of
wall smoothness

Improvement of
accuracy of nozzle
Improvemert of
accuracy of nozzle
plate setting

Longer
Shorter

Fluctuation in outer
diameter
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Sheath/core melt viscosity ratio
(230 °C, 3.8kg : melt index)
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