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Abstract—The physical properties and dyeability of the nylon 6 fibers prepared by high speed
spinning at take-up speed of 4,100~5600m/min were investigated. The strain decreased as the
take—up speed was raised from 4,100m/min to 4,400m/min, but further increase of take-up speed could
not decrease the strain. The stresses of the fibers spinned at various take-up speed did not make any
noticeable differences. Birefringences, densities and crystallinities of the fibers increased with the
take-up speed and then reached to a nearly maximum value at 5300m/min. In DSC diagrams, the 7
form of crystal became dominant at higher take—up speed.

The dye uptakes of C. I. Acid Blue 113 on the fibers decreased a little with the increase of take-up

speed.
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Table 1. Comparison of conventional spinning
with high speed spinning

Conventional ngl’.l S.p eed
Items Spinnin Spinning
PInng | (ppy)
2 Step 1 Step
Steps (Spinning & |(Spinning +
Drawing) | Drawing)
Spinning Speed | g0 90014300 ~5,600
(m/min)
Take-up Amount _ _
(Kg/Cheese) 20~25 50~12.0
Production Amount - High
Wastes - Low
Persons needed High Low
Energy Cost High Low
Packing and B Relatively
Transportation Cost, Low
Quality - Better

Table 2. Conditions of chips and spinning

Relative

Viscosity 247
Chip |Moisture Content 0.05%

Condition [Aminc end group

Content(-NHz2) 51 mmol/kg

TiO2 Content 0.295£0.015%

Spinning 249

Temperature

Nozzle Surface U6

Temperature

Spinning amount |29.16 g/min-end

. . |Blow Air Speed 050 m/sec

Spinning

Condition Godet Roller
Draw Ratio 1.15
(GR2/GR1)
Temperature of
Godet Roller 2 176°C
(GR2)
Winding Tension 68*t1 g

4,100, 4,400, 4,700, 5,000, 5,300, 5600m/min®] <
E2 AHE UL E 6 EPRE(PEDE A
st
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SandozAte} Nylosan Navy N-RBL(C. I Acid
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Molecular Weight : 681.649 g/mole
Molar absorptivity : 34075.97 in 25% pyridine
aqueous solution

AA4AEE dlHon, AlEH
£ 20cm, crosshead speed:e 20cm/
minZ 3t} HEEHZE 232 203] A g F H
a3t

222 S2EHE(4n) FF

EZHES AFPrAE S ol 8ot S92
W, AF9 Higzle] g 4H6°2 3t gAo]
5M6nmQl FE FIRFATD ZHE| & W
WA} F3o] HEE 3YAZ T AFAE 3

HAAA B AZI7E a0 g8 3 ek

__0xA _ R
R="180 an=";
R AAR, 1+ 34, 6= HBAY 337,
a3 de Alge FAE Jehdth

223 U-Hol| ofFt AHSIE AHjdt

ek 158490 Atdstehaet 2=rb 0680%1
n-heptane®] EFHo 2 olFojx UERPuiHS
AHEBl 23TolA ALY Bx(p)E 3T F

+ dog FAEE 2HI=(X)E T3k
P~ Py

oo, M

XA%)

— Le o
0

ot 9AKY Ex

pc: BRI (2P =(1.23g/cm’)
pa: HAF GG 2x(1.11g/cm’)

w2

[«]
-

9 B4 # 44 3
224 AMXtFEAtAZEH|(Differential Scanning Cal
orimeter, DSC) 244
Perkin-Elmer DSC-7% o|&3dt9iem, Alg 4
2L Smg T, $2EEE 20T/mnlz st

50THE 250T7HA 9 =X ST

22.5 odAiA
0.01ge] ABE 20x10"Me] C. I Acid Blue
113 A28 pH 509 2A/ZAMIES 924

Aol A &H] 5000:19] RALE oldie}t 2o &
23z FAEch
100°C, 60min
2°C/min

2°C/min 60°C

40°C

226 Pl

001g9] AlB8Z 20x10%M2 C. I Acid Blue
1138 AMg-3te} pH 509 2AH/ZANIEE 458
Aol &H] 5000119 2HoZ 40T, 60T, 80
T, 100CAA 247 &S AP

227 &2

001ge] A®EE 005 02 05 10, 20, 40x
10°M9] C. I Acid Blue 113 A}£38kd pH 5.0
o] 2A/ZMER gESduolM 84 500011
o] 2HoE 60T, 80T, 100TAA ztz
=28 w7 dMsty FaA5 S dA9g. 4
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AL 63, 100Ce] 5w 32 3
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[Dl;  KISI,-[D]l; * [SIf
[D) : BE el d 2= (mole/kg fiber)
(DI : B Feol A 289 F=(mole/L)
[Sk : =&bd 2 3H(H 234, mole/kg fiber)

3. Zn o DE

31 Zalze g 84

Table 3¢ ¥l AL 6372 Az &

AAE 5N DA ULE BeuESY Yo
RAE, 5% AR M55EE 5 124 B

s 2l
2 Ehgith Table 34 E € 4 e vhet
2ol AHNES F7]9 deniers 7|EHORE
70 denier, 24 filament® 71F o2 Ax37|= 8
o}, AFEEIY SVl e ey} S
ARHER A4 BHARES F71E 4,100m/min
o) Agol 672den/2AfLAM 5600m/mine]l S
ol 502den/24fl2 AW 7FxolAE & + 9
Azl gleld HAEE 4100m/min®] 29l
518%019 Zlo] 4400m/minE HWA 427%2
A3 agPout O ojF o FHETAME & A
o]Z JehlA @1 gled, Fxe dde AA
AR EE 7N ouigle ®Hgle Holx| &
S & £ Ut 5% Ao HFFEE £ e
A EEA & WEE Holx ¢x ch

Table 3. Physical properties of nylon 6 fibers
prepared by high speed spinning

Take-up Speed | ;454 40014 700[5,000(5,30005,600
(m/min)

Denier/24 67.2|62.7]59.0 | 55.8|53.1|50.2
filaments

Stress(g/d) 5.07|5.20|5.09(5.07|521 | 502
Strain(%) 51.8|42.7 (439|422 (430|402
5% Strength

/A lmnts) | |664]685673|679]66.1| 656
Shrinkage in

ool sator(s) | 88 | 91| 89| 86 | 90 | 90
Oil Pick-up(%) |0.74|0.80(09110.95]095|0.98
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Fig. 1. Birefringences of nylon 6 fibers prepared
by high speed spinning according to take-up
speed.



naa UQE 489 B4 2 @Ay 5

1.144

1.142

Density (g/cnt)

1.140

1.43

8 ; . . L .
3600 4000 4400 4800 5200 5600 6000
Take-up speed (mM/min)

Fig., 2. Densities of nylon 6 fibers prepared by
high speed spinning according to take-up speed.
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Crystallinity (%)
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Fig. 3. Crystallinities by weight fraction of
nylon 6 fibers prepared by high speed spinning
according to take-up speed.

Table 4. Birefringence, density and crystallinity of
nylon 6 fibers prepared by high speed spinning

T:;{ee;;p Birefring_gnce Densitsy Crystallinity
(my/min) (x10™) (g/cm”) (%)
4,100 411 1.1402 415
4,400 418 1.1408 41.9
4,700 424 1.1417 42.6
5,000 42.7 1.1418 42.6
5,300 43.0 1.1424 43.1
5,600 43.1 1.1424 43.1

Z(unit cel)o) A b BEAH 9 2202 &, o
ol A5 a=056A, b=17.24A, c=801A % B
=675° 91 @A Al(monoclinic)d] AR TzE 7}
A9, ¥y ¥ a=033A, b=1688A, c=478A & £
=121° 91 o843 Al (pseudohexagonal}e] 2% T+
22 7N, & 0¥ 22T Pz W
H(anti-parallel) BAHAE A28t YojA A
A FZ(extended structure)& ©| & vhd, 7 3
AR & F2AF] HP EAHE ddsn U
oA <7t el FZ(slightly twisted structure)Z
73 glew o2 QI Ex4 ¥HEEel(chain
repeat unit)7} e Pl vl&] 2~3% 2},

ArkAQl WAIHAM = aFol $ASA A
HA g 2500m/min ©]AY] ZEHAAE F2
y@ol WAL AAREtn HALE SR
F5o oA eFoRZ Holdtu delA ok
dxgle] M= y3 AHc] Ed¥H oz ¢
AT eFo = o7t HA, 5=H(TwE a¥ol
7@ H)8 5C A= &k

a-y AolE EF EHoZ® o] FojH 4 9]
o & 8aer-2ormdE 8 YA 65
AXAZ F 22=2% EHo3MIERC R AAS
W od Ao ¥ AAY oz vigA Aok et
o] 3t AXF dAXE e HE,ide] Mys
st} ¥ ARE 0¥ AHF o= AolEry.

Fig. 4= #FHE= w2 DSC 235 vehd
Ao 2 Tyol ¥ &1 £ & 277 Yeht
=, ¥A A9 vk o] e Eo T8 7}
Ao AL rYd 93 Foln, 2 52 o3 4
ol st Re2A ST Fo1gde]
2t y o) $AeH FAESe ¢ 5 AP

5,600 m/minJ\
5,300 m/min J\
5,000 mlw\
4,700 mlmiu\
4400 mimin 7\
4,100 mimin__f\\

Endothermic heat flow ——

5‘0 1(I)0 1;0 ’ 2(:)0 2;0
Temperature (°C)
Fig. 4. DSC diagrams of nylon 6 fibers pre-

pared by high speed spinning according to take-
up speed.
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Melting poin (°C)
N
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212

L 1 1 L

210 L
3600 4000 4400 4800 5200 5600 6000

Take-up speed (m/min)
Fig. 5. Melting points of - form crystals of
nylon 6 fibers prepared by high speed spinning
according to take-up speed.
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100

60 [

® gamma crystal
O alpha crystal

40

Fraction of peak area (%)

L L

0 : . .
3600 4000 4400 4800 5200 5600 6000

Take-up speed (m/min)

Fig. 7. Fractions of peak area in DSC diagrams
by a and 7 forms of crystals of nylon 6
fibers prepared by high speed spinning ac-
cording to take-up speed.

Table 5. Analysis of DSC scans of nylon 6
fibers prepared by high speed spinning

‘

.

2

68
3600

4000

4400

4800

5200

5600

6000

Take-up speed (m/min)

Fig. 6. Heat of fusion of nylon 6 fibers pre-
pared by high speed spinning according to
take-up speed.
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Meltin, int Area
Tgl;;jlp Pflszitogf (Tm,g gc; fraction(%)
(m/min) (4 Ha, J/g) foyrm fotlz'm foi:m fo(Il'/rn
4,100 69.4 211.9 | 2201 | 464 | 53.6
4,400 71.0 2135 | 2203 | 59.9 | 40.1
4,700 71.0 216.1 | 2203 | 76.0 | 24.0
5,000 714 216.1 | 2203 | 802 | 198
5,300 712 216.7 | 2203 | 86.3 | 13.7
5,600 716 216.7 | 220.3 | 834 | 11.6
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[ZAGEFS] GF8AS ALE3S }0# 50082 24
HgyoH, =& 40ToM Al=sted 2T/mind
TEEER 100CT7AA $2A1 F o] LxolA
607t AAeta, A 2C/ming] FAEEE 4
7 & %#Aﬂé}du} 1 ATE Fig. 8ol Jehy
Atk Fig. 8ollA & 4 e vheh 2ol ULE 6
o] AH&Er} wabdo] wel C. L Acid Blue 113
o] gFge AdHor zHiste] 4,100m/ming
Aol vig 5600m/min® FHEZANE G
Fol F 10% = #Fage & + vk

olg]at G AolB = ‘3 A B AR
S8l 40T, 60C, 80°C, 100TIM e =8 o
*—'1%53 ZAVska, & 60T, 80T, 100TA 2]
A eds 9 F 4 20 AFFAe

of gse EFAFSE AUt

_4

[s]

i

Elo\i
oy Bk
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0.056

0.054

0.082 -

0.050 [

0.048 - °

0.046 +

Dye uptake (mole/kg fiber)

0.044 -

o S ——

73600 4000 4400 4800 5200 5600 6000
Initial speed (m/min)
Fig. 8. Dye uptakes of C. I. Acid Blue 113 on
nylon 6 fibers prepared by high speed spinning
according to take-up speed.
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200~2508(3~4A17h), 0CE < 208 HxeolH,
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0.04

Dye uptake (mole/kg fiber)

003 ¢
© 4,100 m/min
O 4,400 m/min
0.02 f A 4,700 m/min
v 5,000 m/min
© 5,300 mimin
0.01 0 5600 m/min
000! 1 1 - 1 1

0 50 1000 100 2000 250 3000 3500
Time (min)
Fig. 9. Dyeing rates of C. 1. Acid Blue 113 at

40°C on nylon 6 fibers prepared by high speed
spinning.
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0.06
28 o005t
=
g
T 004}
©
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o 003 r
& 0 4,100 mimin
[=% D 4,400 m/min
Z 0.02 & 4,700 mimin
ol v 5,000 mimin
o O 5,300 mimin
0.04 O 5,600 m/min
0.000— . . . L
0 100 200 300 400 500

Time (min)

Fig. 10. Dyeing rates of C. I. Acid Blue 113 at
60°C on nylon 6 fibers prepared by high speed
spinning.

0.07

0.06 |-

0.05 o .

0.04

0.03 -
4,100 m/min
4,400 m/min
4,700 m/min
5,000 m/min
5,300 m/min
5,600 m/min

0.02

Dye uptake (mole/kg fiber)

[eRe I = e}

0.01

0.00 1 . . L : 1
0 20 40 60 80 100 120 14(

Time (min)

Fig. 11. Dyeing rates of C. I. Acid Blue 113 at
80°C on nylon 6 fibers prepared by high speed
spinning.
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Fig. 12. Dyeing rates of C. 1. Acid Blue 113 at
100°C on nylon 6 fibers prepared by high speed
spinning.
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Fig. 13. Equilibrium dye uptakes of C. I. Acid

Blue 113 on nylon 6 fibers prepared by high
speed spinning according to dyeing temperature.
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