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Hang Sung Cho and Euijin Shim'
Advanced Textile R&D Department Korea Institute of Industrial Technology, Ansan, Korea

Abstract In this study, the dyeability of 0.06-denier-per-filament (dpf) ultrafine sea-is-
land-type nylon knitted fabric was investigated and compared with that of 1.0-dpf gen-
eral nylon with respect to four types of dyes. In particular, leveling, milling, half-mill-
ing, and metal-complex dyes were compared at concentrations of 0.5%, 1.0%, 2.0%,
4.0%, and 8.0% on-weight-fabric (0.w.f). In each case, staining was performed at 100
°C. The dyeabilities of the materials were compared in terms of the depth of color as
defined by the ratio of the absorption coefficient (K) to the scattering coefficient (S).
Results indicated generally low K/S values for both the 0.06-dpf ultrafine sea-is-
land-type nylon and 1.0-dpf general nylon. In terms of the dye type, the milling and
half-milling dyes exhibited K/S values of >20 for all colors of yellow, red, and blue
for the 0.06-dpf ultrafine yarn sea-island-type nylon, which were superior to those of
the other dye types. Hence, the milling and half-milling dyes are considered more
suitable than the other dyes. Further, a comparison of dye fastness and compatibility
revealed that the half-milling dye was the most suitable dye for the 0.06-dpf ultrafine

sea-island-type nylon.
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Table 1. Cross-sectional structure of conjugate fiber

Cross section of split type ultrafine fiber Cross section of sea-island type ultrafine fiber
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Figure 1. SEM images of 0.06dpf ultrafine sea-island nylon knitted fabric; (a) untreated knit, (b) alkaline treated knit.
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Table 2. Acid dyes
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Type Dye (Commercial name)

Manufacturer

Unicron Yellow L-4R

Levelling Unicron Red L-2L

DKC

Unicron Blue L-BL

Unimide Yellow M-3G

Milling Unimide Red M-RN

DKC

Unimide Blue M-R

Telon Yellow A2R Dystar

Half milling Telon Red A2R

Dystar

Telon Blue A2R

Uniset Yellow 2R

Metal complex Uniset Red G

DKC

Uniset Blue 2R
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K/S = (1-R)? /2R (1)

where,

K : Absorption coefficient

S : Light-scattering coefficient
R @ Reflectance
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40 min
Washing
R.T.
Levelling agent 1% o.w.f
Acetic acid 1g/L
(@)
20 min
70°C
1°C/min
Washing
RT.
Fixative 1~4% o.w.f
Acetic acid 0.5g/L
(b)
Figure 2. Dyeing (a) and fixing (b) process of ultra-fine nylon knit fabric with various acid dye.
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Figure 3. Build-up properties of 4 type acid dyes for 1.0dpf and 0.06dpf nylon.
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Table 3. Washing and rubbing color fastness of 1.0dpf fabrics dyed with various dye type

Color fastness

Color fastness to washing

5 owf to rubbing
e type .
ve op (%) Staining Color
Dry Wet
Acetate Cotton Nylon PET Acrylic  Wool  change
0.5 2 2 2 4-5 4-5 2 4 4-5 4-5
1 2 1-2 2 4 4 1 3 4-5 4-5
Levelling 2 1 1 1 4 4 1 2 4-5 3-4
4 1 1 1 3 3 1 2 4-5 3
8 1 1 1 3 3 1 2 4 2-3
0.5 4-5 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5
1 4-5 4-5 4-5 4-5 4-5 4 4-5 4-5
Milling 2 4-5 4-5 3-4 4-5 4-5 4-5 4-5 4-5 4-5
4 4-5 4 3 4 4-5 4-5 4-5 4-5 4
8 3 3-4 2 4 4-5 3 4-5 4 3-4
0.5 4-5 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5
1 4-5 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5
Half
o 2 4-5 4 3-4 4 4-5 4-5 4-5 4-5 4-5
milling
4 4 4 2-3 3-4 4-5 4 4-5 4-5 4
8 4 4 2 3 4-5 3-4 4-5 4 3-4
0.5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
1 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
Metal
2 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 4
complex
4 4-5 4-5 4 4-5 4-5 4-5 4-5 4 4
8 4-5 4-5 3-4 4 4-5 4-5 4-5 4-5 4-5
A @2 AR 552 2en, ol 479 w717F 7t Hch
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st 192 o3
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Table 4. Washing and rubbing color fastness of 0.06dpf fabrics dyed with various dye type

. Color fastness
Color fastness to washing

5 owf to rubbing
e type .
ve P (%) Staining Color
Dry Wet
Acetate Cotton Nylon PET  Acrylic Wool change
0.5 4-5 3 2-3 4-5 4-5 3-4 2-3 4 4
1 4 3 2-3 4-5 4-5 3-4 2-3 4 4
Levelling 2 34 3 2 4 4-5 3 2 3 2-3
4 3-4 3 1-2 4 4-5 3 1-2 3 2-3
8 3-4 3 1-2 4 4-5 3 1-2 3 2
0.5 4-5 4 4 4-5 4-5 4-5 3-4 4 3-4
1 4-5 4 3-4 4 4 4-5 3 3-4 3-4
Milling 2 4-5 3-4 3 4 4-5 4 2-3 3 3-4
4 4-5 4 2-3 4 4-5 4 2-3 3 2-3
8 4 3-4 2 3-4 4 3-4 2 2 2
0.5 4 5 5 5 5 5 4-5 4 4
1 4 5 4-5 4-5 5 5 4-5 4 3-4
Half
. 2 3-4 4-5 4-5 4 4-5 5 4 3-4 3
milling
4 3 4-5 4-5 4 4-5 5 3-4 3 2
8 2-5 4 4 3-4 4-5 5 3-4 3 2
0.5 3-4 5 5 4-5 5 5 5 4-5 4
1 3-4 5 4-5 4-5 4-5 5 4-5 4 4
Metal
2 3-4 5 4-5 4 4 4-5 4-5 4 3-4
complex
4 3 5 4 3-4 4 4-5 4-5 3 3
8 2-5 4-5 4 3 4 4-5 4 3 2
AlZEOll 90 ~100%2] SAlE= HOlARE WAg/goA whgst @ Y] Y Fg vlasto] LERH Ziojt). 0.06dpfe £
A3 ARl 2ol w2 Y dEt dRrERE 2 AR sy UdE 9M Al GARErE FAO] O]R]=
Elo] e A Hole Zlog muect, T Lor] #sto, ojxle] ddAns viEgoeR 0. 06dpf:L
et gARR =Rt ' AT 544 R 9= dE8EE U g0 Aget Half milling EF19] Yellow, Red, Blue ¥&
Z3toto] 1st¥S o, Half milling E}1e] H&71 0.06dpf g M 0.3% ow.f.), BM(AZ 1.0% o.w.f.), w2t
w A iy 2ol ATt et HHHnt 3.0% o.w.f.) o2 35}o HASHICE
GO ZHI] MAHK/S ) vl 2y}, 2kof whE A
34 =™ A 20| 250 H}% Al Atol= i”*oi GRS o 7P A UERETE FA &
' A QMZL 60°CO FM 2moN JHY FE W] AE
Figure 5 0.060p(3 234 NEH UUES B L5 epgrn, 70C olye] BRSO 2] AR ORF 3
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Figure 4. Exhaustion properties of 4 type acid dyes for 0.06dpf nylon.
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—m— Yellow/Red/Blue (0.3%/0.3%/0.3% o.w.f.)
—&— Yellow/Red/Blue (1.0%/1.0%/1.0% o.w.f.)
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Figure 5. K/S values of 0.06dpf nylon dyed with halt milling
type acid dyes.
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Table 5. Washing and rubbing color fastness of dyed fabrics with 0.3% o.w.f. dyestuff at various dyeing temperature

Color fastness

Color fastness to washing

to rubbing
Temperature

C) Staining

Color change Dry Wet

Acetate Cotton  Nylon PET Acrylic Wool

40 4 4 4 3-4 3 4 2 4-5 4-5
50 4 4 4 3-4 3 4-5 1-2 4-5 4-5
60 4 4 4 3-4 3 4-5 2 4-5 4-5
70 4 4 3-4 3 3 4 2 4-5 4-5
80 4-5 4-5 4-5 4-5 4-5 5 4 4-5 4-5
90 4-5 4-5 4-5 4-5 4-5 4 4 4-5 4
100 4-5 4-5 4-5 4 4-5 4-5 4 4-5 4-5
110 4-5 4-5 4-5 4 4-5 4-5 4 4-5 4-5

Textile Coloration and Finishing, Vol. 34, No. 3



Table 6. Washing and rubbing Color fastness of dyed fabrics with 1.0% ow.f. dyestuff at various dyeing temperature

. Color fastness
Color fastness to washing

to rubbing
Temperature

o) Staining

Color change Dry Wet

Acetate  Cotton  Nylon PET Acrylic Wool

40 3 4 4 2-3 2 3-4 2 4-5 4
50 3-4 4 3-4 2 2 3 1-2 4-5 4
60 3 4 3-4 2 2 3 1-2 4-5 4
70 4 4 3-4 2 2 3 1-2 4-5 4
80 4-5 4-5 4 4 4-5 4-5 4 4-5 4-5
90 4 4-5 4-5 4 4 4 3-4 4-5 4
100 4-5 4-5 4-5 3 4 4 3-4 4-5 4
110 4 4-5 4-5 3 4-5 4 3-4 4-5 4-5

Table 7. Washing and rubbing Color fastness of dyed fabrics with 3.0% o.w.f. dyestuff at various dyeing temperature

. Color fastness
Color fastness to washing

to rubbing
Temperature
o) Staining
Color change Dry Wet
Acetate  Cotton  Nylon PET Acrylic Wool

40 3 4 3-4 2 1-2 2-3 1 4-5 4
50 3 4 3-4 1-2 1-2 2 1 4-5 4
60 3 4 3 1-2 1-2 2 1 4-5 4
70 3 4 3 1-2 1-2 2-3 1 4-5 4
80 2-3 3 4 2-3 4 4-5 4-5 4-5 4
90 2-3 4 3-4 2-3 3-4 4 3 4-5 3
100 3 4-5 4 2 3 3 3 4 3
110 3 4 3-4 1 3-4 2 3-4 4 3
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