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Abstract Staple fiber, top, tow, and yarn dyeing occur in the yarn dyeing stage, such as cheese and
hank/skein dyeing. Fabrics dyed in the piece-dyeing stage include knits, garments, and other finished
products, such as socks and t-shirts. Compared to other industries, the domestic dyeing and processing
industry is an area that requires continuous efforts to resolve energy consumption, wastewater, and
waste generation. Research on dyeing machines with features such as energy-saving and eco-friendliness
is needed to shorten the dyeing process and improve the competitiveness of the dyeing industry.
Therefore, this study evaluated a normal/high-pressure hank dyeing machine that can be applied to
various textile materials and has excellent energy saving and productivity efficiency, focusing on hank
dyeing. The research was conducted on energy-saving spray hank dyeing machines for normal/high

pressure and cotton hank material dyeing processes.
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1.1 O|2X H{iZ

1.1.1 MeFE 712

A4A1E(textile Product)?] -2 Feiof wetA
A 7R RS S glod, A HAlE HRfiber),
F HAE A(yarn), Al HAE Ytknit & fabric) 9
YAl = 7FAE(garment) FEjOIEHII.

1.1.2 gMI1E 7= EY
7ML S B4 SAQ st IgolA, e
A A FHo] APEE= HAY 7|&(yarn dyed

technology), €& & TAollA] F&o] XAYP== T
7]&(piece dyed technology)@ F-&E&0] Aggo| =1L
olq.[z]

AQ 71E2 AAAE 5 43t A oA FHEIQL AR
2 4%, Y¥(staple fiber), E(top), E-Htow)et 4
2 749 A ZA(cheese Yarn), FFA(hank yarn)E
FA7LE ofs 71&0]1, T8 V&2 Ydd) ol FH
Ql Yet(knit & fabric)¥t 7FAE(garment : SJFAIE
FL 4 A 9E BN sk 7lecltH3 4l

Cre e 8 e 8 Coomen)
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Fig. 3. Conventional hank dyeing process
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Fig. 5. Hank dyeing machine history
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2.1 AD0] 3 HMI| H/W Units
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Table 1. The goals for each unit

H/W units Spec.

Internal volume : 14.0m’
Body inner diameter : 1,900mn
Body length : 4,050mm
Number of cover : 3

Dyeing machine body

Base frame 6 tons support

Door opening & closing

. Automatically opens/colses
atomatic in-out

Heat supply/cooling

exchange Separate heat sully & cooler

Separate thanks for dye/auxiliary
feed/dosing

Dye/auxiliary feed/ dosing
mixing tank

2.1.2 FMI| 2 Unit

Table 1°] X389 A¥S 7|F0 =2 F
m)°] 7FsstEg A4 9 HARIE 7
x84 AAY A FA 6m, AT FA 7m, Zol=
7N, Zoli BA FAE mZ, YA EL 10kg/orS
9 5 ULE AS AP RE /19808 AR

shait.
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2.1.3 HIO]A T Unit

2% Unite 947] 24 515 6ton A|A|
IPAR AA 9 HgARlE X5t o
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(b) dyeing machine body

(c) base frame

Fig. 6. Hank dyeing machine body & base frame
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Fig. 7. Hank dyeing machine body & base frame
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Fig. 7. Heat supply & cooling exchange
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Table 2. The calculation of heat transfer by heating

In(rz/r2) 1
+
2rlk Qzr:Dh2

Riotal = Reyt + Ruatural convection =

Twi = Tooz

Q=
Riotal
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Table 3. The calculation of heat transfer by cooling

In(r2/r2) 1
+
27lk Qzr2l) b2

Riotat = Reyr + Ryatural convection =

Twi = Tooz

0=
Reotal
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Fig. 9. The mechanism of heat transfer by cooling

2.1.7 GR/ZH BZ/SY B8 Y3 Unit
Faot 2A/FES EFt] FA7I0] FY A7l
T Yt |zl 149 S8 925 A8 34
AR ebAe] oo Rt 2A)/REe] FAp]
of £go] Hlo], 0 W, Fek 84 gl WE I
7] g gule] Wisk 5 Tkt A Ho] WA Het,
B AFAME Anet 2A4/kE 29 £ 98 42
2R MAS], Q@A 84 AGT BT A ¢

i

dye/auxiliary input dye input auxiliary input

Sjue

(conventional method) (new method)
(a) principle of mixing tank unit

[ oye mixing tank [ Awilary mixing tank

() mixing tank

Fig. 10. Dye & auxiliary feed/dosing mixing tank
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Table 4. The pilot-scale bleaching process conditions
for cotton hank yarn

Items Conditions
Sample Cotton hank yarn
P (Cotton(100%) Hank(2/30 : 2 sum 30's ))
Auxiliary & Hydrozen peroxide &

chemical agent hydrozen peroxide stabilizer

Liquid ratio 1:12

Bleaching(100T x20min) — washing

Process (40T x 10min) — dry(100C X60min)

60min

20min

100°C

Hydrozen
peroxide(10ce/)
stabilizer(1.0g/)

»

40°C

10min ‘
40°C

we Drain

bleaching

washing dry

Fig. 11. Bleaching process
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Fig. 13. Cotton hank yarn treated with pilot scale
bleaching process
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(b) rewind cotton sample

(a) re-winding

Fig. 14. Re-winding process
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A~°C B-min 9
—-
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Fig. 16. Dyeing process
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AlS
£ AFolA st Qe AxEo] P G479
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o} oulo) gt FF E FMAIT Huof] gt JF
< TFESAL, AEY B oA AR Al
EPAF=(KS K 1SO 105 C10), L33AZE(KS K ISO
105 B02) 9 wpEHAR = (KS K I1SO X12)9F A4F 7}
£ sttt

134 A= (Red) AAFoZ QML (60T), FAAl
ZH40min)o2 1A, IN xE(0.2, 1.0, 3.0%
o.w.f.)oll = AuE(1:5, 1:8, 1:10, 1:12, 1:15) ¥3}t
o o3t FMAE 1Fol] o FHAZ Tt AL
HoLE SRIstt. W YA AME ZIHE Table 5
of Ui, ddE HES AMAREY A3
H3}E Table 6, 7, 8, 99 UERfQITH

Table 5. Results of change in cotton hank yarn
concentration & liquid ratio

liquid ratio
concentra
(%o0.w.f.)

0.2

1:10 | 1:12

3.0

Table 6. Sunlight fastness of cotton hank yarn

liquid ratio
concentration 1:5 1:8 1:10 1:12 1:15
(%0.w.f.)

0.2 4 4 4 4 4
1.0 4 4 4 4 4
3.0 4 4 4 4 4

Table 7. Friction fastness of cotton hank yarn

liquid ratio
concentratian 1:5 1:8 1:10 1:12 1:15
(%o0.w.f.)

02 dryness 4-5 4-5 4-5 4-5 4-5

moisture 4-5 4-5 4-5 4-5 4-5

10 dryness 4-5 4-5 4-5 4-5 4-5
moisture 4 4 4 4 4

5.0 dryness 4-5 4-5 4-5 4-5 4-5

) moisture 3-4 3-4 3-4 3-4 3-4

Table 8. Washing fastness of cotton hank yarn

concen
tration
(%o0.w.f.)

liquid . Color
ratio Acetate | Cotton |Nylon| PET | Acrylic | Wool - .

1:5 4-5 4-5 | 4-5| 4-5| 4-5 | 4-5| 4-5
1:8 4-5 4-5 | 4-5| 4-5| 4-5 | 4-5| 4-5
0.2 1:10 | 4-5 4-5 | 4-5| 45| 4-5| 4-5| 4-5
1:12 | 45 4-5 | 4-5| 4-5| 4-5| 45| 4-5
1:15 | 45 4-5 | 4-5| 4-5| 4-5| 45| 4-5
1:5 4-5 4-5 | 4-5| 4-5| 4-5| 45| 45
1:8 4-5 4-5 | 45| 45| 4-5| 4-5| 4-5
1.0 1:10 | 4-5 4-5 | 45| 45| 4-5| 4-5| 4-5
1112 | 45 4-5 | 4-5| 45| 4-5| 4-5| 4-5
1:15 | 45 4-5 | 4-5| 4-5| 4-5| 45| 4-5
1:5 4-5 4-5 | 4-5| 4-5| 4-5| 45| 4-5
1:8 4-5 4-5 | 4-5| 4-5| 4-5| 45| 4-5
3.0 1:10 | 4-5 4-5 | 45| 45| 4-5| 4-5| 4-5
1:12 | 4-5 4-5 | 45| 45| 4-5| 4-5| 4-5
1:15 | 4-5 4-5 | 4-5| 4-5| 4-5| 4-5] 4-5

Table 9. Changes in color value of cotton hank yarn

concentration | liquid
(%0.w.f.) rztio L a b K/s
1:5 63.43 39.87 -6.89 1.68
1:8 63.27 39.90 -6.61 1.69
0.2 1:10 63.99 39.70 -6.71 1.60
1:12 64.46 39.32 -7.15 1.55
1:15 64.97 38.99 -6.76 1.48
1:5 46.90 55.99 -3.45 8.40
1:8 47.06 55.96 -4.04 8.29
1.0 1:10 46.89 56.86 -3.28 8.63
1:12 47.32 56.55 -3.65 8.22
1:15 46.89 55.27 -4.17 8.19
1:5 37.91 59.67 4.81 22.83
1:8 37.54 58.94 4.53 22.86
3.0 1:10 38.33 59.92 4.36 22.12
1:12 38.34 59.81 4.54 22.08
1:15 38.23 59.51 4.30 22.32
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Hujof] wheba] AAf S04 1:8 o]5te] A=
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Table 10. Results of change in cotton hank yarn
temperature & liquid ratio

liquid ratio

temperature(C)

K mm
| }\ “‘

¥ m".
| |

Table 11. Sunlight fastness of cotton hank yarn

liquid ratio
1:5 1:8 1:10 1:12 1:15
temperature(

40 4 4 4 4 4
60 4 4 4 4 4
80 4 4 4 4 4

Table 12. Washing fastness of cotton hank yarn

temperat | liquid . Color
ure(©) | ratio Acetate|Cotton|Nylon| PET |Acrylic|Wool Change

1:5 4-5 4-5 | 4-5| 4-5| 4-5| 4-5] 4-5
1:8 4-5 4-5 | 4-5| 4-5| 4-5| 4-5] 4-5
40 1:10 | 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 4-5
1112 | 45 4-5| 4-5| 4-5| 4-5| 4-5] 4-5
1:15 | 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 4-5
1:5 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 4-5
1:8 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 45
60 1:10 | 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 45
1112 | 4-5 4-5| 4-5| 45| 4-5| 4-5] 4-5
1:15 | 45 4-5 | 4-5| 45| 4-5| 4-5] 4-5
1:5 4-5 4-5 | 4-5| 45| 4-5| 4-5] 4-5
1:8 4-5 4-5 | 4-5| 4-5| 4-5| 4-5] 4-5
80 1:10 | 4-5 4-5 | 4-5| 4-5| 4-5| 4-5] 4-5
1112 | 4-5 4-5 | 4-5| 4-5| 4-5| 4-5] 4-5
1:15 | 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 4-5

Table 13. Friction fastness of cotton hank yarn

liquid ratio
1:5 1:8 1:10 1:12 1:15
temperature(C

0 dryness 4-5 4-5 4-5 4-5 4-5
moisture 4-5 4-5 4-5 4-5 4-5

0 dryness 4-5 4-5 4-5 4-5 4-5
moisture 4 4 4 4 4

%0 dryness 4-5 4-5 4-5 4-5 4-5
moisture 4 4 4 4 4

Table 14. Changes in color value of cotton hank yarn

liquid
ratio

1:5 57.59 40.80 -9.15 2.60

1:8 55.26 4474 | -8.36 | 3.25
40 1:10 55.90 42.64 -9.80 2.88
1:12 56.13 44.62 | -8.37 | 3.06
1:15 55.71 46.48 -7.99 3.31
15 48.22 54.65 -5.04 7.24
1:8 48.53 56.14 -3.50 7.43
60 1:10 47.74 55.30 -4.20 7.70
1:12 | 48.06 55.11 | -4.30 | 7.45
1:15 49.25 55.11 -4.68 | 6.79
1:5 47.82 53.99 -4.87 7.28
1:8 47.84 53.97 | -4.67 | 7.25
80 1:10 47.41 54.21 -4.67 | 7.56
1:12 47.42 53.28 | -5.41 7.35
1:15 47.45 54.05 -4.87 7.53

temperature(C) L a b K/S
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Table 15. Results of change in cotton hank yarn time
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1:5 1:8 1:10 1:12 1:15
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Table 16. Sunlight fastness of cotton hank yarn

time(min)

liquid ratio
1:5 1:8 1:10 1:12 1:15
time(min)
40 4 4 4 4 4
60 4 4 4 4 4

Table 17. Washing fastness of cotton hank yarn

liquid Color

time(min) ratio Acetate|Cotton|Nylon| PET |Acrylic|Wool Change

1:5 4-5 4-5 | 4-5| 4-5| 4-5| 4-5] 4-5
1:8 4-5 4-5 | 4-5| 4-5| 4-5| 4-5] 4-5
40 1:10 | 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 4-5
1112 | 45 4-5| 4-5| 4-5| 4-5| 4-5] 4-5
1:15 | 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 4-5
1:5 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 4-5
1:8 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 45
60 1:10 | 4-5 4-5| 4-5| 4-5| 4-5| 4-5] 45
1112 | 45 4-5| 4-5| 45| 4-5| 4-5] 4-5
1:15 | 4-5 4-5 | 4-5| 4-5| 4-5| 4-5] 4-5

Table 18. Friction fastness of cotton hank yarn

liquid ratio
1:5 1:8 1:10 1:12 1:15
time(min)
0 dryness 4-5 4-5 4-5 4-5 4-5
moisture 4 4 4 4 4
0 dryness 4-5 4-5 4-5 4-5 4-5
moisture 4 4 4 4 4

Table 19. Changes in color value of cotton hank yarn

liquid
ratio

1:5 48.22 54.65 -5.04 7.24

1:8 48.53 56.14 -3.50 7.43
40 1:10 47.74 55.30 -4.20 7.70
1:12 48.06 55.11 -4.30 7.45
1:15 49.25 55.11 -4.68 6.78
1:5 46.62 55.55 -3.97 8.50
1:8 47.72 54.75 -4.73 7.56
60 1:10 46.90 54.71 -4.39 8.06
1:12 48.10 54.99 -4.83 7.41
1:15 48.54 54.27 -5.18 7.00

time(min) L a b K/S
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