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Effect of Wickability on Low Temperature Dyeing of Wool

Seong-Kook Dho
Division of Fashion & Textile Studies, Dong-A University, Busan, Korea

Abstract : It is well recognized that the wicking of liquids in a textile fabric takes place mainly through a capillary system
composed of the individual fibers. Considering typical dyeing stages, it is thought that a high dye uptake on the fabric prob-
ably depends on the wickability. Three kinds of barely water soluble ketones, acetophenone(A), 2-pentanone(2P) and 3-
pentanone(3P) were separately dissolved in methanol(M) and then each was mixed with aqueous solution of C. I. Red Acid
114. Wicking heights of dyeing solutions were measured under such conditions that the effect of gravity was negligible.

The result could be graphed as a series of straight lines having the form s = kt 12

, where s was distance traveled by the

solutions, t was time, and k was slope of the line. The surface tension(y) of the ketones had more signifcant effect on the
wickability compared to the viscosity(n) of them. The greater wickability resulted in the higher dye uptake on the fabric
and the order of wickabilty was equal to that of the surface tension(y) and dye uptake on the fabric, A>3P>2P>M.

Key words : surface tension(y), wicking, viscosity(n)
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Fig. 1. Molecule of C. I. Acid Red 114 (MW: 830.8, A 512nm).
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Table 1. Physical properties of the solvents used
Physical properties Solvents

Acetophenone(A) 2-Pentanone(2P) 3-Pentanone(3P) Methanol(M)

Critical temperature(T,, K) 729.15 563.95 560.95 513.15
Boiling temperature(Ty, K) 475.15 375.15 376.15 338.15
Water solubility(wt %) 0.55 5.90 5.10 oo
Solubility parameter(at 298.15K, &, (J/em®)"?) 19.8 17.8 18.0 29.7
Molar volume(cc/mol) 117.1 106.1 105.6 404
Density 1.026 0.812 0.816 0.792




Table 2. Surface tension(Y ) and viscosity(n) of the solvents

Solvents
A 2P 3p M
Y (dyn/cm) 207 39.80 25.20 25.30 2261
30 38.95 2422 24.35 21.55
40 38.02 23.23 23.38 20.50
50 37.10 22.32 2241 19.44

Temp.(°C)

n(ep) 20 1.61 1.61 0.49 0.74
30 1.32 1.32 0.41 0.68
40 1.09 1.09 036 0.60
50 0.91 0.91 031 053
Y /7 (cm/sec) 20 2472 2472 5142 3055
30 2951 2951 5907 3169
40 3505 3505 6637 3417
50 4077 7200 7003 3768

YAll the values were calculated from equation (1) and (2) except for at
20°C(Van Krevelen-Hoftyzer, 1976)
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Fig. 2. The effect of the solvents on wicking height at 30°C. The
concentration of three ketones is 0.051M in 12 v/v % of methanol/
water dye bath. ‘Methanol’ in the legend box means 12 v/v %
methanol/water dye bath without any ketones.
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Fig. 3. The effect of the solvents on wicking height at 40°C. The
concentration of three ketones is 0.051M in 12 v/v % of methanol/
water dye bath. ‘Methanol’ in the legend box means 12 v/v %
methanol/water dye bath without any ketones.
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Fig. 4. The effect of the solvents on wicking height at 50°C. The
concentration of three ketones is 0.051M in 12 v/v % of methanol/
water dye bath. “Methanol’ in the legend box means 12 v/v %
methanol/water dye bath without any ketones.

Table 3. Slopes(k) from s = kt'"? for the solvents used at different
temperatures

Solvents
Temp. (C) A 2P 3P M
30 1.33 0.40 0.45 0.33
40 1.45 0.43 0.48 0.35
50 1.56 0.50 0.44 0.36
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Table 4. The activation energy of wicking(E,,) and viscosity(E)

Solvents 1/T(K",><103) In v(m/sec) ln(10'3Nsm'2) E,(J) EQ)

A 3.30 -11.05 -6.63
3.20 -10.96 -6.82 6,651 15,381
3.10 -10.89 -7.00

2P 3.30 -12.26 -7.80
3.20 -12.20 -7.93 4,157 11,640
3.10 -12.16 -8.08

3P 3.30 -12.14 -7.78
3.20 -12.07 -7.93 4,157 12,471
3.10 -12.04 -8.08

M 3.30 -12.44 -7.29
3.20 -12.40 -7.42 3,741 10,393
3.10 -12.35 -7.54
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