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Effect of Several Solvents on Low Temperature Wool Dyeing

Seong-Kook Dho
Department of Textile Industry, Dong-A University, Pusan, Korea

Abstract : To reduce the dependence of wool dyeing on the temperature several solvents with different properties and
structures were added to the dye bath of C. I. Acid Yellow 42. Nearly the same total solubility parameters(s;) of solvents
as those of wool fiber and hydrophobic part of the dyestuff were needed to increase disaggregation of dye molecules, loos-
ening the wool fiber and wickabilty of dyeing solution; besides, the large surface tension(Y) value of the solvents and the
well balanced values of the three-component Hansen solubility parameters such as dispersion(3,), polar(3,), and hydro-
gen(dy,) bonding parameters were required. Among the added solvents dimethylphthalate(DMP) and acetophenone(AP)
were satisfied with these conditions and worked the most successfully in the low temperature wool dyeing. Their effec-
tiveness proven by the dyeing rate and the activation energy (E,) of the dyeing was in the order of DMP > AP > DBE
> CH > M >NONE. In conclusion the total solubility parameters(s;), the three-component Hansen parameters and the
surface tension(y) of DMP and AP could be the guidelines to select suitable solvents for low temperature wool dyeing.
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Fig. 1. Molecule of C. 1. Acid Yellow 42 (MW: 759, A. 409 nm)
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Table 1. Physical properties of the solvents used
physical properties DMP AP sog]f;rgs CH M
Critical temperature (T, K) 765.15 729.15 309.8 356 513.15
Boiling temperature (T, K) 555.15 475.15 404.56 428.8 338.15
Molar volume (cc/mol) 162.64 117.1 86.6 103.6 404
Density (g/cc) 1.194 1.026 2.169 0.958 0.792
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Fig. 2. Effect of various solvents on K/S of wool dyed with C. I. Acid
Yellow 42 at 50°C.
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Fig. 3. Effect of various solvents on K/S of wool dyed with C. I. Acid
Yellow 42 at 70°C.
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Fig. 4. Effect of various solvents on K/S of wool dyed with C. I. Acid
Yellow 42 at 90°C.
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Fig. 5. Effect of various solvents on K/S of wool dyed with C. I. Acid
Yellow 42 at various temperatures for 240 min.
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Table 2. Solubility parameters for the solvents used

solvents I 3, oh &,
DMP 18.6 10.8 4.9 21.9
AP 19.6 8.6 3.7 21.7
DBE 19.6 6.8 12.1 213
CH 17.8 6.3 2.1 20.3
M 15.1 12.3 223 29.7

Table 3. Surface tension(y) and viscosity(n)) of the solvents

Surface tension(y) Tempera- Solvents

and viscoty(m) ture(’C) DMP AP DBE CH M
50 48.06 3746 3479 3136 1991

y (dyn/cm) 70 4586 3559 32.05 2927 17.74
90 43.65 3371 2931 27.18 15.58

50 1.68 091 054 0.60 0.53

1 (cp) 70 1.15 066 041 044 042

90 082 049 032 034 034

All the values were calculated from the equation (2) and (3).
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Fig. 6. Effect of various solvents on the rates of wool dyeing with C. I.
Acid Yellow 42 at 50°C.
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Fig. 7. Effect of various solvents on the rates of wool dyeing with C. 1.
Acid Yellow 42 at 70°C.
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Fig. 9. Arrhenius plot for the dyeing reaction.

Table 4. Rate coefficients (k) and activation energies (E,)
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Fig. 8. Effect of various solvents on the rates of wool dyeing with C. 1.
Acid Yellow 42 at 90°C.
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