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Abstract—In order to study the properties of cochineal colors, uv-visible spectra of cochineal colors
solution, dyeing properties on the wool in several dyeing conditions and thermodynamic parameters
were investigated.

UV-visible spectra of cochineal colors solution showed hypochromic effect with the lapse of
irradiation time but bathochromic shift with decreasing acidity of solution and addition of metallic
ions. The concentration of cochineal colors in wool fiber increased with the increase of dyeing
temperarture, time, and acidity of injtial dyebath. The value of apparent diffusion coefficients and
standard affinities of dyeing decreased with the increase of dyeing temperature.

The standard heats of dyeing(4H’) and varation of entropy(4S°) increased with the increase of
concentration of initial dyebath. The activation energy(E.) were calculated to be 1.399~2595kcal/mol
in condition of 6~1%(o.w.f) dyebath.

Wool fabrics were dyed reddish blue by iron sulfate, copper sulfate, aluminum acetate and tannic
acid, and red by tin chloride, respectively. Lightfastness of wool fabrics dyed by cochineal colors

were increased by mordant treatment, especially copper sulfate and iron sulfate treatment.
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Table 1. Characteristics of wool fabrics
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Fig. 1 Molecular formula of cochineal colors
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Table 2. Decrease of absorbance of cochineal colors solution after Shr irradiation
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Table 3. Change of A max of mordanted cochineal color solution by irradiation

Irradiation time(hr)
Mordants 0 1
Cu 0.711(558nm), 0.641(527nm) 0.425(558nm), 0.336(527nm)
Al 0.595(518nm), 0.570(546nm) 0.320(518nm), 0.315(546nm)
Sn 0.636(530nm) -
Fe 0.471(512nm) -
Tannic acid 0.556(476nm) 0.556(476nm)
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Table 4. Diffusion coefficients of cochineal colors
in wool by dyeing temperature ; conc.

of colors: 1.724 X 10 *mol/l, dyeing
time : 60min.
Temp(TC) D(cm*/sec) x 10°

40 1.162

50 1.163

60 1.396

70 1.689

80 1.846

90 1.886
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Table 5. Diffusion coefficients of cochineal
colors in wool by dyeing time ; conc.

of colors: 1.724 X 10“mol/l, dyeing
temp. : 60°C
Time(min) D(cm?/sec) X 10"
30 1.130
60 1.396
90 1.845
120 2.094

Table 6. Diffusion coefficients of cochineal
colors in wool by concentration of
temp. : 60°C,

colors ; dyeing dyeing

time : 60min

Conc. of colors(mol/1) D(cm*/sec) x 10°
1.724x 107 1.396
3.448x 107 1.502
6.986%10™ 1575
1.034% 107 1.612
1.379%x 107 1.727
1.724% 107 1.806
2.069%10 2.052
2413%107 2.094
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Table 7. Standard affinities(- 4 1 °,kcal/mole) of dyeing according to temperature.

Prefe RaAsate 2 ol
) Mae] ARAFE
AYYERCHE milingd AR 23T o

Temp(C) Conc. of initial dyebath(x 10’ mol)

1724 3.448 6.986 10.345 13.793
40 1.031 0.934 0.823 0.716 0.587
50 1.008 0.930 0.804 0.704 0.483
60 0.946 0.849 0.762 0.618 0.483
70 0.858 0.804 0.719 0.510 0.383
80 0.839 0.736 0.638 0.515 0.400
90 0.661 0.604 0.520 0.418 0.346

Table 8. Heat of dyeing in cochineal/wool dyeing system with initial concentration of dyeing bath.

Conc. of dyes(% o.w.f) 1 2 4 6 8
AH’(kcal/mol) -3.347 -3.066 -2.718 -2.582 -2.102
Table 9. Variance of entropy in cochinealfwool dyeing system.
Conc. of dyes(% o.w.f) 1 2 4 6 8
45%(cal/mot - deg) -7.33 -6.67 -5.94 -5.92 -4.89
Table 10. Activation energy of cochineal colors in wool fiber.
Conc. of dyes(% o.w.f) 1 2 4 6
Ep(kcal/mol) 2.596 1.806 1.413 1.399
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Table 11. Surface color of after-mordanted wool fabrics dyed by cochineal colors

T

Conc. of mordants l

Conc. of dyes(% o.w.f)

(% o.w.f) 1 2 ] 3
B Control 59RP 36/85 6.6RP 3.3/8.2 87RP 27/81
1 ~ 1.8RP 36/4.5 4.0RP 2.5/54 58RP 2.7/4.5
Fe 2 1.6RP 3.3/4.8 3.7RP 2.4/47 5.7RP 2.7/39
3 1.3RP 3.3/4.1 3.5RP 2.4/44 56RP 2.7/3.7
4 1.2RP 3.3/3.9 29RP 22/39 53RP 25/37
1 0.1R 45/13.2 0.4R 3.4/12.3 0.6R 3.6/13.9
Sn 2 0.3R 4.3/134 1.5R 3.3/11.9 1.7R 35/134
3 05R 4.3/13.2 18R 3.3/116 Z0R 35/126
4 1.1IR 42/115 19R 29/115 2.0R 3.5/12.2
1 6.0RP 3.6/10.2 6.5RP 3.3/9.7 8.7RP 3.2/9.4
Al 2 6.3RP 3.9/9.7 6.8RP 3.7/9.6 8.8RP 3.4/9.4
3 6.5RP 4.2/9.5 6.8RP 3.9/9.4 8.9RP 35/9.3
4 6.8RP 4.7/9.5 7.2RP 4.6/9.0 9.0RP 3.7/9.0
1 3.1RP 3.4/59 49RP 22/6.1 6.0RP 2.9/59
Cu 2 3.1RP 3.3/45 47RP 24/55 6.0RP 2.8/5.4
3 3.4RP 3.6/3.7 4.2RP 2.2/5.1 6.0RP 2.9/45
4 4.1RP 3.4/35 42RP 2.1/4.8 5.8RP 2.6/45
1 56RP 35/11.4 6.1RP 3.5/9.4 79RP 25/8.2
. . 2 57RP 3.5/11.3 6.3RP 3.5/9.0 8.6RP 2.4/8.2
Tannic acid
3 59RP 3.4/10.8 6.3RP 3.3/8.2 8.8RP 2.4/79
4 6.4RP 3.1/11.0 7.3RP 2.7/8.1 8.8RP 2.0/75
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Table 12. Color difference(4E) of wool fabrics dyed by cochineal colors with mordant after

irradiation.
Conc. of | Irradi- Conc. of mordants (% o.w.f)
dyebath | ation | " Fe Sn Al Cu Tarmic acid
Géow tmethr)| ™ (1230 4]12]32 a1]2|3|4|1 234 1]2]3]4
5 | 317 |187]1.1911.02]0.94[2.152.75]2.26.0.28]3.28]3.28/2.68]1.19[2.83]2.16] 1.17]1.14 2.45(3.02]2.271.53
10 | 3.36 |1.89]1.84[1.70]0.79|2.57/2.933.66:1.34{3.49]3.65/3.56|1.75]3.07]2.04/1.17]1 17 2.98[3.88/3.47] 184
1 0 | 509 |293200]2.0811.17|3.86/3.67354 2.65/465]4.83(321[2.42]4.112.1111.98]1 28'3.75/5.76/5.19]2.21
20 | 879 |553(503|2.982.10(6 3416.97(6.07/3.2816.50]7.77]5.82/3.22]5.11[2.94/2.69]1.30 5.30[8 541 7.68/4.13
80 | 1263 |369]7.7415.29/346(9.2819.27]750/4.74] 103[11.1/8.28]4.53]6.444.44/2.87[2 5618 41|11.2]9.73[5.60
5 | 1.84 |18401.15/1.16/0891.17/250(2.430.04(3.32|353/2.63]1.59[4.23[2.28 1.10] 1.17 2.44]3.04]2.85]1 57
10 | 223 |186]1.851.700.611.52[2.62[2.481.28]4.40[4543.06|2.16(2.72/1.861.15]1.68/2.773.99|3.49]1.78
2 20 | 260 [2921216/1.811.15[2.67|2.65327/2.97]5.78]6.016.31(3.01[3.01]1.98]1.83(2.403.32|4 82| 24292
2 | 552 [5.06/361(350]2.14]3.98]4.32]5.45/3.23]6.28(8.127.20[4.73[3.52/2.81[2.42]2.42/5.06]5.61 [5.50 3.4
8 | 879 [7.18164205.29(3.42]5.0916.11]6.17/4.15] 10.3]0.09]8.89]5.55|4.12]359]2.79]2.49 /8 25(10.2]10.1/5.50
5 | 1.05 |1.75/1.101.08(1.001.16/2.20[3.21/3.78(3.18|357|2.64]2.27]2.93/2.43]1.05|058/1.82/2.11[2.68]1 54
10 | 217 |1771153147]1.45]1.33|2.44[3.32] 1.38]3.52]4.013.35(3.27]1.7011.80] 1.06/0.69|2.67]2.19]2.08]1.80
3 20 | 239 [2.00192/1.57140]2.22/3.27(398]2:53358]6.70]4.10[4.53]2.01]2.30[1.06] 1.25/3.06/3.23|2.97]3.08
2 | 480 |4402.9502.98|2.92/3.71(4.17[5.51/3.191472]8.00/6.06]6.01|2.9613.22]1.10{1.68/4.28/4.80[3.21[3.32
80 | 649 |6.77]586]5.14[3.26/4.49]6.10]6.14/4.05/5.12/9.1817.72]7.22|3.55|3.20]2.1412.085.76]6.04|4.37]551
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