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Abstract—The Silk fabric was dyed with various acid dyes, and than treated with copper sulfate
or copper sulfate/thiourea. Munsell color system, dye exhaustion and light fastness were investigated
for the treated fabrics. The results obtaind are as follows: 1) The color variation of the silk-dyed
fabric by aftertreatment with copper sulfate was shown redish, but original color with copper sul-
fate/thiourea. 2) Copper sulfate/thiourea was much more effective than copper sulfate only to increase
the light fastness. 3) The crease recovery was increased by aftertreatment with copper sulfate/thiourea.
4) Dye exhaustion and tensile strength of the silk-dyed fabric by aftertreatment with copper sulfate
was decreased about 8-15% more than those of untreated.
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Table 1. Color difference (value) for untreated silk
with copper sulfate-treated and copper sul-
fate/thiourea-treated silk
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Table 2. Color difference (chroma) for untreated silk

with copper sulfate-treated and copper sul-
fate/thiourea-treated silk

Aftertreated

Dyes Untreated

Copper Copper

sulfate  sulfate/thiourea
CI Acid
Yellow 14 76.5 63.1 74.7
Yellow 25 72.3 52.2 69.9
Orange 7 78.5 64.4 739
Red 264 62.9 473 61.6
Red 99 774 64.6 754
Green 20 149 9.5 7.1
Blue 40 312 30.9 30.9
Blue 113 10.3 11.7 11.7
Blck 26 4.1 46 3.9

Table 3. Color difference (hue) for untreated silk
with copper sulfate-treated and copper sul-
fate/thiourea-treated silk

Aftertreated Aftertreated

Dyes Untreated Dyes Untreated

Copper Copper Copper Copper

sulfate  sulfate/thiourea sulfate  sulfate/thiourea
ClL Acid C.I. Acid
Yeilow 14 86.1 80.1 85.0 Yellow 14 96.8 98.9 96.9
Yellow 25 819 733 80.9 Yellow 25 90.6 90.7 88.2
Orange 7 65.8 62.2 65.4 Orange 7 55.7 55.9 56.8
Red 264 46.1 47.2 44.6 Red 264 347.9 352.2 348.0
Red 99 43.8 45.0 44.8 Red 99 34.3 36.7 354
Green 20 31.2 324 34.8 Green 20 189.6 193.4 190.6
Blue 40 48.2 474 474 Blue 40 249.9 250.1 300.1
Blue 113 17.1 17.8 17.7 Blue 113 299.6 299.9 300.1
Blck 26 20.3 211 20.8 Blck 26 303.2 303.4 303.3
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Table 4. Color difference (chroma) for untreated silk
with copper sulfate-treated and copper sul-
fate/thiourea-treated silk after dry cleaing

test
Aftertreated
Dyes Before  Untreated  Copper Copper
Dry sulfate  sulfate/
cleaning thiourea
Cl Acid
Yellow 14 775 80.6 54.3 723
Yellow 25 790 773 54.5 76.0
Orange 7 80.3 86.3 61.3 785
Red 264 63.4 66.6 46.8 64.2
Red 99 774 80.6 64.6 794
Green 20 14.6 12,5 54 44.2
Blue 40 31.6 33.8 32.0 33.1
Blue 113 10.8 13.2 114 10.2
Blck 26 4.3 3.3 2.5 34
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Table 5. Dye exaustion of copper sulfate-treated and
copper sulfate/thiourea-treated silk

Aftertreated

Dyes Untreated

Copper Copper

sulfate  sulfate/thiourea
CL Acd
Yellow 14 252 224 240 ( 4.8%)
Yellow 25 36.0 29.6 28.0 (22.2%)
Orange 7 14.0 124 12.0 (14.3%)
Red 264 17.2 16.0 15.4 (10.5%)
Red 99 49.2 46.8 45.0 ( 8.5%)
Green 20 15.6 9.0 74 (51.3%)
Blue 40 272 26.0 240 (11.8%)
Blue 113 39.6 384 35.4 (10.6%)
Blck 26 26.2 240 23.2 (11.5%)

( ):Rate of decrease in dye exaustion of copper
sulfate/thiourea treated silk compared to untreated.
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Fig. 1. AE by light fastness after irradiation for 40
hes in various acid dyes.
(7)) : untreated, (%) : copper sulfate-treated.
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Fig. 2. AE by light fastness after irradition for 80
hrs in various acid dyes.
() : untreated, (M) : copper sulfate-treated.
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Fig. 3. AE by light fastness after irradiation for 40
hrs in various acid dyes.
(0) : untreated, (B) : copper sulfate/thiourea-

treated.
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Fig. 4. AE by light fastness after irradiation for 80
hrs in various acid dyes.
() : untreated, (8): copper sulfate/thiourea-
treated.
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Table 6. Grade of light fasteness for copper suifate-
treated and copper sulfate/thiourea-treated

silk
Aftertreated

Dyes Untreated

Copper Copper

sulfate  sulfate/thiourea
CIL Acid
Yellow 14 4 3 5
Yellow 25 2 2 5
QOrange 7 3 3 3
Red 264 2 3 3
Red 99 3 3 4
Green 20 2 2 2
Blue 40 3 3 5
Blue 113 4 4 5
Blck 26 2 2 3

Table 7. Grade of light fasteness in cleaning test for
copper sulfate-treated and copper sulfate/
thiourea-treated silk

Aftertreated
Dyes Untreated
Copper Copper
sulfate  sulfate/thiourea
Cl. Acid
Yellow 14 5 5 5
Yellow 25 5 5
Orange 7 5 4.5 45
Red 264 5 4.5 45
Red 99 45 45 5
Green 20 5 45 5
Blue 40 5 45 45
Blue 113 5 5 5
Blck 26 5 5 5
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Fig. 5. The X-ray scanning curves for aftertreated silk
fabrics.
A : untreated, B :copper sulfate-treated, C:
copper sulfate/thiourea-treated.

Table 8. Tensile strength for copper sulfate-treated
and copper sulfate/thiourea-treated silk

Aftertreated

Dyes Untreated

Copper Copper

sulfate  sulfate/thiourea
Cl. Acid
Yellow 14 16.5 159 159 (3.6%)
Yellow 25 16.1 16.0 154 (4.3%)
Orange 7 16.2 158 15.1 (6.8%)
Red 264 15.1 14.2 144 (7.3%)
Red 99 16.8 16.1 152 (9.5%)
Green 20 16.4 159 15.0 (8.5%)
Blue 40 16.5 16.0 155 (6.1%)
Blue 113 16.8 16.5 165 (1.8%)
Blck 26 15.2 15.6 14.1 (7.2%)

( ):Rate of decrease in tensile strength of copper
sulfate/thiourea treated silk compared to untreated.
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Fig. 6. AE by Fastness to wet rubbing in various acid
dyes.
(D) : untreated, (&) : copper sulfate/thiourea-
treated.

Table 9. Degree of crease recovery for copper sul-
fate-treated and copper sulfate/thiourea-

treated silk (unit : %)
Aftertreated
Dyes Untreated
Copper Copper
sulfate  sulfate/thiourea
ClL Acid
Yellow 14 72 74 78
Yellow 25 74 72 80
Orange 7 66 72 83
Red 264 68 72 78
Red 99 73 73 81
Green 20 73 76 85
Blue 40 68 76 77
Blue 113 77 76 84
Blck 26 66 77 82
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