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The color sensitivity of the dyeing recipe is one of the most important parameters for
controlling the dyeing process. This work studied the effect of color depth on the color
sensitivity of a recipe of wool dyeing with weld natural dye. For this purpose, the
woollen yarn was dyed with weld at low and high color depth using pre-mordanting
method. The color sensitivity of the dyeing recipe was evaluated by measuring the
color depth (K/S), color difference, and color sensitivity coefficient. The color
sensitivity coefficient was measured by 10 % change in parameters of the dyeing
recipe, such as dye concentration, mordant concentration, temperature, time, pH, and
L.R. Also, the simultaneous color sensitivity of two, three, four, five, and six
parameter combinations were measured by experimental and computational methods.
The measured color sensitivity by the computational method was higher than the
experimental method. In general, the color sensitivity at low color depth is more than
high color depth.
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Figure 1: The chemical structure of Luteolin (12).
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Figure 2: Color sensitivity prediction method (25).
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Figure 3: SEM images of untreated Wool.
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Figure 5: SEM images of dyed Wool with 40 % Weld and 10 %
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Tablel: Dyeing recipe for measuring the color sensitivity (single factor method).

Low Color Depth High Color Depth

Blank Weld 10 %-Alum 10 %- Acid 2 %-90 °C- 60 Min- L.R 40.1 Weld 40 %-Alum 10 %- Acid 2 %-90 °C- 60 Min- L.R 40.1

1 Weld 9 %-Alum 10 %- Acid 2 %-90 °C - 60 Min- L.R 40.1 Weld 36 %-Alum 10 %- Acid 2 %-90 °C- 60 Min- L.R 40.1
2 Weld 10 %-Alum 9 %- Acid 2 %-90 °C - 60 Min- L.R 40.1 Weld 40 %-Alum 9 %- Acid 2 %-90 °C- 60 Min- L.R 40.1
3 Weld 10 %-Alum 10 %- Acid 1.8 %-90 °C - 60 Min- L.R 40.1 Weld 40 %-Alum 10 %- Acid 1.8 %-90 °C- 60 Min- L.R 40.1
4 Weld 10 %-Alum 10 %- Acid 2 %-90 °C - 60 Min- L.R 36.1 Weld 40 %-Alum 10 %- Acid 2 %-90 °C- 60 Min- L.R 36.1
5 Weld 10 %-Alum 10 %- Acid 2 %-81 °C - 60 Min- L.R 40.1 Weld 40 %-Alum 10 %- Acid 2 %-81 °C- 60 Min- L.R 40.1
6 Weld 10 %-Alum 10 %- Acid 2 %-90 °C- 54 Min- L.R 40.1 Weld 40 %-Alum 10 %- Acid 2 %-90 °C- 54 Min- L.R 40.1
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Table 2: Color sensitivity of wool dyeing recipe with Weld dye due to change in one parameter.

Low Color Depth (10 %) High Color Depth (40 %)

Changed

FVE

Standard 67.73 93.76 63.67 222.88

Dye 69.28 78.31 0.19 65.42 198.28 0.14

Mordant 72.23 55.31 0.37 63.30 214.28 0.12

Acid 70.79 78.67 0.14  65.23 179.97 0.19

LR 70.82 74.59 0.30 63.97 202.24 0.13

Temp. 70.13 64.67 0.26  66.28 192.38 0.31

Time 70.99 65.55 0.30 61.55 223.77 0.09
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Figure 6: Position of samples in CIELAB color space.
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Table 3: Color sensitivity of wool dyeing recipe with Weld dye due to change in Two parameters.

Changed

Parameters
Standard 67.73 93.76
Dye-Mordant 71.35 57.88
Dye-Acid 73.40 62.18
Dye-L.R 74.45 59.27
Dye-Temp. 72.02 78.29
Dye-Time 70.00 75.01
Acid-L.R 73.69 62.33
Acid-Temp. 73.78 62.32
Acid-Time 72.06 62.56
Time-L.R 72.13 87.33
Temp.-L.R 72.59 79.52
Temp.-Time 73.16 67.91
Mordant-Acid 71.07 59.25
Mordant-Temp. 71.22 47.98
Mordant-Time 70.99 61.90
Mordant-L.R 71.72 84.16

Low Color Depth (10 %)

e e [T

0.33

0.28

0.39

0.27

0.21

0.35

0.34

0.29

0.28

0.28

0.35

0.32

0.48

0.27

0.19

High Color Depth (40 %)

63.67 222.88
0.50 66.10 146.55 0.36 0.22
0.26 66.87 149.44 0.30 031
0.39 62.93 218.34 0.11 0.23
0.42 64.66 201.96 0.19 0.43
0.44 65.83 157.37 0.32 0.12
0.34 66.30 190.14 0.20 0.32
0.33 66.37 175.50 0.32 0.51
0.37 64.90 184.91 0.11 0.21
0.49 65.08 201.71 0.18 0.18
0.46 65.17 223.63 0.15 0.42
0.52 65.77 200.39 0.20 0.31
0.43 66.12 177.03 0.20 0.31
0.58 68.42 134.69 0.41 0.42
0.61 65.36 175.55 0.21 0.18
0.56 64.05 196.61 0.18 0.24
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Table 4: Color sensitivity of wool dyeing recipe with Weld dye due to change in 3 parameters.

Changed Parameters

Standard 67.73 93.76
Dye-Mordant-Acid 72.85 55.79
Dye-Mordant-L.R 70.75 71.49

Dye-Mordant-Temp. 73.64 57.46
Dye-Mordant-Time 72.22 64.34
Mordant-Acid- L.R 72.33 82.13
Mordant-Acid- Temp. 71.76 72.32
Mordant-Acid- Time 72.47 68.29
Mordant- Temp.-L.R 73.36 65.03
Mordant- Time-L.R 73.41 73.11
Acid- Temp.-L.R 72.55 69.99
Acid- Temp.-Time 74.18 57.76
Temp.-Time-L.R 74.23 64.43
Dye-Acid- Temp. 72.08 51.23
Dye-Acid- Time 71.49 62.95
Dye-Acid- L.R 71.49 62.66
Dye-Temp.- Time 71.29 52.38
Dye-Temp.- L.R 70.66 66.84
Dye- Time-L.R 71.25 58.13
Mordant-Temp.- Time 70.20 65.68
Acid- Time-L.R 69.28 80.23

Low Color Depth (10 %)

I T S B o N

0.34

0.27

0.41

0.29

0.27

0.23

0.25

0.35

0.30

0.29

0.38

0.36

041

0.23

0.28

0.38

0.23

0.34

0.21

0.14

High Color Depth (40 %)

63.67 222.88
0.59 66.53 200.90 0.20 0.42
0.72 65.70 199.43 0.21 0.34
0.74 68.38 171.19 0.39 0.54
0.78 66.94 178.06 0.28 0.24
0.66 64.32 217.25 0.08 0.43
0.66 67.48 188.77 0.23 0.62
0.70 64.52 191.06 0.24 0.33
0.80 67.39 175.62 0.25 0.53
0.83 64.82 182.05 0.31 0.29
0.55 66.02 190.43 0.21 0.62
0.60 66.23 204.69 0.20 0.50
0.73 69.17 140.79 0.47 0.43
0.49 67.58 129.10 0.41 0.62
0.53 66.51 146.07 0.29 0.31
0.49 66.31 167.29 0.29 0.24
0.69 68.43 129.95 0.46 0.42
0.63 68.53 137.44 0.41 0.53
0.66 66.06 169.28 0.28 0.25
0.90 64.54 198.25 0.19 0.43
0.59 65.26 178.09 0.13 0.34
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Table 5: Color sensitivity of wool dyeing recipe with Weld dye due to change in 4 parameters

Changed Parameters

Standard 67.73 93.76
Dye-Mordant-Acid-L.R 72.10 70.59
Dye-Mordant-Acid-Temp. 72.95 61.09
Dye-Mordant-Acid-Time 73.85 51.67
Mordant-Acid-Temp.-L.R 71.20 77.63
Mordant-Acid-Time-L.R 72.64 68.22
Mordant-Temp.-Time-L.R 74.15 57.96
Mordant-Acid-Temp.- Time 70.71 78.02
Acid-Temp.- Time-L.R 72.64 65.56
Dye-Mordant-Temp.-Time 72.42 48.57
Dye-Mordant-Temp.-L.R 71.51 55.93
Dye-Mordant-Time-L.R 72.02 52.28
Dye-Acid-Temp.-Time 72.60 43.08
Dye-Acid- Temp.-L.R 69.46 71.89
Dye-Acid- Time-L.R 72.90 40.89
Dye-Temp.- Time-L.R 73.26 45.40

&MSSA:',()A L_,,_fu') Commwlo> o o [ mJ‘o_Ql_A)'
—oboey —les —asilais Hlojpe s 4 bgype o9Xiny Comlus
VW PV KVOSSUEL SR PSR PEON-SUE L SN | Ep SRS
‘é_ii) ol g L W—M‘—@‘A}é—l}_iijﬁ >

Lojpe s Sl sl (950 Comlis (0 a8 5 Sa=-,TO
gsjj) Sl o o L poeo—loo —Ml—‘}ij) JUESORATE
oy Fe) ol () Gee Lol clale ;o ael Cews 4 Sp=+ LV
4Bl i3l by, Gliee e Sz Gloje et b (S ]

LP=rY07 alids) b o —oloy —ailais =355, (lojpd ot &
Slelesailinl35, lejen ot 4 bgyye (2lidhy) o yiien
—als 1SS, acarine iz Gloie et 4 baye yiie Lz
o ez Glojed i @ 'l"b‘}“ @51%’
8l Colas 1 eS 9 Sp=2 VY. LK) Comlus o o b o

S ISRVERETE JPWES N

Low Color Depth (10 %)

R T N N R TN N

High Color Depth (40 %)

63.67 222.88
0.25 0.82 65.25 180.52 0.25 0.53
0.36 0.83 65.96 195.13 0.26 0.73
0.39 0.86 67.18 174.50 0.22 0.43
0.25 0.88 67.97 182.26 0.33 0.72
0.28 0.92 64.61 198.95 0.21 0.45
0.36 1.07 67.21 183.79 0.27 0.55
0.27 0.94 65.17 183.33 0.24 0.62
0.34 0.82 67.27 181.33 0.27 0.62
0.43 1.02 68.83 118.93 0.58 0.54
0.33 0.96 64.74 169.90 0.23 0.64
0.39 1.00 64.56 183.94 0.19 0.36
0.52 0.77 66.67 139.27 0.48 0.61
0.32 0.71 67.66 135.98 0.38 0.73
0.58 0.75 64.82 192.39 0.14 0.43
0.57 0.90 66.36 159.88 0.31 0.53
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Table 6: Color sensitivity of wool dyeing recipe with Weld dye due to change in 5 parameters.

Changed Parameters

Standard 67.73 93.76
Dye-Mordant-Acid-Temp.-L.R 74.16 61.21
Dye-Mordant- Temp.-Time-L.R 74.12 54.49

Dye -Acid-Temp.-Time-L.R 70.51 63.83
Dye-Mordant-Acid-Time-L.R 70.54 67.44
Mordant-Acid-Temp.-Time-L.R 70.52 63.36
Dye-Mordant-Acid-Temp.-Time 72.75 65.26

Low Color Depth (10 %)

el T e [T

High Color Depth (40 %)

63.67 222.88
0.35 1.05 67.42 181.12 031 0.89
0.41 1.24 64.95 178.92 0.27 0.65
0.30 0.98 66.44 177.59 0.28 0.73
0.24 1.08 65.59 199.16 0.18 0.55
0.27 1.15 67.76 183.62 0.33 0.74
0.32 1.10 67.29 173.77 0.30 0.73

)...-...n? uuLul).g J).;.ml L;l)'fj) L P 6})§J) At L;J) wL.o R Jg-\.?
Table 7: Color sensitivity of wool dyeing recipe with Weld dye due to change in 6 parameters.

Low Color Depth (10 %)

Changed Parameters

High Color Depth (40 %)

Standard 67.73 93.76

Dye-Mordant-Acid-Temp.-Time-L.R 70.29 59,72

e L e [T

63.67 222.88

0.35 1.32 65.77 181.30 0.28 0.84
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Figure 7: Color sensitivity of single variable.
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Figure 8: Simultaneous color sensitivity of two variables.
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Figure 9: Simultaneous color sensitivity of three variables.
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Figure 10: Simultaneous color sensitivity of four variables.
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Figure 11: Simultaneous color sensitivity of five variables.

YPY-YAD L(EY)IY /55) )9S 9 pgle (sole & pubis



Sl b SHE3) b @iy 65)55) ) G55) b 53 55y Ges Hil/ 6L Guedd e 9 Yy SexoSaw

0.40

0.35

0.30

0.25

0.20

0.05

0.00

Dye-Mordant-Acid-Temp.-Time-L.R

H SA-10%

H SA-40%

FYVETOR W <IN VS PU S SHRLAU WES | (g L
Figure 12: Simultaneous color sensitivity of six variable.
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Table 8: The average of experimental color sensitivity and P-value of statistical T-test for comparison of the color sensitivity at low and high color depth.

One Two Three Four Five
The Number of Parameter
Parameter Parameters Parameters Parameters Parameters

Low Color Depth (10 %) 0.26
High Color Depth (40 %) 0.16
P-Value 0.07

0.31
0.23

0.003

0.30 0.37 0.31
0.28 0.29 0.28
0.16 0.021 0.11
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Table 9: The average of calculated color sensitivity and P-value of statistical T-test for comparison of the color sensitivity at low and high color depth.

The Number of Parameter Three Four Five Parameters
Parameters Parameters Parameters

Low Color Depth (10 %) 0.44 0.67 0.88
High Color Depth (40 %) 0.29 0.42 0.57 0.72
P-Value 0.002 0 0 0.001
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Figure 13: Scatter graph of actual and predicted color sensitivity at low color depth (10 % Weld).
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Figure 14: Scatter graph of actual and predicted color sensitivity at high color depth (40 % Weld).
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