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Wetting the fabric changes its color; therefore, to control the fabric's color in the
dyeing process, it is crucial to predict the fabric's color in its wet state. In this article,
a geometric model was used to predict the reflectance spectra of wet nylon fabric
based on the reflectance spectra of its dry state. For this purpose, nylon fabric
samples were dyed individually and in mixtures with red, blue, and yellow acid dyes.
Analysis of the color parameters of the samples shows that wetting causes color
change, a decrease in lightness, and increases in color depth of the dyed fabric. To
predict the fabric's reflectance in the wet state using the geometrical model, the molar
absorption coefficient of the dye (¢), modified molar absorption coefficient (¢), unit
k/s, and modified unit k/s values were utilized. The prediction error according to color
difference (AEcwmc) in four prediction methods, using molar absorption coefficient (e),
modified molar absorption coefficient (¢), unit k/s, and modified unit k/s, were 18.69,
15.51, 6.87, and 5.71, respectively. The best prediction was achieved by the
geometrical model using the modified unit k/s.
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Figure 1: Cross-section of cylindrical fiber and the paths of reflected,
refracted and transmitted light (10).
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Table 1: Characteristics of Acid Dyes.

Trade Name ‘ Sellan Red 2B ‘

Generic Name C.l1. Acid Red 361

Sellan Blue 2R

C.1. Acid Blue 225

‘ Sellan Yellow 5GN

C.I. Acid Yellow 110

Molecular Weight
(gimol) 540.59 685.32 534.4
Amax (NM) 500 580 395
Br
SOsNa
3! Br Z H
o . Cl
N (0]
HsC CH 0
Chemical structure N’N O ’ i
[27]. H. ) N= N
H,N N 0P N )N

Na ,S
CH4 o \©: 3 cl
O o
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Sulphate Acid
a0°c 2-4% pH 5.0

B = Levelling Agent 1%

2°C/ min

Cooling & Rinsing
c = Acid Dye
OW.F% 0.5%, 1%, 1.5% &2%

10 min @10 min @10 min Wash with water

D = Fabric
L:G 1:40

A B Cc D
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Figure 2: The dyeing profile of nylon with acid dye.
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Figure 3: The a*b* and L*C* scatter plot of the samples in wet and dry state.

o ools (Las F S 50 o 4 0,5l 5 055508 ol 08
b OS] g AEcme S5, Ml LT S, polie !
Sl 50 0l (i 9 8ly sledsigad o RMS  LulSul
Vs 0 cady oo n ¥ 9100 0 glackle o5 s
Gl Bl ool (L Slio ¢ Jaadz dn daz gl b ol 0als ooly oyl
iy ag RMS) el s DS lade JBlas 5 2STos
Gl ol Sl eizman el VYA 5+ AYF (VYN o, YVY
ey 4o (AEeme) S, s lade Blas 4 iSTas ¢l
30 gy bl pzmen aibe Ay ) g YEAYV AT AARS
e 5y BB g RMS gllas a5 vs oo ylis Jgaz
Gy Yse iz ool esliinl b cwace Jow g, Jawgs ond
o 3,550 8 99,5 Slaaiged wiile (505, (5 Bos b sloaiges
sl 5 ] slagal w05 () Bos b sladigai 4
Sliaos o )5 b b glass i ol Caws 4yl iy
dlre ;5 (g Jue 4,15 (6705 T4 Cosgaze | (LB6 LS
5 aS adefolen [V IV VACYY] 0ib oo YU Sl j0lie
Joe 5o 0ads cuien olSasl polae sl oad ooy las ¥ S
039 23lg polae 5l eS Voo Ll g ol eslatnl b gwais
5 ly ol Oloe (295 =B WS (] 1 0gdle o
polie 00,5 cnalin basged plood jo (LSl ool S i
pac 35 Y Jguz ;0 RMS glaz g AEcme S5, M| 5l ol

WS oo anl 1) g,y ol b el (St

L™-C" SaS1y Jloge ;0 badigel Slatue gw)yp pied
ol (= bli) Sz el g (0,8 bls) s > sl
el 5 lids) i 2 k7B HE b i oS aas
A G o (P o e (SO Ty 0,00 S5kl ezl S,
Sy gl g 2Ly, Jelse p ol YL 36 saimoplis (S
Gos Gl g 2lidy) (e SRS Cely b s el 4zl
D90 4zl (S

Mo @iz o b jlesliiwl b (qwadd Joo (g, =YY

1555,
Sl 55 55hl Azl olSal i iy 4l e s 2
1355, olge Yge 0z o pd polie | (pwiin Joo S5 4 s
Sl Voo iz o yd polie 6,5 ojlail (6l 0p0 3 eolinul
SUNENEIE 8 5 JERITY SOy RO WA ¥ )
s A (5 S 03lasl UV-Visible yiegisds iSewl b ol g 9,3
1355, olg—s Yoo wizr cupd polie (¥ s Lally, (bl
S adal)) s Joo o ashl s 4y b 5 anulxe
Cxe) 1355, olse Yoo 0dz oo ;0 I35, cdile o fol>
Lgls (sl & pea¥ s alail, 511555, bglies (6l 95 oo 03l
aJoleo) 1555, aw bgdsee bglswe 5 (Cre1+Coer aolre) 155, g0
ot 9 By Sl Gauds ay0 )5 oolaiul (Cae1+Coea+Caes
2155, Ve i cuys jloolainl b qwdin Jow awgs oo
@laded ;5 5 15355, wojo ¥ abale )3 (Soblaz )b s >

YYA-PAA E0EY)A /S5) o9ld 9 pole (sole &g puins

PYA



Fva

o
o

=== Actual a)

ot
Ul

==@==Geometric model by (g)

Reflectance (%)
o o o
N w IS

o
N

o

400
420
440
460
480
0
2
4
6
580
600
620
640
660
680
700

Wavelength (nm)

0.8

0.7
0.6
0.5
0.4
0.3
0.2
0.1

=== Actual
==@==Geometric model by (g)

Reflectance (%)

o O O
o N <
AU

460
8
0
2
4
6
8
0

620

640

660

680

700

Wavelength (nm)

Slo—UdyguS (50955 9 (WD JIw )l o3l b d 59kl ax )l el d”uﬁ“%/é)*bwuhSu"ﬂy)bh”

0.45
04 | =*=—Actual b)
' ==0==Geometric model by (g)
0.35
§ 0.3
8 025
g
S 02
L
g 015
0.1
0.05
0
o O O O o O O O O o O O O O
O N T ©W 0O N © WO N © 0O
< T T TS0 0 0 W N O O O OO~
Wavelength (nm)
0.7
=== Actual d)
. 0.6 ==@== Geometric model by (g)
S
8
c
[
8
k5
[vd

O O O OO0 OO0 OO O o0 oo oo o
© 0O O N I © 0 O N I © 0 O
A R N Yo R Vo I Vo T Yo Jun Vo I Vo Ry (e JVe Yo Ue B M

o o o
o N <
< T <

Wavelength (nm)

Yoo 0dz o s 3l ooliiwl b cwsie Joo lawss 1355, ao 10 ¥ L odd (65,55, Ssbl az )l s cllo o0l oo 5 (o28ly (oSl s :F S0
(D) 9,5l 5 ©) 9,5 50,3 «B) 2 «(A) 50.9)

Figure 4: Actual and predicted reflectance spectra of dyed nylon fabric with 2% dye in the wet state by the geometric model using the molar
absorption coefficient (Red (A), Blue (B), Red-Yellow (C), and Blue-Yellow (D)).
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Figure 5: Actual and predicted reflectance spectra of dyed nylon fabric with 2% dye in the wet state by the geometric model using the modified molar
absorption coefficient (Red (A), Blue (B), Red-Yellow (C), and Blue-Yellow (D)).
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Table 2: Actual and predicted L*, a*, and b* color parameters of dyed nylon fabric in the wet state by the geometric model using the molar
absorption coefficient, color difference AECMC, and RMS error of prediction.

Calculated Geometric model by
Dye Actual data Molar Absorption Coefficient (
Dyed Samples Concentration ’ RMS
0.18

NI
0.5 57.64 4991 16.12 55.16 19.32 9.78 12.26
1 4254 53.15 24.26 45.16 19.50 10.46 0.22 13.35
Red
15 38.28 50.93 27.03 39.30 18.91 10.44 0.22 13.21
2 33.31 4390 2097 35.25 18.23 10.23 0.19 11.11
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Table 2: Continue.

Calculated Geometric model by
Dye Actual data Molar Absorption Coefficient (g)
Dyed Samples Concentration P RMS

(%)

0.5 83.47 -9.44 56.67 32.82 -0.53 2.01 0.52 27.34
1 81.17 -5.90 79.02 23.70 -0.46 1.74 0.53 32.55

Yellow

15 78.30  3.58 89.40 18.99 -0.41 1.57 0.52 34.81
2 73.64  6.93 88.02 15.93 -0.38 1.45 0.47 34.66

05 4891 385  -42.00 37.59 -0.37 -8.52 0.25 15.25
1 34.94 8.33 -40.09 27.94 -0.26 -7.72 0.20 15.10

Blue

15 26.91 7.89 -32.12 22.85 -0.21 -7.09 0.17 13.07
2 2478 1143 -34.43 19.52 -0.18 -6.61 0.17 14.56

0.5 4522 1514 -17.27 32.87 4.49 -4.08 0.23 11.36
1 31.12 15.08 -13.81 23.75 3.95 -3.59 0.18 10.11

Blue-Red

15 2448 1153 -10.02 19.03 3.58 -3.25 0.15 8.18
2 22.67 9.68 -8.39 15.97 3.32 -3.01 0.14 8.02

05 66.48 28.92  29.90 22.32 1.41 2.16 0.43 24.26
1 56.54 48.83 38.92 14.78 1.17 1.79 0.44 28.03

Red-Yellow

15 49.02 50.39 37.87 11.00 1.04 1.59 0.38 27.97
2 4473 54.11 37.57 8.58 0.96 1.45 0.38 28.47

05 69.77 -1857 16.50 20.04 -0.60 -0.27 0.40 23.68
1 39.64 -2256 6.86 12.89 -0.49 -0.23 0.21 19.12

Blue-Yellow

15 32.02 -19.22 433 9.32 -0.44 -0.20 0.18 17.99
2 28.57 -14.10 241 7.08 -0.37 -0.17 0.17 17.03

05 5271 9.38 8.68 18.98 0.75 0.19 0.30 17.73
1 30.84 11.96 2.98 12.02 0.62 0.15 0.21 14.53

Red-Yellow-Blue

15 22.59 8.71 1.36 8.55 0.55 0.14 0.16 12.84

2 20.96  20.03 6.97 6.45 0.44 0.11 0.18 16.84
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Table 3: Actual and predicted L*, a*, and b* color parameters of dyed nylon fabric in the wet state by the geometric model using the modified molar
absorption coefficient, color difference AECMC, and RMS error of prediction.

Calculated Geometric model by
Dye Actual data modified Molar Absorption

Dyed Samples Concentration Coefficient (g)

0.5 57.64 4991 16.12 57.71 19.02 9.46 0.16 12.32
1 4254  53.15 24.26 47.81 19.60 10.37 0.20 13.51
Red
15 38.28 50.93 27.03 41.92 19.23 10.49 0.19 13.22
2 33.31 4390 20097 37.80 18.68 10.38 0.15 11.17
0.5 83.47 -9.44 56.67 42.96 -0.58 2.18 0.46 24.98
1 81.17 -590  79.02 32.82 -0.53 2.01 0.49 30.44
Yellow
15 7830 358 89.40 27.33 -0.49 1.86 0.50 32.88
2 7364  6.93 88.02 23.70 -0.46 1.74 0.45 32.80
0.5 4891 3.85  -42.00 47.96 -0.48 -8.72 0.19 14.26
1 34.94 833  -40.09 37.58 -0.37 -8.52 0.14 14.38
Blue
15 2691 789 -32.12 31.81 -0.30 -8.11 0.10 12.85
2 2478 1143 -34.43 27.94 -0.26 -1.72 0.09 13.91
0.5 4522 1514  -17.27 43.01 4,78 -4.34 0.18 9.49
1 3112 15.08 -13.81 32.87 4.49 -4.08 0.16 8.69
Blue-Red

15 2448 1153 -10.02 27.38 4.19 -3.81 0.14 6.94
2 22.67 9.68 -8.39 23.75 3.95 -3.59 0.13 5.65
0.5 66.48 28.92 29.90 47.36 1.79 2.77 0.33 18.10
1 56.54 48.83  38.92 36.98 1.72 2.65 0.39 22.84

Red-Yellow
15 49.02 50.39 37.87 31.23 1.63 2.50 0.35 22.96
2 4473 54.11 37.57 27.37 1.54 2.36 0.35 23.66
0.5 69.77 -1857 16.50 48.76 -0.80 -0.37 0.27 15.86
1 39.64 -2256 6.86 38.31 -0.78 -0.36 0.17 12.96

Blue-Yellow
15 32.02 -19.22 4.33 32.49 -0.74 -0.34 0.15 11.73
2 2857 -1410 241 28.57 -0.70 -0.32 0.14 9.80
0.5 52.71 9.38 8.68 42.96 1.02 0.25 0.22 10.23
Red-Yellow- 1 30.84 11.96 2.98 32.81 0.95 0.24 0.17 8.71
Blue 15 22.59 8.71 1.36 27.33 0.89 0.22 0.14 7.79
2 2096 20.03 6.97 23.70 0.83 0.21 0.17 12.20
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Figure 6: Actual and predicted reflectance spectra of dyed nylon fabric with 2 % dye in the wet state by the geometric model using unit k/s (Red (A),
Blue (B), Red-Yellow (C), and Blue-Yellow (D)).
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Table 4: Actual and predicted L*, a*, and b* color parameters of dyed nylon fabric in the wet state by the geometric model using unit k/s, color
difference AECMC, and RMS error of prediction.

Actual data Calculated Geometric model by

Dye Concentration unit k/s

Dyed Samples

1 4254  53.15 24.26 52.02 44.23 12.56 0.07 8.30
Red
15 38.28 50.93 27.03 47.13 45.07 14.51 0.07 8.67
2 33.31 4390 20.97 43.66 45.09 15.69 0.08 7.12
0.5 83.47 -9.44  56.67 94.73 -5.30 67.96 0.24 6.46
1 81.17 -590 79.02 66.30 -10.39 35.45 0.25 15.78
Yellow
15 7830 3.58 89.40 92.74 -1.32 90.19 0.25 5.96
2 73.64  6.93 88.02 92.18 0.18 95.63 0.30 8.36
0.5 4891 3.85  -42.00 56.74 -3.41 -24.00 0.08 9.96
1 34.94 8.33 -40.09 46.74 -2.37 -25.81 0.09 11.81
Blue
15 26.91 7.89 -32.12 40.84 -1.63 -25.95 0.11 12.37
2 2478 1143 -34.43 36.75 -1.10 -25.63 0.11 12.99
0.5 4522 1514 -17.27 44.02 14.46 -11.91 0.08 3.80
1 31.12 1508 -1381 33.92 13.98 -11.37 0.08 2.45
Blue-Red
15 2448 1153 -10.02 28.41 13.26 -10.69 0.08 3.11
2 22.67 9.68 -8.39 24.74 12.61 -10.11 0.08 3.01
0.5 66.48 28.92 29.90 59.71 36.60 29.19 0.04 6.68
1 56.54 48.83  38.92 51.52 40.87 32.50 0.10 4.21
Red-Yellow
15 49.02 50.39 37.87 46.68 42.20 33.60 0.09 3.58
2 44,73 54.11 37.57 43.26 42.55 33.94 0.11 4.88
0.5 69.77 -1857 16.50 54.63 -16.81 8.36 0.16 7.92
1 39.64 -2256 6.86 44.35 -17.07 8.33 0.08 4.37
Blue-Yellow
15 32.02 -19.22 4.33 38.38 -16.56 8.02 0.09 5.28
2 28,57 -1410 241 34.28 -15.95 7.70 0.09 6.09
0.5 5271  9.38 8.68 43.31 8.34 4.39 0.10 6.74
1 30.84 11.96 2.98 33.23 8.14 4.21 0.09 4.07
Red-Yellow-Blue
15 22.59 8.71 1.36 27.77 7.76 3.98 0.08 5.26
2 20.96 20.03 6.97 24.14 7.41 3.77 0.10 8.21

YYA-PAA E0EY)A /S5) o9ld 9 pole (sole &g puins



FAD

(il o Jgoz o dzgi b el ool ools (Ll O Jgux o
A oSl i S Jlaie las 5 mSlas ¢ lae Bl ol
(Sl cpaizmen el ¢, 0 YO ¢ oYY e VY e Y G
4 (AEcme) S5, Mz jlacde Bl 5 iS5 las «lre Bl il
el as amg Laal o VOY s 1VYF Y0 BY) i
ol s (AEcme) S5, Mz 5 (cwlSsl cads LS ¢ Jol>
oads Zol asls Kis Ly cwdin Jow )0 00l cmin 5 28l
Jos gy 1Tl 5 2eS ouis 2ol axlg Kis clls 4y s
Joe Ghgy Cad oo 2ol g Kis olie 1 eolaiwl b owain
Ak GBSl s ln caids el wlg KIS L (o

el 05,5 ot pmalin s g e S

0.6

=@ Actual a)
=== Geometric model by modified unit k/s

0.5

0.4

0.3

Reflectance (%)

0.2

0.1

Wavelength (nm)

0.8

=@ Actual C

0.7 |==@==Geometric model by modified unit k/s

0.6
0.5
0.4
0.3
0.2
0.1

Reflectance (%)

QO O ©0 O Q0 0O 0 9 ©
O 00 O N & ©W 0 O N
< < D N W N N O O

o O o
(=
< < <

640
660
680
700

Wavelength (nm)

Slo—UdyguS (50955 9 (WD JIw )l o3l b d 59kl ax )l el d”uﬁ“%/é)*bwuhSu"ﬂy)bh”

ooy 2ol uslg kis 3l eoliiwl b cwadd Jow o9, =O=Y
oS s Jas i sl malS jslate 4y aslel yo
5 &ilwaiy ol polie 5 Jlasl axlg kis yolbe gl >ol
Az b gl ools (Las VUSG50 4 jebles 1ays )T s
50550 el B slaad Lo ¥ clile o S5y (Sshl
Kis el s oo 2ol axlg KIS gy ) (cwadin Jow lawgs
ol s il 5l Gy 9 009 ;eS 00l (5iludinge 92l
ol a8l ]38l cwaie Joe S e B0 g KIS olie
ol o S g e o> o Lah" S polis
00l gy 9 (*8lg polie oy (AEcme) S5y O 5 (RMS)

0.5
= Actual b)
0.4 | ==®=Geometric model by modified unit k/s
S
S
8 0.3
c
8
8 02
=
()
%
X 01
0
O O O O O O O O 0O 0O O o o o o o
O AN < © 0 O N S © 0O N S © o O
< S S S 000 W00 O O O O o~
Wavelength (nm)
0.7
=0 Actual d)
0.6 ==0== Geometric model by modified unit k/s
< 05
S
8 0.4
C
]
go3
S
x 0.2
0.1
0
O O O O 0O O O O O OO0 O O OO O O
O N < © 0 O N S ©W 0O NI © 0 O
A B S B B N Vo R Fo IR U o I Vo Iy o g {e) © O ™~

Wavelength (nm)

odd Z Mol axlg Kis 5l eolaiwl b pwiis Joo dawgi 135, 0o 10 ¥V L osd (65,55, (Sshl az )b s cdlo ool o 5 (o28ly (oolSsl s i S
(D) 9,5l 5 ©) 8,57 50,3 «B) (2 «(A) 50.9)

Figure 7: Actual and predicted reflectance spectra of dyed nylon fabric with 2 % dye in the wet state by the geometric model using modified unit k/s
(Red (A), Blue (B), Red-Yellow (C), and Blue-Yellow (D)).

YVA-YAA E(\E-Y) A /S5 9L o P ole & i



Sl (Sligu (5955 9 (i Jo o 3Liiuol b s 539U Al Sl s ius /635 (pmnesds e 9 Hiadys Hblw YAy

5 00d ol axlg Kis 5l oolatul b pwaie Jow lawgi s o )0 00K, (Jobl az b oads i 5 HBlgb* g% LXK polie i Jgu

cSie AEeme S5y Bzl s RMS glas

Table 5: Actual and predicted L*, a*, and b* color parameters of dyed nylon fabric in the wet state by the geometric model using modified unit k/s,
color difference AECMC, and RMS error of prediction.

Dye Actual data Calculated (_Be_ometr_ic model by
Dyed Concentration modified unit k/s RMS | AEcmc

samles | "t
0.5 57.64 4991 16.12 52.02 44.23 12.56 0.07 3.62
1 4254 5315 24.26 43.66 45.09 15.69 0.07 5.05
Red 15 38.28 5093 27.03 38.81 44.33 16.94 0.08 5.73
2 3331 4390 20.97 35.41 43.28 17.47 0.08 2.54
0.5 83.47 -9.44 56.67 95.83 -6.24 54.11 0.25 4.88
1 81.17 -5.90 79.02 94.73 -5.30 67.96 0.26 6.10
Yellow
15 78.30 3.58 89.40 94.02 -4.18 76.30 0.27 8.21
2 73.64  6.93 88.02 90.82 4.29 107.57 0.29 9.09
0.5 48.91 3.85 -42.00 46.74 -2.37 -25.81 0.12 8.20
1 3494 833  -40.09 36.75 -1.10 -25.63 0.11 9.01
Blue 15 26.91 7.89 -32.12 31.18 -0.46 -24.64 0.10 7.89
2 2478 1143 -34.43 27.43 -0.08 -23.63 0.11 9.51
0.5 4522 1514 -17.27 41.31 14.44 -11.86 0.09 4.24
1 31.12 15.08 -13.81 31.39 13.69 -11.09 0.07 1.99
Blue-Red
15 2448 1153 -10.02 26.06 12.86 -10.33 0.07 1.53
2 22.67 9.68 -8.39 22.53 12.16 -9.71 0.06 2.14
0.5 66.48 28.92  29.90 61.83 35.14 28.08 0.03 6.02
1 56.54 48.83  38.92 53.69 39.97 31.79 0.06 4.20
Red-Yellow
15 49.02 50.39 37.87 48.86 41.72 33.19 0.05 3.61
2 4473 5411  37.57 45.43 42.38 33.77 0.10 4.89
0.5 69.77 -1857 16.50 44.35 -17.07 8.33 0.20 11.25
1 39.64 -2256 6.86 34.28 -15.95 7.70 0.11 4.93
Blue-Yellow
15 32.02 -19.22 433 28.76 -14.86 7.14 0.10 4.34
2 2857 -1410 241 25.09 -13.96 6.70 0.10 4.58
0.5 52.71 9.38 8.68 46.04 8.28 4.38 0.07 6.04
Red-Yellow- 1 30.84 11.96 2.98 35.81 8.25 4.29 0.06 4.84
Blue 15 22.59 8.71 1.36 30.18 7.95 4.09 0.06 6.76
2 20.96 20.03 6.97 26.41 7.64 3.90 0.08 8.81
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