(EH ) Journal of the Korean Society
of Clothing and Textiles
Vol. 20, No. 6 (1996) p. 1138~1150

5] 34 F

Zejolsdlz, YAE, W 27
2A4 w3

Je54, ) 2123

= d -0 2 -9 X &

SEELE R EELELSER LT

Changes in Mechanical Properties, Hand, and
Appearance according to Dyeing of Cotton, PET, Nylon,
and Cotton Mixture Fabrics

Gilsoo Cho - Eun Jou Yi - Ji Young Lim

Dept. of Clothing and Textiles, College of Human Ecology, Yonsei University
(1995. 8. 27 A%)

Abstract

This study was carried out to investigate the effects of dyeing on the mechanical
properties, primary hand, total hand value (THV), and total appearance value (TAV) of
woven fabrics. Cotton, PET, nylon, cotton/PET, and cotton/nylon woven fabrics were used
as test specimens. Each of fabric was dyed under the same conditions as the fabrics for
sportswear which consumers have selected as best. Mechanical properties of specimens were
measured by KES~FB system and primary hand and THV were calculated by equation KN
-201-MDY and KN-301-WINTER respectively. TAV was calculated by KN (eq. 10).

The results were as follows:

1. In mechanical properties. tensile energy increased when cotton and two cotton mixture
fabrics were dyed and decreased when polyester and nylon fabrics were dyed. Bending
rigidity and shear rigidity decreased after all fabrics were dyed except nylon and cotton/
nylon mixture fabrics showing higher rigidities. Cotton fabrics showed higher surface
roughness while other fabrics did lower values after dyeing.

2. In evaluation of primary hand and total hand, four primary hands of cotton fabrics so
decreased after dyeing that THV were lowered. Numeri, Fukurami, and Sofutosa in primary
hand of polyester, cotton/polyester, and cotton/nylon fabrics and Koshi and Numeri of nylon
fabrics increased after dyeing and therefore THV of four fabrics were improved.

3. Cotton and polyester fabrics showed higher TAV due to their lower bending and shear
rigidity, while nylon and cotton/nylon fabrics did lower values due to their higher shear
rigidity.

4. It was proposed that the method of dyeing or treatment for minimizing the decrease of
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THYV of cotton fabrics and TAV of nylon fabrics should be developed.
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Table 1. Characteristics of Specimens
S — ‘ — , —

- : . Fabric | Thickness | Weight | Fabric Count
Speci- ; Fiber Component g Yarn Type 1;Yarn Number‘ Construction ’ (mm) (g/r!g12) (weft X warp/in?)
men ~ ! i : f
— s - e
« ‘ o | t 25% (warp) | . !

Cotton I cotton 100% Staple | twill weave | 0.71 167.6 86X 71
: I 30’s (weft) !
_— ’ ;
i 4614 i
PET | PET 100% | Filament | 0 (Warp) | cket weave,  0.60 | 210.3 |  72x68
i i j 463d (weft) | ! : i
x s 74 ey | 1
) ;2074
Nylon | Nylon 100% | Filament | (warp) 1 weave | 0.34 f 131.4 | 57x68
! “ 67d (weft) | ‘1 ! i
! y ; warIp;(lPET)j ( ) II ]
60/40 ilament| 44d (warp R
Cotton/PET ' 1 0.6 | 161, X
otton/ Cotton/PET | weft(cotton):| 30’s (weft) plamn weave { 6 j 161.4 5933
| ! Staple ‘ | | [
______{ i
y fwarp(snyloln) ! /2 o | ’ \] f
‘ 55/45 taple ! 64's/2(war !
Cotton/Nylon | ' ’ lai h ) [ 4 X
otton/Nylon . Cotton/Nylon lweft(cotton) \, 78's/2 (weft) ‘, piain weave ‘, 0.85 E 120.4 : 54x91
i Filament | I i |
i X |

-

100% Zelolas 2o} ol B21E-2 98T ofl4 40 E2)
Mkl e,

100% wA4Ee SM2 X3ubgy w344 = (CI
Reactive Red 120) & 4}-8-3led 50~60C 60)F &
St m2wsbYo 2 pH 4.5~5.5, 130C, 2~3kg ¢
2715kl A 40~60 -7+ A Adskict, 100% W& A
& ulgdA A d 8 (CIL Acid Blue 62) % pH
4.5~5.59] AARoll 98°C ollA 40~60F7F 3433
of, w/EeladE nAEL daldde WgAYdE
(CI Reactive Yellow 125 1.0%, CI Reactive Red
158 2.0%) &, ZejolisjZAlolli= #4F 938 (CI Dis-
perse Red 343) 5 z+7t A}-8-3kod, 130T ollA] 40 7}
ZejoAH2E dAstn 80C ol A 30 7+ NaOH 9}
Na2S04 & 204143 & 50C oA 60 #7F w1-g o
MsHe ol & QA AAd W/AE nAEe
= &}of) = 4F-2-4193 8 (CI Reactive Navy) 2} 1} &4}
ol 44938 (CI Acid Blue 113) & AH&-3ted 100C
oA 60 F-2F A& A3,

3. AN AN

20cmx20cm(7d X $)) o} 27|58 A)8E Fusle] A
Z| 9} o A =] Lol offdled oi;«ﬂ_?_g] oif;};d L_E‘_Agi]_g] ‘ﬂ
3} KES-FB system(Kato Tech, Ltd. Co.) & A&

&, ﬁ"d? Y "?‘”‘]9} ‘?%91 6 5ol s 16 7
EA x| o} HofdtEAlY A
4. 7|=ef "ot

AEH AFeS 4% FEAE AT A
KN-201-MDY o] =227 Koshi, Numeri, Fuku-
rami, Sofutosa 2| 47}x] Z1Ze]E AAsigeni o
we] B AAL oL Fhcf,

HV= c+2cX —X;

Co. C; . parameter (constant coefficient)
Xoo i) odahd B4R me 1 d4a
X: X9 "HE
o X8 TFHA
8149 X;, or % % Ci3k2 Table 33} Table 4
off A Al 513 e,

5. Setel HW7}
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Table 2. Chemical Structures of Dyes

T
Specimen Dye C.I. No. } Chemical structure
1
! | e %
i I N
[ | ! X HOyS
100% ! Cibacron Brilliant } Reactive ’:9,»1 ™ ""‘{NE,” "\_N’}'W > —
Cotton | Red 4G-E Red 120 |4 OHWM w0 @@}""‘—&i /
] ! P I — o
; ;‘ ; HO,S SOH HOS SOH
I i |
L | |
| ! O NH:
| | |
i | | .
100% | Resolin i Disperse | //\\ ~T AT ~0—— iy
:, i I 1o 1 ( P ‘ .
Polyester ‘y Red FB = Red 60 ; \t// :‘J’/\(
} “ i (] OH
. ‘ :
1 ’ |
! ? ;
} i ] i\/soma
100% | Rifa i Acid o OO
| i i ~ v
Nylon | Acid Bue ER | Blue 62 \/\/\K
! T CHaz —— CH;
o WM CH \"‘-1
NHE —— & -i12
. : N\ CH2 —— CH; /
1 | i
JCotton side- {Cotton side- ,‘
| Lavafix Golden ' CI Reactive i
| Yellow E-RA 1.0% Yellow 125 1.0%, |
| Lavafix Golden Red | CI Reactive }
60/40 | E-4BA 2.0% | Red 158 2.0% 1
Cotton/PET|PET side- PET side- |
] Resolin Yellow ClI Disperse Yellow 2
| K-4GLS 1.0% (number unknown) { unknown
1\ Resolin Red CI Disperse |
| F3BS1.0% Red 343 L
! I
|Cotton side- EC " d l\
! Procion Navy ! ((Z)I ;n Slt,e N ! NaCs§
i | eactive v | — —_ — —
55/45 | H-EXL 2.0% ; avy i (7S W e e
. i (number unknown) ! o TR L e
Cotton/NylonlNylon sidez ;N | d ; — /—‘*; —. —
n - Y S
| Rifa Navy Blue ‘ C};j\ S:i ;1 r Sy ( —sowa
; BN 2.0% i ci ue 113 ‘, - -
| 1

THV= Co‘l"g1 Z;

K“‘Mn)+

= C.z( Yo

where Z,= Ca(

Y: : primary hand value
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Table 3. X,, X., & o, values for KN-201-MDY equation

BEKAAREES

Block i X, X a:(n=220)
. ! 1 LT 0.6177 0.0823
(Tensile) ‘; 2 log WT 1.1511 0.2166
; 3 RT 42 .0564 6.9506
2 | 4 log B —0.8723 0.2565
{Bending) i 5 log 2 HB —1.1445 0.3473
3 6 C ~0.0745 0.2099
7 log 2 HC 0.1312 0.2966
(Shear)
8 2HC5 0.4217 0.2596
. 9 LC 0.4070 0.1061
(Compression) 10 log WC —0.6211 0.2380
1 11 RC 52.2626 9.1288
s | 12 MIU 0.2416 0.0431
! 13 log MMD —1.7248 0.1926
(Surface) ;
‘ 14 log SMD 0.5696 0.3521
6 15 log T —0.0446 0.1693
(Thickness & Weight) | 16 log W 1.3550 0.1270
Table 4. C; values for KN-201-MDY equation
KOSHI F NUMERI FUKURAMI ! SOFUTOSA
i Ci R | i Ci R i Ci R | i Ci R
S ——
0 5.7093 0 4.7533 0 4.9799 oo 3.2001
4 0.8459  .740 i 13 —0.927 0.595 10 0.8845 600 | 13 ~0.9211  .541
5 —0.2104 780 ; 14 —0.3031 633 9 —0.2042 616 | 14 0.3479  .604
6 0.4268  .849 | 12 —0.1539  .645 11 0.1879 630 | 12 —0.2159  .605
7 -0.0793  .854 | 10 0.5278  .734 13 —0.5964 754 | 10 0.5641  .680
8 0.0625  .854 1 9 —0.1703 742 U4 —0.1702  .760 | 11 0.4741 734
15 —0.1714 868 | 11 0.0972 749 12 —0.0569  .770 9 ~0.0472  .734
16 0.2232 889 | 8 —0.3702 794 1 —0.1558  .782 6 —0.4214 775
2 —0.1345 .896 | 6 —0.0263  .794 2 0.2241  .793 8 —0.0326 775
3 0.0676  .898 | 7 0.0667  .792 3 —0.0897  .795 7 0.0146  .775
1 —-0.0317  .899 w 4 —0.1658  .807 8 -0.0657 .79 | 3 ~0.3573  .803
10 —0.0646 900 ' 5 0.1083  .803 6 0.0960 800 | 1 -0.1703  .811
9 0.0073  .900 1 —0.0686  .808 7 -0.0538 802 | 2 0.0102  .811
1 -0.0041 901 | 3 -0.1619  .812 15 0.0837  .807 } 4 —0.3073  .831
13 0.0307 %01 | 2 0.0735  .813 16 —0.1810 .805 | 5 0.0159  .831
12 ~0.0254 901 | 16 -0.0122 813 5 0.0848 805 | 15 —0.0657  .831
901 ! 15 —0.1358 812 4 —-0.0337 806 | 16 0.0340  .831

14 0.0009
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Table 5. Ci. Mi & i values for KN-301-W equation

i Yi Ca Cea Ma M. L On Oe
1 KOSHI 0.6750 —0.5314 5.7093 33.9032 1.1434 12.1127
2 NUMERI i —0.1887 0.8041 4.7537 25.0295 1.5594 15.5621
3 FUKURAMI 0.9312 —=0.7703 4.9798 26.9720 1.4741 15.2341
RMS» ' 0.333
R & 0.900 Co=3.1466 0=0.7629

6. SH4H "ot

7+ Agol gy FAMA(TAV)2 olaisl 7ol KN
(eq. 10) ol &j&l Hrlabsdct,

KN(eq. 100 TAV=Co+ g; (CuZi+ CoiZa)
Where  z=Cuo+ 3(avt beX)
Co, Cu: A%
Cu, Cu, ag, bs: AF (=1, 2, 3,

J=1-m)

o] % Al¢ cha| b ekt Aok,
Z,=1.660+1.855log EL.—3.838 log BS:
—0.805 log SS+0.310(log EL.)*
—4.405(log BS2)*—2.260(log SS)*
Z,=1.671—1.349 log BP+3.594 log SP~5.435
(log BP)*—1.249(log SP)*
Zy=—24.379+21.064Y BS/W+2.497/SS/W
~4.361(/BS/W)?—0.381(¥8S/W)?
TAV=1.122—0.470Z,+0.13422—0.0304Z
+0.1662¢+0.345Z5+0.01922
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5o, Fig. 1o4 & 4 Sl%el 100% A&t =/
PET, wl/vol& £ 25 ddduct d4% EM
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22 oMoz Qlsld WTr7t aA Frisiadedt,
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X AR B G4 T WT 7 $7hshe A5 w
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Table 6. Mechanical Properties by KES

= T ‘
Mechamcal;‘ Cotton ﬁ PET f Nylon ! Cotton/PET | Cotton/Nylon
i i ____4_

F + T T L S
Parameters Undyed l{ Dyed \l Undyed| Dyed |Undyed ! Dyed J Undyed| Dyed I Undyed| Dyed
EM | 227 578 4.97| 48 | 195 | 165| 265 534| 3.7 ] 4.35
Tensile LT | 081! 074 072| 068 | 08 | 081 | 0.87 i 074 | 0.82 | 0.72
WT | 4.6l | 10.60 | 887 | 804! 382 336| 576 | 9.87 | 7.45 | 7.72
RT | 49.40 | 40.11 ' 57.48 | 60.36 | 66.68 | 69.38 | 51.47 | 48.93 | 56.04 | 48.47
—+ t -+ t — — ——
Bending B | 020 0.08 ;024 0211 031 023 | 027 | 0.08 ©0.9 ‘ 0.08
2HB | 0.36 | 0.15 | 0.22 | 018 0.23 | 0.19 5 0.42 | 0.09 | 0.13 | 0.09
| ! } |
G T 3.90 | 1.72 l 1.39 | 1.25 | 135 | 1.8 3.7 | 1.66 i 1.97 | 3.31
b ) | |
Shear 2HG | 15.77 | 4.59 | 4.75 | 1.93 | 2.45 | 2.77 | 12.96 | 3.68 | 6.58  6.76
2HG5 \ 17.76 | 9.01 ' 7.63 | 6.10 | 836 | 1313 | 1523 | 811 | 9.5 1 12.89
1 i f f i i i i f
LC | 028 | 031 032 046, 051 057 | 028 037! 023| 03]
Compression ~ WC | 0.21 | 0.16 | 0.10 | 0.10 | 0.05 | 0.03 | 0.19 1 0.18 | 0.1 1 0.12
RC | 3048 | 30.67 | 45.92 | 43.00 | 27.66 | 39.29 | 34.85 | 33.33 | 32.56 | 34.65
MIU & 0.17 | 018 0.22] 0.21 | 0.9 | 015! 0.16 | 0.27 ‘ 0.19 | 0.15
Surface MMD 1 0.02 | 0.02] 0.04 1 0.07 | 0.01| 0.01, 0.03 { 0.02 [ 0.01
i ! . 1 | |
SMD | 2.01 | 294 3.46 | 3.37 | 1.69 | 127 2.8 | 212 2 12 | 1.51
h————{'“ T T
Thickness T | 071 0.67 5 0.63 | 0.66 | 0341 031 | 0.66 L 0.70 ; 0.55 | 0.49
T T H 1 T T
Weight W | 16.76 | 16.62 | 21.03 | 22.68 | 13.14 | 13.65 | 16.14 | 18.57 | 12.04 | 13.52
7.0 7.0
6.0 6.0
501 —— g 5.0“
g 4.0 ;\84.0d /
2 3.0 2 3.01
2.0 — 2.0
1.0 1.0
o.oL — — ——— 0.0 — ~ . —— -
Ub D UD D UD D Up D UD D UD D
® COTTON = PET a NYLON e COTTON ®m COT/PET a COT/NYLON

Fig. 1. Elongation of undyed and dyed fabrics
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Fig. 2. Tensile linearity of undyed and dyed fabrics
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Fig. 3. Bending rigidity of undyed and dyed fabrics
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Fig. 4. Shear stiffnessof undyed and dyed fabrics
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Table 7. Primary Hand Values and Total Hand Values of Specimens

. Fabrics Cotton PET Nylon COT/PET COT/Nylon
Hand fu | b w | D UD D UD D UD D
"~ Koshi | 864 | 538 76| 7.17| 7.8 | 9.69| 7.68| 549 | 5.8 | 6.34
Numeri 440 | 327 o0.04| 158| 193] 275 | 292| 421 3.12 | 4.74
Fukurami 414 1 3731 085 | 1.95| 1.28| 047 | 345 4.14 3.11| 4.25
Sofutosa | 1.69 | —0.73 | —2.55 | —1.09 | —1.43 | —2.22 | —0.88 | 1.12 | —0.61 | 1.10
THV. | 289 | 237 1280 1.72| 060 1.47| 2.37) 2.8 2.32 | 3.10
tosas] WiZbx Apeigtel 2 Zxadch ot A%s 9u chi Foleglonz, o A falst
Koshi o] 7%, &A1 gpials 7ha 4, S Y 1 ojneld w@o] ZFojrl Ao Mztmich =3
ehlle oz, ¥ AvkEAR 4AEst ¥ Fukurami & 2§33 A7 27, bl H¥ =
o), w A2 o] odxu;; -7--5)7L/<4J+ z{t}yLA 25 2A ,(4 %,._ 45}14{‘;:] J:’-EAJ,} /LOL_‘,;AJ} ;ﬂ, o )
Zrarsldenz, JdAF wAEe] Wulg 2ol ol £2 QAF pFolvixA} Padfenz, IS
Ex Aoz A4 4 9ok Numeriy 2E9 "z el Fukurami 9] 3 =3 z+4£3 Zle|th Sofu-
g $oed =28 elde sBlEas IHEAF 4 tosas Foddtn el =8 ojuys ¥zt 3l
#Esh pedl, YAF 2o BuAAS) ol hE & Lgol EiE bz ERSAY s} 5}
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Table 8. Mechanical Properties related with TAV and TAV of Specimen
Specimens Cotton PET Nylon COT/PET COT/Nylon
Mechanical .
?’T"X‘i}“es Undyed | Dyed | Undyed | Dyed | Undyed | Dyed | Undyed | Dyed | Undyed | Dyed
EL. 2.7028] 5.3412] 4.9628] 1 .95101 2.0618/ 1.8686| 2.8530] 4.8260| 1.7806| 4.5473
BS: ' 0.2319]  0.1079] 0.4061] 0. 3813\ 0.6703] 0.4275| 0.2446| 0.0983| 0.1255| 0.1142
SS i 12.7804] 6.2230] 5.2026) 4.2985) 5.5309| 8.4562] 11.3839, 5.7134| 6.7608| 9.7571
BP 1 —0.5283] 0.1003] 0.4974; 0.4562) 0.7109] 0.5147, 0.3887, 0.1319] 0.1509| 0.1640
SP I 57.9322| 11.4269] 10.4132| 6.7453] 0.0382| 19.4369| 60.5822| 12.2558| 21.4553| 42. 3522
3/BS/W 1 1.5121 2.0986| 2.5596| 2.3711) 3.1908| 2.8827; 3.0856] 1.8766| 2.3747| 2.1256
3/SS/W : 9.1364; 7.2079] 6.2771] 5.7441] 7.4939| 8.5244| 8.9013| 6.7513| 8.2504] 8.9689
Z, 1‘ —0.5707| 0.7018] 2.1921 1.6430 0.9625] 0.3138| —0.1034] 0.5645| —0.1997] —0.2896
Zy | 3.3210\ —2.6929] 3.9440) 3.6204) —5.8580| 4.1652| 3.7473] 1.0832] 1.6844! 1.9209
Zs |—11.4894| —1.1770 1.6268) 2.8198| —4.2523| —6.2974| —8.8655 —0.7160| —4.2841] —7.5618
TAV 1.7080 1.7641} 2.7303] 2.9106| 7.1475) 2.3209| 0.7986| 0.5276/ 0.0508| —0.2245
A %Ee 7%, Koshi 8 Numeri, Fukurami, ol Eul, ol WA Ee YA o AMhriiie] ol

Sofutosa 9] 78 gto]l FAF % ZrAdted T
o] #Hslol gL viHE Aoz Azsck opepd o
iAo wjage A4S Ao Qg F s L}
Zge7} Aslsle AgE Bolw AoE YAHEE,
o] & B & Uy A TP Yye] ATH
ojef & Zlolch Wz Eg AL vuA] HIolM =
Koshi gko] #3h= Ad¥AE olx ot Numeri,
Fukurami, Sofutosae] e 25 gAo g Qlsle
Frlsleleng F3uY Frol F/iY Aoz A7
e},

4. SHH

7t Age] $AK(TAV) Hrlel AL E 454
A9} BAA gke] 2 5h Table 8o AA8dch ¥
o] FAA4L R4 F UAREAT THEA, ALFE
A FACL S A A7k qge sl 7,
Zy 2322 o]FoixwHl, o|F o5 Y489l Zy
3 2dolx 849l Z;7} P F BdFE F olEL
HEe] FAAR oFe ART[AE Adch 7 AE
GAA - Fof A HSHE Aua, 100% &2t
ZelolaE AEe dA4F BAAl 2t FAs
F Aelzh gles, YAdE AHE3 H/Feolamz,
H/dE 2 e AAF BAA @ol delldh T
Ado g walge] A YA FAHLL F EY
Aeas) Z 7 molzatsg) Z; 9] glel A% F71

ik

Arck dAF o yolzr) wFols], wala JAF
el Al o4 g4 A4 4 glch
100% Eejollxe HEL Ay F9 W A4
7ya 2 Qldled allo]Z 3 49) Zgute]l JAUF EHr)3)
Rovt, Zg7b FAAN mlAE AR=st sbE w21
Foll A"l Aol A=Yk 22} 100% v
AE AEL QAT 2710 0] AtEln At} ol
FobAA Hdatas Z, 3 Zyo] idlgonz, A4
o] A& HMsch g w/Eeloaz &
AE2 QAR Z, 9] A RS AX BAlAo] 2t
olglow, W/ vtdE aAEL AR A& mlartA|
2 AR Apriyoel AX Z, 2 Z; /b ZH4Fn wel
A FAAG ghel o Hoz AR,
v, & =

& cdtell A 100% A&7 Selolad 2 g, v
JdEAE, w|/v9E, |/PET 2482 A s}t i
g Ao g 4u|x}t Auo] o7 HHzAe dAo
wg oqubd EAlF) slee o ¢, A4 W
E nAsm, HAEY o] olF EAdl Al I3
o cfdle] stolBwa} & H, o5 FL AEE
Arek

1 A4F qIEAe] W 4hrd, Aoz
= 100% "HAEAN F71A mAFe] e S v
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Sofutosas] ke Zhasto] Ze) ghol Frshe A%
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25 F7hEke, ¥ Zhol Foksixdeh

3. AAF BAAe] wate vy, WS Ze
olarl2 HEe TR AAAY Bz sl
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AAL QA opzt wolzlend, R 83t w/}
AE mAF A, AT AubipAo] Flste] A
4 M) wed U g W/ HYE A
2o AT A FHE 2A-sY, 44
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