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Abstract

The aim of this study was to investigate the change of the weight loss, tensile strength, flex stiffness, and
color-values of the pigment-dyed cotton, polyester/cotton, polyester and nylon fabrics after washing process.

Pigment-dyed cotton and polyester/cotton fabrics were treated with the cellulase, of which
concentrations were 0, 1, 3 and 5g/l. The time of washing process ranges from 30 to 120 minutes.
Pigment-dyed polyester and nylon fabrics were treated without enzyme, of which the washing temperature
were 13, 30, 55°C and the washing time ranges from 30 to 120 minutes. Also, they were tested in terms of
the influences of agitation speed(rpm) and additives such as softeners, enzymes, detergents. The weight
loss and tensile strength of the pigment-dyed cotton and polyester/cotton fabrics were positively correlated
with the concentration of cellulase and washing time. Neither polyester nor nylon fabrics exhibited any
change of the weight. All fabrics showed the decline of flex stiffness and decoloration after washing
process. Decoloration of cotton and polyester/cotton fabrics was due to both the influence of cellulase and
the mechanical rubbing. On the other hand, that of polyester and nylon fabrics was caused by the
mechanical rubbing only.
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HE d85e A3 95, 3 959 I JHHE ¢
Aol 2 GEZA HELIUA AFY dkgol wE
A GAT F J7 AT 2 F e FdF4 &
A 2 AHg-o] 715 tHGore & Settle, 1994). 71
E QU2 Ad2gy 28 F& Aol g},
wEbA] Q89 shaekAle] Ade] w9 Fasict A
e 9, 95, A&, Zed=HE, olZds o8
o] &l AHEE = A, AFY FHRE £2E =9
of, ¥, M &, viA], BE&-8F EE AFf A
At T8y J9 fOMEE 4% JadE
Ao N2 HI 59 d7e £F J 2 (Kongdee
& Bechtold, 2004; Liakopoulou-Kyriakides et al., 1997;
Tsatsaroni et al,, 1998) JIHE FM B9 & 713<)
4 71s-ol tek A= AL 2] o)

AN H47HEe F2 HEdA B &5
sttt dd A B e QU 958 g el QY
I AEE B4 E&ololA A gL &4
sl Wi”RAIFIH FASIREE o] HEA Eoll Hof
Aol 2182 ZH Aot 942 gl JFHo
2 A AR E R AES} oA B ol
gt GAEEA ) FA7HEE B R AR HE
o] Hgtslo] Wi fd3 348 AhFHLA 4,
2001). 947l &, 24, 4, &4 Fol AH-HY
A ek s e HEF = TEE P LA HAU
otk =3 AHF R did YA T dE
Aol AL & wWAHold A, FHE AR
AAE 7l dig A7 F A A7 AR
I Ath(Etters, 1994; Klahast et al., 1994; Lantto at
al., 1996).

A3 G4 g EoA e} rpvA 2 W E
Ao djg Ao A7 A= ARE A A
dhel] P4F ol

E A3 e AR fadE GNAE 4FFE A
Al AAEF H/EYo|2H2YEL A2A
gt QA EAE LolEdrh EediHE24E

U2 Eoll= At JAVHFES A mpm, &%,
A zbol) we A aTe} FAA, BEA), MAHF
of e YYEFE L AES ] YIHE AN E
QA7 Ee AR ZAE golr A syt A8
& WE, JdE, 2w, A3 Walz el n i,

IL 4 #
LAIR

HIRE GAHES 24 HIIH Y HIHEGS
gehz 98 AuAEL FYsld AHgaIon
WAES el LU 2MAE, Felol 22, 1}
eHBe 48 B4 <Table 153} 2k,

2. YIS

AETA FEE 0, 1, 3, SgiE HIA A 608 B9
55°Cell A A28t £3 g 3giE AT
HA)ZHE 30, 60, 90, 120202 o] FE9} X 2|A]
7o) ATRAE golugith, 25 Aol w2
55°CollA] stglom Ak AEEA] o 84 271
pH 5941 AEAthAs]d €], 1999; Tyndall, 1992).
Ba4E A dAgeA NERGE)HEDE ALE
Fon 4L i) wuhduirt Ratd dRdd
ZIABGFE)E o183l HAEEE 35pme=, bzt
23E W 93t SZEE AR ARSI
849 84 AAE A= 80°C, sodium carbonate
g/l A 1082 A 88kt

Zg)o 2 2483 YA 2259 A7 H7t
A glol B2, I9EE pmE 15, 25, 358 HWIAA
o T mpm)E 358 32 2EE 13, 30, 55 °CE
WA Z ow F94 DK-2000F37 348, 2g/), B4
F 0.5%, AZIAGyHE A8l AiAlY a3%
H|23}51 Tt

Table 1. Characteristics of the fabrics

Fabrics Color Weave (en ds?peilziistyinchz) \(‘;E?)t nl(i:l]?nl;SS
Cotton 100% 8.74YR plain 128x56 264.70 0.62
Polyester 50%/cotton 50% 2.66R 2/1twill 128x88 194.46 0.33
Polyester 100% 3.66BG satin 144x72 253.78 0.65
Nylon 100% 4.14YR 2/1twill 168x80 168.12 0.39
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Table 2. Weight loss & flex stiffness of fabrics after washing

St .
i Test type Weight loss(%) Flex stiffness(cm * g)
Fabrics
Time(min.) Cotton Polyester/cotton Cotton Polyester/cotton

Conc.(g/l)
0 60 0.31 0.16 27.31(22.11) 19.06(16.03)
1 60 147 0.73 27.31(22.82) 17.02(14.74)
30 291 0.87 29.43(17.76) 15.06(13.97)
3 60 2.73 0.84 29.38(19.51) 14.01(11.81)
90 4.66 1.51 26.76(18.29) 13.55( 9.10)
120 5.80 1.77 23.10(16.92) 12.18(10.01)
5 60 3.60 1.20 24.16(15.85) 12.86( 8.74)

*( ) weft

3. %= gdHsl

A71% olgdlal &
FAE 43} 23

A37Hs AT HEL I
A oA 2447 HHR)A)IR] &
&L FIch

AR B A EL] HNEE AFREA 7] (Testome-
tric M350-5KN, Rochdale, England)& ¢]-8-3}e 223}
Art.

FUEE KS K 05399 AEjHuged st
Flex stiffness(cmg)= YERINCH 94X 2d HE2]
Fed 5495 A7) 98 Scanning Electron
Microscope(HITACHHI S-2500C)E AH&-3ta] 100¥)
&2 JAFA

M) AL 974 T EB5A7)(Color techno system
JS555, Japan)E ©]8-319.00 7} A89] L*, a*, b*3k
4}, AE, H V/C, K/Szte.2 Jehfi i),

L. 23 3 na
1. M1} Z2|0)|AHZ/HE S §AYMIIE

) ZEEI Zois

AE2A Aelgrd W AREs] 7FES 60
£ YA AN 1.47~3.60%S YERNATH(Table 2).
A AL, 30E~1208 004 = A EA F= 3g/
A 2.91~5.80% FrEo] dojyith, WA ELS g
E9 A7l @R R R A7k
2} o] Bo) Yojti(AaEA 9, 1999). Eo =
HEMAELE FA Z8d 2202 A |
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2 AZEY, A dA g A9 A5 vEt =
2FE AFES A F=AZE st Ut
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A7+ 608 o] S AAE 4 et
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HEZ/MAAE 25 g o T2/t Fotd4SE, A
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Fig. 1. Tensile strength of fabrics according to concentration of enzyme(a) & washing times(b)

o AbgEe)qle.

AR LS HApEgo] A E2Ale] = 1, 3, Sg/iell
A 15, 24, 37%2] BEASE Ao AL
9] L= 15, 38, 40%9] A=AFE 7EH ). oA
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olt}, ZEg|oAHE AR EA AAPEe] ¢ 2
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AEAGE MG A Ee AE HeE # YAt
o] WAge) fARRT FEANT AL A
< ZEdaEHEe} sz FAHU] HEL
gt}

AEeHA 3g/) TR, AEAZEE 3021 120
714 WA A=st Axe|A RH<Fig. 1(b)>
FTEo WE FuuseMAy A=AsE Jepd

>

R ANE A, PP Felo| 20 2R A2
AR E PRI, WA B 7P 302

] 1208 A2 Et9-E o AAREEY] e Etge] 12,
24, 44, 40%% JERI e HAPske] 79 22, 39,
49, 60%2| ZE=ABHE 71A 9 AR o AR
oA A=A AlstaTt. oA 2/ A E Y

S 30804 1208 X3t o AL WEFe] 0, 0,
5, 12%, AAPEY] A9 HARE =07 Wil
18, 30, 17, 20%2] A=A 3+E 7FA T}

olg} 7ol AETAIE AZTEe HI A A
A5HA WA EN ZTdlH 2R g YA
o J3L Fo] At A3l Ue AL HHFE
o] YA7EFAM S 22 AFHE JER A TH(Tyndall,
1992).

Table 3. Color values of polyester/cotton, cotton fabrics after washing at temperature 55°C and 60min

Cone @) Color values L a b E K/S
Fabrics
control 35.16 5.48 585 - 0 6.64
0 37.77 471 4.78 293 5.14
Cotton 1 42.96 447 2.84 8.42 334
3 45.80 423 2.87 11.12 2.81
5 48.20 4.73 2.53 13.48 2.35
control 51.66 53.61 14.64 0 5.32
0 54.16 47.72 12.18 6.85 3.63
Polyester/cotton 1 55.47 46.57 11.17 8.73 322
3 56.80 44.48 10.28 11.35 2.82
5 57.95 42.96 9.67 13.33 2.48
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3) M4x}

AZeA Aelssd 02 93 g3 i
/e A2 JERA <Table 3>04 EH AZgkA|
Ae FE7F F7Hee wek L2 SosvHEmMA
AL WE 79 AFd) vd Zolxa Wwrt
Z7VetEch HEY e F A EA] gho] AWM
8717} Z718190 e A7 e o) B Ee] T
AZko] Z7velol whel Ajab7} Wol jol7t Wk AE
FAE ArlekA] e Hg olgoll= F B9 A
& Hssldnh 22y AEdA glol dAAYse
725 Wage A glole AArt AA Lol
293, Zgjo|AHZ/MAA RS Zaof| 2B 242 b
Fvto] gaas M7} ZA) Vel 6,858 VER Y
2 ol Z Bt ol EYolav =R ddsrt
2/1 B2 Ao Zgol| e 27t BH Bo] =
Z5o} viFo) Qs Mdgeto] Yoy MESR
Eara1=

<Fig. 2>& 4 A3} Fof Aarg #n)
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Fig. 3. Picture of pigment dyed cotton fabrics

(©)

Fig. 2. Pictures of cotton, polyester/cotton fabrics before & after washing: a, c: before, b, d: after (x100)
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o] nlzhol o3 WA ey gehd el
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Fig. 4. Color difference of polyester/cotton, cotton fabrics according to concentration of enzyme(a) & washing
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2. ZQ|o|AHE2Y A B S L HIIS

) HEEL 2
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e} 3o
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Table 4. Weight loss & flex stiffness of polyester and nylon fabrics after washing

Test type Weight loss(%) Flex stiffness, cm - g: ZAAHAAD
) Fabrics Polyester Nylon Polyester Nylon
Time Temp(°C)
(min.) p- 13 [ 30 [ 55 [ 13 |30 [ss | 13 ] 30 | s 13 | 30 | s
Control - 45.68(2.76) 18.41(9.94)
27.15 | 27.38 18.82 12.29 13.99 11.08
30 0.29 0.35 0.29 0.25 0.35 0.38 ¢ 1.80) | ( 2.35) | ( 2.03) | ( 927) | ( 8.62) | ( 9.09)
22.97 16.23 16.84 13.10 12.30 11.58
60 039 | 037 | 030 | 031 | 040 | 037 | S0 Nl | M s | o | (69
17.49 22.47 15.19 12.82 12.96 10.42
90 0.44 0.42 0.28 0.25 0.30 0.35 (1.76) | ( 1.89) | ( 1.48) | ( 9.67) | ( 639) | ( 6.74)
19.90 17.31 11.97 10.13 11.81 10.90
120 042 | 044 | 029 | 045 | 036 | 056 | o0l el o | (s | (7eay | 676)

Table 5. Weight loss & flex stiffness of polyester, nylon fabrics according to turn speed & additives (at 55°C, 60 min.)

Test type Weight loss(%) Flex stiffness(cm - g)
Fabrics

Rpm Additives Polyester Nylon Polyester Nylon
15 - 0.28 0.40 18.40(0.69) 11.37(5.82)
25 - 0.31 0.40 18.61(0.78) 9.34(5.54)
- 0.30 0.37 16.84(0.93) 11.58(6.57)
softners 0.31 047 15.05(1.03) 9.13(5.60)
3 enzymes 0.21 0.46 14.41(1.46) 12.88(6.34)
detergents 0.33 0.42 21.28(2.40) 16.92(9.97)

() weft
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i o
e b pol (B

=

2) Mz}

Zo2H 2 EH JAEHES 259 A7k
o2t AAAEAE we] fAE A X of
g MRS <Fig. 5> YERAST. Eo L 29}
UUE F FBL 13,30, 55°C RE 25004 9413

A Zho] 3080014 12022

F7HE5S A 3

Hogom e meps Felol 22 73
£ 13°ColM T} 30°CH M Frhetg ot 30°Ce

12 —+—-13-polyester —#— 30-polyester —— 55-polyester

——13-nylon —~0~—30-nylon —¢— 55-nylon
10

AE

0 30 60 920 120 150

Fig. 5. Color difference of polyester, nylon fabrics
according to washing temperature & washing
times

Table 6. Color values of polyester, nylon fabrics according to turn speed(55°C, 60 min.)

Color values L a b E K/S
Fabrics Rpm
control 23.76 043 -2.17 0 11.76
15 30.45 -0.24 -2.73 5.63 6.55
polyester
25 32.20 -0.28 241 8.47 6.29
35 31.90 -0.53 -2.85 8.22 6.48
control 46.57 17.70 21.88 0 6.02
15 46.22 17.44 76.65 5.24 4.62
nylon
25 45.24 17.71 16.96 5.09 5.01
35 46.82 16.04 14.28 7.78 4.00
Table 7. Color values of polyester, nylon fabrics according to additives(55°C, 60 min.)
Color values
L a b E K/S
Fabrics Additives
- 31.90 -0.53 -2.85 8.22 6.48
softners 29.93 -0.53 -3.02 6.25 747
polyester
enzymes 30.24 -0.24 -2.57 6.53 7.30
detergents 32.72 -0.02 -2.50 8.98 6.03
- 46.82 16.04 14.28 7.78 4.00
softners 47.34 15.77 14.02 8.13 3.82
nylon
enzymes 45.81 16.71 16.26 5.75 4.67
detergents 45.56 17.67 19.04 3.01 5.39
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A8} 55°ColM & A e AAeE JeRAIch Ui
oM E 13°Ce} 30°CoAM &= A Hisd 23E
eRllgl oy s5°cellA SREAA Yeht F FE
A Zol2 Byt AA"oz ex= ve 2w nTh
= 55°Coll A Agldte o] EHAA ot

=3 ANAHYY mo] Fa3 aA JAEEE
25lg-g "W 4 JAEEE 5 Ro] YA
S EA stgon 94, AEeHA, AA 9 A7t
o & A7t A< A TH(Table 6, 7).

o9} 7+e Aloll A F|oAHZAEY YUEF
B2 30°C o]/d9] 20X 608 ol3le] M= what
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A gtk 28y FEY HAE A4 d 2
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I YE YR AR E Eoo] @9 A9
A3},

it
O

1v. & £
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