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Abstract

This research evaluates the changes in the comfort-related properties of high-density fabric, such as
moisture permeability and waterproofiess, in order to assess the relative importance of laundry conditions
for clothing properties after repeated laundering and suggest the best laundering conditions for high-
density fabric through the identification of the most influential factor. A commercial high-density fabric
was washed 25 times in a drum-type washer using nine different laundry conditions based on profiles
derived from a fractional factorial design. To evaluate the changes in the comfort-related properties of the
fabric, pore size, air permeability, water vapor transport, water repellency, and water resistance were
measured. The comfort-related properties of the fabric deteriorated afier repeated laundering by the damaged
surface finish; in addition, the damaged surface also changed the pore size. As a result, the water repellency
and water resistance decreased. The detergent was the most responsible factor to change the properties
among the four factors of detergent, hardness, temperature, and RPM. The best laundering conditions for
the fabric was a neutral detergent, soft water of 70ppm, a temperature of 15°C, and 30rpm.

Key words: High density fabric, Repeated laundering, Laundering condition (detergent, temperature,
hardness, RPM), Moisture-permeability, Water-proofness; XU A&, ¥HEAE, Ag=z
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A3 2004y otolHE FHAL A5 B wHEA sl
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Table 1. Characteristics of specimen
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27) Bgol, ZUE A2 BY 7LHY A2
& 9151e] Hetaol T B BHe A7t Ys

mehr B Q7o 1UE JE Agzd 9
BHE 3R] WE T - WA ) WEE WUk, F
& B M3l 9 FE AERIAE FE 5
E4E 43S = Je Ag2d S AYsteat g

IL o4k

1L AR

ANge AgtEAZE e 32 85, &
A& <Table 1> 72t}
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2. Mg E

1y M

A 2= Gt gga] A ELEH, Persil, Henkel
KGaA, 59)9), Mol qizhst ofFoll A3t A=,
AN#E e 4 AA(GA Y, =238 4, AF,
) L ol2 =g 7154 AA(AAEY, S4F o}
250}, oA, F=HE A3 2T, MR AJE-L <Table

Water proof
Water repellent

Table 2. Characteristics of detergents

Less than 5% Aliphatic hydrocarbons, Non-ionic surfactants,
° Phosphonates, Polycarboxylates, Soap.
i S5 to 15% Anionic surfactants, Oxygen-based bleach
Alkali
15 to 30% Zeolites
. . Enzymes (protease, amylase, cellulase), Optical brighteners,

Further ingredients Fragrances (benzyl salicylate, hexyl cinnamal, linalool)

Neutral Surfactant H'1gher alcohols (non ionic), Higher alcohols (anionic),
Linear alkylbenzene
Functional Surfactant Higher alcohols (non ionic), Fatty acids (anionic)
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2>¢ 2k, 71578 AAE BEaT, $42
4 fA, B & 57 @ B9 AZPEA 3
ARY Bfed, A7 A2AE 549 A
52 HIFHT YrH“SAF o] 2E0]”, 2008).

Lo
wiopd N

2) Mgt

A A AL AA G =, 4, 7154),
7 =(70ppm, 250ppm), A EHEE(15°C, 30°C, 40°C),
RPM(30rpm, 40rpm, 50rpm)S AME-3}SITH(Table 3).
Hao] A@3lFolA el FrE A7) AshA spss
1209] AuF g o83 499 FELJALAFY
AeE Z2RUEL AR1E 7o AAHdA 7t 48]
A 3, BE 8189 FEES WAgle] g
= 3AthH-E3l, 1994; Green & Srinivasan, 1978).
1 A3, <Table 4>9 22 7HA Agz21-¢ 58
pii=3
- AAIFE 8719 ZIAE ] e AR EdER): 27g,
373 40ml, 71554 35ml)yE 7IE L 2 AMS-Eion, 7
=+ IEC 60734(Household electrical appliances - Per-
formance - Hard water for testing: Method B)]] &3}
ZH8Y o, Z=2A Al calcium chloride dehydrate
(CaCl, - 2H20), sodium hydrogen carbonate(NaHCO3),
magnesium sulfate heptahydrate(MgOs4S - TH,0)Z o] &
BHE . A EE 3 ¢8E(Temp & Time control
system, SH-R-10B40, S8 0|83l MEexg =
st

AE71E 7P8-8 =dAH €71 (SEW-HAR149AUW, 4

AR, F)E AL ZRAETY AT
3kg mITt d o] e 15080, B AFAIEY FA
7} B 3.4kgo) B2, FH2 18LE A3 Mg
208, =¥ A FLL 102 &4, 102 FA(LHE
50%)% A8, A" F g5c g5dd d22
AR} EF 2 1S0 6330: 2000(Textiles-
Domestic washing and drying procedures for textile
testing)oll £3le] & FA2E AN HAZ: BF,
AF F 2 o). AR 253)71A] vHEste] A
galgon, e Fo& Ad Azt

3. E&HIIL

)78 &M

A& KS K 0506(3-FAES 74 F444), &
AE KS K 05144 9) 77 349 22 A 8y)
9} YEE KS K 0511(F &9] 2 SAvhg)ol F3tdd
Wl e, Y& W7 (Video microscope system
ICS-305B, Sometech Co., T=F)y& o]-&-3] 1008 &
thate] 2 o] BH AK-E EYEA

2)713%

713-=% Capillary flow porometer(1100 AEX version
7.0, Porous Materials. Inc, "I=)E ©] &3l &43&
art, A7 2.5cmé ABEE S84 (Galwick, Porous
Materials. Inc, U], 839 15 9dynes/om)E F-aA]
21 ¥ 0.1~0.5P819] el A 71327 & A&t

Table 3. Laundering factor and level used

Alkali, Neutral, Functional

30, 40, 50

Table 4. Laundering profiles

1 Functional 250 40 30
2 Functional 70 15 40
3 Neutral 70 40 40
4 Neutral 70 30 30
5 Neutral 250 15 50
6 Alkali 70 40 50
7 Alkali 70 13 30
8 Functional 70 30 50
9 Alkali 250 30 40
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4. BEMUY

Z4 € vlolE = SPSS 12.08 AMg-sle 71&%A),
ANGVA, Duncan®] TF5HUAZE, t-testS AFE-3led
AT 24971 A AEtale) mebd $43
%/“’%b‘-’* A EA d&37] flstd ARAE B4

2 A8l o o, e 7he 1 E g o] 83ty )

P:P - V=C+UD+UHAULAUR,

P - P - V = physical property value

C = constant

UD; = the utillity of level i from the detergent

UH; = the utillity of level j from the hardness

UTx = the utillity of level k from the temperature
R; = the utillity of level | from the RPM

L. 22 9 ns
1. PMSMo| H3}

FLUE HEe] A3l A, $A 9 2%
o] H3lE Hriela, A& E‘I‘-J /\} 15 #9359
L1, <Table 5>9} <Fig. 1>3 20}, Bl EE 9} 253]
AErst A Ee] T FAGAM Fodt Alo)7t 9le
o, vlAlE F7k7F debdth, BhA = A

MEEE100 12 5& - 24y vl 35
2 QI3 AEYR BFHRoY, TUE Ago] Ux
24 Al BEA RG] Be m Y ekt ure}k&

o HAel WE A ARtk S7hsarh A
Aol mep FA% Aol LAl ggrorh, 34
3 7154 AAZ AGRE Ak 2ge] AR A
S W 9t 23 o Fotsdch,

1) MIEFRZ0] 2 HEt

u) A g 9} 2551 xﬂ%d 2 &2 715-27] Alo]
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= YeAA] E8e & 4 A

meA‘l

L__J
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Fo} g x o] meba 71327004 pol7h vt
Eston, AAlS] Aol 7158 >EA4=g A
A wog 7|FA7t AAE A2E JERT §
AL 9(2010)= PURH S UUE EFUFAES
253 BIEAEErE 73R}t ST S e,
Leonas(1998)& EMV*EM T 2E EWOR
FE 5% FE7AEE 508 EA S Ay
253 Aetet 2 &9 7] '-EUh: oM e H T 713&
v 503 AEAE] J1FAV9e G Al 91
Tk 3193tk Rhee et al(1993)2 S0 28 A& A
g Al Al AT 103] AEs AEY 73] 2
o st o, HertEst FES Ade 103 Aﬂ
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Table 5. Changes in the constituent characteristics of high-density fabric by repeated laundering

0 0.0976 a 728 a 2715 3200 a 2350
1 0.0972 ab 73.8 ab 2776 320.7 ab 2345
5 0.0996 ab 74.6 ab 278.6 32260 2347
10 0.0990 ab 74.4 ab 278.6 3214 ab 2359
25 0.0998 b 745b 279.3 32270 235.8
F-value 5.67%%* 3.02% * 0.01 2.62% 1.66
*p<.05, ¥*¥¥p<.001
a, b: Groups with significant differences according to Duncan's multiple range test were noted with different letters.
v —
a. No laundering b. 25 Jaundering cycles
Fig. 1. Change in the high-density fabric's face side by repeated laundering.
Table 6. Effect of laundering condition on the pore size of high-density fabric
Cycles 0 25 '
Factor Detergent Hardness (ppm) Temperature (°C) RPM
Level i Alkali | Neutral [Functionall 70 250 15 30 40 30 40 50
Pore size 4m) | 1.5 2la 25a 35b 26 2.7 24a | 34b | 24a 2.5 24 32
F-value 6.21%* -0.28 4.96* 241
t-value -1.741
*p<.05, **p<.01

a, b: Groups with significant differences according to Duncan's multiple range test were noted with different letters,

SMDzto] ARkl 84921, Lee et al 2009y ¥t
BAgog Yxgd 7+ oldd 28 ZHEA o] W3}
gohar o

AGAFor BEe], EAgo R A% HF 2
2 E2 Wzt 7139 Auido] Yehtn, o]d W3}
2 A8t 713 %S Fed JEd A3
e 7t e 2 Gt 2 S UeS E 4
Ak, ole Agd] e 7HEAe] &4 2 ggoz
A3k Y= W ARt Aol AFFEA H
velbe @I, 9 A ol Age & )

Za7e] Wiyl gk Ad e U8 A"
Z704 A7) HE AAd o g ¢ &
glov), o7l $A418 (2004 FEEEAE 24"
AR 374 28 71AH 983 g AAl
23 @iolgla AYEHen, ol AlAd o 4
F, A vure) Wakw A% 7139 Aujde) W
g F2g £ g a2y £ gy AlgE AlA
£ 21437 g &ol, AL} Al 244 o2

A, AES I wsE etshed glo] AT
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40.6

Relative importance (%)

Detergent Temperature

Hardness RPM
Factor

Pearson's R: 0.83*** Kendall's tau: 0.50%*
*p< 01, ¥**p< 001

Fig. 2. Relative importance of laundering conditions
on the pore size of high-density fabric.

71%0] & A2 Vepgon, A= et ReMe| &9
28 2ol fle Ao 2 et

AeRiAF AdE AEY JFasid vAe 9
FE ot o, <Fig. 2>¢ 2t} H § 49
34 §8 59 ol ALIEIA a7kR] AlgrzAe] A
& F 84 (relative importance)2. & 7} ¢12}9] Jg
g TEEch Adl 2859 4 459 o)t
Y B F83 3L F= A& onghd. 7]
FTE g AR 559 TS AEZRA
2 ¥l 7+ 89l 5ol i Al 53
folu g Aekzlg] o Pearson's R} Kendall's tau
E ol&std AP S AT A, ARUE 2Ho|
HEE BAF) 258 AEE A& 7 FEY
gt AAe] FFHL 40.6%E 71T ol M
am, ole 9N dEREC] AAEFH o 4, 3
3 o] sl Qg 7139 AnEE Yeid o
Ao g wmelr},

3. 8714

1) MiEfSi==0 = Hat

FNEAEE &8 e g 1YL 3
£ 5714 ¥eE Hr18l e, 2 A3 <Table
7> 77} 258 AEAA FIFSAET ASHL
Z7letke ZAog Uehted], srEA g Q1F A
43¢l 3l - E8) A o] tsiAA A, A8
wube) WElE Qg 7139 AvidE 28y ¥4

Table 7. Changes in the air permeability of high-density
fabric by repeated laundering

0 028 a

1 0372

5 051b

10 071¢

25 1.23d
F-value 111274

**xp<.001
a, b, ¢, d: Groups with significant differences according to
Duncan's multiple range test were noted with different letters.

o] Frtsle Zog wtdrt.

2) MEtz=Z0] hE s}

AR FFd g 2P JE9 B4 Ao
2 B48 FA<Fig 3>, AAY Aol 108l7Ale
g e Fae UeRlA @gtond, 253 AE Al F
Az71544=29ge AA ¢22, F Zolvt Y
et} gL ol wEld s 13 AlE A& A8t
f2)3t zlo|7t gl en, Aol RPME &l wet
ME & 2ol veptA gstoy g Ax
7t 2 w9} RPMo] MEFE 57140l & ALE
et} ol ARt B8 E449EY FFeR
s ko] 4o ] A& (Brysson et al., 1971; Deffosse
& Carfano, 197459, 7144 Yol AAE &l A
ol ¥ AV WEog B F Uk

TAE AE] 71400 U 47H AR
W& 2255 9718 AH<Fig. 4>, AA(33.3%)>A
EHLE(252%)>RPM(24.1%)>AE(174%) 22 9
FE F Ao Ve, AEAE 7ol & 3}

e YEAL Y T Ik
4. 554

1) MEfgi=0] e ¥st

A3 5o n2 79% FE0 £5% HIE g
7kt A h<Table 8>, A€ 31 WA LU 229
SE4oIA Frol @ Fol7h ek, 18] Ao
24wt §83%) F7F & 2 Hde AR Lee et
al010)€ 259 ehul|oE Lheglg 108) WA
gt 47, 12 BFEEE 8000gm” - 24h o] S H
st glovt MeErsl gt Z71ErE Bgalel 74
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18 + 1.8 +
E' g 0.3
2 —e—Alkali —#- Neutral —&—Functional 2 &~ 70ppm  —#- 250ppm
00 + t 4 ¢ £ 0.0 + t } f }
0 5 10 15 20 25 0 5 10 15 20 25
Laundering cycles Laundering cycles
a. Detergent b. Hardness
= 18 +
? @
g S 154
% :%, 12
] £ 0
Z 0
3 5
g g 0.6
'i 2 03
—e—15°C -=-30°C ~&—4(°C ——30rpm -8 40rpm  —A— 50rpm
0.0 + } t + t i 0.0 -+ } + £ t
) 5 10 15 20 25 0 5 10 15 20 25
Laundering cycles Laundering cycles
¢. Temperature d. RPM-
*p<.05
Fig. 3. Effect of laundering condition on the air permeability of high-density fabric.
60 Table 8. Changes in the water vapor transport of high-

density fabric by repeated laundering

S
8 404
40 333 0 4823 a
5683 b
.g 10 5836 b
3 25 5957 b
F-value 14.73%**
) Hesfeok ‘001 B .
Temperature P
a, b: Groups with significant differences according to Duncan's
Hardness RPM multiple range test were noted with different letters.
Factor

Pearson's R: 0.81***, Kendall's tau: 0.62**
*Ep< 01, *¥*p<,001

Fig. 4. Relative importance of laundering conditions
on the air permeability of high-density fabric.

Adlgen, O 152 Ag35el Bade #Ho)
Aoz st olet 2L Aas A E 13 A"He
g Agdgrrgoly werbEgs e A &4
22 9% Barol Zyh= glont, M)A} o] 43} X
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AEAR} FEo) e TAL JEQ FHE 2}o)
£ ¥4 e A3, <Fig 5>% 2ok AEE AYslae
Agrela ol we ¥ A3l vehtA
AU BEe B diAHo g ALr) 2 Wt
7140l & Aoz YepA UMM AFHE A
7t E4E Huke mP°l a9, Ago] P4
2 dgeol ARE U 4 Utk

253 AEE ZUE A2 B4l dig Age

AESAELE>ANA ¢oz 540 932 73
o 7149 AUl Fax @a%ﬁ} ubETPG R A
E“’TX}E Zre] & ol ALt e 7w #¥

AAFEN ) 7] BHe B3 FRAD] U
1\1«‘5—. BE AERIAEC] 27 A4, AER gute
g QIS 7)) Al ¥E

pry
KL

J?i Hﬁ

5. i

1) MBS0l b2 st

AEglgd e YU A5 dr HIE =
A5k A3} <Table 9>, M7t Z7Vako) ube} W
7t frold A2 gAdhe A0E L}E}kkt} ol %

22l Juld FA%E Brre Ad<Fig. 6>, RPM> W] &g 7FEATE EAFE L, AUEAA T
7000 7000
§ 6500 g 6500 4 .
T 6000 T 6000
5 5
£ 5500 B 5500 7,
& & J
g 5000 § 5000
B 8
& 4500 & 4500 +
B & 4
5 M0 T o Alali —8-Newral & Functional g 4w ——70ppm  ~m—250ppm
3500 } : ¢ ; 3500 : ; : ;
0 5 10 15 20 25 0 5 10 15 20 25
Laundering cycles Laundering cycles
a. Detergent b. Hardness
7000 7000
T 6500 + g
> . )
£ o000 |
' k=1
g 5500 g,
£ 5000 g
s =
§ 4500 + §
g 4000 + g 4000 +
B —15C  -m=30C  —&40C Z —+-30pm  —@-40pm  ~A~S0pm
3500 + ; ¢ e 3500 ¢ : : f
0 5 10 15 20 25 0 5 10 15 20 25
Laundering cycles Laundering cycles
¢. Temperature d. RPM
*p<.05, **p<01

Fig. 5. Effect of laundering condition on the water vapor transport of high-density fabric.
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60

34.03

Relative importance (%)

Temperature
Hardness RPM
Factor

Pearson's R: 0.77*** Kendall's tau: 0,57**
**p< 01, **¥*p<,001

Fig. 6. Relative importance of laundering conditions
on the water vapor transport of high-density
fabric.

Table 9. Changes in the water repellency of high-density
fabric by repeated laundering

0 50d

1 43¢

5 39¢

10 34b

25 27a
F-value 56.42%#*

*+¥p< 001
a, b, ¢, d: Groups with significant differences according to
Duncan's multiple range test were noted with different letters.

(Marple, 1972)5]217] £ o2 dAgddch, E A1
A AN TR FEL deREE Ao, H4e
E38H 9 o Ui Ws) gle 3R E
T, 197000122, Agog olsle] h4std B
9] &%l A &3E F ok o 199 F
FHFHES] BoA FAE o1& Bkl U
ofx Algte] g 743 nlBAYE AE S
AR NFslP.on, Zo)8)A(“Gore-tex” brand Al
F 37, 2004)c I S BEoR weAX
golH & A¢tsla gk
A A oM A3 AAE E3si, Al
AdE & €29 oo FHY 52 77 AR
A 4A &3 - AARER ¥ BAVF 51 @)
Y AR FES AREAE A7) F4

A QA AAEA] k7] g, 23] P Tz 4
FH0.2% ©17H) ABEEA 7 F2HHAEE, 2000)
Hoy Ur}. o]} 2ol WA EE 23t HHo A
goz &8, ARBAAL A4 B FF
ste] AHAHo] Faseg EFte] gFzto| 2o}
A Aol & He Jog ddd).

2) MIEz=Z40] e Wt

AR £524) e 3ds 2 2o W 3}
o] & X437 AF<Fig 7>, HEA o] APALE A4
Ao} AE2E9) sFd gei gerdr Fog
z}ol 7k UrEb o9, A= 9} RPM2| 450 2] 3 Xpol
= g Aoz eyt 18 A8 Adde 71542F
Azgge AA €22 5457t AEE9 o, 108
MEgEE >384 AA £2.2 AkE
© YA AEE B ol AAAAQ] FA47% 7
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AR g MART AFgo AR v g &
q(7id, 1994) EE7LEAe] Sabo] g AFS g
o}, B 4] AAlY FeolEe AFE dsletx
deE BEsl ARGHA L] NAHAE L TA E
S A} go) Eoj7] dEol (348, 2000) &
AAA L} A FHo] 4810} drrhgAle] @Eo]
ol veks Zog wodn =3 M deEdlE
o] AjAol ul& ZF AAY AVEIAE ANEY
< AN A Adol AHA st o] 98 F
AL 4 F Yok A AL 13] Aol
3 utEAEgo] AYPLHSE 30°Co} 40°Co M MEsE
£ Zo] 15°Ce] AL Mgt ARt Tl
At ol AFA RS FFA B
A-gFol AR AL, ¥He&Ee FAE&ert ARA @
F7tEAY] ggo] gol Ueh}s] biojtt. o9 ¢
& AAz 3Us g9 BhA A o83 ¥
NEAE A o8 &4 oy, AE% RPM
S Zold ¢F &4 Aol glom, gz AA
B AM$EHE 30°CeF 40°CY =) o) Bo) &4E S ¢
+ 9ok

253 A AT HE] B4 tha ekl
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Fig. 7. Effect of laundering condition on the water repellency of high-density fabric.
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Fig. 8. Relative importance of laundering conditions
on the water repellency of high-density fabric.
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Table 10. Changes in the water resistance of high-
density fabric by repeated laundering
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F-value 110.65%***

*hkp 001
a, b, ¢, d, e: Groups with significant differences according to
Duncan’s multiple range test were noted with different letters.
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Fig. 9. Effect of laundering condition on the water resistance of high-density fabric.
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