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Abstract

The use stage of a textile product impacts sustainability more significantly than other stages of the product's life
cycle due to repeated washing and drying. This study determines efficient washing conditions, with high detergency,
to reduce energy consumption from excessive washing and improve the washing process sustainability. Detergency
was measured at various washing temperatures (20°C, 40°C, and 60°C) and time (10 min, 20 min, and 30 min)
using standardized soiled fabrics, i.e., 100% cotton, polyester/cotton (65%/35%), and 100% polyester woven fabric
soiled with pigment/sebum, carbon black/mineral oil, soot/mineral oil, cocoa, blood, and red wine. Detergency at the
washing condition of 20 “C and 30 min was higher than that at 40 “C and 10 min. In addition, detergency at the
condition of 40 C and 30 min was also higher than that at 60 ‘C and 10 minutes. This may be because a reduced
washing effect at low washing temperatures was complemented by increased mechanical action over a long time.
Further, washing temperature and time, with the same detergency, differed based on the type of fiber and soil.
Also, the influence of a detergent on the detergency depends on the type of soil. The results suggest that energy
and detergent have been consumed more than necessary in actual laundry. According to each type of fiber and
soil, washing conditions designed to reduce the energy consumption of the washing process while maintaining the

same detergency, were determined.
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Table 1. Composition of the Reference Detergent A* (International Electrotechnical
Commission, 2010)

Ingredient %
Linear sodium alkyl benzene sulfonate 8.8
Ethoxylated fatty alcohol C12/14 (7 EQ) 4.7
Sodium soap (tallow soap) 3.2
Foam inhibitor concentrate (129 silicon on inorganic carrier) 39
Sodium aluminum silicate zeolite 4 A (80% active substance) 28.3
Sodium carbonate 11.6
Sodium salt of a copolymer from acrylic and maleic acid (granulate) 24
Sodium silicate (Si0,:Na,0 = 3.3:1) 3.0
Carboxymethyl cellulose 1.2
Phosphonate (DEQUEST 2066, 25% active acid) 28
Optical whitener for cotton (stilbene type) 0.2
Sodium sulfate 6.5
Protease (Savinase 8.0) 0.4
Sodium perborate tetrahydrate (active oxygen 10.0% -10.4%) 20.0
Tetraacetylethylenediamine (active content 90.0% -94.0%) 3.0

Electrotechnical Commission, 2010).
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Table 2. Improvement of Detergency by Washing Temperature (unit: %)
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10 min 20 min 30 min
20°C 40°C 60°C 20°C 40°C 60°C 20°C 40°C 60°C
Cotton 100 13 123 100 m 125 100 10 123
Cotton/PET 65/35 100 12 118 100 109 116 100 106 12
PET 100 100 102 100 101 105 100 101 103
B0CE AL 2t 2qlolA] e 38 v Agsiele. Al Z47} @ 1t

ER2- 480mee] Agoluof 300mee] 2 -l AIA| 1.6g3 2
3z 9%, TLejar 7AA 28-S el 2Rl 5 10
NE 9l 42rpme] |-G E R o]Fo|HtkHan et al,, 2015;
Kymalainen,2007), Algto] BUH AlmE FH<=ollA] 32+ 7}

WA A ke, Aol Azste

3. MR Ty}

Al27de B7rstr] fls E3-3=4 CM—-2600d(Koica
Minolta Inc., Tokyo, Japan)2} £-41 & 188 Spectra Magic
o-gsto] Alet 50 @320 WhAkE=2 520 nm oA 578
stolct. AlE ¥ 2l TR A8 wAkgol Hekd 4 9)

) uhel, Welet BEo 9o Aeola o) £ A
AT, WA @ o] Shiwt 5w &= 38 & d] 9179
A LSS 2810] Batghs AHeT, A (D 4)9)
Kubelka—Munk equation=r ©|-8-8Fo] HHAREE K/S gLo= ®
ghslal, BIRkeh K/S gk ()9 Al tigdsto] AAkstItk(Yun
& Park, 2016),

K/ S= M ................................................... (1)

K absorption coefficient
S: scattering coefficient

R: reflectance at 520 nm

D= (K/S)s - (K/S) % 100
= &T9), (&), 100 o ©)
D: detergency
(K/S).: K/S value of the soiled strip

(K/S),,: K/S value of the washed strip

(K/S),: K/S value of the original strip
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Figure 1. Detergency according to washing conditions.
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Table 3. Improvement of Detergency by Washing Time (unit: %)
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20°C 40°C 60°C
10 min 20 min 30 min 10 min 20 min 30 min 10 min 20 min 30 min
Cotton 100 110 116 107 113 100 111 116
Cotton/PET 65/35 100 109 115 107 110 100 107 109
PET 100 107 110 108 m 100 110 111
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