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Abstract

In this study, we have compared the relative importance of various washing condition
affecting on soil release for P/C blended fabrics.

P/C blended fabrics were soiled by the pad-dry method with aqueous and oily soil.

The washing procedures of soiled samples were performed by Atlas Launder-Ometer with
27 wash conditions which are combinations of wash temp. wash time and detergent conc.

The degree of soil-release was evaluated with CIE 1976 Lab color difference before and
after washing.

Multiple regression analysis was used to evaluate the optimum wash conditions and the

relative importance of the factors providing maximum soilremoval.

Aol Fdoe dase] gt A4AEY #7  Ao= Q45 Kok

A A A Fad AL ol T AFAEYS AT - 2% 2zt 20 AR TAIHE 42
A4 u wAFe] 298y 2@ AL AARE o] wae FAFY TA4L 2T )85ty FAdA,
o ey olH e A%AEY 2dR4e 2A4H, 3 PCERAEL 09 dFE lE AER 2 A4
gl 24, 299 FF 0 29949 29, g Fel wrh webd LadAE A FHAA 44
Ax¢ ATAL AR 454EE Seslt hS B = e PCEWAEE 1 44%el Ad e P/C

Jn loh

% sl AFo] e, 65/355F P/C 40/60 5 &% 122 A4 4
wehd] A& soil-release &2 A4AE2 “Easy- AA FE, Agez @ AgAze 44A59
Care’ele A A W T o =% F=vtP. 2dAAN GeE wAL 48 A T, R A

Qides AATSH 2L Ad4FR Az A

+ 2 A E Apgste A ale] ¥lmd 48 W
AEe At £ 2xr Aebsle okl wFH2

How 2AF 4 g qxpEolnz, E oTodH%



[}

BEXEEGR

Table 1, Specifications of experimental specimens.

: Fabric Yarn : Weight Thickness .
Specimen Structare Namber Fabric Count| (o /ng12) (mm) Finish
P/C 65/35 Plain , 45X45 - , 165X 94 ) 142.1 0.27 Bleached
P/C 40/60 Plain | 45x45 | 165%94 | 1349 0.30 Bleached

15 Qx50 gl o2 o4 ¥ 7Y P/CH AATCC perspiration solution:
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Table 2, Conditions of tests.

X1 Detergent type

X2 Wash temperature, °C
X3 Wash time, min.

X4 Detergent conc., %

Non- Bmlogwal Biological
40 50
20 30
0.5 1.0

Test apparatus used
Volume of steel cylinder used, ml
Volume of wash liquor, ml
Number of steel balls
R.P.M.

Launder-Ometer
500
100
10
42
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Table 3. The degree of aqueous soil-release on various wash conditions.

Specimen P/C 65/35 ’ P/C 40/60

Detergent type Nonbio Bio Nonbio Bio
Wash conditions l

Temp.(“C) Time(min.) Conc. (%) dEC dEC | dEC . dEC
0.2 6. 98 6. 84 4.76 5. 43
10 0.5 8.51 9.02 7. 02 6. 95
1.0 7.71 8. 24 5. 38 6.53
0.2 6. 47 8.93 4.36 7.01
30 20 0.5 6.74 8, 27 4.73 5. 98
1.0 7.43 9.42 5. 34 7.10
0.2 6.39 8. 03 4.42 6.25
30 0.5 6. 47 8. 00 4,51 6.71
1.0 8.73 9,14 6.73 7.70
0.2 8. 42 6.72 6. 41 7.20
10 0.5 7.59 8.27 5. 52 7,07
1.0 8. 90 9.23 6.43 7.12
0.2 9,10 8.53 7,24 8.25
40 20 0.5 9.72 9.38 7.68 8.31
1.0 9.37 10.85 7.42 6. 80
0.2 7.91 10. 54 576 . 8.41
30 0.5 7.48 9.96 5.51 . 8,58
.0 9.59 10. 52 7.63 1 7.35
0.2 6. 08 9.19 411 6.22
10 0.5 8.91 10. 69 6.43 6.68
1. 10. 54 10. 54 8.08 °  6.56
0. 8.92 8. 68 6. 74 7.49
50 . 20 0. 9. 99 9.20 7.88 8. 06
; 1. 9.82 10.57 7.82 7.71
0.2 7.97 7.85 576 | 7.65
30 0.5 9.59 8.95 7.68 1 7.93
1.0 10. 64 10. 09 8. 87 6. 89
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Table 4, The degree of oily soil-release on various wash conditions.

Specimen P/C 65/35 P/C 40/60
Detergent type Nonbio Bio Nonbio Bio
Wash conditions
Temp. (°C) Time(min.) Conc. (%) dEC dEC dEC | dEC
0.2 14.24 17. 55 1411 | 1744
10 0.5 17.01 18.48 16.82 |  18.38
1.0 17.54 20.20 16. 99 } 20. 10
.2 16.01 20. 28 15,87 20, 11
30 20 .5 18.79 20.71 18.03 20, 33
L0 20. 05 21. 68 19.58 21.37
‘ 0.2 17.30 22.32 16.97 22, 02
30 ! 0.5 18.19 19.74 18.03 19.18
‘ 1.0 10. 40 22.27 19.22 21,98
] 0.2 18.85 20. 88 18.54 20.17
, 10 0.5 18.52 21. 43 18.09 21.22
f L0 19. 50 21. 87 10.18 21.57
: 0.2 18.82 23.22 18.79 22. 98
40 ; 20 0.5 18.29 23.10 18.14 22. 99
! 1.0 19.47 21. 06 19. 27 20. 97
| .2 17. 44 21.10 17.34 20. 89
|
| 30 0.5 20. 37 23. 28 19.98 22.16
.0 20.15 25. 04 20.10 24. 88
{ 0.2 18.24 21.51 18. 24 21.27
; 10 0.5 19.31 24.19 19.21 23.86
| 1.0 19.77 21. 64 19.57 21.22
.2 18.15 20. 79 18.11 19.99
50 | 20 0.5 20. 38 24. 97 20.21 23.98
! 1.0 19.00 21. 65 18.99 21.55
, ’ 0.2 18.88 22,10 18. 88 22.01
; 30 0.5 19.23 23. 48 19,22 23,22
| .0 19.25 24,57 19.27 23.75
T TAALHE st A A AdAGEA 2 T R A4S dded, HAAY Agex, Az o
716 =% 3713k ¥} (Table 5) (Table 6) <Table 7>z} AAY =B Filr Y5 Zr7re] 5 A4 & AlEt
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(Table 9 A}E FEF P/CAFe vt = 2 =4 AR AR 2Ae AA azet 2w
244 R AAY Felel wdel A2 TR T g A ok 24 Ad2E FHdn, 2924 o
27 24 sty R A, (Table 8) (Table 9> (Table AL edd A AFE ol 2y 93 QAolmg,
10> (Table 11 2= uhsh zho] #4 oAy A4 %4 At 2ARAE 42 $74q BAFL 21 9
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Fig. 1. The soil removal behavior for each dete-
rgents on aqueous soiled P/C blended
fabric.
(O: Bio type detergent
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Fig. 3.

HBEXESEEE

23.0
- o
522 0 —
o 21.0
6]
o
5 20.0 ¢
8]
Uy
Ut
[a) L2
Hi18.0 /
4
@]
“17.0
30 40 50

Temperature (°C})

Fig. 2. The soil removal behavior for each dete-
rgents on oily soiled P/C blended fabric.
O: Bio type detergent
®: Non-Bio type detergent
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The difference of the soil removal behavior between aqueous soiled P/C 65/35 and 40/60 ble-

nded fabric.

O: P/C 65/35 blended fabric
@®: P/C 40/60 blended fabric
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The difference of the soil removal behavior between oliy sciled P/C

O: P/C 65/35 blended fabric
®: P/C 40/60 blended fabric
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Table 5. The relative importance of each wash coonditions on aqueous/oily soil removal.

Specimen Detergent type Level Sggfrﬁlng? The relative importance
X1 (Temp.) 0.083
Non-Bio X2 (Time) 0. 026 Conc.>Temp.>Time
X3 (Conc.) 2.121
P/C 65/35 — —
X1 (Temp.) 0.088
Bio X2 (Time) 0. 057 Conc.>Temp.>Time
X3 (Conc.) 1.551
X1 (Temp.) 0.089
Non-Bio X2 (Time) 0. 031 Conc.>Temp.>Time
X3 (Conc.) 1. 964
P/C 40/6 ( — - S e
X1 (Temp.) 0.070
Bio X2 (Time) 0. 063 Conc.>Temp.>Time
X3 (Conc.) 0. 647

Sa ¢ 4 gvh

FehAd & S5 Al 2AE e aste A
2 el g Aolvh. (Table 12)9} (Table 1364
debd HA A 244 v 44 ol g

T EE 2ok A e, olAL A4 ed 9

A% el
=, o 240 440 A2¥H = ARSI 7
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Table €. The relative importance of each wash conditions on aqueous soil removal.

Specimen Detergent type Level S(;) gfrfilc?g&n The relative importance
X1 (Temp.) 0. 095
Non-Bio X2 (Time) 0. 006 Conc.>Temp.>Time
X3 (Conc.) 1.982
P/C 65/35
X1 (Temp.) 0. 055
Bio X2 (Time) 0.024 Conc.>Temp.>Time
X3 (Conc.) 1. 813
i X1 (Temp.) 0. 090
Non-Bio X2 (Time) 0.015 Conc.>Temp.>Time
X3 (Conc.) 1.916
P/C 40/60
X1 (Temp.) 0.031
Bio X2 (Time) 0. 043 Conc.>TFime.>Temp
X3 (Conc.) 0.076

Table 7, The relative importance

of each wash conditions on oily soil removal.

Specimen Detergent type Level Sé)erfrfeil;glogx The relative importance
X1 (Temp.) 0. 087
Non-Bio X2 (Time) 0.176 Conc.>Time.>Temp
X3 (Conc.) 1.162
P/C 65/35
X1 (Temp.) 0.120
Bio X2 (Time) 0. 090 Conc.>Temp.>Time
X3 (Conc.) 1. 289
X1 (Temp.) 0. 089
Non-Bio X2 (Time) 0. 046 Conc.>Temp.>Time
X3 (Conc.) 2.011
P/C 40/60
X1 (Temp.) 0.110
Bio X2 (Time) 0. 083 Conc.>Temp.>Time
X3 (Conc.) 1.370
Hoadx & F drl i AL 2dy ARas AR Fe n e A5, 4 Aad Ful 2 ody
T FEE 2 shejElE AZE o8 AFANE A 3 34 Az A8 2 As g e AR
of ol &aAolgtx R} <+ odgivh
L A%, 95, 23] 43 P/CAEAAE £5
V. d = oz 29 o] Fobgel welA AAY e °@
soil 8 F-frel AAgle] 2 AY &3t Fobslgr
Aehes, Az, AA 2% D 5xst £44 2. 784 29 4 ALA o9 BF, FiA A

g A He] wlELA st $5g
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Table 8. Regression coefficients and equation of condition I,

(aqueous soil/non-biological deter gent

system)
Specimen Level ‘ Coefficient Equation
CONSTANT —5.214
X1 (Temp.) 0. 462 dEC=
X2 (Time) 0. 155 —5,214+0.462X1+0. 155X 2
P/C 65/35 X3 (Conc.) 3.191 +3.191X3-0.005X1?
X1% (Tem.)? —0. 005 —0.004X 2%—0. 982X 32
X22 (Time)? —0.004
X32 (Conc.)? —0.982
CONSTANT —7.764
X1 (Temp.) 0.471 dEC—
X2 (Time) 0.180 —7.764+0.471X1+0.180X2
P/C 40/60 X3 (Conc.) 3.818 +3.818X3 ~0.005X12
X12 (Temp.)? —0.005 —0.004X2% —~1,554X3?
X2 (Time)? —0.004
X32 (Conc.)? —1.554

Table 9. Regression coefficients and 6quat10n of condition J. (aqueous soil/biological detergent system)

Specimen Level ’ Coefficient , Equation

CONSTANT —1.382

X1 (Temp) 0.337 dEC =

X2 (Time) 0 154 o —1.382+0.337X14+0.154X2
2'C 65/35 X3 (Conc.) 3,131 ¢ +3,131X3 —0.004X 12

X12 (; emp.)? ~0. 004 —0.003X2%-1.071X3?

X22 (Time)? —0. 003

X32 (Conc )2 { —-1.071 [

CONSTANT —7.840

X1 (Temp.) 0. 623 dEC =

X2 (Time) 0. 180 —7,.840+0.623X1+0. 160X 2
P/C 40,60 X3 (Conc.) 2.127 +2.127X3 —0. 007X 1

X12 (Temp.)? —0.007 —0.003X22—-1.70X3?

X2 (Time)? —0.003

X322 (Conc )? —1.790

Table 10. Regressmn coeff1c1ents and equat1on of condmon ]]I (011y soﬂ/non blolomcal detergent system)

Specimen i

Coefflcxent

Level l Equation
| CONSTANT | 2.363
| X1 (Tewp.) 0. 563 dEC
| X2 (Time) 0.129 2.363+0.563X1+0.129X2
2/C 65/35 ‘ X3 (Conc.) 7. 464 +7.464X3 —0. 006X 1?
‘ X1 (Tempy: | —0.006 —0. 002X 22— 4, 230X 32
| X22 (Time)? ; —0.002
! X32 (Conc.)? [ —4.230
f CONSTANT 1.139
X1 (Temp.) 0. 602 dEC -
X2 (Time) 0. 140 1.139+0. 602X 140, 140X2
P/C 40/60 X3 (Conc.) 6. 692 +6.692X3 —0. 006X 12
X1z (Temp.)? —0.006 —0.002X 22—3. 804X 32
X22 (Time)? —0.002 |
X32 (Conc.)? —3.804 !
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Table 11. Regression cosfficients 411 egaitio1 of ca1ditina . (oily soil/biolozical dstergent system)

Specimen Level Coefficient Equation
CONSTANT 0.944
X1 (Temp.) 0.735 dEC==
X2 (Time) 0.162 0.944+0. 735X 1+0. 162X 2
P/C 65/35 X3 (Conc.) 6.571 +6.571X3 —0. 008X 1?
X1z (Temp.)? —0.008 —0.002X 22 —4. 292X 3
X22 (Time)? —0. 002
| X 32 (Cone.)? —4.292
[ CONSTANT 1.171
: X1 (Temp.) 0.732 dEC=
1 X2 (Time) 0.157 1.171+40, 732X 1+0. 157X 2
P/C 40/60 ; X3 (Conc.) 5.528 +5.528X3 —0.008X 12
, X12 (Temp.)? —0.008 —0.002X22—3.379X 52
| X22 (Time)? —0.002
i X32 (Conc.)? —3.379

Table 12, Optimum wash conditions of P/C 65/35 on each soil.

P/C 65/35
Test conditions Aqueous soil Oily soil
Non-Biological Biological Non-Biological Biological
Temp. (°C) | 46.2 42.1 46.9 45.9
Time(min.) y 19. 4 | 25.7 32.3 40.5
Conc. (%) | 1.6 1.5 0.9 | 0.8
Table 13. Optimum wash conditions of P/C 40/60 on each soil.
P/C 40/60
Test conditions Aqueo us soil Oily soil
Non-Biological Biological Non-Biological Biological
Temp.(°C) 47.1 44.5 50. 2 45.8
Time(min.) 22.5 30.0 35.0 39.3
Conc.(%) 1.2 0.6 0.9 0.8

3. ARzt vlAe 4 QA FldEE, 2499
F5, AA g L P/CERA T Eahalgd 2%
Alge] A2 hg3l 2ol vhebykeh

AA 9 FE>ASLE>AgA
4. P/C 65/35 E3A B 449 249 FH4, 4
ARy Ay Agxale ohbsl P



Vol. 12, No. 1(1988)

| P/C 65/35
A 24 % Aqueous soil ‘ Oily soil
lﬂl‘iiﬂl}i&_ﬁl W ZAAlE 4 A
A Al Al Al A
Temp.(°C) | 46.2 ] 121 | 46.9 ] 45.9
Time(min.) } 19.4 1 25.7 ] 32.3 ] £0.5
Conc.(%) | 1.6 ] 15 | 0.9 | 0.8

5. P/C 40/60 Ewraize A7 odd F54, A
APy A4 A%z vhish A

P/C 40/60
A 23 ; Aqueous soil | Oily soil
A B4R & AN EEAE & A
A AN Al Al A
o f
Temp.("C) | 47.1 | 445 | 50.2 | 45.8

|
Time(min.) [%ﬁ \mﬁ {%ﬁ ;%3
|

Conc.(%)
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