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Improvement of Eco-friendly Dry Cleaning Performance of Cotton and
Polyester/Cotton(65/35) Fabrics in Silicone
Solvent(Decamethylcyclopentasiloxane, Ds) with Silicone Surfactants
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Abstract

The detergency and soil redeposition of cotton and polyester/cotton(65/35) fabrics in dry cleaning solvents, i.e. petroleum
solvent, perchloroethylene, decamethylcyclopentasiloxane(Ds), with commercial detergents were studied. The dry cleaning
detergency of cotton soiled fabric was not satisfactory regardless of cleaning conditions. However, the KS detergent noticeably
improved wet detergency and also diminished the soil redeposition of cotton fabrics. Polyester/cotton(65/35) soiled fabrics displayed
a similar tendency of dry cleaning detergency. Generally, wet cleaning exhibited a better detergency for both cotton and
polyester/cotton(65/35) soiled fabrics than dry cleaning. Therefore, wet cleaning was more suited for those textiles if there
were no deformation issues regarding the shapes and sizes of clothes. Even though the dry cleaning detergency of Ds was
not optimal, it was comparable to that of petroleum solvents and perchloroethylene. When commercial detergents were added
to the dry cleaning solvents, the soil redeposition decreased regardless of solvent/fabric types with the following exception:
The soil redeposition in Ds with the commercial detergent dramatically increased with added water due to its lack of siliphilicity.
Silicone surfactants were tested for detergency and soil redeposition in Ds regarding their suitability as dry cleaning detergents.
Among three candidate silicone surfactants, PEG/PPG-19/19 Dimethicone (high molecular weight) displayed an exceptionally
good soil redeposition prevention effect, even though its dry cleaning detergency was not very satisfactory. It is rare that clothes
are as heavily soiled as artificially soiled fabrics under real wearing conditions. Therefore, soil redeposition can be more crucial
for commercial dry cleaning systems than detergency itself, especially for light-colored clothes. The siliphilicy of surfactants
calculated with a three-dimensional hydrophile-lipophile balance (3D HLB) concept is an important factor in determining surfactants
for Ds dry cleaning purposes. In conclusion, PEG/PPG-19/19 Dimethicone (high molecular weight) is an appropriate surfactant
in Ds dry cleaning detergents for dry cleaning performance improvements of cotton and polyester/cotton fabrics.
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EAQ =2tolFed &A1 AFA &4, 94 &
A, B2 SRl AL}t EA e gk 318 EARE <
3 ARg-o] AL Ut webA olE2 tAIY 5 U=
|A M 2 AEfHo] AFE A ¢l oK Onasch, 2011;
Rotman, 1997; Scheer & Moss, 2011; Troynikov et al.,
2016; Roosmalen et al., 2004) o}2-2 ojz] 7}x] HejlA
n| gk A3}o|ch. m|=* GreenEarth® CleaningAlojlxli= 21
27 AglE 299l decamethylcyclopentasiloxane(Ds)<
cefolEeld AR AREstaL e, IeME [2d
Za]yg]elA 2008 % GreenEarth® 22y 71412 2=
2 ESlete] g AlE Afnl=’E A1) S v (Hwang,
2009), AlEHE H= 502 ARl a7} glo] Aldel A4
ZalA) 23t 12t 22 GreenFarth® Korear} 4127
Aol 1270¢] wiPd-S Far Fed AH|EE ARkl 3o
AR 9 BAE A% wbgshelel Azkec ek
A Deo] Sl Feld Ay RERAE 5] e
Al el AlEstC S

18y AelE 29 hexamethylcyclotrisiloxane(Ds),

octamethylcyclotetrasiloxane(Ds), decamethylcyclopenta-
siloxane(Ds)%5°] o ™(Nakamura et al., 1991), o] =
Ds= @A 2FF, o] AyMY, s+ Sl 48] A4
Areg Ak Sl hel bdsittar g war glvt
(GreenEarth® Cleaning). 18U} Ds2 &A|2 ARR3E =
gholZeld2 ARt BAIR o]l gk AAZR] 7= A
o] gl&= AErolt}. Kim(2012)-2 perchloroethylene™} 2
FA A B AR AREAE H7rEE AlEE
I A e AYA| a7t FFE o, Dso] A= A
3A¢] HLB(hydrophile-lipophile balance)?} F335}aL
4824714 123k 3D HLB(O'Lenick & Parkinson,
1996) &0 Faalrta B sttt Kim(2014)S 31gH
73 Ae2A =2telEeld &A(Ds)e] A=l thek Al
AT} A AE 71E =l Zeld A9} Hlugh §,
Ds &A19] AlHde 317171 f1gh =eteolZeld AlAl
& AuEdAz AzlEA AEEAAQl  polyethylene
glycol/polypropylene glycol(PEG/PPG)-19/19 Dimethicone
(LEAFEDE AT o] AHEEAIE BE 23604
Ds 8Al¢] =etolEuld XS 453 FIAZAL A
L AEA B v 8tke] Ds A8 =gtolEEld
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A1E8 W9 9F EMPAI013} EMPALILS, 2138 w4l
X EMPA2113} EMPA221, A|&-% polyester/cotton(P/C,
65/35)2. 9 EMPA1049} EMPAI119, A3 P/C(65/35)
21¥ EMPA213-& Testfabrics, Inc. USA oA 3}
ARESF oM, AlF 2] 542 <Table 1>3 Zt} ¢
F= x| nja] Aot FAVE ST AL & ok
EMPA104= A7} ¢k 19% S71etQa vhale-S mjj$
o w2 theke] carbon blacke 2 2P EH 7Ho-z AYzhst
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(Table 1) Physical properties of EMPA test fabrics

Fabric count

. Approx. Surface . Thickness
Product details . warpxfilling
weight reflectance (%) . (mm)
(yarns/inch)
standard soiling, cotton soiled with carbon 90,g/m2 0.162
EMPAI101 ) . 16.9 125.7x125.7
black/olive oil (5.8%) (8.0%)
specific ~ soiling, cotton soiled  with 205g/m2 0.406
EMPAL118 . 47.8 96.0x54.8
sebum/pigment (2.5%) 9.1%)
unsoiled test fabric, cotton percale, bleached 85g/m2 0.150
EMPA211 . . . 86.1 125.7x125.7
without optical brightener (0%) (0%)
unsoiled test fabric, cotton cretonne, bleached 200g/m2 0.372
EMPA221 . . . 86.1 96.0x54.8
without optical brightener (0%) (0%)
standard soiling, polyester/cotton, 65/35, 165g/m2 0.292
EMPA104 . . . . 11.7 71.3%x62.3
soiled with carbon black/olive oil (6.4%) (18.7%)
specific  soiling, polyester/cotton,  65/35, 160g/m2 0.268
EMPAI119 . . . 48.1 71.3%x62.3
soiled with sebum/pigment (3.2%) (8.9%)
unsoiled test fabric, polyester/cotton fabric,  155g/m’ 0.246
EMPA213 . . . 83.8 71.3%x62.3
65/35, bleached without optical brightener (0%) (0%)

() represents % increase in weight or thickness compared to unsoiled fabrics

T27F 937 v = AbEn

cofolEeld ARE HFAEA, daAl &Al(per-
chloroethylene), 22|27 &-#l(decamethylcyclopen-
tasiloxane, Ds)& AME-3FYITE A6 &A1= tHAER]
3], perchloroethylene A3} FFE() 7)), Dse= b=
Ao =ejZ(F)old Ukt Dso]  seae
[Scheme 117} a1, slet7-zx9} E2|% 54L& dKrd 2k
A1) B ¥ 2chKim, 2012). PubChemol] 25} 842
4848 perchloroethyleneo] 0.15g/L(20°C), decane
(Ci0)}& 0.009mg/L(20°C), Dsi= 0.017mg/L(25°C)o]c}.
254 8Al(stoddard solvent, Agency for Toxic Sub-
stances and Disease Registry)i= t}F3F g7 0](Cr-Cyp)
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[Scheme 1] Chemical Structure of
Decamethylcyclopentasiloxane (Ds)
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T-Z([Scheme 2-4])2} E2]7 EAJ(<Table 2>)& A
A48 B EQCHKim, 2014). AHEA3A] 12 bk v
oleA AREAAZE T (F) oA Al RSk,
AL 3A 2-4= Ae|EA AHE/3A= Dow Corning
KoreaolA] Algwto} ARESFGIT). AHZAHA] 12 Cioaa
secondary alcohol, AHEAA 2= PEG/PPG-19/19
dimethicone(21EA}=F), AH&AdA] 3-& PEG/PPG-18/18
dimethicone(AEA=), AWEAA 4+= Lauryl PEG/
PPG-18/18 methiconeo|at, AHEAIA| 29} AHEAIA) 3
< water in silicone(W/Si) f3}8o] gt} o] =A%
AEdA 2= Ak A|EdAl= 3D HLB o] &9

ojal 2ol 53 4 Zer A5 ok

2 MEAlEs eEd AR

CH;~(CHy)7-

Aedzt F2AE AL FA4L Terg-O-Tometer
At setol e A
Launder-O-meterZ AR}t
AEd 1.0g/L  AAE A
1000mlo] 5ecmX10cm =7]o] Q¥
40cpmO2 2087 Ak, 2o
1000ml 2 387k 23] g+ & A
AeAd AP 1.0gL AEEEA &4 1000mle]
5cmX10cm =712 YX 4w), carbon black 0.1g/LE
1 40T 40cpmO2 2047t 2HEakal, 2 7oA
4 1000ml 2 323F 23] A7 § A Axgh)
cetolZeld AlE AR 3709 #EEl 7
1.0g/dL AHEA3A] &4 100ml, ScmX10cm =7]
SAX 1v, 107]2] BETE ¥aL A20x 2027F Al
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[Scheme 2] Chemical Structure of Surfactant 1:
m+n=911 x=3

CH CH

|3 |
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(CH,),Si—-O—(Si—0)- (|Si- O).-Si(CH,),
I

CH,

(CH,),

O(CH,CH,0);~(CH,CH(CH,)0) H

[Scheme 3] Chemical Structure of Surfactants 2 and 3

surfactant 2 (high molecular weight): x = y = average 19
surfactant 3 (low molecular weight): x = y = average 18

*m and

CH
I

3

n: not known

(CH,),Si-0-Si-O-Si(CH,),

(CH);

O(CH,CH,0),(CH,CH(CH,)O),R

[Scheme 4] Chemical Structure of Surfactant 4:

X =y = average 18, R = lauryl (Ci2)
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(Table 2) Characteristics of surfactants: SOFTANOL30 and DOW CORNING® Silicone surfactants

Specific
0,
Product INCI name Emulsion type Description A) gravity
name Actives .
25 C)
C12-14 Sec-Pareth-3
t FTANOL lightly yellow clear, Liqui
Surfactant  SOFTANOL (1 14 secondary WO Slightly yellow clear, Liquid 100% 0932
1 30 Nonionic surfactant
alcohol)
. o g .
Surfactant DC BY PEG/PPG-19/19 W/O, W/Sl, Clear 50@ d15pe{s10n of high molecular
) 11030 i methicone W/Si weight silicone surfactant 50% 0.98
microemulsions  (polyoxyethylene/polyoxypropylene) in Ds
Surfactant o sppsc PEGPPGISIR WO, WL molecular weight surfactant in Ds 105% 0956
3 Dimethicone Multiple
Liquid alkylmethyl siloxane copolyol of
Surfactant Lauryl PEG/PPG-18/18 ~ W/O, W/Wax, : 5
4 DC 5200 Methicone WIOW Multiple lauryl-(C12) and polyether-modified 100% 0.896

siloxane

Az gt} =gtolEed AdA AP i) B4
o 247} 1.0g/dL AL A 418 100ml, ScmX10cm
=712 Y3 17}, carbon black 0.01g/dL, 107§¢] 7+H+
5 9L AollA] 2081} 3detaL, A3eE EAl= 31t
13] A & Az gt

AzFA(Color and Color Difference Meter, Model
TC-3600, Tokyo Denshoku Co., Ltd)2 ZHIAE-S
23] o) A2)el oJsl AYES AVFAL A3)
o o3 AAES AAFeFITHKIm, 1999; Kim & Park,
1999; Kim, 2012; Kim, 2014)

_ (—rp
K/S = “on @)
b = LS = IS

(K/S)s— (K/S)o
R: surface reflectance

D: detergency

(K/S)o : K/S value for original cloth
(K/S)s : K/S value for soiled cloth
(K/S)w : K/S value for washed cloth

Ro— Rsr
Ro

Ro: surface reflectance for original cloth

Soil Redeposition(%) = X 100-----(3)

Rsr: surface reflectance for soil redeposited cloth

o 23 3 1%
1. AlRMIRIZE =2lolZald MEtdol ojxle &2}

<Table 3>& W Y¥E EMPAIOl(olive oil/carbon
blackye] AIEFAS LR Zolch. %4 AlEHES KS 3
AAAZY H7HE0E W 35.8%004 87.0%2 &A3]
FEou, =2telgeld AEde Beolle AlH =4
of #AQle] HAHeR v W2 AEES HolEt
Al A 78, AAIA 13 271 F7HEE AlEE
o] 8.7%c14 20.1% ¢ 15.0%=2 ZZ+ FIEHIUL,
perchloroethylene =2}o|Z2ld MEE2 AlZAAl 37
47} H7HEIRE W 9.4%004 22.3% ¢ 13.7% 2 ZHz+
FEAT. 22 Ds =gtolged AlE/de AlAAAl
57} A7l Aol Wsprt Il =etolEed 84
ol 1% o] H7he B9~ &Au AlAle] F7oll BAIR]
o] AlHezm =etolZeld Mg o] ot FFEHJA
<Table 4>= WL HEX EMPAI118(sebum/pigment)2] A
e yehd A= <Table 3> FAKRE AS Uet
Wi, =etolEeld AlEE-2 <Table 3>of Hlal] HA2e
2 =2 £xE Heltk Kim(1999)= $H4] nlaHES} g
3 FAZ Az 2 A¥7F EMPA Hi} o] 2 Seto]
e AEE Uehdke o)k fARRE A3E ®ast
itt. o= EMPAL182] »IHES] Ff deiA 3l
kor}, EMPAI1019] carbon blacke] EMPA1182] 31
¥IE url e Ratgel Q1] uole H3Ec)
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(Table 3) Detergency of soiled cotton fabric (EMPA101)

St} <Table 5>9} <Table 3>< ]3] 2 EMPAL04

A=

EMPA1013} fARRE Ads HoFu

EMPA1042] ANEFE-2 EMPAI012] AEFERET A4
o2 gon Fo] HYrEHS ul 53] WA YERdT o]
= P/C(65/35)7} Wl H]&}| 244 carbon black 2] %

sj2jo] 27] wrow

AZbEv, =o] H7beal AA7L

A7EA] k& 79 perchloroethylene] AZ4do] wj-$-

S b Al =
o F-2=7] Hrp=

A Mo g BSAF 714

=730l & &4 Welld AL dA7t
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Detergency(%0) Detergency with 1% water(%)
Petroleum  Perchloro Petroleum  Perchloro
Water Ds Water 5
solvent  ethylene solvent ethylene
Without detergents 358 21) 8707 9407 10.1 (1.8) - 13.0 (1.1) 179 (5.1) 194 (1.1)
KS detergent 87.0 (2.1) - - - - - - -
Commercial detergent 1 - 20.1 (1.5) - - - 30.0 (0.5) - -
Commercial detergent 2 - 15.0 (1.3) - - - 24.8 (3.0) - -
Commercial detergent 3 - - 22.3 (04) - - - 24.3 (0.8) -
Commercial detergent 4 - - 13.7 (0.8) - - - 28.0 (1.1) -
Commercial detergent 5 - - - 10.8 (0.5) - - - 27.0 (1.0)
() represent standard deviations
(Table 4) Detergency of soiled cotton fabric (EMPA118)
Detergency(%) Detergency with 1% water(%)
Petroleum  Perchloro Petroleum  Perchloro
Water Ds Water 5
solvent ethylene solvent ethylene
Without detergents 41.6 (1.0) 26.1 (0.3) 254 (04) 234 (0.6) - 277 (0.5) 17.3 (29) 25.0 (0.8)
KS detergent 70.6 (1.1) - - - - - - -
Commercial detergent 1 - 32.9 (0.9) - - - 37.8 (0.6) - -
Commercial detergent 2 - 28.0 (0.8) - - - 343 (1.5) - -
Commercial detergent 3 - - 33.0 (0.8) - - - 26.7 (2.4) -
Commercial detergent 4 - - 28.3 (0.5) - - - 28.6 (5.3) -
Commercial detergent 5 - - - 24.7 (0.6) - - - 29.1 (0.2)
() represent standard deviations
<Table 5>= polyester/cotton(P/C, 65/35)2AX  gl= 27 dlollA eHgH Q] oldH o] o]Fojx|#] ¢F7] uj
EMPA104(olive oil/carbon black)e] AE/d& HoEa Foz AZtEc) o] gt

Z7ge] Aol whEwte]
A=
=

| B2 FuTE

o
& A7 AL AL BAAREA

ERf=t, o]l thek

B3 2900 B4

Foalgl oj=drt. Tagawas} Gotoh(2010)e] oJal#
carbon black AEAL 7]&9] 7|sled 2o I
wotA], ek dEHT HfE A AlEde] WAl o
Epdtia B wslgict

<Table 3-5>¢]
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S|

5t H&IZT} Polyester/Cotton(B5/35/X1 22| I8 £aj0|2a|d &t & 7

(65/35).9F] e
AEPEL - SolA]
AA7} et
Sickd ot P/ICe] 737
& 3tk o=

2014)9} -

A8

3

]‘

2 AEtgo] AAH oz 948

- ole} Azt
o] AH(Kim,
o] 79 =l
AR 7 Al =2te]

W Alzslole] Age st Az,

2. AlEAIEZE E210|122ld Mg nixl= gt

HYEZ EMPA21 I (percale)] A 2.4 A3} <Table 6>
off AAEAS. AAZF H7HEA] 53ke 7379 ALFES
perchloroethyleneo] 7174 =7 VERga, A

FA SA7

S AlEde] ts e o] 66%-81%2] ¢35k AlE
ES BTk Kim(1999)2 ole} frAlst Zig Harst
], o= =7} celluloseol] B3] 7] &Aol 27| 4,
polyester/H Z¥4d-fol B3l 74 o7 9 ¥ o7ole]
zlsleo] B7] wiiZoletal Awatdtt. Dso] Algdo] -
8 AL olYAw A5A] §AL perchloroethylene®] A
ST v S w FARH YEREE A8 =etolEe]

71 A JERdTh. Fowkes's study(as cited in Kim
1999)e]] k=™ o]=perchloroethyleneol|x] & U=} &
3] 2k A7|2 & ko] Ho glar Aol F2kbr <
+ 7 PR EA87] wholzkal ArEstdct KS &
A Z7E Al FAAE AL AEE 10.9%E FA 8] A3t
A3, A{A EAol AlFAA 17 27} H71E1S wlell
= 8.7%%} 18.1%= ot} Perchloroethylene2] 74-9+=

(Table 5) Detergency of soiled polyester/cotton (65/35) fabric (EMPA104)

Detergency(%o) Detergency with 1% water(%)
Petroleum  Perchloro Petroleum  Perchloro
Water Ds Water Ds

solvent  ethylene solvent ethylene
Without detergents 21.1 (0.2) 44 (0.7) 107 (0.6) 89(12) - 25 (0.2) -1.2 (0.6) 5.1 (1.1)
KS detergent 83.6 (0.5) - - - - - - -
Commercial detergent 1 - 15.7 (0.3) - - - 28.0 (1.3) - -
Commercial detergent 2 - 12.9 (0.7) - - - -6.0 (2.5) - -
Commercial detergent 3 - - 28.3 (0.6) - - - 25.0 (1.8) -
Commercial detergent 4 - - 13.5 (1.3) - - - 25.2 (0.7) -
Commercial detergent 5 - - - 1.9 (0.6) - - - 19.0 (0.6)
() represent standard deviations
(Table 6) Soil redeposition of cotton fabric (EMPA211)

Soil redeposition(%o) Soil redeposition with 1% water(%)

Petroleum  Perchloro Petroleum  Perchloroet

Water Ds Water Ds

solvent ethylene solvent  hylene
Without detergents 485 (0.5) 362 (0.6) 622 (29) 433 (0.5) - 356 (3.3) 346 (22) 421 (0.6)
KS detergent 10.9 (0.6) - - - - - - -
Commercial detergent 1 - 8.7 (0.7) - - - 9.0 (1.4) - -
Commercial detergent 2 - 18.1 (0.9) - - - 3.2 (1.1) - -
Commercial detergent 3 - - 12.0 (1.1) - - - 3.3 (0.8) -
Commercial detergent 4 - - 586 (3.7) - - - 2.5 (0.3) -
Commercial detergent 5 - - - 27.7 (4.2) - - - 71.9 (0.3)

() represent standard deviations
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AFAA] 30] A7FEE 12.0%2 F43] Golx ot *lﬂr
AlA 47} Z471EE 58.6%= 2 W3k fIxich Dse] A

= AFAA 571 A7FEE 27.7%2 AskE AL & & ;,l
th & 37F Aledle 8419 FRel mEt AledELe
A}, A4 8A2} perchloroethylene®] 739 Al
147} A7 wzEe] AodwA a7t #43] &
dEd, Dsol A9 AlEAAl 5 37 Al Ao gEel
42.1%°114] 7T1.9%= FolxA AAl 7Pt =elo] 98
F}olS ok 2= QIT}. AlEAA)] F H]o]eA Awdt

O
1__

g
SO

& Se oyt
BAE FHTeE k=, ]% A2 AdgEA= 2
Azkgo] gloM Dsold] QFgel el ale Fgaln]
E3kaL 2] YARR] carbon blackel] tigh AR U
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(Table 7) Soil redeposition of polyester/cotton (65/35) fabric (EMPA213)

Soil redeposition(%o)

Soil redeposition with 1% water(%)

Petroleum  Perchloro

Petroleum  Perchloroet

Water Ds Water Ds
solvent  ethylene solvent  hylene

Without detergents 528 (09) 582 (0.1) 659 (0.5) 59.6 (1.3) - 585 (0.7) 622 (1.6) 574 (1.1)
KS detergent 11.4 (0.7) - - - - - - -
Commercial detergent 1 - 19.5 (1.4) - - - 33.7 (1.1) - -
Commercial detergent 2 - 24.5 (1.2) - - - 45.6 (0.3) - -
Commercial detergent 3 - - 14.8 (0.2) - - - 9.4 (0.3) -
Commercial detergent 4 - - 47.5 (0.5) - - - 6.3 (1.8) -
Commercial detergent 5 - - - 424 (2.1) - - - 774 (0.5)

() represent standard deviations
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(EMPA118) in Ds with/without water,
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[Figure 3] Detergency of soiled P/C(65/35) fabric
(EMPA104) in Ds with/without water,
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[Figure 4] Detergency of soiled P/C(65/35) fabric
(EMPA119) in Ds with/without water,
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[Figure 5] Soil redeposition of cotton fabric (EMPA211)
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