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An Investigation of Surfactants for Drycleaning Detergents to Improve Detergency
of Wool Fabric in Eco-friendly Silicone Drycleaning Solvent
(Decamethylcyclopentasiloxane, Ds)

Chunhee Kim'

Department of Clothing and Textiles, Hannam University, Daejeon, Korea

(Received: July 28, 2014 / Revised: August 2, 2014 / Accepted: September 4, 2014)

Abstract: Detergency and soil redeposition of wool fabric in drycleaning solvents, ie. petroleum solvent,
perchloroethylene(PCE), decamethylcyclopentasiloxane(Ds), with commercial detergents were studied. The detergency of
wool soiled cloth in drycleaning solvents without detergents were the order of PCE > petroleum solvent > Ds. When
commercial detergents were added to the system, the detergency were greatly improved. When 1.0% water was added to
solvents/commercial detergents system, the detergency of petroleum solvent and PCE improved whereas that of Ds
decreased. The soil redeposition prevention effects of solvents were the same order of detergency, i.e. PCE > petroleum
solvent > Ds. When commercial detergents were added to the system, the soil redeposition changed depending on
solvents and detergents. The soil redeposition in Ds became higher with a commercial detergent, therefore it is important
to develop appropriate detergents for Ds. Three silicone surfactants were tested for detergency and soil redeposition in Ds
to find candidate surfactants for drycleaning detergent formulations. Silicone surfactant PEG/PPG-19/19 Dimethicone was
found to be the best surfactant for Ds drycleaning detergents.
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FI0%E AASHAL, 7)o HzE AHBPAZ glycol
ether 9F10%%} Fol2A AHZZA < 0.1-0.2%7}
HA7te Aoz d#A Atk

D52 AAAES FAAI717] fl7 ==to| & A
A s A 459 AU A (surfactant 1-4)E
ARl AP3FR T Commercial detergent 59 F
AHEAAQ surfactant 172 Z3 A EA(Z )0l A,
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AP ZA AHEAAQ surfactant 2-4= Dow Corning
Korea () S A EH o] Q2o A WES AT
o} A&l o EAJL Table 1, 3}3F1%F~= Scheme
1-3%} 2tk

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

Scheme 1. Chemical structure of surfactant 1(SOFTANOL 30);
m+n=9~11, x=3.

o, o
(CH 3)3Si—0—(|Si—O)m— (|Si‘0)n— Si(CH,),

CH

s (CH),

O(CH,CH,0),~(CH,CH(CH;)0) H
Scheme 2. Chemical structure of rake-type silicone surfactants;
surfactant 2 (DC BY 11-030) : x=y=averagel9

surfactant 3 (DC 5225C) : x=y=averagel8.

*m & n : not known

CH,
(CH3)3Si—O—:Si—O—Si(CH3)3
(|CH2)3
O(CH,CH,0),(CH,CH(CH,)O) R

Scheme 3. Chemical structure of a trisiloxane surfactant;
surfactant 4 (DC 5200) : x=y=averagel8, R=lauryl(C12).

Table 1. Characteristics of surfactants: SOFTANOL30 & DOW CORNING® Silicone surfactants

Y Specific
Product name INCI name Emulsion type Description "’ gravity
Actives 9
250)
Cl12-14 Sec-Pareth-3 Slightly yellow clear
Surfactant 1 SOFTANOL30 (C12-14 secondary ~ W/O (BnLy yeriow cieal, 100%  0.932
Liquid Nonionic surfactant
alcohol)
Clear 50% dispersion of high
PEG/PPG-19/19 W/O, W/Si molecular weight silicone
Surfactant 2 DC BY 11-030 __. . D . 509 0.98
urtactan Dimethicone W/Si microemulsions surfactant(polyoxyethylene/poly- i
oxypropylene) in Ds
Surfactant 3 DC 5225 [ POPPGI¥I8 WIO, W/Si, Multiple -0 melecular weight 10.5% 0.956
Dimethicone surfactant in Ds
Liquid alkylmethyl siloxane
Lauryl PEG/PPG-18/18 W/O, W/W:
Surfactant 4 DC 5200 oy > WITax, copolyol of lauryl-(C12) and ~ 100%  0.896

Methicone

W/O/W Multiple

polyether-modified siloxane
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2.2 MIEAI™

X EMPA217(unsoiled test cloth, wool fabric,
muslin, washed)®} @ F3E EMPAI07(EMPA standard
soiling, wool soiled with carbon black/olive oil)&
sxloem? 37]2 ebd FEUALES SFat

SAAE AP Terg-O-TometerS ARE-3}o] 1.0g/1
ARBEA 48 1000mlo] L F=E 4mj¥ P31
40C 40cpmOo = 20&7F ARttt e A
5 1000mlZ 327 23] P+ £ AH HdxIoh

Ego)lZFYd A|EL Launder-O-meterS ARE-3}
of 1.0g/dl AHEEA &A&A 100mlo] 2 H3E
all, 107§ 9] stainless steel ball& EFHo Wi 4
oA 2087 AAT & ARG EA= 3E3E
AL F 37 FolA AdAdzx doh = H7F Al
EFolEEd Ad2 SRTE 05m EE 1.0ml
F71E & EFolEdd AEY F
Adddit. dx & 74 Aldxe w9
ae,

FHEALEL MZA (Color and Color Difference
Meter, Model TC-3600, Tokyo Denshoku Co., Ltd.)Z&
Y g2 2R, 9%, o dE, AHZ Twuba
g2nE 129 Kubelka-Munk 2(2)] 3] A=
E5 AAtgt

-

3
¢r

qg PHo=
=]

bbeS 53

- (K/S)s — (K/S)w
Duis(%0)= (K/S)s— (K/S)o

where,
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
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Ro— Rsr

Soil Redeposition(%) = o

where,

Ro : surface reflectance for original cloth

Rsr : surface reflectance for soil redeposited cloth

3. Ant H nF

3.1 AlHEdxe| = £

4% 9] AHZA A (surfactant 1, 2, 3 & 49 EX4
I} JLZE= Table 13} Scheme 1-3¢f e Qlth
Surfactant 12 ©3kAA 77|10 352 ethylene
oxideZ} 71wt H|o]2A AWAA |t}
Surfactant 29} 32 ZAIFE EAJS ZFL= dimethicone
(polydimethylsiloxane:PDMS) FZ& 2zt le
surfactant 2= H 19E, surfactant 3= HA 18
9] ethylene oxide?} propylene oxide7} Z+ZF H71=
A EA vlo| 24 AHEGA o]t}

Scheme 204 EZo] m¥} nd & A A o
U} surfactant 2= BA}2Fo] =231 surfactant 3= EA}
ZFo] Ztt= Zo =2 B w(Table 1) surfactant 2=
m¥} n9] Fko] =31, surfactant 3-2& mi} nel ZLo|
Aot AL & 4 9ol Surfactant 4= trisiloxane -
ZE Z¥= lauryl methicone®] X2 Ho 18E9]

ethylene oxide?} propylene oxide7} Z+z} H7ld Al
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% hydrophile by weight of molecule (% ethylene oxide) .. (4)

HLB =
5

HLB = hydrophile-lipophile balance
hydrophile = water-loving portion

In 3D HLB

% hydrophile by weight of molecule (% ethyleneoxide) (5)

X = 5

_ % lipophile by weight of molecule (% alkyl and propylene oxide) (6)

X = coordinate of hydrophile(water-loving portion)
Y = coordinate of lipophile(oil-loving portion)

Z = coordinate of siliphile(silicone-loving portion)
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219l Aol s ALt A3}t surfactant 19
HLB=7.90]t}. AT ZA AHEAA| el surfactants
2-49] A9 3D HLBE AAts|of =1, surfactants
29} 32 m¥}t n Fo] <A QA ghobA, 3D HLB
E AT £ T surfactant 4= A 4= 9l
At} Surfactant 42] 3D HLBE= 919 A(5-7)of <3
X=6.9, Y=10.6, Z=252 AAIE o2 AAZZA
Hrole X8A4o] 73ste] water-in-0i(W/O) o BAL
FAstEE &g 4+ Ar;. ESE surfactant 2= m
I} nQ ko]l I RZ, A ZAo] 73} surfactant
32 m¥}t n9 Zpo] Fomg A ZAo] ks A
ole |5 4 glouh HLBEHE AFAAFAA
A2 FE FAH E oryzt AHEAIA
FzolE Pelo] gonz ATE APom FAY
287} stk

3.2 AlE
PCE, Ds

BZAE ©FGX EMPAI079 EetolZEy AHA
o] Table 20| FAE YT AA7L A7 EA L
749-2] AZA42 PCE drycleaning > 437 drycleaning >
Ds drycleaning > 2] A gF 4=0]¢ith

4 ARG AAZE F7HEA o ol
ol 59| A2 A(negative detergency)2 UEFYL
KS FAAMAZE A7 E NS W 773%E F43]
FE A 1311% ojmj EzFo] M A +5
4" Zol 4o A FlHER A2 =
& 71Z9 gy $4 AgEt e Bt
ttx BHelth A{A fA2 =zho)ZEyd Al
e Be

4%, commercial detergent 1, 27} 715

E2lo|Z2|'dE MA ™7t Al MFA,
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Table 2. Detergency of soiled wool cloth in water and drycleaning solvents

Detergency(%) Detergency with 1% water(%)
Water  Feroleum - pop Ds Water Totoleum - pep Ds
solvent solvent

Without detergents -23.0(4.4) 54.1(0.8) 72.6(0.8) 48.5(4.4) 62.8(1.7) 73.5(0.5) 64.2(0.9)
KS detergent 77.3(0.8) - - - - - -
Commercial detergent 1 - 81.8(0.1) - - 80.2(0.5) - -
Commercial detergent 2 - 79.5(0.8) - - - 64.4(3.3) v -
Commercial detergent 3 - - 81.3(0.8) - - 85.0(0.4) -
Commercial detergent 4 - - 78.8(1.2) - - 84.1(0.6) -
Commercial detergent 5 - - - 66.3(2.1) - - 41.1(5.9)

*O)

: represent standard deviations
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A A Ao] 54.1% — 81.8%%} 54.1% — 79.5%= Z+
FFFEQ AL, PCE Egto|EE]d AlFAd2 commercial
detergent 3, 47} HA7I=ERL W 72.6% — 81.3%%}
72.6% — 78.8%Z TFAE|ITE Ds Ezto]ZEd Al
Z A= commercial detergent 57} 715%™ 48.5% —
66.5%2 AU oo} o] HANET Sefol
ZEdolA AlAl H7E Al ARGl dF3] FEE
AE & 5 Atk

a8y =tolZEd Al 1% =o] M7t 7
F= AU AAY F7l Tk g 2HE 2o
ot 54 849 3¢ commercial detergent 1, 2
7} A7FEE AlFA o] 62.8% — 80.2%%L}t 62.8% —
64.4%= Zt7 FFAFE L, PCE Egto|ZeEd AlA
AL commercial detergent 3, 47} H7IEIS o
73.5% — 85.0%%} 73.5% — 84.1%% 3JFAFE Qlt}. Hb
W, Ds E2to|E8d AFAAL commercial detergent 57}
H b 64.2% — 41.1%8 AsEYch =gto] 2
olqe $Ee S84 0@ AT A &
T A7FEHAYRIAIN, charge system) AlgE SOl
SIEL S3o] A2 Solrbs Aolmz e
EafolZ gl Rl Sl EAFTHL A7
sfjopgttt. wetA HHG =to|FYAAE A
st= Zo] m¢ Fasirta SRtk

Figure 12 AlAI7F ¢le 35 &All 0.5%2
L0%e) Bol A7HEE wel Ectel2ay A
Be molzth dREe A% A7 £A. PCE,
Dsoll Eo] H7IES W AlA Qo] FEM, 539
Ds9 AHQL =o] H7tHE MRfA &A1Y A
4 2o e BoEh

N

oy
2
“Toi

100

80

2

Detergency
=

[~
o

petro. solvent PCE D5
m0.0% 00.5% 81.0%

Figure 1. Added water effects on detergency of soiled wool
cloth without detergents in drycleaning solvents.

3.3 Al E210|Z22'EE MA EH7E Al M7A,
PCE, Ds 2x[0iAMe] A

RZE UZ EMPA2179 Ao gA A7} Table
3o AAEHRS AAZE JAZ7FEHA gke B9
AL FAL PCE drycleaning < A-§7| drycleaning <
Ds drycleaning < AN o2 PCEQ Aled=
T PR

SAAEY A KS FRAAZ AAEE Ao
FHZ 904%—283%= 43| WobHal, MfA
LA o] commercial detergent 1, 27} F7}E S w
= 63.6%— 52%%} 63.6%—7.1%=2 JZ3] Hof
ATt PCES] 7%= commercial detergent 3, 47} &
7 e 59.4% — 5.4%2} 59.4% — 19.1%2 oL
Ds9] 9= commercial detergent 57} H7}EH 72.6%

Table 3. Soil redeposition of wool cloth in water and drycleaning solvents

Soil redeposition(%)

Soil redeposition with 1% waten(%)

Water Petroleum Ds Water Petroleum PCE Ds
solvent solvent

Without detergents 90.4(0.2) 63.6(1.5) 59.4(1.1) 72.6(1.9) 59.7(0.5) 49.3(0.6) 65.6(0.5)
KS detergent 28.3(2.3) - - - - - -
Commercial detergent 1 - 5.2(0.7) - - 15.0(1.9) - -
Commercial detergent 2 - 7.1(0.6) - - - 62.8(1.7) - -
Commercial detergent 3 - - 5.4(0.8) - - 0.3(0.5) -
Commercial detergent 4 - - 19.1(1.2) - - 0.9(1.0) -
Commercial detergent 5 - - - 13.8(1.3) - - 68.0(0.5)

*( ) : represent standard deviations
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Soil redeposition

R
petro. solvent PCE D5
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Figure 2. Added water effects on soil redeposition of wool
cloth without detergents in drycleaning solvents.
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7 A7 e 288 59.7%— 62.8%2 EolAA A
Aol Ae@wx mIsh ¢tk PCES] A9
commercial detergent 3, 47} FH7IEWH A
49.3% — 0.3%2} 49.3%— 0.9%=2 @A A3}
AHEGA w7t v F9kth WA Dso| 7
detergent 57} H7l=EW Ao
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ol %9 Table 29} &2 BFoz Ao £
71592 Al commercial detergent 2, 5= &i}7}
£ etk
AAZE J7HEA @ o, &

Aeddel mA= aE Y —1
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oA & 4 A

0.

o fr 2 e 4

o_>|: -|0 _\ﬂ ox,

commercial

Al & A7t
#+A&A, PCE,
712 Figure 2

3.4 Ds 289 I:E}o|—='-F_I‘-' MI"“‘1 %“% -?—Ié._*
calo|Z2|'dMHE
ARZAA 7 A7HEA Fd=
HEGA7E A7HE NS B2
/3% Figure 3°] AAISHET.
Aol =0l H7HHA Fhe BF
=37} A]Q]— H| 3t surfactant 12 =@to]EE]Y
Aol AZ FAEQT, surfactant 2= LS5
FAHE AL & 4 QU v surfactant 3, 4= A

B9} 459 A
SefolZ ey A

AHZAGA

2 2t E2loIZaIGMMS AHEMH o7 215

Detergency

-100

B without water with 1% water added

Figure 3. Surfactants effect on detergency of soiled wool
cloth in Ds with/without water.

HEAGA F77F Aok Hlaste] A& o] A stE
1 E3] surfactant 4= 29] AFAS eI
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Figure 4. Surfactants effect on soil redeposition of wool
cloth in Ds with/without water.
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