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An Investigation of Surfactants for Drycleaning Detergents to Improve Detergency
of Wool Fabric in Eco-friendly Silicone Drycleaning Solvent
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Abstract: Detergency and soil redeposition of wool fabric in drycleaning solvents, i.e. 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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AR ET rlY. Green Earth®= 200749 IFI(International
Fabricare Institute)ZFE 2AX|¢} 3o dist F3F
oA SreuS W, FHAt A+ 2y
Environment CanadaX 20129] Green Earth®= ¢l
Aot e i tAstEz A7 2 o=
222 Wzt Dow CorningS 2d7He] 3 9]
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AHEGA = glycol ether 2F10%2}F Fol2A A
A oF 0.1-02%7F H7tE Aoe= dHA Uth
Ds& AlAAdS FA717] AT =l Z Y AlAl
Ne s 459 AHBA(surfactant 1-4)E Al
Aste] AY3A T Commercial detergent 59 3 A
AEAA surfactant 172 FEA 2R FH)A,
A 24 AHEAA| 2l surfactant 2-43= Dow Corning

Korea” () AEF o] F(grep)ol A ML AlF ot
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o} AFESIF o EAJL Table 1, 3FstLZE = Scheme
133} 2t

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

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

cH, o,
(CH,),Si—0—(Si—0);~(Si-0);~Si(CH,),
| |
CH, ((|3H2)3
O(CH20H20)X—(CH20H(CH3)O)yH
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—:S‘>i—O—Si(CH3)3
(CHy)
O(CH,CH,0),(CH,CH(CH,)0) 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

o Specific
Product name INCI name Emulsion type Description Actives gm\zlty
25C)
Cl12-14 Sec-Pareth-3 Slightly yellow clear
Surfactant 1 SOFTANOL30 (CI2-14 secondary ~ W/O (St yelow cied 100% 0932
Liquid Nonionic surfactant
alcohol)
Clear 50% dispersion of high
PEG/PPG-19/19 WO, W/Si, molecular weight silicone o
Surfactant 2 DC BY 11-030 Dimethicone W/Si microemulsions  surfactant(polyoxyethylene/poly- 0% 098
oxypropylene) in Ds
Surfactant 3 DC ssc  LOPPGISIS W/O, WISi, Multiple -0 Mmolecular weight 10.5% 0956
Dimethicone surfactant in Ds
Liquid alkylmethyl siloxane
Surfactant 4 DC 5200 Lauryl PEG/PPG-18/18  W/O, W/Wax, copolyol of lauryl-(C12) and ~ 100%  0.896

Methicone

W/O/W Multiple

polyether-modified siloxane
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AR AHEENoY ds FE22 DY 4
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o Aol ¢ ARBHAE e Ao T8
o S B2E AAIE AMBEAE BALE ¢l
o] AlFH = AT

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

X 100, ©)

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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o}, carbon black 0.1g/lE& E3 40C 40cpml = 20
27 BAEgt. T2 2o FFS 1000mE 3
27123 9T T A Azt

Cato]Z2aYd AegAd AEL Launder-O-meter
£ AHEStY] 1Logidl AWEEA A& 100mlo]
YE 19, carbon black 0.01g/dl, 107§¢] stainless
steel ball& EZHo] Wi ALo)A 2087t A
1 ® AR SAR 38T 15 Y T AAdR
o 2 A7 A EeelFEd Aoy ARe
222 05ml B 1.0ml 73 & =glo]Ea]

gy AT LT HRier A% A
2 ¥ 7 Hog¥y BANARS 2yt 9%
AeHEz a2 MAAZ Yk
o= Aol 93 AedES Atttk

¢

ol ofN ok

N
o 2L

o
A
o
ol
o
s

©

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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71&9] HLB: A A/QFo =z o] A9 o T&
T} e3tead g2 k= wid, 3D HLB: ¥
A7ty o) 7+ BAHL B, Belead 2o, A
o9& a1 7HF 71 A8 o] A4z Yl
ol 71%9| HLBE Ut Ao ok Az
Z+go] 7+ We 02008 kT Xt LA, Y=
g4, 7= AAgPEQoz Fo} ol 24-7)
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% hydrophile by weight of molecule (% ethylene ozide) ... (4)

HLB =
5

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

In 3D HLB

X = % hydrophile by weight of molecule (% ethylene oxide) L (5)

5

V= % lipophile by weight of molecule (% alkyl and propylene ozide) - (6)

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

coordinate of siliphile(silicone-loving portion)
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g9 A@el o3 A

Aret Ax} surfactant 19

HLB=7.90]%t}. Aa|ZA4 AHZAA| 9 surfactants
2-49] 7%= 3D HLBE AAtsjof =&t surfactants

29} 32 m¥}t n go] <A QA gobA, 3D HLB
E AT $= T surfactant 4= A 4= 9l
Rt} Surfactant 42] 3D HLBE 92| 2](5-7)°] <3|
X=6.9, Y=10.6, Z=252 AAlE o2 AAZZA
Hrole X840 73ste] water-in-0i(W/O) o BAL
FAstE e 9= 4 Uth E3F surfactant 2= m
I} nQ o]l I RZE, A ZAo] 38} surfactant
3& mi} no o] Feormzg x]/}___]ﬂik!o] oFsl #
olg} 9|&38 4= 9o}, HLBZE XA/ASA/A
deizy nee Ay B OMEP ARgHA
FxoE Bo] gonz AnE AYoE A
287 Ao

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 AHAL AAZ BAEA e W e
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,
SrloflMe] =E2to|Eald MAHY

N

ot oo X
flo St nﬂn

o

Table 2. Detergency of soiled wool cloth in water and drycleaning solvents

Detergency(%) Detergency with 1% water(%)
Water Petroleum Ds Water Petroleum PCE 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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W A& A o] 54.1% — 81.8%%} 54.1% — 79.5%= Zt 100

Z}y gRAES AL, PCE EtolEE]d Al A2 commercial

detergent 3, 47} HA7I=ERL W 72.6% — 81.3%%} 80

72.6% — 78.8%%2 JFAE QT Ds =gholEEY Al >

Z A= commercial detergent 57} 715%™ 48.5% — E’ %

66.5%2 FAE U olet Zo] FAMIY Sate] &

ZEdolA AlA A7 Al AlFRAo] 53] FEE =

AL ¢ & Aok 2y =EgtelEEd Al 1% 20

2ol H7td A$E EAU MAIY F7 weEk o
£ Z34E HoEt 454 €419 H$ commercial 0 tm-'- — — -
= > petro. solve
A (Y. 0
detergent 1, 27} H7tE™ A& Ao 62.8% — 80.2% ey iyl e

oF 62.8% — 64.4%2 Z+zb SFAFE|Q)IL, PCE E=ato)
223 MAAL commercial detergent 3, 47} H7}E
AL o 73.5%— 85.0%%}t 73.5% — 84.1%= FALE]
k. ®HE, Ds E=gtolEEd AR commercial
detergent 57} H7FEW 642% —411%2 AstEy 3.3 AE E2OIFEEE MM 7t Al MRA,
. Edfo|2edoAe] sRE £84 9L A PCE, Ds Exoiixel tHe&Hd

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

Ast7] 3l &% H7FEAWAIA Y, charge system) RAE Y EMPA2179] | edd ZAT7t Table
AEgE Fo 9" &0 §AZ o7t Aol 3o AAER. AAZE H7HEHA g F9Y
582 7R =gtolZE oA Ao FEo| A2 H/d2 PCE drycleaning < AJ-f-4| drycleaning <
gttt Ayzrsforgttt. whebA HHZE Sefol Ds drycleaning < 5AANE <S2 PCES g
S YAAE A3t Aol W Fasicta s 2] 5347} 74 o8t

At FAAEY H9 KS AAAAAZE H7tEH e

Fige 12 AAZE Q& A9 SR 05%  AHE 904%—283%= FHa| WOLAL, 497
1.0%9] &o] A7IEUS w9 =o|Ed AF Aol commercial detergent 1, 27} H7IE RS o
g RojZEoh YRR AL 484 84, PCE, E 63.6%— 52%%} 63.6%—7.1%%2 H2Z3] Yo}
Dsoll Eo] H7IE%S W AF Aol FEM, 5 Rt PCEQ| Z 9% commercial detergent 3, 47} 3
Ds9o AHQL Zo] H7tEd AHA &A1Y 7HE]H 59.4% — 5.4%2} 59.4% — 19.1%2 HRolzla
Al Bl 2488 HoEoh Ds9] 9= commercial detergent 57} H7}EH 72.6%

ol

=
J {

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

Soil redeposition(%) Soil redeposition with 1% water(%)
Water eooleum pop Ds Water ool pop 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

u0.0% 00.5% 51.0%

Figure 2. Added water effects on soil redeposition of wool
cloth without detergents in drycleaning solvents.

—138%2 WOl AL & 4 Atk 1%2] Bo] A7}
Hu gAlek AAe FR T Aedge wol
ety A4 4749 Ao
10] H7IEH HLFAHL 59.7% — 15.0%2 #3515
L} commercial detergent 27} F7}EH 23]8 59.7%
—628%% FoLAM AAe] AedyA aTt g
}lt}. PCEQ 7
HE JegAdL 49.3%—0.3%2 49.3%— 0.9%=
A3 AstE o] AWIPA EI7F o] =9t
U D59 79+ commercial detergent 57} H71E]
B PO FFO] 65.6%— 68.0%F EolAA AA <]
F37b Qoich ol oke] Table 29} T HFo
2 gAo o] 715 US Al commercial detergent
2, 5= a7 FA Uk

AAZE F7HEA k= ®, §All = A7
ALegdol vA= aE HH AFAEA, PCE,
Ds HF AL HHgo] &F Faste

oM & & gk

commercial detergent

39 commercial detergent 3, 47} A7}

A& Figure 2

3.4 Ds Exl2| E2l0I22Id MEY S HAst
Edlo|Z2[IMHE H2|ZEA AHEEH
AMSGA7T A7FEA FhE Bk 459 A

Etol22d AlF

ARAA BAERE Ao
92 Figure 30 AAI3FSTH

|Alol =ol F7EA @S B, AHELA
2A47F X9} v stH surfactant 12 Egto|SE Y

HFA o] AZ FAEQT, surfactant 2= Y53
FAE AL & 4 rh ¥HH surfactant 3, 4= A
HEA FH7E A9 wlaste] AlAAe] A skE

2 23t

E20|Z2SMHIE AHESEH A7 215

Detergency

with 1% water added

B without water

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

=9 AAAEE e
Al 1%9] &o] H7te A%, AHZAEA F
A7} A9} v|ws] B surfactant 29F Eato|E8 Y
AlFdol FEAE, UHA 3749 AHEAHA
surfactant 1, 3, 4= Egto|Z2d Al A o] A3}E
Aot ol= oA AW FRol surfactant 29k FA
2 ZAJ o] 7}5lo] water-in-silicone(W/Si) o] HA o] 7}
sot7] wwolzt Ak wEhA surfactant 2=
Ds9] AAAdS F4A1717] A Etol 2 PAA
€& F AUBEAZA Wi F2 FE AHBEA
2} 3}7ltk. E3t surfactant 13} commercial detergent
59 & FA7L Al EgolEEd AlAAES Blashy,
surfactant 12 50.7%9%]3L commercial detergent 5+
663%0| 22 Hx AHZYA H7t Al AlFA

FE AS & = AU

11 E3] surfactant 4=

3.5 Ds X9 xHFUX| sut AddS et
20|22 MAIE HE|Z2A AHEEH
AASHA FH7 A9} surfactant 1-4, 4%2] 7
HEAHAE A7HE B9 ALddol Figure 49

Rt o

GAlol =ol A7MEA @Fk= A, surfactant 1,
2= AegtA] avrt 431493l £33 surfactant
20) AodwA mIE W Shoiilch v
surfactant 3, 4= AHEGA H7F Al AL G0l
435 =ohAA AegdA adrt A A
|Alol =0 H7IEHWH & Z2¥E HoFEd,
surfactant 1, 4= A2 GWA] a37} 9131, surfactant
2, 3& Aeddtx] g3ty £9gth E3| surfactant 2
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Figure 4. Surfactants effect on soil redeposition of wool
cloth in Ds with/without water.

of Medu B e Setdtt. ojg 2ol
surfactant 25 A}8319 S W= AFAZT Ao gyt
A &I} A FAE B ol 2R 4
Zolt} w4fo] Ml Uehtx) o, surfactant 22
#|a9] Ds =S YAIAIE FE AHBAEA
3170t} ESt surfactant 13} commercial detergent 52]
E FAH7L Al AegAdS v|wstd, surfactant 12
38.5%9%] 11, commercial detergent 5+= 13.8%°|E2F
HEARSHA H7F Al ALdPA axrt F4d
Ae & 4 gk

watx] Eato|EEd-& AlAl i Al surfactant 2
o NAAY HeddA aRE S FEA77I
g3 AW REAVIAAY ATE FEATR
Agsta Ut

4.2 E

2 dFolA= Al =to|ZYAIAl H7t Al
A A &4, PCE, &7 AZA &A(D»)9 =
gholZ8d AAAES Bln nFsth

22 9uL EMPA217, BXE Q@I EMPAIO7S
A, Aw EstolZadAARE 494 A
£ 23 (commercial detergent 1 & 2), PCE® 2 (commercial
detergent 3 & 4), Ds& 13(commercial detergent 5)&
ARESHRTE EEE D59 EtolZ Y MAAES Y
A717] %t EtolEEdAlAl TS Hste 459
AB/ Al (surfactant 1-4)7F A= Ak 459 AHE
A T 152 Lut Blo]2A AHE/ A= Fhuf Ds
& AT =2l ZEYAIAY] F AHEEAZ AR
Qe Aolal, HE 3FL AHUEA AHUZAHA A

BFAYFG3A A 267 A 35

oy
o
Ton

APERERe 0o 28 Yt

[

HAE eHEY AHAGLE AAZE H7HEA &
t& 7% PCE drycleaning > 437 drycleaning
> Ds drycleaning > <Ak ol ek &4 H
3 cojolzeld mRold Alm A H7h A
AE o] 458 FAEA
2. =gpolZEd EAll 1% =°] H7Hd A%
EAY AA Y FFol @t tE s Ho
otk A4 &Aet PCEY =tolZEd AlF

MNr

A

oL

< AlE =g ZYAIAZE H7HEUS W F
ZE, Ds EtolZEd ARG Al Egto]
ZIAAZ F7tEH B2 AshE o

3. AAZE H7HEA %S AS BAE 9429 A
Q2 HdAL2 PCE drycleaning < A-8-A drycleaning
< Ds drycleaning < F4AE £2 2 PCES A2
AFA a7t 7B st SAAERYL =
gho|ZEd HFolA Al AlA H7E Al AHLE
WA a7t 455 FAEHA

4. =@to|ZEd &All 1% &°] H7IEd &4
oF AlAI9 FHl wet AeddS ol g2zl
th. 53] Ds9 A= AT =S AlAI7
F7HEH A egPol mobAA AAY axrt
U 3dct.

s AR AAEA e A% SR 05%st
10%S] =o] H7tEH EtolZed MHAGL
gREe A¢ ey 53 Do AL A
$A8AS AAY B Setdnh B8 Ao
FHE A Fasterh

6. Ag|ZA AHEAAS surfactant 2(PEG/PPG- 19/19
Dimethicone)i= &Ao &°] HF7H=A &2 A%
U H7HE AS 2F =do|EYd AlFRAel ¢
53] FAEUT BT AJegIA] ad= 7P
5t Dso] =gtolEEd AlAAdE FEAI7]
7] A% 1o =Ho|ZYAAE FE AW
/A o)t

LAl 2
o] =2 20138t = st StedERA

v 2o o5t AFEHew ojo] FHAI=EHY

o 3 AEE AES A FA ZEotEE

#W(F), FZAE4, Dow Corning Korea((F)SAE

o= HAEHY .
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