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Abstract

The phase behavior of chlorinated hydrocarbon/mixed surfactants/water microemulsion

systems were investigated for dry cleaning solvent properties. With appropriate surfactant

mixtures, Winsor type I—III— II microemulsions were generated which is the same as

hydrocarbon systems. For perchloroethylene(PCE) with mixed Tween systems, the optimum

salinity(5*) decreases and the optimum solubilization parameter(¢*) increases with decreas-
ing HLB. For PCE with mixed Aerosol MA and ethoxylated alcohol systems, S* and ¢* both

increase with increasing ethylene oxide moles. For dichlorobenzene(DCB) with mixed

Aerosol MA and ethoxylated or propoxylated sulfate systems, S* and ¢* both increase with

increasing ethylene oxide moles or propylene oxide moles.
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sorbitan monostearate:ICI Chemicals
Tween 81, polyoxyethylene(4)
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Table 1. HLB values for systems as noted.

100:0 1 90:10 [ 80:20 | 70:30 | 60:40 | 55:45 | 50:50 | 45: 565 | e 0:100
Tween 21 : Tween 61 | 13.3 12.9 12.6 12.2 11.8 1ne | | | e 9.6
Tween 21 : Tween 81 13.3 13.0 12.6 12.3 12.0 11.7 11.5 | e-eee 10.0

7)ol 50mle] absolute ethanolg #7}5 ¥ Rotovap (PCE) 8} 29 vlo]a2odA-3 A5l Tween
£ AHgste] 'g‘?‘“% HAGg, o] WS 2~33]) WbE 21q)be] ®W1Fe 2 vlolazodAE FAY 4 Ysle

et o, RSpgde] 729} vharbA 2 NaCle) ¥ »l

29 &<k AF sl A GAE At X7l wtel Winsor type I-II— 112 o] sl
AEHQ viol a2z AAE JA3A

m. Zx & oF Fig. 12 A B4 &% v&-E 2efsle HLB

2 WA FE =] 5% (A4 A9 NaCl §x)9
HaHE WelFa gleh F A9 BF HLB7} 7t ol
it 'l HAHesw Zista 9ok, Tween 21/

ulo]-2A] AP Aq Tween 21/Tween 61, Tween 619] 7% 73} 5L y=8.6038—0.18499x2)
Tween 21/Tween 81, Tween 21/Tween 65, A 2AE glev], o] AoV A ¥y
Tween 21/Tween 859 T4 A BAYAAF o435  Tween 21/Tween 61 ®]¥<] 53.5/46.5% o S*7}
o] 25TCol4 wz=Aw@AA glo] perchloroethylene (o] =& 7-& o <= glr}, o] wje] HLB Z+-& 11.370]

1. Perchloroethylene /Z%} AHHEMH/Z o
ojo|A 20 ™A

§ Tween 61 y o 56038 - 0.104%x R*2 «0.996 .
DTween 81  y=8.1074-0.13830: R"2 0593 total surl. cone, = 3g/d
PCE
total surf, conc. = 3g/dl WOR=1
rCE 15'c
¢ WOR=l & - without cusurfactant

FLyw NaCl
without cosurfactant surfactant I = Tween 21
surfactant 1 = Tween 21 surfactant 2 = 4 Tween 61
surfactant 2 = T'ween 61 B Tween 51

or Tween 81

=
2
w 7Y
£ B
& 4 6

2

3 T J T T T
lllo 0 =0 n 2] L) 40 wrf, InTween 21 100 » m T ] 0 40 wrf. laTuven 21
10 N 30 a0 50 €0 murf. 2aTween 61
ot -Twm n [ 10 20 » 40 £ ] & Nﬁ;'hm:ll
mixed ratho of surfactant 1 & surfactant 2 (%) mixed ratio of surfactant | & surfactant 2 (%)

Fig. 1. Optimum salinity vs. mixed ratio of Tween 21 Fig. 2. Optimum solubilization parameter vs. mixed
and Tween 6l(or Tween B81) for systems as ratio of Tween 21 and Tween 61(or Tween 81)
noted. for systems as noted.
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Table 2, HLB, S* and ¢* values for systems as noted.

00:0 | 90:10 | 70:30 | 50:50
Tween 31 ;| HLB=13:3[HLB=13.0|HLB=12.5 HLB=119
Twee“ o | 5=85 | §'=1.5 | §'=7.3 | o middle
ween 0*=3.7 | o*=4.8 | o"=5.5 | phase
Tween g1 ¢ | FLB=13.3[HLB=13.1 | HLB=12.6|HLB=13.3
Tzee: o | =85 | §'=1.5 | §'=7.3 | no middle
e 6"=3.7 | 0*=4.8 | ¢°=5.7 | phase

slohis Zg oF & o™ Tween 659 Tween
85 EAEe] Wi 23 FaAHez Fwsp ac
Tween 61¢] #=}8& 605015, Tween 659 LA8F2
1841¢] 2.2 Tween 659 ¥A}%¢] Tween 61°] whak
3ui7} =, $4 F=(g/d]) el A AT 1/3
o] Elg]a} o|Z2% 4 9lck Tween 818 Ex}ekE 647
o] Tween 8§52 22}5k-2 18350},

Table 3& Sol2A AHB4dA¢] Aerosol MAsS}
Bl =7} 129] w]o] LA AR B4 4§ E¥sted PCE/
o vlelazoAAE HHRE W o*s) 5* e
3edZx gl Aerosol MA/CiGA(EO)OH(n=4,
12) 8} Aerosol MA/CEX (EQ):OH(n=3, 6, 8, 10)
+ 7% =% ethylene oxide®] E47} Frlg4-= 5°
8} gt 2% Frlele A& & 4 4. &, ethylene
oxide®] &7} Frkabd Al @434 2] HLB~} F7}3)
22 A4 5= Frieie, olwl Al yAdA Y 24
o7} FAlell F71eb7] wiEol o* = FVFEHAl Hek

2. Dichlorobenzene/Z3 HHEMA /22| D}O|
FRoHEA

Sol&A APAYAQ Aerosol MA/CBr(EQ),
SONa(n=0, 2, 4, 6, 8, 10)8} Aerosol MA/CsBr
(PO).SOsNa(n=0, 1.8, 2.56, 4, 6.5 &3 =&
& 23] 25ColA] dichlorobenzene(DCB) 3} &2]
ol oA FAIA o A+t AHY 4
S A gyl w2 wddix g 5] SlHA
2ZAABAA 50HBI00E H-}3lich. DCBY 7
$x Bt8lg4e) vlakrlz] & NaCle] 28 w#a]7]
ol u}e} Winsor type 1—- I - 12 Watsglc}t, 28
v} B3kt PCES) W@ o W34 e]ol ksl
AlZke] A,

Fig. 3& A @A A 3 ulgol 80/202} 60/4031
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Table 3. S* and ¢* values for systems as noted.

surfactant 2 S*/o*
C1:GA (EO) OH 2.4/2.0
Ci:GA(EO) ,0H 4.0/2.6
CEX (EO);0H 2.5/2.6
CiEX(EO)OH 3.5/3.8
CiEX (EQ)4sOH 4.0/3.8
CEX (EOQ) :,0H 5.5/3.8

surfactant 1=Aerosol MA

surf. 1 . surf. 2=1:1 by weight
total surf. conc.=4 g/dl

PCE WOR=1 25C

7§-%-o)| ethylene oxide 4~(EON)$} propylene oxide
4(PON) 2] F7}ol]l W& g*2] #HEE o5 9ok
80/202] 73-4- EONo| F7}1g&42 ¢*7} $7}3h} EON
=8eflA] FAAHE Malcy EONe| #7)sial Alg4]
A F2H Aol7} Frlstuz ¢*s} Frlslw e 44
&% 4 glcP>?, EON=8oll4] HLHL Bolt 7
< 434 d93ls)zl g =} Barans®x PCES
o] &7 AL AdelA 98 AAE dolxm gl
2% PONo] S71dE %7} 4435 F7lehe AL
£  3lch elH 44 PONo| F7}1845 A P44

] total surl. cone. = 2g/d1
DCB
1 WOR=1

16 25C

4 S0HBL0O (2g/d1)
NaC)

14 o Acrosol MA/CUBHEONSOMNS of
] Aerosol MA/CuBr(PO)RSOuNa = B 30/20

2 Aeroaol MA/CHBHEO)SONG or
*1 Aerosol MA/CuBr(PORSONE = § 60/40

s [3 4 2 ] zl 4 € 1 . lli . 7
PON EON

Fig. 3. Optimum solubilization parameter vs. EON,
PON for systems as noted.

[ritiEse th 3 g

o) F=A Flol7} F7)e] wEola} Az 60/40

9 AS= 80/208]) A9} FAY AL dgF
EON=PON=08] 7%+ middle phase vlo]z2 2
HAE 2 4 ek 60/409) 797} 80/209) AS-
3o} 2 o° % veEbich ol 4] CBr(E0),
SONas2} CieBr(P0),SONag] F&== 7Zo]»} Aero-
sol MAX T} 2] w Lo},

Fig. 4% 9% =749 $*9 =shg voFa
et 80/209] 7% EONe] F-sbw A A4 A9 4
£4 o] Frkknz 5*71 27184 "ok PONe] #7}
Y A4 vdeAe kg ez §*7) zhash} DCBe
5*7} o7t Zrhele S BelFok 60/409 AL #
ARRY A8S ¥ Fo] EON=PON=02] 71 middle
phase ulo]l2Zol A 2] 4ol ErH5slgieh 80/20
9] 73¢9} 60/409] 445 vl@3ld EON=6L 7|72
2 3oy EON<69 PON9| 7$-= 80/209) S*7} &
i, EON>69] 74-= 60/40%] $*7} arc}. <|& EON
=6%] AW gAdAe] HLB7} Aerosol MAe] HLB$}
FrAbstch 7H A ) gl 2He Adwo] rhsa Al
%, EON<6 s} PON9| 739+ Aerosol MAxXr}
HLB7} #7] wigol fo] EE4E S*r} 7adla,
EON>62] 7{-9%& Aerosol MAXc} HLB7} 27) uj

total curf, cone, = 2g/dl
DCR

WOR=1

15°C

S0HB 100 (2g/dr)

Aerasol MA/CuBr(EQRSOiNa or
Acrosol MA/CuBr{PORSOsNa = [] 30720

Aerozol MA/C1sBr{EQ)=50Na or
Aceresol MA/CuBr(PO)SONE = § 60/40

s 1
E
&
1 T l T I T I T I T I T I T I ¥ l L) l T
] [ 4 1 [ ] 2 4 [ 8 10 1
PON EON
Fig. 4. Optimum salinity vs. EON, PON for systems as
noted.
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total surf, cone. = 2g/dl
DCB

T

1

WOR=1 |

Jas'c |

SOHBL00(2g/d1) |

Aeresol MA cuar(m)‘somx{
60: 40

Qome
[ ¢ T mw

4 1. 13 20 22 4 6
salinity (wt % NaCI)

Fig. 5. Solubilization parameter vs. salinity for the
system as noted.

To gel E¥H4E 571 Fr1Uv BaranE¥x
PCES o438 fA1gk A¥olx 22 714-¢ skn gl
o,

Fig. 5+ @Y =<l Winsor type [ - II—1II vje]z
ZoHAE ¥edF3 gle), NaCle] 7} 27)8
el om(o/w =to]l 22 YA oil phasert FAlol
EANE 7+ oild] 71-&8 A £ F7HHE, caw(w/o
vlolZ B o WA 3} water phaser} E2]o] A Ho
water?] 7148 Al)E FFE¥cl Winsor type 11T
TGN o gt YL HE AFAW FAo A
Aelvh, Wz o|ghe] g*7} Hr?,

v, & B
Mlo] &4, Fo|2A AWMBAANE EgF o
perchloroethylene (PCE )/ & # dichlorobenzene
(DCB) /9] wlol A2 dAES dF3led, xajo]Z
U 2y F dold 4 Uk d23 w44 e
Feid A/ 89 vlol oA oF o o]g] x=gle]
Feid Aol A8 A4S nAS wEpes
o} 73¢9 vl IR 2 Q45 Bilea s HA4% A

81

%"EHH Algel o8 AAH oz vlejagodAs) ¢
USE dsgkeh AE2L b7 2

1 PCEY 7%, Tween 21/Tween61-'+ Tween
21/Tween 81 E§ Al &4 A9 v &L 2e)sle
HLBE ##lA7|M HLB7} ol 45 S*= 43l a

o' F7Hdk

$*7} 02l A& Tween 21/Tween 61%= HLB~} 11,
583] 7§-%-¢]5, Tween2]l/Tween 81% HLB~} 11.37
al 7-¢ole}, wepd o] olatel HLB &=7elA & 34
Aeie] nlel 2z A §4o] 7}5dlT o] F =ajo|F
# el -8% 4 ek

2. PCE®] 7%, Tween 21/Tween65%} Tween
21/Tween 85 &% AW F4Al+= HLB7} o 12.52
Z$A "L wlolagelHA e FHAo|rsdlde Z,
A 22) Al 2442 Tween 61°]1} Tween 81-¢ AH&
35S wlol| H]3le] mlo]Z 2ol dAE HAI3l7) oY
Aeke AL & 4 gickh debd 2 A9 wlolaz
odAE P48 AslME 49 =) wet AdY
AAe] T8 neisle] 4AE Qs o) P43
o}, . '

3. PCE9] 7%, Aerosol MA/C:GA(EQ),OHs%}
Aerosol MA/CLEX(EQ),OH &3 A= &4 4= eth-
ylene oxide®] 47} F7184% HLB7} 73l
§*7} F7keke FAlol, A A T2 Aol7t 7
7}t o*7) Fobehe A& 4 4+ Qlck
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