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Abstract - In this study, phase behavior study was performed for ternary systems containing AEO nonionic surfactant, water
and D-limonene as a function of surfactant concentration and temperature. The results in the ternary systems showed that a
three phase region containing a middle-phase microemulsipiri equilibrium with excess water and excess oil phase was
not found or formed over a very limited small region. On the other hand, addition of butyl diglycol(BDG) and butyl triglycol
(BTG) as cosurfactants lowered the temperature for the formation of a three phase region including a midaegpitapeo-
duced a three phase region over a wide range of temperatures. The solubilization experiments for abietic acid, triolein, and
lubricant using three different types jgEs showed that the maximum oil removal was achieved with a water-in-oil(M&O)
in all cases. Addition of a cosurfactant promoted the solubilization mainly due to a decrease in interfacial tension.
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Table 1. Physical properties of nonionic surfactants used during this study

Physical property SF-A SF-B SF-C
Cloud point(°C) - 49-51 53-58
HLB number 10.8 11.5 12.3
pH 55-75 5.5-75 55-75
Molecular weight 406 450 494
CMC(mol/L) 6.5%10° 6.8¥10°° 6.9*10°

28.05

1: Measured with 1 wt% surfactant concentration.

Surface tension 29.03 29.70
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Fig. 1. Partial phase diagram of the SF-B/water/D-limonene system at
40°C.
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Table 2. Electrical conductivity of the D-limonene, water, L, O/W microemulsion and W/O microemulsion

a7

i o=

g -

(unit: us/cm)

Conductivity Limonene Water £ O/W pE? W/O pE®
References 0 1.72-1.92 30.8 84.8 0.113
. . 0,

Tempomp.(S.W. OMo%  54.10: 60 30:20:50 30:30:40 30:35:35 30:40:30 30:45:25
SF-A at 30C 0.2 03 0.426 0.586 0.982 2.35
SF-B at 40C 0.134 0.297 0.556 0.895 1.35 4.07
SF-C at 50C 0.118 0.419 0.928 1.50 5.92 17.9

1: Measured with 3 wt% of SF-B surfactant concentration.

2: Volume fractions of SF-B surfactant, water and oil are 0.05, 0.85, and 0.1 respectivé.at 40
3: Volume fractions of SF-B surfactant, water and oil are 0.05, 0.1, and 0.85 respectivély.at 60
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Fig. 8. Effect of cosurfactant on microemulsion phase behavior in sy
tems containing SF-C, water and D-limonene.
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Table 3. Types of microemulsion formed in systems containing SF-C

surfactant, water and D-limonene

No. D-limonene Surfactant Water Type of microemulsion
1 25 70 5 oW
2 20 75 5 ow
3 15 77.5 5 oW
4 10 80 5 ow
5 5 90 5 ow
4 20 40 40 Bicontinuous
5 15 425 425 Bicontinuous
6 10 45 45 Bicontinuous
7 20 5 75 W/O
8 15 5 80 wW/O
9 10 5 85 wW/O

Table 4} 59 YeRiith. Table 4} 59 Vel cosurfactar® 3715t
A o AWEAEA NS 7RI AA, triolein, A8 &2l ThE 7T
3= E ST ABREL Table 3 FAIF AEY T3 248 7
= NEE 9udH, cosurfactart BDGS} BTGE #718le] 71843t =
E Z4¢ A== cosurfactarE AREAA 71202 AISTT 0557
FA7Y¥sle] A8 8 Asto|tt. BDGY BTGE cosurfactar H71er A%
A2zEe e Al wA HEs 293 A2 gisle] cosurfactant
& Hulete] 7H83le g 2798 A38-S cosurfactarg: H7FelA] e
ARBGATE 7R AP 25 ARG B 2T Ml
AH-E FHsidrt.

Table & SF-BAHE/GA) Al2gol tigh 7Hest= 27 Ax3s v
el Zlog Aheoa] aA AkeSl AAE 30°CY O/W pES = AHZ
QA =) BAGle] 0.02¢] Aol JMEgslE9low, AA FUTE
< S/ et AAE pEdl| et R 5 8 Aol 2A1E ¥
g2 45199t} 35-40°Ce] L= olA AAHE bicontinuouspES)
7H-8E = O/W pE=} vlalste] o 2-5i) Zrletslon, AW EAdA =
=7 U1 uket JHeElE e e ST 9 45-60°CY) 2
=4 AdE W/O uES] AAY gk 718-8= O/W UE, bicontinuous
HE WlaLste] mfe- =) VERGEE 10% o444 AREGA T2
A= O/W pE=}F ¥)ste] oF 204, bicontinuousuEz} H]25te] oF 25
vje] 7Re-8lert Fokekvl. g BDGY BTGY cosurfactarg 27F
AL AS UES AT Sv HAEgod = B8l AAY O
3k 712-3l=E= A 7[R UE 25 cosurfactar F7FSHR] &3-S A9
of B8l ZA F7F8I

W/O UE, O/W UE ZZ2]3 bicontinuouspES] trioleinel] th3dt 7831
T AAY FIRIRE W/O pEIA] 7178 =952 O/W pE, bicontinuous
HE 2.2 JERGTE O/W pEdA = AHEA & ZoTol #ARlo]
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Table 4. Solubilization of abietic acid, triolein and lubricant by microemulsions in SF-B surfactant system

Nol . Abietic acid(g) Triolein(ml) Lubricant(ml)
0. e
P SF-B SF-B+BDG SF-B+BTG@ SF-B  SF-B+BDG SF-B+BTG  SF-B  SF-B+BDG SF-B+BTG
1 0.02 0.02 0.02 0.1 0.3 0.1 0.1 0.4 0.4
2 ow 0.02 0.27 0.21 0.1 0.4 0.4 0.1 0.5 0.5
3 0.02 0.62 0.52 0.1 0.3 0.4 0.1 0.5 0.7
4 0.1 0.1 0.1 0.2 0.4 0.4 0.1 0.6 0.8
5 Bicontinuous 0.05 0.15 0.1 0.2 0.8 0.9 0.4 1.0 12
6 0.1 0.25 0.15 0.4 1.2 1.4 0.5 14 1.8
7 0.1 0.3 0.7 0.9 1.0 0.5 0.9 19 17
8 w/O 04 0.6 0.9 1.0 2.0 2.0 1.0 2.0 2.0
9 0.5 0.6 0.8 1.0 2.0 2.0 1.0 2.0 2.0
1: Sample compositions are the same as those given in Table 3.
2: Ratio of BDG and BTG to SF-B is 0.5 by volume.
Table 5. Solubilization of abietic acid, triolein and lubricant by microemulsions in SF-C surfactant system
Nol . Abietic Acid(g) Triolein(ml) Lubricant(ml)
0. e
P SF-C  SF-C+BD& SF-C+BTE SF-C  SF-C+BDG SF-C+BT( SF-C  SF-C+BDG SF-C+BTG
1 0.02 0.05 0.05 0.1 0.3 0.3 0.3 0.3 0.3
2 ow 0.02 0.35 0.34 0.1 0.3 0.4 0.4 0.3 0.4
3 0.03 0.62 0.65 0.3 0.3 0.4 0.4 0.4 0.5
4 0.05 0.1 0.15 0.2 0.4 0.5 0.2 0.5 0.7
5 Bicontinuous 0.05 0.1 0.15 0.4 0.7 0.9 0.4 0.8 1.2
6 0.1 0.2 0.25 0.5 1.3 14 0.5 1.4 1.7
7 0.1 0.5 0.8 0.9 13 0.8 0.9 19 2.0
8 w/O 04 0.65 0.9 1.0 2.0 2.0 1.0 2.0 2.0
9 0.5 0.65 0.9 1.0 2.0 2.0 1.0 2.0 2.0

1: Sample compositions are the same as those given in Table 3.
2: Ratio of BDG and BTG to SF-C is 0.5 by volume.
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Table 6. Interfacial tension measurements for various types of microemulsion with ng; triolein and lubricant in SF-B surfactant system

(unit: dyne/cm)

ot Bicontinuoug
Type — - — -
nCy Triolein Lubricant nGs Triolein Lubricant
SF-B 0.1871 0.1951 0.3130 0.1049 0.0032 0.0842
SF-B+BDG 0.1385 0.2639 0.3222 0.0026 0.0001 0.0020
SF-B+BTG 0.1212 0.2492 0.2290 0.0015 0.0001 0.0014

1, 2: Sample No. 2 and No. 5 given in Table 3.
3: Ratio of BDG and BTG to SF-B is 0.5 by volume.

Table 7. Interfacial tension measurements for various types of microemulsion with ng; triolein and lubricant in SF-C surfactant system

(unit: dyne/cm)

o/w! Bicontinuous
Types — - — -
nCys Triolein Lubricant nGe Triolein Lubricant
SF-C 0.2262 0.2677 0.4930 0.0162 0.0058 0.0372
SF-C+BDG 0.2910 0.3062 0.4432 0.0014 0.0002 0.0045
SF-C+BTG 0.1685 0.250 0.2873 0.0013 0.0002 0.0029

1, 2: Sample No. 2 and No. 5 given in Table 3.
3: Ratio of BDG and BTG to SF-C is 0.5 by volume.
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