Chapter five

Results

5.1 Formulation

5.1.1 Phase Behavior

For a good description of the microemulsion systems it is necessary to determine the phase
diagram that describes thexperimental conditions in which it is possible to combine the
components in order to obtain transparent;pim&se and lowiscous systems.

A number of factors influence the water solubilization in mixed nonionic surfactants/oil mixtures.
Among these faors the type of surfactants, surfactants mixing ratio, the presence of additives
such as alcohols or electrolytésmperature (Ogino, Abe, 1992)

The roles of alcohol in microemulsions are to delay the occurrence of liquid crystalline phases, to
increasethe fluidity of the interfacial layer separating oil and water, to decrease the interfacial
tension between the microemulsion phase and excess oil and water and to increase the disorder in
these interfacial layers as well as their dynamic character. T¢whility of water, oil, surfactant

or mixed surfactants and cosurfactant meposition dependent variable (Kunieda, Nakano, Pes,
Ma, 1995),( Kunieda, Nakano, Akimura, 1995) and (Kunieda, Yamagata, 1993).

These oildnfluence the surfactant layer cutuee in aggregates or safganized structures when
solubilized. Other authors Hanun 2007) (Fanun, Salah ADiyn, 2006)(Szekeres, Acosta,
Sabatini, 2006) andMehta, Bala, 2000¥tudied cyclic hydrocarbons effect on microemulsions
formation. The placement of the solubilized oil in the surfactant aggregates highly affects the
change in surfactant layer curvatulieoil tends to penetrate in the surfactant palisade layer and

locates near the interface of the wdipophilic surfactant moietyunieda, Ozawa, Huang, 1998)
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the curvature would be less positive or negative. The curvature being defined as positive when the

surfactant film is convex toward water.

On the other hand, if oil is solubilizetkep inside the aggregates and tends to form an oil pool
(swelling), the opposite change in surfactant layer curvature is often infikioagtda, Umizu,
Aramaki, 2000) It is known that the penetration tendencyaofphiphilic or polar oils and cyclic
hydrocarbons is large. Cyclic hydrocarbons tend to penetrate in the surfactant layer and widen the
effective crosssectional area per surfactant. As a result, the surfactant layer curvature becomes
less positive or negative. On the other hand, the surfacdget kurvature tends to be more
positive upon addition of the oils that do not penetrate in the surfactant layer.

However, high surfactant levels are often not acceptable for economic or performance reasons. For
example, high surfactant levels in consumeduct formulations may leave unacceptable residues

on substrates. In chemical reaction media, high surfactant levels may constitute contaminants that

need to be removed, resulting in unacceptable process costs.

Ternary phasebehavior

Sucrose monolaurateand single oil

Figure 5.1 presents the phase diaggani t he system wat eiondnsatitttégeo S e mo
temperatures (AR5, (B) 37, (C) 48C. At Figure 5.1(A)the single phase appears for surfactant
contents above 60 wt% from the first additidna@ter. For surfactant contents below 60 wt% the
systemextendmultiple phase region$ut in Figure 5.1(B) and 5.1(@)e single phase appears for

surfactant contents abo4® wt% from the first addition of water
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L1695

II (Wm+O)
Water ION
| | (©) |
Figure 5.1 Phase diagrasof t he syst em: wat er / donane (O8l)e mono

atthree temperatures (&5, (B)37,(C)4AC. [ The one phase region is

mul ti ple phase regions ar e diatsn ligpenwddrectile wbight £ £  (

ratio of mixed surfactant / single oil or mixed oils equals 65/35.

Figure 52 presents the phase diagram of the system water/sucrose mondaaybetah oilat
25€. The single phase appears for surfactant contents &@@owt? from the first addition of

water. For surfactant contents bel8@/wt% the systemaxtendmultiple phase regions

L1695

Water




Figure 5.2: Phase diagram of the system: water/ sucrose monolaurate (L1695) / soya beans oll

(SB) at 25°C.

Figure 53 presents the phase diagram of the system water/sucrose mondaafbtekroil at
25€. The single phase appears for surfactant contents &@sowt% from the first addition of

water. For surfactant contents bel8&wt% the systenextendmultiple phaseegions

L1695

NG65

II (Wm+O)

W ater SF

Figure 5.3: Phase diagram of the system: wagertrose monolaurate (L16953unflower (SF) at

25°C.

Figure 54 presents the phase diagram of the system water/sucrose monahiveats at 25€.
The single phase appears for surfactant contents &xwto from the first addition of water. For

surfactant contents beld8b wt% the systenextendmultiple phase regions
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L1695
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Figure 54: Phase diagram of the system: waserérose monolaurate (L1695dlive oil (OO) at

25°C.

Figure 55 presents the phase diagram of the system water/sucrose monciaseats oiat 25€.
The single phase appears for surfactant contents &awto from the first addition of water. For

surfactant contents belo®5 wt% the systenextendmultiple phase regions

L1695

NG5S

I (Wm+O)

W ater SO
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Figure 55: Phase diagram of the system: wagercrose monolaurate (L169%Sesame 0i(SO) at
25°C.
Table 5.1 The total monophasic arear A%) for the system W/L1695/single oil at differemit

type and different temperatures.

At (%)
oil 25¢ 37C 45C
ION 24 33 33
SB 17 18 19
SF 8 8 8
00 11 10 10
o) 8 8 8

The resultgpresentedn Table 5.1we observe that, for microemulsion systems based on sucrose
| aur at e ( Lidnéne &il)has tha higher tdtal monophasic area values cethjgaother

oils studiedThi s ref ers t o t kianone gil avhich ¢ends tpenat@ate inrthe o f
surfactant layer and widen the effective cr@estional area per surfactant.

Triglyceride oil has low total monophasic ateecausef their high moleculawvolumeand so the

ability to penetrate the interfacial film is very low and doed assist to obtain the optimum

curvature of surfactants.

Sucroseoleateand single oil

Figure 56 presents the phase diagram of the system wR@sucroseoleaté peppermintoil at
25¢. The one phase microemulsion region extend to approximately 35 wt% water and surfactant
approximately 47 wt% along the dilution line N65.For water above 35 wt%yhEmextends

multiple phase regions
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01570

Water+PG {\E\'T

Figure 56: Phase diagram of the system: waiGH2/1) /sucroseoleate (01570)/ peppermint
(MNT) at 25°C.[ The one phase region is designated by
designated by tt (Wm+O)]. N65dulition | ine d

surfactant / single oil or i oil equal 65/35themixing ratio (w/w)of W/PGequals 2/1.

Figure 57 presents the phase diagram of the system wR@sucrosenleatéR(+)-limonene oilat
25¢. The one phase microemulsion region extend to approximately 35 wt% water and surfactant
approximately 45 wt% along the dilution line N65.For water above 35 wt%y#temextends

multiple phase regions
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Figure 5.7: Phase diagram of the system: waiGHsucrose oleat€01570)/R(+)limonene oil

(LIM) at 25°C.

Figure 58 presents the phase diagram of the system wR@sucroseoleaté U-ionone oil at
25¢. The one phase microemulsion region extend to approximately 35 wt% water and surfactant
approximately 42 wt% along the dilution line N65.For water above 35 wt%yhEmextends

multiple phase regions
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01570
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Figure 5.8: Phase diagram of the system: waR@sucrose oleat¢01570)/Uionone oil (ION)

at 25°C.

Figure 59 presents the phase diagram of the system wR@sucroseleaté Uionone oilat 25€.
The one phase microemulsion region extend to approximately 20 wt% water and surfactant
approximately 55 wt% along the dilution line N65.For water above 20 wt%yh=mextends

multiple phase regions
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01570

Water+PG iPI\'I
Figure 5.9: Phase diagram of the system: waR@tHsucrose oleat€O1570)/isopropylmyristate

oil (IPM) at 25°C.

Figure 510 presents the phase diagram of the system wR@sucroseoleatécaprylic-capric
triglyceride oil at 25C. The one phase microemulsion region extend to approximately 35 wt%
water and surfactant approximately 45 wt% along the dilution line N65.For alzdee 5 wt%

the System extends multiple phase regions.
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Figure 5.10: Phase diagram of the system: waiGt/sucrose oleat¢O01570)/ capryliecapric

triglycerideoil (CCT) at 25°C.

Figure 511 presents the phase diagram of the system wR@sucroseoleate olive oil at 25C.
The one phase microemulsion region extend to approximately 18 wt% water and surfactant
approximately 63 wt% along the dilution line N65.For watbovel8 wt% the System extends

multiple phase regions.
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Figure 5.11. Phase diagram of the systemater+G /sucrose oleat€D1570)/ oliveoil (OO) at

25°C.

Figure 512 presents the phase diagram of the system wa@sucroseoleatdsesameil at 25C.

The one phase microemulsion region extend to approximately 15 wt% water and surfactant

approximately 65 wt% along the dilution line N65.For watbovel5 wt% the System extends

multiple phase regions.
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01570

Water+PG ‘ . - SO
Figure 512 Phase diagram of the system: waiGt/sucrose oleatéD1570)/ sesameil (SO)at

25°C.

Table 52: The total monophasic arear £%0) for the system W+PG/0O1570/single oil at different

oil type and different temperatures.

From the results printed in the Table 5.2 we observe lieagyistems containing cyclic oils (MNT,
LIM and ION) and linear oil (IPM), there is a difference in the behaviotheir oils and
triglycerides, andhis is explained in terms of oil lipophilicity and penetration in the surfactants

palisade layer. Solulilation and placement of polar oils in aggregates orasgHinized structures
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influences the surfactant layer curvature and the structure of thasselinbled systems. If the oils

have a tendency to penetrate in the surfactant palisade layer and lesmatbeninterface of the

water lipophilic surfactant moiety, the curvature would be less positive or negative (Kunieda, et al,
2001).

For microemulsion systems based on triglyceride oil, we observed that the total monophasic area
At (%) in the system wakess than other oils used in this study; cyclic and linear oils. This is due

to that the two oils (OO and SO) are triglyceride with high moleatdhrmeand so the ability to
penetrate the interfacial film is low when compared with cyclic oils whichharetriglycerides

oils. Formation of microemulsion depends on the oil structure and oil penetrationisvhifdcted

by molecularvolume triglycerides have bulky shape and high molecutdumewhich increases

the difficulty to penetrate the interfacidm to assist the optimum curvature.

Phase diagrams present of the systems W/ single surfactant/ oil and W+PG/ 01570/ oil, the
variation of the total monophasic region for oil at different temperature when change surfactant

type the variation depend oarfactant chain length and HLB.

The observed temperature independence of the O1570 systems can be a consequence of the
enhance solubility of the hydroxylated nonionic surfactant in the mixture of propylene glycol and

water.
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Ethoxylated monao-di-glyceride and single oll

Figure 513 presents the phase diagram of the system wetterlylated monali-glyceride/ U-
iononeoil at 25C. The single phase appears for surfactant contents di8owv&6 from the first

addition of water. For surfactant contents beftl8wt% the systenextendmultiple phase regions

EMDG

Figure 5.13: Phase diagram of the system: wadtrdxylated mondali-glyceride( E MD G3 / U
iononeoil (ION) a t 25AC. [ The one phase region is desi
regions are designated by tt (Wm+O0)]. N6S5dul i

mixed surfactant / single oil or maxloil equak 65/35.

Table 53: The total monophasic area A(%) for the system W/EMDG/ION at different

temperatures.
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PEG-7 glyceryl cocoateand single oil

Figure 514 presents the phase diagram of the system W&i&7 glyceryl cocoatgpepperminoil
at 25C. The single phase appears for surfactant contents &2avt from the first addition of

water. For surfactant contents bel@2wt% the systenextendmultiple phase regions

M159

I (Wm+0O)

g

o ” o ” 5 ” rd

Water ' ’ -INT
Figure 5.14: Phase diagram of the system: waRdE(G 7 glyceryl cocoatéM159) / peppermint oil
( MNT) at 25AC. [ The one phase region is desig
designated by tt (Wm+O0O)]. N65 i s tethsurfackdni/ut i on

single oil or mixed oils equals 65/35.

Figure 515 presents the phase diagram of the system W&EE glyceryl cocoatR(+)-
limoneneoil at 25C. The single phase appears for surfactant contents &bavig€s from the first

addition of water. For surfactant contents be@wit% the systenextendmultiple phase regions
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M159

Water LIM

Figure 5.15: Phase diagram of the system: watEG7 glyceryl cocoat¢M159)/R(+}limonene
oil (LIM) at 25°C.

Figure 5.14 presents the phase diagram of the system W / M159/MNT at F5¢Gre 5.15
represents thehase diagram of the system W/M159/LIM system at teatpee 25C. For the
system WM159/MNT, the total monophasic aredr (%) at 25°C equals 19%. For system

W/M159/LIM, the total monophasereaAr (%) at 25°C slightly increase=juals 20%.

Figure 516 presents the phase diagram of the system W&&¥ glyceryl cocoate -iodoneoil
at 25C. The single phase appears for surfactant contents &@Boveo from the first addition of

water. For surfactant contents bel@awt% the systenextendmultiple phase regions
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M159

Water ' ’ } l ' ION
Figure 5.16: Phase diagram of the system: walEG7 glyceryl cocoatd M1 5 Signéneoll

(ION) at 25°C.

Figure 517 presents the phase diagram of the system W&EE&” glyceryl cocoaté
isopropylmyristate oilat 25€. The single phase appears for surfactant contents atdbwa%
from the first addition of water. For surfactant contents bél@wt% the systenextendmultiple

phase regions

M159

II (Wm+0O)

I % I 7 4

Water i IPM

52

—
| —




Figure 5.17: Phase diagram of the system: wateEG7 glyceryl cocoatgM159) (M159) /

isopropymyristate oil(IPM) at 25°C.

Figure 518 presents the phase diagram of the system Wd&/7/ glyceryl cocoaté caprylic
capric triglycerideoil at 25C. The single phase appears for surfactant contents @Bovt86 from

the first addition of water. For surfactant contents bel@wt% the systenextendmultiple phase

regions

M159

Water CCT
Figure 5.18: Phasediagram of the system: watBEG7 glyceryl cocoatédM159)/capryliccapric

triglycerideoil (CCT) at 25°C.

Figure 519 presents the phase diagram of the system W&EE&7 glyceryl cocoatisoybean oiht
25¢. The single phase appears for surfactant contents attowt%o from the first addition of

water. For surfactant contents bel@@wt% the systenextendmultiple phase regions
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Figure 5.19: Phase diagram of the system: wateEG7 glyceryl cocoat§M159)/soybean oil

(SB) at 25°C.

Figure 520 presents the phase diagram of the system W& glyceryl cocoatésunflower oil
at 25C. The single phase appears for surfactant contents &0avt from the first addition of

water. For surfactant contents bel@@wt% the systenextendmultiple phase regions

M159




Figure 5.20: Phase diagram of the system: wate#G 7 glyceryl cocoatédM159)/ sunflower oil

(SF) at 25°C.

Figure 521presents thghase diagram of the system weR&iG7 glyceryl cocoatkolive oil at
25¢. The single phase appears for surfactant contents &@towt2o from the first addition of

water. For surfactant contents bel8@wt% the systenextendmultiple phase regions

M159

II (Wm+0O)

Water , ’ ’ ! , ’ , ' ' 60
Figure 5.21: Phase diagram of the system: waklE/G7 glyceryl cocoat€M159)/ olive oil (OO)

at 25°C.

Figure 522 presents the phase diagram of the system W& glyceryl cocoatesesameil at
25C. The single phase appears for surfactant contents alowt% from the first addition of

water. For surfactant contents bel@@wt% the systenextendmultiple phase regions
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M159

Water SO

Figure 5.22: Phase diagram of the system: wateEG7 glyceryl cocoat§M159)/ sesame oil

(SO) at 25°C.

Table 54: The total monophasic arear £%) for the system W /MA9/single oil at different oil

typeand different temperatures.

From the results printed in the Table 5.4 we observe ltleagyistems containing cyclic oils (MNT,

LIM and ION) and linear oil (IPNlandtriglyceride oil ,we observed that the total monophasic area
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At (%) in the microemulsionsystens triglyceride oil was less than other oils used in this study;

cyclic and linear oilsThe result the same reasoning as result in page 48.

Glycerol monooleateand single oil

Figure 523 presents the phase diagram of the system wglig@rol monooleatdpeppermintil
at 25C. The single phase appears for surfactant contents &ovt&o from the first addition of

water. For surfactant contents bel®@wt% the systenextendmultiple phase regions

M300K

N65

II (Wm+0O)

Water MNT
Figure 5.23. Phase diagram of the system: watgycerol monoolerol (M300K) peppermint oll
( MNT) at 25AC. [ The one phase region is desig
designated by itthedilgtiddnirneQuhdre the Méidght ratio of mixed surfactant /

single oil or mixedoils equat 65/35.
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Figure 524 presents the phase diagram of the system wglier@rol monooleatdR(+)-limonene
oil at 25C. The single phase appears for surfactant contents &avto from the first addition

of water. For surfactant contents bel8awt% the systenextendmultiple phase regions

M300K

Water LIM

Figure 5.24 Phase diagram of the system: watggcerol monooleate (M300KY (+)-limonene

oil (LIM) at 25°C.

Figure 525 presents the phase diagram of the system wgli@érol monooleatd-iononeoil at
25€. The single phase appears for surfactant contents &%éo from the first addition of

water. For surfactant contents bel8&wt% the systenextendmultiple phase regions
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Water ION

Figure 5.%5: Phase diagram of the system: water/glycerd n oo | e at e-ionprid3id 0 K) / U

(ION) at 25°C.

Figure 526 presents the phase diagram of the system watgcerol monooleatdsopropyl
microstateoil at 25C. The single phase appears for surfactant contents 8baw® from the first

addition of water. For surfactant contents be8®wit% the systenextendmultiple phase regions
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M300K

N65

I (Wm+O)

Water IPM

Figure 5.26: Phase diagram of the systemwater/glycerol monooleate (M300K)/

isopropymyristate oil(IPM) at 25°C.

. Figure 527 presents the phase diagram of the system wglyeerol monooleate caprylic-capric
triglyceride oil at 25€. The single phase appears for surfactant contents &oxéo from the

first addition of water. For surfactant contents be@bwit% the systenextendmultiple phase

regions
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Figure 5.27: Phase diagram of the system: watgytcerol monooleatd M300K) /caprylic-capric

triglycerideoil (CCT) at 25°C.
Figure 528 presents the phase diagram of the system wgli@#rol monooleatd soybearoil at

25€. The single phase appears for surfactant contents &%éo from the first addition of

water. For surfactant contents bel®&wt% the systenextendmultiple phase regions

M300K

N65

I (Wm+O)

Water SB

61

—
| —




Figure 5.28: Phase diagram of the system: watgyterolmonoolate (M300K) soybean 0i(SB)

at 25°C
Figure 529 presents the phase diagram of the system wglyeerol monooleatd sunfloweroil at

25¢. The single phase appears for surfactant contents &wi&o from the first addition of

water. For surfactant contents bel®8&wt% the systenextendmultiple phase regions

M300K

N65

II Wm+O)

Water SF

Figure 5.29: Phase diagram of the system: watgyterolmonooleate (M300K) gunflower oll

(SF) at 25°C.

Figure 530 presents the phase diagram of the system wglyeerol monooleatédolive oil at 25,
The single phase appears for surfactant contents &%oxtéo from the first addition of water. For

surfactant contents belo®b wt% the systenextendmultiple phaseegions
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Water 00
Figure 5.30: Phase diagram of the system: watgyterolmonooleatd M300K) /olive oil (OO) at

25°C.

Figure 531 presents the phase diagram of the system wgligrérol monooleated'sesamepil at
25¢C. The single phase appears for surfactant contents &m0 from the first addition of

water. For surfactant contents bel6wt% the systenextendmultiple phase regions

M300K

(
\
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Figure 5.31: Phase diagram of the system: watgyterolmonooleate (M300K)sesame oil (SO)

at 25°C.

Table 55: The total monophasic area £%6) for the system W/M300K/single oil at different type

oil and different temperatures.
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15 - u M300K
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ION

Figure 5.3: Variation of the total monophasic regior ®b) as function osurfactantsontentin

the UiononeattemperaturQSEC.
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The results presented in Figure 5.32 we observe that for microemsysitams based on different
types s ur fianone ailrhasghe kighet total monophasic area values when used (01570

and PG) that tend to other surfactants.

From the resut shownin Table 5.5different systemsare observedSolubilization of water in
reverse micelle systems depends upon many factors, for example, type of surfactant (and
Cosurfactantsecond surfactant), oil, temperature, and addifjues Ma, Cheng, et al, 1998But

the main driving force of such solubilization is the spontaneous curvature and the elasticity (or
rigidity) of the interfacial film formed by the surfactant systébeung, Shah, 1987)If the
interfacial curvature and the bending elasticity are fixgalubilization can be maximized by
minimizing the interfacial bending stress of the rigid interface and the attractive interdroplet
interaction(Chen, Evans, Ninham, 1984f)he critical packing parameter (CPP, givenFoy v/al
wherev and| are respectely the volume and length of the hydrophobic chain argdthe area of

the polar head group of the surfactant) of the surfactant plays an important role in water
solubilization.

In the present study, addition of nonionic surfactants of different typeshemical structures

(L1695, 01570, M159 and M300K) with different types and chemical structureguces
synergism in their solubilization capacity. The highest and love¢st monophasic areatA%)

values are obtained with the L1695/ION, O1570/ION, EMDG/ION, M159 and M300K/ION
systems respectively, at corresponding total monophasic ar@a)Avalues of 17, 44,24,13 and 8,
whereas follows the order O1570 >EMDG >L1695 >M159 >M300K. Because of the
interdependence of both the parameters the plausible mechanism for the solubilization
phenomenon arising out of the hydrophilipophilic balance (HLB) of the added nonionic
surfactant, and For such systems, the solubilization capacity can be increasgdrbodification

of the molecular structure of either the interface or continuos phase s tisancreased. Starting
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from a shortchain alkane, increasing the oil chain length would gradually reduce the cohesive
interaction between the hydrocarbon iosaof the interface and decrease the interfacial rigidity

due to decreasing oil penetration. The solubilization for such systems thus increases due to the
decrease in packing paramete) &nd consequent increase in natural radius. On the other hand, for
systems with greater chain length alkanes, the interdroplet interaction governs the solubilization
process. Consequently one would expect a decrease in solubilization in microemulsion with further

increase in oil chain lengttaul, Mitra, 2005).

5.11.2 Phase behavioof mixed surfactants/ single oil systems

Effect of mixed surfactants weight ratios

The volume of microemulsion generated per weight of surfactant added to a water/oil is commonly
described as the sur fdficidney oan befinfidericeddy serfactaptdype, Su r f
molecular weight, temperature, and a host of formulation variables (Biais, Clin, Laolanne, 1987).

In order to avoid superimposing the effects of domain curvature on efficiency measurements,
surfactant effieencies are typically determined at zero interfacial curvature (in the bicontinuous
microemulsion state) at equal oil to water volumes.

5. 1. 1. 2sucroseiMonalaeirdte and PEG-7 glyceryl cocoate.

For microemulsion systems W/L1695+M159/0il, addirt§G 7 glyceryl cocoatéM159) to the

system to enhances the formation of the-phase microemulsion regions. Tisexplained by the
mixture of surfactants enhanttee surfactants partitioning the interface, thus increasing the

stability of the amphiphilic film. And the average HLB number of about 14.5, so that the blend of
surfactants affect the packing parameter of the mixed surfactants in a manner that more water can

be solubilized in the mroemulsion droplets.

66

—
| —



It is considered that the surfactant monolayers at the interface of water and oil domains inside the
microemulsions are directly related to the solubilization of water andtheil monomeric
solubilities of L1695 in both oil and wat are low and this quite different from that of M159
which is completely soluble in both oil and water.

The maximumtotal aria A (%) in ratio between L1695/M159 is equal 1/1.

System#1 W/ L1695+M159/MNT

Figure 5.33 present the phase diagrarthefwater/ sucrose monolaurate (L1699 EG7

glyceryl cocoate (M159) peppemint oil (MNT) system at different weight ratios of L1695/M159
that arg(A) 3/1(B) 1/1(C) 1/3.

As show inFigure5.33 A, the one phase microemulsion region appears fronrghaddition of
water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to
approximately 75 wt%vater along the dilution line N65. Fhirgher mix surfactant contents the
one phase microemulsion region could extend to ad@wit% water.

For low mixed surfactants contents (beld&v wt %) a mul ti phase reign ¢t
Some behaviois observed ifrigure 5.33B, with the difference that the area of the one phase
microemulsion region decreased since the multiphaserrégextended to mixed surfactants
contentsabove 35 wt%. In Figure 5.33C the one phase microemulsion region shrinks more

compared to 5.33B.
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L1695/ M159=3/1

Water

(A)
L1695/M159=1/1

Water

(B)
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L1695/ M159=1/3

II (Wm+0)

Fd = I = 7 % I s [

Water =~ MNT
©)
Figure 5.33: Phase diagrams tlie system: water/ sucrose moaatate (L1695) PEG7 glyceryl
cocoate (M159Y pepper mint oill MNT ) . The one phase region 1is
mul tiple phase regi ons ar dghedldisnililerwhereghd mixiyg £t (

ratio (w/w) of (L1695+M159)/MNT = 65/35, L1695/M1504) 75% (B) 50% (C) 25%.

Table 5.6 The total monophasic area £6) for the system W /L1695+M159/ MNT at different

mixing ratios of mixed surfactants and at different temperatures.

25 56 58 58
50 48 50 50
75 39 43 43
100 19 22 22
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Figure 5.34: Variation of the totalmonophasic region A(%) as function of PEG glyceryl cocoate

contentin the surfactants mixture (L1695+M159) and as function of temperature for the syStém:

L1695+M159/ MNT.

System#2 W/ L1695+M159/LIM

Figure 5.35 present the phase diagram of the water/ sucrose monolaurate (L1BE&7+
glyceryl cocoate (M159)/R(+)-limonene oil (LIM) system at different weight ratios of
L1695/M159 that are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure 5.35 Ahe one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to
approximately 30 wt% water along the dilution line N65. For higher mix surfactant contents the
one phase microemulsion region could extend to about 60 wt% water.

For |l ow mixed surfactants contents (below 30 w
Some behavior is observedkigure 5.%B, with the difference that the area of the one phase
microemulsion region decreased since the multiphase region is extended to mixed surfactants
contents abovB5 wt%. In Figure 5.35C the one phase microemulsion region increase slowly

compared to 5.35B.
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Figure 5.3: Phase diagrams tlie system: water/ sucrose monolaurate (L169PEG7 glyceryl
cocoate (M159)R (+)-limonene oil( L 1 M) . The one phase region is
mul tiple phase r egiWnr@G). N&S isthe dilatisni ligenvaereette mixing £t £ (

ratio (w/w) of (L1695+M159)/LIM = 65/35, L1695/M15¢A) 75% (B) 50% (C) 25%.

Table 5.7: The totalmonophasic areaA%) for the system W /L1695+M159/ LIM at different

mixing ratios of mixed surfactants and at different temperatures.

25 50 51 50
50 54 51 54
75 58 52 58
100 20 19 20
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Figure 5.36: Variation of the total monophasic aréa (%) as function PE& glyceryl cocoate
contentin the surfactants mixture (L1695+M159) and as function of temperature for the system:

/ L1695+M159/ LIM.

System#3 W/ L1695+M159/ION

Figure 5.37 present the phaseagtam of the water/ sucrose monolaurate (L1695) +-PEG
glyceryl cocoate (M159) l+ionon oil (ION) system at different weight ratios of L1695/M159 that

are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure 5.37 Athe one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to
approximately 12 wt% water along the dilution line N65. For higher mix surfactant contents the
one phase microemulsion region could extend to about 62 wt% water.

For | ow mixed surfactants contents (below 55
Some behavior is observed kigure 5.37B, with the difference that the area of the one phase
microemulsion region increased since the multiphase region is extended to mixed surfactants
contentsbelow 55 wt%. In Figure 5.37C the one phase microemulsion region shrinks more

compared to 5.37B.
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Figure 5.37: Phase diagrams tlie system: water/ sucrose monolaurate (L169PEG7 glyceryl

cocoate (M159) Uionon oil( | ON) .
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of (L1695+M159)/ION = 65/35, L1695/M159A) 75% (B) 50% (C) 25%.

Table 5.8 The total monophasic arée (%) for the system W /L1695+M159/ ION at different

mixing ratios of mixed surfactants and at different temperatures.

regi on

25 20 21 20
50 52 46 52
75 42 41 42
100 13 13 13
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Figure 5.38: Variation of the total monophasic ar@a (%) as function PE& glyceryl cocoate
contentin the surfactants mixture (L1695+M159) and as function of temperature for the syétem:

/ L1695+M159/ ION.

Figures5.33, 5.35 and 5.3 present the phasehaviorsof the systems W/L16934159 cyclic oil.
The mixing ratio of (L1699W1159) equals(75, 50, and 25%#and Figures 34, 5.3%and 5.38
represent the variation of the total monophasic redier(%) as function of mixing ratios of
different surfactantand as function of temperaturd/hen PEG7 glycerol cocoatenixed with
sucrose monolauratthe total monophasic aréer (%) at 25°C for the mixing ratios1159L1695
equalsmaximum total aregave us the best resiutt Table5.9. From the dat@resented an Tables
5.6, 5.7 and 5.8 and Figures 5.33,5.35 and 5.37, about the values of theotat@hasic area+A
(%), it apperes that the variation intA%) values with temperatures is small indication the
formation of temperaturensensitive microemulsions. This behavior indicates that mikiié9
with L1695 improves the water solubilization it not affect the temperature insensitivity of

L1695. This behavior an advantage for this mixture of surfactants.
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Table 5.9Themixed surfactants ratio and compar@dmaximum total monophasic arearA%)

for the system W /L1695+M159il at temperaturQSCC.

Oil Maximum At (%) Mixed surfactants
(M159/M159+L.1695)
MNT 56 1/3
LIM 58 3/1
ION 52 1/1

System#4 W/ L1695+M159/IPM

Figure 5.39 present the phase diagram of the water/ sucrose monolaurate (L1695)}7+ PEG
glyceryl cocoate (M159) gopropylmyrstate oil(IPM). system at different weight ratios of
L1695/M159 that are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure 538A, the one phase microemulsion region appears from the first addition of
water along the mixed surfactanteil axis. The one phase microemulsion region extend to
approximately35 wt% water along the dilution line N65. For higher mix surfactant contents the
one phase microemulsion region could extend to ai®wt% water.

For low mixed surfactants contents @el42wt %) a mul ti phase reign tt
Some behavior is observed kigure 5.3B, with the difference that the area of the one phase
microemulsion region increased since the multiphase region is extended to mixed surfactants
contents below42 wt%. In Figure 5.9C the one phase microemulsion region shrinks more

compared to 59B.
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Figure 5.39: Phase diagrams tlie system: water/ sucrose monolaurate (L169PEG7 glyceryl

cocoate (M159)isopropymyristate oil( 1 P M) .
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ratio (w/w) of (L1695+M159)/IPM = 65/35, L1695/M15@A) 75% (B) 50 % (C) 25%.

regi on

Table 5.10: The total monophasic arear f6) for the system W /L1695+M159/ IPM at different

mixing ratios of mixed surfactants and at different temperatures.

25 38 38 34
50 48 50 50
75 39 44 43
100 19 23 21

Figures 5.9 present the phadeehaviorsof the systems W/L1695+M15%8hear oil. The mixing

ratio of (L1695/M159) equals (75, 50, and 25%) and Figuré8 fepresent the variation of the
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total monophasic regionA%) as function of mixing ratios of differestirfactant anés function

of temperature .When PEG glycerol cocoatemixed with sucrose monolaurate, the total
monophasic area#%) at 25TC. From the data presenté&d Tables 510 about the values of the

total monophasic areatA%), it appearghat the variation in A(%) values with temperatures is
small indication the formation of temperature insensitive microemulsions. This behavior indicates
that mixing M159 with L1695 improves the water solubilizatiar did not affect the temperature

insensitivity of L1695. This behavior an advantage for this mixture of surfactants.
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Figure 5.40: Variation of the total monophasic aréa (%) as function PE& glyceryl cocoate
contentin the surfactants mixture (L1695+M159) and as function of temperature for the syétem:

/ L1695+M159/ IPM.

For the systems W/L1695/M13PM at 25°C the total monophasic aréa (%) for the mixing
ratios surfactant (M159/L1695=25%)equals 38, for the mixing ratios surfactant
(M159/L1695=50%) equals ari8, for the mixing ratios surfactant (M159/L1695= 75%) decrease
to 39 For M159 content equals 50 wfb the total monophasic ardgr (%) equals48% reads its

maximum values.
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System#5 W/ L1695+M159/CCT

Figure 541 present the phase diagram of the water/ sucrose monolaurate (L1695)-# PEG
glycerol cocoate (M159)dapryliccapric triglyceride oil (CCT)system at different weight ratios

of L1695/M159 that are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure B1A, the one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. Tovee phase microemulsion regi@xtend to
approximately wt% water along the dilution line N65. For higher mix surfactant conteraaghe
phase microemulsion region could extend to aB8uwit% water.

For low mixed surfactants contents (belodwit %) a mul ti phase reign tt
Some behavior is observed kigure 541B, with the difference that the area of the one phase
microemulsion regiondecreasedsince the multiphase region is extended to mixed surfactants
contents belows0 wt%. In Figure $41C the one phase microemulsion region shrinks more

compared to 3.1B.

L1695/M159=3/1

I1 (Wm+O)

Water CCT
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Figure 541: Phase diagrams tiie system: water/ sucrose monolaurate (L1699PE&G7 glyceryl
cocoate (M159) caprylicc apr i c triglyceride oil (CCT). The
and the multiple phasaVmr@).gMN6d isthedimtior linedwhare then at e d

mixing ratio (w/w) of (L1695+M159)/CCT = 65/35, L1695/M159: (A) 75% (B) 50% (C) 25%.
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Table 5.11: The total monophasic areg &0) for the system W /L1695+M159/ CCT at different
mixing ratios of mixed surfactants and at different temperatures.

25 36 35 36
50 35 34 35
75 35 35 35
100 37 37 37

Figures 41 present the phaseehaviorsof the systems W/L1695+M1B8glyceride oil. The
mixing ratio of (L1695/M159) equals (75, 50, and 25%) and Figu#srBpresent the variation of

the total monophasic regiontA%) as function of mixing ratios of differesurfactant ands
function of temperature .When PEGglycerol cocoatenixed with sucrose monolaurate, the total
monophasic area (%) at 25°C for themixing ratios M159/L169%quals maximum total area
gave us the best result Table5.11. About the values of the total monophasic areg%), it
appeardhat the variation in A (%) values with temperatures is small indication the formation of
temperature insensitive microemulsions. This behavior indicates that mixing M159 with L1695
improves the water solubilization but did not affect the temperature insensitivity of L1695. This

behavior an advantage for this mixture of surfactants.
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Figure 5.42: Variation of the total monophasic aréa (%) as function PE& glyceryl cocoate
contentin the surfactants mixture (L1695+M159) and as function of temperature for the sygtem:
/ L1695+M159/CCT.
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System#6 W/ L1695+M159/SB

Figure 543 present the phase diagram of the water/ sucrose monolaurate (L1695)-# PEG
glycerol cocoate (M159) soybean oil (SB)Systemat different weight ratios of L1695/M159 that

are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure 33A, the one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. Téwe phase microemulsion regi@xtend to
approximatelyl4 wt% water along the dilution line N65.

For low mixed surfactants contents (bel62wt %) a mul ti phase reign tt
Some behavior is observedkigure 543B, with the difference that the area of the one phase
microamulsion regiorincreased since the multiphase region is extended to mixed surfactants

contents belove5 wt%. In Figure 543C the one phase microemulsion region shrinks more

compared to 3.3B.
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Figure 543: Phase diagrams tie system: water/ sucrose monolaurate (L1699EG7 glyceryl

cocoate (M159) soybean oil (SB) . The one phase regi ¢
phase regions ar e des ithgdiuidndéng wheng the rixing natro fwdv) . N6 5

of (L1695+M159)/SB= 65/35, L1695/M1584) 75% (B) 50% (C) 25%.
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Table 5.12: The total monophasic arear f06) for the system W /L1695+M159/ SB at different

mixing ratios of mixed surfactants and at different temperatures.

0 17 18 19
25 20 21 16
50 27 18 21
75 17 15 17
100 19 21 20

Figures 543 present the phaskehaviorsof the systems W/L1695+M18&8iglyceride oil. The
mixing ratio of (L1695/M159) equals (75, 50, and 25%) and FigurekrBpresent thgariation of

the total monophasic regiontA%) as function of mixing ratios of different surfactant and as
function of temperature .When PEGglycerol cocoatenixed with sucrose monolaurate, the total
monophasic area#(%) at 25°C for the mixing ratios159/L1695equals maximum total area
gave us the best resuit Table 5.12. About the values of the total monophasic arga%), it
appears that the variation inr A%) values with temperatures is small indication the formation of
temperature insensitivenicroemulsions. This behavior indicates that mixing M159 with L1695
improves the water solubilization but did not affect the temperature insensitivity of L1695. This

behavior an advantage for this mixture of surfactants.
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Figure 5.44: Variation of the total monophasic arfa (%) as function PE& glyceryl cocoate
contentin the surfactants mixture (L1695+M159) and as function of temperature for the system:

/ L1695+M159/SB.

System#7 W/ L1695+M159/SF

Figure 545 present the phase diagn of the water/ sucrose monolaurate (L1695) + HFEG

glycerol cocoate (M159) sunfloweroil (SF). System at different weight ratios of L1695/M159

that are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure B5A, the one phase microemulsion region appears franfirst addition of

water along the mixed surfactants/ oil axis. Tévee phase microemulsion regiaxtend to
approximatelyd wt% water along the dilution line N65For low mixed surfactants contents (below

60wt %) a multiphase r.eign tt (Wm+O) is observe
Some behavior is observedkigure 545B, with the difference that the area of the one phase
microemulsion regioimcreased since the multiphase region is extended to mixed surfactants

contents belove0wt%. In Figure $45C the one phase microemulsi@gion shrinks more

compared to 35B.
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Figure 545: Phase diagrams tiie system: water/ sucrose monolaurate (L1699EG7 glyceryl

cocoate (M159) R(+)}limonene oil( L 1 M) .
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ratio (w/w) of (L1695+M159)/SF = 65/35, L1695/M15@) 75% (B) 50% (C) 25%.

Table5.13: The total monopasic area A(%) for the system W /L1695+M159/ SF at different

mixing ratios of mixed surfactants and at different temperatures.

region

0 8 8 8

25 17 16 17

50 19 20 19

75 14 16 14

100 17 19 17
()

S
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Figures 545 present the phaskehaviorsof the systems W/L1695+M1B&8iglyceride oil. The
mixing ratio of (L1695/M159) equals (75, 50, and 25%) and Figud&rBpresent the variation of

the total monophasic regiontA%) as function of mixing ratios of different $actant and as
function of temperature .When PEGglycerol cocoatenixed with sucrose monolaurate, the total
monophasic area#(%) at 25°C for the mixing ratios M159/L16%guals maximum total area
gave us the best resuit Table5.13. About the values of the total monophasic are#%), it
appears that the variation inr A%) values with temperatures is small indication the formation of
temperature insensitive microemulsions. This behavior indicates that mixing M159 with L1695
improves the water solubilization but did not affect the temperature insensitivity of L1695. This

behavior an advantage for this mixture of surfactants.
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Figure 5.46: Variation of the total monophasic aréa (%) as function PE& glyceryl cocoate
contentin the surfactants mixture (L1695+M159) and as function of temperature for the syétem:
/ L1695+M159/SF.
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System#8 W/ L1695+M159/00

Figure 547 present the phase diagram of the water/ sucrose monolaurate (L1695)-# PEG
glycerolcocoate (M159)dlive oil (O0O). System at different weight ratios of L1695/M159 that are

(A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure B7A, the one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. Tovee phase microemulsion regi@xtend to
approximatelyl2 wt% water along the dilution line N65.

For low mixed surfactants contents (bel68wt %) a mul ti phase reign tt
Some behavior is observedkigure 547B, with the differencehat the area of the one phase
microemulsion regioimcreased since the multiphase region is extended to mixed surfactants

contents belovb7 wt%. In Figure 547C the one phase microemulsion region shrinks more

compared to 3.7B.
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I (Wm+O)

Water 00

(A)

91

—
| —



L1695/M159=1/1

(B)

L1695/M159=1/3

W ater 0

(D)
Figure 547: Phase diagrams of the system: water/ sucrose monolaurate (L1B&&}# glyceryl

cocoate (M159)oliveoil( OO) . The one phase region is desig
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regions are designated by tt (Wm+O0). N65 i

(L1695+M159)/00 = 65/35, L1695/M158A) 75% (B) 50% (C) 25%.

Table5.14: The totalmonophasic area#%) for the system W /L1695+M159/ OO at different

mixing ratios of mixed surfactants and at different temperatures.

0 11 10 10
25 23 23 24
50 26 22 23
75 20 19 18
100 14 14 14

Figures 547 present the phadeehaviorsof the systems W/L1695+M18B8iglyceride oil. The
mixing ratio of (L1695/M159) equals (75, 50, and 25%) and Figud&rBpresent the variation of

the total monophasic regiontA%) as function of mixing ratios different surfactant and as
function of temperature .When PEGglycerol cocoatenixed with sucrose monolaurate, the total
monophasic area#(%) at 25°C for the mixing ratios M159/L16%guals maximum total area
gave us the best resuit Table 5.14. Abou the values of the total monophasic area(%), it
appears that the variation inr A%) values with temperatures is small indication the formation of
temperature insensitive microemulsions. This behavior indicates that mixing M159 with L1695
improves thewater solubilization but did not affect the temperature insensitivity of L1695. This

behavior an advantage for this mixture of surfactants.
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Figure 5.48: Variation of the total monophasic regiés (%) as function PE& glyceryl cocoate
contentin the surfactants mixture (L1695+M159) and as function of temperature for the system:

/ L1695+M159/00.

System#9 W/ L1695+M159/SO

Figure 549 present the phase diagram of the water/ sucrose monolaurate (L1695)-# PEG
glycerol cocoate (M159) sesamail (SO). System at different weight ratios of L1695/M159 that

are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure B9A, the one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. Tévee phase microemulsioregion extend to
approximatelyl0 wt% water along the dilution line N65.

For low mixed surfactants contents (bel68wt %) a mul ti phase reign tt
Some behavior is observedkigure 549B, with the difference that the area of the one phase
microemulsion regioimcreased since the multiphase region is extended to mixed surfactants

contents belovb9 wt%. In Figure 549C the one phase microemulsion region shrinks more

compared to 39B.
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Figure 549: Phase diagrams diesystem: water/ sucrose monolaurate (L1698E67 glyceryl
cocoate (M159) sesame oil SO) . The one phase region 1is
phase regions ar e des ithgdlaondre whese the mixing & (W) .

of (L1695+M159)/SO = 65/35, L1695/M15@) 75% (B) 50% (C) 25%.

Table 5.15: The totalmonophasic area#(%) for the system W /L1695+M159/ SO at different

mixing ratios of mixed surfactants and at different temperatures.

0 8 8 8
25 21 22 21
50 18 19 18
75 15 15 15

100 23 22 23

Figures 549 present the phaskeehaviorsof the systems W/L1695+M18&8iglyceride oil. The

mixing ratio of (L1695/M159) equals (75, 50, and 25%) and FiguBgrBpresent the variation of
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the total monophasic regiontA%) as function of mixing ratios of different $actant and as
function of temperature .When PEGglycerol cocoatenixed with sucrose monolaurate, the total
monophasic area#(%) at 25°C for the mixing ratios M159/L16%guals maximum total area
gave us the best resuft Table5.15. About the valuesf the total monophasic arear £%0), it
appears that the variation inr A%) values with temperatures is small indication the formation of
temperature insensitive microemulsions. This behavior indicates that mixing M159 with L1695
improves the water soldlation but did not affect the temperature insensitivity of L1695. This

behavior an advantage for this mixture of surfactants.
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Figure 550: Variation of the total monophasic aréa (%) as function PE& glyceryl cocoate
contentin the surfactants mixture (L1695+M159) and as function of temperature for the syétem:

/ L1695+M159/S0O.

For the systems W/L1695/M159/triglycerides oil at 25°C the total monophasié afeg for the
mixing ratios surfactant (M159/L1695=50%) the total monophasic Afg&b6) gave us the best

result.
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Table 516: The maximumtotal monophasic area;A%) for the system W /L1695+M15@fl at

mixed surfactant ratio at §5temperatures.

il Maximum A+ (%) at 25C | Mixed surfactant ratio that
gave maximum A (%) value
at 25C M159/(M159+L.1695)

MNT 56 1/3

LIM 58 3/1

ION 52 1/1

IPM 48 1/1

CCT 36 1/3

SB 27 1/1

SF 19 1/1

00 26 1/1

SO 21 1/3

5.1.12. " i Blcrose ronolaurateand ethoxylated mongdi-glyceride

For mi cr oemul si on-ionnes(ION) Msldindg atlsoxyldted anedeglyceride
(EMDG) to the system W/L1695/ION enhances the formation of thepbase microemulsion
regions. This explained by the mixture of suotéats enhances the surfactants partitioning at the
interface, thus increasing the stability of the amphiphilic film. It is considered that the surfactant
monolayers at the interface of water and oil domains inside the microemulsions are directly related
to the solubilization of water and oil. The monomeric solubilities of L1695 in both oil and water
are low and this quite different from that of EMDG which is completely soluble in both oil and
water so that the blend of surfactants affect the packing pteawiethe mixed surfactants in a
manner that more water can be solubilized in the microemulsion droplets. From Fig&igs (5.
presents the phase diagram of the system W/L1695+EMDG/ION at 25°C. Figaer€presents

the variation of the total onghasearea A (%) as function of ethoxylated moid-glyceride
content in the mixed surfactants and as function of temperature for the W/L1695+EMDG/ION
system the total monophasic areg(%) at 25°C L1695 content equals 24%, for EMDG content in

the mixture of nxed surfactants equals 25 wt.% the total monophasic af¢#)equals 18%, at
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equal amounts of EMDG and L1695 in the surfactant mixture, the total monophasicrdfén A
equals 33% and for EMDG content equals 75 wt.% the total monophasica(%g équds 41%

and forEMDG equals equal 100 wt.% 35%.

The monomeric solubility of lipophilic surfactant (ethoxylated maiglyceride) inU-ionone and
its mixing with sucrose lauratnables us to obtain large solubilization capacity of water and oil

observed that when the mixing ratio of nonionic surfactant L1695 and EMDG 1/3 unity.

System#1 W/ L1695+EMDG/ION

Figure 551 present the phase diagram of the waseicrose monolauraig1695) + ethoxylated

monodi glyceride (EMDG/U-ionone(ION). System at different weight ratios of L1695/M159 that

are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure BJA, the one phase microemulsion region appears from the first addition of
water along themixed surfactants/ oil axis. Thene phase microemulsion regi@xtend to
approximately® wt% water along the dilution line N65.

For low mixed surfactants contents (bel6@wt %) a mul ti phase reign tt
Some behavior is observedfigure 551B, with the difference that the area of the one phase
microemulsion regioimcreased since the multiphase region is extended to mixed surfactants

contents belov2 wt%. In Figure 551C the one phase microemulsion regiocreaseanore

compared to H1B.
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L1695/EMDG=3/1
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L1695/EMDG=1/3

G , ; , , e
(©

Figure 551: Phase diagrams tifie system: water/ sucrose monolaurate (L1695) + ethoxylated
monodi glyceride (EMDG) Jionone( | ON) . The one phase region is
mul tiple phase regi ons a rtkedldterslinegvheaetthe thixingy & (W

ratio (w/w) of (L1695+EMDG)/ION = 65/35, L1695/EMDGA) 75% (B) 50% (C) 25%.

Table 5.17: The total moonphasic area A%) for the system W /L1695+EMDG/ ION at different

mixing ratios of mixed surfactants and at different temperatures.

0 24 33 33
25 18 18 26
50 33 39 39
75 41 41 44

100 35 29 29

Figures 51 present the phadeehaviorsof the systems W/L169%MDG/ION. The mixing ratio

of (L1695EMDG) equals (75, 50, and 25%) and Figurés25epresent the variation of the total
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monophasic region A(%) as function of mixing ratios of different surfactant asdfunction of
temperature .Whemthoxylated monali glyceride mixed with sucrose monolaurate, the total
monophasic area#&%) at 25°C for the mixing ratioBMDG/L1695 equals maximum total area
gave us the best resuft Table5.17. About the values of the total monophasic are#%), it
appears that the variation inr £%) values withtemperature sensitive system due to the ability of
thermal motion upon heating and the hydropHifpohilic balance of EMDG changes with
tempeature due to the dehydration of the polyethylene group which makes EMDG more lipophilic

with increasing temperatur@&his behavior an advantage for this mixture of surfactants.
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Figure 552: Variation of the total monophasic aréa (%) as function ofethoxylated mondali
glyceride contenin the surfactants mixture (L1695+EMDG) and as function of temperature for the

systemW / L1695+EMDG/ ION.

For the systems W/L1695+EMDGionone oil at 25°C the total monophasic afed%)r e ac h 6 s

maximum for atthe surfactantmixing ratio(M159/L1695=75%)
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5.1.12. ' i i sldrose ma@holaurateand glycerol monooleate.

The average HLB number of about 9.9 ahé maximum total aria A(%) in ratio between
L1695/M300K is equall/3 that mixing gave better solubilization behavior than prescribing one
type of surfactant.

System#1W/ L1695+M300K/MNT

Figure 553 present the phase diagram of the wasercrose monolaurate (L1695) gtycerol
monooleate (M300Kpeppermint oil(MNT). System at different weight ratios of L16953PDK

that are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure B3A, the one phase microemulsion regidoesnot appear from the first

addition of water along the mixed surfactants/ oil axis along the dilution B&e N

For low mixed surfactants contents (bel68wt %) a mul ti phase reign tt
Some behavior is observedkigure 553B, with the difference that the area of the one phase
microemulsion regioimcreased since the multiphase region igedéd to mixed surfactants

contents belovb8wt%. In Figure 53C the one phase microemulsion regmmt changeompared

to 553B.
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L1695/M300K=3/1

Water NT
(A)

L1695/ M300K=1/1

Water MNT

(B)
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L1695/M300K=1/1

Water

(©)

MNT

Figure 553: Phase diagrams dhe system: water/ sucrose monolaurate (L1695) + glycerol

monooleate (M300K)peppermint oil MN T ) .
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ratio (w/w) of (L1695+M300K)/MNT = 65/35, L1695/ M300KA) 75% (B) 50% (C) 25%.

Table 5.18: The total monophasic area £6) for the system W/L1695+M300K/MNat different

mixing ratios of mixed surfactants and at different temperatures.

25 7 7 8
50 16 19 19
75 16 21 20
100 4 4 4

—
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Figures 53 present the phadehaviorsof the systems W/L16934300K/MNT. The mixing ratio

of (L1695M300K) equals (75, 50, and 25%) and FiguréstSepresent the variation of the total
monophasic region A(%) as function of mixing ratios of different surfactant and as function of
temperature .Whenglycerol monooleatenixed with sucrose monolaurate, the total monophasic
area A (%) at 25°C for the mixing ratio®I300K/L1695 equals maximuntotal area gave us the
best resulin Table5.18. About the values of the total monophasic are@4, it appears that the
variation in Ar (%) values withtemperatures small indication the formation of temperature
insensitive microemulsions. This behavior indicates that mixing M300K with L1695 improves the
water solubilization but did not affect the temperature insensitivity of L1695. This behavior an

advantage for 8 mixture of surfactants.
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Figure 5.%4: Variation of the total monophasic ar&a (%) as functionglycerol monooleate
contentin the surfactants mixture (L1695+M300K) and as function of temperature for the system:
W / L1695+M300K/ MNT.
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System#2W/L1695+M300K/LIM

Figure 555 present the phase diagram of the wagercrose monolaurate (L1695) gtycerol
monooleate (M300KR(+)-limonene oil (LIM). System at different weight ratios of

L1695/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figuré& .55, the one phase microemulsion regrmt appears from the first addition of

water along the mixed surfactants/ oil axis along the dilution line N65.

L1695/ M300K=3/1

Water LIM
(A)
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L1695/ M300K=1/1

(B)
L1695/M300K=1/3

Water LIM
(©)
Figure 555: Phase diagrams dhe system: water/ sucrose monolaurate (L1695) + glycerol
monooleate (M300K)R (+)}limoneneocil ( L1 M) . The one phase region

the multiple phase r egi ons thadiluton tine whierg theantixeng by ¢t
ratio (w/w)of (L1695+M300K)/LIM = 65/35, L1695/M300K(A) 75% (B) 50% (C) 25%.
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Table5.19: The total monophasic areg ®6) for the system W/L1695+M300K/LINt different

mixing ratios of mixed surfactants and at different temperatures.

25 9 9 9
50 9 10 10
75 9 10 10
100 7 7 7

Figures 55 present the phaseehaviorsof the systems W/L1699%4300K/LIM. The mixing ratio

of (L1695M300K) equals (75, 50, and 25%) and FigurestSepresent the variation of the total
monophasic region A(%) as function of mixing ratios of different surfactant and as function of
temperature .Wheglycerol monooleatenixed with sucrose monolaurate, the total monophasic
area A (%) at 25°C for the mixing ratio®I300K/L1695 equals maximuntotal area gave us the
best resulin Table5.19. About the values of the total monophasic are@4), it appears that the
variation in A (%) values withtemperatures small indication the formation of temperature
insensitive microemulsions. This behavior indicates that mixing M300K with L1695 improves the
water solubilization but did not affect the temperature insensitivity of L1695. This behavior an

advantage for 8 mixture of surfactants.
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Figure 5.5: Variation of the total monophasic arédg (%) as functionglycerol monooleate
contentin the surfactants mixture (L1695+M300K) and as function of temperature for the system:
W / L1695+M300K/LIM.

System#3W/L1695+M300K/ION

Figure 557 present the phase diagram of the wasercrose monolaurate (L1695) gtycerol
monooleate (M300KW+iononeoil (ION). System at different weight ratios of L169530DK that

are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure 57, the one phase microemulsion regimt appears from the first addition of

water along the mixed surfactants/ oil axis along the dilution line, Né5in Figure 5.59C show

one phase microemulsion regioot appears from the first addition of water aloting mixed

surfactants/ oil axis along the dilution line N86r low mixed surfactants contents (bel&& wt

%) a multiphase reign tt (Wm+O) is observed.
L1695/M300K=3/1

&

I (Wm+O)

Water ION

(A)
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L1695/M300K=1/1

Water ION
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Figure 557: Phase diagrams dhe system: water/ sucrose monolaurate (L1695) + glycerol
monooleate (M300K)(-iononeoil ( | ON) . The one phase region 1is
mul tiple phase regions ar ethedileton ligenwihéreetide miximg £ £ ( \

ratio (w/w) of (L1695+M300K)/ION = 65/35, L1695/M300KA) 75% (B) 50% (C) 25%.

Table 5.20: The total monophasic arder (%) for the system W/L1695+M300K/IONst different
mixing ratios of mixed surfactants and at differeamhperatures.

100 20 20 20

Figures 557 present the phadeehaviorsof the systems W/L16934300K/ION. The mixing ratio

of (L1695M300K) equals (75, 50, and 25%) and Figubes represent the variation of the total
monophasic region A(%) as function of mixing ratios of different surfactant and as function of
temperature .Wheglycerol monooleatenixed with sucrose monolaurate, the total monophasic
area A (%) at 25°C for tkb mixing ratiosM300K/L1695 equals maximum total area gave us the
best resulin Table5.20 when mixed M300K.1695 equals 75 %About the values of the total
monophasic area#%), it appears that the variation in; &%) values withtemperaturas small
indication the formation of temperature insensitive microemulsions. This behavior indicates that
mixing M300K with L1695 improves the water solubilization but did not affect the temperature

insensitivity of L1695. This behavior an advantage fa thixture of surfactants.
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Figure 5.58: Variation of the total monophasic ar&a(%) as functionglycerol monooleate
contentin the surfactants mixture (L1695+M300K) and as function of temperature for the system:

W / L1695+M300K/ION.

System#4W/L1695+M300K/IPM

Figure 559 present the phase diagram of the watercrose monolaurate (L1695) gtycerol
monooleate (M300K)/ isopropylmyristate (IPM).System at different weight ratios of

L1695/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure 59, the one phase microemulsion regimt appears from the first addition of
water along the mixed surfactants/ oil axis along the dilution lineg, R66in Figure 5.59C show
one phase microemulsion regiot appears from the first addition of water radothe mixed

surfactants/ oil axis along the dilution line N65
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L1695/M300K=3/1

Water IPM

(A)
L1695/M300K=1/1

Water IPM

(B)
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L1695/M300K=1/3

Waer IPM
(©)

Figure 559: Phase diagrams of the system: water/ sucrose monolaurate (L1695) + glycerol
monooleate (M300K)/isopropylmyristate (IPM).The one phase regidreiss i gnat ed by 1a,
mul tiple phase regions are designated by &ttt (

ratio (w/w) of (L1695+M300K)/IPM = 65/35, L1695/M300KA) 75% (B) 50% (C) 25%.

Table 5.21: The total monophasic arear £6) for thesystem W/L1695+M300K/IPM at different

mixing ratios of mixed surfactants and at different temperatures.

100 3 3 3
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Figures 559 present the phadehaviorsof the systems W/L1699%4300K/IPM. The mixing ratio

of (L1695M300K) equals (75, 50, and 25%) and Figuréd03epresent the variation of the total
monophasic region A(%) as function of mixing ratios of different surfactant and as function of
temperature .Whenglycerol monooleatenixed with sucrose monolaurate, the total monophasic
area A (%) at 25°C for the mixing ratio®I300K/L1695 equals maximum total area gave he t
best resulin Table5.21 when mixed M300K/L1695 equals 75 %. About the values of the total
monophasic area#(%), it appears that the variation in; %) values withtemperaturas small
indication the formation of temperature insensitive microemus$sidhis behavior indicates that
mixing M300K with L1695 improves the water solubilization but did not affect the temperature

insensitivity of L1695. This behavior an advantage for this mixture of surfactants.
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Figure 5.60: Variation of the total monophasic ar&a (%) as functionglycerol monooleate
contentin the surfactants mixture (L1695+M300K) and as function of temperature for the system:

W / L1695+M300K/IPM.
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System#5W/ L1695+M300K/CCT

Figure 561 present the phase diagram of the wagercrose monolaurate (L1695) gtycerol
monooleate (M300Kyaprylic-capric triglyceride oil (CCT)System at different weight ratios of

L1695/M300K that are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure %1, the ongphase microemulsion regigmot appears from the first addition of

water along the mixed surfactants/ oil axis along the dilution line N65

L1695/ M300K=3/1

Water CCT

(A)
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L1695/M300K=3/1

Water CCT

(B)

L1695/M300K=1/3

Water CCT

(©)
Figure 561: Phase diagrams dhe system: water/ sucrose monolaurate (L1695) + glycerol

monooleate (M300Kgaprylic-capric triglyceride oil (CCT). The one phase region is designated
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by 1A, and the multipl e pha3$NGSisteediiutomlise waaree de s i

the mixingratio (w/w) of (L1695+M300K)/CCT = 65/35, L1695/M300KA) 75% (B) 50% (C)

25%.

Table 5.22: The total monophasic areg ®6) for the system W/L1695+M300K/CCH different

mixing ratios of mixed surfactants and at different temperatures.

25 0 0 0
50 0 0 0
75 6 6 10
100 4 4 4

Figures 51 present the phadehaviorsof the systems W/L16994300K/CCT. The mixing ratio

of (L1695M300K) equals (75, 50, and 25%) and Figured2%epresent the variatioof the total
monophasic region A(%) as function of mixing ratios of different surfactant and as function of
temperature .Wheaglycerol monooleatenixed with sucrose monolaurate, the total monophasic
area A (%) at 25°C for the mixing ratio®I300K/L1695 equals maximum total area gave us the
best resulin Table5.22 when mixed M300K/L1695 equals 75 %. About the values of the total
monophasic area#A%), it appears that the variation inr A%) values withtemperaturas small
indication the formation ofeimperature insensitive microemulsions. This behavior indicates that
mixing M300K with L1695 improves the water solubilization but did not affect the temperature

insensitivity of L1695. This behavior an advantage for this mixture of surfactants.
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Figure 5.62: Variation of the total monophasic ar&a(%) as functionglycerol monooleate
contentin the surfactants mixture (L1695+M300K) and as function of temperature for the system:
W / L1695+M300K/CCT.

System#6W/ L1695+M300K/SB

Figure 563 present the phase diagram of the wagercrose monolaurate (L1695) gtycerol
monooleate (M300K)$éoya bean oil (SBSystem at different weight ratios of L169530DK that

are (A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure B3, the one phase microemulsigegionnot appears from the first addition of
water along the mixed surfactants/ oil axis along the dilution line B66in Figure 5.63C show
one phase microemulsion regioot appears from the first addition of water along the mixed
surfactants/ oil as along the dilution line N65or low mixed surfactants contents (belé& wt

%) a multiphase reign tt (Wm+0O) is observed.
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L1695/M300K=1/1

(B)

121

——
| S—



1.1695/M300K=1/3

Water SB
©)

Figure 563: Phase diagrams dhe system: water/ sucrose monolaurate (L1695) + glycerol
monool eate (M300K)/ Soya bean oil (SB) . The on
multiple phase regionar e desi gnat eN65 isthe dituton lineNvheré®the. mixing

ratio (w/w) of (L1695+M300K)/SB = 65/35, L1695/M300KA) 75% (B) 50% (C) 25%.

Table 5.23: The total monophasic area £6) for the system W/L1695+M300K/S4& different

mixing ratios of mixed surfactants and at different temperatures.

25 0 0 0
50 0 0 0
75 13 13 13
100 4 4 4

Figures 563 present the phadsehaviorsof the systems W/L16934300K/SB. The mixing ratio

of (L1695M300K) equals (75, 50, and 25%) and Figure&3epresent the variation of the total
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monophasiaegion Ar (%) as function of mixing ratios of different surfactant and as function of
temperature .Wheaglycerol monooleatenixed with sucrose monolaurate, the total monophasic
area A (%) at 25°C for the mixing ratio®I300K/L1695 equals maximum total aremve us the
best resulin Table5.23 when mixed M300K/L1695 equals 75 %. About the values of the total
monophasic area#(%), it appears that the variation in; %) values withtemperaturas small
indication the formation of temperature insensitivenmémulsions. This behavior indicates that
mixing M300K with L1695 improves the water solubilization but did not affect the temperature

insensitivity of L1695. This behavior an advantage for this mixture of surfactants.
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Figure 5.64: Variation of the total monophasic ar&a (%) as functionglycerol monooleate
contentin the surfactants mixture (L1695+M300K) and as function of temperature for the system:

W / L1695+M300K/SB.

System# W/ L1695+M300K/SF

Figure 565 present the phase diagram of the wagercrose monolaurate (L1695) gtycerol
monooleate (M300K)sun flour oil (F). System at different weight ratios of L16953PDK that

are (A) 3/1 (B) 1/1 (C) 1/3.
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As show in Figure B5, the one phase microemulsigggionnot appears from the first addition of

water along the mixed surfactants/ oil axis along the dilution line N65

L1695/M300K=3/1

(A)
L1695/ M300K=1/1

(B)
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L1695/M300K=1/3

Water SF
©)

Figure 565: Phase diagrams dhe system: water/ sucrose monolaurate (L1695) + glycerol
monool eate (M30O0K)/sun flour oi |l (SF) . The or
multiple phase regips ar e desi g n aN6g idtheijutiot line whékemtheOnixing

ratio (w/w) of (L185+M300K)/SF = 65/35, L1695/M300KA) 75% (B) 50% (C) 25%.

Table 5.24 The total monophasic area £6) for the system W/L1695+M300K/SF at different

mixing ratios of mixed surfactants and at different temperatures.

25 0 0 0
50 0 0 0
75 0 0 0
100 4 4 4

Figures 565 present the phadgehaviorsof the systems W/L16994300K/SE. The mixing ratio

of (L1695M300K) equals (75, 50, and 25%) and Figured63epresent the variation of the total
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monophasic region A(%) as function of mixing ratios of different surfactant and as function of
temperature .Wheaglycerol monooleatenixed with sucrose monolaurate, the total monophasic
area A (%) at 25°C for the mixing ratio®I300K/L1695 equals maximum total area gavethe

best resulin Table5.24. About the values of the total monophasic are#%9), it appears that the
variation in Ar (%) values withtemperatures small indication the formation of temperature
insensitive microemulsions. This behavior indicates that mixing M300K with L1695 improves the
water solubilization but did not affect the temperature insensitivity of L1695. This behavior an

advantage for B mixture of surfactants.
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Figure 5.66: Variation of the total monophasic aréda (%) as functionglycerol monooleate
contentin the surfactants mixture (L1695+M300K) and as function of temperature for the system:
W / L1695+M300K/SF.

System#8W/ L1695+M300K/00

Figure 567 present the phase diagram of the wagercrose monolaurate (L1695) gtycerol
monooleate (M300K)sun flour oil (F). System at different weight ratios of L16953PDK that

are (A) 3/1 (B) 1/1 (C) 1/3.
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As show in Figure %7, the one phase microemulsion regrmt appears from the first addition of
water along the mixed surfactants/ oil axis along the dilution line N&5in Figure 357C show
one phase microemulsion regioot appears from the first addition of water aloting mixed
surfactants/ oil axis along the dilution line N86r low mixed surfactants contents (bel6é®& wt

%) a multiphase reign tt (Wm+O) is observed.

L1695/ M300K=3/1

N65

II (Wm+O)

Water 00
(A)
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L1695/ M300K=1/1
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Figure 5.67: Phase diagrams dhe system: water/ sucrose monolaurate (L1695) + glycerol

monool eate (M30O0K)/ olive oil (O0O). The one

phase regions ar e de s ithedilationdime wbheye the tixing Ytio{wvy) .

of (L1695+M300K)/00 = 65/35, L1695/M300KA) 75% (B) 50% (C) 25%.

Table 5.25: The total monophasic area &0) for the system W/L1695+M300K/OO0 at different

mixing ratios of mixed surfactants and at different temperatures.

25 0 0 0
50 0 0 0
75 20 22 22
100 4 4 4

p h

Figures 567 present the phadeehaviorsof the systems W/L1699%4300K/O0. The mixing ratio

of (L1695M300K) equals (75, 50, and 25%) and Figured8%epresent the variation of the total
monophasic regior (%) as function of mixing ratios of different surfactant and as function of
temperature .Wheaglycerol monooleatenixed with sucrose monolaurate, the total monophasic
area A (%) at 25°C for the mixing ratio®I300K/L1695 equals maximum total area gaws the

best resulin Table5.25 when mixed M300K/L1695 equals 75 %. About the values of the total
monophasic area#A%), it appears that the variation inr A%) values withtemperaturas small
indication the formation of temperature insensitive microemulsions. This behavior indicates that
mixing M300K with L1695 improves the water solubilization but did not affect the temperature

insensitivity of L1695. This behavior an advantage fa thixture of surfactants.
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Figure 5.63: Variation of the total monophasic ar&a (%) as functionglycerol monooleate

contentin the surfactants mixture (L1695+M300K) and as function of temperature for the system:

W / L1695+M300K/O0.

System#9W/L1695+M300K/SO

Figure 569 present the phase diagram of the wagercrose monolaurate (L1695) gtycerol

monooleate (M300K)esam®il (SO). System at different weight ratios of L16953PDK that are

(A) 3/1 (B) 1/1 (C) 1/3.

As show in Figure B9, the one phase microemulsion regrmt appears from the first addition of

water along the mixed surfactants/ oil axis along the dilution line N65
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L1695/M300K=3/1

(A)

L1695/ M300K=1/1

(B)

131

——
| S—



L1695/M300K=1/3

Water SO

(©)

Figure 5.69: Phase diagrams dhe system: water/ sucrose monolaurate (L1695) + glycerol
monool eate (M300K)/sesame oi l (SO). The one ph
phase regions ar e ).dNébdssithgdiuidndng wheng the rhixing Ntio fwav)

of (L1695+M300K)/SO = 65/35, L1695/M300KA) 75% (B) 50% (C) 25%.

Table 5.26: The total monophasic area £6) for the system W/L1695+M300K/SO at different

mixing ratios of mixed surfactants and at different temperatures.

25 0 0 0
50 0 0 0
75 0 4 0
100 4 4 4
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Figures 569 present the phadeehaviorsof the systems W/L1699%4300K/SQ The mixing ratio

of (L1695M300K) equals (75, 50, and 25%) and Figure&3epresent the variation of the total
monophasic region A(%) as function of mixing ratios of different surfactant and as function of
temperature .Whenglycerol monooleatenixed with sucrose monolaurate, the total monophasic
area A (%) at 25°C for the mixing ratio®I300K/L1695 equals maximum total area gave he t
best resulin Table5.26. About the values of the total monophasic are@4, it appears that the
variation in Ar (%) values withtemperatures small indication the formation of temperature
insensitive microemulsions. This behavior indicates thatngiM300K with L1695 improves the
water solubilization but did not affect the temperature insensitivity of L1695. This behavior an

advantage for this mixture of surfactants.
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Figure 5.70: Variation of the total monophasic arda (%) as functionglycerol monooleate
contentin the surfactants mixture (L1695+M300K) and as function of temperature for the system:

W / L1695+M300K/SO.

The phaséehaviorof the systems W/L1695+M300K/olh¢ total monophasic arég (%) at

25°C for the mixing ratios (M3IK/L1695=75%) equals gave us the best resulall systems
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Table 527: The maximumtotal monophasic arearA%) for the system W /L1695+800K/ oil at

mixed surfactant ratiat 25-C temperatures.

) Mixed surfactant ratio that
Oil Maximum At (%) at 25C gave maximum AT (%)
value at 25C
M 300K/(M 300K+L1695)
MNT 16 1/1
LIM 8 3/1
ION 22 3/1
IPM 18 3/1
CCT 6 3/1
SB 13 3/1
SF 4 M300K only
@]0) 7 3/1
SO 4 M300K only

Temperature insensitive microemulsion were formulated by mixing M300K and L1695 with cyclic
oil, linear oil and triglycerides

5. 1. 1. 2 sucrese dliate and glycerol monooleate.

Some molecules are known to saffsemble in polar organic solventseligropylene glycoand

glycerol. Propylene glycol like water form hydrogen bonds has relatively high dielectric constants
and is immiscible with hydrocarbon solvents. The resulting penetration of propylene glycol into
the surfactant interface leads to smaller or no liquid crystal phgsmsewhen it is used as water
substitute. I't was reported that poldy larfi,estch
Yaghmur, Leser, et al, 2001; Yaghmur, Aser@®arti, 2002; Martino, Kaler, Phys, 1990).
Therefore, we assume, in thisigdy, that a considerable fraction of propylene glycol molecules are
incorporated into the surfactant layer and thus increase the interfacial fluidity, while other fraction

of the propylene glycol molecules resides in the water and decreases the pbthatyater. The
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surfactants become more soluble in the propylene glycol + water compared to their solubility in

pure water alone.

The average HLB number of about 9.4 ahd maximum total aria A (%) in ratio between
01570/M300K is equal 3/1 that mixirgave better solubilization behavior than prescribing one

type of surfactant.

System#1W+PG/ O1570+M300K/MNT

Figure 5.71 present the phase diagrarthefwatersucrosenleate(O157Q + glycerol monooleate
(M300K) / peppemint oil (MNT) system at different weight ratios of 01570/M300K that(&)e
3/1(B) 1/2(C) 1/3.

As show in Figure 5.71A, the one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. The one phase microemulsmm egtend to
approximatelyt2 wt% water along the dilution line N65. For higher mix surfactant contents the
one phase microemulsion region could extend to af@wt% water.

For low mixed surfactants contents (beldgwt %) a mul t i ph @sobservece i gn
Some behavior is observed in Figure 5.71B, with the difference that the area of the one phase
microemulsion region decreased since the multiphase region is extended to mixed surfactants
contents abovB5 wt%. In Figure 5.71C the one phase mé&nulsion region shrinks more

compared to 5.71B.
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Water+PG MNT
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01570+M300K=1/1

Water+PG
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01570+M300K=1/3

11 (Wm+O0)

Water+PG MNT
(©)

Figure 5.71: Phase diagrams dhe system: water propylene glycol (PG) / sucrose oleate

(O1570) + glycerol monooleate (M300K) /peppermint oil (MNT). The one phase region is

designated by 1na, and the multiple phahee
dilution line where the mixing ratio (w/wgf (01570+M300K)/MNT = 65/35, L1695/M300KA)
75% (B) 50% (C) 25%.

Table 5.28: The total monophasic area £6) for the system W+PG /01570+M300K/MNT at
different mixing ratios of mixed surfactants and at different temperatures.

0 47 47 46
25 36 37 38
50 30 30 31
75 19 21 21

Figures 571 present the phadehaviorsof the systems WPGO1570-M300K/MNT. The mixing
ratio of (O1570M300K) equals (75, 50, and 25%) and Figure®%epresent the@ariation of the

total monophasic regionA%) as function of mixing ratios of different surfactant and as function
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of temperature .Wheglycerol monooleatenixed with sucroseleate the total monophasic area
A1 (%) at 25°C for the mixing ratidgl300K/O1570(25%) equals maximum total area gave us the
best resulin Table5.28. About the values of the total monophasic are@4, it appears that the
variation in Ar (%) values withtemperatures small indication the formation of temperature
insensitivemicroemulsions. This behavior indicates that mixing M300K with O1570 improves the
water solubilization but did not affect the temperature insensitivitQ$7Q This behavior an

advantage for this mixture of surfactants.
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Figure 5.72: Variation of thetotal monophasic arearA%) as function oM300 K contentin the
surfactants mixture (O1570+M300K) and as function of temperature for the syatePG/
01570+M300K/MNT.

System#2W+PG/ 01570+M300K/LIM

Figure 5.73 present the phase diagrarthefvater propylene glycol (PG) / sucrose oleate
(O1570) + glycerol monooleate (M300K) /Rflitnonene oil(LIM ) system at different weight
ratios of O1570/M300K that a@) 3/1(B) 1/1(C) 1/3.

As show in Figure 5.73A, the one phase microemulsion region appearshie first addition of

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to
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approximately®@ wt% water along the dilution line N65. For higher mix surfactant contents the one
phase microemulsion region could extenadlbout46 wt% water.

For low mixed surfactants contents (beléd@wt %) a mul ti phase reign tt
Some behavior is observed in Figure 5.73B, with the difference that the area of the one phase
microemulsion region decreased since the mul§phagion is extended to mixed surfactants

contents abové8wt%. In Figure 5.73C the one phase microemulsion region shrinks more

compared to 5.73B.

01570+M300K=3/1

Water+PG LIM

(A)
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01570+M300K=1/1

(B)

O01570+M300K=1/3
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Figure 5.73: Phase diagrams tfie system: wate propylene glyco(PG) / sucrose oleate
(01570) + glycerol monooleate (M300K3 (+)-limonene oil (LIM). The one phase region is
designated by 1A, andrehdemubtapkdsSigilhga st e ( &Vt @
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dilution line where the mixing ratio (w/w) of (O1570+M30@LIM = 65/35, L1695/M300K:(A)
75% (B) 50% (C) 25%.

Table 5.29: The total monophasic area £%6) for the system W+PG /01570+M300K /LIM at

different mixing ratios of mixed surfactants and at different temperatures.

0 43 46 46
25 40 41 41
50 30 31 32
75 13 13 15

Figures 573 present the phadeehaviorsof the systems WPGO1570-M300K/LIM . The mixing

ratio of (O1570M300K) equals (75, 50, and 25%) and Figure&tepresent the variation of the
total monophasic region A%) as function of mixing ratios of different surfactant and as function
of temperature .Wheglycerol monooleatenixed with sucroseleate the total monophasic area

At (%) at 25°C for the mixing ratio®1300K/O1570equals maximum totarea gave us the best
resultin Table5.29. About the values of the total monophasic arga%), it appears that the
variation in Ar (%) values withtemperatures small indication the formation of temperature
insensitive microemulsions. This behavior indicates that mixing M300K with 01570 improves the
water solubilization but did not affect the temperature insensitivity of O1570. This behavior an

advantage for 8 mixture of surfactants.

141

—
| —



X

e\?’ . —25¢C
— 30 ¢
< 25 —m—37c

20 45c

10 T T T 1
0 25 75 100

50
{M300K/(01570+M300K)}%

Figure 5.74: Variation of the total monophasic area @&o) as function oM300 K contenin the
surfactants mixture (01570+M300K) and as function of temperature for the sygtdP@/
01570+M300K/LIM.

System#3W+PG/01570+M300K/ION

Figure 5.75 present the phase diagramtha water propylene glycol (PG) / sucrose oleate
(01570) + glycerol monooleate (M300K)Jionone (ION)system at different weight ratios of
01570/M300K that aréA) 3/1(B) 1/1(C) 1/3,

As show n Figure 5.75A, the one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to
approximately30 wt% water along the dilution line N65. For higher mix surfactant contents the
one phase microemulsion region could extend to ab@wt% water.

For low mixed surfactants contents (bel6@wt %) a mul ti phase reign tt
Some behavior i®bserved in Figure 5.75B, with the difference that the area of the one phase
microemulsion region decreased since the multiphase region is extended to mixed surfactants
contents aboves3 wt%. In Figure 5.75C the one phase microemulsion region shrinks more

compared to 5.75B.
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01570+M300K=3/1
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01570+M300K=1/3

Water+PG

(©)

ION

Figure 5.75: Phase diagrams tifie system: water propylene glycol (PG)sticrose oleate (01570)

+ glycerol

the multiple

phase

mon e minoatee ( (I MNQ Q0 K)T hie

one

phase

r egi on s thadiludon ine wherg thenixeng

ratio (w/w) of (01570+M300K)/ION = 65/35, T570/M300K:(A) 75% (B) 50% (C) 25%.

Table 5.30: The total monophasic area £06) for the system W+PG /O1570+M300K/ION at
different mixing ratios of mixed surfactants and at different temperatures.

0 44 45 46
25 38 40 40
50 28 28 30
75 16 15 18
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Figures 575 present the phadeehaviorsof the systems WPG015706-M300K/ION. The mixing

ratio of (O1570M300K) equals (75, 50, and 25%) and Figure&Sepresent the variation of the
total monophasic regionA%) as function of mixing ratios of different surfactant and as function
of temperature .Wheglycerol monooleatenixed with sucroseleate the total monophasic area

A+t (%) at 25°C for the mixing ratidgl300K/O1570(25%) equals maximum total area gaveths

best resulin Table5.30. About the values of the total monophasic are@4, it appears that the
variation in Ar (%) values withtemperatures small indication the formation of temperature
insensitive microemulsions. This behavior indicates thaimgp M300K with 01570 improves the
water solubilization but did not affect the temperature insensitivity of O1570. This behavior an

advantage for this mixture of surfactants.
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Figure 5.76: Variation of the total monophasic area (&) as function oM 300 K contentin the
surfactants mixture (01570+M300K) and as function of temperature for the sygtdpG/

01570+M300K/ION.
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The phase diagrams of a system W+PG/01570+M399K/ oil at different tempeauarease
microemulsion phase region was observed the totapbase areAr (%) whenin glycerol

monooleate (M300Kincrease when mix witBucrose oleate (01570)

System#4W+PG/ 01570+M300K/IPM

Figure 5.77 present the phase diagramthaf water propyleneglycol (PG) / sucrose oleate
(O1570) + glycerol monooleate (M300Kj)sbpropylmerstate oflPM) system at different weight

ratios of 01570/M300K that ak@) 3/1(B) 1/1(C) 1/3.

As show in Figure 5.77A, the one phase microemulsion region appears gdirstraddition of

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to
approximately 40 wt% water along the dilution line N65. For higher mix surfactant contents the
one phase microemulsion region could extend to a®d@wt% water.

For |l ow mixed surfactants contents (below 60
Some behavior is observed in Figure 5.77B, with the difference that the area of the one phase
microemulsion region decreased since the multiphageonm is extended to mixed surfactants
contents above 50 wt%. In Figure 5.77C the one phase microemulsion region shrinks more

compared to 5.77B.
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01570+M300K=1/3

Water+PG

Figure 5.77: Phase diagrams dhe system: water propylene glycol (PG) / sucrose oleate

(

C)

(01570) + glycerol monooleate (M300K)/isopropylmyristate oil (IPM). The one phase region is

designated

by

1A,

and

t

he

mul tiple

p h dhe e

dilution line where the mixing ratiéw/w) of (01570+M300K)/IPM = 65/35, 01570/M300KA)

75% (B) 50% (C) 25%.

Table5.31: The total monophasic arear A%) for the system W+PG /O1570+M300K/ Pt

different mixing ratios of mixed surfactants and at different temperatures

0 47 47 47
25 53 51 53
50 42 47 43
75 20 26 23
( ]
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Figures 577 present the phadeehaviorsof the systems WPG01576-M300K/IPM. The mixing

ratio of (O1570M300K) equals (75, 50, and 25%) and Figureg%epresenthe variation of the

total monophasic regionA%) as function of mixing ratios of different surfactant and as function
of temperature .Wheglycerol monooleatenixed with sucroseleate the total monophasic area

At (%) at 25°C for the mixing ratidgl300K/O1570(25%) equals maximum total area gave us the
best resulin Table5.31. About the values of the total monophasic are@4, it appears that the
variation in Ar (%) values withtemperatures small indication the formation of temperature
insengtive microemulsions. This behavior indicates that mixing M300K with 01570 improves the
water solubilization but did not affect the temperature insensitivity of O1570. This behavior an

advantage for this mixture of surfactants.
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Figure 5.78: Variation ofthe total monophasic area £06) as function omazol 300 K conterin
the surfactants mixture (O1570+M300K) and as function of temperature for the syétdhG/

01570+M300K/IPM.

System#5W+PG/ 01570+M300K/CCT

Figure 5.79 present the phase diagramthaf water propylene glycol (PG) / sucrose oleate
(O1570) + glycerol monooleate (M300K) capryliccapric triglyceride oil (CCT)system at

different weight ratios of 01570/M300K that g/ 3/1(B) 1/1(C) 1/3.
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As show in Figure 5.79A, the one phase microeion region appears from the first addition of

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to
approximately24 wt% water along the dilution line N65. For higher mix surfactant contents the

one phase microemulsioagion could extend to abodi8wt% water.

For low mixed surfactants contents (belé8wt %) a mul ti phase reign tt
Some behavior is observed in Figure 5.79B, with the difference that the area of the one phase
microemulsion region deaased since the multiphase region is extended to mixed surfactants
contents above 50 wt%. In Figure 5.79C the one phase microemulsion region shrinks more

compared to 5.79B.

01570+M300K=3/1

I (Wm+0)

Water+PG CCT
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O1570+M300K=1/1

Water—l—P CI‘
(B)

0O1570+M300K=1/3

Water+PG CCT

©
Figure 579 Phase diagrams dhe system: water propylene glycol (PG) / sucrose oleate
(01570) + glycerol monooleate (M300K) caprytiapric triglyceride oil (CCT). The one phase

region is designated by 1A, and the multiple g
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thedilution line where the mixing ratio (w/w) of (O1570+M300K)/CCT = 65/35, 01570/M300K:

(A) 75% (B) 50% (C) 25%.

Table 5.32. The total monophasic area £6) for the system W+PG /01570+M300K/CCT at

different mixing ratios of mixed surfactants and at different temperatures.

0 45 45 45
25 43 43 44
50 32 31 32
75 19 22 22

Figures 579 present the phasehaviorsof the systems V01576tM300K/CCT. The mixing ratio

of (01570M300K) equals (75, 50, and 25%) and Figureg03epresent the variation of the total
monophasic region A(%) as function of mixing ratios of different surfactant and as function of
temperature .Wheglycerol monooleatenixed with sucroseleate the total monophasic area A

(%) at 25°C for the mixing ratios1300K/01570(25%) equals maximum total area gave us the
best resulin Table5.32. About the values of the total monophasic are@4, it appears that the
variation in A (%) values withtemperatures small indication the formation of temperature
insensitive microemulsions. This behavior indicates that mixing M300K with 01570 improves the
water solubilization but did not affectahtemperature insensitivity of O1570. This behavior an

advantage for this mixture of surfactants.
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Figure 5.80: Variation of the total monophasic area &o) as function omazol 300 K conterit

the surfactants mixture (O1570+M300K) and as function of temperature for the syst&1G/

01570+M300K/CCT.

System#6W+PG/ 01570+M300K/00

Figure 5.81 present the phase diagramtha water propylene glycol (PG) / sucrose oleate

(O1570) + glycerolmonooleate (M300K) fcapryliccapric triglyceride oil (CCT)system at

different weight ratios of 01570/M300K that g/ 3/1(B) 1/1(C) 1/3.

As show in Figure 5.81A, the one phase microemulsion region appears from the first addition of

water along the med surfactants/ oil axis. The one phase microemulsion region extend to

approximately 12 wt% water along the dilution line N65. For higher mix surfactant contents the

one phase microemulsion region could extend to about 49wt% water.

For low mixed surfactat s

contents

(bel ow 49

wt

%)

a

mul ti

Some behavior is observed in Figure 5.81B, with the difference that the area of the one phase

microemulsion region decreased since the multiphase region is extended to mixed surfactants

contents above 42 wt%. In Figure 5.81C the one phase microemulsion region shrinks more

compared to 5.81B.
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O1570+M300K=1/3
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Figure 581: Phase diagrams dhe system: water propylene glycol (PG) / sucrose oleate
(O1570) + glycerol monooleate (M300K) /olive oil (OO). The one phase region is designated by
1n, and the multiple phase r egithedilstiondireevhetke si gn &
the mixing ratio (w/w) of (@570+M300K)/O0 = 65/35, L1695/M300KA) 75% (B) 50% (C)
25%.
Table 5.33: The total monophasic area £%6) for the system W+PG /O1570+M300K/O0 at

different mixing ratios of mixed surfactants and at different temperatures.

0 38 40 35
25 28 28 29
50 23 25 27
75 22 23 23

Figures 531 present the phadmehaviorsof the systems V1570-M300K/O0. The mixing ratio

of (O1570M300K) equals (75, 50, and 25%) and Figure823epresent the variation of the total
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monophasic region A(%) as function of mixing ratios of different surfactant and as function of
temperature .Wheglycerol monooleatenixed with sucroseleate the total monophasic area A

(%) at 25°C for the mixing ratidgl300K/01570equals maximum totarea gave us the best result

in Table5.33. About the values of the total monophasic are&4), it appears that the variation in

At (%) values withtemperatureis small indication the formation of temperature insensitive
microemulsions. This behavior indicates that mixing M300K with 01570 improves the water
solubilization but did not affect the temperature insensitivity of O1570. This behavior an

advantage for B mixture of surfactants.
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Figure 5.82: Variation of the total monophasic area o) as function omazol 300 K conterit
the surfactants mixture (O1570+M300K) and as function of temperature for the syst&1G/
01570+M300K/O0.

System#7/W+PG/01570+M300K/SO

Figure 5.83 present the phase diagramthaf water propylene glycol (PG) / sucrose oleate
(01570) + glycerol monooleate (M300K)sesame oil (SO3ystem at different weight ratios of
01570/M300K that aréA) 3/1 (B) 1/1(C) 1/3.

As show in Figure 5.83A, the one phase microemulsion region appears from the first addition of

water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to
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approximately 13 wt% water along the dilution line N65. For higher snifactant contents the

one phase microemulsion region could extend to about 42wt% water.

For |l ow mixed surfactants contents (below 42 w
Some behavior is observed in Figure 5.83B, with the difference thatreheofthe one phase
microemulsion region decreased since the multiphase region is extended to mixed surfactants
contents above 42 wt%. In Figure 5.83C the one phase microemulsion region shrinks more

compared to 5.83B.

0O1570+M300K=3/1
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01570+M300K=1/1

Wat'er—i—P SO
©

01570+M300K=1/3

Water+PG SO
(D)
Figure 5.83: Phase diagrams dhe system: water propylene glycol (PG) / sucrose oleate

(01570) + glycerol monooleate (M300K) /sesame oil (SO). The one phase region is designated by
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1n, and the multiple phase r egihedlgionéneehe@e si gn:
the mixing ratio (w/w) of (@570+M300K)/SO = 65/35, L1695/M300KA) 75% (B) 50% (C)

25%.

Table5.34: The total monophasic areg ®6) for the system W+PG /01570+M300K/SO at
different mixing ratios of mixed surfactants and at different temperatures.

0 28 28 30
25 26 25 28
50 22 23 24
75 18 18 19

Figures 583 present the phadeehaviorsof the systems WII1576-M300K/SO. The mixing ratio

of (01570M300K) equals (75, 50, and 25%) and Figuré3epresent the variation of the total
monophasic region A(%) as function of mixing ratios of different surfactant and as function of
temperature .Wheglycerol monooleatenixed with sucroseleate the total monophasic area A

(%) at 25°C for the mixing ratios®1300K/O1570(25%) equalsmaximum total area gave us the
best resulin Table5.34. About the values of the total monophasic are#%), it appears that the
variation in A (%) values withtemperatures small indication the formation of temperature
insensitive microemulsions. Thbehavior indicates that mixing M300K with 01570 improves the
water solubilization but did not affect the temperature insensitivity of O1570. This behavior an

advantage for this mixture of surfactants.
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Figure 5.84: Variation of the total monophasic ar@a (%) as function oM300 K contentin the
surfactants mixture (O1570+M300K) and as function of temperature for the syatemG/

01570+M300K/SO.

Table 535: The maximumtotal monophasic areatA%) for the system WPGO15706+M300K/

oil atmixed surfactant ratiat 25C temperatures.

5 Mixed surfactant ratio that
oll Maximum A (%) at 25'C gave maximum Ay (%) value
at 25C
M300K/(M300K+01570
MNT 47 01570
LIM 43 01570
ION 44 01570
IPM 53 1/3
CCT 45 01570
e]e) 38 01570
SO 28 01570

Temperature insensitive microemulsions were formulated. Mixing M300K with O1570 does not

improve the water solubilization.
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Chain length of the oil

In order to better understand the role that the oil chain length plays in the solubilization capacity of
the microemulsions. It was our intention to repld@)-limonene by noffood grade linear
saturated hydrocarbons rf@2n+2) with different chain length (CG C16) in order to determine

and to evaluate more quantitatively the effect of the nature of the oil on the solubilization capacity.
The effect of the molecular volume of the oil on the values ©{%) for the systems based on
Surfactant idllustrated in Figure5.85 for systems in which the oil/ethanol weight ratio (1/1) and

the water/PG weight ratio was also kept constant (1/1). There is a rapid decrease in the
solubilization with the increase in the molecular volume of the linear hydrocarbonssoliogic

area progressively reduces from 47.3 @42 as the hydrocarbon chain length increases from

number of carbo6 to C16 (Fig5.85).
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Figure 5.85: Effect of oil molecular volume at %5 on Ar (%) for the systems based on

L1695+M159 (1/1) wittthe different oil types and water.

The molecular volumes oMNT, LIM, ION, IPM, CCT andSB are170, 181, 207,317, 530 and
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980cm®/ mol respectively.

Large molecular volume oils are considered to form a core in the centre of the surfactant
aggregate, andhis can cause one of two effects depending upon the initial shape of the droplet. If
the droplet was already spherical, the presence of oil hardly alters the head group area and the
hydrophobic volume of the surfactant, thereby allowing the aggregat#l tmashtain nearly the

same degree of curvature and consequently a similar PIT as the corresponding micellar solution
(Aveyard and Lawless, 1986).

Obviously the definition of a o6small é and 61 ar
being sudied, although it is generally considered that a small oil is one that has a chain length less
than that of the hydrophobe of the surfactant.

In contrast, at low concentrations, the smaller molecular oils act in much the same way as a
cosurfactant, ine@asing the effective hydrophobe volume (and decreasing the effective length of
the hydrophilic head group) of the surfactant, thereby encouraging the formation of more
asymmetric aggregates with lower spontaneous curvature and higher intermicellariom&raod
consequently lowering the PIT (Monduzzi et al., 1997). At higher concentrations the small
molecular volume oils are thought to go into the core of the droplet, where they have little effect
on the hydrophobe volume of the surfactant, transforntiveg asymmetric droplets to more
symmetrical aggregates and restoring the PIT. The molecular volume of oil appeared to be more
important in determining phase behaviour than its polarity (Aboofazeli et al., 1995).

i¥LE s s 7 7L L L L L L L L L L L L L L LZ

V, = EEe.ééééééceeéeeéééééééé Equationno(d)

oy

These results are in a good agreement gydtems (Hou, Shah, Langmuir, 198They reported
that the solubilization process is limited either by the radius of the spontaneous curvature of the
interface,RO (curvature effect) or by the critical radius of the dropl&s,(effect of attractive

interaction among thedroplets). They found that the solubilization capacity decreased by
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increasing the molecular volume of the oil, due to an increase in the a#ratévaction among
droplets. Therefore, solubilization of systems consisting of tetradecdrexadecane, seems to be
limited by the critical droplet radiuic, through attractive interactions between droplets. It was
reported that this change in thelwwnlization capacity is due to the compatibility of the
hydrophobic part of the surfactant with the oil, the alcohol, and the hydrocarbon in the system
(Garti, Aserin, Ezrahi, Wachtel995, (Shiao, Chhabra, Patigt al 1988). Ethanol is too soluble

in shortchain oils such as hexane and water. As the oil chain length increases, the concentration of
ethanol in the oil phase decreases, forcing the ethanol to penetrate into the interfacial region and to
the aqueous phase, and it is likely that more efethanol partitions to the aqueous phase taking
with it additional surfactant, thus decreasing the stability of the inter(Restoe, Hetherington,

Sharpe, Dong, Langmuir, 1996)

The solubilization capacity of the system wHi+)-limonene consistingfocyclic hydrocarbon

with double bond was significantly higher than that of systems with linear hydrocarbons. This
difference is at present not fully clear but could be attributed in part to better compatibility
betweernthe hydrophobic chain of the surfant and the oil phas&he mutual miscibility between

the hydrophobic part of the surfactant and the oil will affect the degree of oil penetration into the
amphiphilic film and will also affect the spontaneous curvature. The solubilization mechanism of
peffume oils such asR(+)-imonene by nonionic surfactants has been studiBokuoka,
Uchiyama, Abe, Christian,1998anei, Tamura,Kuniedg1999) It was found that perfume
molecules tend to be solubilizéd the vicinity of the interface of the watdrydrocarbon moieties

of the surfactant or the surfactant palisade layer. Their results are good indication that also in our
microemulsions the improved solubilization B (+)-limonene is related to its comgality with

the surfactant and its partial penetration into the surfactant film at the interface.
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5.11.3 Phase behavior omixed surfactants/ mixed oils

i - Constant weight ratio of mixed surfactants W/L1695+M159mixed ol

In this section we investigated the effect of mixing oils at different mixing ratios (oil1/ 0il2) which
equall/2, 1, 2 and 3 on the formation and properties of biocompatible microemulsionsdrased
the mixed sucrosemonolaurate(L1695) and PEG7 glyceryl cocoate (M159) at different
temperatures (25, 37 and 45°C). The mixing ratio (W/Ww)1&95/M159 used in this study equals
unity surfactants mixture so that we fixed the mixing ratio of mixed surfactants at mixing ratio
(wt/wt) equals unitygive best A (%). In this section we presented the phase diagrams for the
systems which contain tmeixing ratio (w/w) of oil1/0il2 equafA) 1/2 (B) 1 (C) 2 (D) 3.

Mixing effect of oils

We have also found that mixing oils gave better oil surface tension polaritgadunilization
behavior than prescribing one type of oil in some caBegire 5.86 shows the results when
isopropymyristate oils were mixed with peppermint oil. As can be seen, the mixing effect was

observed for each combination. The most effective rgixatio was 1:1 of IPM, CCT and Qi

W/L1695+M159/IPM+MNT

Figure 5.8 present th@hase diagrarof the water/ sucrose monolaurate (L1699BG7

glyceryl cocoate (M159)1:1) /isopropymyristate (IPM) peppermint oilMNT) system at

different weight ratios oMNT/IPM that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.

As show in Figure 58A, the one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. The one phase microemagion extend to
approximatelyl00wt% water along the dilution line N6Bor higher mix surfactant contents the

one phase microemulsion region could extend to al@wt% water.
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For |l ow mixed surfactants c onotolesevédst diutiominmd t i phas
N65.Some behavior is observed in Figure8®8with the difference that the area of the one phase
microemulsion regioimcreased since the multiphase regiondsextended to mixed surfactaras

dilution line N65 In Figure 5.8C theone phase microemulsion region shrinks more compared to

5.86B and 5.86D

L1695/M159=1/1

11 (Wm+0)

Water MNT/IPM=1/2

(A)
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L1695/M159=1/1

Water -MN’I‘ IPM = 1/1
(B)
L1695/M159=1/1

Water MNT/IPM =2/1
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L1695/M159=1/1

11 (Wm+0)

\Vatr MNT/ IM =2/1
(D)
Figure 5.86: Phase diagrams of the system: water/ sucrose monolaurate (L1B&&} # glyceryl
cocoate (M159Yisopropylmyristate (IPM) peppermint oil(MNT) at 25°C. The mixing ratio
(w/w) of L1695/ M159 equals unity. The one phat
phase regions are designatedtbz ( Wm+ O) . N65 is the dilution 1

of (L1695+M159)/ (PM+MNT) = 65/35, MNT/IPM:(A) 1/2 (B) 1 (C) 2 (D) 3.

Figure 5.86 presents the phase behavior of the system W/L1695+M159/IPM+MNT. Figure 5.87
and Table 5.36represents the variation of the total monophasic regipii%). as function of
mixing ratios of different mixed oil and as function of temperature. Wie@permint oil ismixed

with isopropylmyristateoil, the total monophasic are@ar (%) at 25°C for the mixing ratios
(oil2/0il1=1/2) equals 50%, for mixing ratio (oitd#l1=1) the total monophasic are&r (%).

increase to 63%, for mixing ratio (0il2/0il1=2) the total monophasic Arg&o). decrease slightly
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equals 55%, for mixing ratio (0il2/0il1=3) the total monophasic a#e4%). increase again to
63%.So0 that mixingpeppermint oil withisopropylmyristateoil at mixing ratio (oil2/oil1=1or 3)

gave us the best result.

Table 5.36: The total monophasic areg £6) for the system W/L1695+M159 (1:1) / IPM + MNT

at different mixing ratios of mixed oil and at different temperatures.

0.5 50 49 49
1.0 63 59 56
2.0 55 57 58
3.0 63 63 62
65.00
60.00 M
55.00 5
S :
50.00 =7
< w5 °C
45,00
40.00 T T T T T T 1
0.0 05 1.0 15 2.0 25 3.0 35
MNT/ IPM

Figure 5.87: Variation of the total monophasic arée (%). as function of weight ratio of
peppermint and isopropylmyristatand as function of temperature for the systevi!

L1695+M159/IPM+MNT.




W/L1695+M159/IPM+LIM

Figure 5.8 present the phase diagram of the water/ sucrose monolaurate (L1BE& #

glyceryl cocoate (M159)1:1) //isopropymyristate (IPM) R(+)-limonene(LIM) system at

different weight ratios ofIM/IPM that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.

As show in Figee 5.8 A, the one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to
approximately 100 wt% water along the dilution line NB&t higher mix surfactant atents the

one phase microemulsion region could extend to ab@wt% water.

For |l ow mixed surfactants contents a multiphas
N65.Some behavior is observed in Figure8R8with the difference that the arefithe one phase
microemulsion region increased since the multiphase region is not extended to mixed surfactants at
dilution line N65. In Figure 5&C the one phase microemulsion regiocreaseanorecompared

to 5.88B and 5.8D.

L1695/M159=1/1

II (Wm+0)

Water LIM/IPM=112

(A)
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L1695/M159=1/1

Water LIIPM=l/l
(B)
L1695/M159=1/1

Water LIM / IPM=2/1
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L1695/M159=1/1

N65

I (Wm+0)

W ater LIM/IPM=3/1
(D)

Figure 5.88: Phase diagrams of the system: water/ sucrose monolaurate (L1BE&}# glyceryl
cocoate (M159)sopropylmyristate (IPM) R(+)-limonene(LIM) at 25°C. The mixing ratio (w/w)
of L1695/ M159 equals wunity. The one phase reg
regions are designated by tt (Wm+O0O). N65 is t

(L1695+M159)/ (IPM+LIM) = 65/3, LIM/IPM: (A) 1/2 (B) 1 (C) 2 (D) 3.

Table 5.37: The total monophasic areg £06) for the system W/L1695+M159 (1:1)/IPM+ LIM at

different mixing ratios of mixed oil and at different temperatures.

0.5 48 46 33
1.0 52 53 53
2.0 56 58 57
3.0 47 50 51
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Figures 538 present the phadmehaviorsof the systems W/A695+M159IPM+LIM. The mixing

ratio of L1699M159) equals 1/And Figures B9 represent the variation of the total monophasic
region Ay (%) as function of mixing ratios of differenil and as function of temperature .When
R(+)-limonenemixed withisopropymyristate the total monophasic arear 6) at 25°C for the
mixing ratiosLIM /IPM equals maximum total area gave us the best restitibie 5.3. About the
values of the total monophasic area (%), it appears that the variation inr £%) values with
temperatures small indication the formation of temperature insensitive microemulsions. This

behavior indicates that mixingM with IPM improves the water solubilizatio

70
60
g 50 v/\ -
- /‘/'k —~
< 40
15 C
30
==37C
20
45°C
10
0 T T T T T T 1
0.0 0.5 1.0 15 20 25 3.0 35
LIM/ IPM

Figure 5.89: Variation of the total monophasic areatA%) as function ofR(+)-limonene oil
contentin the oil mixture (IPM+LIM) and as function of temperature for the systafy.

L1695+M159/IPM+LIM.
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W/L1695+M159/IPM+ION.

Figure 5.9Qoresent the phase diagram of the water/ sucrose monolaurate (L1BE& #

glyceryl cocoate (M159)1:1) /isopropymyristate (IPM) t+ionone(ION) system at different

weight ratios olON/IPM that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.

As show in Figure ®0A, the one phase microemulsion region appears from the first addition of
water along the mixed surfactants/ oil axis. The one phase microemulsion region extend to
approximately 100 wt% watealong the dilution line N65-or higher mix surfactant contents the

one phase microemulsion region could extend to afwt% water.

For | ow mixed surfactants contents a multi phas
N65.Some behavior iskserved in Figure 80B, with the difference that the area of the one phase
microemulsion regiomecreased since the multiphase region is not extended to mixed surfactants
at dilution line N65. In Figure 90C and5.90D the one phase microemulsion reggiinksmore

compared to 90B.

L1695 /M159=1/1

W ater TON/IPM =1/2

(A)
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L1695 /M159=1/1

Water ION/IPM =1/1
(B)

L1695 /M159=1/1

Water ION/IPM = 2/1
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L1695 /M159=1/1

I (Wm+0)

W ater

(D)

TON/IPM =3/1

Figure 590. Phase diagrams of the system: water/ sucrose monolaurate (L16BEG¥

glyceryl cocoate (M159Jisopropylmyristate (IPM) &-ionone (ION) at 25°C. The mixing ratio

(w/ w) of

phase regions

of (L1695+M159)/ (IPM+ION) = 65/35, ION/IPMA) 1/2 (B) 1 (C) 2 (D) 3.

ar

e

L1695/ M159

equal s

uni ty.

designated by

Et

The one

( Wm+Q) .

Table 5.38: The total monophasic area &%) for the system W/L1695+M159 (1:1)/IPM + ION at

different mixing ratios of mixed oil and at different temperatures.

0.5 54 55 55
1.0 51 51 54
2.0 49 50 47
3.0 51 51 48
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Figure 5.91: Variation of the total monophasic area(%) as function of}iononecontentin the

oils mixture (IPM+ION) and as function of temperature for the syswi.1695 +M159/ IPM+

ION.

W/L1695+M159/CCT+MNT.

Figure 5.2 present the phase diagram of the water/ sucrose monolaurate (L18BE& #

glyceryl cocoate (M159)1:1) /capryliccapric triglyceride peppermint oi(MNT) system at

different weight ratios oMNT/CCT that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.

As show in Figure 5®A, the one phase microemulsion region appears from the first addition of

water along the mixed surfactants/oil axis. The one phase microemulsion region extend to

approximately\33 wt% water alog the dilution line N65. For higher mix surfactant contents the

one phase microemulsion region could extend to aldwt% water.

For

|l ow mi xed

surfactant s

contents (below 60

dilution line N65.Somdehavior is observed in Figure92B, with the difference that the area of

the one phase microemulsion region decreased since the multiphase region is extand=t to
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surfactants contents abo&8wt%. In Figure P2C the one phase microemulsion regincrease
slowly compared to 92B.

With the difference that the area of the one phase microemulsion regiasesince the
multiphase region is not extended to mixed surfactants at dilution line N65. In Fig@ithé&one

phase microemulsion regiamcreasemorewith increase peppermint oil

Figure 5.92 presents the phase behavior of the system W/L1695+M159/CCT+MNT. The mixing
ratio of (CCT/MNT) equals 1/2. Figure 3@nd Table 5.3%epresents the variation of the total
monophasic regiorr (%) asfunction of mixing ratios of different mixed oil and as function of
temperature. Whenpeppermint oil mixed with caprylic-capric triglyceride oil, the total
monophasic areAr (%) at 25°C for the mixing ratios (0il2/0il1=0.5) equals 43%, for mixing ratio
(oil2/0il1=1) the total monophasic arda (%) increase to 45%, for mixing ratio (oil2/0il1=2) the
total monophasic are@r (%) decrease slightly equals 56%, for mixing ratio (oil2/0il1=3) the total
monophasic areAr (%) increase again to 58%.So that mixjpeppermint oil withcaprylic-capric
triglyceride oil at mixing ratio (0il2/0il1= 3) gave us the best result.

So mix peppermint oil withisopropymyristate oil give total aria gter when mix with caprylic
capric triglyceride, because CCT have moleculalume large than IPM and IPM make as

penetration enhancer.
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L1695/M159=1/1

Waer MNT/ CT= 12

(A)
L1695/ M159=1/1

Water MNT/CCT =1/1

(B)
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L1695/M159=1/1

W ater MNT/CCT=2/1
©)

L1695/ M159=1/1

II (Wm+0)

W ater MNT/CCT=3/1
(D)

Figure 592: Phase diagrams of the system: water/ sucrose monolaurate (L16PEGY

glyceryl cocoate (M159) capryliccapric triglyceride (CCT) + peppermint (MNT) at 25°C. The

mi xing ratio (w/w) of L1695/ M159 equals unity.
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the multiple phase regions are desi gnazxingd

ratio (w/w) of (L1695+M159)/ (CCT+MNT) = 65/35, MNT/CCTA] 1/2 (B) 1 (C) 2 (D) 3.

Table 5.39: The total monophasic area £6) for the system W/L1695+M159(1:1)/CCT +MNT

at different mixing ratios of mixed oil and at different temperatures.

0.5 43 44 45
1.0 44 46 48
2.0 56 57 56
3.0 58 55 53

Figures 32 present the phaseehaviorsof the systems W/L1695+M150CT+MNT. The mixing

ratio of (L1695/M159) equals 1/1 and Figure8&epresent the variation of the total monophasic

region Ay (%) as function of mixing ratios of differewil and as function ofeimperature .When

peppermint oilmixed with caprylic-capric triglyceridethe total monophasic arear £6) at 25°C

for the mixirg ratiosMNT/CCT equals maximum total area gave us the best result in T&8e 5.

About the values of the total monophasic are44), it appears that the variation i &0) values
with temperaturés small indication the formation of temperature ins@resimicroemulsions. This

behavior indicates that mixifgNT with CCT improves the water solubilizatio
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Figure 5.93: Variation of the total monophasic ar&a (%) as function peppermimontentin the

mixture (CCT+MNT) and as function of temperature for the sysWmiL1695+ M159/CCT+

MNT.

W/L1695+M159/CCT+HLIM :

Figure 5.9 present the phase diagram of the water/ sucrose monolaurate (L1BE& #

glyceryl cocoate (M159)1:1) /capryliccapric triglyceride HR(+)-limoneneoil (LIM) system at

different weight ratios ofIM/CCT that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.

As show in Figure 58A, the one phase microemulsion region appears from the first addition of

water alonghe mixed surfactants/oil axis. The one phase microemulsion region extend to

approximately B wt% water along the dilution line N65. For higher mix surfactant contents the

one phase microemulsion region could extend to ai®wt% water.

For low mixed suidictants contents (belof2wt %) a

mul ti phase

reign

dilution line N65.Some behavior is observed in FigurdB,vith the difference that the area of

the one phase microemulsion region decreased since the multiphase regiordedetaaxed

surfactants contents abo&8wt%. In Figure P4C the one phase microemulsion region increase

slowly compared to 94B.
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With the difference that the area of the one phase microemulsion region increase since the
multiphase region is na&xtended to mixed surfactants at dilution line N65. In Figuré thé one
phase microemulsion region increase more with incr&gs¢limoneneoil in Figure 5.94C In

Figure 594D the one phase microemulsion reggiminksmore compared to $4C.

L1695/ M159=1/1

W ater LIM/CCT=1/2

(A)
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L1695/ M159=1/1

W ater LIM/CCT=1/1
(B)

L1695/ M159=1/1

Water LIM/CCT=2/1

(©)
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L1695/M159=1/1

LIM /CCT=3/1

(D)

Figure 594: Phase diagrams of the system: water/ sucrose monolaurate (L16PEGY

glyceryl cocoate (M159) capryliccapric triglyceride (CCT) + R{)-limonene (LIM) at 25°C. The

mi xing ratio (w/w) of L1695/ M159 equals unity.
the multiple phase regions are designated by ¢t
ratio (w/w) of (L1695+M159)/ (CCTHIM) = 65/35, LIM/CCT: (A) 1/2 (B) 1 (C) 2 (D) 3.

Table 5.40: The total monophasic area £60) for the system W/L1695+M159 (1:1)/CCT+ LIM at

different mixing ratios of mixed oil and at different temperatures.

0.5 40 40 40
1.0 42 43 44
2.0 44 46 46
3.0 41 40 40

184

—
| —



Figures 94 present the phadeehaviorsof the systems W/L1695+M159CT+LIM. The mixing
ratio of (L1695/M159) equals 1/1 and Figure85epresent the variation of the total monophasic
region Ay (%) as function of mixing ratios of differenil and as function of temperature .When
R(+)-limonenemixed with caprylic-capric triglyceride, the total monophasic area ®60) at 25°C
for the mixing ratiod.IM/CCT equals maximum total area gave us the best result in Tatile 5.
About the values of the total monophasic are44), it appears that the variation i ®0) values
with temperaturés small indication the formation of temperature insensitive microeangdsir his

behavior indicates that mixingM with CCT improves the water solubilizatio

50.0
LAl

40.0 I )|

35.0
< 300 = C
£ 250 _—

20.0 45°C

15.0

10-0 T T T T T T 1

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
LIM/ CCT

Figure 5.95: Variation of the total monophasic ar&a (%) as function R(+Jimonenecontentin
the mixture (CCT+LIM) and as function of temperature for the systérmt 1695+ M159/CCT

+LIM.
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W/L1695+M159/CCTHON:

Figure 5.% present the phase diagram of the water/ sucrose monolaurate (L1695)Y# PEG
glyceryl cocoate (M159) (1:1) /caprylic a p r i ¢ t r iiogoheyod @ON) systeem at U
different weight ratios of ION/CCT that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.

As show in Figure 5@8A, the one phase microemulsion region appears from the first addition of
wate along the mixed surfactants/oil axis. The one phase microemulsion region extend to
approximately25 wt% water along the dilution line N6&or higher mix surfactant contents the
one phase microemulsion region could extend to ai@wt% water.

For low mixed surfactants contents (belo&wt %) a mul ti phase reign tt
dilution line N65.Some behavior is observed in Figur®B,vith the difference that the area of
the one phase microemulsion reginareased since the multiphase region is extended to mixed
surfactants contentselow52 wt%. In Figure 5.8C the one phase microemulsion regitarease
slowly compared to 56B.

With the difference that the area of the one phase microemulsion rdgioese since the
multiphase region iextended to mixed surfactants at dilution line N65. In Figuré®.and

Figure 5.8D the one phase microemulsion region shrinks more comparedbt®. 5.9
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L1695/M159=1/1

Water 10N/ CCT-122
(A)
L1695 /M159=1/11

Water ION /CCT=1/1

(B)
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L1695 /M159=1/1

Water ION / CCT= 2/1

©

L1695 /M159=1/1

Water 1ON / CCT- 3/1

(D)
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Figure 596: Phase diagrams of the system: water/ sucrose monolaurate (L16PEGY

glyceryl cocoate (M159) caprylicc apri ¢ tr i gl yionermei(lON) atRE&C. TThe + U
mi xing ratio (w/w) of L1695/ M159 equalandunity.
the multiple phase regions are designated by ¢t

ratio (w/w) of (L1695+M159)/ (CCT+ION) = 65/35, ION/CCTA) 1/2 (B) 1 (C) 2 (D) 3.

Table 5.41: The total monophasic area £06) for the system W/L16994159 (1:1)/CCT+ ION

at different mixing ratios of mixed oil and at different temperatures.

0.5 42 42 42
1.0 50 51 51
2.0 37 39 41
3.0 35 40 45

Figures 5.8 present the phase behaviors of the systems W/L1695+M159ACGIT he mixing

ratio of (L1695/M159) equals 1/1 and Figures7.8present the variation of the total monophasic
region Ay (%) as function of mixing ratios of different oil and as function afgerature .Whek*
iononemixed with capryliecapric triglyceride, the total monophasic area(%) at 25°C for the
mixing ratiosION/CCT equals maximum total area gave us the best result in TahleABout the
values of the total monophasic area (80), it appears that the variation inyA%) values with
temperatures small indication the formation of temperature insensitive microemulsions. This

behavior indicates that mixin®N with CCT improves the water solubilization.
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Figure 5.97: Variation of the total monophasic arda(%)a s f u nRi@nbnecontentit/the
mixture (CCT+ION) and as function of temperature for the syst¥mL1695+ M159/CCT+

ION.

Table 542: The maximumtotal monophasic arearA%) for the system W.1695+M159/mixed

oils at25C temperatures.

oil 1 Oil 2 At (%) at 25C Mixed oil ratio
where maximum Ar
(%) is obtained at
25C
MNT 63 1/1
IPM LIM 56 2/1
ION 51 1/1
MNT 58 3/1
CCT LIM 44 2/1
ION 50 1/1
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The mixing ratio of oils equals 1/1 is the optimum mixing ratio to be chagédoiformulations
theincrease in the water solubilization for higher mixing ratios is not significant eauserease

the amount of one oil or the other.

Phase behaviors omixed surfactants/oil/ cosurfactantssystems

W/ L1695+M159/IPM+EtOH

Figure 5.8 present the phase diagram of the water/ sucrose monolaurate (L1695)Y# PEG

glyceryl cocoate (M159)1¢1)/ isopropylmyristate (IPM)ethanol(EtOH) system at different

weight ratios oEtOH/IPM that are (A) 1/2 (B) 1/1 (C) 2 (D) 3.

As show in Figure5.98, the one phase microemulsion region appears from the first addition of
water along the mixed surfactamisxed cosurfactants arall axis. The onghase microemulsion

region extend to approximatel)Owt% water along the dilution line N65.

With the difference that the area of the one phase microemulsion region increase since the
multiphase region is not extended to mixed surfactants at dilutierNi@%. In Figure 58the one

phase microemulsion region increase more with incretmsol
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