SCIENCE FOR FORMULATORS

TONY O'LENICK

Siltech L.L.C., 1625 Lakes Parkway,
Suite N., Lawrenceville, GA 30043, USA

Review of silicone emulsifier selection

A b -I- -I- This is the fifth in the Science for Formulator series of related to silicone polymers (1-4). This article will
S rO C deal with emulsions made using silicone based emulsifiers. Despite the large number of chemical
classes of silicone polymers, there are several specific functional attributes that make silicone interesting in polymers used in
personal care. It is these functional attributes of silicone, which are a direct result of their structure that is being examined in this
series of artficles. As formulators, we use silicone polymers (1), lower surface tension to levels not achievable with fatty based
surfactants (2), provide outstanding spreadability (3), provide a highly prized aesthetic on the hair and skin and (4) are non-
iritating. What is fremendously interesting in the formulation of emulsions, is not only are silicone based emulsifiers useful over the
wide range of emulsion types (i.e. O/W and W/QO) but recent studies indicate the emulsifier not the emollient provides 80% of the
initial aesthetics to the emulsion (5). This means that consumer acceptance comes in large part by getting the aesthetics of the

emulsifier used in the formulation right.

As pointed out in article 4, emulsification is a process that
allows for the preparation of a metastable single phase of
two insoluble materials. The preparation of cosmetically
appealing emulsions is a very challenging and often
frustrating undertaking. The metastable nature of the two
insoluble materials is critical to understanding the nature
and performance of emulsions. The metastable nature of
the emulsion, and the requirement that the emulsion be
cosmetically appealing, offer unique challenges to the
formulator. This article will deal with the nature of the emulsion
and what factors affect the emulsion. This inclusion of
silicone in the emulsifier provides a silicone like feel and can
fremendously modify the aesthetics of the emulsion.

Group Opposites

The first requirement for making an emulsion is that it must

be made up of at least two insoluble materials. This is due to
the observation that if the two materials are soluble in each
other, a solution is the result. Solutions are clear and can be
prepared using any ratio of the two or more soluble liquids.
The most commonly understood insoluble phases are oil and
water. It is a standard phrase used commonly in ordinary
speech that two people are like oil and water, they simply do
not mix. We are all familiar with the separation of oil on top of
water in salad dressing. The lowest free energy of the system
is with the two phases separated from each other. This is due
in part to the hydrogen bonding that is seen between water
molecules and the fact that it takes energy to disrupt this
organization with oil molecules.

Silicone is a third phase which like oil is insoluble in water,

but at the same time is insoluble in oil. This third phase
complicates our simple system of water and oil soluble. This
model is even further complicated when one considers fluoro
compounds which are insoluble in other three. When one talks
of oil phase, a full description of the nature of the oil needs to
be provided.

Hydrophobic Materials

Hydrophobic literally means water hating. By calling a
material hydrophobic, we simply define a material by what
it is not (water loving) not by what is. Hydrophobic materials
can be soluble in silicone, oil, or fluoro phases that are
allinsoluble in water and each other. To really define the
material an expanded vocabulary is needed. We have
proposed the following (5);

Class Definitions
Water insoluble Lipophilic — Oil loving
Siliphilic — Silicone loving
Fluorophilic — Fluoro loving

Silicone insoluble Lipophilic — Qil loving
Hydrophilic - Water loving

Fluorophilic — Fluoro loving

Lipophilic — Oil loving
Siliphilic - Silicone loving
Hydrophilic — Fluoro loving

Fluoro insoluble
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Figure 1 shows that silicone fluid, water and oil, when mixed
together will separate into three distinct phases when the
agitation ceases.

Figure 1. Separation
of Silicone Fluid / Oil
and Water.

Qil
Silicone Fluid
' Water

Silicone Containing Emulsifiers

Since silicone fluid, water and oils are mutually immiscible in
their pure state, the synthesis of surfactants that have each
portfion in one molecule will unique properties in terms of
solubility, emulsification properties, and aesthetics. The exact
properties will be determined not only by the ratio of each
group, but the molecular weight of the polymer.

The properties of a molecule with a specific ratio of silicone
soluble to water soluble fo oil soluble is shown in figure 2.

Figure 2. Silicone
Emulsifier Property
Triangle.
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Since the majority of the foundations use non-ionic invert
silicone emulsifiers having a and a silicone elastomer (7), the
importance of proper selection of the emulsifier is critical.
The difficulty is that the most commonly used emulsifiers
were developed almost 30 years ago, long before the
importance of aesthetics was understood (8).

Leonardo da Vinci once said the simplicity is the ultimate
sophistication (9). Achieving this sophistication in our
formulation requires we fine tune all raw materials in a
formulation to optimize aesthetics. As we undertake this
project we need to start with the most generic structure
of a silicone surfactant, and evaluate the different

types of “R” groups and the effect of those variations on
functionality.

Attaining simplicity in formulation requires a sophisticated
emulsifier, and that in turn requires laboratory evaluation.
The selection of emulsifier to provide the most elegant
and consumer acceptable product depends upon (1) the
type of emulsion (regular or invert), (2) the specific class of
emulsifier with suitable “HLB", (3) the specific structure of
the emulsifier for the proper aesthetics, and the processing
technology for the preparation of the emulsion. This article
will address (1) and (3) above in a variety of formulations.

Emulsion Types (10)

Fegubir Emnlgdon (O or S1W) Invert Ematbdon (W00 o WSHD

{2} Ol droplets
[diuperied medium)

L1

" \ (5 :w
'}1,' h.::: S‘,,. 1t

&) Water dropless
Jduperied medinm)
L1

w . I
*T n.r_,_. ) > g
o I “Te < I-- Y e
& al s -
o I’-l{ i "\-l.r'l "1"" ] I "
.‘; T R ! "-I.:. ::::
-1 3
] -~ by =)
: A s AJ‘rr‘ — jr ‘.Tﬁ'
A b | f oo
T
'-'-'J:';r [a" | F
(disporuion medium) {dnperaion medum)

The ratio of oil soluble, and silicone soluble groups relative

to the water soluble groups will determine the emulsification
properties. While there are some surfactants that lack the oil
soluble group, having only water soluble and silicone soluble,
the best emulsifiers have all three and will be the topic of thus
paper.

Properly chosen silicone emulsifiers will allow for the efficient
preparation of W/O W/Si O/W and Si/W emulsion. This is
accomplished by altering the ratio of each group, silicone
soluble, water soluble and oil soluble.

The presence of silicone in the emulsifier molecule results

in unique properties. Since silicone emulsifiers lower

surface tension, they increase spreadability and result

in thin breathable films. Changing the emulsifier, rather
than the emollient system, is by far the most effective tool
for altering the aesthetics of topical formulations (6). This
means that the make or break property from a marketing
point of view, aesthetics, is a direct result of selection of the
emulsifier.
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Emulsion Breaking Mechanisms (11)

Emulsion

Hl. Creaming

iv. Breaking

Each of these mechanisms must be avoided. In order to be
able to evaluate emulsifiers in a systematic way, there needs
to be a generic emulsifier defined. It is from that generic
species that specific species are defined.
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Generic Silicone Emulsifier
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“D" Units — Silicone Soluble Groups  (a Value)
R Units — 0il Soluble Groups (¢ value)
R* Units — Water Soluble Groups (b value)

As “a" increases the spacing between groups “b" and “c”
increase. A “larger more siliphyllic molecule changes the
function of the emulsifier and the aesthetics.

These types of materials evaluated can be broken into groups
based upon structure.

Specific Structures

Group 1 (12}
R! is a short alkyl group (C12)
R’ is a short PEG group (PEG 8)

CHy
|
Ha Hs Hs (CHzle CHs
| | | | |
CHy- 81- O - (- 81« O Jo- (-5 - O - 81 = O =51 - CHhy
| | | | |
CHa THs (" Hzbs CHy CHa
|
(8]
|
{CH:CH;O)sH

“D" Units - Silicape Soluble Groups (3 Value)
R Units — 0l Sofuble Groups (e value)
R Units = Water Soluble Groups (b value)

Group 1 is the workhorse emulsifier. The emulsifiers in this class
are good general emulsifiers, and generally are the starting
point for evaluation.
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This group features a polar hydrophobic group (polypropylene
glycol). A polar hydrophobic group replaces the non-polar
alkyl group in Group 1.
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This group is like group 1 except it has higher values of “a” in
the molecule.
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Silube J208-2l, 41 and Silube J1015-0O-412 are the top three emulsifiers
in this kind of emulsions in terms of texture, skin feel and stability.

Procedure: 1. Combine Part A heat up to 75 C. 2. Combine
Part B and heat up to 75 C under mixing. 3. Add Part B info
Part A at 75 C very slowly under mixing. 4. After 10 minutes,
cool batch to RT by cold water. 5. Add Part C one by one
under mixing. Adjust pH around 6.5 citric acid.

«  Silube J208-4l, 2I, Silube J208-412, 212, Silube J1015-0-212,
and 412 are the top emulsifiers in this series of emulsions in
terms of texture, skin feel and stability

CONCLUSIONS

Leonardo Da Vinci observation that “simplicity is the
ultimate sophistication” is correct, but the process

of picking the proper emulsifier for a personal care
formulation to have simplicity, is a complicated process.
The successful formulation that is an elegant simple
formulation that will excite consumers. The simpler the
formulation the more complex the search for the best

i Vily (WL | fppmmnie . | b T | T, | — formulation. The formulator should strive the obtain the
P BA BT V| e s e T W simplest formulation.
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Safe Skin Care Ingredients

Silube® 316 PEG/PPG-free invert emulsifier
provides stability and a very unique feel

Silmer® G-162 series Silicone Elastomers
provide control of formulation feel

Silquat® J2-xB-PG invert emulsifiers
provide PEG/PPG free conditioning
as well as emulsion stability

Silwax® Alkyl Dimethicones
provide moisturizing and
slippery soft feel
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