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Figure 1. Chemical structure of a typical silicone carbinol fluid.
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Figure 2. Evaporation of fragrance after 16 hours; dimethicone-based carrier.
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Figure 3. Evaporation of fragrance after 16 hours; silicone carbinol fluid-based carrier.

incorporated into a variety of personal care
formulations. This clear, colorless material
imparts hydrophilicity and wetting charac-
teristics. It functions well as a binder for
powder cosmetics, and does not require the
use of the multiple ingredients typically
used to bind pigments. Dow Corning® 5562
Carbinol Fluid also significantly increases
the sun protection factor (SPF) in sun care
formulations and does not appreciably con-
tribute to the odor of finished formulations.
In addition, compared to many polar organic
materials, it is nonirritating. In terms of
formulation ease, the material is compatible
with a wide range of cosmetic raw materi-
als, both polar and nonpolar solvents, in-
cluding most organic esters, alcohols and
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silicones. Table 1 summarizes the compat-
ibility characteristics of the fluid compared
to various common polar and nonpolar
silicones.

The carbinol-functional silicone has sustained
fragrance capabilities, maintaining fragrances
longer than polydimethylsiloxane (PDMS)
fluids of similar viscosity (50 cSt) and cyclo-
pentasiloxane. Figures 2 and 3 illustrate the
comparative evaporation of a complex fra-
grance, Aloe Lily (Firmenich), over 16 hours
in XIAMETER® PMX-200 Silicone Fluid,
50 ¢St and Dow Corning® 5562 Carbinol Fluid.
The fragrance notes are numbered from most
volatile to least volatile. The silicone carbinol
fluid demonstrates greater fragrance retention,
particularly with the most volatile components
(high notes).

Versatility for Skin Care and
Color Cosmetics

From a sensory perspective, the silicone fluid
has tactile attributes similar to those of baby
oil. It is smoother and more substantive than
polydimethylsiloxane (PDMS) of equivalent
molecular weight. The material feels like a
silicone gum, although the viscosity and
molecular weight are significantly lower. In
addition, it feels more smooth and lubricating
than other polar silicones such as silicone
polyethers, and also less tacky. The silicone
keeps pigments and other active ingredients
well dispersed and suspended, while easily
wetting and spreading pigments and actives
on skin. It imparts the sensory performance of
higher molecular weight structures and offers
moisturization benefits for the skin.

Figure 4 illustrates moisturization benefits
based on the silicone carbinol fluid in compar-
ison with untreated skin. As the figure indicates,
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Figure 4. Based on corneometer readings, Dow Corning® 5562 Carbinol Fluid shows

moisture benefits compared to untreated skin.



Table 2. Surface Tension of Various Substances (mJ/m?)

Dow Corning® 5562 Carbinol Fluid 24
Glycerin 66
Olive oil 33
Castor oil 36
Capryl caprylic triglyceride 30
Skin 27
Yellow iron oxide >73
Carbon black 40
Talc 48
Red iron oxide 28
Water 73

Table 3. Viscosities of Pigment Mixtures, Castor Oil Vs. Silicone Carbinol Fluid

Pigment Castor Qil (cPs)  Dow Corning® 5562 Carbinol Fluid (cPs)
TiO2 19500 4477
Yellow #5 Aluminum Lake 7913 710
Red Iron Oxide 12413 4180

the silicone has a positive effect on moistur-
ization. Data show an improvement from 10
to 20% versus untreated skin for at least five
hours. Results for this material are signifi-
cantly different from untreated skin at the
95% confidence level for up to five hours.

For color cosmetics, most pigments prod-
ucts are milled with a wetting agent such
as castor oil to create a homogeneous mix-
ture that is made up of small particles of
pigment suspended in a carrier fluid. We
compared the particle size of pigment/fluid
mixture both after simple dispersing and
milling using Dow Corning® 5562 Carbinol
Fluid and castor oil. We found that the
silicone carbinol fluid and castor fluid
reduced the particle size of pigments equal-
ly when dispersed.

In formulations that contain active ingredi-
ents, particulate material or both (e.g., color
cosmetics, sun care, products and deodor-
ants), the wetting, spreading and film form-
ing characteristics of the raw materials are
important. Effective wetting and spreading
of pigments and actives enable homoge-
neous mixtures and coatings without defects.
For a liquid to effectively wet another ma-
terial, it must have a surface tension that is
lower than the other ingredient. Table 2
shows the surface tension (liquids) and
critical surface tension (solids) data for a
variety of ingredients used in skin care color
cosmetic products.

The table shows that Dow Corning® 5562
Carbinol Fluid has a low surface tension,
which allows it to wet and spread on pig-
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Figure 5. The carbinol fluid requires less equipment power than castor oil to suspend pigments.
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ments, skin, and many other ingredients
used in skin care formulations. Ingredients
such as castor oil and glycerin have a higher
surface tension than Dow Corning® 5562
Carbinol Fluid, and hence do not function
as good wetting and spreading agents.

Another common technique used to assess
the wetability of a given fluid with a pigment
is to measure the resulting viscosity of the
pigment dispersions. We measured the final
viscosity of pigment dispersion after mixing
for 2 hours with a Lightnin Mixer (Model
TS2010; Rochester, NY USA). The final
viscosities (cPs) of the pigment mixtures, as
shown in Table 3, were lower for the

Dow Corning® 5562 Carbinol Fluid compared
to castor oil, which indicates that the silicone
carbinol fluid is a better pigment wetting
agent than castor oil. We also saw similar
results when a dispersator (Series 2000,
Model 90, Premier Mill Corporation, Read-
ing, PA) or a three roll mill (Model 2 1/2 x

5 T.R.M., Charles Ross and Son Company,
Hauppauge, NY) were used to create pig-
ment/fluid mixtures.

We also conducted a series of tests to deter-
mine the equipment power required to sus-
pend pigments in the silicone carbinol fluid
compared to castor oil, the most commonly
used pigment suspending agent. Figure 5
summarizes these evaluations using the
Lightnin Mixer at room temperature with a
turbine/pitch blade configuration at a constant
rpm setting. The silicone fluid required sig-
nificantly less power to suspend untreated
pigments than did castor oil.

We also determined that pigment mixtures
that contained the silicone carbinol fluid
were stable over time, with only a small
separation of fluid at the top of our con-
tainers. Any separated pigment was easily
suspended in this solution with simple
mixing. Caking did not occur in the sili-
cone carbinol fluid mixtures, whereas
caking did occur in the castor oil-pigment
blends.

Formulation 1 is an example of a prototype
lipstick formulation where the carbinol fluid
is used as a processing aid, compatibilizer,
and gloss enhancer.

Formulation 2 is an example of a prototype
foundation where the carbinol fluid is used
to enhance the spreadibility and aesthetics.

Formulation 3v illustrates how the silicone
carbinol fluid behaves as an effective binder

bFormula’rion courtesy of S. Black Ltd.
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Figure 6. Scanning electron micrographs showing control and hair shaft treated with
Dow Corning® 5562 Carbinol Fluid.

Formulation 3. Pearlescent Compact Eye Makeup (CPF #560)

Ingredient Wt. % Trade Name/Supplier
Phase A
1. Talc 47.8 J-68 BC/US Cosmetics Corp.
2. Cl16035 2.0 C37-7740/A207 Tudor Godetia/Kingfisher
Colours Ltd.
3 Propylparaben 0.1 Nipasol M/Clariant Corp.
4. Methylparaben 0.1 Nipagin M/Clariant Corp.
Phase B
5. Mica (and) titanium dioxide 40.0 Flamenco Satin Pearl 3500/Engelhard Corp.
Phase C
6. Bis-hydroxyethoxypropyl dimethicone 10.0 Dow Corning® 5562 Carbinol Fluid
7. BHT q.s. Tenox BHT/Eastman

Procedure: Mix Phase A and pulverize in a blender suitable for processing and grinding dry powders. Stop and start
the blender in short bursts, stopping occasionally to manually stir the powders. Blend until the pigments are evenly

combined. Streaking a small amount of the blended materials on sheets of paper can be used as a test. When a mono-

colored streak can be made on both white and black paper, the blend can be considered homogeneous. Add Phase B

to the mixture and repeat the blending and testing. Add Phase C to the blended powders and blend until homogeneous.

Compress the final formulation in makeup compacts. Pressure of 2000 psi is recommended.

Formulation 4. Sunscreen Lotion

Ingredient Wt. % Trade Name/Supplier

Phase A
1. Bis-hydroxyethoxypropyl dimethicone 7.00 Dow Corning® 5562 Carbinol Fluid
2. Lauryl PEG/PPG-18/18 methicone 6.00 Dow Corning® 5200 Formulation Aid
3. Cetyl dimethicone 3.00 Dow Corning® 2502 Cosmetic Fluid
4. Cyclopentasiloxane 6.00 XIAMETER® PMX-0245 Cyclopentasiloxane
5. Ethylhexyl methoxycinnamate 7.50 Uvinul MC80/BASF Corp

Phase B
6. Sodium chloride 2.00
7. Deionized water 65.10
8. Glycerin 3.00
9. Propylene glycol (and) diazolidinyl urea (and) 0.40 Germaben II/Sutton Laboratories

methylparaben (and) propylparaben

Procedure: Warm the cetyl dimethicone slightly before using. Combine the ingredients of Phase A. In a separate

container, combine the ingredients of Phase B. Slowly add Phase B to Phase A while mixing Phase A at 800-1300 rpm.

compared to results with Dow Corning®
2-8220 Conditioning Additive. In addition,
the condition of the cuticle is greatly im-
proved using the silicone carbinol fluid
compared to a nontreated control. Compared
to control formulations containing cyclo-
pentasiloxane, the silicone carbinol fluid
shows adherence to and smoothing of the
hair cuticle and improved gloss in leave-
on hair care applications. The scanning
electron micrographs in Figure 6 compare
an untreated hair sample to hair treated with
the silicone carbinol fluid. Note the smooth-
er cuticle in the silicone-treated sample.

Formulations 7 and 8 show a prototype hair
conditioner and a styling gel, where the
silicone carbinol fluid provides gloss.

Formulators Benefit from
Patent Filing

Today’s personal care market is increasingly
competitive, and it can be difficult to develop
products that offer distinctive benefits while
not infringing on other patents. Dow Corning
has filed a broad patent (WO 03101412)
entitled “Substituted Hydrocarbyl Functional
Siloxanes for Household, Health and Personal
Care Applications,” with a priority date of
May 28, 2002, to allow formulators flexibility
for using this distinctive molecule in a wide
range of applications across personal care
market segments. For additional information
about Dow Corning patents on Dow Corning®
5562 Carbinol Fluid, please contact your
Dow Corning representative.

Summary and Conclusions

The new silicone carbinol fluid offers a
solution for aesthetics and compatibility
limitations associated with organic materials
and some silicones. It can be used in a variety
of personal care applications for color cos-
metic, sun care, underarm, face and body
and hair care products. The polar fluid offers
a number of formulating advantages:

» Improved pigment and active processing
and suspension

» Enhanced SPF in sun care applications

«  Compatibility with many personal care
ingredients

» Enhanced film forming by imparting
the sensory performance of higher mo-
lecular weight materials

» Sustained fragrance release

 Lighter, more lubricious feel than polar
silicones

» Freedom to practice



Formulation 5. Reduced White Residue Antiperspirant Stick

Ingredient Wt. % Trade Name/Supplier
1. Cyclopentasiloxane 38.0 XIAMETER® PMX-0245 Cyclopentasiloxane
2. Bis-hydroxyethoxypropyl dimethicone 15.0 Dow Corning® 5562 Carbinol Fluid
3. Aluminum Zirconium Tetrachlorohydrex GLY 25.0 AZG-370 Superfine Powder/Summit Research Labs
4. Hydrogenated castor oil 5.0
5. Tale 1.0
6. Stearyl alcohol 16.0
Formulation 6. Roll-On Antiperspirant (CPF # 224)
Ingredient Wt. % Trade Name/Supplier
Phase A
1. Bis-hydroxyethoxypropyl dimethicone 5.0 Dow Corning® 5562 Carbinol Fluid
2. Cyclopentasiloxane 70.0 XIAMETER® PMX-0245 Cyclopentasiloxane
3. Ethyl alcohol, 200 proof 2.0

4. Cyclomethicone (and) quaternium-18 hectorite 3.0 Bentone Gel VS-5/Rheo, Inc.

and SD alcohol 40
Phase B

5. Aluminum zirconium tetrachlorohydrex GLY 20.0 AGZ-370 Superfine Powder/Summit Research Labs

Procedure: Combine Phase A ingredients and mix until uniform. Slowly add Phase B while stirring rapidly. Mix until
uniform.

Formulation 7. Hair Conditioner

Ingredient Wt. % Trade Name/Supplier
Phase A
1. Hydroxyethyl cellulose 1.5 Natrosol 250 HHR/Hercules Inc.
2. Cetrimonium chloride 0.3 Arquad 16-29/Akso Novel Chemicals Inc.
3. Deionized water 50.0
Phase B
4. Cetearyl alcohol 1.0 Lanette Wax O/Cognis Corporation
5. Glyceryl stearate (and) PEG-100 stearate 1.0 Arlacel 165/Unigema
6. Bis-hydroxyethoxypropyl dimethicone 2.0 Dow Corning® 5562 Carbinol Fluid
Phase C
7. Deionized water 44.0
Phase D
8. DMDM hydantoin 0.2

Procedure: Heat water for Phase A to approximately 75°C. Add remaining Phase A ingredients and mix until uniform.
Using a water bath, combine ingredients of Phase B and heat to 60 to 70°C. Heat Phase C to 80°C. Add Phase C to
Phase B while mixing. Mix for 10 min. Add the emulsion of Phases C and B to Phase A and mix until uniform. Cool to
room temperature with gentle mixing. Add Phase D with slow mixing.

Formulation 8. Styling Gel

Ingredient Wt. % Trade Name/Supplier
Phase A
1. Polyacrylamide (and) C13-14 isoparaffin (and) 1.5 Sepigel 305/Seppic S.A.
laureth-7
2. Cyclopentasiloxane (and) PEG/PPG-18/18 2.0 Dow Corning® 5225C Formulation Aid
dimethicone
3. Glycerin 40.0
Phase B
4. Deionized water 46.5
Phase C
5. Bis-hydroxyethoxypropyl dimethicone 5.0 Dow Corning® 5562 Carbinol Fluid
6. Cyclopentasiloxane 5.0 XIAMETER® PMX-0245 Cyclopentasiloxane

Procedure: Combine Phase A ingredients and mix until uniform. Slowly add Phase B to Phase A with turbulent mixing,
and mix until uniform. Add Phase C to the emulsion formed from Phases A and B. Mix at high speed (~1500 rpm) for
10 min.
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In addition to its applications in personal
care products, silicone carbinol fluid has
potential use in other industries. In fabric
and home care products, it has demonstrated
improved water absorbency along with
improved ease of ironing and fabric softness
when used in rinse-cycle fabric softeners.
In auto care applications, it offers improved
gloss on vinyl and other substrates.

In personal care applications and beyond,
the versatile, multifunctional characteristics
of the new silicone carbinol fluid can be
translated into a range of innovative, high
performance products to meet the needs of
today’s global consumers.
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LIMITED WARRANTY INFORMATION — PLEASE READ CAREFULLY

The information contained herein is offered in good faith and is believed to be accurate. However, be-
cause conditions and methods of use of our products are beyond our control, this information should
not be used in substitution for customer’s tests to ensure that our products are safe, effective and fully satis-
factory for the intended end use. Suggestions of use shall not be taken as inducements to infringe any
patent.

Dow Corning’s sole warranty is that our products will meet the sales specifications in effect at the time of ship-
ment.

Your exclusive remedy for breach of such warranty is limited to refund of purchase price or replacement of any
product shown to be other than as warranted.

DOW CORNING SPECIFICALLY DISCLAIMS ANY OTHER EXPRESS OR IMPLIED WARRANTY OF
FITNESS FOR A PARTICULAR PURPOSE OR MERCHANTABILITY.

DOW CORNING DISCLAIMS LIABILITY FOR ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES.
Dow Corning is a registered trademark of Dow Corning Corporation.

We help you invent the future is a trademark of Dow Corning Corporation.

XIAMETER is a registered trademark of Dow Corning Corporation.

All other trademarks are property of their respective owners.

©2004, 2009 Dow Corning Corporation. All rights reserved.
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