
Shin-Etsu Formulation Design Tool Kit  - Anhydrous Silicone Emulsion with 10% Ascorbic Acid
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Product Type 
POLYETHER MODIFIED POLYGLYCERIN MODIFIED

Linear/Alkyl Modified Branched Branched/Alkyl Modified Branched Branched/Alkyl Modified

Trade Name KF-6048 KF-6028 KF-6038 KF-6104 KF-6105

INCI Name 
Cetyl PEG/PPG-10/1

Dimethicone

PEG-9 
Polydimethysiloxyethyl

Dimethicone 

Lauryl PEG-9 
Polydimethysiloxyethyl

Dimethicone 

Polyglyceryl-3 
Polydimethysiloxyethyl

Dimethicone

Lauryl Polyglyceryl-3 
Polydimethylsiloxyethyl 

Dimethicone 

Appearance Transparent Liquid Transparent Liquid Transparent Liquid Transparent Liquid Transparent Liquid 

Structure

Description

• W/O emulsifier
• Compatible with esters 

and hydrocarbons

• W/Si emulsfier
• Better compatibility with

silicone fluids

• W/Si + W/O emulsifier
• Better compatibility with

silicone and organic fluids

• W/Si emulsfier
• Better compatibility                          

with silicone fluids
• Good moisturizing action

• W/Si + W/O emulsifier
• Better compatibility  with

silicone and organic fluids
• Good moisturizing action

Product Type 
POLYETHER MODIFIED POLYGLYCERIN MODIFIED TECHNOLOGY

Cross-Linked Polymer Cross-Linked Polymer

Trade Name KSG-210 KSG-710

INCI Name 
Dimethicone/PEG-10/15 

Crosspolymer (&) Dimethicone
Dimethicone/Polyglycerin-3 

Crosspolymer (&) Dimethicone

Appearance Gel Paste Gel Paste

Structure

Description

 Cross-linked silicone polymers swollen in a silicone fluid or other oils to 
form a gel

 Hydrophilic cross-linkers comprised of polyether or polyglycerin groups 
 Balanced silicone and hydrophilic moieties function as a W/O emulsifier

Trade Name USG-1010

INCI Name
Dimethicone Vinyl Dimethicone 

Crosspolymer

Description Cross-linked silicone

Carrier Oil DM-Fluid-2cs (Dimethicone)

Refractive Index 1.495

Solid Content 5-10%

 Superb sensory modifier with silky 
smooth skin feel and no piling

 Volatile diluent for faster absorption

 Lighter, less residue/cushion feeling 
compared to our standard gels making it 
ideal for serum applications

 Efficient thickeners for silicone and low 
molecular weight organic emollients

 Emulsion stabilizer for W/O and O/W 
products

Benefits:

Phase 10% Vitamin C Serum (Anhydrous Emulsion) *SC-350       

A

Ingredient Trade Name Function (wt%)

Lauryl Polyglyceryl-3 
Polydimethylsiloxyethyl Dimethicone 

KF-6105 Primary Emulsifier 3.00

Dimethicone/Polyglycerin-3 
Crosspolymer (&) Dimethicone

KSG-710 Co-Emulsifier 2.00

Dimethicone (&) Dimethicone/Vinyl 
Dimethicone Crosspolymer

USG-1010
Thickener/Feel 

Modifier
13.00

Dimethicone DM-Fluid-A6cs Emollient 7.16

Dicaprylyl Ether                                                                     Emollient  3.64

**Mixed Tocopherol (95%) Antioxidant 0.20

B
Propanediol

Natural Solubilizer/  
Humectant 

61.00

L-Ascorbic Acid Antioxidant/Active 10.00

Total 100.00

Description: Opaque off white lotion with a velvety smooth texture 

Viscosity: Brookfield RV Spindle 6, Speed 20 24hr  13,000-14,000rp

Vitamin C is one of the tried and true anti-aging skin benefit agents.  The 
challenge is overcoming the instability of vitamin C in water, particularly upon 
exposure to air, heat, and/or light. Although the natural form of vitamin C, 
L-ascorbic acid, is the most effective for topical administration, it is the least 
stable in solution.

One way to minimize the degradation is to solubilize ascorbic acid in glycol 
instead of water however, there are formulation challenges in sensory as well 
as in stabilizing a non-aqueous emulsion.  It is also known that silicone gels can 
dramatically enhance the sensorial properties of such anhydrous emulsions, 
however, formulation instability remains to be challenging; syneresis and oil 
bleeding do occur over time.  

In this poster we will demonstrate Shin-Etsu Silicones most recent innovation 
in glycerin modified emulsifier technology to stabilize a 10% L-ascorbic acid in a 
non-aqueous emulsion (polyol in oil. KF-6105, a unique silicone branched and 
alkyl/polyglycerin co-modified emulsifier appears to be the key to emulsion 
stabilization. Polyglycerin cross-linked emulsifying elastomer gel, KSG-710 
further enhances the emulsion stability, and at the same time maintaining the 
superb light aesthetic. The aesthetics can be further optimized by selecting a 
non-emulsifying elastomer gel, USG-1010, to deliver the non-greasy velvety 
texture with fast absorption and a powdery non-tacky after-feel.

Abstract

Elastomer Gel  (NEW!) 

KF-6048

Linear/Branched Emulsifiers: 
(20% Emulsifier + 80% 2:1 DM-Fluid 6cs/Dicaprylyl Ether Blend) 

KF-6028 KF-6038 KF-6104 KF-6105

Elastomer Gel USG-1010: 

Dicaprylyl Ether        DM-Fluid-6cs 

(3:1 Ratio Gel/Fluid)

USG-1010 has excellent 
compatibility and thickening in 
both fluids.  

Our polyglycerin modified emulsifiers KF-6104 
and KF-6105 have excellent compatibility 
compared to our polyether types.

Linear/Branched Emulsifiers

Emulsifying Elastomer Gels:

KSG-210                    KSG-710 

(1:5 Ratio Gel/Emollient blend in final formula)

Both KSG-210 and KSG+710 appear to be 
compatible however with further research 
it was discovered that KSG-710 is superior 
over KSG-210 in the presence of 10% 
ascorbic acid.  

Shin-Etsu Formulation Design

Polyol/Silicone Emulsion

Final Formulation

Vitamin C Serum
SC-350

Commercial Benchmark

• An industry standard for emulsion 
stability is minimal viscosity drop over 
time which often times leads to 
formula instability as seen in the 
commercial benchmark.

• The commercial benchmark is a 
polyol in silicone emulsion with a high 
concentration of ascorbic acid. Appearance just after purchase 6 months later – viscosity drop and heavy synerisis/oil 

bleeding

Summary:
 KF-6105 out performed our polyether type emulsifiers most likely due to 

the internal phase containing polyols as opposed to water.
 Low levels of KSG-710 further enhanced the stability and out performed 

KSG-210 without compromising the sensory.
 USG-1010 elastomer gel is perfect for this serum as it provides the formula 

with a silky texture without leaving too much cushion upon dry down.
 Our S.F.D (Shin-Etsu formulation design tool) is an excellent vehicle to 

deliver actives at high concentrations.

Emulsifying Elastomer Gels

Stabilization Mechanism Polyol/Silicone Emulsion:
Crosspolymer conformation rearrangement 
allows hydrophilic Polyglycerin/Polyether 
groups to interact with the polyol phase and 
silicone crosspolymer interact with the oil phase 
to achieve stabilization using low energy.

Phase Ingredient Wt%

A

Emulsifier* 3.00

USG-1010 15.00

DM-Fluid-6cs 7.26

Dicapryly Ether 3.74

B
Propandiol 61.00

L-Ascorbic Acid 10.00

Total 100.00

Anhydrous Emulsion with 10% Vitamin C
Path #1

Graph 1.
10% Vitamin C Serum Anhydrous Emulsion Chassis

w/Linear and Branched Type Emulsifiers
(1 Month Stability 25c, 50c)

• Our 1st approach was to use our emulsifying elastomer gels 
(KSG-210/KSG-710) as the primary emulsifier however for 
this system  we found that larger particle size emulsions  
~(2-20um) are not favored when water is replaced by a 
polyol. The application is unpleasant and oily feeling.

• Since a smaller particle sized emulsion (~2-5um) is more 
ideal, we developed this formula using our linear and 
branched type emulsifiers

• Oil Selection: After screening a variety of silicones and other 
compatible emollients, we found that combining DM-Fluid 
6cs (our unique lightweight low MW Dimethicone fluid) 
along with Dicaprylyl Ether (a fast spreading emollient with 
dry skin feel) in a 2:1 ratio provided the lightest and driest 
sensory upon application and end-feel in this chassis.

 Stabilizes high internal phase emulsions  - up to 90%
 Produces W/O emulsions with large particle sizes – up to 50 microns
 Light, fresh feeling
 Classic elastomer sensory 
 pH stability (pH 3-11)

Features:

Structure:

Formulation:

*Linear/Branched Types

Compatibility of Emulsifiers/Gels in Emollient Blend

Stability Results

10% Vitamin C Serum
KF-6105 vs. KF-6105 + 2% KSG-710

(3 Months Stability 25c)

10% Vitamin C Serum
KSG-710/KF-6105 vs. KSG-210/KF-6038

(1 Months Stability 25c + Viscosity Change from 24hr)

3% KF-6105/2%KSG-710
3%KF-6038/2%KSG-210 3% KF-6105/2%KSG-710

3%KF-6038/2%KSG-210

Even at elevated temperatures, KF-6105/KSG-710 system had a lower drop in viscosity compared to KSG-210/KF-6038

Lot# CAL15-59A

10% Vitamin C Serum
6 Month Stability (25c, 50c)

Fla# SC-350; Lot# CAL15-59A

10% Vitamin C Serum
KSG-710/KF-6105 vs. KSG-210/KF-6038

(1 Months Stability 50c + Viscosity Change from 24hr)

Graph 2.

Graph 3.

Graph 5.

*Note: To minimize light and oxygen exposure 
which enhances oxidation, stability was conducted 
in amber glass jars with a separate jar prepared for 
each temperature condition 

Final Vitamin C Serum
Fla# SC-350

Phase Ingredient Wt%

A

KF-6105 3.00

KSG-210/KSG-710 2.00

USG-1010 13.00

DM-Fluid-6cs 2.00

Dicapryly Ether 9.00

B
Propandiol 61.00

L-Ascorbic Acid 10.00

Total 100.00 Version #1 with KF-6105
Version #2 with KF-6105 + 2% KSG-710

Adding 2% KSG-710 helped to control the drop in viscosity within the 1st 2 weeks 
without comprising the aesthetics of the formula.  

• To try and further improve the drop in viscosity at 25c we 
added low levels of KSG-710.

• We selected KSG-710 over KSG-210  since polyglycerin 
modification seems favorable for this system.

• All trials showed a significant 
viscosity drop in the 1st week 
and continued to drop for 1 
month however no 
oil/bleeding or separation was 
seen.

• KF-6048 was the only 
emulsifier that showed oil 
bleeding at 1M. 

• KF-6105 dropped in viscosity 
at a much slower rate 
outperforming the rest.

Formulation: Stability Results:

Graph 4.

Polyether (KSG-210)  vs. Polyglycerin (KSG-710)

Stability/Visual Appearance:

-No instability/oil bleeding was detected for 6 months at 25c or 3 months at 50c.
-50c does show signs of *oxidation (yellowing) however this is natural due to prolonged exposure at high 
temperatures. We still consider the formula stable at 50c.

Stability/Viscosity Profile:

Anhydrous Emulsion with 10% Vitamin C
Path #2 -Addition of Emulsifying Elastomer Gel 

* Ref: CAL16-60
**Added to minimize oxidation at high temperatures

Oil bleeding


