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Polymer interactions in formulations

FORMULATOR TIP

The preparation of a good formulation always includes 
taking advantage of interactions between ingredients in the 
formulation. Always look for interactions, not only are they the 
basis of superior formulations, they are the creative step in 
many patents.

This article will investigate an example of synergistic 
interactions. In this case the two ingredients are a linear 
polyurethane polymer and a Q resin. These materials together 
in a formulation that contains a volatile solvent interact and 
form a network which provide both transfer resistance and 
rub resistance in formulations. 

FILM FORMATION

Reactive mixtures
The concept of entanglement is an important on in the 
generation of fi lms. There are two kinds of fi lm formation 
mechanisms that are used in cosmetic formulations. The fi rst is a 
blend of two reactants that react with each other chemically 
and provide a fi lm. An example is a silanic hydrogen ( Si-H) 
compound reacting with a vinyl compound (CH2=CH-.) This 
reaction has become important in the formation of a fi lm on 
the skin that can be peeled off. Two reactive phases are mixed 
and react on the skin to form this type of fi lm (1-4). Figure 1 
shows the reaction scheme for the hydrosilylation reaction.
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The development of efficient cosmetic formulations is a complicated process. Since all of the ingredients in the formulation interact with each other, the 
careful evaluation of the complete formulation is critical and often difficult. One of the more interesting effects that can be achieved by blending silicone 
polymers is the formation that is both rub and transfer resistant film by blending two different polymers together. The entanglement of the two different 
polymers results in a film with both properties.

ABSTRACT

Figure 1. Hydrosilylation Reaction.

Figure 2. Polymer solution concentration regimes (5).

Figure 3. Solution-borne polymer fi lm formation (6).
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Concentration of Entanglement 
The second mechanism of film formation is the result not 
of a reaction, but of the evaporation of the solvent. As 
the solvent evaporates the polymer chains entangle 
in each other and form an entangled mesh. Figure 2 
shows what happens as the concentration of polymer is 
increased from dilute, to semi dilute to a concentration 
that exceeds the concentration of entanglement. The 
concentration increase can be caused by evaporation 
of the solvent. The resulting mass is made up on 
entangled polymers that have a film integrity due to the 
entanglement.

Figure 3 shows the progression of a film formed by solvent 
evaporation on a substrate. 

The nature of the polymers that become entangled has a 
profound effect upon the properties of the film. 

Formulator Tip
Keep in mind that since entanglement is not a reaction, 
various concentrations of one to the other need 
to be evaluated. Reactions require stoichiometric 
concentrations. 

Formulator Tip
The formulator must keep in mind that there are several 
different times in the use of a formulation that stability, 
aesthetics and performance need to be evaluated. Firstly, 
when the initial formulation is made, secondly, over time 
in the bottle, thirdly when delivered to the skin, and finally 
when the film has formed. All are critical and many times 
a compromise needs to be made to get the most “nearly 
perfect” performance is all the evaluations. 

POLYMERS EVALUATED

Silicone Elastomer (7)
Silmer G162 is 13% Dimethicone Vinyl Dimethicone 
Crosspolymer in D5. 

Urethane polymer
Silmer UR5050  is 45%  Bis Hydroxypropyl  Dimethicone/
SMDI  Copolymer 45% in isododecane.

Q Resins (8)
Silmer Q9  is 70% Trimethylsiloxysilicate in Isododecane. 

The silicone urethane polymer is linear; the silicone 
elastomer is principally linear therefore when mixed 
together and after solvent evaporation were not 
expected to provide both rub resistance and 
transfer resistance. Rub resistance was thought to 
require additional entanglement. In order to improve 
entanglement a Q resin which is primarily crystalline was 
added.  

Method of Evaluation
To achieve a polymer film that has both rub resistant 
and transfer resistance, a series of blends were made 
using a silicone elastomer, silicone urethane and  an MQ 
resin.

SCREENING SIMPLE BLENDS FOR TRANSFER RESISTANCE

A. Blend of Bis Hydroxypropyl  Dimethicone/ SMDI  Copolymer. 
and Dimethicone Vinyl Dimethicone Crosspolymer

2 g of each blend above was weighted in aluminum tray 
respectively and then they were put in oven over 24 hours 
(at 105 °C) and after dried down all the fi lms formed by the 
above blends were all sticky.

B. Blends of Bis Hydroxypropyl  Dimethicone/ SMDI  
Copolymer and Trimethylsiloxysilicate

2 g of each of the above blends was weighted in aluminum 
tray respectively and then they were put in oven over 24 
hours (at 105 °C), after dried down the fi lms of the blends 
A/B/C were all sticky. The blend D was little bit tacky, blend 
E was smooth, blend F was brittle, therefore only blend E with 
BIS HYDROXYPROPYL  DIMETHICONE/SMDI  COPOLYMER /
TRIMETHYLSILOXYSILICATE = 1:2.5 was chosen to be tested in 
color cosmetic fi nished products.

FORMULATION 1 - EYE STAY
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*ratio was measured by weight of product as described.

*ratio was measured by weight



66 H&PC Today - Household and Personal Care Today - vol. 13(2) March/April 2018

Procedure:
1.  Combine all the ingredients of Part A in a clean and 

sanitized container, mix well.
2.  Add ingredients of Part B one by one into Part A under 

mixing. 
3.  Check pigment dispersion and keep mixing until uniform
4.  Pour into mold.

Analysis of Eye Stay 

FORMULATION 2 – LIPSTICK

Procedure: 
Into a cleaned and sanitized vessel equipped with a propeller 
mixer, add all the ingredients of Part A+B, then heat up to 
80 ~ 85 °C. Once melted, add Part C, blend well and check 
dispersion. Pour into mold at 70 °C.

Analysis of Lipstick 

Lipstick with isododecane is too soft, lipstick with Blend E is 
good. 

FORMULATION 3 – LIPGLOSS

Procedure:
Combine Part A and heat up to 80 ºC; keep mixing for 10 
minutes until homogeneous. Add Part B under mixing and 
then cool down to 50 ºC, slowly add Part C under mixing, 
keep mixing for another 10 minutes, cool down to room 
temperature.

Analysis of Lipgloss 

FORMULATION 4 - MASCARA (W/O)
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*Gloss was tested by a BYK Micro-gloss (60°) 
Gloss-meter. The maximum value is 100
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Procedure: 
1. Combine Part A and heat up to 75~80 °C.
2. Combine Part B and heat up to 75 ~ 80 °C, blend well.
3. Add part A into Part B at 75 ~ 80 °C under mixing, keep 
the temperature for 5 minutes, then cool down to room 
temperature.
Add part C, Part D and Part E one by one under mixing.

Analysis for Mascara 

FORMULATION 5 – FOUNDATION

Procedure: Combine Part A and mix well, heat up to 75~80 
°C. Combine Part B and blend well then heat up to 75~80 
°C. Add Part A into Part B while agitating quickly to obtain a 
homogeneous mixture; continue to mix for 10 minutes. Cool 
batch down to room temperature.

Analysis of W/O Foundation 

FORMULATION 6 – SUNSCREEN

Procedure: 1. Combine ingredients in Part B and heat up to 
70°C, blend well using Bamix mixer until homogeneous, then 
heat up to 75 ~ 80 °C. 2. Combine Part A mix well and then 
heat up to 75 ~ 80 °C. 3. Add Part A into Part B slowly under 
mixing, keep mixing for 5 minutes after fi nish addition, then 
cool down to 45 °C and high shear for 1 minute at 20,000 rpm. 
4. Add Part C into batch and mix well.

Analysis of W/O Sunscreen 
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FORMULATION 7 - CONCEALER

Procedure: 
Combine Part A mix well then heat up to 75 ºC under 
mixing. Add Part B, keep mixing for 10 minutes and then 
blend well until homogeneous, check pigment dispersion 
until no particles can be seen from two glass slides. Then 
cool down to 50 ºC, slowly add Part C under mixing, keep 
mixing for another 5 minutes, pour batch into jars.

Analysis of Concealers 

TEST METHOD FOR NON-TRANSFER PROPERTY TEST FOR PERSONAL 
CARE PRODUCTS

Method: (Adapted from US Patent 20120276034A1)
A. 1 mm thin uniform fi lm of color cosmetic product was applied 
on a 2×3 inch leather sheet, the cosmetic samples on the leather 
sheet were allowed to rest at ambient conditions for about one 
hour. Using a pipette, drop three drops of vegetable oil onto 
samples located on the right side of the leather sheet. Using 
another pipet, drop three drops of water onto the left side of the 
leather sheet. 
B. Samples on the right side are used to determine the oil transfer 
resistance while samples on the left side are used to determine 
the water transfer resistance of the sample cosmetic composition.
C. Separately for the oil and water sections, distribute the oil or 
water evenly over the surface of each cosmetic fi lm sample using 
cosmetic brush applicators, brushing lightly.
D. Allow the solvent to remain on the fi lm undisturbed for about 15 
minutes.
E. Using a lint-free wiper, carefully blot excess solvent from the 
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surface of each cosmetic fi lm sample. Apply as little pressure as 
possible during this step.
F. Cut two disks from a clean, white Styrofoam dinner plate using 
a 1.0 inch diameter circular punch. The surface and edges of 
each disk should be smooth and even.
G. Firmly attach with double-sided adhesive tape each disk from 
step (F) to the bottom surface of a 2 lbs weight.
H. Set the weight on top of the cosmetic samples applied to 
the leather surface from step (A) above so that a fi rst disk is in 
contact with the oil section of the fi lm (i.e., the right side of the 
leather surface) and a second disk is in contact with the water 
section of the fi lm (i.e., the left side of the leather surface). It 
is important to position the weight gently so that excess force 
beyond 2 lbs is not applied.
I. Grasping the top of the 2 lbs weight, carefully rotate each disk 
through 360 degrees while maintaining the 2 lbs force on the 
fi lm. Do not lift or press the weight into the fi lm during the rotating 
motion to the weight. The entire 360 degree rotation is preferably 
completed within a time interval between 3 and 5 seconds.
J. Lift the weight straight up off the fi lm surface and carefully 
remove the disk from the weight avoiding damage to the disk.
K. Color transfer on each disk is visually assessed. The negative 
control using control samples (with Isododecane), which means 
it has minimum non-transfer property. The scale used is from 1 to 
10 and 10 is the best, which means totally non-transfer.

CONCLUSIONS

1. Blending BIS HYDROXYPROPYL  DIMETHICONE/SMDI  
COPOLYMER and TRIMETHYLSILOXYSILICATE results in a 
considerable improvement of the formulation in terms of rub 
resistance and transfer resistance. 
The suggested ratio of BIS HYDROXYPROPYL  DIMETHICONE/
SMDI  COPOLYMER  at 1 part as provided to  2.5 parts of  
TRIMETHYLSILOXYSILICATE.

Evaluation of Long Wearing/Transfer Resistance for Cosmetics 
Products
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