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Surface Properties of the Dried Coacervate Film Affect Dry Feel of the Shampoo
Composed of Cationic Polymer and Anionic /Amphoteric Surfactant
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Abstract: The purpose of this study was to examine the correlation between physical properties of dried coacervate
films and dry feel for shampoo composition. Simple shampoo compositions were made of two different cationic charge
density polymers in the same surfactant compositions. The simple shampoo compositions were diluted with distilled
water to make coacervate. Formed coacervate was collected by centrifuge (3,000 rpm, 30 min). Coacervate was coat-
ed on the glass plates and dried in drying oven (for 1 h, 50 ‘C) to make the thin film. We carried out an experiment
on measurement of contact angle, moisture loss ratio and SEM image analysis of the dried coacervate film. Dry feel-
ings of the shampoos were evaluated by panel using hair tresses. Results show that the properties of dried coacervate

films affect the dry feel of the after shampooing.
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1. Introduction

Conventional shampoos are composed of anionic /
amphoteric surfactants for cleansing and foaming, and
cationic polymers for hair conditioning, stabilizing, in-
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creasing viscosity, foam stabilizing and deposition of
other conditioning materials[1-3]. Anionic / amphoteric
surfactants and cationic polymers coexisted by mixed
micelle or structured micelle in the shampoo. But, in
specific composition, these make polymer-surfactant
complex coacervate that separates as a distinct phase
during the rinse stage of the shampoo process[4-7].
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This phase separations are a well-known phenomenon
called coacervation or “Lochhead Effect”[8]. The co-
acervation is very important phenomenon for condition-
ing shampoo (or 2 in 1 shampoo), especially during the
wet and rinsing stage of the shampoo process[9].
Coacervate can effectively deposit onto the hair sur-
face, providing multiple benefits to hair[10-15]. Most
conditioning shampoos depend on deposition of poly-
mer-surfactant coacervate to confer good wet combing
and manageability[16,17]. Coacervate is also associated
with dry feel of the shampoo by forming thin films
with insoluble active ingredients dispersed in shampoo
to the hair surface. Coacervate can make a co-ag-
gregate with water insoluble suspended material in the
shampoo solution during the rinsing process. And then,
the co-aggregate is deposited to the hair surface
[18,19]. When the hair is dried, the surface of hair is
coated with a thin film composed of polymersurfac-
tant coacervate and insoluble active ingredients dis-
persed in the shampoo. Thus, Coacervate plays a cru-
cial role in determining the dry feel of the shampoo-
ing[20]. But, physical properties of dried coacervate
film are not clearly defined so far. We studied correla-
tion between hydrophilic and hygroscopic properties of
dried coacervate film and dry feel of shampoo com-
posed of cationic polymer and anionic / amphoteric
surfactant. In this studies, we hope to examine the cor-
relation between physical properties of dried coacervate
films and dry hair feel of a simple shampoo composition
composed of cationic polymer and anionic / amphoteric
surfactant.

2. Material and Method

2.1. Hair Tresses

Tress of virgin dark hair for panel test from DeMeo
Brothers Inc. (New York, USA). To get hair damaged,
hair tress was placed in a bleaching solution composed
of 4 wt% of Monoethanolamine (MEA), 0.28 wt% of
Ammonia, and 5 wt% of Hydrogen Peroxide for 1 h,
then rinsed thoroughly with water and dried in air.
Fach tress for this hair, weighing 12 g and approx-
imately 17 cm in length, was washed with 3.0 wt%
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Sodium Lauryl Sulfate (SLS) aqueous solution for 3
min and then rinsed with tap water for 5 min.
Afterward, they were dried at constant humid and
temperature (25 C, 50 % RH).

2.2. Materials

A simple formulation, we are made two types of cat-
ionic cellulosic polymers (Polyquaternium-10) were
used in this study including the same molecular weight
but different cationic charge densities. Polymer L. R400
(% nitrogen 0.8 ~ 1.1) and Polymer JR400 (% nitro-
gen 1.5 ~ 2.2) were obtained from Amerchol Corpora-
tion (USA). Cocamidopropyl Betaine (CAPB) was
used in this test. Amphoteric surfactant CAPB (30
wt% in Water) was obtained from Miwon Corporation
(Korea). Sodium Laureth Sulfate (SLES) was also
used in this test. Anionic surfactant SLES (3EO, 28
wt% in Water) was obtained from LG Household &
Healthcare (Korea).

2.3. Simple Shampoo Composition

Fach formulation was simply prepared with one of
the polymers (1.0 wt% active), SLES surfactant (7.5
wt% active), and CAPB (6.0 wt% active) in distilled
water.

2.4. Making and Gathering of Coacervate

The simple composition was diluted (9X) with dis-
tilled water. We consider 9X dilution which is approx-
imately the same as concentration of shampoo during
foaming and massage on hair fiber. Formed coacervate
was collected by centrifuge (3,000 rpm, 30 min).

2.5. Making of Dried Coacervate Film

Coacervate were coated 2 um thickness on the glass
plate using film applicator. Then glass plates dried in
drying oven (for 1 h, 50 C) to make the thin film.

2.6. Measurement of Contact Angle

Kruss, Easy Drop (DSA2 Software) instrument was
used to measuring of contact angle for coacervate film.
Contact angles were obtained for 5 drops on the same
glass plate. 7 glass plates were used to measure contact
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angles for each coacervate film.

2.1. Measurement of Electric Moisture Balance

HR-83, Mettler Toledo Co. Ltd., was used to measure
moisture loss ratio of hair fiber. Each hair tress was
washed with simple composition and rinsed with tap
water repeating three times for the same sample. An
electric moisture balance was employed to measure the
moisture content of hair. A 1 g of hair sample was
placed on balance dishes, and the weight change with
heating was recorded every 1 min. The tress was heat-
ed for 30 min at 656 C to evaporate surface water from
hair.

2.8. Analyze of Cryo-scanning Electron Microscopy
JSM-840A cryo-scanning electron microscopy (cryo-
SEM), Jeol Ltd., was used to analyze image of coa-
cervate. Alto 2500 cryo-transfer equipment, Gatan Inc,,
was used to treatment of the test sample. The
pre-treatment and prepare of cryo-SEM sample was
perform freezing, cutting, etching, coating and inves-
tigate. The analyzed condition of image was 20 KV of
accel voltage and 1 x 10° Am of probe current.

2.9. Panel Test

Simple shampoo compositions were tested by sensory
panels (n = 7) for softness and moist feel of the hair
tresses (12 g of 17 cm bleached hair).

2.10. Statistical Analysis

The data was treated statistically by mean + SD.
Comparisons between groups were used to the t-test.
Asterisk (*, p < 0.01) was considered to be statisti-

cally significant between each samples.
3. Result and Discussion

3.1. Contact Angle Results

The contact angles for the polymer and coacervate
were measured using the film formed on the glass
plate. Contact angle of coacervate films are lower than
corresponding polymer films (Figures 1, 2). This result
revealed that absorbed material on hair surface has dif-
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Figure 1. Contact angle of polymer film effect of
charge density.
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Figure 2. Contact angle of coacervate film effect of
charge density.

ferent properties from the polymer itself. Because the
coacervate film has coexisted small amount of surfac-
tant molecules, which has lower contact angle than the
polymer film. Polymer L.LR400 has lower cationic charge
density than Polymer JR400. Polymer LLR400 has a
lower contact angle than Polymer JR400. We guess
that result comes from structural properties of the poly-
mers and coacervate.

3.2. SEM Image Analysis

The SEM images analysis was performed to the co-
acervate foamed by two different polymers those have
different cationic charge densities. It is possible to ob-
serve the porous structure in the lower charge density
Polymer LR400 coacervate. But the higher charge den-
sity Polymer JR400 coacervate is not a porous struc-
ture. Coacervate formed by lower charge density
Polymer LR400 has many numbers of holes on the
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Figure 3. SEM images of coacervate film formed by two
different Polymer JR 400 and LR 400. 1(a) : Polymer
JR400 coacervate (x 2000), 1(b) : Polymer JR400 coacer-
vate (x 5000), 2(a) : Polymer LR400 coacervate (x 2000),
2(b) : Polymer LR400 coacervate (x 5000).

structure (Figure 3). This porous structure is similar to
a sponge. We believe the structural differences of co-
acervate in the SEM images were related charge den-
sity of cationic polymers. Structural difference can be
related holding capacity of water from the coacervate
films.

3.3. Moisture Content and Sustainable Effect

The moisture contents and sustainable effect test
were performed to the hair fiber tresses treated by two
kinds of simple cleansing compositions. Moisture exist-
ing in human hair can be divided into two phase. The
1 phase is primary transpiration moisture which means
the surface moisture of hair, And the 2™ phase is tran-
spiration moisture means inner, bound moisture of hair.
We only use the primary transpiration moisture value.
Because of that the coacervate film can be formed just
only on the hair surface. Surface moisture content is
more important than inner, bound moisture of hair in
this test. The surface moisture content of hair was ob-
served by the electric moisture analyzer. It is possible to
observe a high moisture content in lower charge den-
sity Polymer LR400 coacervate. But high charge den-
sity Polymer JR400 coacervate is less moisture content
then (Figure 4). As mentioned above, Coacervate
formed by lower charge density Polymer [LR400 has
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Figure 4. Moisture content and loss of bleached hair
treated with Cationic polymer / SLES / CAPB (75 /
1.0 / 6.0 wt%) solution for drying in ambient condition.
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Figure 5. Panel test result of softness and moist feel
of hair tresses treated for Cationic polymer / SLES /
CAPB (75 / 1.0 / 6.0 wt%) solution (n = 7, Hair pro-
fesionalist).

many numbers of holes on the structure. This porous
structure can hold much more moisture like a sponge.
Structural difference has related holding capacity of
water from the coacervate films. According to the test
result for moisture loss ratio, we can see that the co-
acervate formed by lower charge density Polymer
LR400 is more water content capacity than the co-
acervate formed by the higher charge density Polymer
JR400. We think that the result is due to the structural
difference of the coacervate foamed.

3.4. Panel Test of Dry Hair Feel After Shampooing
The sensorial test of the hair softness and moist feel
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were performed by 7 persons of hair specialist (n = 7).
It is possible to observe simple shampoo composition us-
ing the Polymer LR400 is better than the Polymer
JR400 in sensorial results to the hair softness and moist
feel on dried hair. We can see that the sensorial results
actually correlated with the moisture content of the co-
acervate films and the structural properties of the co-
acervate (Figure 5).

4. Conclusion

The results from examining the correlation between
physical properties of dried coacervate films and dry
feel properties for a shampoo show that the contact an-
gle of coacervate films are lower than corresponding
polymer films. Polymers with lower charge density
make more porous coacervates. High porous coacer-
vates can hold more water in it’s structure. Properties
of dried coacervate film affect dry feel of the shampoo.
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