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ABSTRACT

Simulations were carried out to visualize the ratio of granular
attachment to porous surfaces. This simulation uses a uFlex three-
dimensional simulation using three sizes of porous surface systems in
the condition of the smallest human pores and the most extensive
human pores and the condition of wet skin and dry skin. Each system
was tested using five granular particle sizes according to the range of
the makeup granules’ size to determine the optimal adhesive. The
results show that the number of cosmetic granular particles entering
the porous surface system is directly proportional to the porous
surface volume and moisture and inversely proportional to the
granular cosmetic size. The larger the cosmetic granular used, the less
granular enters the pore.
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INTRODUCTION

The development of simple particle geometry simulations has been carried out in analyzing
granular material [1]. Granular particle simulation is done by neglecting the effect of
microscale geometric configuration on the macroscopic scale response. The mechanical
behavior of granular particles is generally studied by considering the contact properties of the
particles that occur [2].

Preliminary research has been carried out, including numerical simulation techniques using
the discrete element method (DEM) to analyze the undrained shear behavior of sand
containing dissociated hydrate gas [3], characteristics of the internal flow structure of
microscopic movements of coarse particles in the pipe [4], and simulate the dispersion process
of active pharmaceutical ingredients (API) after collision with powder inhalers used for
healing lungs [5].

Granular computing is inspired by structured thinking, structured problem solving, and
structured information processing [6]. The wide distribution of data, simulations, and
complexity makes granular computing seen as an interdisciplinary study of computing. The
granular computing system will produce valuable identification into the underlying
macroscopic structure of the granular system [7].

This research simulated a granular system on the application of cosmetics to porous surfaces.
A porous surface is intended as a simple form of visualization of pores in humans. Pores can
be enlarged in size and amount based on exposure to sunlight and lifestyle, which is an open
problem for the skin [8]. The size of cosmetics in the market is very diverse and is taken as
samples in the diameter range of 1 to 3 um [9-11]. Recently there has also been an interest in
the presence of nanoparticles in products such as cosmetics, which are under 100 nm [10],
[12]. Some techniques only report the center point and distribution. Others provide greater
detail throughout the detected upper and lower particle sizes. The distribution of particle size
can be calculated based on several models: most often as a number or volume/ mass
distribution [10]. The sample pores are pores in the human face area (scalp not included) with
comparable densities (i.e., 200-300/cm?), have different sizes, and have a diameter of about 5-
10 um [8,13].

Besides, this study also simulates the use of cosmetics on dry and moist skin types. Moist skin
means healthy skin, where the balance between sebum and lipids is balanced. The skin will
have a natural system for storing water in or on the skin [14]. The primary purpose of
developing moisturizers is to restore lipids to the surface of the skin after cleaning.

Granular attachment simulation will be analyzed using sphere packing with a random close
pack system. Sphere packing is the determination of the composition of the densest particles
that do not go out of space and reach a maximum density of ¢. The random packing of equal
spheres generally has a packings fraction ¢=0.64 [15].

A granular attachment on a porous surface will have a rule, the same as attaching a sphere to
a big sphere. However, in this simulation, we use a sphere inside a half prolate spheroid (pore
shape). The determination of packing square to the big square even began to be developed
long time ago [16], same as packing spheres into cylinder [17], but in this research, we discuss
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small spheres in big sphere [18]. In this research, the simulation is carried out to find out the
effect of attaching the granular system to dry and moisturized surfaces. These results are
expected to be a reference in subsequent studies.

MATERIALS AND METHODS

Every particle in the system acts as a rigid body and will not break, reflecting the properties
of the indestructible cosmetic component. The particle size distribution curve is shown in
FIGURE 1, with a grain diameter of 1 - 5 um. The granular used is categorized as coarse to
fine granular for cosmetic purposes.
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FIGURE 1. Particle Size Distribution

The coefficient of friction between particles in this simulation was identified as 0.5. The
condition of the restitution coefficient is assumed on the porous surface and on each particle,
equal to 0.1. The numerical samples of each granular grain had various diameters and
contained 32768 particles.

DEM Model

DEM simulation has been used to investigate cosmetic behavior in the process of shipping
from manufacturing to natural antioxidant skin [12], simulation of skin aging and wrinkle as
a cosmetic reference [19], simulating makeup by manipulating the actual appearance using
appropriate cosmetics [20], simulation to get an understanding more deeply about exposure to
particles and droplets in the air during the application of cosmetic products [21], Xu & Song
studied the undrained sliding behavior of sand containing dissociated hydrate gas [3], Ting &
Xinzhou understand the internal flow structure characteristics of microscopic movements of
coarse particles in pipes [4], and Ariane & Sommerfeld simulates the process of collision of
inhalers powder used for lung healing [5].

The Falling Granular Volume of Powder is identified based on EQUATION 1. Where the
granular is seen as a perfect ball. At the same time, the overall volume of Vcosmetis cCOSmetics is
the product of the volume of Veranular granules multiplied by the total amount of granular Ne.

4
Veranuiar = 57‘[7'3 (1)
4
Veosmetic = 5777'3- Ng 2
Based on these equations, we can identify the granular volume Vcranular and the cosmetic
volume Vcosmetic. These results are identified in TABLE 1. A total of 1.7 x 10 — 2.1 x 10% pm®

samples of cosmetics were evenly sprinkled on this simulation on a porous surface. When
sprinkled on a porous surface, a packing process occurs in each pore.

A large collection of non-overlapping solid (particle) solids in the Euclidean space D-
dimensional RY called packing. The packing density ¢ is defined as the fraction of RY space
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covered by the particles. The problem that has been a source of attraction for mathematicians
and scientists for centuries is the determination of the densest arrangement of particles that do
not go out of space and reach a maximum density of ¢ [22]. Packing the sphere shape ¢ can
be reviewed in TABLE 2.

TABLE 1. List of Volume

Pore Type r (um) VGranular (um?) Ng Vcosmetic (m?)
1 um 0.5 0.5238 32768 17164.19

2 um 1.0 4.1905 32768 137313.52

3 um 1.5 14.1428 32768 463433.14

4 um 2.0 33.5238 32768 1098508.19

5 um 2.5 65.4762 32768 2145523.81

TABLE 2. The Comparison of Various Modes of Sphere Packing [23].

Model Description Bulk porosity Packing density
Thinnest regular packing The cubic 0.4764 0.5236
Very loose random packing ~ When the fluid velocity is slowly 0.44 0.56
reduced in a fluidized bed
Loose random packing by individual random hand-packing  0.40 and 0.41  0.59 and 0.60
Poured random packing Spheres are poured into a container ~ 0.375to0 0.391  0.609 to 0.625
Close random packing The bed is vibrated or shaken down  0.359 to 0.375  0.625 to 0.641
vigorously
Densest regular packing The rhombohedral 0.2595 0.7405

Based on the TABLE 2, for equal spheres in three dimensions, the densest packing uses
approximately 74% of the volume. For equal spheres, it has only recently been proved that the
rhombohedral lattice has the highest possible packing fraction [22,24]. Random packing of
equal spheres generally has a packings fraction ¢ = 0.64 [25]. Based on the theory, a simulation
using a random packing sphere was carried out with packings fraction ¢ = 0.64 and 32768
granular. Furthermore, the granular attachment will be analyzed in each pore using simulation
and compared with the results of the calculation.

Skin Pores as Horizontal Surfaces

Pores are holes of the sebaceous glands and sweating that widens on the surface of the skin.
Sebaceous glands have lobular structures, and their size varies from one region to another [25].
Skin appearance, when viewed perpendicularly, will consist of several appearances, namely
wrinkles, pores, moles, and spots covering it [25]. The state of the porous surface system is
made in such a way as to match the state of the pores of the human skin. The human pore is
illustrated in FIGURE 2.

In this simulation, three porous cross-sections will be made, which are assumed to be pores on
human skin. The diameter of each porous hole is an interpretation of the minimum, middle,
and maximum diameter of a human pore. The 3D volume dimension of the pores can be
determined using the ellipse flat-plane equation identification, which is then rotated to the y-
axis. Then the equation is simulated using DESMOS software [27], and a flat field ellipse
simulation is produced in FIGURE. 4. Then the desired ellipsoid prolate will be formed when
the y axis is rotated at 360°. The ellipsoid prolate equation in the 3-dimensional plane in the
large pores (EQ. 3), medium pores (EQ. 4), large pores (EQ. 5) were formulated. The form of
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the prolate ellipsoid is formed as FIGURE 3. The prolate ellipsoid formed was then simulated

using GeoGebra software.

Meissner nerve IR
ending |57)
1 papillary { | <
I

Dermis

Sebaceous gland -
Arrector pili muscle
Hair shaft

Pacini nerve ending

Subcutaneous tissue - |
o+

Straight duct

— Coiled gland

Eccrine
‘1 sweat unit

Straight duct
t—————— Straight duct
Coiled duct
Eccrine gland

Dermal
vasculature

N Superficial plexus

Deep plexus

FIGURE 2. Skin surface through side view [26]

x? z2

3.752

yZ

102 ' 3752

@ (b)

FIGURE 3. (a) simulation of prolate ellipsoid 3D in large pores, (b) simulation of prolate ellipsoid 3D in medium
pore, (c) 3D simulation of ellipsoid prolate in small pores [28].
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Furthermore, the expected pore volume was done by cutting into 2 equal parts into a double
decomposed ellipsoid as in FIGURE,4. In each simulated pore hole, the diameter is illustrated
in the range of 5 um to 10 um, and the pore depth is 10 um as illustrated in FIGURE. 4.

FIGURE 4. lllustration of a range of pore holes in human skin from small to largest.

The volume equation of the plane can find the volume of the truncated prolate rotated on the
y-axis as follows [29].

V = [*a(y)dy )
V= [ n [Rp)dy (10)
VProlate = f—Olo T [R (y)]zdy (11)
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The volume was calculated using EQUATION 11, and the Vprolate pore volume was identified
in TABLE 3

TABLE 3. Volume of Prolate

Skin Pore rx (um) ry (um) rz (um) Verolate (um?) VA Half Prolate (um>)
Big 5.00 5.00 10.00 1047.62 523.81
Medium 3.75 3.75 10.00 589.29 294.64
Small 2.50 2.50 10.00 261.90 130.95

Moisturizer Skin

Moisturizing the skin is the most fundamental aspect of human hygiene, which affects health
and skin disease [30]. A functioning stratum corneum (SC) is essential for healthy skin [31].
To maintain integrity, SC uses a number of natural systems to store water in the skin [14]. The
primary purpose of developing moisturizers is to restore lipids to the surface of the skin after
cleaning. In recent developments, moisturizers have been developed to distribute active
ingredients cosmetics [32-34].

Moisturizers must meet four essential needs so that the interests of consumers: make skin
smooth and soft, increase skin hydration, improve appearance, and possibly send ingredients
to the surface of the skin [30]. Dry skin or xeroderma is a widespread problem that can be
caused by complex interactions between environmental and individual factors [35]. Xerosis,
xeroderma, asteatosis, and “winter itch” have all been used as synonyms for dry skin.

Epidermal hydration is determined by the non-invasive use of electronic devices, a multitester
that measures resistance based on the well-known fact that hydrated skin has less resistance to
current flow than dehydrated skin. The level of hydration of the stratum corneum is assessed
by measuring changes in skin resistance and is referred to as galvanic skin response or electric
skin resistance. The reported skin resistance in ohms with electrodes [1 cm? size] was
measured 30 minutes and 6 hours after application of the formulation [continuous for up to 3
weeks] at 1000 kHz, 10mA, AC current [36].

Skin characteristics such as moisture, mechanical flexibility, and skin taste can be improved
with several personal care products. These products contain moisturizers, occlusive; lubricant;
emollients to improve texture, rubbing, and softness, and fragrances to increase consumer
acceptance of the product. Moisturizers as a class include humectants and occlusions.
Humectants are substances that, when absorbed, help the skin retain moisture, thus making the
skin more supple and softer. Common humectants include glycerin, propylene glycol,
pyrrolidone carboxylic acid, sodium lactate, urea, and certain natural lipid mixtures [37].

In this study, the moisturizer category used is lotion. Lotions are emulsions containing
hydrophilic and hydrophobic ingredients. Oil-in-water (O/W) emulsions are the most popular
for moisturizer use; however, emulsifiers are responsible for many of the problems associated
with moisturizers as they can also solubilize intercellular lipids [30].

Moisturizers can make the skin feel smoother, a property known as emoliation. Cracks and
crevices between desquamated corneocytes are filled with moisturizers, thereby reducing the
quality of rough skin. Moisturizers also reduce skin friction, increase lubrication [38,39]. The
right time and method for using moisturizers play an important role in optimal efficacy [40].
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Moisturizer ~ Formulation characteristics Skin type suitability Unique attributes
category
Lotion The thinner film, the oil-in- Face and body; normal Less greasy, spread
water emulsion. skin. more easily
Cream The thicker film, the oil-in- Face, body, hands, feet; Higher viscosity than lotions,
water emulsion. dry skin. harder to spread
Ointment The thickest film contains no Hands and feet; barrier Greasy, sticky; based on
water. disrupted diseased skin. petrolatum, lanolin, dimethicone
Paste Ointment mixed with powder Diaper area Greasy, sticky, resists water
contains no water removal; based on zinc oxide and
petrolatum.
Gel Thick until rubbed into the skin, Face, hair Leave nongreasy film; based on
then flowable acrylic polymers, gums, and
cellulose thickeners.
Serum Thin liquid to deliver Face The minimal film, rapid
Cosmetic ingredients to the skin evaporation, nongreasy.
Powder Blended small particle solid Intertriginous areas; foot Absorbs water; based on talc,
materials powder, diaper powder silicates, and starch.
Suspension  Clear liquid with Oily skin, intertriginous Liquid powder; based on
visible particles areas carbomer, bentonite clay.
Stick Solid stroked over skin to leave  Lips Melts at body temperature to a
film contains no water film; based on paraffin,
candelilla, and carnauba wax.
Aerosol Droplet film; requires can, Hair-bearing skin Inefficient discontinuous film

propellant, and nozzle

application.

RESULTS AND DISCUSSION

A large collection of non-overlapping solid (particle) solids in the Euclidean space D-
dimensional RY called packing. The packing density ¢ is defined as the fraction of RY space
covered by the particles. The problem that has been a source of attraction for mathematicians
and scientists for centuries is the determination of the densest arrangement of particles that do
not go out of space and reach a maximum density of ¢ [22].

Lattice in a 3-Dimensional Space R? is an infinite set of points generated by a set of discrete
translation operations (defined by a linear integer combination based on Dimension Three R3).
Lattice packing is packaging where the center of mass of non-overlapping particles is located
at the center of the lattice, each oriented in the same direction. The three-dimensional Space
R® can then be geometrically divided into identical regions of F called fundamental cells
(Granular simulated as fundamental cells in this study), each of which contains only the center
of mass of one particle. Thus, the number of granules in the container is given by EQUATION
12 and 13 [22,41].

Ko = e 9 (12)
kax <52 (13)

where Voblate IS the volume of a particle, and Veparticie is the volume of a fundamental cell and
packing density ¢ (¢ = 0.64 (Close random packing)) that show in TABLE 5.
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Based on theoretical calculations, simulations are performed using granular on porous
surfaces. This simulation demonstrates a granular attachment to a dry and mois porous system.
Granules that are simulated fall will be done in 5 different sizes; 1 um, 2 pm, 3 um, 4 um, and
5 um. Whereas pore simulated has 3 different sizes; 5 um, 7.5 um, and 10 um in diameter

(TABLE 5).
TABLE 5. Comparison between volume of pore and particle in theory.
Pore Granular (um) Voblate Vparticte Kimax
Big 1 523.81 0.52381 640.00
2 523.81 4.19048 80.00
3 523.81 14.14286 23.70
4 523.81 33.52381 10.00
5 523.81 65.47619 5.12
Medium 1 294.64 0.52381 360.00
2 294.64 4.19048 45.00
3 294.64 14.14286 13.33
4 294.64 33.52381 5.62
5 294.64 65.47619 2.88
Small 1 130.95 0.52381 160.00
2 130.95 4.19048 20.00
3 130.95 14.14286 5.92
4 130.95 33.52381 2.50
5 130.95 65.47619 1.28

In the next step, the skin and the granular simulated using Unity3D. FIGURE. 5 simulates the

final condition of 1 pm granular attachment on a porous surface.

TR R Y

©

CERARUAR™ RORES T

FIGURE 5. Attaching Granules 1 pum to the surface; (a) 10 um porous surface simulation on dry skin, (b)
simulation of a 10 um porous surface on moist skin, (¢) 7.5 um porous surface simulation on dry skin, (d) 7.5
um porous surface simulation on moist skin, (€) 5 um porous surface simulation on dry skin, (f) 5 um porous
surface simulation on moist skin.
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TABLE 6. Number of 1 um Granul in Pore

Granular Diameter Pore Diameter Dry Skin Moister Skin
10 um 344 820
1um 7.5 um 202 412
5 pm 36 58
200 —— Dy 5kin
—— Moister Skin
700 1 .

@
=
(=1

&
=]

400

Granuls Number in micrometers

10 1.5 5
Pore Diameter

FIGURE 6. Graphs of the number of 1 um granular in pores

From the data in FIGURE 5, FIGURE 6 and TABLE 6 show that the amount of granular
attachment is directly proportional to the size of the porous surface and moisturizer causing
more granular attachment. Granular seems to stick more to the larger porous surface, because
the basin does have a larger volume. FIGURE 7, FIGURE 8 and TABLE 7 simulate the final
condition of 2 um granular attachment on a porous surface.

© (d)
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FIGURE 7. Attaching Granules 2 um to the surface; () 10 um porous surface simulation on dry skin, (b)
simulation of a 10 um porous surface on moist skin, (c) 7.5 um porous surface simulation on dry skin, (d) 7.5
um porous surface simulation on moist skin, (€) 5 um porous surface simulation on dry skin, (f) 5 um porous
surface simulation on moist skin.

TABLE 7. Number of 2 pm Granul in Pore

Granular Diameter Pore Diameter Dry Skin Moister Skin
10 um 62 360
2 um 7.5 um 20 168
5 pm 6 18
—— Diry Skin

—— Moister Skin

300 4

2504

2004

150 4

Granuls Number

100 -

50 4

10 715 5
Pore Diameter in micrometers

FIGURE 8. Graphs of the number of 2 um granular in pores

From the data in FIGURE 7 shows that the amount of granular attachment is directly
proportional to the size of the porous surface.

© (d)
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FIGURE 9. Attaching Granules 3 um to the surface; () 10 um porous surface simulation on dry skin, (b)
simulation of a 10 um porous surface on moist skin, (c) 7.5 pm porous surface simulation on dry skin, (d) 7.5
um porous surface simulation on moist skin, (€) 5 um porous surface simulation on dry skin, (f) 5 um porous
surface simulation on moist skin.

TABLE 8. Number of 3 um Granul in Pore

Granular Diameter Pore Diameter Dry Skin Moister Skin
10 um 14 100
3 um 7.5 um 0 24
Sum 0 0
100 4 —— Dry Skin

Moister Skin

804

&0

Granuls Number

40 4

204

10 7.5 5
Pore Diameter in micrometers

FIGURE 10. Graphs of the number of 3 um granular in pores.

FIGURE 9 simulates the final condition of 3 um granular attachment on a porous surface.
From the data in FIGURE 9, TABLE 8 shows that the amount of granular attachment is
directly proportional to the size of the porous surface.

FIGURE 11, FIGURE 12 and TABLE 9 simulate the final condition of a 4 pm granular
attachment on a porous surface.
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FIGURE 11. Attaching Granules 4 um to the surface; (a) 10 um porous surface simulation on dry skin, (b)
simulation of a 10 um porous surface on moist skin, (c) 7.5 um porous surface simulation on dry skin, (d) 7.5
um porous surface simulation on moist skin, (€) 5 um porous surface simulation on dry skin, (f) 5 um porous
surface simulation on moist skin.

TABLE 9. Number of 4 um Granul in Pore

Granular Diameter Pore Diameter Dry Skin Moister Skin
10 um 4 6

4 um 7.5 um 0 2
5 um 0 0

o

—— Dry Skin
~— Moister skin

Granuls Number
L) (™) £ ("]

-

10 7.5 5
Pore Diameter in micrometers

FIGURE 12. Graphs of the number of 4 um granular in pores
From the data FIGURE 11 and FIGURE 12 show that the amount of granular attachment is
directly proportional to the size of the porous surface.

It can be analyzed in FIGURE 13 to simulate the final conditions of a 5 um granular attachment
to a porous surface based on Data in TABLE 10.
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FIGURE 13. Attaching Granules 5 um to the surface; (a) 10 pum porous surface simulation on dry skin, (b)
simulation of a 10 pm porous surface on moist skin, (c) 7.5 um porous surface simulation on dry skin, (d) 7.5
pum porous surface simulation on moist skin, (¢) 5 pum porous surface simulation on dry skin, (f) 5 um porous
surface simulation on moist skin.

TABLE 10. Number 5 pm Granul in Pore

Granular Diameter Pore Diameter Dry Skin Moister Skin
10 um 0 0
5 um 7.5 um 0 0
5 um 0 0
—— Dry Skin

Moister Skin
0.04

14
=]
4]

Granuls Number
2
o
a

-0.02

-0.04

10 7.5 5
Pore Diameter in micrometers

FIGURE 14. Graphs of the number of 5 um granular in pores
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From the data in FIGURE 14 shows that the number of granular attachments of the three pores
identifies the number zero. The simulation in FIGURE 13 produces a zero due to a large
coefficient of restitution so that when it enters the pore, the granular will be reflected back.
This situation is caused by the skin being too dry when using cosmetics, to handle this, a
moisturizer is needed in stages which make the coefficient of restitution as small as possible,
so that it can accept the sticking of cosmetics. When compared with the calculation of theory
sphere packing and simulation results, the data in TABLE 11.

TABLE 11. The comparison of theory sphere packing and simulation results.

Granular Diameter Pore Diameter Kheory K simutation
K Dry skin K Mois Skin
10 um 640 344 820
1 um 7.5 um 360 202 412
5 um 160 36 58
10 um 80 62 360
2 um 7.5 um 45 20 168
5 um 20 6 18
10 um 23.7037 14 100
3 um 7.5 um 13.33333 0 24
5 um 5.925926 0 0
10 um 10 4 6
4 um 7.5 um 5.625 0 2
5 um 2.5 0 0
10 um 5.12 0 0
5 um 7.5 um 2.88 0 0
5 um 1.28 0 0

If an analysis is performed on the graph, the graph in FIGURE 15 is obtained in x-axis and y-
axis. These results lines with the preliminary research that show the porous hole diameter and
the granular restitution coefficient influenced the particles entering the porous surface system
[42].

800 1000
600
400 500 “
= || .
0 I I- | [ T T 0 II [} -I -
1 2 3 - 5 1 2 3 - 5
K (Theory) ®Dry Skin Simulation mK (Theory) mMois Skin Simulation
(@) (b)

FIGURE 15. a. comparison between Moist Skin Simulation and Theory, b. Comparison between Dry Skin
Simulation and Theory

Based on comparative analysis with theory, the simulation performed on dry skin is still far
away from the minimum sphere packing, this is because in the cosmetic attachment that is
simulated with granular there is still excessive restitution on the surface of dry skin. Further
simulation is to add other moisterizer that functions as a moisturizer that minimizes restitution.
With the moisterizer we get a simulation of a better cosmetic attachment than dry skin.
Cosmetic attachment is easier to do by using a moisterizer because of its nature which reduces
the coefficient of restitution and reduces friction. However, using moizterizer is not enough.
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There is still a mismatch between the maximum value of attachment according to simulation
and theory. So it needs further research to find additional components that can reduce the
coefficient of restitution in the use of cosmetics and maximize the process of applying
cosmetics to the skin. In further research, this simulation must also consider the density of
particles that fall earlier because if the granules overlap with each other, a granular buoyancy
force will be created, which has similar characteristics to the fluid buoyancy force [43], also
necessary to consider the initial velocity of the fall because the granular will experience a
reverse velocity in accordance with the contact plane when it falls in the pore hole conditions
[44].

CONCLUSION

A simulation of granular variations has been carried out to measure the size and variation of
porous surface humidity. Simulation results show a relationship between porous surfaces and
granules. The results show that the number of cosmetic granular particles entering the porous
surface system is directly proportional to the porous surface volume and moisture and
inversely proportional to the granular cosmetic size. In moist skin, the distribution of granules
is spread homogeneously on the surface. The larger the cosmetic granular used, the less
granular enter the pore. This simulation is deemed necessary to support complex research
furthermore.
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