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ABSTRACT

In this study, lavender oil is used to give pleasent odor and aluminum
chlorohydrate is used due to its effect on decreasing the perspiration. Two actives were
formulated with suitable emulsifiers. to obtain a stable multiple emulsion. Suitable
emulsifiers were chosen due to their HLB value according to manuscript and literature.
Aluminum salts are the main topical agents for hyperhidrosis which have antiperspirant
activity that decreases perspiration. When these salts are ~used in cosmetics
formulations, duration of effect is often limited to 48 hours. By microencapsulating
antiperspirant salts the insulation from the surroundings, and controlled released could
be achieved, so securing a long shelf life. In order to overcome these problems both
were used in small amounts, in a formulation of a double emulsion. So that, both were

chosen to be used in small amount by the technique of double emulsion.

The cosmetic products generally contain 10% of aluminum chlorohydrate on the
market. The objective of this study was to investigate and to obtain the optimum
antiperspirant ratio for formulation of stable double emulsion. In this project the ratio
of aluminum chlorohydrate was determined as 1% in double emulsion formulation. For
this purposes, optimum conditions were determined according to'experimental results
of particle size, stability and migration studies. Finally, the most stable double emulsion
(F4) resulted poly dispersity index of 0.238 at the end of the 13th day and with an
average globule size of 3.9 um and 1%, which is 10 times lower dosage, containing

aluminum chlorohydrate was formulated to be used as antiperspirant cream/roll on.

The second aim is that the aluminum chlorohydrate formulated in the inner
phase of the double emulsion stays there or is slowly released for the final product to
show desired antiperspirant properties. For this purposes, migration over time was
detected. As a result, it was cleérly observed that incorparation of viscosity enhancer
was delayed the migration. Due to the increased amount of viscosity enhancer, the

migration rate was slowed down, improving the stability.

Keywords: Aluminum salts, lavender oil, multiple emulsion, double emulsion,

microencapsulation
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OZET

Bu caligmada, lavanta ugucu yagi hos koku vermek igin ve aliiminyum
klorohidrat ise terleme onleyici ajan olarak kullanilmustir. Stabil bir goklu emiilsiyon,
bu 1ki aktif beraberinde uygun emiilgatorler kullamlarak formiile edilmistir. Literatiir
ve ¢oklu emilsiyon sistemine uygun HLB degerindeki emiilgatorler secilmistir.
Aliminyum tuzlari, agir1 terlemeyi azaltan en 6nemli topikal aktif maddelerdir. Bu
tuzlar kozmetik formiilasyonlarda kullamldiklarinda, etki siiresi gogunlukla 48 saat ile
siirhdir.  Mikroenkapsiilleme yontemi ile aliiminyum tuzlarmin dis etkilerden
izolasyonu ve kontrollii salinimi saglanarak, bdylece iiriiniin raf émrii uzatilmis olur.
Bu sorunlar asabilmek adina goklu emiilsiyonda ¢ift kat emiilsiyon tekniginden

faydalanarak az miktarda aktif madde kullamlmas: saglanmaktadur.

Pazarda yer alan kozmetik friinlerin ¢ofu %10 aliiminyum klorohidrat
icermektedir. Bu ¢alismada, stabil bir ¢oklu emiilsiyon formiile edebilmek icin gerekli
olan optimum antiperspiran aktif oranim arastirmak ve belirlemek amaclanmustir.
Aliiminyum klorohidratin oran1 %1 olarak belirlenmistir. Bu oran ile, damlacik boyutu,
stabilite ve salimm ¢aligmalarmin deneysel sonuglari optimum kosullar saglanarak
belirlenmistir. Boylelikle, 13. giiniin sonunda polidispersite indeksi 0.238 ve damlacik
boyutu ortalama 3.9 um olan, stabil ¢oklu emiilsiyon (F4) formiilasyonu, 10 kat daha
az alliminyum klorohidrat aktif madde miktan ile krem/roll-on amaclh kullnilmak iizere

tasarlanmustir.

Bu projede amaglanan ikincil hedef ise, beklenen terleme 6nleyici dzelliklerini
gostermesi i¢in ¢oklu emiilsiyonun i¢ fazinda yer alan aliiminyum klorohidratin dis faza
salinimini durdurmak ya da kontrollii bir sekilde saglamaktir. Bu nedenle, zamana bagh
fazlar arast gegis gdzlemlenmistir. Sonug olarak, viskozite ajanimn formiilasyona
eklenmesi stabiliteyi iyilestirerek aym zamanda fazlar arasi aktif madde gecisini

erteledi@i acikca gozlenmistir.

Anahtar kelimeler: Alminyum tuzlari, lavanta yag1, coklu emiilsiyon, ¢ift kat
emiilsiyon, mikroenkapsilleme
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1. INTRODUCTION

1.1. Emulsion

An emulsion consist of two phases which known as the two phase system. The
phases also consist of two immiscible liquids. One of which is known as discontinuous
or internal and the other is continuous or external phase. Discontinuous phase is
dispersed as small droplets in continuous phase. Also an emulsifier helps discontinuous

phase to disperse throughout the other [1].

There are two types of emulsion systems; oil-in-water (O/W) and water-in-oil
(W/O) emulsion. In order to call an emulsion as an oil in water (O/W), aqueous phase
needs to be constitute of more than 45% of the total weight where oils are the dispersed
phase. W/O emulsions are named where aqueous phase constitutes of less than 45% of
the total weight. Also a hydrophillic emulsifier for O/W and lipophillic emulsifier for

W/O system helps discontinuous phase to disperse throughout the continuous phase [2].

1.1.1. Emulsion Stability

Positively charged hydrogen atoms and negatively charged oxygen atoms come
together and produce water molecules which have polar structure. This tends to

hydrogen bonding of water molecules with other materials (F igure 1) [3].
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Figure 1: Hydrogen bonding in water [4]



When hydration takes place, hydrogen bonds can come together with an ion or
a polar compound. When there is intensive hydration substances can be defined as
hydrophilic [3].

On the other hand, when the hydrogen bonds come together with non-polar
molecules such as a hydrocarbon chain, the water molecules organized to be in a cage-
like structure being more ordered than in the bulk liquid which ends up in a low
solubility of the solute (Figure 2). Such non-polar substances are defined as
hydrophobic [5].
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Figure 2: Interactions of Water with Non-Polar Substances [5]

Emulsions are thermodynamically unstable due to hydrophilic-hydrophobic

interactions. They are capable of moving into two separate layers over time.

Due to aggregation of emulsion globules the flocculation takes place without
distrupting the stabilizing layer at the interface (Figure 3). Flocculation is weak when it
is reversible and it is strong when it is irreversible [6]. Coalescence takes place where

the globules unite (F igure 4). Coalescence is an irreversible separation.

(8]
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Figure 3: Flocculation / Aggregation [6]
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Figure 5: Ostwald ripening [7]

Smaller globules in emulsion dissolve and deposit on larger globules in order to

reach a more stable state. This phenomena is called as Ostwald ripening (Figure 5) [7].

Creaming (Figure 6) or sedimentation (Figure 7) takes place when dispersed oil

globules unite and arise to top of the O/W emulsion or sink to the bottom in W/O
emulsions [8].
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Figure 6: Creaming [8]
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Figure 7: Sedimentation [8]

Commonly, flocculation, coalescence and Ostwald Ripening could lead to

enhanced creaming (Figure 8) [6]. Emulsions are thermodynamically unstable due to

hydrophilic hydrophobic interactions. In order to stop aggregation making multiple

emulsions (W /O/WorQ/W/ O) could be a worth trying method.
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Figure 8: Stability mechanism cycle [8]

1.1.2. Emulsifiers or Surface-active agents or surfactants

Surfactants contain both hydrophilic and hydrophobic parts which is an

amphiphillic molecule (Figure 9). They work by lowering the surface tension between

two phases as a result formation of the emulsion.

apolar chain:
hydrophobic

2 i

_J

polar group:
hydrophilic

Figure 9: Parts of a surfactant monomer [9]



As the surfactant concentration increases, surface tension decreases. Micelles
consist of several clustered surfactant molecules (Figure 10). Micelles are formed at this
specific concentration is known as the Critical Micellar Concentration (CMCQ). At
concentrations above the CMC, the sﬁrface tension of the solution is constant because
the interfacial surfactant concentration does not change any more [9]. Below the CMC
the surface tension decreases with increasing surfactant concentration as the number of

surfactants at the interface increases.

R B R
byt e

concentration<CMC concentration=CMC concentrations CMC
The surfactants are adsorbed at The monolayer is saturated Formation of micelles
the interface of the oil droplet with surfactant
Increase of the surfactant concentration

Figure 10: Surfactant adsorption in an O / W emulsion and micelle formation [9]

1.1.3. Hydrophilic Lipophilic Balance (HLB)

Hydrophilic-lipophilic balance (HLB) is an empirical form which shows the
relationship between hyrophillic and hydrophobic parts of a surfactant. The HLB values
introduced by Griffin evaluated experimentally as a means of predicting emulsion type
with a number of emulsion stability tests. The  more hydrophilic the surfactant, the
higher the HLB value. HLB values range from 0 to 20. In order to make and stabilize a
W/O emulsion, the HLB value should be up to 10, and should be between 10-20 for an
O/W emulsion [5].



1.2. Classification of Emulsion

S.F. Wong et al. classified emulsions as O/W, W/O and multiple emulsions [10].
It can also be classified in accordance to particle size. Commonly, emulsion droplet size
(Figure 11) lies in the micrometer range [11]. Particle size of microemulsions lies in the
range 1-100 nm, particle size of nanolemulsions lies in the range 20-500 nm and particle

size of macroemulsions lies in the range 20 nm — 10 um.

1.2.1. Microemulsion

The microemulsion type was first introduced in the 1940s by Hoar and
Schulman who produced a transparent solution by the titration of milky emulsion into
the hexanol [12]. Microemulsion has an optical transparency and thermodynamically
stable liquid solution. It has spherical and lamellar shapes. Low energy methods could

be used to prepare [13]. Particle size ranges between 10 to 100 nm.

1.2.2. Nanoemulsion (Miniemulsion)

Nano-emulsions are also known as miniemulsions. Particle size ranges between
20 to 500 nm with narrow droplet size distribution [14-16]. They have some advantages
for many practical applications in food, cosmetics, agricultural, chemicals, and
pharmaceutical industries over other emulsion types as high kinetic stability, and optical
transparency. It can be used as a method as drug delivery systems [17-19], as personal
care formulations, as polymerization reaction media etc. [20]. The appearance of
nanoemulsions is just like microemulsions, they both are transparent. The main
difference between the two systems, is the thermodynamic stability of microemulsions

versus the kinetic stability of nanoemulsions .[21 ]

1.2.3. Comparison of Macroemulsions, Nanoemulsions and
Microemulsions

The great differences between macroemulsions, microemulsions and
nanoemulsions is in droplet size range and stability characteristics, as shown in Table
11. Macroemulsions and nanoemulsions are both thermodynamically unstable, but
nanoemulsions are kinetically stable over long time scales due to their small particle
size. Microemulsions are thermodynamically stable systems, although they are sensitive

to changes in temperature and composition [22].



Table 1: Comparison of different types of emulsions [23]

r . macroemulsions , nanoemulsions microemulsions
R
\ - X7 h ’
size , 1-100u ‘ 20-500 nm ‘ 10-100 nm
shape spherical spherical Spherical,
lamellar
stability Thermodynamically Thermodynamjca]ly Thermodynamic
i unstable, weakly unstable, kinctically | ally stable
kinetically stable stable
Method of High&low energy High&low encrgy low energy
preparation methods methods methods
polydispersity Often high (>40%) ' Typically low (<10- Typically low
20%) (<10)

Another major advantage of nanoemulsions over microemulsions, is the lower
surfactant concentration desired for the preparation. In fact, 4-8 wt 9% surfactant is

enough while microemulsions need 10-30 wt % surfactant for the preparation.

Advantages of nano;emulsions include small globule size and kinetic stability [6]
which is attractive for practical applications in drug delivery systems agricultural,
personal care formulations, polymerization reaction etc. Due to small globule size, they
have higher stability and because the diffusion rate can be faster than the sedimentation
rate; so Brownian motion can avoid sedimentation/creaming, flocculation and

coalescence [25].

1.4. Double Emulsion

Both oil in water and water in oil emulsion Systems exist at the same structure
by producing a complex system named as the multiple emulsion. This complex system
was first used by Seifriz in the early 1920s [26]. The most common type of multiple
emulsions is called double emulsion. In double emulsions, the dispersed or
discontinuous or internal phase itself is another emulsion [27]. The two main types are,
water oil water (W/O/W) and oil water oil (O/W/0) double emulsions. O/W/O double

emulsion globule was schematically shown in F igure 11 [27].



w/ow O/W/o

Figure 12: W/O/W double emulsion [27]

The most used first type water-in-oil-in-water (Figure 12) have intensive
application area, made up of three phases, where small water droplets are entrapped
within larger oil droplets and they are dispersed in continuous water phase. Two types
of emulsifiers are used for emulsification of the multiple emulsion system. Lipophilic
emulsifier is used for W/O emulsion, hydrophilic emulsifier is used for O/W emulsion.
The second type double emulsion named as oil in water in oil, also made up of three
phases, where small oil droplets are entrapped within larger water droplets and they are
dispersed in continuous oil phase. Hydrophilic emulsifier is used for O/W emulsion,

emulsifier is considered W/O emulsion {27].



1.3.2. Double Emulsion Preperation Methods

Three are three main method for the preparation of double emulsions. Phase
inversion, two step emulsification, mechanical agitation of a mixture of an aqueous

solution of a combination of hydrophilic and lipophilic emulsifier [28].

The two-step emulsification process is the most prevailling way for the
production of double emulsion by the existence of hydrophobic and hydrophilic
emulsifiers. Firstly W/O or O/W emulsion is prepared with involvement of proper
emulsifier. To produce stable double emulsions particle size distribution need to be as
narrow as possible. In second emulsification step, primarily produced emulsion is
dispersed in convenient continuous phase with the proper emulsifier by the help of a
homogenizer at mild level of speed [29]. This process is controllable, convenient and

reproducable so that it is the most prevailling type [30].

Double emulsion system is ready to use tecnology for formulation of novel
products [30]. They provide several sophisticated applications for industries like fuel
energy [31], agri;sulture, chemical ehgineering and separation processes [32][33].
Double emulsions technology is also very popular in food industries to improve

emulsions mainly in milk, mayonnaise, etc. [34].

1.3.2. Double Emulsion and Industrial Applications

Davis, [35] said that W/O/W double emulsions have great industrial applications
in various fields such as; as to improve the efficiency of the intestinal absorption of
immobilized insulin in Engel et al’s paper [36], used the double emulsion for production
of flavoured mayonnaise in Matsumoto and Kohda’s paper [37], they formulated low
caloric mayonnaise [38]. Takahashi et al. [39] formulated dressing based on w/o/w
double emulsion. Bams [40] prepared edible double emulsion with a dressing-like
characterisics and a mayonnaise-like taste based on the same concept. Tadros [41] and
Dickinson [42] entrapped the flavor compound inside the double emulsion in order to
delay the release of volatile flavor during the production of food. Based on this concept,

many patents had been given for foodstuffs and cosmetic products like antiperspirants.
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1.4.Antiperspirants

Sweating is a normal process of the human physiology. Hyperhidrosis named as
excessive sweating is a disorder that cause physical and psychological disability on the
quality of life of human beings. People who have hyperhidrosis have emotional and
social deception which leads to a downsizing in self-confidince. Hyperhidrosis
originated from the abnormality of chromosomes in human biology, in fact it appear in
childhood years. Nowadays there are pharmacological treatments for hyperhidrosis
such as topical, oral and iontophoretic. Genarally people try to use cosmetics as an

auxiliary solution to pharmacological treatments [43].

Aluminum salts are the main topical agents for hyperhidrosis which have
antiperspirant activity that decreases perspiration. Salts of metals such as zirconium,
aluminum, zine, etc. have astringent function based to direct interaction on the excretory:
eccrine gland epithelium. Although aluminum salts are only effective in moderate cases
of hyperhidrosis, there have always been a risk of skin irritation in sensitive individuals

presumably related with high concentration of salt.

When these salts are used in cosmetics formulations, duration of effect is often
limited to 48 hours. When an individual sweats, antiperspirant salts wash away directly
_ proportional with the level of sweat. Therefore prov1d1n0 more effective, longer lasting
antiperspirants is great interest [43]. By microencapsulating antiperspirant salts the
insulation from the surroundings, and controlled released could be achieved. In the
marketplace, there are available a wide range of cosmetic formulations with unnatural

raw materials which are aimed to inhibit perspiration [44].

In the present study, two effective antiperspirant actives were choosen. Lavender
oil as natural and aluminum chlorohydrate as unnatural but very effective on decreasing
the perspiration. Antiperspirant salts are difficult to encapsulate due to their acidic
natiire. Up until now it has been found that most antiperspirant salts rapidly degrade or
react with the substances used to form the outer shell of the microcapsule, and essential
oils deteriorate by heat, humidity, light and oxygen easily. In order to overcome these

problems both were used in small amounts, in a formulation of a double emulsion.
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2. MATERIALS AND METHODS

2.1 Materials

In this study following actives and other ingredients (excipients) were used to
prepare double emulsion formulations as seen in Table 2.

Table 2: Functions, Purity and Suppliers of Raw Materials

Function Raw Material Pl:,;lty Supplier
' (]
Aluminum Chlorohydrate
Antiperspirant .
agent (Al,0HsCl,.3 H,0) 99,5 Clariant
(Locron® P)
= Antimicrobial Lavender oil (Lavandula 100 Talya
S agent, odor - Angustifolia) Bitkisel
<
YUKOZ
Water phase Aqua 100 Faelity
Emualliene, Gl Isohexadecane (Arlamol™ HD) 100 Croda
phase
Lipophillic Dioctyl sulfosuccinate sodium salt
emulsifier (AOT) 20 Alla Resar
Hydrophillic Laureth-4 (Ercawax™ LM 4
emulsifier V/FD) 0o EBCA
g
2
5 - Ethylhexylglycerin, Schiilke &
P= Preservative Phenoxyethanol (Euxyl™ PE 90, 10 Mayr
2 ' 9010) GmbH
o
Bis-Lauryl
. . Cocaminopropylamine/HDI/PEG- Elementis
YiscosIiy enhacet 100 Copolymer, Butylene Glycol b, Specialties
(Rheoluxe® §12)
pH adjuster Sodium hydroxide 100 Merck
pH adjuster . Hydrochloric Acid 100 Merck
Indicator Phenolphtalein 100 Merck




Isohexadecane (Arlamol™ HD), main ingredient of oil phase as used as an
emollient in the formulation of double emulsion, was obtained from Croda and used as
received. Dioctyl sulfosuccinate sodium salt (AOT), an efficient lipophilic emulsifier
used in oil phase in the first emulsification process, is supplied by Merck. Laureth-4
(Ercawax™ LM 4 V/FD), a hydrophilic emulsifier used in continuous water phase of
double emulsion was supplied from ERCA. Euxyl™ PE 9010 to be used in double
emulsion as a preservative to prevent microbial contamination during preparation and
storage was supplied from Schiilke & Mayr GmbH. Aluminum Chlorohydrate. 3H,0
(Locron® P), active used with antiperspirant properties was supplied from Clariant.
Lavender oil, antimicrobial essential oil was also supplied from Talya Bitkisel.
Rheoluxe® 812 was supplied from Elementis Specialties to be used in double emulsion

as a viscosity enhancer to prolong release time. Water was deionized and UV filtered.

2.2. Methods

The experiments were carried out in the Chemical Engineering, Genetics
Engineering and Faculty of Pharmacy student laboratories. Set-up is described in detail

in experimental procedure part.

2.2.1. UV Spectrophotometry

uv Spectrophotc;meter measures the absorbance of a beam of light after it
passes through a sample. Components of UV Spectrophotometer are, source that
generates electromagnetic radiation, monochromator which includes a dispersion
device that selects a particular waveband, sample area, detector to measure the intensity

of radiation, recorder and lenses.

Figure 13 shows a schematic of a conventional single-beam spectrophotometer.
At the beginning light comes to entrance slit of a monochromator, which transfers the
light. Then it passes through the sample area to the detector. At that moment the
absorbance of a sample is detected by the measurement of the intensity of light.
Measurement of the intensity of light that reaches to the detector first done for the blank
and then compared with the sample. Evolution 201 UV-Visible Spectrophotometer,

Thermo Scientific was used in spectrophotometer analysis [45].
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Source Entrance

® slit

Figure 13: Schematic of a conventional spectrophotometer [45]
2.2.2. Optical Miéroscopy |

Optical microscopy is a first inventrory tool that is used to identify substances
from a close viewpoint. The image of a samp‘le is viewed with the magnification of a
lens with sending a beam of light as seen in Figure 14. Condenser lens employed to
focus the light to sample and then objective lens is employed to magnify the beam. The
microscope employed has four magnification levels of 5x, 10><; 20x, and 50% . The
projector lens is also employed to make the image bbsewable. NMM-800TRF System
Metallurgical Microscope as a light microscope, Industrial Digital Camera as a
microscopic came}a and software named Argenit Kameram was used in optical analysis

[46].

Body Tuoe » A
53. eyepiece
..,":‘,'::,ﬁ:___-‘ j
s arm
Oegectves. 0
o
Sage
$eage Clips, Ceare
Cugtragn. il - e focusing - | {objective
o— rack and pinion ;
L - ”'w

sample
= e stage |

w o light source -
' mirror,or illuminator

Figure 14: Light Miéroscopy [47]
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2.2.3. Dynamic Light Scattering

Dynamic Light Scattering (DLS) also named as Photon Correlation
Spectroscopy (Figure 15) is one of the most common technique that is used to examine
the particle size of a solution. Particle size of a solution is examined by the help of laser
light reflected onto the moving particle. This moving particle has a Brownian motion
and this causes a Doppler Shift which is changing the wavelength of the laser light. The
" reason why the wavelength of the laser light is changing that is because of the size of
the particle is changing also. Dynamic Light Scattering measures the size distribution,
diffusion coefficient, polydispersity index to give a result by the autocorrelation
function. The mean droplet size and size distribution of the double emulsions were
determined by dynamic light scattering (DLS), by using a Malvern Zeta Sizer 3600
(Malvern Instruments, Malvern, U.K.) [48].

Photon

---------

Digital Correlator: [
Output to PC

Figure 15: Dynamic Light Scattering [49]
2.2.4. Viscosimetry

To describe the meaning of viscosity is a good way to start this section. It is a
quantitative measurement of a fluid’s resistance to flow. In order to distinguish the
viscosity of a fluid a tool named Viscosimetry is used. The most common type of
viscosimetry is the rotational type as shown in Figure 16. Its principal is based on the
idea that the value of torque essential to manage the resistance by the rotation of spindle
is related with the - viscosity of the fluid of viscometers use the idea that the force
required to turn an object in a fluid, can indicate the viscosity of that fluid. Rotational
viscometers are classified into three types as, coaxial-cylinder, cone-and-plate, and

plain spindle [50].

15



bt e SYNCHRONOUS
| MOTOR

ONOFF SWITCH
DISFLAY AND
OUT-01-RANGE ~__

|
INDICATORS e | CLAR TRAIN
—_—
S J U
U — e DIAL
APINDLI CONTROL — SPIID CONTROL ol e Tl CALINKATED SPUING
—
\ # —ty |
Y PORNTIR | ([
. 7 S| ja———— prARING AN FvOT
BUBBLY LV = i il J 2 =

L
(IN REAR) ADISUSTMINT L. ’

| APINDLE
U”‘_ T COUPLING NUT
WINDLL
GLUAKD

Il
| e

‘H-.——— SPNDLE GUARD
i

| |
—~—|

1 N, | - |
= 1 \ \ / |
r \ 9 ko |}
L \ STAND o | HJ..— == APRDLE MO
[ = - { |
S A IMMIRSION MARK | f
e | e SAMIPLE CONTAINTR

e ———

Figure 16: Rotational Viscometer [50]

2.2.5. Homogenizer

Homogenization is a process that reduces the size of droplets in liquid-liquid
dispersions as seen in Figure 17 [51]. The machine have rotor blades that provides high-
speed rotation. It helps liquid and solid materials to be mixed with a high suction by the

movement from bottom to top of the container (Figure 18 (a)).

ol il n
go:
e 50

Wate} Homogenizer

Figure 17: Emulsion processing [51]

Materials move straight through the outer edge where they are exposed to a
circulating effect between the rotor and stator by centrifugal force (Figure 18 (b)). This
circulatory effect of the horizontal (radial) repulsion and suction into the head is
continued by intense hydraulic shear where high velocity takes place (Figure 18 (c))
(Figure 18 (d)) [52].

* Figure 18: Homogenization processing (a) Stage 1 (b) Stage 2 (c) Stage 3 (d) Stage 4 [52]
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2.3. Experimental Procedure

In this study water-in-oil-in-water (W1/0/W2) type of double emulsion was
prepared with two emulsifiers via the two-step emulsification technique. For this
technique first primary and secondary emulsions were prepared. Then four different
types of formulations were coded, respectively, double emulsion (F1) Double Emulsion
Incorporated with Aluminum Chlorohydrate (F2), Double Emulsion Incorporated with
Lavender Oil (F3), Double Emulsion Incorporated with Aluminum Chlorohydrate and
Lavender Oil (F4) as seen in Table 3.

Table 3: Four different type of Double Emulsions, F1, F2, F3, F4

Type of Emulsion Code
Double Emulsion (W1/0/W2) |
Double Emulsion Incorporated with Aluminum
Chlorohydrate 2
Double Emulsion Incorporated with Lavender -
Oil

Double Emulsion Incorporated with Aluminum -
Chlorohydrate and Lavender Oil

2.3.1. Preparation of Water in Oil (W1/0) (Inner Phase) Primary Emulsion

In order to prepare W1/O emulsion, firstly 0.5 M AOT in isohexadecane stock
solution was prepared by weighing, 11,11 g AOT as emulsifier and 20 ml isohexadecane
in a beaker and solution was sonicated until totally dissolved. Secondly, 2 ml of water
as an aqueous phase, 10 ml of 0.5 M stock solution and isohexadecane as oil phase was
added slowly while stirring up to 50 ml in the volumetric flask, solution became clear

at the end of the procedure.
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2.3.2. Preparation of Oil in Water (O/W2) (Outer Phase) Secondary Emulsion

In order to prepare O/W2 emulsion, 10 g of isohexadecane as oil phase, 37.5 g
water as an aqueous phase and 2.5 g Laureth 4 as an emulsifier were taken in 50 ml
beaker separately. Both were put into hot bath, kept at phase inversion temperature of
41°C to put together in beaker then homogenized for 2 minutes at a speed of 10,000
rpm. Then primary emulsion and secondary emulsion was united together in order to

obtain a double emulsion as shown in Figure 19.

2.3.3. Preparation of Double Emulsion (W1/0/W2) (F1)

In order to prepare water in oil in water double emulsion (W1/0/W2) as shown
in Figure 20, first of all primary (inner phase) emulsion was prepared. Then, to prepare
secondary (outer phase) emulsion, 10 g of primary (inner phase) emulsion as oil phase,
37.5 g water as an aqueous phase and 2.5 g of Laureth 4 as emulsifier were taken in 50
ml beaker. Both two beakers were kept at phase inversion temperature of 41°C, then
. mixed into another beaker and homogenized for 2 minutes at a speed of 10,000 rpm.
Finally W1/0O/W2 type of double emulsion was obtained and plaf:ed into ice bath.

Continuous H» 0 phase

Surfactant
films

Figure 19: W1/0/W2 Double Emulsion
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Figure 20: Double Emulsion (F1) Preparation Method

2.3.4. Preparation of Double Emulsion (W1/0/W2) Incorporated with Aluminum
Chlorohydrate (F2)

In order to prepare water in oil in water double emulsion (W1/0/W 2) with
aluminum chlorohydrate as shown in Figure 21, firstly the amount of aluminum
chlorohydrate determined by physical appearance, transparency of primary emulsion.
Then primary (inner phase) emulsion was prepared by weighing 0.02 g Aluminum
Chlorohydrate into aqueous phase and secondary (outer phase) emulsion was prepared
by weighing 10 g of primary (inner phase) emulsioﬁ as oil phase, 37.5 g water as an
aqueous phase and 2.5 g of Laureth 4 as emulsifier in 50 ml beaker. Both two beakers
were kept at 41°C then mixed into another beaker and homogenized for 2 minutes at a
speed of 10,000 rpm. Finally W1/O/W2 type of double emulsion was obtained and
placed into ice bath.
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Figure 21: Double Emulsion (F2) Preparation Method

2.3.5. Preparation of Double Emulsion (W1/0/W2) Incorporated with Lavender
Oil (F3) :

In order to prepare water in oil in water double emulsion (W1/0/W2) with
lavender oil as shown in Figure 22, firstly primary (inner phase) emulsion was prepared.
Then, to prepare secondary (outer phase) emulsion, 9.5 g of primary (inner phase)
emulsion together with 0.5 g of lavender oil as oil phase, 37.5 g water as an aqueous
phase and 2.5 g of Laureth 4 as emulsifier were weighed in 50 ml beaker. Both two
beakers were kept at 41°C then mixed into another beaker and homogenized for 2
minutes at a speed of 10,000 rpm. Finally W1/0O/W2 type of double emulsion was

obtained and placed into ice bath.



Water (W, ) Isohexadecane (0) W,/0 primary
with AOT (inner phase)
emulsion
[
v
oo homogenization
°o @ +
step2 | @ @ >
[ -]
W, /0 primary Water (W, ) Wi/0/V,
(inner phase) with double
emulsion with Laureth 4 emulsion
lavender oil

Figure 22: Double Emulsion (F3) Preparation Method

2.3.6.Preparation of Double Emulsion (W 1/0/W2) Incorporated Both with
Aluminum Chlorohydrate and Lavender Oil (F4)

In .order to prepare water-in-oil-in-water double emulsion (W1/0/W2) with
aluminum chlorohydrate and lavender oil as shown in Figure 23, firstly primary (inner
phase) emulsion was prepared by weighing 0.02 g aluminum chlorohydrate into
aqueous phase. Then, to prepare secondary (outer phase) emulsion, 9.5 g of primary
(inner phase) emulsion together with 0.5 g of lavender oil as oil phase, 37.5 g water as
an aqueous phase and 2.5 g of Laureth 4 as emulsifier were weighed in 50 ml beaker.
Both two beakers were kept at 41°C then mixed into another beaker and homogenized
for 2 minutes at a speed of 10,000 rpm. Finally W1/0/W?2 type of double emulsion was

obtained and placed into ice bath.
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Figure 23: Double Emulsion (F4) Preparation Method

2.4. Mligration Of Water Soluble Material

In order to understand how fast the inner water phase migrates to the continuous

water phase, the primary (inner phase) emulsion was prepared with 0.3 gof 1 M

hydrochloric acid solution. The contiuous water phase contained phenolphtalein as an

indicator at pH 11.00 which has a distinct pink color. Therefore if the hydrochloric acid

in the inner phase migrates to the continuous water phase, this can be observed as a

change in color from pink to white and pH value was obtained as 7 as shown in Figure

24. Tt can be followed by naked eye and pH measurement over a period of time. To

prolong release period between two water phases, respectively 3g, 5g, 7g of viscosity

enhancer was added into the W1/0O/W2 double emulsion.




Continuous H,0 phase o ¥ ntlicavor,
w/ NaQH, ph.11.00 : Rhenolphthalein

Figure 24: Migration of Watef Soluble Material
2.5. Analysis of Double Emulsion

Absorbance of emulsion droplets in formulations of double emulsion were
determined using UV Spectrophotometry method at 400 nm. Droplet size and PDI
values were examined with Dynamic Light Scattering method. The images of double

emulsions with different magnification levels were obtained using optical microscope.

2.5.1. Particle Size Analysis

Particle sizes and distributions of the primary, secondary and double emulsion
samples were determined by Dynamic Light Scattering. The measurement parameters
were determined according to emulsion structure. Since water phase (W2) of double
emulsion was continuous phase, optical properties of dispersant were chosen
accordingly with refractive index of 1.33. Considering dispersed phase was oil phase in
double emulsion, the optical properties of dispersed (W1/0) phase were chosen

accordingly with refractive index of 1.464 and globule absorbance of 0.01.

2.5.2. Optical Imaging

In order to observe the morphological propérties of double emulsions, double
emulsions were examined under light microscope. Double emulsions were diluted with
corresponding W2 phase in order to observe globules clearly. The diluted solutions were
mounted evenly onto glass microscope slide as a very thin layer and slide was placed
into light microscope. Images were extracted by microscopic camera and analyzed by
software named Kameram. The images of double emulsions were taken with four

magnification levels (5%, 10x, 20x, and 50%).



3. RESULTS AND DISCUSSION

- 3.1. Results of Formulation Studies

W/O/W double emulsion was successfully prepared via the two-step
emulsification procedure. In the first step, the primary w/o emulsion was formed by
incorporating progressively the oily phase contziinjng the lipophilic (AOT) (HLB: 10.5)
primary emulsifier into the slowly stirred aqueous phase. The reason why AOT used as
lipophillic emulsifier is that it is the most used emulsifier in W/O systems [3]. Water-
in-0il (W/O) nanoemulsions had nano-sized water droplets surrounded with surfactant
molecules dispersed in oil phase. Due to nanoemulsions with small droplet sizes and
narrow globule distributions, the primary W1/O emulsion appeared as transparent,
homogeneous [3]. Small droplet size made them stable against sedimentation and
creaming processes for a long period of time, hence increasing overall stability of the

emulsion.

Generally, droplet size of globules are directly proportional with rotation rate of
homogenizer and indirectly proportional with emulsifier ratio. Nanoemulsions can be
prepared using lower surfactant concentrations typically between 3 and 10 wt% [5]. In
this study maximum amount (10 %) of AOT was used as an emulsifier to prepare
nanoemulsion due to low rotation rate of the homogenizer. Nanoemulsions are preferred
due to their lower amount of emulsifier usage in contrast to microemulsions with about
20 wt % or higher amount of emulsifier usage. However, nanoemulsions are generally

thermodynamically unstable and the size of the droplets tends to increase with time [4].

In the second step, the primary emulsion was added into the secondary emulsion

(outer phase) containing the hydrophillic emulsifier (Laureth 4) (HLB: 9.7) at 40 ° C +
1, at high speed of 10,000 rpm for 2 minutes using homogenizer. The reason why
Laureth 4 used as hydrophillic emulsifier is that it is the most used emulsifier in O/W
systems [3]. The production of double emulsion usually requires input of high energy
with the aids of homogenizers. However in this study, the preparation of double

emulsion had not required high input of energy due to lab scale preparation.



Later on, to observe compatibility of two active substances; aluminum
chlorohydrate and lavender oil, were incorporated seperately and all together with the
obtained W1/0O/W2 double emulsion. Firstly optimum W/O/W double emulsion (F2)
was prepared with aluminum chlorohydrate as an antiperspirant agent alone as seen in

section 2.

In order to obtain the maximum amount of aluminum chlorohydrate physical
appearance like transparency and turbidity of primary emulsion was observed and these
are reported in Table 4. According to the results, transparent appearance was observed

with a maximum loading of 0.02 g aluminum chlorohydrate in | ml water.

Table 4: Appearance of primary emulsion with different amounts aluminum chlorohydrate

Aluminum Chlorohydrate Aluminum Chlorohydrate

Appearance
(g) (%)
0.1 5 turbid
0.05 : 23 turbid
0.02 I ' _ transparent

The reason why aluminum chlorohydrate has chosen to be used in this study is
that antiperspirant salts are effective, however, can cause skin irritation in sensitive
individuals. There are many obvious advantages in microencapsulating antiperspirant
salts. Also the conventional antiperspirant formulation on the market contains high
amount up to %10. For that reason, in this study aluminum chlorohydrate was
encapsulated so, it was used 1:10 times lower amount of active in conventional

antiperspirant formulation on the market.

However, antiperspirant salts like aluminum chlorohydrate are difficult to
encapsulate due to their acidic nature. Up until now it has been found that most
antiperspirant salts rapidly degrade or react with the substances used to form the outer
shell of the microcapsule. Microcapsules can also be washed away by sweating just as
antiperspirants salts, so a means of keeping the microcapsule securely anchored to skin
is also desirable [44]. In this study, aluminum chlorohydrate is water soluble but in

order to encapsulate it we would like aluminum chlorohydrate to be in the aqueous
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phase inside of inner phase instead of being dispersed in the continuous water phase.
So, as mentioned above acidic properties of aluminum chlorohydrate has overcome by
preparing a double emulsion with lower amount of aluminum chlorohydrate. Final pH
of our double emulsion (F2) containing aluminum chlorohydrate (1%) was found to be

pH. 5.5 which is suitable for skin applications.

Secondly, optimum W/O/W double emulsion was prepared with lavender oil
(F3) itself as seen in section 2, Figure 22. The reason why lavender oil has chosen to be
used in this study is that essential oils also have antimicrobial activity and gives pleasent
odor. Essential oils are also so effective, however, can cause skin irritation too. As like
antiperspirant salts, they are subjected to environmental deterioration by heat, humidity,
light, and oxygen. Micro or nanoencapsulation, is a technique which allows isolation of
flavours from their environment and controles their release, so securing a long shelfTife.
Finally, optimum W1/0/W2 double emulsion (F4) was successfully prepared with

combination of both aluminum chlorohydrate and lavender oil as seen in Figure 2.11.

A unique property of W1/0/W2 double emulsions compared to simple W1/0
emulsion is the diffusion of water through the oil phase because of unbalanced osmotic
pressures between the internal and external aqueous phase. The oil layer acts as a
membrane separating these two aqueous phases. Polar molecules dissolved in either the
internal aqueous phase or the external continuous aqueous phase can pass through the
oil layer by diffusion because of the concentration gradient. The aim is that the
aluminum chlorohydrate formulated in the inner phase of the double emulsion stays
there or is slowly released for the final product to show desired antiperspirant properties.
To test this, a new experiment is designed and named as the migration of water soluble

material from inner aqueous phase to the continuous phase as mentioned in section 2.

Migration over time represented by Figure 25. from left to right, glass bottles
contain following; double emulsion with sodium hydroxide and phenolphtalein in first
bottle; double emulsion with sodium hydroxide, phenolphtalein and hydrogen chloride
in second bottle; double emulsion with sodium hydroxide, phenolphtalein, hydrogen
chloride and 3g of viscosity enhancer in third bottle; double emulsion with sodium
hydroxide, phenolphtalein, hydrogen chloride and 5g of viscosity enhancer in fourth
bottle and double emulsion with sodium hydroxide, phenolphtalein, hydrogen chloride

and 7g of viscosity enhancer in fifth bottle respectively.



It was seen that the two phases were migrated in 12 hours. This was too short
for our desired target. To prolong the release period between two water phases, viscosity
enhancer, Rheoluxe® 812, was added into the W1/0/W?2 double emulsion. When 3gof
Rheoluxe® 812 was added double emulsion turned from distinct pink color to white in
24 hours. But addition of 5g and 7g of Rheoluxe® 812 has prolonged the duration of
migration in 36 hours and 48 hours respectively as seen in Table 5. As a result, it was
clearly observed that incorparation of viscosity enhancer was delayed the migration.
Due to the increased amount of viscosity enhancer, the migration rate was slowed down,

improving the stability.
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Figure 25. Representation of Migration over time (a) when phases were just
combined together (b) after 12 hours (c) after 24 hours (d) after 36 hours (e) after 48h



Table 5: Viscosity and Duration of Migration of Double emulsions

Viscosity Viscosity

enhancer (%) (cp) Duration of Migration (h)
3 6.000 24
5 15.200 36
7 28.000 48

3.2. Results of Characterization of Formulations of Double Emulsion

Absorbance of formulations of double emulsion, droplet size and PDI values
were evaluated with UV Spectrophotometry and Dynamic Light Scattering method as

mentioned in Section 2.

3.2.1. Results of Particle Size Analysis

Absorbance values of formulations of double emulsions were tabulated in Table
6. For the duration of 13 days (Time period, 1st, 2nd, 5th, 7th, 13th day) according to
absorbance results, almost same values were obtained suggesting that the
nanoemulsions remained stable in this time period as shown in Figure 26. Absorbance
values of F3 are slighty difference from the other formulations, from 0.694 to 1.562, as

can be seen in Table 6.

Table 6: Absorbance values of formulations of double emulsion

Day F1(nm) F2(nm) F3(nm) F4(nm)
1 0.446 0.493 0.694 0.722
3 0.447 D551 1.104 0.755
7 0.453 0.490 1.387 0.710
13 0.444 0.541 1.562 0.619

1:1000 dilution, 400 A (nm)
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Since water phase (W2) of double emulsion was the continuous phase, optical
properties of dispersant were chosen accordingly with refractive index of 1.33.
Considering that dispersed phase to be the was oil phase in double emulsion, the optical
properties of dispersed (W1/0) phase were chosen accordingly with refractive index of

1.464 and globule absorbance of 0.01.
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g i ——F1 |
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0 - T T . F4

0 5 10 15
Day

Figure 26. Absorbance vs. day graph

Table 7: Particle Size and size distribution of Double Emulsions over a 13-d period

F1 F2 F3 F4

T(lér)lc Size (nm)  PDI*  Size (nm)  PDI* Size (nm)  PDI*  Size(nm) PDI*

1 - - - <
3 78.16+£39.39 0.249 553+4424 0333 98.15+4550 0368 50.38+25.58 0.346
7 91.28+48.53 0.186 97.81+44.44 0.236 93.22+41.21 0238 7831+40.13 0.362

13 104.8+52.97 0.193 118.1+£46.94 0.187 155.0+50.71 0203 117.2+58.89 0.238
*: Poly Dispersity Index

Particle size of double emulsions is the most important parameter since it affects
appearance, stability, texture and odour of emulsion. In this study, particle size and

distribution have been monitored during thirteen day time period.



The size of formulation of double emulsion F1 obta.ined, ranged from 78.16 +
39.39 to 104.8 £+ 52.97. In this study, there was no clear particle size difference for
double emulsion F1, even identical particle size of double emulsion were observed as
can be-seen in Figure 27. PDI generally revealed size distribution of dispersion as shown
in Figure 28. PDI values were obtained less than 0.4. This was shown a homogenous

particle size distribution for all double emulsion formulations.

Time-course stability has shown that particle size of F4 slightly increased from
50.38 + 25.58 to 117.2 + 58.89. Instead, increment in particle size was noticed for
double emulsion F1 which was comparable to that without the addition of aluminum
chlorohydrate and lavender oil. PdI values of F3 were shown good result meaning there
was no attaractive and repulsive forces in dispersed system so the slight difference in
absorbance values were not a big deal. Coalescence risk could be minimized by using
less amount of essential oil in F3. Eventually, absorbance and PdlI values of F4 were

found stable.
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Figure 27. Particle size versus time graph
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Figure 28. PDI versus time graph

3.2.2. Results of Optical Imaging of the Outer Core

Particle size of the droplets were similar to each other and size distribution was
concentrated around 3,8 — 4,8 um. At the end of the 13th day homogeneous and stable
particle size disribution was shown in Figure 29. There were no clear difference
between images between 3rd and 13th day for both F1 and F4. At the end of six months
microscopy image (Figure 30) was prooved that F4 is stable and homogeneous

emulsion.



(F1 3rd day) (F1 13th day)

(F4 3rd day) (F4 13th day)

' Figure 29: Light Microscopy imaging of F1, F4 double emulsions at 1:100 dilution
over a 13 day period
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Figure 30. Light Microscopy imaging of F4 double emulsions at 1:100 dilution after
six months
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The aim is that the aluminum chlorohydrate formulated in the inner phase of the
double emulsion stays there or is slowly released for the final product to show desired
antiperspirant properties. To test this, migration over time was detected. It was seen that
the two pliases were migrated in 12 hours. This was too short for our desired target. To
prolong the release period between two water phases, 3, 5, 7 grams of viscosity
enhancer. As a result, it was clearly observed that incorparation of viscosity enhancer
was delayed the migration. Due to increased amount of viscosity enhancer, the
migration rate was slowed down, improving the stability. Absorbance of formulations
of double emulsion, droplet size and PDI values were evaluated with UV

Spectrophotometry and Dynamic Light Scattering method as mentioned in Section 2.

The most used first type water-in-oil-in-water have intensive application area,
made up of three phases, where small water droplets are entrapped within larger oil
droplets and they are dispersed in continuous water phase. Two types of emulsifiers are
used for emulsification of the'multiple emulsion system. Lipophilic emulsifier is used
for W/O emulsion, hydrophilic emulsifier is used for O/W emulsion. The second type
double emulsion named as oil-in-water-in-oil, also made up of three phases, where
small oil droplets are entrapped within larger water droplets and they are dispersed in
continuous oil phase. Hydrophilic emulsifier is used for O/W emulsion, emulsifier is

considered W/O emulsion [27].

One of the main aims of the present work was to establish the relationship
between W/O nano-emulsion in W/O/W double emulsion formation and stability with
the nature of the phases formed during the emulsification process. Double emulsion
have been prepared using the two step emulsification process and the stability has been

assessed by determining the changes in droplet size by DLS as a function of time.

In this study, microencapsulation and nanoencapsulation of antiperspirant salts
and essential oil also provides controlled release of the internal constituents, hence
lengthening the effective period of the antiperspirant. Desirable property of double
emulsion is the controlled and triggered release of encapsulated actives (lavender oil as
an odor and aluminum chlorohydrate as an antiperspirant compound in cosmetic
product). The potantial, particularly for cosmetic application of structure that deliver

intense burst of flavour under arm or hide the unpleasent odor.
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In this study, the aim was that the aluminum chlorohydrate formulated in the
inner phase of the double emulsion stays there or is slowly released for the final product
to show desired antiperspirant properti¢s. To test this, migration over time was detected.
It was seen that the two phases were migrated in 48 hours. To prolong the release period

between two water phases, weight of viscosity enhancer can also be increased.

Many studies has shown that the nanoemulsions made with emulsifier mixtures
accomplish better by decreasing the rate of Ostwald ripening in emulsions. So, as future
work more than one emulsifier in nano emulsion can be used. Also, in usage emulsifiers
can be placed with proper ones and the ratio of the emulsifiers can be changed also. The
work done in this thesis was a lab scale work. In order to bring this project on to market,

research and development level kinetic stability work should be done for future.

In order to see whether there is irritation when product applied to skin or not,
patch test could be done. Microbiological testing and challenge tests are also must have
ones for the microbiological quality of the product. Lavender oil amount over time in
the formulation could be determined by the method GC-MS. In order to prolong
migration between phases secondary surfactant, Laureth-4 can be replaced by a

different surfactant with an HLB value between 0-10 by improving the shelf life.
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APPENDIX A

) Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 148 " Peak1: 1643 95.3 83.92
Pdl: 0.324 Peak 2: 4990 47 614.8
Intercept: 0.954 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity
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Figure Al: Size Distribution by Intensity of double emulsion at 1:1000 dilution

(4.7.2017)
Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 167.5 Peak 1: 2121 98.5 117.9
Pdl: 0.243 Peak 2: 4925 1.5 655.3
Intercept: 0.945 Peak 3:  0.000 0.0 0.000

Result quality : Good
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Figure A2: Size Distribution by Intensity of double emulsion at 1:1000 dilution
(4.11.2017)
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Diam. (nm) % Intensity

Z-Average (d.nm): 155.1 Peak 1: 183.3 97.5
Pdl: 0.249 Peak 2: 4972 25
Intercept: 0.938 Peak 3: 0.000 0.0

Result quality : Good
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Figure A3: Size Distribution by Intensity of double emulsion at 1:1000 dilution

(4.17.2017)
Diam. (nm) % Intensity
Z-Average (d.nm): 151.8 - Peak 1: 175.2 98.3
Pdl: 0.198 Peak 2: 4811 1.7
Intercept: 0.948 Peak 3: 0.000 0.0

Result quality : Good
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Figure A4: Size Distribution by Intensity of double emulsion at 1:1000 dilution

(4.19.2017)



Z-Average (d.nm): 153.4
Pdl: 0.186
Intercept: 0.943
Result quality : Good

Diam. (nm) % Intensity Width (nm)
Peak 1: 192.7 100.0 94.36
Peak2:  0.000 0.0 0.000
Peak 3: 0.000 0.0 0.000
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Record 58: double_emulsion_1 2

Figure AS: Size Distribution by Intensity of double emulsion at 1:1000 dilution

(4.21.2017)

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 162.8 Peak 1: 194.9 100.0 90.06
Pdl: 0.193 Peak 2: 0.000 0.0 0.000
Intercept: 0.951 Peak 3: 0.000 0.0 0.000

Result quality : Good
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Figure A6: Size Distribution by Intensity of double emulsion at 1:1000 dilution

(4.27.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 179.8 Peak 1: 2013 100.0 65.13
Pdli: 0.109 Peak 2: 0.000 0.0 0.000
Intercept: 0.953 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity
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Figure A7: Size Distribution by Intensity of double emulsion at 1:100 dilution
(5.10.2017)
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APPENDIX B

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 148.1 Peak 1: 77.09 100.0 35.49
Pdr: 0.324 Peak 2: 0.000 0.0 0.000
Intercept: 0.954 | Peak3:  0.000 0.0 0.000
Result quality : Good
Size Distribution by Number
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Figure B1: Size Distribution by Number of double emulsion at 1:1000 dilution

(4.7.2017)
Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 155.1 Peak 1: 78.16 100.0 39.29
Pdli: 0.249 Peak 2: 0.000 0.0 0.000
Intercept: 0.938 Peak 3: 0.000 ’ 0.0 0.000

Result quality : Good
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Figure B2: Size Distribution by number of double emulsion at 1:1000 dilution

(4.17.2017)



Z-Average (d.nm): 151.8
Pdl: 0.198
Intercept: 0.948

Result quality : Good

Diam. (nm)
Peak 1: 100.6
Peak2:  0.000
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Figure B3: Size Distribution by number of double emulsion at 1:1000 dilution

(4.19.2017)
Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 153.4 Peak 1: 91.28 100.0 48.53
Pdl: 0.186 Peak 2: 0.000 0.0 0.000
Intercept: 0.943 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Number
. .
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Size (d.nm)
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Figure B4: Size Distribution by number of double emulsion at 1:1000 dilution

(4.21.2017)
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Z-Average (d.nm): 162.8
Pdl: 0.193
Intercept 0.951

Result quality : Good
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Figure B5: Size Distribution by number of double emulsion at 1:1000 dilution

(4.27.2017)
Diam. (nm) % Number Width (nm})
Z-Average (d.nm): 179.8 Peak 1: 170.5 100.0 59.88
Pdl: 0.109 Peak 2: 0.000 0.0 0.000
Intercept 0.953 Peak 3: 0.000 0.0 0.000
Result quality : Good
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Figure B6: Size Distribution by number of double emulsion at 1:100 dilution
(5.10.2017)
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Z-Average (d.nm): 221.6
Pdl: 0.333

Intercept: 0.858
Result quality : Good

APPENDIX C

Diam. (nm)
Peak 1: 258.6
Peak 2: 4805
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Figure C1: Size Distribution by Intensity of double emulsion with aluminum
chlorohydrate at 1:1000 dilution (4.17.2017)
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Z-Average (d.nm): 170.1
Pdl: 0.422

Intercept: 0.947
Result quality : Good
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Figure C2: Size Distribution by Intensity of double emulsion with aluminum
chlorohydrate at 1:1000 dilution (4.11.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 1527 Peak 1: 174.8 100.0 63.05
Pdi: 0.121 Peak 2: 0.000 0.0 0.000
Intercept: 0.936 Peak 3: 0.000 i 0.0 0.000

Result quality : Good
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Figure C3: Size Distribution by Intensity of double emulsion with aluminum

chlorohydrate at 1:1000 dilution (4.19.2017)

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 152.7 Peak 1: 1787 100.0 73.18
Pdi: 0.132 Peak 2: 0.000 0.0 0.000
Intercept: 0.930 Peak 3: 0.000 - 0.0 0.000

Result quality : Good
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—— Record 62: double_emulsion_2 2

Record 61: double_emulsion_2 2’

Figure C4: Size Distribution by Intensity of double emulsion with aluminum

chlorohydrate at 1:1000 dilution (4.21.2017)
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) Diam. (nm) % Intensity Width (nm)
" Z-Average (d.nm): 159.1 Peak1:  170.7 97.0 62.30

Pdl: 0.187 Peak 2: 4689 3.0 7851
Intercept: 0.936 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensity (%)

Size (d.nm)

Record 75: double_emulsion_2 1
Record 77: double_emulsion_2 2

Record 76: double_emulsion_2 2|

Figure C5: Size Distribution by Intensity of double emulsion with aluminum
chlorohydrate at 1:1000 dilution (4.27.2017)



APPENDIX D

Diam. (nm}) % Number Width (nm)
Z-Average (d.nm): é21 & Peak 1: 55.33 100.0 4424
Pdl: 0.333 Peak 2: 0.000 0.0 0.000
Intercept: 0.858 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

1000 10000

Size (d.nm)

Record 30: Double emulsion_2 1
Record 22: Double emulsion_2 2

=

Figure D1: Size Distribution by number of double emulsion with aluminum
chlorohydrate at 1:1000 dilution (4.17.2017)

Record 31: Couble emulsion_2 2|

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 152.7 Peak 1: 17.4 100.0 49.53
Pdl: 0.121 Peak 2: 0.000 0.0 0.000
Intercept: 0.926 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Number

1000 10000

Size (d.nm)

Record 45: Double emulsion_2 1
Record 47: Double ion_2 3

. Record 46: Double emulsion_2 2|

Figure D2: Size Distribution by number of double emulsion with aluminum
chlorohydrate at 1:1000 dilution (4.19.2017)



Diam. (nm) % Number Width (nm)

Z-Average (d.nm): 1926 Peak 1: 97.81 100.0 44.44
Pdl: 0236 Peak 2: 0.000 0.0 0.000
Intercept: 0.941 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

1000 10000

Size (d.nm)

Record 60: double_emulsion_2 1
Record 62: double_emulsion_2 3

Record €1: double_emulsion_2 2|
Record 69: double_emulsion_5 1

Figure D3: Size Distribution by number of double emulsion with aluminum
chlorohydrate at 1:1000 dilution (4.21.2017)

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 1591 Peak 1: 118.1 100.0 46.94
Pdi: 0.167 Peak 2: 0.000 0.0 0.000
Intercept: 0.936 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Number

10C0 100c0

Size (d.nm)

——— Record 75: double_emulsion_2 1

Record 76: double_emulsion_2 2|
—— Record 77. double_emulsion_2 3

Figure D4: Size Distribution by number of double emulsion with aluminum
chlorohydrate at, 1:1000 dilution (4.27.2017)



APPENDIX E

Diam. (nm) . % Intensity Width (nm)
Z-Average (d.nm): 117.1 Peak 1: 135.6 100.0 57.05
Pdl: 0.149 Peak 2: 0.000 0.0 0.000
Intercept: 0.939 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Intensity
15 .................. . .........................................................................
B s s mssn smns wrs s s s sonnis oo v s
z :
E s .................. AL R RS SR PR Y R k) YR O e R A B SR
0 ; ; ;
0.1 1 10 1000 10000

Size (d.nm)

Record 1: double emulsion_3numara_formulation 1
Record 2: double emulsion_3numara_formulation 2

Record 2: double emulsion_3numara_formulation 2

Figure E1: Size Distribution by Intensity of double emulsion with lavender oil at

1:1000 dilution (4.7.2017)

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 124.0 Peak 1: 1495 100.0 66.37
Pdl: 0.160 Peak2: - 0.000 0.0 ., 0.000
Intercept: 0.955 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Intensity
g .................................................... /T8 R P CE PTRRPIRREEISEE:
é_ ]
E Ledsrasstrass Al s ass s
—
1000 10000
Size (d.nm)
[ Record 16: DB_1numara 1 Record 17: DB_1numara 2 Record 18: DB_1numara ’.-‘J

Figure E2: Size Distribution by Intensity of double emulsion with lavender oil at

1:1000 dilution (4.11.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 169.4 Peak 1: 167.9 99.0 73.32
pdl: 0.368 Peak 2: 5560 1.0 © 0.000
Intercept: 0.931 Peak 3: 0.000 L o 0.000

Result quality : Good

Size Distribution by Intensity

Intensity (%)

Size (d.nm)

Record 32: Double emulsion_3 1
Record 35: Double emulsion_3 2

Record 34: Double emulsion_3 2|

Figure E3: Size Distribution by Intensity of double emulsion with lavender oil at
- 1:1000 dilution (4.17.2017) '

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 2329 Peak 1: 2361 94.8 110.4
Pdl: 0.405 Peak2: 5201 52 4741
Intercept: 0.857 . Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

4G IR R RE R SRR peraaraigeriaaas LT P R R .
B A0 e TR—— levwies snmnns o AT 5 (R Teeniiessn :
é [ TR ......................................................................

: 7
0 i A"\
0.1 1 10 1000 10000

Size (d.nm)

Record 48: Double emulsion_32 1
Record 50: Double emulsion_3 2

Recerd 49: Double emulsion_32 2|

Figure E4: Size Distribution by Intensity of double emulsion with lavender oil at
1:1000 dilution (4.19.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 185.9 Peak1: 2610 100.0 166.6
Pdl: 0.238 Peak 2: 0.000 X 0.0 0.000
Intercept: 0.938 Peak 3: 0.000 0.0 0.000

Result quality : Good

Intensity (%)

Size Distributien by Intensity

0.1 1 0 100 1000 10000
Size (d.nm)

Record 62: double_emulsion_3 1
Record 65: double_emulsion_3 2

Record &4: double_emulsion_3 2
Record 71: double_emulsion_5 2

Figure E5: Size Distribution by Intensity of double emulsion with lavender oil at

1:1000 dilution (4.21.2017)

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 180.6 Peak 1: 181.2 100.0 52.91
Pdi; 0.203 Peak 2: 0.000 ' 0.0 0.000
Intercept: 0.957 Peak 3: 0.000 0.0 0.000
Result quality : -Good
Size Distribution by Intensity
20 ...........................................................................................
g 15: ....................................................
=
lﬁ L T/ I e I PSR R N Tl R S R
g
i~
- S R IR | I A I R R R IO
0
0.1 1 10

Size (d.nm)

Record 78. double_emulsion_3 1 Record 79: double_emulsion_2 2

Record 30: double_emulsion_3 2

Figure E6: Size Distribution by Intensity of double emulsion with lavender oil at

1:1000 dilution (4.27.2017)
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APPENDIX F

Diam. {(nm) % Number Width (nm)
Z-Average (d.nm): 117.1 Peak 1: 73.42 100.0 2476
Pd: 0149 Peak2:  0.000 0.0 0.000
Intercept: 0.939 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

Number (%)

Size (ﬂ.nm}

—— Record 1: double emulsion_3numara_formulation 1
[— Record 3: double emulsion_2numara_formulation 2

Record 2: double emulsion_2numara_formulation 2|

Figure F1: Size Distribution by Number of double emulsion with lavender oil at
1:1000 dilution (4.7.2017)

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 169.4 Peak 1: 98.15 100.0 45.50
Pdl: 0.368 Peak 2: 0.000 0o 0.000
Intercept: 0.931 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Number

1000 10000

Size (d.nm)

Record 33: Double 131 Record 34: Double emulsion_3 2
Record 25: Double emulsion_2 2

Figure F2: Size Distribution by number of double emulsion with lavender oil at
1:1000 dilution (4.17.2017)



Diam. {(nm) % Number Width (nm)

Z.-Average (d.nm): 2329 Peak 1: 150.9 100.0 68.63
Pdl: 0.405 Peak2:  0.000 0.0 " 0.000
Intercept: 0.357 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

1c000

Size (d.nm)

Record 43: Double emulsion_2 1
Record 50: Double emulsion_2 3

=

Figure F3: Size Distribution by number of double emulsion with lavender oil at
1:1000 dilution (4.19.2017)

Record 49: Double emulsion_3 zl

Diam. (nm) - % Number Width (nm)
Z-Average (d.nm): 185.9 ‘ Peak 1: 93.22 100.0 4121
Pdl: 0.238 Peak 2: 0.000 0.0 0.000
Intercept: 0.938 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

1000 10000
Size (d.nm)
Record 62: double_emulsion_32 1 Record 64: double_emulsion_2 2
Record €5: double_emulsion_3 2 Record 71: double_emulsion_5S 3

Figure F4: Size Distribution by number of double emulsion with lavender oil at
1:1000 dilution (4.21.2017)



Diam. (nm) % Number Width (nm)

Z-Average (d.nm): 1B0.6 Peak 1: 155.0 100.0 50.71
Pdl: 0203 Peak 2: 0.000 0.0 0.000
Intercept: 0,957 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

1000 10000
Size (d.nm)

Record 78: double_emulsion_3 1
Record 80: double_emulsion_3 3

Recerd 79: double_emulsion_2 2

Figure F5: Size Distribution by number of double emulsion with lavender oil at
1:1000 dilution (4.27.2017)




APPENDIX G

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 120.0 Peak 1: 149.6 100.0 76.44
Pdl: 0.201 Peak 2 0.000 0.0 0.000
Intercept: 0.949 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensily (%)

1000 10000

Size (d.nm)

Record 19: DE_numara4 1 Record 20: DB_numara4 2 Record 21: DB_numnru4§|

Figure G1: Size Distribution by Intensity of double emulsion with aluminum
chlorohydrate and lavender oil at 1:1000 dilution (4.11.2017)

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 203.8 Peak 1: 2519 94.1 141.2
Pdl: 0.346 Peak 2: 4356 58 943.6
Intercept: 0.885 Peak3:  0.000 " 00 0.000

Result quality : Good

Size Distribution by Intensity

Infensty (%)

Size (d.nm)

Record 26; Double emulsion_4 1

Record 27: Double emulsion_4 2
Record 26: Double Ision_4 2

Figure G2: Size Distribution by Intensity of double emulsion with aluminum
chlorohydrate and lavender oil at 1:1000 dilution (4.17.2017)



Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 162.3 Peak 1: 192.2 96.2 96.13
Pdl: 0.246 Peak 2: 4439 38 906.2
Intercept: 0.939 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensty (%)

0+
0.1 1 10

1000 10000
Size (d.nm)

Record 51: Double emulsion_4 1
Record 52: Double emulsion_4 2

Record 52; Double emulsion_4 2|

Figure G3: Size Distribution by Intensity of double emulsion with aluminum
chlorohydrate and lavender oil at 1:1000 dilution (4.19.2017)

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 2315 Peak 1: 295.9 96.3 167.4
Pdl: 0.362 Peak2 4857 7 697.2
Intercept: 0.828 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensity (%)

0.1 1 10 100 1000 10000
Size (d.nm)

Record €6: double_emulsion_4 1
Record 62: double_emulsion_4 2

Record 67: double_emulsion_4 2|

Figure G4: Size Distribution by Intensity of double emulsion with aluminum
chlorohydrate and lavender oil at 1:1000 dilution (4.21.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 165.6 Peak 1: 199.8 98.4 86.67
Pdi: 0238 Peak 2: 5029 ' 1.6 593.0
Intercept: 0.946 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensiy (%)

0.1 1 10
Size (d.nm)

Record £1: double_emulsion_4 1
Record 82: double_emulsion_4 2

Record 82: double_emulsion_q

Figure G5: Size Distribution by Intensity of double emulsion with aluminum
chlorohydrate and lavender oil at 1:1000 dilution (4.27.2017)

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 178.3 Peak 1: 196.9 100.0 58.33
Pdl: 0.096 Peak 2: 0.000 0.0 0.000
Intercept: 0.956 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensity (%)
=

1000 10000
Size (d.nm)

Record 91: double_emulsion_4_1-100 2|

Record 90: double_emulsion_4_1-100 1
Record 92: double_emulsion_4_1-100 2

Figure G6: Size Distribution by Intensity of double emulsion with aluminum
chlorohydrate and lavender oil at 1:100 dilution (5.10.2017)
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APPENDIX H

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 203.8 Peak 1: 50.38 100.0 2558
Pdl: 0.346 Peak 2: 0.000 0.0 . 0.000
Intercept 0.885 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

Size (d.nm)

—— Record 26: Double emulsion_4 1
——— Record 38: Double emulsion_4 3

Record 37: Double emulsion_4 2|

Figure H1: Size Distribution by number of double emulsion with aluminum
chlorohydrate and lavender oil at 1:1000 dilution (4.17.2017)

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 163.3 Peak 1: 83.31 100.0 34.07
Pdl: 0.246 Peak 2: 0.000 0.0 0.000
Intercept: 0.939 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

Number (%)

Size (d.nm)

—— Record 51: Double emulsion_4 1
—— Record 53: Double emulsion_4 3

Record 52: Double emulsion_4 2|

Figure H2: Size Distribution by number of double emulsion with aluminum
chlorohydrate and lavender oil at 1:1000 dilution (4.19.2017)



Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 2315 Peak 1: 78.31 100.0 40.13
Pdl: 0.362 Peak 2: 0.000 0.0 0.000
Intercept: 0.828 Peak 3: 0.000 0.0 0.000
Result quality : Good
Slze Distribution by Number
T R I P O S
’ \ ...................................
1000 10000
Size (d.nm)
Record 66: double_emulsion_4 1 Record 67: double_emulsion_4 2|
Record €8: double_emulsion_4 2

Figure H3: Size Distribution by number of double emulsion with aluminum
chlorohydrate and lavender oil at 1:1000 dilution (4.21.2017)

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 1656 Peak1: 1172 100.0 58.89
Pdl: 0.238 Peak 2: 0.000 0.0 0.000
Intercept: 0.946 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Number

Size (d.nm)

Record 81: double_emulsion_4 1
Record 82: double_emulsion_4 2

Record 82: double_emulsion_4 il

Figure H4: Size Distribution by number of double emulsion with aluminum
chlorohydrate and lavender oil at 1:1000 dilution (4.27.2017)
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Diam. (nm) % Number Width (nm)

Z-Average (d.nm): 178.3 Peak 1: 172.0 100.0 56.39
Pdl: 0.096 Peak 2: 0.000 0.0 0.000
Intercept: 0.956 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number )

1000 10000
Size (d.nm)

Record 90: double_emulsion_4_1-100 1
Record 92: double_emulsion_4_1-100 2

Record 91: double_emulsion_4_1-1 rﬁl

Figure HS: Size Distribution by number of double emulsion with aluminum
chlorohydrate and lavender oil at 1:1000 dilution (5.10.2017)




APPENDIX I

Diam. (nm}) % Intensity Width (nm)
Z-Average (d.nm): 20.70 Peak 1: 23.21 100.0 7.002
Pdl: 0.114 Peak2:  0.000 0.0 0.000
Intercept: 0.942 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

20 .......................................................................................... :
’\15. ................................................... Fesnrser s ranssranet st s et :
= :
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0.1 1 100 1000 10000

Size (d.nm)

Record 94: primary emulsion 1
Record 96: primary emulsion 2

Record 95: primary emulsion 2

Figure I1: Size Distribution by Intensity of primary emulsion (9.20.2017)

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 20.86 Peak 1: 23.86 100.0 7.904
Pdl: 0.13 Peak 2: 0.000 0.0 0.000
Intercept: 0.938 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Intensity
20............................................................................ ..................
% ..................................................................... g o e
P . .
:‘Jé .........................................................................................
o
100 1000 10000

Size (d.nm)

Record 113: Primary emulsion 1
Record 115: Primary emulsion 3

Record 114: Primary emulsicn 2

Figure 12: Size Distribution by Intensity of primary emulsion (9.22.2017)
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Diam. (nm})
Z-Average (d.nm): 20.15 Peak 1: 2233
Pdl: 0.102 Peak 2: 0.000
Intercept: 0.937 Peak 3: 0.000
Result quality : Good

% Intensity Width (nm)
100.0 6.183
0.0 0.000
0.0 0.000

Size Distribution by Intensity

Intensity (%)

Size (d.nm)

100

Record 127: primary emulsion 1
Record 129: primary emulsion 3

Record 128: primary emulsion 2

Figure 13: Size Distribution by Intensity of primary emulsion (9.25.2017)

Diaim. {nm) % Intensity Width (nm)
Z-Average (d.nm): 21.01 Peak 1: 2491 100.0 9.880
pPdl: 0.167 Peak 2: 0.000 0.0 0.000
Intercept: 0.907 Peak3:  0.000 0.0 . 0.000
Result quality : Good
Size Distribution by Intensity |
-1 5. ; ; . ..............................................
£ 10 : //_\, .............................................
2 ‘
£ :
E Bl ussnin e o O .
0 i - t 1 i
0.1 1 10 100 1000 10000

Size .(d.nm}

Record 142: Primary emulsicn 1
Record 144: Primary emulsion 2

Record 143: Primary emulsicn 2

Figure 14: Size Distribution by Intensity of primary emulsion (9.28.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 19.71 Peak 1: 2202 100.0 6.482
Pdk:. 0.109 Peak 2: 0.000 0.0 0.000
Intercept: 0.942 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensity (%)

Size (d.nm)

Record 155: Primary emulsion 1
Record 157: Primary emulsion 2

Recerd 156: Primary emulsion 2

Figure 15: Size Distribution by Intensity of primary emulsion (10.06.2017)

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 288.6 Peak 1: 2255 88.4 52.14
Pdl: 0.480 Peak2: 5120 11.6 528.3
Intercept: 0.718 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distributicn by Intensity
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=
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5
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0.1 1 10 100

Size (d.nm)
Record 110; primary emulsien-1-100 1 ——— Record 111: primary emulsion-1-100 2

Record 112: primary emulsion-1-100 2

Figure 16: Size Distribution by Intensity of primary emulsion at 1:100 dilution
(9.20.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): B666.8 Peak 1: 548.7 100.0 100.1
Pdl: 0274 Peak 2: 0.000 0.0 0.000
Intercept: 0.699 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Intensity

80- .................. B RN L :..................- ................. e
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Size (d.nm)

Record 116; primary emulsion-1-100 1
Record 118: primary emulsion-1-100 2

Record 117: primary emulsion-1-100 2

Figure 17: Size Distribution by Intensity of primary emulsion at 1:100 dilution

(9.22.2017)
Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 722.5 Peak 1: 478.6 100.0 89.50
Pdl: 0.114 Peak2:  0.000 0.0 0.000
Intercept: 0.456 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Intensity
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Record 121: primary emulsicn-1-100 1
Record 133: primary emulsion-1-100 3

Record 132: primary emulsion-1-100 2|

Figure 1I8: Size Distribution by Intensity of primary emulsion at 1:100 dilution
(9.25.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 528.8 Peak 1: 564.5 100.0 123.3
Pdl: 0.242 Peak 2: 0.000 0.0 0.000
Intercept: 0.464 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Intensity
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Record 145: primary emulsion-1-100 1
Record 147: primary emulsion-1-100 3

Record 146: primary emulsion-1-100 2

Figure 19: Size Distribution by Intensity of primary emulsion at 1:100 dilution

(9.28.2017)
Diam. {nm) % Intensity Width (nm)
Z-Average (d.nm): 593.4 Peak1: 6215 100.0 126.4
Pdl: 0.413 Peak 2: 0.000 0.0 0.000
Intercept 0.537 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Intensity

LYo i wrem Record 158: primary emulsion-1-100 1
: 40.5 % at 342.0 d.nm

Intensity (%)

Size (d.nm}

Record 158: primary emuision-1-100 1
Record 160: primary emulsion-1-100 3

Record 158: primary emulsion-1-100 2

Figure I10: Size Distribution by Intensity of primary emulsion at 1:100 dilution
(10.06.2017)
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APPENDIX J

Diam. (nm) % Number Width {(nm)
Z-Average (d.nm): 20.70 Peak 1: 15.19 100.0 3.809
Pdi: 0.114 Peak 2: 0.000 0.0 0.000
Intercept: 0.942 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Number
30 .............................................................................................
g bex 13 B AP e P R S o () /S AT N
5
F<1
g 10_ .........................................................................................
0 + + 1
0.1 100 1000 10000

Size (d.nm)

Record 94: primary emulsion 1
Record 96: primary emulsion 2

—— Record 95: primary emulsion 2

Figure J1: Size Distribution by Number of primary emulsion (9.20.2017)

Z-Average (d.nm): 20.86 Peak 1:
Pdi: 0.132 Peak 2:
Intercept: 0.938 Peak 3:

Result quality : Good

Diam. (nm) % Number
16.79 100.0
0.000 0.0

0.000 0.0

Width (nm)
5711
0.000
0.000

Size Distribution by Number

Size (d.nm)

Record 113: Primary emulsion 1
—— Record 115: Primary emulsion 2

Record 114: Primary emulsion 2

Figure J2: Size Distribution by Number of primary emulsion (9.22.2017)
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Diam. (nm) % Number Width (nm)

Z-Average (d.nm): 20.15 Peak 1: 17.14 100.0 5.088
Pdl: 0.102 Peak 2: 0.000 0.0 0.000
Intercept: 0.937 Peak 3: 0.000 0.0, 0.000

Result quality : Good

Size Distribution by Number
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— Record 127: primary emulsion 1

Record 128: primary emulsion 2|
| Record 129: primary emulsion 2

Figure J3: Size Distribution by Number of primary emulsion (9.25.2017)

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 21.07 Peak 1: 15.76 100.0 5.906
Pdl: 0.167 Peak 2: 0.000 0.0 0.000
Intercept: 0.907 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number
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Record 142: Primary emulsion 1
Recerd 144: Primary emulsion 2

Record 143; Primary emulsion 2

Figure J4: Size Distribution by Number of primary emulsion (9.28.2017)




Diam. (nm) % Intensity .Wldth (nm)

Z-Average (d.nm): 19.71 Peak 1: 22,02 100.0 6.482
Pdi: 0.109 Peak2:  0.000 0.0 0.000
Intercept: 0.942 Peak3:  0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

100 1000 10000
Size (d.nm)

Record 155: Primary emulsion 1
——— Record 157. Primary emulsion 2

Record 156: Primary emulsion 2|

Figure J5: Size Distribution by Number of primary emulsion (10.06.2017)

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 2888 Peak1: 2049 100.0 54.03
Pdl: 0.480 Peak 2: 5077 0.0 769.2

Intercept: 0.718 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Number
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Figure J6: Size Distribution by Number of primary emulsion at 1:100 dilution
(9.20.2017)



Diam. (nm) % Number Width {(nm)

Z-Average (d.nm): 666.8 Peak 1: 486.2 100.0 92.03
Pdl: 0.274 Peak 2: 0.000 0.0 0.000
Intercept: 0.699 Peak 3: 0.000 0.0 . 0.000

Result quality : Refer to quality report

Size Distribution by Number

Number (%)

Size (d.nm)

Record 1186: primary emulsion-1-100 1
Record 118: primary emulsion-1-100 2

Record 117: primary emulsion-1-100 2

Figure J7: Size Distribution by Number of primary emulsion at 1:100 dilution

(9.22.2017)
Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 722.6 Peak 1: 421.6 100.0 84.72
Pdl: 0.114 Peak 2: 0.000 0.0 0.000
Intercept: 0.456 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Number
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Record 121: primary emulsion-1-100 1
Record 133: primary emulsion-1-100 2,

Record 132: primary emulsion-1-100 2

Figure J8: Size Distribution by Number of primary emulsion at 1:100 dilution
(9.25.2017)
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Diam. (nm) % Number Width (nm)

Z-Average (d.nm): 528.8 Peak 1: 469.0 100.0 104.3
pdl: 0.242 Peak 2: 0.000 0.0 0.000
Intercept: 0.464 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Number

Number (%)
)
o

0.1 1 . 10 100
Size (d.nm)

Record 145: primary emulsion-1-100 1
Record 147: primary emulsion-1-100 2

Record 146: primary emulsien-1-100 2

Figure J9: Size Distribution by Number of primary emulsion at 1:100 dilution

(9.28.2017)
Diam. {(nm) . % Intensity Width {nm)
Z-Average (d.nm): £93.4 Peak 1: 6215 100.0 126.4
Pdl: 0.413 Peak2 0000 0.0 0.000
Intercept: 0.537 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Number

Number (%)
N)
o

0.1 1 10 100
Size (d.nm)

Record 158: primary emulsicn-1-100 1
Record 160: primary emulsion-1-100 2

Record 159: primary emulsion-1-100 2

Figure J10: Size Distribution by Number of primary emulsion at 1:100 dilution
(10.06.2017)
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Z-Average (d.nm): 14.68
Pdl: 0.170

Intercept: 0.921
Result quality : Good

APPENDIX K

Diam. (nm) % Intensity Width (nm)
Peak1:; 16.22 98.5 5.665
Peak 2: 4797 1.5 725.0
Peak 3: 0.000 0.0 0.000

N
o

_‘
v 3

10

Intensity (%)

Size Distribution by Intensity

100 1000 10000
Size (d.nm)

Record 103: primary emulsion-w/AP 1
Record 105: primary emulsion-w/AP 2

Record 104: primary emulsion-w/AP 2

Figure K1: Size Distribution by Intensity of primary emulsion with Al,OHgCl,.3 H,0

Z-Average (d.nm): 15.05
' Pdi: 0.227
Intercept: 0.930

Result quality : Good

(20.09.2017)
Diam. (nm) % Intensity Width (nm)
Peak 1: 16.83 ) 96.3 6.505
Peak2: 4336 3.7 " 9489
Peak3:  0.000 0.0 0.000

Intensity (%)

Size Distribution by Intensity

Size (d.nm)

Record 119: primary emulsion w/AP 1 ——— Record 120: primary emulsion w/AP 2|
Record 121: primary emulsion w/AP 3

Figure K2: Size Distribution b)} Intensity of primary emulsion with Al,0H5Cl,.3 H,0

(22.09.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average [d.nrﬁ]: 15.15 . Peak1: 16.43 96.0 6.010
Pdl: 0.212 Peak 2: 4240 4.0 9893
Intercept: 0.926 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity
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Receord 135: primary emulsion w/AP 2|

Figure K3: Size Distribution by Intensity of primary emulsion with Al,OHsCl,.3 H,0

(25.09.2017)
Diam. {(nm) % Intensity Width (nm)
Z-Average (d.nm): 16.07 Peak 1: 15.27 £6.4 4.440
Pdl: 0.305 Peak 2: 806.3 9.8 398.0
Intercept: 0.922 Peak 3: 3895 3.8 1146
Result quality : Good

Size Distribution by Intensity
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Record 148: primary emulsion wiAP 1
Record 150: primary emulsion w/AP 2

Record 149: primary emulsion w/AP 2

Figure K4: Size Distribution by Intensity of primary emulsion with Al,OHgCl,.3 H,0
(28.09.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 43.69 Peak 1: 19.10 64.8 4953
Pdl: 0.447 Peak 2: 4130 338 1013
Intercept: 0.542 Peak 3: 280.7 14 51.03

Result quality : Refer to quality report

Size Distribution by Intensity

Intensity (%)

0.1 1 10 100 1000 10000
) Size (d.nm)

Record 161: primary emulsion wi/AP 1
Record 162: primary emulsion w/AP 3

Record 162: primary emulsion w/AP 2|

Figure K5: Size Distribution by Intensity of primary emulsion with Al,0H;Cl,. 3 H,0

(10.06.2017)
Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm):. 3642 Peak 1: 3997 100.0 75.45
Pdl: 0.138 Peak 2: 0.000 0.0 0.000
Intercept: 0.690 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Intensity
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Record 107: primary emulsion-w/AP-1-100 1
[——— Record 109: primary emulsion-w/AP-1-100 2

Record 108: primary emulsion-w/AP-1-100 2

Figure K6: Size Distribution by Intensity of primary emulsion with Al,OHgCl,.3 H,0
at 1:100 dilution (20.09.2017)
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Diam. (nm) % Intensity Width (nm)

Z-Average (d.nm): 4584 Peak 1: 7.2 931 86.62
Pdl: 0.458 Peak 2: 5342 6.9 3574
Intercept: 0.571 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Intensity

Intensity (%)
N
i=]

Size (d.nm)

Record 124; primary emulsion w/&P-1-100 1
Record 126: primary emulsion w/AP-1-100 3

Record 125: primary emulsion w/AP-1-100 2|

Figure K7: Size Distribution by Intensity of primary emulsion with Al,OH:Cl,. 3 H,0
at 1:100 dilution (22.09.2017)

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 494.0 Peak 1: 3045 96.4 51.30
Pdi: 0.365 Peak 2: 5560 3.6 6.104e-5
Intercept: 0.557 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Intensity

Intensity (%)

0.1 1 10 100

Size (d.nm)

Record 129: primary emulsion w/AP-1-100 1
Record 141: primary emulsion w/AP-1-100 3

Record 140: primary emulsion w/AP-1-100 2

Figure K8: Size Distribution by Intensity of primary emulsion with Al;OHsCl,.3 H,0
at 1:100 dilution (25.09.2017)

78



Diam. {(nm) % Intensity Width (nm)

Z-Average (d.nm): 479.4 Peak 1: ' 3926 100.0 68.80
Pdl: 0.351 Peak 2: 0.000 0.0 0.000
Intercept: 0.612 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Intensity (%)

Size Distribution by Intensity

0.1 1 10 100 1000¢C

Size (d.nm)

Record 152: primary emulsion w/AP-1-100 1
Record 154: primary emulsion w/AP-1-100 3

Record 153: primary emulsion w/AP-1-100 2

Figure K9: Size Distribution by Intensity of primary emulsion with Al,OHsCl,.3 H,0

at 1:100 dilution (28.09.2017)

Diam. (nm) % Intensity Width {(nm)
Z-Average (d.nm): 707.8 Peak 1: 640.0 100.0 120.7
Pdl: 0.300 Peak2:  0.000 0.0 0.000
Intercept: 0.617 Peak 3: 0.000 ' 0.0 0.000

Result quality : Refer to quality report

Intensity (%)

Size Distribution by Intensity
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Record 165: primary emulsion w/AP-1-100 1
Record 167: primary emulsion w/AP-1-100 2

Record 166: primary emulsion w/AP-1-100 2

Figure K10: Size Distribution by Intensity of primary emulsion with

Al,OH;Cl,. 3 H,0 at 1:100 dilution (10.06.2017)
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APPENDIX L

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 1468 Peak1:  9.665 100.0 2542
Pdl: 0.170 Peak 2: 0.000 0.0 0.000
Intercept: 0.921 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Number
100 1000 10000

Size (d.nm)

Record 102: primary emulsion-w/AP 1
Record 105: primary emulsion-w/AP 2

Record 104: primary emulsion-w/AP 2|

Figure L1: Size Distribution by Number of primary emulsion with Al,OH:Cl,.3 H,0

(20.09.2017)

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 15.05 Peak 1: 11.59 100.0 3.859
Pdl: 0.227 Peak 2: 0.000 0.0 0.000
Intercept: 0.930 : Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Number
251
= 20
%)
g 15
5 10
~

Size (d.nm)

Record 119: primary emuision w/AP 1
Record 121: primary emulsion wiAP 2

Record 120: primary emulsion w/AP 2|

Figure L2: Size Distribution by Number of primary emulsion with Al,OHCl,.3 H,0

(22.09.2017)
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Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 15.15 Peak 1: 1.76 100.0 3.696
Pdi: 0.212 Peak 2: 0.000 0.0 0.000
Intercept: 0.926 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Number
25 P e e e e s L e e e e T e s s e e e s s e .
5 ; :
g .................................................................... : ................. :
= i :
100 1000 10000
Size (d.nm)
Record 134: primary emulsion w/AP 1 Record 135: primary emulsion wW/AP 2
Record 138: primary emulsion wW/AP 3
Figure L3: Size Distribution by Number of primary emulsion with Al;OHsCl,.3 H,0
(25.09.2017)
Z-Average (d.nm): 16.07 Peak 1: 12.16 100.0 3.230
Pdl: 0.305 Peak 2: 0.000 0.0 0.000
Intercept: 0.922 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Number
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Size (d.nm)

——— Record 148: primary emulsion w/AP 1
————  Record 150: primary emulsion w/AP 3

Record 149: primary emulsion wiAP 2|

Figure L4: Size Distribution by Number of primary emulsion with Al; OH5Cl,.3 H,;0
(28.09.2017)
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Diam. (nm) . % Intensity Width (nm)

Z-Average (d.nm): 43.69 Peak 1: 19.10 654.8 4953
Pdl: 0.447 Peak 2: 4130 ‘ 338 1013
Intercept: 0.542 Peak 3: 280.7 1.4 51.03

Result quality : Refer to quality report

Size Distribution by Number

Number (%)

0.1 1 10 100 1000 10000
Size (d.nm)

Record 161: primary emulsion w/AP 1
Record 162: primary emulsion w/AP 2

Record 162: primary emulsion wW/AP 2

Figure L5: Size Distribution by Number of primary emulsion with Al,OHgCl,. 3 H,0

(10.06.2017)
Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 364.2 Peak1: 3852 100.0 83.73
Pdl: 0.138 Peak 2: 0.000 0.0 0.000
Intercept: 0.690 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Number

Number (%)

0.1 1 10 100 1000 10000
Size (d.nm)

Record 107: primary emulsion-w/AP-1-100 1
Record 109: primary emulsion-w//AP-1-100 3

Record 108: primary emulsion-ve/&4P-1-100 2

Figure L6: Size Distribution by Number of primary emulsion with Al, OH5Cl,. 3 H,0
at 1:100 dilution (20.09.2017)



Diam. (nm) % Number ‘Width {nm)

Z-Average (d.nm): 4584 Peak 1: 307.4 100.0 69.53
Pdl: 0.458 Peak2  0.000 0.0 0.000
Intercept: 0.571 Peak 3: 0.000 0.0 0.000

Result quality @' Refer to quality report

Size Distribution by Number
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Figure L7: Size Distribution by Number of primary emulsion with Al, OHsCl,.3 H;0
at 1:100 dilution (22.09.2017)

‘ Diam. (nm) % Number Width (nm})
Z-Average (d.nm): 494.0 Peak 1: 279.8 100.0 51.34
Pdl: 0.365 Peak2:  0.000 0.0 0.000
Intercept: 0.557 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Number
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Figure L8: Size Distribution by Number of primary emulsion with Al OHsCl;.3 H,0
. at 1:100 dilution (25.09.2017)



Diam. (nm) % Number Width (nm)

Z-Average (d.nm): 479.4 Peak 1: 3449 100.0 68.14
Pdl: 0.351 Peak 2: 0.000 0.0 0.000
Intercept: 0.612 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Number

Number (%)
N
(=]

0.1 1 10 100
Size (d.nm)

Record 152: primary emulsion w/AP-1-100 1

Record 153: primary emulsicn w/AP-1-100 2
Record 154: primary emulsion wiAP-1-100 2 i

Figure L9: Size Distribution by Number of primary emulsion with Al, OH5Cl,. 3 H,0
at 1:100 dilution (28.09.2017) .

Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 707.8 Peak 1: 540.0 100.0 120.7
Pdi: 0.300 Peak2:  0.000 0.0 0.000
Intercept: 0.617 Peak 3: 0.000 0.0 0.000

Result quality : Refer to quality report

Size Distribution by Number
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Record 165: primary emulsion w/AP-1-100 1
Record 167: primary emulsion w/AP-1-100 2

Record 168: primary emulsion w/AP-1-100 2|

Figure L10: Size Distribution by Number of primary emulsion with Al;OH5Cl,.3 H;0
at 1:100 dilution (10.06.2017)
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Temperature (°C):
Count Rate (kcps):
Cell Description:

APPENDIX M

Z-Average (d.nm):
Pdl:

Intercept:
Result quality :

25.0 Duration Used (s): 60
516.7 Measurement Position (mm): 0.85
Disposable sizing cuvette Attenuator: 5

Diam. (nm) % Intensity Width (nm)
2935 Peak1: 3425 947 188.3
0.404 Peak2: 5020 53 600.4
0.772 Peak3:  0.000 0.0 0.000

Good

Intensty (%)

Size Distribution by Intensity

1000

10000
Size (d.nm)

Record 29: Double emulsion_5 1
Record 41: Double emulsion_5 2

Record 40: Double emulsion_S 2|

Figure M1: Size Distribution by Intensity of secondary emulsion at 1:1000 dilution

Z-Average (d.nm):
Pdl:

Intercept:
Result quality :

(4.17.2017)
Diam. (nm) % Intensity Width (nm)
1845 Peak 1: 229.0 98.1 1221
0.235 Peak Z: 4671 1.9 796.1
0.938 Peak 3: 0.000 0.0 0.000
Good

Intensity (%)

Size Distribution by Intensity

10000

Size (d.nm)

Record 54: Double emulsion_5 1
Record 56: Double emulsion_5 2

Record 55: Double emulsion_5 2

Figure M2: Size Distribution by Intensity of secondary emulsion at 1:1000 dilution

(4.19.2017)
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Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 185.9 Peak 1: 261.0 100.0 166.6
Pdl: 0238 Peak2:  0.000 0.0 0.000
Intercept: 0.938 Peak3:  0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity

Intensily (%)

Size (d.nm)

Record 69: double_emulsion_5 1
Record 71: double_emuision_S 3

Record 70: double_emulsion_5 2|

Figure M3: Size Distribution by Intensity of secondary emulsion at 1:1000 dilution

(4.21.2017)
Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm); 197.1 Peak1: 2485 100.0 1237
pdi: 0.243 Peak 2: 0.000 0.0 0.000
Intercept 0.940 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Intensity
15 /,\ .............................
E TR YL RS o
Pand
!
@
- B Bt | S S
1000 10000
Size (d.nm)
Record 84: double_emulsion_5 1 Record 85: double_emulsion_5 2|
Record 88: double_emulsion_53

Figure M4:

Size Distribution by Intensity of secondary emulsion at 1:1000 dilution
(4.27.2017)

86



APPENDIX N

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 2935 . Peak 1: 127.8 100.0 8475
Pdl; 0.40-{_ Peak 2: 0.000 0.0 0.000
Intercept 0.772 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

Size (d.nm)

Record 29: Double emulsion_5 1
———— Record 41: Double emulsion_5 2

Record 40: Double emulsion_5 2)

Figure N1: Size Distribution by Number of secondary emulsion at 1:1000 dilution
(4.17.2017)

Diam. (nm) % Number Width (nm)
Z-Average (d.nm): 1845 Peak 1: 99.47 100.0 4232
Pdl: 0.235 Peak 2: 0.000 0.0 0.000
Intercept: 0.938 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

1000 10000

Size (d.nm)

Record 54: Double emulsion_5 1
Record 56: Double emulsion_5 2

Record 55: Double emulsion_S 2|

Figure N2: Size Distribution by Number of secondary emulsion at 1:1000 dilution
(4.19.2017)



Diam. (nm)

Z-Average (d.nm): 185.9 Peak 1: 93.22
Pdi: 0.238 Peak 2: 0.000
Intercept: 0.938 Peak 3: 0.000

Result quality : Good

% Number Width (nm)

100.0 41.21
0.0 0.000
0.0 0.000

Size Distribution by Mumber

Size (d.nm)

1000 10000

—— Record 69: double_emulsion_5 1
—— Record 71: double_emulsion_5 3

Record 70: double_emulsion_5 2|

Figure N3: Size Distribution by Number of secondary emulsion at 1:1000 dilution

(4.21.2017)
' Diam. (nm)
Z-Average (d.nm): 197.1 Peak 1: 52.83
Pdl: 0.243 | Peak 2: 0.000
Intercept 0.940 Peak 3: 0.000

Result quality : Good

% Number Width (nm)

100.0 3137
0.0 0.000
0.0 - 0.000

Size Distribution by Number

Number (%)

Size (d.nm)

1oe0 10000

—— Record 84: double_emulsion_5 1
—— Record &8: double_emulsion_5 3

Record 85: double_emulsion_5 2

Figure N4: Size Distribution by Number of secondary emulsion at 1:1000 dilution

(4.27.2017)
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