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Abstract

Cellulose nitrate (CN) is a semi-synthetic polymer rendering outstanding film
properties such as good transparency, and water resistance, thus finds its major utilization in
coating industry. Raw CN has water and isopropyl alcohol by-product at maximum content of
approximately 3 and 30 wt%, respectively. The tolerance water level in the CN powder for a
potential application as nail polish is investigated in order to produce good film-forming

ay)particles as thixotropic agent in the nail
‘ @ erent weight percent i.e. 1, 2, 3,

4, 6, 8 and 10 wit%. It was found thal the increase Hi-wilos content affected the solution

properties. The effect of adding layered silicate

enamel is also examined. The water content wa

it has no more effect to the
- types were investigated

are epoxy and maleic resin

\\ \ e, compositions of maleic-

, 2:8, and 0:10 wt%. At
\.\n opic suspension preparation
8, 14, 24, and 48 hr. with

0" r.p.m. for 5 minutes. The

properties of CN by reducing its vi
dried films. According to poor
for CN adhesion improvement.
which is liquid and solid at room
epoxy mixture were investigated'by
composition 5:5 provides relative |
was compared mechanical stirrer prépag@
homogenizer at 6.5x10°, 9.5x10°, 13.
suspension preparing by homogenizer
time, dried film also show fingde . which is highe loss théin, uiotor stirrer preparation.
Three kinds of organoclay dsing J ”5 dimethy! dioctadecyl
ammonium hectorite, dimetyl bmﬂl dodecy nnit%nd dimethyl dioctadecyl
ammonium bentonite varying contents, from 1-5 wt%g The suitable content is about 5 wt%

—— wﬁu@mﬁww TRlib;
AMIAINTAUNNIINYAY

iscosity and produces gel in short
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CHAPTER 1

INTRODUCTION

1.1 Background

Cellulose nitrate, known commercially as nitrocellulose, is the cellulose inorganic ester of
i I gellulose obtained from either wood pulp or
synthetic polymer rendering outstanding ) i good transparency and water
resistance, thus finds its major utilization o ceating i — o this investigation, we will utilize
cellulose nitrate resin which is produged™!oe? "’ L cellulose nitrate from the
production plant in Thailand of Nitrocheffical @o' /Lt sidue at maximum content of

approximately 3% by weight. Comme cellalg '; At cate is 1 S0 Wet! :d with an isopropyl alcohol
at 30% by weight in order to decredSe the thirg
Though the resin is widely used in thefoagingh .. \\

uct which made from cellulose

commercial impartan—::e. It is manufactured by trea

water. Cellulose nitrate is a semi-

cellulose nitrate poses.
material must be kept to be
adding the value of cellulose

nitrate. Nail lacquer has cellulose nitrate as a ] therefore, so it can be a new potential
product for entering the highly corfipetitive mark o the p > ¢ water in cellulose nitrate

resin which is immiscible with celliT fISE 10 the phase separation in
the resulting solution. Thus tnicranc%’ater 0 *nitra %sin will be investigated in
this study for types of adhesion good .ﬁlm formation ch&rjcteristics In addition, since cellulose

nitrate film has poor adhcsnu\ﬁ ﬁ:ﬂ, ﬁ})ﬁﬁ%%ﬁﬁimm surface bonding.

Generally, pﬂl}mer soldtion such as m]lulusc nitrate solution shows shear thinning flow

i iz NTLaEH El.ﬁﬁ & o e
behavior i.e. thixotropi ﬁw mﬁ lulose nitrate

solution can be made thixotropic by adding the thixotropic agent such as organoclay which is not
only improve the flow behavior but also suspend pigment in the solution. A nail lacquer, or nail
enamel as it is sometime called, is essentially a solution of a film former in suitable solvents,
capable of supporting colorants and pearls and able to form smooth, glossy, continuous coating on
the nails. The required properties for an ideal nail lacquer are innocuous to the skin and nails, easy

and convenient to apply, stable on storage as regards homogeneity separation, sedimentation, color



and interaction of ingredients, and satisfactory characteristics film. The characteristics of a desirable
film that can be accomplished by the proper formulation of essential constituents of nail enamel are
as follow [1-2]:
1. Level thickness which demands a satisfactory viscosity of the lacquer,
neither too thin nor too thick, and good wetting and flow properties.
2. Uniform color, which demands a very finely divided pigment, intimately
ground and wetted by the medium.
3. Good gloss, which implies a very smooth surface and depends upon the

properties of the medium.
4. Good adhesion to the nail.
5. Sufficient flexibility to avoid brit - -
6. Hard, ion-tacky surface, resisiiE R art somuEs svwhich will not
adhere to other surfaces nor 4o Slics orvan
7. Satisfactory drying propertics#firvit
development of bloom even ingd

1.2 Nail lacquer formulation

Nail lacquer formulation has six clt ding a film former, solvent, a
secondary resin, and plasticizer. Colored nail-laeqtier alSo"¢ontains pigments and pearls, to give the
desired color effects on the nail, - ;__;__;_ stabilize the pigments
in the formulation. UV absorbers SWE0MERSg Btteins, are sometimes added

| I

in order to make more powerful claitids and generate a higher level ofi@onsumer appeal. The types

and contribution of each ofmﬁjﬁr %%ﬁ tﬁ] a Qﬁl %lﬁr ,Ttﬁq% now be discussed.
2wy e QA N TU AN INYIAY

The basic film-forming material in nail lacquers is cellulose nitrate, a cellulose nitrate

obtained by the reaction of mixtures of nitric acid and sulfuric acid with cotton. In this reaction all
three of the alcohol groups in the cellulose ring can be esterified. The degree of esterification or
substitution determines the intrinsic characteristics of the nitrocellulose and the degree of
polymerization of the cellulose chain governs the viscosity of the product. The cellulose nitrate used
in nail lacquers has a degree of substitution of approximately two and is known as dinitrocellulose-



Lad

pyroxylin. Different grades of cellulose nitrate are characterized by their viscosity in organic
solvents, for example 1/2-second or 1/4-second cellulose nitrate, using the US nomenclature based
on the falling ball method of determining viscosity. In practice, the grades of nitrocellulose used to
manufacture nail lacquers are those which give sufficiently fluid solutions to allow easy application
on the nails. Films produced by cellulose nitrate are waterproof, hard and tough and resist abrasion
that is suitable for coating application. However, using solitary cellulose nitrate has some
drawbacks such as poor gloss, tendency to shrink, become brittle and moderate adhesion. This has

resulted in the use of modifying resins to impart adhesion, to improve gloss, and adding plasticizers
to impart flexibility, and to reduce shrinkage. ' l//
e /
1.2.2 Secondary film former -—'_'
In about 1938 resins of the

good luster to nail varnish films andéifnpaé feir resistance in detérgent solutions such resins

ere introduced which gave

have been used in many nail lacquers gificedhat #me o Tinpart glass, improve adhesion and often to

increase the hardness of resulting films#D there has been a growing

concern about the use of any type of &ldelive % y

'5'.‘ larly, formaldehyde condensates,
both in the work place and in the area’of fonsutriar i

¢ product, ba it adhesives, coatings, or in the

formulation and application of cosmetics, ot¢ = Fhis gro concern, in part, is attributable to

research which has determined that formaldelzyd £ 48 ‘sUs

i.to be a human carcinogen. In an
effort to replace the use of sulfonamié formaldehyde resins with less¥o%ig substitutes, rosin esters,
acrylic resins, polyester resins, -y* ; ; ‘; used. The use of such
substitutes, how ever, has been less "' sat:sfhctory in result. Invariably, the finished formulation

would have numerous dra ks in rmance chara@téristics mclud:r% but not limited to,

adhesion, gloss, water fﬂﬁl ﬂm ﬁ%f@%ﬁ f] ﬂ
1.2.3 Plasticizers G,!IW'] ANt uﬂ’]"jﬂ Al auﬂ

Cellulose nitrate is too brittle to applied in lacquers on its own and even the inclusion of a
resin will not impart the necessary flexibility to lacquer films. Plasticizers must therefore be
included in nail lacquer formulations in order to ensure that the film which remains on the nails
after the solvents have evaporated adheres well, is flexible and does not flake off. By virtue of their
high boiling point, plasticizers will remain in the film after the solvents present in the formulation

have evaporated and render the films pliable. Plasticizers. even at low concentration, will



furthermore enhance the gloss of resultant films and will also improve the flow properties of
lacquers. Plasticizer has two groups providing as follow:

1. Solvent plasticizers, as the name implies, are solvents for cellulose
nitrate. These are true plasticizers, comprises mainly high-molecular-weight esters, with
fairly high boiling points and low volatility.

2. Non-solvent plasticizers, also referred to as softeners. These are not solvents for cellulose

nitrate and are not compatible with it. If they are used in the absence of solvent

film. The most common _ oil which, when used in

combination with a true p

produces a very flexible fi
A good plasticizer must be misci ]ﬁnnt including the cellulose
nitrate and the resins used. There should and free from any sensitizing
properties. Low volatility, being sta : attribution to improve the
flexibility and lacquer adhesion in conta 1 o showing any discoloration of the
finished product, that is, it must have modefaiely
used in nail varnishes constitute ph .:;;z:'.::‘.—::;%i ates, sulphonamides and

£

citrates while one of most widely uséd 1butyT phthalates. [2].

‘a o
AUBINYNINYINT
True solvents of a ccllaflusc nitrate typed nail enamel proyides the means for dispersing the

it 1 s 2 B b B4 b o b

obtained. Solvents for Wse in cellulose nitrate nail lacquer formulations must be considered in the

rency. Main group of plasticizers

1.2.4 Solvents

three general interrelated categories: active solvents, couplers or latent solvents, and diluents.
Active solvents are those liquids that dissolve cellulose nitrate such as ketones, and esters. Couplers
are generally alcohols. They are not solvents for cellulose nitrate, however using in conjunction
with active solvents, they increase the strength of the latter. Because the alcohol couples with the
ester solvent, synergism takes place. A solution of cellulose nitrate in an active solvent alone will
have a greater viscosity than those similar solutions containing mixtures of the active solvents and



the alcohol. Depending on the percentage of alcohol utilized, the flow of the nail enamel can be
improved. Diluents are nonsolvents for cellulose nitrate. They are used to stabilize the viscosity in
nail lacquers in order to reduce the number of applications of a base coat, help to carry resins into
solution, and lower the overall cost of the lacquer formulations. Aromatic hydrocarbons, notably

toluene and xvlene, are the most common diluents found in nail lacquers [4].

1.2.5 Pigments [7]

d in cnatmgs for one or more of five
reasons: to provide color, to hide substrates; {0 m¢ i tmn properties of a coating, to
modify the performance properties of films, Snd/or tﬂredm:gmcnts are divided into four
broad classes: white, color, inert, and# insoluble materials used as
colloidal dispersions. Dyes are so used only in specialized
coatings such as stains for wood furpifiire Some pionients alled
lake was a dye that had been converted'inid a/pig LBy irr % ble adsorption on some insoluble

powder. The term lake is now sometigfes fisgd “Whe 7 4 color -~ gment is blended with an inert

The original meaning of

pigment; when the pigment is essentiz 1 is sometimes called a toner.

However, dyes should not be used for fiai ¢ soluble to the nail and tissue

around the nail plate.

/w

1.2.6 Suspension or thixotropic ,,_, :
‘lﬁv—' ' )

The modem trend towards inglll pigmented and pearlescent nm‘]lnquers has led to a critical
assessment of the ability of i ﬂ materials at high
concentration. Additionally, ﬁﬁ ﬁ ﬁcﬁc mg?fﬁm%:tﬂed out materials,
and thus systems developed to avmd sedimentation’ soon showeg.themselves both,to be technically
st nd 0 AR O 5k T S B B s b
creating a thixotropic System with the use of pretreated colloidal clays such as benzyl dimethyl
hydrogenated tallow ammonium montmorillonite (Bentone 27), dimethyl dioctadecyl ammonium
bentonite (Bentone 34), or dimethyl dioctadecyl ammonium hectorite (Bentone 38). These clays
increase the viscosity of the system to such an extent that the heavy oxide pigments remain in
suspension. When a shear force is applied to the system by shaking, or by brushing the product
across a nail, the viscosity drops sharply allowing a smooth application. On standing the system
regains its initial high viscosity. A thixotropic system containing nacreous pigments has been



described in a US patent. In modern practice bentone levels range from 0.5 to 2 per cent, since the
viscosity of the system can be enhanced even further by adding small quantities of a polyvalent
acid, for example, ortho phosphoric acid, which precludes the use of high levels of bentone and
makes the system more controllable [2].

1.3 Objectives

1. To study the effect of water content in raw cellulose nitrate on its film forming properties and

determine a tolerance water level in the re
2 To examine effect of adding lay

enamel.

s thixotropic agent in the nail

3 To investigate the properties of - Iebehaviors, drying time, gloss,

adhesion, hardness and surface te

r
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iF |
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CHAPTER 11

THEORY

2.1 Anatomy of nail

The human nail covering of the upper surface of the tip of each finger and toe is a set of

complex structures that can most accurately be cal e nail unit. The visible nail plate is the

ultimate product of the continuous pathway of m urs in this very active, specialized

“\\\

keratinizing unit. The nail unit can be o ‘?-.i% (0SCapiC observation along longitudinal

- . " | . 4 " - o .
through the mail axis of the finger. It was'deseribed & Fl@ the nail unit consists of the

proximal nail fold, the matrix, the nail bed 3

4 ¥ T G ITRLIITY.

_ SOLEHORN
*MITM. GROOVE
DISTAL MWAIL FOLD
Y BT HYPONYCHIUM

ﬂwawmwmm
s:f:::mmmmm e /)13 e

plane of the nail plate surface. Scanning electron microscopy reveals that the dorsal surface of the
nail plate is smooth. The nail plate is approximately 0.5 millimeters thick in women and 0.6
millimeters thick in men. The rate of nail plate growth varies from less than 1.8 to more than 4.5

millimeters per month. Beneath the nail plate, we can see nail bed where is the beginning of
hyponychium. The hyponychium is the first site of keratinization in the nail unit. It can make



waterproof area where the nail plate lifts off the nail bed. The hyponychium also is the initial site of
invasion by dermatophyte in the most common type of onychomycosis.

Biophysical properties of the nail plate can be studied by x-ray diffraction showing the
fibrous proteins (keratins). Transmission of x-ray is directly correlated with the nail plate thickness,
generally normal thickness transmit approximately 85 percent of x-rays. The keratins are oriented in
the plane of the plate, perpendicular to the longitudinal of growth. Furthermore, nail plate contains
normal water content at 18 per cent and varies from 10-30 per cent. The nail plate hydration is
related to its hardness. When the water content decreases below 16 per cent, the brittle nail is

appeared in dry environment. [n contrast, softness 8f'thé mail plate occurs in humid environments

evaporation of water from the

m If the nail enamel is used, it

aldehyde-containing nail

nail plate can be slower by applying a la
should not be removed and reapplied »

enamel is the cause of onycholysis, the

2.2 Cellulose nitrate

Cellulose nitrate is the oldest dnd gost impartiant; anic sster of cellulose. It is a white,
odorless, and tasteless substance. It has foug egin’ s, lacquers, and explosives. Cellulose
nitrate manufacture is treating cellulose with niificacid in ‘the presence of sulfuric acid and water as

)

pn-' ,.
H ' ONO, |

Wﬁﬂ‘@ RIS Vi) 1

The amount of water present determines the concentration of NO,". The reaction completion

-

+ 3H0

can be forces by removal of water with sulfuric acid. The maximum commercial DS is around 2.9,
which corresponds to 13.8% N. Products over 14%N have been obtained by special processes. The
viscosity range of cellulose nitrate is from 0.25 to 5000 mPa.s, depending on application. The final
viscosity of the cellulose nitrate is adjusted in the digestion or pressure boiling step. The slurry of 6-
8wit% of cellulose nitrate is heated, under pressure, to 130-150°C. This process can be achieved



batch wise in autoclaves and continuously by pumping the slurry through long coils of piping
(1200-1500 m). During this step, viscosity can be reduced 10-fold in three hours at 132°C. This
viscosity reduction allows the production of cellulose nitrate suitable for higher solids and
protective lacquers. Additional washing is necessary to remove any decomposition products
generated during this step.

Dry cellulose nitrate is extremely flammable; cellulose nitrate with high nitrogen content
may explode when heated or subjected to rapid shock. Therefore, it is necessary to transport and
handle cellulose nitrate wet with water or an alcohol. After the digestion process and centrifugation,

his may be packed as is and shipped.

ically ethanol or 2-propancl, by

displacement presses or displacement cenf sses prevail here also. The

alcohol-wet cellulose nitrate is pressed -30°wt %|alcohol and“shredded before packaging and

than dry cellulose nitrate. From the w gttufel fellu nitrate has four type application which

organic lacquer solvents

shipping. Alcohol-wet cellulose nitra

3 the Jacquer industrial, ester-soluble

cellulose nitrate is mainly applied as 3 4 al. Phys \1\ 0

disclosed in Table 2.2. The water-we s . S\

phthalates and dried on drums or band*d ire
T

cellulose nitrate typed nail enamel applicatfon/ fmost of ing ts are solvents that their properties

classified by nitrogen content as shoy
per ies of cellulose nitrate are
atinized with softeners such as

of cellulose nitrate chips. For

were revealed in Table 2.3.

RY )
=

Table21  Applications of celltlgse
substitution [5].

and degree of

CN type :
Celluloid 10.5-11.0 - 1828,
Ester-solublé CN 11.8-12.2 2223
Gun cotton 13.0-13.6 2.6-2.8




Table 2.2 Physical properties of cellulose nitrate [9-10].

Formula (CsHN3011)n
Formula mass 297.01
Specific gravity or density (g/cm’) 1.35-1.40
Boiling point (°C) 100-110
Melting point (°C) 271
Glass transition temperature (°C) 56
Refractive index \l , // 1.49-1.51
Tensile modulus (MPa) R 1!‘.}-1,520
Tensile strength (MPa) -55.2

Eorgeion ) it =

Hardness (Rockwell, R scale) //// ‘l m\\\\\\ 15

Water adsorption (wt%) (294 K, 24 1, SQCRFF i 32 -\\\\\\

Surface tension (mN/m) I I EE E .\\\\\

Solvent / . esters, amides, and
@‘é, J f

a rOparafins
Solubility parameter range of CN solvents ‘B

- Poor H-bonding @_,ﬁ: : 11.1-12.7
. = __, o {:‘/ ko

- Moderate H-bonding 7 8- 147

- Strong H-bonding T e 1. d

Iy 'n
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2.3 Montmorillonite

s pacing

Figure 2.3 Idealize e [14].
¢ ability to exchange ions.
1ing an edge-shared octahedral
attice and of A’ for Mg?* in

al oxide layers. These negative

ed between the clay layers. As
the intercalation of small molecules

In Figure 2.3, clays such as+fo
Their structure consists of two fused
sheet. The isomorphic substitutions of 3"
the octahedral sheet cause an excess of
charges are counterbalanced by cations
the forces that hold the stacks together are '_
between the layers is easy [15]. Montmorillof:
which structure is classified as diaeishedsal, having two thirds of & * hedral sites occupied by
trivalent cations. Dioctahedral monimo I" charge originating from the
substitution of Mg™ for AI'* in the octahedral sheet. The idealized structural formula of

; g LY
montmorillonite is 17 “Hzﬂﬁ ’ﬂﬁﬁ’ Wg’%%gﬂlﬁ ﬁurface of clay layers

are balanced by cations mtercﬂlited between the stmctural units and these cations ma}r be alkaline

it 1R 1R i 31
exchange with the mo llo cé, is otherwise

known as Bentonite especially in drilling fluid literature. The expanding lattice may provide the

ember of the smectite group

clay with a specific area of as high as 760 mzfg. The chemical formula for Na-montmorillonite is
Nag 33[(Aly 67 Mgo33)(O(OH))2(Si0;)4]. Montmorillonite(MMT) is typically applied to polymer
nanocomposites because of its have suitable layer charge density, low thermal expansion
coefficient, and a high gas barrier property. On a larger scale of MMT, each layer can be seen as a
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high aspect ratio lamella about 100-200 nm in diameter and 1 nm in thickness, this is illustrated in
Figure 2.4,

aggregate

Five to ten lamellae are associa ifiteriaycrie AN particles (8-10 nm in the
“transverse” direction which, in ‘ D.1 — 10 pm in diameter)
giving to the clay its turbostatic strucifire JDUE to | eteristic, MMT can be easily
dispersed in water resulting in a stable gbllg .- ally MMT is too hvdrophilic to
disperse in an organic matrix. Its dispersibili Y *f—*""‘“ d tedmake it useful by several ways
[16]; (1) adsorption, (2) ion exchange wnh :
exchange with organic cations, (4) bipding
grafting of organic compounds, | -(/,r’ \f“ by different types of
poly(hydroxo metal) cations, (8) mtcﬁm ar @ P anc lnlﬂ%.rﬁﬂlﬂ polymerization, (9)
dehydroxylation and calcinations, (10) gplamnnauun and Wgregaﬁon of smectitic clay minerals,

and (11) physical treatment ﬁ Wrﬁ; muﬂ mlﬂn&ﬁtm Exchange with

organic cations is the principle Qactmn to convert ¢ a}r mineral to organnp lic c]ay or organoclay.

raorgmocy AN | AINTUURIINIAY

The property of clay surface can be modified from hydrophilic to organophilic by (a) an
adsorption of the organic molecule into an interlayer, (b) a covalently bonding of the surfactant to a

s and cationic complexes, (3) ion

15; mainly at the edges, (5)

free hydroxyl group on the clay surface and (c¢) an exchanging of an interlayer cation with a cation
surfactant. This is resulting in a more compatible between organic molecule and the clay. The
adsorption of the organic molecule often occurs via a complex formation between the organic
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molecule and the interlayver cation. The amount of the adsorbed molecule changes as a vapor
pressure or temperature changes. The covalent bonded organoclay can be prepared by a
condensation of a functionalized organo siloxane. Replacing an exchangeable interlayer cation by
the cationic surfactant can carry out the exchange reaction. The intercalation causes an increased in
the height of the clay’s gallery. Several models were proposed in order to explain the packing of the
alkylammonium salt within the clay layer. Dr. John W. Jordan, father of organoclay technology,
introduced Organophillic clay or organoclay in 1941. NL Industry sponsored his research. He tries
to develop the high value added product from bentonite. Normally, bentonite uses as a gallant for

:lav was exchange the inorganic cations

ophilic compound as shown in

;\\, " °
@
. ©
' | ©
alkvlammonium 1ons o <\ \ wophilic clav
Figure 2.5 The cation-exchange prnce , vlammonium ions and cations

b
initially intercalated betyvee CEs

Since 1941 the numerous resedfches i stich a8 the preparation technique,

characterization technique, thermal prupert}' has been n:pon There still a lack of an understanding
in controlling the intercalatio em. The application
of organoclay depending un&mﬁnmmmae on the ma;ket. It

usually use as a ga]l 0s m ik, grease etic industry
[17]. In this researnh Wiﬂﬁ WFT - ]ﬂ act as anti-

settling agents for systcms generally reducing gloss and specular reflection without markedly

altering the transparency of such films. Modified montmorillonite clays of this study are
commercially available from Rheox, Inc. under the trade designation “Bentone 38", “Bentone 27",
and “Bentone 34". These three kinds of commercial organic montmorillonite (OMMT) are similar
in composition but different in quarternary ammonium:

Bentone 38 = dimethyl dioctadecyl ammonium hectorite
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]

Bentone 27 dimethyl benzyl dodecyl ammonium hectorite

Bentone 34 dimethyl dioctadecyl ammonium bentonite

2.5 Type of rheological behavior
The behavior of fluids in experiments which conducted at constant temperature and pressure

as shown in Figure 2.6 is well known as newtonian. The viscosity is constant with respect to the

time of shearing and the stress in liquid drops to zero immediately the shearing is stopped.

However, the fluids which their viscosity change & shear rate is known as non-newtonian
viscous liquid. Their relationship of shear stre nd shidpfar is not constant. There are several
types of non-Newtonian flow behavior, : &ﬂuﬂi viscosity in response to

variations in shear rate: a) pseudopl _ t& viscosity decrease with an
increasing shear rate, some examples#ific haint: -* wlsic ’ dilatant is fluid behavior
which is characterized by an increass . wil \\\ ear rate, some examples
include clay slurries, candy compoundsf cam st T Wate : ater mixtures. ¢) bingham

is fluid behavior which behaves like solid ugfief statit A gertain amount of force calling

yield value must be applied to the fluil beforgany flow isiinduced. Tomato catsup is an example of
such fluid. Once the yield value is exceafledfnd flgh be s, plas uids may display Newtonian,
pseudoplastic or dilatant flow characteristics. [Hotvever, some ind of behaviors is depend on the

lapse of time such as thixotropic which is the - floiv of indergoes decreasing shear stress

and apparent viscosity over time gt fixed rate of shear as shows _{y e2.6. Another type of

o

time-dependent rheology is rheop e whic :xhibits increasing shear

stress and apparent viscosity over tim E!l t a fixed rate ol shear as sho H Figure2.7.

AUIREE TN
N7 Angay

AnEaT AN cxning

Pa)

Shears

Shear rate [1/s]

Figure 2.6 Diagram summary of Newtonian and non-Newtonian time
independent fluids [18].
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Thixotropic

7 Time mdsependent
- |

' §

E.: hd

=

-

z

i

Figure 2.7 Diagram sum 2e dependent fluids [19].

2.6 Characterization of thixotropic

In research of nail enamel applicafiofl, this ic behavier 18 a valuable asset, since the
lower viscosity at high shear rates (durig ‘ flow and ease of application,
whereas the higher viscosity at low shea vplication) prevents settling and
sagging. The practical range of shear rate stry versus viscosity is revealed in

Figure 2.8 and showing optim bre brushing, viscosity for

T e—_— —  »

paint pick up, and brushing visco§ify. | nlcurve falls above the up
curve. m m
The technology of thixotropie gehavmr is qwj complex. Therefore, the methods

characterization of ume-depﬂcuﬂ Wﬁ%ﬁl%ﬁﬂ ﬂﬁncﬂt&l techniques for

such fluids are far more difficilt than for time- mdependen: fluids. One method frequently used to

poo || I N [0TSR ) L
obtained by the tﬁ:hﬂu m obtaining an

initial stress measurement. After a given time the shear rate is increased to the next higher shear rate
setting and the stress measured again. The procedure is repeated until the highest shear rate is
reached and the system is then sheared to its equilibrium stress. After reaching equilibrium the shear
rate is reduced stepwise and the shear stress is remeasured at each point until the lowest shear rate is
reached. The shear stress is then plotted versus the shear rate. The area of the loop is a measure of
the thixotropic breakdown due to mechanical working. Therefore, Thixotropy is defined as the
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ability of the system to exhibit lower viscosity as a function of shearing and its ability to have its
structure reformed over a period of time. In some cases, thixotropy is confused with the shear
thinning index of the system. This index is defined as the ratio of the viscosities of the material at
two different constant shear rate at least 10 times.

104
| i |
‘I‘iﬂd value L Iﬂ Mﬂa"ﬂni 1o prevent setthing during storage

Viseotity > 500 poises betore brushing [~0.09 sec-"

\Mmmv:r I'-ﬂﬂﬂu-: )

after t

i -“\\ B i
:Etm — --s.;..w:.:’:: ,M,:" ‘I:mmjl
E — T?,,} ——
M ro<25 7 \\\\\ i
| s, 12t 3\\\‘\‘\3: :
Shygfed PRARCHNS MO0 sec )
il 1 / ﬁﬂi@' :" \\\\\\
0.001 oo I T 10*

application

ﬂ‘iJEl’JVIEJVI?WEJ’Iﬂ?
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Figure 2.9 Thixotropic characterization of commercial nail enamel
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CHAPTER 111

LITERATURE REVIEWS

R. L. Socei, and A. Ismailer [23] had disclosed that nail enamel compositions containing

cellulose nitrate as a primary film former should possess a molecular weight of greater than 56,000

for good film-forming characteristics. Cellulose in many grades such as nitrocellulose
N\ \\\l //

RS1/2 sec. having a molecular weight of 2 titrocellulose RS5-6 sec. having a
molecular weight of 112,000, nitrocekis ""’" RS1S5 sfc. having olecular weight of 130,000,

nitrocellulose RS60-80 sec. having a M0l ceutfeiveight of 175, \:\ nitrocellulose RS150 sec.

having a molecular weight of about T90.g0f
The traditional clear nail ena The pigments or
colors are not included in this comp®sitién ST - ppea elear lacquer is unpleasantly

yellow that we can improve or cover tjis et substances into its solution.

In colored nail enamel formulation, pig: 3 usually incorporated in the
solution to prevent solid particle settling. lation of colored nail enamel can be

shown in Table 3.2

Table 3.1 Example of traditionabpsil eaameliormulation soporicd by Ref. 2.
v, X )
iy

Ingredients

RS Y second nitrocell ose

Ethyl alcohol “I '
Ethyl acetate h
Butyl acetate 15
Toluene 35




Table 3.2 Example of colored nail enamel

formulation reported by Ref. 24.

Ingredients % by weight
Cellulose nitrate i
=) 6.4
Diacetone alcohol 53
Butyl acetate =3
Ethyl acetate 2
Propyl acetate
Haptams : \x“ Ay
DBP
Camphor j‘ r\\k\
o Z7//8%
Triphenyl phosphate "/ / @ ‘\\\\\
Poly ether modified "Iﬁ‘ p \\\\\
Tominitecpory e Jf ) T O N\
Acrylates copolymer ‘\\
Polyester
Dimethicone 7 ‘
Bentone 38 T
Sterakonium hectorite. Vzi
Titanium dioxide
Red iron oxide
LakeD&Cyeilo! o . . =T | . ‘ ‘3
Black iron oxide §J B i )
Benzoph ‘ . : P
e HHRAR AN A
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Up to present, there exist many proposed nail enamel formulations containing several
ingredients depending on a particular purpose or requirement. Each ingredient normally has its own
function. In this research, we will develop nail enamel from the traditional formulation as reported

in Ref. 2. and will pay attention to the effect of water content on solution and dry film properties,

which will be the guideline of water tolerant limit in the production process of CN, as well as the
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effect of organoclay as thixotropic agent of the nail enamel. The useful properties of nail enamel
had been reported by several inventors in the US patents as summarized in Table 3.2.

Furthermore, an inherent poor adhesion of cellulose nitrate to nail surface leads to the use of
many kinds of resins to enhance its adhesion characteristics. A.M. Kuritzkes [25] suggested that
arylsulfonamide formaldehyde resin be added into nail enamel for increasing adhesion and gloss of
the resulting dry film. However, at present, arylsulfonamide formaldehyde resin has been avoided in
the nail enamel formulation due to the potential of releasing free formaldehyde to cause allergy to
the users. G. G. Graves, and T. C. Jacks [26] invented a nail lacquer added with vinyl-silicone

copolymers in the range of 0.1-5 wt% as an adhe notor. The trapped bubbles in the dried
film were prevented by incorporating a dimethico agent in range of 0.02-0.3 wt%.
T. Ikeda, and T. Kobayashi [27] reported*the-usé of a seconaaryfilm based on various molecular

ge the nail enamel. Leo X.

jamiide formaldehyde resin and

weights of polyethylene glycol
Mallavarapu [28] reported a novel e
invented a process for the preparatiog resin. The epoxy polymers
are substituted for formaldehyde by rea ha -\ fonamides in the presence of a

tion include diglycidyl ether

Lewis acid. Example of epoxy resin wilicll niay » 4 ‘ \\ :
bisphenol A type, with a molecular Weig f 0,000, and epoxy resin of the
diglycidyl bisphenol F type, with a male eish apr »ximately 20,000. It has been
determined that the resinous reaction produc _v-?': is In on perform well in the nail lacquer
formulation. Frederick L. Martin [29] disclosed fhe nail
comprised maleic modified resin. THig composition can be applied as base coat over natural nails

Y|

to act as a primer for pigmented nail ename lgsifie touch in less than two

| formulation that its composition

minutes and provides excellent ﬂcﬁi!ity, excelle itial aﬁhesiormo the bare nail as well as

excellent adhesion for at least seven dfiys, In our researehs secondary film forming substances is

investigated chosen from s:hﬁilwc%lmﬂ%ﬁnwg:mi
RINNTUUNIININY



Table 3.2: US patent review on desired properties of nail enamel formulation.
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Patent No. Viscosity Drying time Gloss Adhesion Hardness | T.L
(ceps.) (min) (G.U)
4222908 | 1,510-2,000 - 81.7 - 110 vicker | 4.2
5,093,108 400-1200 @20°c 37%RH | 70-95 - - -
=3
5,972,095 - - -
6,177,065 - HB level -
6,740,314 - - -

Milan Bohuslav Bednarek [30 repe af nail enamel compositions

ed onth e solvent system. For nail enamel

may comprise from 0-30wt% water, bas

compositions comprising a high weight percenit 6fithe m, the water content would be at

the lower end of this range. It } &""—“‘““""‘**’*‘" sent in the nail enamel
b e \f ided. One problem in nail

i“presented at the significant

compositions, so the presence of
enamel processing is the water levi ' in cellulose nitrate resin of
amount due to the washing m ght occur as water is
immiscible with CN resin ansﬁz ,ﬁﬁ:ﬂﬁmmﬁik the resulting dried
film may become opaque whmh is the unpleasasit appearancgsto the customers. Therefore, the
oot 8 e e o B 418 s
studied.

Generally, polymer solution exhibits non-Newtonian flow of a shear-thinning type. In the
case of nail enamel solutions or typical coatings, time-dependent flow of a thixotropic type is
required. This can be achieved by the incorporation of thixotropic agents. One important group of
thixotropic agents are modified natural clays of a layered silicate type. A.M. Kuritzkes [25] reported

that the quaternary ammonium ion-modified montmorillonite clays could perform as flatting agents
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for lacquer systems. The filler generally reduced gloss and specular reflection without markedly
altering the transparency of such films. The quaternary ammonium cation-modified montmorillonite
clay is added to nail enamel lacquers at the concentrations varying from about 0.4 to 6% by weight.
The commercially available organoclays for nail enamel formulation are Bentone38, Bentone27,
and Bentone34 which will be used in this investigation.

T. Ikeda, and, T. Kobayashi [27] revealed that the interlamellar distance (001 face) of
dimethylbenzyldodecyl ammonium montmorillonite powder measured by an X-ray diffraction
device (RIGAKU Rota Slex Type RU-3) to be 9.4°A and that D.B.P. , a CN plasticizer, cannot
expand the interlaminar distance of the organoclay. The goed solvents which can effectively swell

This convention used about 5 wt% of Benfane?7 in MMnml enamel solution utilizing
“about 40 through 70°C. D.A.
ing toluene as a solvent of
Joffmeyer industrial mixer

roll milling technique i.e. a Banb
Pappas and H.J. Laresen [31] discl
stearalkonium hectorite thixotropic

is generally applied for a period of : “The prefer . nt of stearakonium hectorite
is about 3wt% of total ingredients. Ingthg ( . lgmcms were added to the
aforementioned gelled mixture undér .m.- . olored nail enamel. G. G.
Graves, and T. C. Jacks [26] disclosed 4 na mqg =‘ ining stearakonium hectorite and
stearakonium bentonite as a preferred thix0trdp: ich n‘t‘ ere used at the amount ranging
from 2-5 Wi%. | TR

X

2
ﬂﬁﬁl’&ﬂﬂﬂﬁﬂﬂﬂﬂ‘i

’QW?&NﬂiﬂJ UANINYAY
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CHAPTER IV
EXPERIMENTAL

4.1. Materials

Nitro Chemical Industry Co., Ltd. contributed RS 4 second cellulose nitrate powder and the
solvents. Maleic resin, ER-912, was obtained from Eternel Resin Co., Ltd. Epoxy resin, EPON 8§28,
was purchased from Shell Chemicals Co._litd. Acr ofip SD 603, was taken from Siam
her was ¢ Applied Silicone Corporation.

Benzoxazine monomer based on bisphengleantline and pars -- . aldehyde was synthesized. The
monomer synthesis was based on the paiefitc yantless The organoclays, Bentone 27,
Bentone 38, and Bentone 34, were prowded s fellBrothers Co itd. The pigment, S1120, was
supported by Koventure Co., Ltd. 4 \

4.2 Sample Preparation
4.2.1 Cellulose nitrate solution
r in the oven to remove

s Content of cellulose nitrate
( tatawas used to checked water

Cellulose nitrate resin as reggi
isopropyl alcohol and moisture "i"i_
powder to be 1,2, 3, 4, 6, 8, mﬂlu@;yw
content in cellulose nitrate resin. Cellui e nitrate Sﬂhltl% obtained by mixing 10 gram the CN

powder at various water cnﬂ%ﬁ Q“ﬁ‘ﬂ‘ﬂ‘?’ﬂ‘ﬁq ﬁs‘ithyl alcohol S gram,

butyl acetate 15 gram, ethyl Adetate 20 gram, and toluene 45 gram To study an effect of water

iy wmm;mmwm adigon
were examined includi esion, gloss,

hardness, and surface texture.

4.2.2 Clear nail enamel

Nail enamel solution was obtained by mixing 10 grams of resin, 5 grams of a DBP
plasticizer, and 50 grams of a cellulose nitrate solution (contained cellulose nitrate of 10 grams,
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ethyl alcohol of 5 grams, butyl acetate of 15 grams, and 20 grams of ethyl acetate). The secondary
film formers used are acrylic SD603, silicone, benzoxazine, maleic, and epoxy. All of clear nail
enamel films were tested adhesion by cross cut showing the suitable resin type for nail enamel.

Effect of various epoxy and maleic content also was investigated as illustrated in Figure 4.1.

Clear nail
enamel

CN solution

4.2.3 Suspension gel

The dimethyl dioctadecyl ammoniu ay was heated up at 100°C for 1

hour to remove moisture and stored in a descicatot: ¥ Was dispersed at the amount of 8 gram
in 100 gram of toluene using a meghinical s at room temperature - ar- 4, 8, 14, 24 and 48 hours
with a constant speed 650 rpm. / Wsing a homogenizer which

was conducted at room temperature aLhigh shear rates ol 6500 3500, 21500, and 24000 rpm
for 5 minutes at each speed. The holﬁﬁ I;g]su nkibn was ¢ Eamd with motor stirring

suspension. The other two EF%FJ '§W§Jr

hectorite and dimethyl dmctad%kvl ammonium bentonite were prepamd suspeps ion gel for nail

et e S P R Y S EAHY o

force application.

dodecyl ammonium
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PEEW . LTT
CIEEETLETENR
" Faymial

4.2.4 Dry nail enamel film

The polymer/clay nanocomposi

from 4.2.2 with organoclays suspensioa justed the organoclay content in

final formula to be 0.35, 1, 3, and
homogenizer at 9500 rpm. Interlayer
XRD.

- Vcﬁnixed for 5 minutes using
posite was investigated by

4.2.5. Colored nail enamel

In this process, toluene of"3% as used t tone38, bentone27, and
bentone34, which prepared from 4 2 Tl'u: crbtamc. suspension was &l‘n mixed with 65 grams of
the clear nail enamel snIuhnn msus nded sysh‘n was conducted by adding the desired
amount of mica coated tlta.m 5 i | using a mechanical
stirrer (at 600 rpm for 1 hnur]qi'!r a homngemzer {@ 9500 rpm for 5 minutes). The,solid films were
obtained by casting t@eﬁ@l salﬂrﬁ%cm %%ﬁ @nﬂdﬁ%@%}g the solvent
at ambient conditions t8 yield films of constant weight. The scanning electron microscope was used
to compare surface texture of the two different mixing methods. The finished nail enamels of the
three organoclays as illustrated in Figure 4.3 were characterized for their solution properties
including flow behavior, drying time, and dry film properties such as gloss, hardness, surface
texture etc. The anti-settling system was also investigated by sedimentation experiment. The various
organoclays content of 1, 3, 4, and 5wt% were put into volumetric flask of 8 milliliter without

shaking for 10 days observed the pigment precipitation. The nail enamels which have superior anti-
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settling content of organoclay were tested on 10 women. After those of women applied formulated
nail enamels, the satisfactions of women on nail enamel characteristics such as pick up, ease of
brushing, drying time, and gloss were investigated in questionnaires. The women were allowed to
work in everyday life and prohibited to remove nail enamel films before accomplish the research.
After 10 days, the abrasion characteristic was examined again in questionnaires. The data of

questionnaires was calculated to be percentage of human satisfaction.

Figure 4.3 Colored nail effarge] n | * ypes Bf organoclays.

Cellulose nitrate solution at varwlﬂ:ontent were urevd flow behavior using a rotational

viscometer, Physica Rheolab ﬂausﬁf:%l waﬁ-q&] @%E]i" mm at shear rate 30-

1000 s for 10 minutes. The v8lume of measured suluuon was ahuut 17-20 gram Temperature was

- RWTR SRIUTTINY T =

stress.
4.3.2 Thixotropic evaluation
Suspension gel and color nail enamel were measured thixotropic behavior using a rotational

viscometer, Physica Rheolab MC1: Standard measuring system MS-Z3 DIN/MC]1. Suspension gel
was measured at forward shear rate 0.1-1000 s for 10 minutes after that sample was backwardly
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measured viscosity at shear rate 1000-0.1 s for 10 minutes. The measuring shear rate of nail
enamel is from 0.1-400 s™' for 5 minutes after that reverse action. The volume of measured solution
was about 17-20 gram. Temperature was control at 25"C. The raw data of forward and backward
testing were plotted shear rate versus viscosity of the solutions and shear stress. The area between
up curve and down curve disclosed the thixotropic behavior of those samples. Thixotropic index
and recovery time were calculated applying three interval of shear rate. First interval, the sample
was applied constant shear rate at 40 s™* for 5 minutes then changed constant shear rate to be 400 s™

for 5 minutes in the second interval and returned back to the shear rate 40 s™ for 5 minutes again in

the third interval. The raw data was graphed tim psity of sample. The period of recovery
time can be discovered in third interval by cliee vicosity that it have to be 90% value
of first interval viscosity. The average Viseosities of ﬁwnd interval were calculated

dividing first interval by second inte

4.3.3 Drying time
Drying time of cellulose ni s ted fdllnwing ASTM 1640 at
temperature 25 “C and 5045 % relative idity incthe i . dgnt ol room. All test specimens

were prepared and tested by one operilo f o 0 e ious water content cellulose
y or after that clean fingered touch the
d dry when no appeared marks are

servation, The dried films thickness
e X
was 12.542 um. - m

‘an o/
AUYINININYING
This experiment was ?unducted followinggASTM 3359, The cellulose gnitrate solution at

s 18 s i AR N BB EHD b o 5 v

concentration, let films'dried at room temperature for 24 hours. Dry films thickness was up to and

nitrate solution on the clean glass panels
film lightly at varying intervals of time. The filn§’are cor
left by the fingerprint on the fi

4.3.4 Adhesion

including 50 pum space the cuts 1 mm apart and make eleven cuts in horizontal and vertical
providing 100 squares of films as illustrate in Figure 4.4. All cuts were about 20 millimeters long by
cutting through the film to the substrate in one steady motion using just sufficient pressure on the
razor to have the cutting edge reach the substrate, used razor have to use one time for one sample.
After making the required cuts brush the film lightly with a soft brush or tissue to remove any
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detached flakes or ribbons of coatings. Examine the cutting edge and, if necessary, remove any flat
spots or wire-edge by abrading lightly on a fine oil stone. Make the additional number of cuts at 90°
to and centered on the original cuts. Brush the area as before and inspect the incisions for reflection
of light from the glassplate. Remove two complete laps of tape and discard. Remove an additional
length at a steady rate, no jerking, and cut a piece about 75 millimeter long. Place the center of the
tape over the grid and in the area of the grid smooth into place by a finger. To ensure good contact
with the film rub the tape firmly with the eraser on the end of a pencil. The color under the tape is a
useful indication of when good contact has been made. Within 90 + 30 s of application, remove the

glass plate.

Figurt 44 SamElJt of adleSion.

AUEINENINEING
4.3.5 Gloss Y g . o
w :

This experimcﬂﬁ fn]Iﬂgn;aASTDEE,%Edﬂcl?ulz]glgs:]‘f ﬂ] u%:-]sc nitrate and
nail enamel films using glossmeter geometries of 60, 20, and 85° as shown in Figure 4.5. Gloss
meter model is Microsheen 250. The 20 gram of cellulose nitrate solution was applied at dimension
75 by 150 millimeter on the black glass plate and allowed film dried at room temperature, after 24
hours, measuring gloss of film compared with the gloss of standard black glass. Put the geometry
sensors of 60, 20, and 85 ¥ on the dried films, the gloss value of them were shown on the monitor

Screen.



3.6 Hardness

rLE m ré;} load was applied on the films surface for

1Sy Hptmal ’in*ifmscupf: and recorded dimension for
Y JJI -1’4'-

Figure 4.6 Microhardness tester.
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4.3.7 Surface texture

The surface texture of dried cellulose nitrate films were investigated with an ISM-5400
scanning electron microscope from JEOL Ltd. at an acceleration voltage of 10 kV. Before obtaining
a micrograph, the dried films were coated with a thin film of gold using a JEOL ion sputtering
device model JFC-1100E for 4 minutes to obtain a thickness of approximately 300A°. The
micrographs were studied the effect of water content in dried films on their surface property.

4.3.8 X-ray diffraction

Sample was detected by X-fay-diffractometer-of Biiker model D8 ADVANCE with
CuK a radiation (1.541 A). The voltag 0'Vedind 30 mA, respectively. The
measurement was scanned at 26 in ran@€ o 076/ 15.0 with ¢ can 30.0 sec/step and step size
0.05 °20. The measurements were opg '

y
ﬂﬂﬂ?ﬂﬂﬂiﬂﬂ?ﬂi
IR TUAMINYAE
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CHAPTER V

RESULTS AND DISCUSSION

5.1 Characterization of cellulose nitrate solution at various water content

5.1.1. Rheological hehavior of cellulose nitrate solution

28 moderately affected by its water
contents such as the systematic decrease 6fts vi : in Fig.5.1. Generally, cellulose
nitrate resin, industrially produced, cort8ins about 3wi® ,-_ e resin system, To study the
effect of water content on the viscosity oftHEpOlyne Was intentionally added in the range
of 1-10wt%, and the shear rate was appli€t ‘ [ ~£ s™'. At the low shear rate in
: v pattern. For the high shear

rate above 600 s™', the low water le the silution showed high pronounced deviation from
the Newtonian plateau of the shear-{ ; Gy WihiBreas & = highest water content, i.e. 10
wi%, the flow of the CN solution at thighigh shéaF rafé sange rémained near-Newtonian behavior.

The viscosity of these cellulose nitrate sglutiofis=is ran; rom 156 to 242 mPa.s, whereas the
e in range of 400-1200 mPa.s [30]. The

e a’s equation given R® =

required viscosity of commercial nail enamelssh

=
e

shear thinning behavior of nail egam

0.93266-0.9999, standard deviatiop=9:7898+0-=0:00 "; 88-0.9736.

M= Mo -7r fa M

CHTHINNINYING
" AR AR I Y

A= characteristic (or relaxation) time

n = dimensioless parameter
The slope of 7 versusy" in the power law region is given by n-1. In the special case of n
=] or Ay close to zero, this equation simplifies to the Newtonian fluid model. For n < 1, this

equation predicts shear thinning behavior. Typically commercial nail enamel needs to incorporate a

resin to promote adhesion, a plasticizer to enhance flexibility, as well as pigments or other solid
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contents to obtain a finish nail enamel product. Those solid ingredients will further raise the nail
polish viscosity with even high complicated flow characteristics. Therefore, the viscosity of the CN
solution was kept relatively lower than the standard value for further rheological modification.

One major goal of our research is to develop a nail polish solution to exhibit complex
non-Newtonian flow pattern with time-dependency of a thixotropic type. The utilization of a
layered clay additive was thus necessary to alter the flow behavior of the resulting enamel to
achieve a thixotropic flow. From the viscosity measurement as shown in Figure 5.2, it has been

confirmed that increasing water content would reduce the viscosity of the cellulose nitrate solution.

\ q //}usit}r with the amount of the water
Z.
T————

e !ﬁ." .'-.'\?I solution was found to increase as
g ﬁ@ \\\:‘-‘\ elative humidity at room

diluent.

5.1.2 Drying time of cellulos

The drying time of the ok
its water content increased as illustyd ‘
temperature, CN solution with 1, 2, 3, 446, £. bntents took about 6, 7, 7, 7.5,

8. 9, and 9 minutes respectively to fally midity at 23+2"C, which is

the standard condition, the CN solutionAvitl the sa7¢ Walgh,co \a' sof 1,2,3,4, 6,8, and 10 wt%
took about 3, 3, 3, 3.5, 3.5, 5, and 5 minules t6-fatle dryed cspective order. The curves show
linear trendline which 90%RH fit equatics 05+0.32599x R*=0.9679. At the
50%RH, the fit equation is y=2.4 3.0.25683x R“=091079.  ~ 1.,

- ;\-
Our nail polish formula g:"»_ 7 3' yl acetate, and toluene
1]

as major liquid components, while ff"‘ contaminated water was a miné# component possessing the
highest heat of evaporation ﬁlatcnt Heatamong those. @he latent heat for the phase change at

RICIRRILIE 4T gk vy
RN IUUNIININY

AQ=Ta(S;-5)

constant temperature may b
phase

where  AQ is evaporation heat or latent heat (cal/g)
Taq is evaporation temperature ("C),
S; is entropy of gas phase
S| is entropy of liquid phase
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The values of heat of evaporation of solvents are as follows: ethyl alcohol = 855.20 J/g,
butyl acetate = 309.01 J/g, ethyl acetate = 427.01 J/g and toluene = 363.41 J/g, while the latent heat
of water is 2,256.7 J/g [14]. Therefore, the drying time was high at the presence of water. From this
reason, it could be estimated from a linear relationship with the amount of the water. The drving
time was also affected by the humidity of the surrounding. Solvent evaporation expectedly
occurred at a low rate with the increase of the humidity in the environment. The suitable drying

time of commercial nail enamel should be 1-4 minutes at 50+5% relative humidity (25"C) [30].

Consequently, the obtained cellulose nitrate solutian application standard eventhough there
was the presence of some water, i.e. less thag 6 wi Vo, 1t of more slowly drying time at
high humidity condition, the solvent contentneeded order to optimize the heat of

evaporation of solvents.
5.1.3 Hardness of cellulose ni

The values of CN film h
Figure 5.4 implying that water cont€nt sy 1. .\\
y=17.633-0.29912x R*=0.8991. After : ingredient of each thin film
could also evaporate so all of the fil ! i d ¢ss value. From those hardness
results, it is essential that CN fi lms are to _F*I 0. ove their flexibility, typically by

\ \ of Vicker scale as shown in

films. The fit curve is

adding plasticizer such as dibutyl phthalat A
Vi o

5.1.4 Gloss of cellulose nitmm !' Im

Al of ON fmm:mﬂ N IWEIA DT et

standard black glass as cahbratmn The samples were evaluatedsby three geometries of reflection
angle. The sensors a@%w \ﬂ’:?%%&%ﬂ%l% %’qua E] respectively.
Gloss of a black standdrd glass at 20", 60°, and 85" were 112.8, 129.7, and 99 G.U, respectively,
whereas gloss of CN films at 20", 60", and 85" were 101.97-103.41, 122.42-124, and 97.99-99.14
G.U, respectively as depicted in Figure 5.5. Effect of water contents on films surface texture was
negligible due to water ingredient of each film could also evaporate. The results indicated that CN
films possessed high gloss values close to a standard black glass. This property is required for the
good appearance of nail enamel films.
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5.2 Effect of adhesion promoter on CN film

In this study, four types of resins were investigated in order to improve adhesion of CN film.
From literature review, the resins of silicone, maleic resin, epoxy, and acrylic were used as adhesion
promoter of nail enamel formula. Benzoxazine resin, a novel resin that exhibits good adhesion, was
also utilized. Table 5.1 shows that silicone, maleic resin (ER-912), epoxy (Epon 828) and
benzoxazine resin are useful for improved adhesion of CN film compared with a relatively high-end

commercial nail enamel, i.e. Red Earth'™. These fnur types of resin provided area of adhesion from

was unable of adhesion improvement in gellilgser :tra. = ¢af arrange the adhesion capability of
resins in a consecutive order as followssSDE3~<ZFR-912 <EPOS “Benzoxazine = Silicone
Since silicone and benzoxazi -‘3/ | > and color to the resulting
films so these resins were not suitak pmposition. The effect of
adhesion of mixture between maleic g studied to find out optimum
mixing ratio for adhesive and hardness Q prtigs i : '['he obvious effect of these
mixtures was in the film hardness a$ shgh " 556.. ase in maleic resin content

increased the hardness of films, whilé epbxy dl, like plasticizer which decreased the

o _‘

hardness of the CN films as well as mainfainige the good: sion. As the composition of maleic
resin in the nail enamel is about 10w1%, th ’ _ ailenamel film is about 4.8 in Vicker
scale. The optical microscope depigted ———-»a-_;u 100 g¢ for 15 seconds.
that its shape was sharp while that"@f il -f?— d plastic deformed shape
and its hardness value is only about ! .6 Vicker which lower than ths u of the neat CN i.e. 2.8 in
Vicker scale. From this ﬂmﬁmm we an adjust requit¢ément hardness value by selecting the

content of maleic-epoxy mix u&L’J n&mmﬂm ﬁedr:d to be relatively

hard but not too hard to avmd%‘nttle fracture. The gomposition of S5wi% maleic gesin and Swi% of

s Y AT R D VG e

hardness.
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5.3 Clay suspension preparation
5.3.1 Mechanical stirring

In Figure 5.7, mixing time of clay suspension was studied by mechanical stirring at a
constant shear rate 650 rpm for 4, 8, 14, 24, and 48 hr. The result revealed that all suspensions were
shear thinning fluid. Viscosity of clay suspension at the mixing time of 4, 8, and 14 hr. were in the
range of 10-13600 mPa.s while the mixing time up to 24, and 48 hr rendered viscosity in a range of

31.6-24800 mPa.s. These results indicated that mixing tinge expectedly affected clay delamination
The clay layers were sheared by Teflon paddle for' Jong 2 ':ng time, the layers were more
delaminated and formed the strong thré@ ' obtained high viscosity. The

hysteresis loop of the suspension was sk great thixotropic behavior.

The mixing time of 4, 8, and 14 b ‘ p. which is required for nail
enamel rheological behavior, whercast™the® piixing _ e 24, .and 48 hr. were preferable for

suspension preparation in the nail ¢
5.3.2 Homogenizing
Bentone38 at 8wt% in tolue ‘tested using a homogenizer at

various shear rates of 6500, 9500, 135{!{) ZLSW 7’
5.8. At the shear rate of 6500 u atively lc scosity in range. pf 37.7-3240 mPa.s was
obtained while all other shear rates"pfovide ! ‘FI 0 mPa.s showing strong
three dimension network. From thcm results, we can confirm that m effect of high shear rate
rendered high clay delamination nr'lifa:l viscosity. Itawas also observed that the viscosity at

higher shear rates from 9500 Uu %mﬁl wgtg}ﬂﬁmdmm shear rate of

9500 rpm is chosen for the c y suspension preparation for go&:l gel, for energy saving and for

i e, TS QT T AR 16 M . o s

depicted that all of higifishear rate exhibited thixotropic behavior.
The clay suspension preparation was compared between using motor stirring and

_ p for 5 minutes as shown in Figure

homogenizing, we found that at constant shear rate of 650 rpm the motor stirring provided gelation
at over 24 hours. while homogenizing contributed good gel network in 5 minutes at 9500 rpm.

Therefore, the homogenizing was high efficiency and suitable for suspension preparation.



5.4 X-ray diffraction patterns of organoclays in CN nail enamel films

CN films incorporated various loadings of the organoclay were investigated for the d-
spacing of the clay layer by XRD as shown in Figure 5.15. Bentone 38 powder showed a peak at 26
of 3.39 and d-spacing of 26 Angstroms. The CN films with 1, 3, and 5wt% bentone38 depicted a
XRD peak with the 26 of 2.26, 2.39, and 2.55 respectively. This implied that the layers of
montmorillonite were intercalated by the polymer chains and the particle structure still maintained
its order.

In Figure 5.9, Bentone27 powder exhibited ¢ ‘ :
spacing of 18 Angstroms. CN films incorpoia ‘,
peak of the 20 at 2.35, and 2.45 ,respecen
clay was intercalated by the polyme
ordered morphology. CN films of 0.5.
illustrated in the pattern. That means
were exfoliated by high shear rate )
suspension of 0.35 and 1 wt% of Berngbngf2 Fwasapahble of f p exfoliated nanocomposite,

tion peak at 26 of 4.96 with a d-
of Bentone27 possessed a XRD
the layer of montmorillonite
e can still maintain their
m:l no peak of diffraction as
rticles of the clay particles
low enough. Therefore, the
whereas 3, and 5wt% of Bentone 27 wergliniéré '€ gan confirm this case by using
Transmission Electron Microscope polymer-clay nanocomposite. Second
case is that the clay concentration in films :,_. absorb x-ray intensity therefore no
showing peak of clay d-spacing. ! e m‘% ¢ Hatiocon posites of various Bentone34
contents in CN films were shown' Vf u* a x-ray diffraction
peak at 20 of 3.06 with a d-spacing —.;

disclosed at the contents above 1wt% af Bentone34. The intercalation of Bentone34 content of 1 8

and 5 wt% exhibited a sharp mﬂl i al to 2.45, 2.48, and
2.55, respectively. No diffra mm ﬂmﬂ? ntent i.e. 0.35 wt%
in our case. This coul iﬁ ly exfoliated
whereas most of the nﬁbﬁ%{ﬁ frrﬁol iI ﬁptﬁaﬁnm can confirm

this phenomenon by usmg Transmission Electron Microscope (TEM) to observe the polymer-clay

=3
'- calated nanocomposites was

nanocomposite. Other explanation is that the clay concentration in the films was too low therefore
the diffraction peak seemed to be hardly observed i.e. too small XRD peak.

In Table 5.3, Ad-spacing of clays was calculated by subtracting d-spacing of clay powder
with that of the reference. At clay content of 5wi%, we found that Bentone27 provided broad clay
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Ad-spacing that means the great of polymer chain crawled into interlayer presented intercalated

nanocomposite and occured gel forming ability.

5.5 Characterization of resulted nail enamels
5.5.1 Rheology of resulted nail enamels

The fully formulated nail enamel and t:nmmercia] one were compared in Figure 5.11.
That also discloses the shear thinning behavior,Th
were 266-1082 mPa.s at the shear rate of 1
requirement for the 153.9-310.7 mPa.s
enamel should be in the range of 400-4200 TRaSsF h sieal testing, the viscosity of the

"'-.

range of the resulting nail enamel
of the commercial grade were

e industrial viscosity of nail

commercial nail enamel was slightly6Wweafthan : . ~ and: -- hile our systems achieved

that requirement. Bentone27 resulted#h which corresponds to the

widest Ad-spacing. ‘ _
Furthermore, the hysteresis #higbtgopic J r research nail enamels was also

S : S\or time-dependent flow. The
recovery time of the thixotropic nail endmel'was.depicted in.Fig ife 5.12 at the third interval of the
test while the first and second test interval$ pré{dded thi hikotiopic indices. The thixotropic indices
of nail enamels using Bentone 38, Benton ! 01T arcia] nail polish were about
btaified nail enamel as these of

X

ne 27, Bentone 34, and a

1.4, 1.4, 1.4, and 1.5, respectively.sd3ies

a commercial one showed similar ti u- deg

The lapse of time of the t ed samples using Bentone 38, B

commercial specimen were m 'ﬁ ij h %’ 2:] j s, respectively. The
Bentone38 formulated nail ﬁn l'ﬁ ime of its viscosity
which tended to cause the dnppmg flow from thernail during the application. ¥he brushed mark

i e 06T R IR 140815 o e

However, the nail enam ] based on Bentone 34 was capable of building up its viscosity in the same

time as the commercial nail enamel.
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5.5.2 Drying time of resulted nail enamels

At 23+ 2% and 50-55%RH, the drying time of resulted nail enamel such as clear nail
enamel, Bentone38, Bentone27, Bentone34 , and Red Earth were 3.12, 3.80, 3.70, 3.80, and 3.80,
respectively. The three types of organoclays showed no effect to the drying time of nail enamel
since it depends mainly on the rate of solvent evaporation. The groups of solvents used to make nail
enamels based on cellulose nitrate are typically the same; therefore, our formulated nail enamel and

the commercial one exhibited similar drying time and all of them showed the drying time of about

The organoclays such as tone ), 234 reduced gloss of clear

nail enamel from 122.5 to 56.8, 29487 7667 #uck' 742 G.U tvely. The different types of
organoclay and surfactant are significafit objg bf esultec sloss. Bentone38 and Bentone34
are the same group of clay as well as t)ié , strg ctant ;"» - ‘Bentone38 is of lithium rich
whereas Bentone34 is of aluminium Ttich al ju clayssin w-\\ry t effect to light reflection
providing different gloss value. Bentone3® th \i e of lithium rich but they are

different surfactant which provided differe

5.5.4 Sedimentation of var yh-m V=51

il bhbieiliia] A-ERares _1..‘

Figure 5.13 reveals that ﬂmsuspmﬂm of 1, 3, and 4 wt%"ef Bentone34 showed some
sedimentation at the bottom ﬁlﬂlﬂﬁ y ﬁ {ﬂf ncentration of 5wt% could
maintain its pigment suspensjo w . tﬁiﬁu entration, there was
soft gel at low clay content whzch could not carrygthe pigment jn solution. In cwtrast to soft gel,

s e v i R TPV A P oo

pigments.
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5.6 Evaluation of the formulated nail enamels on human use

The formulated nail enamels as below were blind-tested on human use as shown in Figure
5.14. From the test, films of the resulted nail enamels as well as commercial grade of nail enamel
appeared on human nail even after 10 days, but about 20% of the total area of films peeled off from
the nail because of everyday life working. All of formulated and commercial films were durable for

10 days after brushing on human nail. The results revealed that our nail enamels showed durability

on human nail comparable to the good commercial products, i.e. Red Earth™.

From the data in questionnaire, we fou ! n of over 50% satisfied the pick up
characteristics of nail enamel., which co . : sport to nail without enamel
dripping which stain women'’s clothes 1 1 on nail, more than 50% of
women felt easily brush provided smoeth"anddeveling fi i naileAt the ambient condition, the
) minute. That made over 70

teristic is about 90% on the

solvents in nail enamel evaporated ofi
% of women satisfied. The women sasislic < ‘
Bentone34 formulated nail enamel, while g 9 ‘. _\.‘-n el need to improve the
gloss characteristics. Those women gavg Us fome’ L 1enfs o were unsatisfied at the gloss
appearance which might be reduced gloss #alge by, ! agtant. E an develop this property by

employing more glitter pigment to gai ) days, those 70% of women

reported that on the enamel surface appefired/a - ecause of abrasion, while some of
them expressed no any mark on the film \3, :,-{___ ) ionally damage the film.
Ingredients , i
Cellulose nitrate _".._IJ

Maleic resin ¢ o o 5

Epoxy resin F’%I%I:]%[l%l%tl%%dl%l{’ mr‘%

Dibutyl phthalate P ‘ 5

Ethyl alcohol ¢ o s /s
- - L} L L~ .

k|

Ethyl acetate g ‘ 2
Toluene 29
Bentone 27 5

Pigment
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Figure 5.2 Viscosity of CNeglution at variousgwater contents at shear rate 620 (1/s).
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Figure 5.4 Hardness of CNefilm at various watgp contents.
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Table 5.1 Effect of various adhesion promoters on CN films.

46

Resin Type Area of adhesion (%)
% adhered % adhered % adhered A
area [ area I1 area I1I verage

SD 603 7 2 6 5
Silicone 100 100 100 100
ER-912 84
EPO 828 88
Benzoxazine 98
Red Earth™ 100

1
AULINENINYINT
ARIANTAUNIINGAE




Table 5.2 Effect of maleic resin on adhesion properties of CN films.

47

Area of adhesion (%)

Mﬂ;ﬁ;ﬁm % adhered | % adhered | % adhered | Average | Hardness
area | area Il area II1 (Vicker)

10 73 83 95 84 48

8 86 93 83 87 43

5 91 100 100 97 1.9

2 90 92 0.9

0 85 88 0.6

AULINENINYINT

ARIANTAUNIINGAE
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Figure 5.6 Effect of n@iglc resin content on hardness of CN ﬁlms:
(a) no adheéitﬂa_ promoter, (b) 10wt%, (c) 8wt%. _{_’d) Swt%, (e) 2wt%, and
(f) epoxy 10wt el
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Figure 5.7 Hysteresis of 8wtlabentone38 in teluene at various mixing times using
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Table 5.3 d-Spacing of clay interlayer in CN nail enamel films prepared by
homogenizing at high shear rate of 9500 rpm for 5 minutes.
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d-Spacing

Sample 20 4] sin (8) A) A d(A)
Ben38 powder 3.39 1.70 | 0.030 26
Ben38 Swt% 2.55 128 | 0.022 35 9
Ben38 3wt% 2.39 120 | 0.020 37 11
Ben38 1wt% 2.26 113 | 0.019 39 13
Ben38 0.35wt% Exfoliated
Ben27 powder 4.96 . 18
Ben27 Swt% 2.45 , 02 18
Ben27 3wt% 2.3 20
Ben27 1wt% W7 Exfoliated
Ben27 0.35wWt% Az .| Exfoliated
Ben34 powder 3. 153, 4t ,
Ben34 Swi% 255 | Jlastog 6
Ben34 3wt% 248 | 124 5 36 7
Ben34 1wt% |7
Ben34 0.35wt% - ﬂ Exfoliated

-
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Figure 5.11 Effect oﬁ\g aficlays on thixotiepic behaviors of formulated nail
b ia NI WEIT

(A) Bentone27, () bentgne3d, (M) bentone38, and (O) Red Earth™
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Figure 5.14 Comparative test on human of formulated nail enamels of various

suspending agents:
(a) 1 day (b) 10 days

27
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CHAPTER V1

CONCLUSIONS

6.1 Clear nail enamel

In raw cellulose nitrate has water by-product which is immiscible to cellulose nitrate (CN)
solution. To evaluate the effect of water content onthe CN solution and film properties, the CN
powder at various contents were studied in th \\\‘\. i tigate the tolerance water content.
The water content of 6wt%, which is g nefally presente CN production, was found to

F bs iamel similar to those of lower

or adhesion was also improved

s -u ut 5:5 % of total formulated

water content and was acceptable to prod ‘

marginally affect the general film propeffie€ 6f fhe
by the acceptable content of maleic-epox

el f

SN
weight provides the relatively good durabié

6.2 Thixotropic suspension preparatic  | e elay nang omposite

The thixotropic suspension of nail ghan & fecesd ry .'._ p shear thinning clear nail
enamel to be time-dependent nail enameld As 18 aelation, the organoclays powder
might be activated by their good solvents an (
Therefore, two different methods of gelati et v
shear rate 650 rpm was found y;%#%p of the clay solution
prepared by a mechanical stirrer. as t

based on using a homogenizer was res%lﬁ in improved ‘thjxutropic c teristics of the enamel
solution. The high shear rawﬂsurﬂd? Wﬂwm can present superb
gelation to suspend the solid in pail enamel s -] r to investi effect of organoclay
deagglomeration, x-ray.di io ‘ : in i Smoother film
surface, thus H@ﬂaﬁﬁmﬁﬁm ﬁ:ﬁuﬁ‘ﬁf el solution

prepared by using a homogenizer.

T force to particles deagglomeration.

ing gime of up to 48 hours at a

rate @ind shorter processing time
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6.3 Color nail enamel

In order to produce color nail enamel, pigment was applied in the clear nail enamel.
Nevertheless the pigment precipitated at the bottom of solution container because of gravity force.
Anti-setiling agent at various contents was employed to figure out this problem. At low
concentration thixotropes of nail enamel still appeared the pigment sedimentation and required
strong shaking before application. The preferable content of thixotropes to suspend pigment is about
of 5wt%, the pigment in thixotropic nail enamel can be uniformly presented its good appearance of

luster in solution without precipitation during 10 days. From the blind tests, we found that our

formulated nail enamels give women some

commercial nail enamel which highly cost import

1. The hardness of clear nail en ddjusted by the v ious content of

2. The surfactant of the organoc obed innail enamel system.

X

U

AULINENINYINT
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Appendix A
Water content in cellulose nitrate

The water and isopropyl alcohol in as received cellulose nitrate was removed by heating
at 95-100 °C for 1 hour. After that, checking water content by Karl Fisher Titrator, we found that
the rest of water content in dried powder is 1wt% approximately. To adjust water content in dried
powder to be 2, 3, 4, 6, 8, and 10wt%, distillated water was added into resin. Cellulose nitrate

solution obtained by mixing 20 gram the CN | various water contents using a mixed

solvent system as follows: ethyl alcohol 10 , ethyl acetate 40 gram, and

toluene 70 gram. Calculation of wate Iried cellulose nitrate can be

demonstrated as below.

Dried CN
water ] wit%

20 gram

Water content in Distillated water T4 hecking water
CN (wt%) quantilm:ptake ontentin | | contentin CN
(gram) .. ution by solution by Karl
A uﬂ’mw@wm'r Sroner
1 1. ]E 1.2433
3 q —_
3 ; 0. 53 i i ﬁg_
S 0.6 4.71 4.8257
6 1 7.06 7.1465
8 1.5 9.41 9.5432
10 2 11.76 11.8411
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Appendix B
d-spacing calculation

The d-spacing of organoclays in cellulose nitrate film were calculated by Bragg’s law

equation as shown below.

nj = 2dsind

where n = integer
»=wavelength, 1.541°A A |
d = d-spacing of organocla LLH\__ ar é -
0 = diffraction angle
Bentone38 powder was measured diff 17

y XRD:The value of 20 is 3.39 angle

o

which we can calculate d-spacing of powder /‘
(1)(1.54 i Q
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Appendix C

Thixotropic indices

Viscosity of Nail enamel (mPa.s)

Ben38 Ben27 Ben34 Red Earth' "

at 400 at4 at 400 atd at 400 atd at 400 at4
(1/s) (1/s) (1/s) (1/s) (1/s) (1/s) (1/s) (1/s)
273.2 372.5 358.9 509 319.7 420.9 152.8 231.2
269 368.9 355.9 496.6 316.3 418 150.5 224.9
268 367.8 355.3 4922 315.4 418.8 150.1 223.4
267.4 368.5 354.9 4884 |y 418.6 150.4 222.7
267 367.4 354.4 487. 9 150 221.5
266.6 369.1 354.1 48 149.6 221.9
265.9 367.4 353.8 31 149.5 2223
265.5 368.9 353.6 145 149.3 223.1
265.2 369.7 353.5 4 | 1492 223
265.2 371 353.5 4 149.1 223
265.2 370 352.7 14 149 223.2
265.1 371 352.7 . 314 48.9 222.9
265.4 373.3 352.7 4 1 148.6 2224
265.8 372.9 352.5 23 \ 48.4 223.2
265.9 373.9 352.5 4 148.2 221.9
265.9 374.1 352.6 ; 148.1 222.6
266 374.8 352.6 8 25 4 148.3 222.2
265.8 374.8 352.7 4885 : 148.3 222.5
265.7 375.8 353 484.7 5= 4.8 148.1 225.1
265.6 377.8 352.6 483,951 147.9 226.1
265.5 375.7 352.9 7.8 225.7
265.6 376.7 353.4] == —=147.7 2242
265.5 377.7 353.1 “147.7 224.1
265.3 378.7 353.4 483, ; 9 Elleﬁ'.s 225.7
265.6 378.1 353.5 83.9 313.9 427.4 147.5 224.8
265.9 378.9 4844, | 3141 1. p 7 225.4
265.8 379.1 ) a8 VIl Fr 311& p ﬁ% ﬁﬁ 224.3
2653 | 3776 | 3843 | 4833 13.9 | 428. 147.1 | 222.8
265.1 378.8 354.6 483 313.7 429, 147.3 4/ 223.7
265.2 37 5 47. 2238
266.14 | 373.6 35.86 6 223.79

1.4 1.5

635
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Appendix D
Carreau’s equation

The shear thinning behavior of nail enamel solutions according to Carreau’s equation as

below:

n= N.-T, T
(1+ Ay 7)™

A= characteristic (or

n = dimensioless paramete:

The slope of T] versus ¥ in the power lagfregion ;-';:-'_. \\ he special case of n =1 or AY
close to zero, this equation simplifies to t'ﬁi : ;hl *\ or n < 1, this equation
s T

predicts shear thinning behavior. All of pag@mgters isicalcillated b \ Physica software (US200/32
v. 2.30). e \

Parameter ‘ater conte

1 S ————— 10
n (Pas) | 0.62225 | 0.221 0.16133
nr(Pa.s) 2.75E-8 1.87E-8

S n.szzzsﬁ' ).22064 484% ) 018658 18287 | 0.16133
A 4.4E+10 g 4.48E-4 | S61E+6 | 0. 27 | 0.001167 | 0.0017601
()2 , m‘ﬁ 0243
n W'ﬁfﬂ% 924 910 a'gﬁ
Std.devi. |0.0023522| 4.2E-4 | 0.001589 | 9.79E-4 | 8.63E-4 | 3.233E-4
R’ 0.93972 | 0.98875 | 0.93689 | 0.94802 | 0.93266 | 0.97759
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Appendix E

Questionnaire data of human satisfaction
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