CHAPTERII

THEORY

2.1 Nail lacquer base formulation [2]

There are generally three classes 0f nail lacquers; first is base coat which often

contain a larger amount of resin for increas od aflhe ion; it dries more rapidly and give

a harder film that the norm ﬁhg Filtas*bu ona base coat are far less liable
to crack than ordinary nailsefi@mei Second is cleat gmented lacquer formulations
which are available - \ er viscosity than normal

ear lacquer film which is
or fovinerease film thickness and thus

lacquer formulations.

applied over the pigme

resistance to abrasion andéwear, jan “" to | ‘ém : ‘\o It has a higher cellulose
nitrate and plasticizes content and:e @iﬁ! resin-conient than normal nail enamel and it
also has a relatively high _ orcc nd‘tend to dry rapidly. Formula for a base
coat, a clear or pigmented lacquer 2 % t, originally can be modified by the

i s
Table 2.1 Typical nail Jﬂq r ba
d o Qs
I ient ‘ cent (weight

Pl Y 1M ¥ b i

Cellulose nitrate &S second (film former) ‘ 10
f B

Santolit i 1 — M—E q—é‘r E)I
Santicizer8 or'16 r) '
Ethyl alcohol (coupling agent) 5
Ethyl acetate (active solvent: drying speed up agent) 20
Butyl acetate (active solvent) 15

Toluene (diluent) 35




2.2 Ingredients of nail lacquer

In practical terms, the main essentials for the manufacture of nail lacquer are a
lacquer base with suspending properties and a color system. These two components
can be broken down into necessary constituents, and these are described before

manufacture of the product is considered.

.’////

a~-« mportant inorganic ester of cellulose.

2.2.1 Cellulose nitrate [5]

Cellulose nitrate i
It is a white, odorless, an ance. “- ound uses in plastics, lacquers,
and explosives. Cellulose ni \' ""\ g cellulose with nitric acid
in the presence of sul i N0 vater determines the degree

of substitution (DS) a
Rcen(OH); + m HN ‘ a : '-‘:,, (ONOy)y + m H,O

The nitration can be comt pical esterification equilibrium. The

bis)

removal of water witlsulfuric : orces the re of Completion. It is believed

the nitrating species i§ NO, ", |

y

HNO; +2 H,SO4 ¢ 4, NO," +H;0" +2 HSOy

el HEJW’AILEJ TLANE T3, oy st
) RN TE 0PN G —

nitration is designated by the nitrogen content. The maximum commercial DS is
around 2.9, which corresponds to 13.8% N. Products over 14%N have been obtained
by special processes [5].
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H OH

Figure 2.1 The reaction of cellulose nitrate formation
There are two manufacturing methods of cellulose nitrate. Industrial-scale
nitration is still regularly carried out using a batch process which shown in Figure 2.2.
A preferably small quantity of ce \ s vigerously agitated in a vessel containing a
large excess of HNO3-H,SO4 nitrating ",, e that ratio about 1:20 to 1:50. The

-

proper HNO;3:H,SOy4 ratio-as-shown in leﬁen to yield the desired degree

Sbtous st cture b removing heat from the reaction.

ged to remove excess acid,

of nitration and to help ma

After 20-30 minutes of mitzafion. fhe mi
- 7D NN

which is recycled. The'€Clluibsgiitrate is then immediately placed in a large excess of

water to displace the adherifigfacid. "u_q ’ ,‘--. my that include cellulose nitrate
approximately 1wt% is ed' to tﬁ_ 'ﬁég on aréa where it is centrifuged to

5 “go s idn | = Ak . . "
remove spent acids for reconsgitution A d recycling. The yield of common cellulose

+. ‘r"q‘ _ %
nitrate, which DS reveals agound-£8-2.7, 1s about 125 to 150%, with respect to
ettt ”
starting cellulose. The losses arise from decomposition of cellulose and from
. 77
mechanical losses in the e : 10n stej

Y

milming acid

Measuring

Q) . tank

iU SNty L3

Aman NN s

Batch centrifuge

mitrator manuaily

Spent acid

Immersion basin
Water ]

PR
To purification
area

Figure 2.2 Flow diagram of nitration by batch process [5]
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Table 2.2 Variation of ester nitrogen content with water content of nitrating

bath [5].

Composition of nitrating bath Cellulose nitrate ester
Water Sulfuric acid Nitric acid Nitrogen e
(wt %) (wt %) (wt %) Content (%)

8.5 66.5 13.4 27
12.0 66.0 “f ; » 132 2.6
15.2 59.8 12.6 24
16.0 64.0" > 0 = JrE 2.4
18.4 56 7%&\ N 113 2.1
19.3 55 ////‘a\\\\ 10.7 1.9
21.0 60 IIIR‘\\\\ 1.9
N § ;A \

In Figure 2.3 shg s, which were developed in
the 1960s, are more eco : and ! ¢ uniform product as shown in
Figure 2.3. Cellulose and the ' s are provided simultaneously into a vessel
where nitration occurs. There 1tm for:30- inutes. A novel process utilizing
a continuous loop formied pressure reactor rec 'l s the hold-up time to 6-12 minutes.

The nitration mixture-4S contin final zone of the reaction
vessel and fed to a chfuge

cellulose nitrate is washe(ﬁﬂtaies rgtsswel weake ueous acids. Finally,

the spent acids and the

the resulting

Cellulose strips vae been continuously nitrated l&drawmg themghrough a bath of

Yk T e —

agent, insfead of H,SOs, has also been developed. This nitrating system is also

e purification area.

appropriate for a continuous process.
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Cellulose _ r—— Cellulose feeder
»| Oryer | and weigher

mtrator

Washing centrifuge

Water 1 Water

ps Spent acid l]_l:
» acid ‘ @@©

To purification area
of rftation of cellulose by Hercules

0Ce

Stabilization and itial washing steps, the stabi-
of any remaining sulfuric
nitrtate. The sulfuric acid
chemically bonded to the

esterified HSO4, depending

lization of cellulose nitra
acid since it would ca
present is both physic

cellulose chain. Cellulose

on the DS of nitration. The 1 te ly removed by saponification in
boiling water with 0.5-1 wt% acid residue. g time can vary from 6-40 hours for
) e T ) ‘r 2

range of from 0.25 to 5000

V1SCOSi _of the cellulose nitrate is

Cellulose nitraié'is manufactt
mPa.s, depending on Q)plication.

adjusted in the digestion drspressure boilingistep. The slurry of 6-8wt% of cellulose
nitrate is heateﬁiuges mqe!]km gM %Qs@n be achieved batch
wise in autoclavqé]s and continuously by pumping, the slurry thrgugh long coils of
s (YT B DI o) 8 b 1 n
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.

Further stabilization against thermal and photochemical degradation may be
necessary in some end uses. Certain organic acids such as citric, tartaric, stearic, and
oxalic have been used to stabilize cellulose nitrate against thermal degradation and
discoloration during aging. Heat stabilization can be aided by incorporating

diphenylamine and epoxy compounds. It is believed these stabilizers act as acid
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scavengers. Discoloration by exposure to light can be reduced by addition of small

amounts of dibenzoylmethane.

Dehydration: Dry cellulose nitrate is extremely flammable; cellulose nitrate
with high N content may explode when heated or subjected to sudden shock.
Therefore, it is necessary to ship and handle cellulose nitrate wet with water or an
alcohol. After the digestion process and centrifugation, a wet cellulose nitrate
containing 25-35wt% water remains. This may be packed as is and shipped. More

frequently, the water is displaced ol, typically ethanol or 2-propanol, by

displacement presses or disp

also. The alcohol-wet cew : @ wt % alcohol and shredded

before packaging and shippiag:” Ad et ce nitrate fibers are more readily

ntinuous processes prevail here

in Table 2.3. For the#acguieg ix ' ustriz T Stor-S luble eellulose nitrate is mainly
applied as raw material. Physica p i ; se nitrate are disclosed in Table
24. % -

The water-wet cell >, gelatinized with softeners such as
phthalates and dried on drums or. _the manufacture of cellulose nitrate
chips. These cellulq%mtrate chlps oan : b pigments so that colored

Table 2.3 Applications oficgllulose nitrate of, varying nitrogen content and degree of

i) 3§ EJ‘ﬂi‘WEﬂﬂ‘ﬁ

 FRH AN ', B T 5 28

Gelluloid 10.5-11.0 T 1.8-2.0
Alcohol-soluble CN 10.9-11.3 1.9-2.1
Ester-soluble CN 11.8-12.2 22-23

Gun cotton 13.0-13.6 2.6-2.8




Table 2.4 Physical properties of cellulose nitrate [12, 14]

14

Formula (CeH7N3011)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 — 1.49-151
Tensile modulus (MPa) F_?—ﬁ 1,310-1,520
Tensile strength (MPa) I 1\ N 48.3-55.2
Elongation (%) — \ 40-45
Flondiess tRodtrell 1t & ! 95-115
Water adsorption (wt%) (2 ,hr,iSi : M) \ 12
Surface tension (mN/m 2 J_‘E_:)’ 38
Solvent IR - Ketone, esters, amides, and
| ffé:é“':_ = | nitroparafins
Solubility parameter range of Csolvents S5 ’ |
- Poor H-bonding “‘:l ; 11.1-12.7
- Moderate H-bonding™ ., : 7.8-14.7
- Strong H-bonding B m 14.5

o) WO ANENTNEINT

The in function of
inadequﬂe
q

clibbie fitad

sec nﬁme irﬁi to r(ﬁéjome of the
lﬁil. Qs em %le of secondary’

resin have been tried in the past, the most commonly accepted nowadays is the
condensation product of p-toluenesulfonamide and formaldehyde, sold under the trade
name of Santolite MHP (Monsanto Chemicals). This resin, when included at levels of
between 5 and 10 wt%, gives good gloss, good adhesion and improves the hardness of
cellulose nitrate film. In addition Santolite MHP confers other benefits to the

formulation. It has negligible water solubility and produces a continuous transparent
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film with good detergent resistance. It also has good light stability and is totally

compatible with nail lacquer pigments.

The only major disadvantage with Santolite MHP is that it causes an allergy in
some people. In this case, or if a hypoallergenic product claim is required, the
Santolite MHP can be substituted with a polyester resin or oil-free alkyd resin, based
on polyol dibasic acid ester. The resin which is chosen to be ingredient of nail enamel

should modify the characteristics of cellulose nitrate to impart sufficient hardness,
resistance to chipping, and adhesm\%f#/s to the dried film.

2.2.3 Solvents [7, 11]

A solvent is deM :

solution with something. 0

ower of dissolving or forming

ing dissolved, especially of a

issolve resins and polymers to

solid or gas into a liqui
N

form solutions. These. and application of paints
ormation of the paint film. In
essence, solvent convert g ates, 4 % | polymer molecules into single
molecules or small cluster o cules in solution. In a solution, molecules of solute

and solvent are dispersed one w;trhﬁﬂje oth ing a solution is simply a process

"'"'--'.--..-v-" (.*

of separatmg molecu}_é} As the solvent ication of the paint, the

'become solid. The paint
vertible &tings) or may be modified
chemically after deposition fconvertible coatipgs). Oxidation, heating and irradiation

are examples oﬂaﬂi&}v@hﬁr&}% % W%Jezq;ﬂn ly after application.

Many properties%f solvents influence paint pergrmance such 8, non-flammable,

GRS APIPE M AT e e

the abilityito dissolve the resins that are present; and evaporation rate, the speed with

film may be deposited 1h ts. fin

which solvents leave the paint during and after application. The properties of solvents
in nail enamel system are shown in Table 2.5. In the nail enamel system require

several function of solvents.
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2.2.3.1 Dibutyl phthalate

Small proportions of dibutyl phthalate initially increase the elasticity and
tensile strength of cellulose nitrate films, the plasticity and tensile strength thereafter
diminishes with increasing proportion; maximum gloss is also reached with similar
proportion. A somewhat higher proportion is required to cause the ready elimination

of residual volatile solvent, while still higher proportions favor adhesion, stability and

the ease of application of the lacqueg.s "///

2.2.3.2 Ethyl acetate [6] — A

Ethyl acetate ha{

irritation of the me

I -
2.2.3.3 Butyl acetate [Q ¢

a v

Butyl ac@t}éngjwn’als?]asg'lllt?fﬂeganq(')leEl"sI t:ll gstjwidely used of all the
solvent faﬂuis , qﬁuj ﬁfﬂﬁ)j Hép} ﬁfﬁ lacquers and
cellulo:e% ! \‘auit olatili tl it to'leave'the film readily

and sufficiently low to render it an excellent blush preventive, especially in
conjunction junction with butyl alcohol; the mixture of the two effectively prevents
chilling s well as gum and cotton blush. Butyl acetate is non-toxic and has a less

pronounced odor than amyl acetate; it gives solutions of cellulose nitrate of somewhat

lower viscosity than the latter.



17
2.2.3.4 Isopropyl alcohol [6]

Isopropyl alcohol is not a solvent for cellulose esters, but has distinct latent
solvent properties, the presence of a relatively small quantity of an ester rendering it a
solvent for cellulose nitrate. It dissolves cyclohexanone-formaldehyde resin,
colophony, shellac, kauri, sandarac, manila and low viscosity silicones; it partly

dissolves mastic, elemi, dammar and soft copal, it does not dissolve polyvinyl

chloride, acetate or chloracetate | ‘ 2
is anhydrous and therefore
methylation is required i

strength and color of cellulo

2.2.3.5 Ethyl alcohol

active solvent alone will have—

containing mixtures pﬁhe active solwnts

cosity than those similar solutions

2.2.3.6 Toluene [6] D m
Toluene or toluolgis-the most widelysused hydrocarbon diluent in cellulose

nitrate lacquerﬂswa presdlterand poywer Y dissolVinlg jesins making it very

suitable for this ﬂnpose Its odor 1s°somewhat o‘bg:ctlonable it 1s narcotic, but not

oo QA BRI TR B s

for celluloge nitrate, but solutions of these in most of the solvents will usually tolerate

the addition of a greater proportion of toluene than of any other hydrocarbon diluent.
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2.2.4 Nacreous pigments [2, 7]

There are three classes of nacreous pigments used in nail enamel:
natural pearl essence, bismuth oxycholoride, and titanium dioxide coated on mica.
Natural pearl essence materials known as guanine (2-amino-6-hydroxy Purina),
crystalline substance from the scales and body of various fish, has been one of the
most frequently suggested. In its pure form it is non-toxic, but there have been
references to this material belng\% ‘4%&1&'{15 arising from nail lacquers.
This substance has a high re ts pearly luster and brilliance are
due (i) to the simultane ' on'ﬁf l from the upper layers of its

product.
Another type of pearl essence material gaining increasing popularity is mica

coated with a ﬂ {1dyee] of eahifen Wioxitte] WHich "dséd| ] this study discloses

characteristics in"Fable 2.7 It is less dgnse than blsmuth oxychlonde and therefore can
QU B PYT ] A Y o o=
covering power as bismuth oxychloride. It is commercially available in cellulose
nitrate-solvent suspensions and this method of addition to formulations is preferable
to the use of the dry powder, which can be difficult to disperse without the use of
specialist mixers. Particle size affects color strength, transparency or opacity, exterior
durability, solvent resistance, and other properties of pigments. For any given
pigment, the manufacturer selects the most appropriate compromise for the particle
size and designs the process to produce that average particle size consistently.

Manufacture of most pigments involves precipitation from water; the process
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conditions determine the particle size. Many pigments are surface treated during or

after precipitation. The precipitated pigment is filtered and the filter cake is dried.
During drying, pigment particles become cemented together in aggregates. The
coating manufacturer generally receives pigment from the pigment manufacturer as a
dry powder of aggregates and must disperse these aggregates to break them up to their
original particle size and make a stable dispersion.

Titanium dioxide has greater opacity and tint resistance than any other white

pigment and consequently has largq\ﬁ f ther white pigments in a number of

applications. It is non-tox1c the media and solvents used in

paint manufacture. It also 111ty and is dissolved only by

hot concentrated sulphuy/ 'c: :

forms known as anatase ik ob aracte ties disclose in Table 2.6. Both

low The pigment exists in two

greater distance betwe il d oxygen ato s.When exposed to ultraviolet
radiation both forms abs gly.. _* f as es highly “excited” and exhibits

intense surface catalytic ity. ‘Exci v' and catalytic activation of rutile is very

"'"'_..-'

absorptlon band of rutile overlapsﬁ‘alj b d of the visible spectrum (up to about
410 nm) with the rc;g?jt that in dayhgh{ the ed i

is deficient in blue and

Table 2.6 The physwaljlaracte iStics WO grades @mum dioxide are as

follow [7]. ¢ 4,

L
Propdfiet [ FT ™ JTTET VT BT TTT [ Anatase

Color U Slight yellowish cast (chloride "y Cold blush-white

I A7) i i )

q than sulfate process type)

Specific gravity (g/cm’) 4.0-4.1 3.7-3.8
Refractive index 2.71 2.55
Oil adsorption (g/100g) 17-24 19-22
Relative tint resistance 1.2-14 1.0
Resistance to chalking Good Poor
Mean particle size range (um) 0.2-0.3 0.18-0.25
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Table 2.7 The physical characteristics of used titanium dioxide coated mica in this

research.

Chemical varieties Inorganic compound
Chemical components Mica, Titanium Dioxide.
Appearance Dry, free-flowing powder
Range of Particle Size , 94% of particle size concentrated

e standard range of particle size

TiO,-modification

Content (%)

Reflected color /[/]A“Q\\\\ ilver
(/]

61-65
35-39

Density (g/cm’) Q\\\\\ .00-3.10
Bulk density (2/100 m I I ﬁﬁ ’\\\ 8-22
f ‘!ﬁ L I\ N

Qil absorption (g/100g)

N =~ No hange at 800°C. Non-buming and self-
Thermal stability r"' e \ ignition.

oz

oluble in water or solvent

Solubility =

Moisture content Y il < 0:50 %

PH - Value ME ;E.E ous suspension)
Chemical resistance w d anﬂAlkali resisting
Heavy metal content Pbé,SO ppm, As <5 ppm, Hg <5 ppm
s FIUEIMENENETNT 2o

s 77019

ammninu 3R N80 8 e

CI No.
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2.2.5 Clay and Clay Mineral

Clay or layered silicate is a natural, earthy, fine-grained material composed
largely of a limited group of crystalline minerals known as the clay minerals.
Generally, it can be classified into many types according to differences in its structure
and composition. The clay minerals are hydrous silicates, which contain tetrahedral

silicate sheet and octahedral aluminum or magnesium sheet. The clay minerals were

in Table 2.8 [19].
Clay minerals find"al

ieations, and the diversity of uses
is still increasing. The reas ""--.. s and clay minerals and the
ease with which these @ lmg behavior, adsorption
properties, colloidal e optimized and adjusted to the
intended used [20].

are found and new typegfof materialsiate e Clay minerals and clays are more

for a long time, new uses

and more involved in mageria ence -studies” a \ parent materials of organic-

inorganic composite. Among' seyeral es ays, the smectite is usually used as
additive in polymer compos1t 'he layered Silicates are the most attractive because
it can intercalate organig |

EJ 9
ﬂﬂﬂ’)ﬂﬂﬂﬁﬂﬁﬂ‘i
’QW’la\ﬂﬂim AN Y
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Table 2.8 Classification of phyllosilicates, emphasis on clay minerals [19]

Brittle mi
(z~2.0)

AUt

erk

~ L Tr,Tr chlorites®

Q&’Lﬂlﬂ‘ﬁ
AIALNN

Tr,Di chlorites

Layer :
Group Subgroup Species
type
Serpentine- | Serpentines (Tr) | Chrysotile, antigorite, lizardite,
11 Kaolin berthierine, odinite
(z~0) Kaolins (Di Kaolinite, dickite, nacrite, halloysite
Talc- Talc ( \ ‘
pyrophyllite |, = m_ e SPI)
(z~0)
Smectite \4. ectorite
(z~0.2-0.6) J A&K\\\' . rillonite, beidellite, nontronite
Vermiculite ulites
(z~0.6-0.9 { 2 \\
Illite b |
(0.6>2<0.9)
Mica otite, phlogopite, lepidolite
2:1 (z~1 0) ovite, paragonite
=

ame based on

Commo

NANYARY

No known examples

2:1

Sepiolite-palygorskite

Inverted ribbons (with z variable)

22:1 layer first in name of chlorite; Tr = trioctahedral and Di =

charge per formula unit.

duictagedrak; z =
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2.2.5.1 Smectites

Smectites are a group of clay minerals, which process expandability,
taking up water or organic molecules between their structural layers, and also marked
cation exchange properties. The structure can be either dioctahedral or trioctahedral
depending upon a type of substituted center cationic atom. Dioctahedral means two of
octahedrons are filled with trivalent cation such as AI** or Fe’*. Trioctahedral means

vpz);ore.

all their octahedrons were filled wi

Table 2.9 Chemical formul n 2:3 ph types
— , A‘\'_"""-‘.
Subgroup e N H"“..‘ eneral formula
Mofitmériflgrite " My -yH,0[AL 0xMgx](Sis.0)020(OH)s
Dioctahedral ; 17 W : -
. eidellite o n . YH2O[ Al 0](Sig 0-xAlx)O20(OH)4
smectictites S ; 7
fonite “JH0[Feq 0](Sis 0.xAL)O20(OH)s
opie . . | n H20[Mge 0](Sis 0xAlx)O20(OH)4
Trioctahedral ——
SRIN TN -
smectittes |- Hectorite i O. 0xLix](Sig0)O20(0OH, Fe),

il
Qeidellite and nontronite, all

of which are dj “E.‘ w bili & i lﬁtorite and sanconite,
which are triocmtrgtﬂ] .Za‘s s&uﬁrmuaﬂig ::Jet.L.

The-, smecti lﬁa i plﬁ l,ﬁ{ f octahedral
alumina% ﬁ:t] aﬁlﬁd Mﬁh mq .nygen atoms
reveal the layer edge of tetrahedral site and octahedral site. Illustration in Figure 2.4 is
structure of smectite clay [22].

The principal smectite are montmorillnite,
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-‘-}-----‘-- - _{-‘-;_ o4
% '!
: O Oxvgan
’.‘ O -
F o= N © Hyvdroxyls
= o } '{ = - Z
2 / A /N e Siliconor
- s .‘\< AN zlumimum
—‘-- — e .;-;.Y_{ e Aluminum,
iron,
magnesum

tetrahedral lattice and o ; '..MQ-Q’” ] ¢ octab dral sheet cause an excess of

negative charges withi : dayers. ese negative charges are

is classified as dioctahedral,
having two thirds of the octahedral sites occupied by trivalent cations. Dioctahedral

montmonllom ange . stitution of Mg”" for
" in the octm m ide : Q‘Jrnlzj:) f montmorillonite is
- nHﬁ RO c s 8 ot s

balanced By cations intercalated between the structural units and these cations may be
alkaline earth ions or the alkali metal such as Ca’ Mg2+ and Na'. When Na" cations

are exclusively in exchange with the montmorillonite surface, the clay is known as

of the smectite group. - h

Na-montmorillonite is otherwise known as Bentonite especially in drilling fluid
literature. The expanding lattice may provide the clay with a specific area of as high
as 760 m%g. The chemical formula for Na-montmorillonite is Nag33[(Al;e

Mgo33)(O(OH))x(Si02)a4]-
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Montmorillonite(MMT) s classified smectite group normally applied

to polymer nanocomposites because of its have suitable layer charge density.

2.2.5.2 Montmorillonite

MMT has a low thermal expansion coefficient and a high gas barrier

property. Stacking of this structure leads to a regular weak dipolar or Van der Waals

negative charges that are ¢

residing in the interlayer

1.dn aqueotis Suspension, cations in interlayer
‘ e known as exchangeable

c'elay interlayer, expressed in

may exchange with ions
cations. The total amou

miliequivalents per hun e cation exchange capacity

(CEQC). 1t is an impo stic.of lhe cation exchange capacity
is high for sodium mon ‘ i‘é pa er clay minerals

There are m vays: to’ i CEC values. The principle

WJ-’J
method suggest by Rhoades in 19@3 of saturating index cation and
then displacement the saturatmg' Tnde r washing free from saturating salt
[ ..w AN .f:l’ = . . .

The last step, detect " samrﬁﬂ'g{" 'Jdex’ “ by many technique such as titration,

atomic emission spe¢tigsco; ding on the tyf > ‘ agx. Methylene blue index
is the simple method tq-| ete ﬁ is contain in the ASTM C

337-99 for characterize pr?perty of clays.

lamella abouﬂ?(?o nm in M1 nm in thi ﬁess thjshji:z:::tz
Flg‘“’ﬁ R aﬁmm UAIINYIAY



primary particle aggregate
(8-10 nm) (0.1-10 pm)

eful by several ways [20]; (1)

adsorption, (2) ion exchange with ine cati and cationic complexes, (3) ion

exchange with organic cations

»

the edges, (5) grafting of organic compot
| i
different types of poly(hydroxo metal) cations, (8 dgmellar or intraparticle and

interparticle polymerizdtion, (9) dehyd

and reaggregation of _‘ecti:t-i-g “clay als, and (llﬂbhysical treatment such as

lyophilication, ultrasound{ and plasma. Iom.Exchange with organic cations is the

ikl b b B of e
s G 41 TN TN 8

It has long been known that the clay’s surface property can be modified from
hydrophilic to organophilic. The modification can be done by (a) an adsorption of the
organic molecule into an interlayer, (b) a covalently bonding of the surfactant to a 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 molecule and the interlayer cation. The amount of the
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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

athe i ” organoclay technology, introduced
n 1¢ ‘@ stry sponsored his research. He

salt within the clay layer.
Dr. John W. Jordan,

Organophjllic clay or organe

uses as a gallant for w
was exchange the inor: organic cations to convert
the clay into organophi which suitable for use in

organic system [26].

Figure 2.6 The catlon-e{chul e process between alkylammonium ions and cations

i st PSR
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preparation technique, characterization technique, thermal property, has been report.
There still a lack of an understanding in controlling the intercalation process and

rheological property in organic system.
2.2.5.4 Application

The application of organoclay depending on the grades, which there are

many different type on the market. It usually use as a gallant or viscosifying agent in
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paint, printing ink, grease and cosmetic industry [26]. In this research, nail enamel

application, the modified montmorillonite clays act as anti-settling agents for systems
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 277, and “Bentone 34”. These three kinds of commercial organic

montmorillonite (OMMT) are similar in composition but different in quarternary

Bentone 38 =
Bentone 27 = imethvi benz s hectorite
Bentone 34 =

decyl onium ion.
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Figure 2.8 Dimethyl benzyl dodecyl ammonium ion.
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2.3 The manufacture of nail lacquers

Rheological * CN solution
Modifier (Gel)

2.4 Type of rheologicaEehavn

2.4.1 Newtoniaﬁii%éq;;m abl %Jw ¢

R RYAIT TR T4 < e

temperatute and pressure has the features as Figure 2.9. The viscosity is constant with
respect to the time of shearing and the stress in liquid drops to zero immediately the

shearing is stopped.
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2.4.2 Non-Newtonian viscous liquid

2.4.2.1 Non-Newtonian fluids - time independent

A non-Newtonian fluid is defined as one for which the relationship shear
stress and shear rate is not constant. The viscosity of non-Newtonian fluids changes as

the shear rate is varied. There are several types of non-Newtonian flow behavior,

Wes in response to variations in shear

__J

mth an increasing shear rate,

e of behavior is called shear-

characterized by the way a fluid'

rate.

- Pseudoplastic: Fluid dis
some examples include pa'
thinning.

- Dilatant: Fluid is ch: : with an increase in shear

rate, some examples inc ursies, S i s, corn starch in water, and

= _.,.. ..-ﬂ".'.-’

- Bingham: Fluid behaves like s - onditions. A certain amount of force

value. Tomato catsup xar \" > yield value is exceeded
lewtonian, &udoplastic or dilatant flow

characteristics.

ﬂ‘iJEJ’JWEJWﬁWEﬂﬂ‘i
242@%’}‘&@@%%}%%%?]8’]@ d

- Thixotropic: Thixotropic material undergoes decreasing shear stress and apparent
viscosity over time at a fixed rate of shear as shown in Figure2.10.
- Rheopectic: Rheopectic material exhibits increasing shear stress and apparent

viscosity over time at a fixed rate of shear as shown in Figure2.10.
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2.4.3 Characterization of thixptropic flow [16-18]

In coating systems, thixotropic behavior is a valuable asset, since the lower
viscosity at high shear rates (during application) facilitates paint flow and ease of
application, whereas the higher viscosity at low shear rates (before and after

application) prevents settling and sagging. The technology of thixotropic behavior is
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quite complex. Therefore, the methods characterization of time-dependent flow

behavior is concerned with the experimental techniques for such fluids are far more

difficult than for time-independent fluids.

2.4.3.1 Hysteresis loop method

One method frequently used to characterize thixotropic behavior is the

a loop is obtained by the technique

e and obtaining an initial stress
ased to the next higher shear

measurement. After a giw

rate setting and the stress me in. The pr cedure is repeated until the highest

reaching equilibrium 2 is téduced stepwise and the shear stress is
remeasured at each poi

plotted versus the shear gate. ctical & shear rate using in paints industry

al working. . The area

as oota *due is taken as an index to
the thixotropy re31dent:11 the te kg ﬁixotropy is defined as the
ability of the system to exhibit lower viscosity,as a function of shearing and its ability

o have s s S VEBS 185 TR BT cass, thieotrpy is

confused with thel shear thinning index of the system This 1nde§Js defined as the

ratio of‘% Wﬁ ‘a ﬂ ﬁ'ﬂﬂ WWWW ﬁa%]lte at least 10

times
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