CHAPTER V

RESULTS AND DISCUSSION

5.1 Characterization of cellulose nitrate solution at various water content

5.1.1. Rheological behavior o T)Iulose nitrate solution

Wik ot ol S C@ was moderately affected by its

2

water contents such that {0 [owe 5COSi own in Fig.5.1. At the shear rate
v ! the lowest water content i.e.
ity of CN water content at
10wt% is the lowest. Allguryes/e ; i'as a hori line of Newtonian plateau
or showed negligible“She: e fde; ey in \ of 34 5™ to 600 s™'. The

[30]. While a commercia il-enamel -needs’ corporate a resin to promote
= . .
adhesion, a plast1c1zer to enhg@‘[ga?'_ ity, as_well as a pigment or other solid

» $olid additions will further
raise the nail polish*¥iscosity very te complex flow characteristics.
' ar.stress versus shear rate for a
given fluid should give agﬁ t line, and thie’slope of this line is the viscosity of the
fluid at a givefi iﬂ ‘3‘ wp ;;m of our CN solution
showed a stra1 t line, at low shear rate, while-gach corresponding slope was a

oG Gt Vh YL b s o

n=t/y

where 1 is a viscosity (Pa.s)
1 is a shear stress (Pa.)

v’ is a shear rate (s™)
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As a consequence, all solutions used exhibited Newtonian behavior in the range of

shear rate below 600 s™ which is required for the nail polish application. Figure 5.3,
in shear rate range of 600 s” to 1000 s, showed shear thinning behavior of nail
enamel solution which according to Carreau’s equation given R* = 0.93689 and
standard deviation = 0.0015887.

n= Mo - Nf

a +m’@ | /
—

"/'*'/ n¢
h te Vs :é
wereno=aWe Cco i

ne= a finalsharFateviscosity (its-value rarely appear)

The slope of 1 versus'y ix ver '- v\ reg ‘given by n-1. In the special case

research is to develop a nail polisfi 56 | thibit a complex non-Newtonian with
time-dependency of a tlﬁxotmp*ﬁ%&"- iZatio a layered clay additive was

l-ll\—=vn\|v-.v;_1.gl.o;_ A—ln'e“-ie!u;ﬁ‘ enmnel to achieve a

m' 0sity shown in Figure 5.4, we had
confirmed again that ificreasing water content reduced viscosity of cellulose nitrate
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The drying time of the obtained cellulose nitrate (CN) solution was found
to increase as its water content increased as illustrated in Figure 5.5. At 90+5%
relative humidity at room temperature, CN solution with water contents of 1, 2, 3, 4,
6, 8, and 10 wt% took about 6, 7, 7, 7.5, 8, 9 and 9 minutes to fully dry and at 50+5%
relative humidity at 23+2 °C which is the standard condition, the CN solution with
the same water contents of 1, 2, 3, 4, 6, 8, and 10wt% took about 3, 3, 3, 3.30, 3.30, 5
and 5 minutes to fully dry in the respective order. Our nail polish formula contained
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ethyl alcohol, butyl acetate, ethyl acetate, and toluene as major liquid components

while the contaminated water was a minor component possessing the highest heat of
evaporation or latent heat among those. The latent heat for the phase change at
constant temperature may be expressed in terms of the latent heat and the heat

capacity of the phase

Q Td (Sg Sl)

\\\ /
where  AQ is eaporation hi nt

T4 is evaporati

Sg is entropy o

S; is entropy

The values of heat of s: ethyl alcohol = 204.26
cal/g, butyl acetate = 73782 f ‘ , cal/g, and toluene = 86.8
cal/g. While the latent he = : . The drying time was; therefore,
higher at the presence of -er _  this experiment could be estimated by a
linear relationship with the amoujgif T.h; e increasing drying time was also

occurred at a lower-fate with inc . of the environment. The
suitably drying time m nail ename
humidity (25°C) [30]; cofiseguently, the obtained cellulose nitrate solution meets the

application s u&l{g tHe prcsdhd of) sdthe water 1.8, dss than 6wt%. In the

case of a more owly drying time ,at high humgty condition, @ solvent content
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5.1.3 Hardness of cellulose nitrate film
The values of CN film hardness were in the range of 14-17 of vicker scale

ould be 1-4 inutes at 50+5% relative

as shown in Figure 5.6 implying water content had no significant effect to CN films.
After solvent evaporation, the water ingredient of each thin film could also evaporate
so all of the films were of similar hardness value. From those hardness results, it is
essential that CN films are to be modified to improve their flexibility, typically by
adding plasticizer such as dibutyl phthalate.
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5.1.4 Gloss of cellulose nitrate film

All of CN films were measured by a gloss meter which had been
calibrated by a standard black glass as calibration. Gloss of a standard black glass at
20°, 60°, and 85° are 112.8, 129.7, and 99 G.U, respectively. Whereas gloss of CN
films at 20°, 60°, and 85° are 101.97-103.41, 122.42-124, and 97.99-99.14 G.U,
respectively as depicted in Figure 5.7. The results indicated that CN films possed

high gloss values close to a standg ‘,f/}ass This property is required for the

good appearance of nail en:

10wt% water contents.” Thes as/disclose: m ﬁprp hology of the casted film
surface which explained y ptical pr ies s H:'Q gloss of the enamel film.

me i.e.@ed Earth™. Since silicone

and benzoxazine gave unpleasant appearanc&}nd color to the resulting films so these

resins were noﬂ bl |6 %@W@%ﬁq fopppsition. The effect of

adhesion of nm&hre of maleic and L epoxy resm was also studled and showed an

optlm m W sEJ Ejl'he obviously
effect ofqthese mixture was In the hardness as own in Figure 5.9. The

increasing in maleic resin content increased hardness of films while epoxy resin acted

with a relatively high-ead commercial

like plasticizer which decreased the hardness of the CN films as well as maintaining
the good adhesion. As the composition of maleic resin in the nail enamel is about
10wt%, the hardness of the nail enamel film is about 4.8 in vicker scale. The optical
microscope depicted deformation of film after loading of 100 gr for 15 seconds, that
its shape was sharp while that of filled epoxy resin of 10wt% showed plastic
deformed shape and its hardness value is only about 0.6 vicker which lower than that
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of the neat CN i.e. 2.8 in vicker scale. From this experiment, we can adjust

requirement hardness value by selecting the content of maleic-epoxy mixture. For nail
enamel application, the CN film needed to be relatively hard but not too hard to avoid
brittle fracture. The composition of 5wt% maleic resin and Swt% of epoxy resin was
found to be preferable in nail enamel ingredient with appropriate adhesion and
hardness. The hardness of CN films of mixed maleic resin and epoxy resin contents

was shown in Figure 5.10.
5.3 Clay suspension prepara ‘n@‘ V///

5.3.1 Mechanica

studied by mechanical
48 hr. The result revealed

In Figure 5.11,

stirring at a constant sh

that all suspensions wer of clay suspension at the
mixing time of 4, 8, and 14 600 mPa.s while the mixing
time up to 24, and 48 hr re e of 31.6-24800 mPa.s. These
results indicated that mixing tin ected clay delamination. The clay
layers were sheared EX Teﬂoﬁ.‘;ad&ie for g o time, the layers were more

viscosity. The hysteresi l(;op of the as shﬂvn in Figure 5.12 with the

wide loop implied greate&thlxotroplc beha or. The mixing time of 4, 8, and 14 hr

showed uncleaﬂt%ﬂ 6]1% W % w&&i"‘oﬂﬁ enamel rheological

behavior. Wherea$, the mixing tlme of 24, and 48 hr. were preferable suspension

R REFIEIIMNING A 2

5.3.2 Homogenizing

Bentone38 at 8wt% in toluene was also prepared and tested using a
homogenizer at various shear rates of 6500, 9500, 13500, 21500, and 24000 rpm for 5
minutes as shown in Figure 5.12. At the shear rate of 6500 rpm, the relatively low
viscosity in range of 37.7-3240 mPa.s was obtained while all other shear rates
provided viscosity in range of 97.7-17800 mPa.s showing strong three dimension
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network. It was observed that the viscosity at higher shear rates from 9500-24000

rpm was similar in value. Therefore, the moderate shear rate of 9500 rpm is chosen
for the clay suspension preparation for good gel and for energy saving and for safety
purpose. Figure 5.14 also showed hysteresis loop of various high shear rate, the
graphs depicted all of high shear rate are thixotropic behavior.

The clay suspension preparation was compared motor stirring with

homogenizing, we found that motor stirring provided gelation over than 24 hours

while homogenizing contributed twork in 5 minutes. Therefore, the

homogenizing is high efficie nsion preparation.

5.4 X-ray diffraction p( | enamel films

CN film ; ,-'- ari of the organoclay were

investigated for the d-spa I —ﬁ Jaye XRD as shown in Figure 5.15.
Bentone 38 powder showed @'peak: ' | . déspacmg of 26 angstroms. The
CN films with 1, 3, and 5wt% tie’w ted a XRD peak with the 26 of 2.26,
2.39, and 2.55 res}.jllvely This lmphed M?f montmorillonite were

The CN films at 0.35 1o dif%tion of the clay powder as
shown in the XRD pattern: This means two gases, first is that the micro particles were

exfoliated mtoﬂn%&}o’a 3P| Fead Ahiihe | 45| 4 ponsequence, the low

concentration of“montmorillonite u&. CN films gO 35wt%) tended to provide the
- AR EAL L LI NEE
montmorillonite contributed the intercalated nanocomposites. We can confirm this
case by using Transmission Electron Microscope (TEM) to observe the polymer-clay
nanocomposite. Second case is that the clay concentration in films is too low to

absorb x-ray intensity therefore no showing peak of clay d-spacing.
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5.4.2 Bentone 27

In Figure 5.16, bentone 27 powder exhibited a x-ray diffraction peak
at 20 of 4.96 with a d-spacing of 18 angstroms. CN films incorporated with 3, and
5wt% bentone27 possessed a XRD peak of the 20 at 2.35, and 2.45 respectively, This

result means that the layer of montmorillonite clay was intercalated by the polymer

chains and the particles structure can still maintain their ordered morphology. CN

films of 0.35, and 1wt% bentone! of diffraction as illustrated in the
pattern. That means two cas is thar -partlcles of the clay particles
were exfoliated by high when tmmposmon was low enough.
Therefore, the suspension 35 ne 27 was capable of forming

exfoliated nanocompoéit ‘ W% ¢ one 27 were intercalated in
‘ lectron Microscope (TEM)
to observe the pol case is that the clay
concentration in films i ity therefore no showing peak

of clay d-spacing.

3 ious bentone34 contents
in CN films were sho“g in Figure 5. ¢ sign of inte&lated nanocomposites was
disclosed at the contents ‘above 1wt% of béntone34. The intercalation of bentone34

contentof 1,3, {81 b e b e Qi b @i ordered structre

at 20 equal to 231'5, 2.48, and 2.55, respectively. No diffraction pggk; however, was
ot o R R AT RV 90 b v o
first is that some fraction of the clay thixotrope seems to be able to be fully exfoliated
whereas must of the clay particles were intercalted during the preparation process. We
can confirm this case by using Transmission Electron Microscope (TEM) to observe
the polymer-clay nanocomposite. Second case is that the clay concentration in films is
too low to absorb x-ray intensity therefore no showing peak of clay d-spacing.

In Table 5.3, Ad-spacing of clays were calculated by d-spacing of clay

powder as reference. At clay content of Swt%, we found that bentone27 provided
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broad clay Ad-spacing that means the great of polymer chain crawled into interlayer

presented intercalated nanocomposite and occured gel forming ability.

5.5 Nail enamel film characterization

The micrographs in Figure 5.18 depicted plate-like structure of titanium

dioxide coated on mica pigment which was used to incorporate into a CN-clay

suspension. The particle size distr{_ ion igment platelet was found to vary in
a range of 5-25 micrometers: ) v howed the structure and particle

size are similar to pigm? aw igure 5.19a discloses rough
morphology of the film s its pigmented uspension was obtained using a

degree of deagglome € /pi nf; ‘there " te, resulting in a rougher film
surface. Figure 5.19b, 1 SEM 1 A grap} thé smoother film which its

. L
properties such as gloss of the e entioned in the previous section.

Gloss of these two bg]tone38 nail enamel Mdﬁ a motor stirrer, and a
homogenizer were 8, and 54.1 G.U, re lhe use of high shear rate

apparatus thus prov1decg film SHOWIR
required gloss value from 70:95 G.U.

AUUINENINYINT

5.6 Rheology of Fésulted nail ename}s

AWANT) 5 UAANEIA Y

y formulated nail enamel and commercial one were compared in

value clos@ to the commercial product

Figure 5.20 which disclosed again the shear thinning behavior. The viscosity range of
the resulting nail enamel were 266-1082 mPa.s at the shear rate of 13.9-400 1/s. while
that of the commercial grade were requirement for the 153.9-310.7 mPa.s at the same
shear rate above. The industrial viscosity of nail enamel should be in the range of 400-
1200 mPa.s. From the rheological testing, the viscosity of the commercial nail enamel
was slightly lower than the standard while our systems achieved that requirement.

Furthermore, the hysteresis thixotropic flow of our research nail enamels was
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illustrated in Figure 5.21 indicating that all of the suspensions were thixotropic or

time-dependent flow. The recovery time of the thixotropic nail enamel was depicted
in Figure 5.22 at the third interval of the test while the first and second test intervals
provided the thixotropic indices. The thixotropic indices of nail enamels using
bentone 38, bentone 27, bentone 34, and commercial nail polish were about 1.4, 1.4,
1.4, and 1.5, respectively as shown in Table 5.4. These indices indicated that the
obtained nail enamel as these of a commercial one showed similar time-dependent
flow behaviors. The lapse of time of f
bentone 34, and a commerc1$

18.8, respectively as sho

might require long somw( E j

ples using bentone 38, bentone 27,
x1mately 56.6, 8.13, 19.3, and

38 formulated nail enamels

w which tended to cause the

.
18
Y,
s

dripping flow from the nai brushed mark might expose on
S
the bentone27 formulate ongisc viscosity recovery time

The drying tune;__hf resulted nail ename}Mv ed as illustrated in Table
5.6 present that the difierent typed orga y élfect to drying time of nail

enamel because drylng,g'ne rely @
nail enamel system is the®ame substance group therefore the formulated nail enamel

and commerciaﬂa%%}x'% %%}t% i oltele e Suitably drying time of

nail enamel is ab%t 1-4 minutes.

ARIAINIMUMINYA L

5.8 Gloss'of resulted nail enamels

i oration,j_?]’l'le sort of used solvents in

In Table 5.7 indicated that organoclays such as bentone38, bentone27, and
bentone34 reduced gloss of clear nail enamel from 122.5 to be 56.8, 29.8, 76.7, and
742 G.U, respectively. The different typed of organoclay and surfactant is significant
object of resulted film gloss. Bentone38 and bentone34 are the same group of clay as
well as the same surfactant nevertheless bentone38 is of lithium rich whereas

bentone34 is of aluminium rich. Metal in clay structure might effect to light reflection
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providing different gloss value. Bentone38 and bentone27 are the same of lithium

rich but they are different surfactant which provide different gloss value.

5.9 Sedimentation of various clay-suspended nail enamels

5.9.1 Bentone 38

3, 4, and 5 wt% was shown . Figure 5.23¢ suspensmn at 1wt% showed

significant pI'CCIPItathI? @f the container while the

suspension at the concen o P! ed neghglble pigment settling.

The good prevention of pig eni 2di; fontcould. be developed by applying

attending in nail enamel gaift nioe ;ﬁ  network to support the suspended pigment

5.9.2 Bentone 2° :

Figure 5.24 1nd1cged that the suspension at the covﬂntratlon of 1, 3, and 4 wt%
of bentone27 ? %‘W e.bo while concentration of
above 5wt% :ﬁsﬁ}j it ﬂﬂlﬂn eve ﬁ ﬁlﬁ On account of clay
concentrati ere is soft el at low clay contentawhich can not earry the pigment in
solutlorﬁnﬁ ;llka ;lm /;1@ w&l";}@ &L gravity force
which plgment settling is correspondmg

5.9.3 Bentone 34

In Figure 5.25 reveals the same phenomenon as 5.9.2 and 5.9.3 that the
suspension of 1, 3, and 4 wt% of bentone34 showed some sedimentation at the bottom
of the container while at the suspension concentration of Swt% can maintain its

pigment suspension even after 10 days. On account of clay concentration, there is soft
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gel at low clay content which can not carry the pigment in solution. In contrast to

soft gel, strong gel is required to overcome the gravity force which pigment settling is

corresponding.
5.10 Evaluation of the formulated nail enamels on human
The formulated nail enamels in Table 5.8 were blind tested on human as
test. w the resulted nail enamels as well as
commercial grade nail enamg . ail even after 10 days but about
20% of the total area of filmshad'p el& f@aﬂ because of everyday life
working. All of formulated. afid«€ommercial films ere durable for 10 days after

shown in Figure 5.26-5.28. From

product i.e. Red Earth. The @afa, in questionnaire, we found that women of over

50% satisfied the pick up'chdrag eristics ¢ nail énamel, which can be settled during

enamel was applied on nail re-than 50% omen felt easily brush provided
smooth and leveling film on n_';thﬁc §' e ;; nail enamel evaporated offering
dried enamel film wlt,mn 1 mu;u;.e wherg g time value to women
of over than 70%. Thefwomen satisfied | gloss characteristic is about

90% on the bentone34 formulated name while@thers two formulated nail

enamel need to improve the-gloss characteristics. Those women gave us a comment

that they msanﬂ%&%%a&}%ﬁcw& 'q @u d gloss value by clay

surfactant. We can develop this property by empl ing more ghtt&J pigment to gain

e N T L ) 1 e o

surface appeared obvious mark because of abrasion while some of them expressed no

any mark on the film because their work occasionally damage the film.
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Figure 5.8 SEM micrographs of two different water contents on CN films:
(a) 1wt%, and (b) 10wt%
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Table 5.1 Effect of various adhesion promoters on CN films.

85

Resin Type Area of adhesion (%)
% adhered % adhered % adhered a—
areal area II area 11 g
SD 603 7 2 6 5
Silicone HHMU/ Bo 100 100
ER-912 y ’ 95 84
Vi Y o

wa | Z[1Ny |

£3 \\\\
Benzoxazine 0//"';?_ Y\\k\‘\‘ 100 98
Red Earth™ \ I % @:)\ N 100 100

b [ < )s A
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i o -"u-:-i #

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

86

Maleic content Area of adhesion (%)
iy | Tadhesd | Yoadid | Vo | v
10 73 83 95 84
8 86 I 83 87
5 — 4 00— 100 97
2 | | S 100 92
0 8 7 80 88

7

AULINENINYINT
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®

Figure 5.9 Effect of maleic resin content on hardness of CN films:
(a) no adhesion promoter, (b) 10wt%, (c) 8wt%, (d) 5wt%, (€) 2wt%, and
(f) epoxy 10wt%
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rates using a homogenizer for 5 minutes:
(A) 24000 rpm, (<>) 21500 rpm, (1) 13500 rpm, (O) 9500 rpm, and

(@) 6500 rpm
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Figure 5.14 Hysteresis of 8wt% bentone38 in toluene at various high speed shear

rates using a homogenizer 5 minutes:
(A) 24000 rpm, (<) 21500 rpm, () 13500 rpm, (O) 9500 rpm, and
(@) 6500 rpm
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Figure §.16 XRD patterns of bentone enamel films:
(O) 5Wt%, (H) 3wt%, () 1wt%, (A) 0.35wt%, (V) powder,
(@) unfilled film, and (H) slide glass
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Figure 5.17 XRD patterns of bentone34 in CN nail enamel films:
(O) 5wt%, (W) 3wt%, () 1wt%, (A) 0.35wt%, (V) powder,
@) unfilled film, and (EB) slide glass



98
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.

Sample 20 0 | sin(®) d's?z;“‘g Ad(A)
Ben38 powder 339 | 170 | 0.030 26 ;

Ben38 5wt% 2.55 1\\" 35 9

Ben38 3wt% 238 : h*u‘ 7 11
,..-

Ben38 1wt% ﬁ \\\\ 13
’\\

Ben38 0.35wt% Exfoliated

Ben27 powder -

Ben27 5wt% 18

Ben27 3wt% 20

Ben27 1wt% -‘ - Exfoliated

Ben27 0.35@' EJ ’J | Exfoliated
e/

Ben34’a:w"] a §oé) 2}

Ben34 5wt% 2.55 1.28 0.022 35 6
Ben34 3wt% 248 1.24 0.022 36 7
Ben34 1wt% 245 123 0.020 36 e

Ben34 0.35wt% - - - - Exfoliated
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(b)
Figure 5.18 SEM micrographs of pigmented nail enamel:

(a) titanium dioxide coated mica, and (b) commercial nail polish



100

S BARBRO

18kU X358 S@pm 00GA00

(b)

Figure 5.19 SEM micrographs of two different preparation methods for formulated nail enamel:

(a) motor stirring, and (b) homogenizing
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Figure 5,22 Step shearing 4/4 1/s) for thixotropic test of the result nail enamel at Swt %:
(A) bentone27, () bentone34, (M) bentone38, and (O) Red Earth™




Table 5.4 Thixotropic index of various organoclay in nail enamel.

104

Nail enamel Type T.IL
Ben38 1.4
Ben27 1.4
Ben34 1.4
™
RedEarth ﬂ L5
Table 5.5 Recovery tim i oclay in nail enamel.
i ‘,-"
: Ty g Recovery
Nail enamel Type :ﬂl;. S time (sec)
J
Ben38 £ 56.6
RN
Ben27 4 8.13
Ben34 Iy 7 193
T
e 6 U B RN o
LT

AMIAATUAMINYAE



Table 5.6 Drying time of various organoclay in nail enamel.

105

Nail Enamel Time of Drying (min.)
1 2 3 4 5 Average
Clear nail enamel 34 & 3 q | 33 | 340 3.12
Ben 38 4 3.5 3.80
Ben 27 3 4.0 3.70
Ben 34 ke 3.80
Red Earth™ 54 0 3.80
-ﬁi“ v.<
Table 5.7 Gloss of v i at 60 °.
Z
Nail Enamel = Gloss (G.U)
£ I
Clear nail enamel >
Ben 38 6.8
Ben 27 E
en . ta | w 29.8 |
sense P W E I VTETIWE Then
—
Red Earth e ¢ o Q
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Figure 5.23 Sﬁ Qaﬁ ulated rail el{lamel at various contents of bentone38
TEIENINIANS

() Mo, (b) 3wt%. (o) 4wt%., and () Swt%.
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Figure 5.24 Sedimentation=ef formulated nail enamel at various content of bentone27

mmwamwmm

(a) wt%. (b) 3wt%. (c)y4wt%., and @ Swt%.
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Figure 5.25 ﬁtme tatﬁnf formulated mail enamel at various content of bentone34

SINBNINEINT

(a) wi%. (b) 3wt%. () 4wt%., and (d) 5Wt%.
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Table 5.8 Formulated of nail enamels.
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Pigments | 1

Ingredients wt %
A B C
Cellulose nitrate ‘ 10
Maleic resin . 5
v Ar ' e '::"'--LH
wree ZENNS |
poXy resin ry, P N
NN
AN
Dibutyl phthalate ‘ | \\ 5
4 1528 " W\
Ethyl alcohol AL \ 5 5
= |\
Butyl acetate 15
Ethyl acetate "y . 20
Toluene f‘ = 29
1 Q
Bentone 38 h - -
ol 14 a L 1217 |
AR R
Bentoﬁe 37 - 5 -
Bentone 34 5 . 5
1
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(b)

Figure 5.26 Comparative test on human of formulated nail enamels of various
suspending agents:
(a) 1 day (b) 10 days
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(b)

Figure 5.27 Comparative test on human of formulated nail enamels of various
suspending agents:

(a) 1 day (b) 10 days
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(b)

Figure 5.28 Comparative test on human of formulated nail enamels of various suspending

suspending agents:

(a) 1 day (b) 10 days
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Figure 533 Human satisfaction on abrasion characteristic of formulated nail enamel:

@) no abrasion, @& ) a little bit of abrasion, and @ ) obviousness
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