
World Journal of Nano Science and Engineering, 2013, 3, 23-34 
http://dx.doi.org/10.4236/wjnse.2013.32004 Published Online June 2013 (http://www.scirp.org/journal/wjnse) 

Optical and Mechanical Study of Mineral and Synthetic 
Nano Layered Silicate Reinforced Polyurethane Resin 

Behdad Ahmadi1, Ehsan Rezazadeh Mafi1, Tahereh Samaee Yekta1, Iman Rezazadeh Mafi2, 
Seyed Mahmoud Kasiriha1 

1Polymer Engineering Department, Amirkabir University of Technology, Tehran, Iran 
2Department of Metallurgy and Materials Engineering, Tehran University, Tehran, Iran 

Email: b_ahmadi1981@yahoo.com, ehsanrmafi@yahoo.com, yekta@aut.ac.ir, Imanrmafi@yahoo.com, kasiriha@aut.ac.ir 
 

Received April 14, 2012; revised May 14, 2012; accepted May 21, 2012 
 

Copyright © 2013 Behdad Ahmadi et al. This is an open access article distributed under the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

In the present investigation, the effect of two different mineral nano clays and a synthetic nano layered silicate on the 
properties of a transparent polyurethane resin has been studied. Both high rotator Torusmill and high intensity ultrasonic 
deagglomerator are utilized for the dispersion process. Observations by means of the X-ray diffraction technique indi- 
cate the presence of different dispersion status of nano layers in polymer matrix. The optical effect of nano-filled clear 
coat was studied using goniospectrophotometer and compared with a blank clear coat to determine if it can be identified 
by human eye. Scratch and mar resistance tests presented considerable improvement. Gloss retention against rubbing 
increased significantly in the presence of merely 3 wt% of synthetic nano-filler. 
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1. Introduction 

Due to the ongoing customer demand for higher quality 
and more durable coatings, there has been a surge of in- 
terest in improving the physical damage resistance of 
automotive refinish coatings [1]. Automotive clear coats 
are designed both to protect the substrate from corrosion 
and to provide glamour. Nevertheless, the topcoats of 
most multi-layer coating systems have very high gloss 
characteristics, making scratch damage highly visible [2]. 
Consequently, in addition to bulk properties, surface 
properties such as resistance to indentation and scratch, 
are critical to retain the basic coating functions in auto- 
motive coatings [3].  

Several chemical approaches can be utilized to achieve 
scratch resistance of coatings [4]. Among these possibili- 
ties, are two main methods to improve the scratch resis- 
tance of organic coatings: one is to optimize the polymer 
lacquer components and the other is to reinforce the 
coatings by embedding fillers into them.  

Nanopowders with particle sizes under 100 nm repre- 
sent a promising group of fillers. Nanoparticles have 
been shown to improve the mechanical properties even at 
low loadings due to their minute size while not affecting 
the transparency of clear coats [5]. Fundamentally, Inor- 
ganic-organic composite materials are immensely im- 

portant due to their extraordinary properties, which arise 
from the synergism between the components. These ma- 
terials have gained much interest due to their remarkable 
physical and chemical properties, including thermal sta- 
bility [6-8], mechanical properties [6,7,9-12], flame re- 
tardant [13-16], barrier resistance [6,7,17-19], solvent 
resistance [20] and electro-rheology properties [21,22]. 
Recently, the application of polymer-clay nanocompo- 
sites is found to be used as advanced anticorrosion coat- 
ings, which has been reported by Yeh et al. [23-38].  

A very common 2 dimensional nano filler is layered 
silicate. Phyllosilicates are small flakes. Each layer con- 
sists of two sheets of tetrahedral silica (corner shared) 
with an edge shared with octahedral sheets of either alu- 
mina (aluminosilicate) or magnesia (magnesium silicate). 
Due to isomorphic substitution of alumina into the lay- 
ered silicates (Al3+ for Si4−) or magnesium for alumi- 
num (Mg2+ for Al3+) each layer has a negative charge 
between 0.5 and 1.3. The layers are held together with a 
layer of charge-compensating cations such as Li+ and 
Na+. These charge-compensating cations provide a route 
to the rich intercalation chemistry and surface modifica- 
tion required to disperse layered silicates at the nano 
scale into polymer [39]. Layered silicates dispersed as a 
reinforcing phase in an engineering polymer matrix are 
emerging as a relatively new form of useful materials. 
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These composites exhibit a change in composition and 
structure over a nanometer length scale. Owing to the 
nanometer size particles obtained by dispersion, these 
nanocomposites exhibit superior properties such as me- 
chanical, thermal, optical and physico-chemical proper- 
ties at a lower level loading compared with either the 
pure polymer or conventional micron sized composites. 
Their unique properties stem from a combination of fac- 
tors; namely the platelet structure of nanolayer layered 
silicate, the high aspect ratio (width to thickness) of the 
platelets with thicknesses of the order of a nanometer, 
widths and lengths of the order of 25 - 500 nm, and the 
molecular bonds formed between the platelets and the 
polymer during compounding that may modify polymer 
properties [40]. 

There are several procedures to incorporate inorganic 
layered 2D materials finely dispersed into a polymer ma- 
trix. In principal these can be distinguished using the 
following classification: 1) intercalated hybrids in which 
one or more molecular layers of polymer chains are in- 
serted between the sheets or galleries of the inorganic 
host, 2) delaminated hybrids in which the layers are ex- 
foliated (or delaminated) and homogeneously dispersed 
in a polymer matrix [41,42]. For these layered silicates to 
be useful as nano composite, the layers must be separated. 
Layered silicates are inherently hydrophilic, but poly- 
mers tend to be hydrophobic. Usually, the space between 
the layers is intercalated by alkylammonium ions. These 
cations lower the surface energy of the inorganic host 
and improve the wetting characteristic of the materials 
with regard to the polymer. This opens the galleries suf- 
ficiently and makes them hydrophobic enough for a 
polymer chain to intercalate between the layers [43].  

The main objective of this study is to investigate the 
effect of well dispersed nano layered silicates on me- 
chanical and optical properties of a polyurethane base 
resin aimed to be used for automotive refinish clear coat 
and optimizing nano-filler/polymer ratio considering 
other important characteristics of a clear coat like impact 
resistance, adhesion, gloss, etc. 

2. Experimental 

2.1. Materials 

Cloisite® Na+ (Southern Clay Products, Inc.) is used as 
an unmodified mineral nano clay with a moisture content 
of 6% and a 7% weight loss on ignition. The typical ag- 
gregated dry particle size of Cloisite® Na+ is 10% less 
than 2 µ, 50% less than 6 µ and 90% less than 13 µ. 
Loose bulk density is 12.45 lbs/ft3 while packed bulk and 
pure density are stated as 20.95 lbs/ft and 2.86 g/cc re- 
spectively. “d-value” parameter corresponds to 11.7 Å. 

The Second mineral clay used in this study is 
Cloisite®30B. A natural montmorillonite modified with a 
quaternary ammonium salt (methyl, tallow, bis-2-hydro- 

xyethyl while “T” as tallow consists of ≈65% C18; ≈30% 
C16; ≈5% C14). The modifier concentration is 90 
meq/100g clay. This clay’s moisture content is less than 
2% and its weight loss on ignition is 30%. Typical dry 
particle size of Cloisite®30B is as follows: 10% less than 
2 µ, 50% less than 6 µ and 90% less than 13 µ. Loose 
bulk density is 14.25 lbs/ft3 where packed bulk and pure 
density are 22.71 lbs/ft and 1.98 g/cc. “d-value” parame- 
ter is stated as 18.5 Å. 

The other nano filler used in this study is an organi- 
cally modified synthetic nano layered silicate (Nanothix) 
with 1 nm × 50 nm dimensions at complete exfoliation 
and a maximum moisture content of approximately 5% 
(Sud Chemie Inc.). This nano layered silicate is modified 
with magnesium silicate. 

The polyurethane used here is a 2K polyurethane 
automotive refinish clear coat based on a hydroxyl func- 
tional acrylic resin (65% solid content), manufactured by 
Khosh Paint & Resin, Inc. T.D.I (toluene diisocyanate) is 
used as hardener. 

2.2. Sample Preparation 

Thick mild steel panels of 0.8mm were used as substrate 
all of which were painted with a typical solid automotive 
white paint. Prior to film application, all the substrates 
were cleaned according to Sa-3 degree in DIN 55928 
standard. Once spraying had been completed, paint films 
were dried for a duration of 2 hours at 60˚C. The dry film 
thickness of white paint was 30 - 45 µm that was applied 
in whole from the very same batch. 

After a 2-hr dehumidifying process of the synthetic 
layered silicate powder at 80˚C in an oven, three sets of 
samples containing 1, 3 and 5 wt% of each nano filler 
were prepared as follows: 

Initially 5, 15 and 25 grams of each nano layered sili- 
cate were added to 50 cc of Xylene respectively and 
mixed by a common high rotator mixer for 10 minutes at 
1500 rpm and then further mixed using an ultrasonic 
deagglomerator (Hielscher Ultrasonics GmbH, Model: 
PU400S, 4200 watts, 24 kHz) for another 10 minutes 
while the container was placed in a cold bath. Then, 434 
grams of 65% solid resin were added to the container and 
mixed by a Torusmill (Dispermat instruments) at 3500 
rpm for 1.5 hrs. It is worth noting that although the case 
might be different according to instrument or accessories 
used, it is strongly recommended not to process the mix- 
ture more than 2 hrs using Torusmill due to its improper 
optical effect.  

At the next step, the obtained mixture was subjected to 
ultrasonic waves (Sonotrode used: H14 made of titanium, 
tip diameter 14mm, approx. length 100 mm, male thread 
M10 × 1) for 30 minutes to reach its complementary 
deagglomeration. To avoid polymer degradation, a “3 
second off-3 second on” run mode was chosen. Once the 
samples had been mixed sufficiently, a stoichiometric 
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amount of T.D.I (weight ratio of 1:2 equal to 217 grams) 
was added to each sample and mixed with a spatula.  

The clear coat samples were applied on pre-prepared 
white panels with a film applicator to ensure thickness 
unity. The dry film thickness of clear coat was about 30 
µm. This way samples containing 1, 3 and 5 wt% of filler 
were prepared. The rheological behavior of the samples 
did not show any noticeable difference. In addition, a 
30µm thickness clear coat was applied over a bare mild 
steel panel and also on a glass substrate using film appli- 
cator. For assessing the optical properties, 2 sets of sam- 
ples (blank and filler contained clear coat) were sprayed 
over white paint coated panels. The dry film thicknesses 
of sprayed samples were 30 - 45 µm. Finally, the very 
same procedure was implemented for Cloisite® Na+ and 
Cloisite®30B.  

Bulk samples prepared using mineral clay had a slight 
khaki-yellowish shade while the synthetic layered sili- 
cate-contained mixture had a whitish shade. 

2.3. Test Methods and Experimental 

X-ray diffraction (XRD) was used to study the state of 
dispersion.  

XRD is the most commonly used technique to identify 
intercalated structures due to the periodic arrangement of 
the silicate layers both in the pristine and the intercalated 
states. Intercalation of polymer chains increases the in- 
terlayer spacing in comparison to the spacing of the 
original silicate, resulting in a shift of the X-ray diffrac- 
tion (XRD) peak towards lower angles. The diffraction 
angle is related to the layer spacing “d” through the 
well-known Bragg’s equation λ = 2dsinθ, where λ is X 
ray wavelength and 2θ is the scattering peak position. 
Exfoliated structure leads to the disappearance of any 
coherent X-ray scattering from the layers [40]. 

Two different methods were adopted to monitor the 
scratch resistance of coatings. The first one, the Chipping 
test (Pars Horm Instrument) was performed according to 
ASTM D3170 standard on sprayed substrate. The test 
consists of projecting a ball coated with silicon carbide 
onto the surface of a coating applied to a support in order 
to reproduce the superficial degradation (scaling) equiva- 
lent to that caused by grit projected on a vehicle. The 
second one, the Automatic Scratch test (Sheen Instru-
ment) was performed according to ASTM D5178. The 
pendulum hardness test (Erichsen Instrument) was per- 
formed according to ASTM D4366-95. This test method 
is intended to measure the hardness using a Persoz pen- 
dulum for coatings applied to plane substrates. The test is 
aimed at determining the damping of the oscillations of a 
pendulum resting on the film to be examined by two steel 
balls, of equal diameter, being integral with the pendu- 
lum (performed as from amplitude 12˚ down to ampli- 
tude 4˚). The test was performed on samples after 48 hrs 
and also 1 week after application. The coating films were 

prepared on glass boards and dried at room temperature. 
Some complementary tests were performed to find out 
whether the addition of nano filler can adversely affect 
other important properties of coating or not. The adhe- 
sion of coating was measured by the pull-off method 
according to ASTM D4541 and ISO 4624 (DeFelsko 
Instrument). Pull-off method is a quantitative test for 
adhesion where a loading fixture, commonly called a 
dolly or stub, is affixed by an adhesive to a coating. The 
force required to pull the dolly off or the force the dolly 
withstamds, yields the tensile strength in pounds per 
square inch (psi) or mega Pascals (MPa). Failure will 
occur along the weakest plane within the system (com- 
prised of the dolly, adhesive, coating system and sub- 
strate) and will be exposed by the fracture surface.  

The gloss of the coatings was measured by Sheen In- 
strument according to ASTM D523. The loss in gloss 
after 70 double rubs of abrasive was also measured ac- 
cording to DIN 53778. Mandrel bending (Elcometer In- 
strument) and Impact (Elcometer Instrument) tests were 
also performed according to ASTM D4338 and ASTM 
D2794 respectively.  

The effect of nano-filled clear coat on reflectance 
spectrum of a typical white solid paint was compared 
with the effect of non-filled polyurethane by Goniospec- 
trophotometer (Geretag machbeth, 741 gl instrument) in 
4 different angles under 3 different common light sources. 
The colorimeter is used in the differential mode and it 
directly indicates the colour variations in the L, a, b sys- 
tem (I.E.C. 1976). There are several illuminants widely 
used by the automotive industry which include A, D65 
and TL84 [44]. Illuminant A represents tungsten light. 
Illuminant D65 closely resembles the relative spectral 
energy distribution of north-sky daylight. Illuminant 
TL84 is a custom fluorescent. The results were reported 
as ΔE where ΔE is the overall colorimetric deviation and 
is calculated as 

     2 2
E L L a a b b           

2
 

where, L, a and b are color components.  
CIE Lab allows the specification of color perceptions 

in terms of a three-dimensional space. The colour varia- 
tion is expressed by the average values of the colorimet- 
ric standard deviations computed with respect to the 
specimen: Delta L (ΔL), Delta a (Δa) and Delta b (Δb) 
and the standard deviations obtained on these values if 
these are above 0.1. The L* axis is known as the light- 
ness and extends from 0 (black) to 100 (white). The other 
two coordinates a* and b* represent redness-greenness 
and yellowness-blueness respectively. Samples for which 
a* = b* = 0 are achromatic and thus the L* axis repre- 
sents the achromatic scale of grays from black to white. 
A comparison list regarding color components is pre- 
sented below: 
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2Ө = 35.5 corresponding to 2.5 Å interlayer distance ΔL < 0: darker  
2Ө = 28 corresponding to 3.1 Å interlayer distance Δa > 0: redder (or less green) 
2Ө = 19 corresponding to 4.4 Å interlayer distance Δa < 0: greener (or less red) 
2Ө = 7 corresponding to 11.4 Å interlayer distance Δb > 0: yellower (or less blue) 
As clarified above, four main peaks can be recognized 

through the XRD curve of Cloisite® Na+ powder. How- 
ever, taking into account the intensity of peaks (Y-axis), 
2Ө = 28, 2Ө = 19 and 2Ө = 7 are main peaks having al- 
most same intensity.  

Δb < 0: bluer (or less yellow) 
The quantities L*, a*, and b* are obtained from the 

tristimulus values according to the following transforma- 
tions:  

L* = 116(Y/Yn)1/3 − 16 
The “d-values” for processed sample obtained from 

free film are as follows: 
a* = 500[(X/Xn)1/3 − (Y/Yn)1/3] 
b* = 200[(Y/Yn)1/3 − (Z/Zn)1/3]  

2Ө = 19 corresponding to 4.4 Å interlayer distance where Xn, Yn, and Zn are the values of X, Y, and Z for 
the illuminant that was used for the calculation of X, Y 
and Z of samples. 

2Ө = 10 corresponding to 8.6 Å interlayer distance  
2Ө = 5 corresponding to 16.5 Å interlayer distance 
As it is clear in Figure 1(b), after processing the nano 

filler, the three main peaks that occurred in Cloisite® Na+ 
powder merged into a peak at 2Ө = 19. In addition, a 
new peak at 2Ө = 5 has appeared. However, the intensity 
of the peak is not quite noticeable. 

To measure the drying time, clear coat applied samples 
were cured at room temperature. The drying time re- 
corder (Braive instrument) was employed according to 
ASTM D5895. 

3. Results and Discussion Overall, the results show a clear increase in the inter- 
layer distance of Cloisite® Na+ after process although it 
is not sufficient to be considered an exfoliated nano com- 
posite. In fact, the Cloisite® Na+ final status can be inter- 
preted as a partially intercalated nano composite. 

In order to investigate the dispersion state of nano parti- 
cles in resin matrix, X-ray diffraction was performed on 
nano particles powder and on the polymer free film con- 
taining dispersed particles. XRD test was implemented 
under the following conditions: 

Figure 2 shows the XRD results of Cloisite®30B; the 
organically modified nano clay used in this study.  

Anode material: Cu Analyzing the main peaks of Cloisite®30B presents the 
following: Start angle [˚2Ө]: 2.010 

End angle [˚2Ө]: 49.990 d-values for Cloisite®30B powder: 
Start d-value [Å]: 43.9176 2Ө = 35.5 corresponding to 2.5 Å interlayer distance 
End d-value [Å]: 1.8230 2Ө = 28 corresponding to 3.1 Å interlayer distance 
α1 wavelength [Å]: 1.54060 2Ө = 19 corresponding to 4.4 Å interlayer distance 
α2 wavelength [Å]: 1.54439 2Ө = 10 corresponding to 8.6 Å interlayer distance 
The XRD curve for Cloisite® Na+ in powder form and 

after dispersion in polymer free film is shown in Figure 1. 
2Ө = 5 corresponding to 16.5 Å interlayer distance 
The position of peaks in case of Cloisite®30B resem- 

bles Cloisite® Na+. However, the intensity of the last 
peak (2Ө = 5) is quite higher than other peaks and thus 
can be regarded as the main dominant peak of this sam- 
ple. 

The 2θ values along the horizontal axis can be con- 
verted to layer spacing value “d” through Bragg’s equa- 
tion (λ = 2d sinθ).  

d-values for Cloisite® Na+ powder are as follows: 
 

      
Figure 1. X-ray diffraction analysis showing the diffraction patterns that result from (a) Cloisite® Na+ in powder form, (b) 3 
wt% of Cloisite® Na+ after dispersion in polyurethane. 



B. AHMADI  ET  AL. 27

      

Figure 2. X-ray diffraction analysis showing the diffraction patterns that result from (a) Cloisite®30B in powder form, (b) 3 
wt% sample of Cloisite®30B after dispersion in polyurethane. 
 

     

Figure 3. X-ray diffraction analysis showing the diffraction patterns that result from (a) organically modified synthetic lay- 
ered silicates, (b) 3 wt% sample of processed synthetic layered silicates. 
 

d-values for processed Cloisite®30B sample obtained 
from free film: 

2Ө = 19 corresponding to 4.4 Å interlayer distance 
2Ө = 10 corresponding to 8.6 Å interlayer distance  
2Ө = 5 corresponding to 16.5 Å interlayer distance 
Similar to the situation for non-modified sample 

(Cloisite® Na+), the first three peaks of powder 
Cloisite®30B have disappeared and shifted to 2Ө = 19 
while the main peak with the highest intensity is still at 
the 2Ө = 5 corresponding peak. 

Further observation of Cloisite®30B behavior before 
and after process reveals an interesting occurrence. The 
overall intensity of peaks is slightly decreased. This fact 
is perhaps related to the use of ultrasonic deagglomerator 
for the dispersion process which in low viscosity systems 
may drive out the modifier through layered silicate lay- 
ers. 

Figure 3(a) shows the XRD curve of the synthetic 
nano layered silicate powder and Figure 3(b) shows the 
X-ray diffraction curve of polyurethane/3wt% synthetic 
nano layered silicate composite free film.  

Synthetic nano layered silicate powder showed three 
main peaks as below: 

d-values for powder: 

2Ө = 35.5 corresponding to 2.5 Å interlayer distance 
2Ө = 20 corresponding to 4.4 Å interlayer distance 
2Ө = 3 corresponding to 30 Å interlayer distance 
Among three peaks detected by XRD, the 2Ө = 3 is 

the dominant peak while 35.5˚ and 20˚ peak’s low inten- 
sity represents a relatively good modification operation. 

d-values for processed synthetic nano layered silicate: 
2Ө = 19 corresponding to 4.4 Å interlayer distance; 
2Ө = 8 corresponding to 11 Å interlayer distance; 
2Ө ≤ 2 that indicates the interlayer distance higher 

than 45 Å. 
Similar to all previous cases, the 2Ө = 35.5 peak dis- 

appeared. Furthermore, the 2Ө = 19 peak is significantly 
amplified. Although the curve pattern in Figure 3(b) 
predicts a dramatic rise in curve height through 2Ө val- 
ues lower than 5˚ unfortunately due to uncertainly of 
XRD results for 2Ө values lower than 2˚, the real inten- 
sity cannot be detected. 

The drying time recorder, pendulum hardness (Persoz), 
mandrel bending, Impact, Pull-off and gloss retention 
tests results are listed in Table 1. The initial gloss of all 
samples did not change noticeably unless for the 5 wt% 
sample of synthetic nano layered silicate. The initial 
gloss reduction of mineral clays can be interpreted as a  
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Table 1. Drying time recorder, pendulum hardness (Persoz), mandrel bending, impact, pull-off and gloss retention test re- 
sults. 

Property Blank PU 
1 wt%  

synthetic nano
3 wt%  

synthetic nano
5 wt%  

synthetic nano
3 wt%  

Na+ Clay 
3 wt%  

30B Clay 

Gloss       

After 1 week 140 140 140 138 138 138 

Drying time (min)       

Surface dry 50 55 55 60 58 57 

Dry through 295 340 330 340 345 345 

Pendulum hardness       

After 48 hrs 174 200 250 226 230 248 

After 1 week 311 312 312 305 311 312 

Gloss retention @ 60 degree       

Initial 137 137 140 - 138 138 

After 70 double rub 100 107 113 - 102 107 

Retention percentage 72% 78% 81%  66% 76% 

Mandrel bending       

After 1 week 4 mm 4 mm 4 mm - 4 mm 4 mm 

Impact       

After 1 week 75 lb.in 75 lb.in 75 lb.in - 75 lb.in 76 lb.in 

Pull-off       

After 1 week 369 psi 442 psi 375 psi 256 psi 355 psi 400 psi 

 
result of their bigger size in comparison to synthetic sili- 
cate used in this study. The equality of samples filled 
with Cloisite® Na+ and Cloisite®30B shows that the 
modifier plays an insignificant role regarding initial gloss 
and the most important parameter to be taken into ac- 
count is the primary size of the layered silicate. 

The gloss retention results are very interesting as we 
have 9% more gloss retention for synthetic layered sili- 
cate with a mere loading of 3 wt% nano filler. In case of 
Cloisite® Na+, gloss retention result was even worse than 
blank polyurethane. It implies that poor interaction be- 
tween Cloisite® Na+ and polymer matrix has led to no- 
ticeable a cohesion loss throughout the coating film in this 
sample. The sample containing Cloisite®30B shows fair- 
ly better results in comparison to blank polyurethane where- 
by its gloss retention is still 5% less than synthetic sample. 

The impact and Mandrel tests did not show any sig- 
nificant difference. All samples could pass the minimum 
requirements successfully. The pendulum hardness test 
showed significant increase in hardness 48 hrs after ap- 
plication in all samples where 3 wt% synthetic nano lay- 

ered silicate stood on top with a distinguishable value. 
This indicates that the 3 wt% synthetic nano layered sili- 
cate has been able to present a higher level of uniform 
dispersion in comparison to the other samples. Clearly, 
this result is only limited to the applied thickness in this 
study and cannot be generalized for other coatings with 
different thicknesses. Nevertheless, the coating hardness 
increase during the first 48hrs after application can re- 
markably help protect the clear coat against scratch. 
Normally in after sale market, automobile is released less 
than 48 hrs after repair while a complete curing occurs 7 
days after application and thus clear coat is highly sensi- 
tive to scratch in the first few days. On the other hand, 
this immediate coating hardness can also minimize the 
depth of scratches that may occur during first days. 

The final pendulum hardness (after 7 days) was almost 
the same for all samples. The reflectance spectra of sam- 
ples containing 3 wt% synthetic nano layered silicate, 3 
wt% Cloisite® Na+, 3 wt% Cloisite®30B and blank poly-
urethane (coated on a typical white solid paint) at radia-
tion angles of 20˚, 45˚, 75˚ and 110˚ are shown in Figure 4. 
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Figure 4. Reflectance curves of solid white paint coated substrate with blank clear coat, Cloisite® Na+ filled clear coat, 
Cloisite®30B filled clear coat and nanothix filled clear coat in four different angle (under D65 light source). All samples con- 
ain 3 wt% of filler. t
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In addition to the goniospectrophotometer L, a, b data, 

in order to find out whether the changes in reflectance 
spectra are detectable by human eye or not, ΔE was cal- 
culated. Pure L, a, b data of solid white paint with a 

blank polyurethane are listed in Table 2. For nano-filled 
samples, the results are listed in 4 different angles in Ta- 
ble 3. Colorimetric deviation averages are as below:  

Synthetic Nanothix vs blank polyurethane 
 

Table 2. Pure L, a, b data of solid white paint coated with blank PU for different light sources. 

Solid white coated with blank polyurethane 

Illuminant L* a* b* 

A 90.462 –0.906 0.546 

D65 90.518 –1.055 0.874 

TL83 90.522 –0.914 0.756 

 
Table 3. L, a, b and ΔE data of solid white paint coated with (a) 3 wt% nanothix, (b) 3 wt% Cloisite®30B, (c) 3 wt% Cloisite® 
Na+. 

Sample Pass/Fail Illuminant  L* a* b* ∆E 

 A 20˚ 90.114 –1.288 1.252 0.87491 

  45˚ 89.906 –1.276 1.191 0.92847 

  75˚ 90.466 –1.309 0.631 0.41189 

  110˚ 90.341 –1.318 0.434 0.44377 

 D65 20˚ 90.185 –1.773 1.821 1.23419 

  45˚ 89.977 –1.732 1.747 1.23010 

Pass  75˚ 90.563 –1.599 1.16 0.61624 

  110˚ 90.45 –1.589 0.975 0.54771 

 TL83 20˚ 90.195 –1.328 1.925 1.28253 

  45˚ 89.977 –1.319 1.782 1.23034 

  75˚ 90.513 –1.279 1.002 0.44025 

Synthetic nano 

  110˚ 90.401 –1.3 0.84 0.41315 

 A 20˚ 90.445 –1.282 1.48 1.00699 

  45˚ 89.822 –1.196 1.634 1.29516 

  75˚ 90.303 –1.214 1.083 0.63915 

  110˚ 90.234 –1.219 0.901 0.52534 

 D65 20˚ 90.507 –1.837 2.057 1.41814 

  45˚ 89.867 –1.767 2.181 1.62450 

Pass  75˚ 90.372 –1.632 1.606 0.94343 

  110˚ 90.314 –1.618 1.434 0.81987 

 TL83 20˚ 90.526 –1.351 2.229 1.53646 

  45˚ 89.897 –1.302 2.323 1.73109 

  75˚ 90.353 –1.244 1.558 0.88355 

Clay Na+ 

  110˚ 90.299 –1.261 1.423 0.78424 

 A 20˚ 89.825 –1.401 0.945 0.90000 

  45˚ 89.61 –1.363 1.012 1.07327 

  75˚ 90.193 –1.385 0.447 0.55821 

  110˚ 89.988 –1.374 0.276 0.71875 

 D65 20˚ 89.92 –1.812 1.532 1.16774 

  45˚ 89.698 –1.774 1.583 1.30079 

Pass  75˚ 90.306 –1.632 0.991 0.62575 

  110˚ 90.11 –1.603 0.825 0.68496 

 TL83 20˚ 89.9 –1.401 1.564 1.13001 

  45˚ 89.684 –1.39 1.585 1.27124 

  75˚ 90.239 –1.323 0.796 0.49897 

Clay 30B 

  110˚ 90.043 –1.322 0.653 0.63758 
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A: 0.66 
D65: 0.91 
TL84: 0.84 
Mineral clay Cloisite®Na+ vs blank polyurethane 
A: 0.87 
D65: 1.2 
TL84: 1.23 
Mineral clay Cloisite®30B vs blank polyurethane 
A: 0.81 
D65: 0.94 
TL84: 0.94 
Among the three evaluated samples, synthetic nano 

layered silicate showed fairly better results while organi- 
cally modified nano clay (Cloisite®30B) also yielded 
acceptable results. Disregarding the slight shape differ- 
ences between clay tactoids and an ideal sphere, the dif- 
ference between Cloisite®30B and Cloisite®Na+ can be 
interpreted via Rayleigh equation as a result of low dis- 
persion status which is in accordance with the XRD re- 
sults. According to Rayleigh’s equation, for discrete 
spherical particles in an amorphous polymer matrix, the 
reduction in light intensity due to scattering is defined as: 

3
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V xr n
I I e
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where Io is the incident intensity, x is the optical path 
length, r is the particle radius, np is the reflective index of 
the particles, nm is the reflective index of the matrix,  

V is the volume fraction of particles and λ is the wave- 
length of light.  

Scratch resistance test results showed an obvious im- 
provement in scratch resistance of nano-filled clear coats 
in presence of nano filler. Figure 5 shows the micro- 
scopic images of automatic scratch test for blank poly- 
urethane, the 3 wt% synthetic nano layered silicate and 3 
wt% Cloisite®30B nano clay samples. In all cases, loaded 
weight is 2000 grams. Figure 6 shows images of an inci- 
sion made over polymer films. 

Figure 7 shows microscopic images of different sam- 
ples after 70 double rubs of abrasive which confirms the 
automatic scratch resistance test results. Some gloss re- 
tention results obtained from these samples are listed in 
Table 1. In addition, samples did not show noticeable 
difference in case of the chipping test at the applied 
thickness. 

In order to trace the adhesion behavior of coatings, 
digital Pull-off test was employed. Results are listed in 
Table 1. In comparison with control sample (blank poly- 
urethane), the 1 wt% nanothix filled sample and 3 wt% 
Cloisite®30B filled polyurethane showed adhesion im- 
provement. There was also a slight increase in adhesion 
for 3 wt% nanothix filled sample. Considering the opera- 
tion method of pull-off, this adhesion increase is mainly 
related to the polymer film cohesion strength resulting 
from polymer/nano layers interaction. Comparing to blank 
polyurethane, the 5 wt% nano-filled sample showed sig- 
nificant decrease in adhesion equal to 30%. 

 

 

Figure 5. Microscopic images of (a) blank clear coat, (b) 3 wt% nanothix filled polyurethane, (c) 3 wt% nano Cloisite®30B 
filled polyurethane. In all cases weight load is 2000gr. 
 

 

Figure 6. Microscopic images of (a) blank clear coat, (b) 3 wt% Cloisite®30B filled polyurethane and (c) 3 wt% nanothix filled 
polyurethane. 

Copyright © 2013 SciRes.                                                                               WJNSE 



B. AHMADI  ET  AL. 32 

 

Figure 7. Microscopic images of (a) blank Polyurethane (b) 3 wt% nanothix filled polyurethane, (c) 3 wt% nano Cloisite®30B 
filled polyurethane, (d) 3 wt% nano Cloisite® Na+ filled polyurethane, (e) 1 wt% nanothix filled polyurethane and (f) 1 wt% 
nano Cloisite®30B filled polyurethane after 70 double rubs. 
 
4. Conclusions 

Three different samples containing mineral and synthetic 
nano layered silicate were prepared and compared with a 
blank polyurethane clear coat. Among tested samples, 3 
wt% sample of synthetic nano layered silicate yielded 
better results in most cases.  

Scratch test showed an improvement after 7 days 
while a significant hardness increase was observed dur- 
ing merely 48 hours after coating application. This makes 
coating less sensitive to scratches that may occur during 
the first days after repair. Furthermore, the optical prop- 
erty of samples slightly changed where synthetic layered 
silicate contained sample presented least deviation. L, a, 
b and ΔE results showed that the deviation of the afore- 
mentioned sample is not detectable by the naked eye. 
Gloss retention results showed a significant improvement 
in comparison to blank polyurethane while initial gloss 
and dry to touch property of samples did not change no- 
ticeably. Adhesion presented different behavior in each 
case. It decreased in case of non-modified clay and 5 
wt% of synthetic layered silicate while increased in case 
of modified clay and 1 wt% synthetic layered silicate. 
Adhesion did not alter noticeably for the 3 wt% synthetic 
sample. Other common requirements of an automotive 
clear coat such as bending resistance (flexibility) and im- 
pact resistance were not affected by nano filler presence 
at the applied thickness. 
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