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Abstract

In this industrial extensive research work, study of the synergistic effects of dispersed nano-pigment particles in combination 
with micron-sized pigment in polyurethane resin matrix has been carried out for the purpose of better corrosion protection 
and weathering resistance properties of nano-composite coatings. For this purpose, ten types of paint formulations have been 
done. In first approach, industrial grade micron-sized rutile TiO2 pigment based polyurethane top coat has been synthesized. 
Further, to improve overall mechanical properties of existing industrial grade coatings, nine types of nano-TiO2, nano-SiO2 
and nano-ZnO pigments modified polyurethane super white low-stoving top coats have been formulated for the purpose of 
comparative study of cured coating-film with respect to the requisite protection of automobile grade steel surfaces. Whether 
it was the improvement of corrosion resistance, weathering resistance, chemical resistance, water repellency, dispersion 
stability, surface covering capacity, adhesion property, film smoothness, gloss retention and other mechanical properties; 
nano materials incorporated paints and coatings have shown greater potential in several industrial applications. Furthermore, 
performance evaluation of paints and surface coatings was performed as per ASTM/BIS quality test methods; e.g. dry film 
thickness (DFT) test, gloss test, adhesion test, immersion test, salt spray test, quick ultraviolet (QUV) accelerated weathering 
resistance test and aging test etc. Subsequent to meticulous test observation, outstanding performance results have been 
found i.e. 100% adhesion, 99% gloss, 4000 hours passed in salt spray test and 3600 hours passed in QUV weathering test. On 
the basis of detailed experimentations, it has been proven that the appropriate applications and best possible dispersion of 
suitable nano pigment particles in superior quality of resins media can produce multi-purpose reinforced polymer-nano-
composite coating with a slight technological modification and can improve many properties of paints and composite 
coatings. 
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1.   Introduction

Polyurethane coatings do not contain the highly toxic 
chemical urethane, but are made of urethane polymers 
(such as polyether and polyester), organic solvents, and 
hardener with curing agents. Clear films of polyurethane 
protect substrate surfaces such as wood flooring, wood 
furniture, plastic and coated steel surfaces [1,2]. It is well 
known fact that corrosion is a natural oxidation process by 
which a material degrades drastically due to chemical or 
electrochemical reaction with its environment, and it is 
also scientific fact that corrosion cannot be completely 
stopped but it can be controlled by applying proper 
technology and management [3,4]. It has also been 
acknowledged that among all the protection-methods, 
protective coatings have become the most commonly 
used methods of corrosion control [3,4]. In this 
progression, it has been agreed that paints have been 
manufactured at micron level for a long time, but in recent 
years nano-materials have been introduced in the field of 
coating formulations to improve overall quality of 
polymer-nano composite coatings [1,2,4]. Nano-
composite coatings are materials that are produced by 
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reducing the size of pigment-materials alongwith other 
paint ingredients at nano-scale to form a denser product to 
coat the substrate surfaces for superior protection [5,6]. 
Coating industry is the first among all to tap the greater 
potential of nanotechnology [4,6,7]. As per our 
experimental observations, it has been acknowledged that 
proper addition and optimum dispersion of suitable nano-
particles in high quality of resins media can improve 
several properties of coating system and can produce 
multipurpose reinforced composite coatings at the rate of 
little cost and technological modification as well [7-10].

2.    Experimental

1.1 Materials

For this extensive research work, previously synthesized 
and characterized nano-ZnO and nano-TiO2 particles 
have been taken from Nanotechnology Application 
Centre, University of Allahabad and Corrosion 
Engineering Lab., I.I.T. Bombay. Nano-SiO2 additive has 
been procured from Byk Additives and Instruments 
Company Ltd. Polyurethane, hardener and amino resins, 
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micron-TiO2, other chemicals, apparatus used in paint 
formulations and all tastings facilities were provided by 
R&D Laboratory, Berger Paints Limited, Kolkata and 
Tata Motors Limited, Jamshedpur.

1.2 Methods 

In first step of composite-coating formulation, optimum 
compatibility of butylated melamine formaldehyde 
(BMF) resin with polyurethane resin has been checked as 
per determined ratio (i.e. 1:4 & 3:7) w.r.t. consistency, 
transparency and adhesion of their clear films; all 
parameters were found satisfactory. In 2nd step, 
composition-percentage of micron sized TiO2 and other 
nano pigments were determined to maintain pigment-
binder ratio for their optimum dispersion in resins media 
(referred in Table-1).

Table 1
Design of compositions (by weight % ratio) of micron and

nano-sized pigments for different paint formulations:

Coating
Test

Sample
No.

Rutile
micron
TiO2

(wt.%
ratio)

 

Nano-
TiO2 

(Wt. %
ratio)

Nano-
ZnO

(Wt. %
ratio)

 

Nano-
SiO2 

(Wt. %
ratio)

Total 
Wt. %
ratio of
pigment 

1. (Micron) 22.0 - -  22.0 

2. (Nano) 21.0 1.0 -  22.0 

3. (Nano) 20.5 1.5 -  22.0 

4. (Nano) 20.0 2.0 -  22.0 

5. (Nano) 21.0 - 1.0  22.0 

6. (Nano) 20.5 - 1.5  22.0 

7. (Nano) 20.0 - 2.0  22.0 

8. (Nano) 20.0 0.5 1.5  22.0 

9. (Nano) 20.0 1.0 1.0  22.0 

10. (Nano) 19.5 1.5 0.5 0.5 22.0 

In 3rd step, a two liter ball-mill was charged and run with 
calculated ingredients, i.e., nano-byk (silica) additive 
with designed pigments composition (referred in Table-
1), BMF resin, disperbyk additives, butanol, butyl cello-
solve, xylene and solvent C9 to prepare different mill-
bases for the purpose of required composite coating 
formulation. In 4th step, make-up stage for the 
preparation of polyurethane composite coating was 
followed by using the obtained mill-bases (having 44% 
by weight) along with following required ingredients 
(referred in Table- 2).

Table 2
Make-up stage for polyurethane composite coating preparation

by formulated mill-bases along with required ingredients

Item Sl. No. Composition Wt.% ratio 

1 Mill-base 44.0%

2 Polyurethane resin 43.00%

3 Xylene   8.00%

4 Butanol   1.00%

5 Butyl cellosolve   1.00%

6 Solvent C-IX   2.00%

7 Methoxy propyl  acetate   0.20%

8 Slip additive   0.20%

9 Dispersion additive  0.30%

10 Thixotropic additive   0.30%

Total 100%

Coating samples  1, 2, 3, …., 10 

Prepared composite-paints have been characterized by 
pot life testing (there should be no pigment settlement, 
sedimentation, skinning and vehicle separation), 
viscosity, thinning ratio, non-volatile contents, tack-free 
time, settling property, curing schedule etc and 
performance results have been found satisfactory. All 
composite coatings were applied with standard 
application methods on surface treated standard mild steel 
panels (standard size: 150 mm X 75 mm X 1.00 mm) and 
cured at low stoving schedule i.e., 80±2° C for 20 minutes. 
After curing, performance evaluation was carried out as 
per standard test methods; DFT test, opacity, gloss, 
adhesion, impact test/cupping value test, hardness, 
immersion test, corrosion resistance test, and weathering 
resistance test etc were performed according to 
ASTM/BIS standard for automotive paints [6]: ASTM- 
D- 609, ASTM- D- 823, ASTM- D 1640, ASTM- D 523-
89, ASTM- B 487, 499, ASTM- D 3359, ASTM- G 154, 
ASTM- D 3912, ASTM- D 1474-98, ASTM- D 2794, 
ASTM- B 117-94, ASTM- D 4587, ASTM- D 4329 & ISO 
4892.

3.     Results and Discussion

Observation Table-3 shows the extraordinary 
performance of nano-particles reinforced polymer-nano 
composite coatings [4-6].

Aging test was performed at 800C for 48 hours in diesel 
and engine oils. Gloss test results show that with the 
increase in the concentration of nano-TiO2 and nano-
ZnO separately and also with different combinations in 
cross-linked polyurethane-amino composite binders, 
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there was a continuous improvement in gloss due to high refractive index of rutile nano-TiO2 [4-7].

There was no appreciable change in QUV weathering resistance test also (i.e., no significant evidence of pigment chalking, 
paint film peel-off and major gloss-reduction during QUV weathering test on panel no. 1, & 2-10 (ref. Table- 3, Fig.1) and 
also in other mechanical properties of surface coatings.

Table 3
Performance test observations of coatings w.r.t. different composition (weight % ratio) of micron &

nano sized pigments in different paint formulations

Coating 
Test 

Sample 
No. 

Micron 
sized 
TiO2 

Wt.% 
Ratio 

Nano 
TiO2 

Wt.% 
Ratio 

Nano 
ZnO 

Wt.% 
Ratio 

Total 
Wt.% 

Ratio of 
Pigment 

Cross cut 
Adhesion 

Test 

Gloss 
at 600  
angle 

Aging Test at 
80°C for 48 

hours 

O.U.V. 
weathering 
Test: Passed 

Hours 

Salt 
spray 
Test: 

Passed  
hours 

1. 22.0 - - 22.0 100/100 
(i.e. 100% 

pass) 

94% Gloss was  
reduced by 

10% 

650 hours 
Passed 

800 
hours 

Passed 

2. 21.0 1.0 - 22.0 100/100 97% reduced by 5% 1300 1600 

3. 20.5 1.5 - 22.0 100/100 98% reduced by 4%  1700 2000 

4. 20.0 2.0 - 22.0 100/100 99% reduced by 2%  2100 2400 

5. 21.0 - 1.0 22.0 100/100 97% reduced by 5%  1300 1600 

6. 20.5 - 1.5 22.0 100/100 97% reduced by 4%  1700 2000 

7. 20.0 - 2.0 22.0 100/100 97% reduced by 2%  2100 2400 

8. 20.0 0.5 1.5 22.0 100/100 98% No change 2700 3200 

9. 20.0 1.0 1.0 22.0 100/100 99% No change 3200 3600 
10. 19.5 + 5% 

Nano- SiO2 
1.5 0.5 22.0 100/100 93% No change 3600 4000 

It is the fact that coatings are gradually damaged by UV 
radiations of wavelength range (280 nm – 400 nm). There 
are two types of UV radiations and subsequent protection 
methods: 1st (UV (A) radiation and 2nd UV (B) radiation. 
UV (A) radiation is having high wavelength (range: 
315nm – 400 nm) and low intensity. Protection from such 
radiation can be performed by nano-ZnO pigment. UV 
(B) radiation is having low wavelength (range between 
280 nm – 315 nm) and high intensity. In this case, nano-
TiO2 pigment provides protection. That is why, the 
combination of UV (A) and UV (B) absorbers (i.e., nano-
TiO2 and nano-ZnO pigments) have been added in paint 
formulations for better weathering protection [1,2,5,7].

Since, micron sized bulky particles are used as pigment in 
conventional coatings where water, dirt and other foreign 
particles can permeate into the voids and due to this 
activity erosion as well as corrosion take place on the 
substrate surface [4-6]; whereas nano engineered 
composite coatings are densely packed with robust 
molecules of nano-ZnO, nano-TiO2 and nano-SiO2 that 
act as an impermeable and functional barrier to foreign 
environment for the purpose of overall protection [5, 6]. 
Appreciable improvement was observed in corrosion 
resistance (i.e. no evidence of blistering and rusting 
during salt spray test on sample panel no. 8, 9 & 10; 
referred in Table – 3, Fig. 2). 

Thus, positive impact has been found due to synergistic 
effect of compactly packing of combinations of nano 
materials in voids between micron sized pigment 
particles [7-9].  In the case of self-cleaning action, nano 
engineered paint performs super hydrophobic properties 
having contact angle >1500, which causes water droplets 
to bead off of a fully cured surface picking up dirt and 
other surface contaminant along the way. This self-
cleaning action helps to clean and maintain the coating-
surfaces [8-9]. Further, we noticed that when nano-TiO2 
is blended and dispersed with nano-ZnO, nano-ZnS and 
nano-SiO2 in specified ratio, overall performance 
increases drastically due to the synergistic effects of nano 
pigments with micron pigments in paint media [2,9]. It 
has also been revealed on the basis of the obtained results 
that the performance of polyurethane resin based nano-
composite coatings (samples no. 8, 9 & 10; Table- 3, Fig. 
1&2) are superior to that of the other pigment-
composition based paint coatings (sample no. 1-7). It is 
imperative to mention that the polyurethane-amino resins 
composition based paint exhibited better aging 
resistance, weathering and corrosion resistance as well as 
required hardness and flexibility when crosslinked and 
cured by proper baking schedule (at 80±20C for 20 
minutes). As per observation, such combination is the 
most suitable and cost effective binder for the use in the 
formulation of industrial stoving top coats [7-10].
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4.     Conclusions

Optimum dispersion of rutile nano-TiO2, micron-TiO2 
alongwith nano-ZnO particles in polyurethane composite 
coatings media, appreciably improved overall coating 
performances. Synergistic effects of nano-TiO2, nano-
SiO2 and nano-ZnO particles take place alongwith 
micron rutile TiO2 due to their unique compositions in 
resins media and make nano-coatings even more 
effective. Hence, better corrosion resistance, adhesion 
property, gloss retention, QUV weathering resistance, 
chemical resistance and other mechanical properties 
could be improved. Further, in the case of addition of 
nano-SiO2, gloss reduced but scratch resistance has been 
improved significantly; therefore, that can be 
recommended for interior top coat applications, not for 
glossy top coat. After all, nano-coating system has some 
limitations e.g., agglomeration of nano particles, 
hardening of ultra-fine particles etc. However, benefit of 
nano-coatings is more important than its constraint. That's 
why, our endeavor should be to overcome these 
limitations and to make even more effective surface 
coating system w.r.t. cost, quality, applications and 
performances.
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