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INTRODUCTION

Coating is primarily used for surface protection 
and provides a defence against chemical, 
mechanical and environmental threats by 
preventing water, oil or air penetration, chemical 
corrosion, UV penetration and electrical 
conduction. Coating is also used for decorating  
buildings, printing materials and various utensils. 
Water-based coatings (WBC) have been around 
for decades and have been greatly improved 
in recent years to meet high-quality standards  
worldwide (Shannon 2001). The WBC, as 
with other coating options, have advantages 
and disadvantages and possess very different 
properties from conventional solvent based 
coatings. The WBC are easy to apply and eco-
friendly due to the content of water as the main 
solvent, together with other solvents, i.e. glycol 
ethers. The WBC contain no hydrocarbon 
solvents and therefore can be used safely. They 
can be formulated to offer the best combination 
of benefits for a particular operation. 
	 However, along with these advantages, some 
drawbacks of the WBC have been identified, such 
as inferior hardness, poor heat resistance and low 

EFFECTS OF NANOCLAY CONTENTS ON THE PROPERTIES OF 
WATER-BASED COATING 

Anwar UMK1, *, Alia-Syahirah Y2, Tumirah K1, Hamdan H1 & Lee SH2

1Forest Products Division, Forest Research Institute Malaysia, 52109 Kepong, Selangor
2Institute of Tropical Forestry and Forest Products, Universiti Putra Malaysia, 43400 UPM Serdang, Selangor

*mkanwar@frim.gov.my 

Submitted October 2018; accepted March 2019

Different loadings of nanoclay, namely 2, 4, 6, 8 and 10% were mixed into water based polyurethane by 
homogenisation process and were coated on rubberwood panels. Effects of the incorporation of nanoclay on 
the chemical, thermal properties, adhesion and mechanical properties of the wood coatings were investigated. 
Fourier transforms infrared analysis revealed that the polyurethane structure did not change by the addition 
of nanoclay. Thermogravimetric analysis showed that the coatings added with nanoclay possessed higher 
residual masses. Decomposition temperature of the coatings added with 2, 4 and 6% nanoclay increased, 
but decreased when higher loadings were used, probably attributed to the nanoclay agglomeration effect. 
Impact and scratch resistance of the coatings were improved by the addition of up to 6% nanoclay. On the 
other hand, abrasion resistance of the coatings was improved when 2% nanoclay was added but started to 
decrease when 4% nanoclay were used. Moreover, the addition of nanoclay slightly reduced the transparency 
of the water based coating. Therefore, addition of 2% nanoclay would be sufficient to obtain satisfying results 
as higher nanoclay content did not result in further improvement of the properties.

Keywords:	 Polyurethane, nanoclay, thermal stability, impact, abrasion, scratch 

water and solvent resistance (Jhon et al. 2001). 
Moreover, WBC have lower chemical resistance 
and shorter shelf lives due to their chemical 
reactivity with water. Therefore, attempts have 
been made to enhance the mechanical properties 
of WBC by incorporating nanoparticles in them 
(Katsikis et al. 2007). Commercial filler materials 
are available in sizes which are associated 
with undesirable properties such as decrease 
in mechanical strength, haziness of coatings 
due to loading, inferior abrasion and scratch 
resistance. Thus, high loading of conventional 
filler is required to satisfy the function. Smaller 
and uniformly dispersed fillers are required to 
improve the mechanical properties of coating 
materials (Sonawane et al. 2010).
	 Nanoparticles such as nanoclay found 
applicability in coatings to meet mechanical 
requirements and improvement in thermal 
stability (Bertini et al. 2006). Nanoclay, a fine-
grained crystalline material, is an important 
mineral with multifarious applications that 
help to improve the quality of product. In 
comparison with other fillers, nanoclay is a 
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relatively inert chemical that has a number of 
unique characteristics such as high interfacial 
area and aspect ratio, as well as the existence 
of an expandable gallery, making it favourable 
in coatings. Incorporation of nanoclay in 
coating films resulted in better mechanical 
strength such as abrasion and scratch resistance, 
enhanced resistance against corrosion and 
higher thermal stability. Researchers have 
reported that the addition of nanoclay  provides 
excellent mechanical properties of nanocoatings 
due to its high surface area to volume ratio (Yu 
et al. 2006, Bhanvase et al. 2009). 
	 Addition of nanoclay into various types 
of coating has been studied and reported. 
Montmorillonite nanoclay has been incorporated 
into palm oil–based polyalkyds and improved 
tensile properties and thermal stability (Islam et 
al. 2016). Morote-Martinez et al. (2011) added 
unmodified nanoclay into unsaturated polyester 
resin coating and found that the resultant 
coating possessed good adhesion and enhanced 
impact strength. Superhydrophobic coatings 
were successfully produced by adding silicate 
nanoclay particles into a sol–gel silica matrix 
(Subasri & Hima 2015). Incorporation of mix 
clay nanoparticles   improved abrasion resistance, 
water vapor barrier and anticorrosion properties 
in epoxy resin coating (Madhup et al. 2017). 
Thermal stability and visible transparency of water-
based polyamide–imide coating were enhanced 
by the addition of organo-montmorillonite 
nanoclay (Naderi-Samani et al. 2016). However, 
studies on the addition of nanoclay into WBC 
or polyurethane are rather limited. Therefore, 
the objective of this study was to determine the 
effects of nanoclay addition on the properties of 
WBC. The finishing properties (adhesion, impact, 
scratch and abrasion) of the WBC after addition 
of nanoclay have been reported by Anwar et al. 
(2018). Chemical composition, thermal stability 
and optical transparency were evaluated and 
highlighted in this study as complementary to the 
previous study of Anwar et al. (2018).

MATERIALS AND METHODS

Rubberwood, the most commonly used species 
by the furniture manufacturing industries in 
Malaysia, were used in this study. Rubberwood 
timber was purchased from a local company 
located in Selangor, Malaysia. The rubberwood 
timber was then cut and planed into panels. 

The panels were cut into desired size and the 
moisture content of each panel was conditioned 
until 12% was achieved, prior to the application 
of nanocoating. 

Preparation of nanocoatings

The WBC, which was waterborne polyurethane 
containing 30% clear finish, was purchased from a 
coating manufacturer. The typical characteristics 
of the coating are shown in Table 1. Nanoclay, 
surface modified, containing octadecylamine and 
3-aminopropyltriethoxysilane, was used as filler 
in this study. The nanocoatings were prepared by 
dispersing 2% of nanoclay in 50 ml of water based 
coating. The mixtures were homogenised for  
20 min at 10,000 rpm. The dispersion process was 
then repeated for 4, 6, 8 and 10% of nanoclay. 
The samples were referred as NC2, NC4, NC6, 
NC8 and NC10. On the hand, WBC without 
nanoclay were used as control for comparison 
purpose. 

Table 1	  Coating properties

Characteristic Property

Appearance Translucent liquid

Viscosity Approximate 30–32 cP at 25 °C

Solid content 33 ± 2%

Dilution No requirement

Preparation of wood samples 

The rubberwood panels were sanded with 
sandpaper grit 80 followed by sandpaper grit 
360 along the grain to obtain a smooth surface. 
Panels were conditioned in a conditioning room 
at 22 ± 2 °C and relative humidity of 65 ± 5% 
for one week. The panels were cut based on 
the standard requirements of the test where the 
size for adhesion, impact and scratch test were  
140 mm  80 mm  5 mm while for abrasion test 
was 100 mm  100 mm  5 mm. Each panel was 
coated with three layers using 75 µm wire bar 
coater. Three replicates were prepared for each 
test. Upon completion, the panels were stored 
at room temperature in the laboratory prior to  
evaluation.
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Fourier transforms infrared analysis

The chemical properties of nanocoatings were 
analysed using a Fourier Transform Infrared 
Spectroscopy (FTIR). Prior to FTIR analysis, the 
nanocoatings were spread on the glass surface 
and air dried. The dried nanocoating was ground 
and mixed with KBr to form pallets. Reduced 
absorbance values were used in order to avoid 
spectral differences arising from the preparation 
of KBr pellets. The KBr pellets were placed on 
the sample holder and all spectra were recorded 
in the range of 4000–250 cm-1.

Thermogravimetric analysis

The thermal stability of samples was characterised 
by using a thermogravimetric (TGA) analyser. 
During TGA analysis the specimens were scanned 
from 25–1000 °C at a rate of 5 °C min-1 under 
a nitrogen gas atmosphere. A purge flow of  
50.03 mL min-1 nitrogen was maintained all along 
the experiment. The nitrogen was purged for 
10 min before starting the heating programme, 
to establish an inert environment. A high 
heating rate was implemented to obtain a no 
time-consuming classification procedure, and 
also to test the classification methodologies 
in the worst conditions. Mass of the specimen 
was around 10 to 15 mg. The thermogram 
recorded the percentage of weight loss versus 
temperature. The mass change of the sample 
was recorded continuously over temperature and 
time intervals.

Adhesion test (cross-cut)

The adhesion test on the substrate was carried 
out using cross-cut tape method based on BS 
EN ISO 2409 (BS 2013). A single blade cutter 
was used to make lattice pattern. The number 
of cuts for each lattice pattern was six, and the 
spacing between each cut at both directions were 
2 mm. An adhesive tape was placed over the 
lattice area and removed after 5 min. The cut 
area percentage was examined.

Impact test—resistance to mechanical 
damage

The relative resistance of finishes was carried 
out based on BS 3962: Part 6 (BS 1980) whereby 
a steel ball was dropped from 2 m height on to 

the test panel. The area was examined and rated 
based on the assessment code stipulated in the 
standard.  

Scratch test

The scratch test was carried out based on BS EN 
ISO 1518-1 (BS 2011). The finished panel was 
clamped onto the panel holder. A weight was 
placed on the stylus. The test was started with a 
minimum load of 1000 g load and was increased 
by 100 g until a maximum load of 2000 g. 

Abrasion test

The abrasion test was done on the coated rubber 
wood panels based on ASTM D 4060-14 (ASTM 
2014). The surface of coated panels was abraded 
by rotating the panel under weighted abrasive 
wheels. Abrasion resistance was calculated as loss 
in weight at 2000 abrasion cycles. 

RESULTS AND DISCUSSION

Fourier transforms infrared analysis

The fourier transforms infrared (FTIR) 
identifies the functional groups that are 
present in the sample. Figure 1 shows the 
analysis of FTIR obtained for nanoclay, 
WBC and mixture of WBC with nanoclay 
(nanocoatings). All samples presented main 
transmittance regions. In the spectrum of 
nanoclay (Figure 1a), the bands at 3125 cm-1  
could be attributed to -OH stretching for 
silicate and water, due to presence of water 
molecules from moisture. According to 
Abdullah et al. (2015), the peak exhibited at 
1053 cm-1 confirmed the Si-O-Si bonds and Si-O 
stretching vibration of clay. Bands located at 
2924, 2842 and 1475 cm-1 are assigned to C-H 
vibrations of methylene groups and bands at  
523 cm-1 describe the presence of Si-O-Mg 
(Muthu et al. 2016). 
	 The FTIR spectra of WBC (Figure 1b) showed 
absorptions of the imide group at 1774 cm-1 
while the amide characterisation vibrations 
peaks were observed at 3347 cm-1 and 1649 cm-1. 
The aromatic absorption was observed around  
1500 cm-1. Another characteristic band included 
peak at around 2920 cm-1 which corresponded 
to the -CH2 stretching of the polyurethane (PU) 
structure. The FTIR spectra of nanocoating 
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with different percentages of nanoclay is 
shown in Figure 1c–1g. The figures reveal the 
typical characteristics bands of WBC containing 
nanoclay, such as amide C=O region at around 
1000 cm-1 and imide carbonyl band at 1750 cm-1. 
The bands around 3500 cm-1 were observed as 
N-H stretching. The spectra clearly shows that 
no alteration bands occurred for all samples, 
indicating that the chemical structure of  WBC 
does not alter by the addition of nanoclay (Hu et 
al. 2007, Mallakpour & Dinari 2013).

Thermogravimetric analysis 

Thermogravimetric analysis  (TGA) was 
conducted on WBC, nanoclay and nanocoatings 
with different percentages of nanoclay under 
nitrogen atmosphere, as shown in Figure 2. It 
can be observed from Figure 2 that the nanoclay 
showed weight loss of around 35% at around 
250–450 °C, mainly due to degradation of organic 
modifier, present in the clay. No further weight 
decrease was observed until 700 °C indicating the 
thermal stability of nanoclay at high temperature. 
From Figure 2, it can be observed that there are 
two stages of thermal degradation for all samples, 
at around 300 and 400 °C. Petrovic et al. (1994) 
reported that the first stages of degradation 

are contributed by the decomposition of hard 
segment of the thermally labile urethane groups. 
Meanwhile, the second degradation corresponds 
to the decomposition of soft segment.
	 The weight loss of nanocoatings were around 
70–85% at 300–450 °C. This weight loss was due 
to the interaction between nanoclay layers and 
coating. Commonly, addition of nanoclay can 
enhance the thermal stability of a polymer, owing 
to its reduced permeability as the nanoclay acts as 
a barrier to inhibit or delay the release of volatile 
degradation products (Berta et al. 2006). The 
nanoclay layers act as superior insulation and 
mass transport barrier to the volatile products 
generated during decomposition. This enhances 
the overall thermal stability of the system, as 
well as assists in the formation of char after 
thermal decomposition. The strong interfacial 
interaction restricts mobility of polymer chain 
and hinders their scission (Pan et al. 2011). The 
high temperature indicated the high thermal 
stability of WBC.
	 The TGA curve indicated that most weight 
loss of WBC was in the range of 250–450 °C due 
to the degradation of organic material. Higher 
residue masses were observed in the nanoclay-
added WBC compared with that of neat WBC 
due to the presence of involatile inorganic clay. 

Figure 1     FTIR spectra of (a) nanoclay, (b) WBC, (c) NC 2%, (d) NC 4%, (e) NC 6%, (f) NC 8% and (g) NC 10%
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The residue masses increased as a function of 
increasing nanoclay content. Incorporation of 
nanoclay increased, although not significantly, 
the decomposition temperature of the polymers. 
The same results were also reported by Nam et 
al. (2015). At mass loss of 50%, the thermograms 
of nanocoatings (NC2, NC4 and NC6) exhibited 
higher degradation temperature than that of 
WBC, suggesting that thermal stability of the 
coating improved with addition of up to 6% 
nanoclay. Nevertheless, as clay content increased, 
the degradation temperature of NC8 and NC10 
decreased, as shown in Figure 2. Tomic et al. 
(2014) attributed this observation to the high 
agglomeration degree of incorporated clay that 
is responsible for the reduced thermal stability, 
as the curing of WBC was interfered. Increment 
in nanoclay loadings resulted in the reduction of 
intergallery spacing (d-spacing) and subsequently 
led to clay agglomeration (Adinoyi et al. 2011). 

Finishing properties of nanocoating

Table 2 summarises the coating adhesion and 
mechanical properties of the neat WBC and 
coating with addition of different nanoclay 
loadings. Coating adhesion was evaluated in 
terms of the force at which the coating layers 
detach from the substrate surface or serious 
destruction occurs for the coat layer. High 

quality of adhesion to rubberwood was observed, 
as no detectable failure was observed for neat 
WBC. Same observation was obtained for the 
nanocoatings with 2, 4 and 6% nanoclay content, 
indicating satisfied coating adhesion. Therefore, 
it can be concluded that the coating layer resided 
all along the indentation groove without any 
detachment or destruction (rate 0). Nevertheless, 
slight detachment (rate 1) was detected in 
nanocoatings with 8 and 10% nanoclay content, 
suggesting relatively poor adhesion quality. 
The inferior adhesion performance in the 
samples with higher loadings of nanoclay may 
be related to the nanoclay-induced roughness 
effect (Mohamadpour et al. 2011). Addition 
of nanoclay increased the roughness of the 
coatings. As a result, the contact area between 
the coating and rubberwood decreased due to 
increasing roughness and subsequently led to 
poorer adhesion performance. 
	 For impact test, the results revealed a 
significant increase in resistance to mechanical 
damage (rate 3) for NC2, NC4 and NC6. 
However, at higher percent of nanoclay (NC8 
and NC10), the impact strength decreased (rate 
2). It can be concluded that the coating flexibility 
improved after the addition of nanoclay up to 
6%. Beyond this percentage, the impact strength 
decreased. Improvement in impact strength at 
lower percentage of nonclay has been reported 

Figure 2     TGA curves of nanoclay, water based coating and nanocoatings
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before (Svoboda et al. 2002). However, at higher 
percentage, the drop in impact strength has not 
been addressed. 
	 The scratch test results revealed that all 
coating samples were able to resist a maximum  
load of 19.7 N, suggesting that scratch resistance 
was independent to nanoclay content. However, 
Figure 3 reveals different penetration depths 
resulted from the scratch test. There was a 
significant increase in penetration depth in NC10 
sample compared with control and NC2. Figure 
3b shows that the scratch resistance of NC2 
sample increased as the penetration depth was 
smaller than control (Figure 3a). The finding was 
in agreement with El-Fattah et al. (2015) where 
the scratch hardness of the polyurethane coating 
increased up to 4% nanoclay. Nevertheless, as 
the clay content increased, the scratch resistance 
decreased, as shown in Figure 3c, where deeper 
penetration was observed. Higher nanoclay 
content results in a softer surface of the coatings 
due to interference of crosslinking reaction 
between polymer chains of the polymer clay 
nanomaterials (El-Fattah et al. 2015). 
	 Abrasion resistance test of the coatings was  
carried out where the weight loss was recorded 
after 2000 cycles. The results revealed that, 
compared with control sample, addition of 2% 
nanoclay in the coating improved its abrasion 
resistance with slight decrease in weight loss from 
274 mg to 241 mg. Nevertheless, the abrasion 
resistance of the coatings started to decrease as 
the loading of nanoclay increased (4% upward), 
with gradual increase in weight loss from  
241 mg to 571 mg. Madhup et al. (2017) 
attributed such findings to the incompatibility 
between clay nanoparticles and coating matrix 

which resulted in weaker interfacial bonding. 
Figure 4 shows the effect of abrasion test on the 
rubberwood panel as control and nanocoating 
after 2000 cycles. However, despite the increasing 
weight loss recorded due to abrasion test, 
there was no significant effect observed on the 
appearance of rubber wood coated with different 
coatings.

Optical transparency

The addit ion of  nanoclay reduced the 
transparency of the WBC, as shown in Figure 
5. The NC2 samples were slightly affected by 
the presence of the nanoclay but still retained 
its transparency. The possibility for nanoclay to 
interact with light is very low as the nanoparticles 
have dimensions smaller than the wavelength of 
visible light. Therefore, when used in low loadings 
and well dispersed into the polymer matrix, the 
transparency of the coating is unlikely to be 
significantly impaired (Frigione & Lettieri 2018). 
Nevertheless, the coatings became opaquer as 
the amount of nanoclay increased. It can be 
observed from Figure 5f that the transparency 
was significantly reduced and the coating became 
opaque. The changes in colour is mainly due 
to the colour of the nanoclay itself which has 
a semi-transparent or translucent appearance 
and the increment in opacity may be due to the 
agglomeration of nanoclay (Wang et al. 1996, 
Murima et al. 2016). Increment in nanoclay 
loadings in the coating could undoubtedly 
reduce the degree of transmittance of light 
through the coating film, as the light is scattered 
by the possibly aggregated nanoclay particles (Yu 
et al. 2003, Landry et al. 2010). 

Adhesion Impact Scratch (N) Abrasion (mg) at 2000 cycles

Control 0 2 19.70 274

NC 2% 0 3 19.70 241

NC 4% 0 3 19.70 290

NC 6% 0 3 19.70 294

NC 8% 1 2 19.70 396

NC 10% 1 2 19.70 561

Adhesion: 0 = none of the lattice is detached, 1 = detachement is < 5%; impact: 2 = slight flaking, 3 = moderate 
cracking;  reproduced from Anwar et al. (2018)

Table 2 	 Adhesion and mechanical properties of nanocoating
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Figure 3     Penetration depth of scratch on (a) control, (b) NC 2% and (c) NC 10% under 18 x magnification; 
(a) and (c) reproduced frin Anwar et al. (2018)

Figure 4     Abrasion test results of control and nanocoatings

Figure 5 	 Opacity level of (a) control, (b) NC 2%, (c) NC 4%, (d) NC 6%, (e) NC 8% and (f) NC 10% coated 
on glass substrates

(a) (b)

(c)



Journal of Tropical Forest Science 31(3): 353–361 (2019) 	 Anwar UMK et al.

360© Forest Research Institute Malaysia

CONCLUSIONS

From the results obtained in the present 
study, it can be concluded that the addition 
of nanoclay into WBC resulted in an increase 
in adhesion and mechanical properties. The 
optimum percentage of nanoclay added into 
WBC was found to be 2%, where higher nanoclay 
content did not result in further improvement 
in properties but some adverse effects were 
detected. The FTIR spectra confirmed the 
formation of nanocoating by showing the 
existing bands and elements in the nanoclay and 
WBC, respectively. Thermal stability estimated 
by TGA measurements showed that the thermal 
stability of nanocoating, with addition of up to 
6% nanoclay, was reduced at low temperature 
but increased at high temperature, compared 
with pure WBC. Furthermore, the opacity of 
coated glass increased when the percentage of 
nanoclay content increased. 
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