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n this study, UV-curable urethane acrylate (UA) was synthesized and 

then characterized by FT-IR and HNMR. For better dispersion of 

nanoparticles in polymeric matrix, nano Al2O3 was modified by silane 

coupling agent and then its nanocomposites were prepared. The characteristics 

of synthesized nanocomposites were analyzed by TGA, DMA and infrared 

thermography. The results signify that adding nano Al2O3 to UA matrix leads to 

improvement of thermal stability and viscoelastic properties of the 

nanocomposite. Infrared thermography analysis shows that adding Al2O3 to UA 

causes the surface reflection coefficient to increase and the heat transfer of UA 

nanocomposites to reduce. Therefore, one could point out that UA/Al2O3 (3 and 

5 wt%) is a thermal barrier as a heat insulator. Prog. Color Colorants Coat. 10 

(2017), 193-204© Institute for Color Science and Technology. 
 

 

 
  

  

  

  

  

1. Introduction 

Polymeric coatings are increasingly used in public 

applications and industries. The new potentials of these 

coatings are among affairs which have recently drawn 

the attention of industrial experts and academic 

scholars. Because of physical and mechanical 

properties, being environmental friendly and resistance 

against environmental conditions, polyurethanes are 

widely used as elastomer, foams, and synthetic leathers 

as well as fibers and scaffolds required in tissue 

engineering along with coatings, adhesives and sealants 

[1-4]. The nanocomposites derived from urethane 

acrylate and nanofillers offer new potentials in terms of 

producing novel materials [5, 6]. Among major 

characteristics of the UV-curable urethane acrylate  

 

oligomer, one could point to quick and complete curing 

at room temperature. Nowadays, UV-curing methods 

have drawn a lot of interests due to a high reaction rate, 

free-solvent reactions, protection of environment, low 

curing temperature and high efficiency [7, 8]. 

Polymerization through UV-curing consists of mixing 

of a vinyl monomer and a photo-initiator in the 

presence of UV irradiation [9-12]. In recent years, 

numerous studies have been conducted concerning 

reinforcement of polymers and improvement of their 

characteristics in different industrial areas. The 

reinforcement of polymers via organic and mineral 

materials is very common in which use of nano 

reinforcement has interested many researchers [13-16]. 

I 
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Al2O3 nanoparticles are samples of metallic oxides of 

nano scales which could create different properties 

such as strength, chemical and thermal stability, 

resistance against scratches and improved mechanical 

properties of polymeric matrix [17, 18]. Nanoparticles 

aggregate at the surface of polymer because of their 

small dimensions as they are added to polymeric 

matrix. This issue reduces mechanical properties of the 

resulting polymer. Surface modification of 

nanoparticles reduces the surface energy of particles 

and decreases the possibility of their aggregation [19, 

20]. Therefore, the surface modification of 

nanoparticles through silane coupling agents has drawn 

attention of numerous researchers [21]. In the case of 

selecting proper silane coupling agents, one could 

improve adaptation of particles with polymeric matrix 

during dispersion and curing process [22]. The 

increased interaction contributes to the adhesion 

between the surface of nanoparticles and polymeric 

matrix [20]. In other words, hydrophilic silane coupling 

agents modify the surface of mineral oxide and 

improve the dissipation of particles [23]. 

Recently, numerous studies have been conducted 

concerning heat insulator and heat transfer in coatings. 

Prevention of the heat transfer using polymeric 

coatings and composites has been recognized for a long 

time. Regardless of fillers, thermal conductivity 

coefficient of polymeric coatings is one of their most 

significant thermal properties in processing 

applications. Usually, polymers have lower 

conductivity coefficient than metals and ceramic 

materials. Researchers have studied the case of using 

common polymeric materials (e.g. epoxy, urethane and 

acrylic resins among the others) for coatings. They also 

used different types of nanoparticles. Through a simple 

test device and an infrared camera, they measured 

constant state temperature. In addition, they suggested 

that the theoretical solution for estimation of increased 

thermal conductivity of polymeric nanocomposites 

matches experimental data pretty well [24-26]. One of 

the methods of analysis of the coatings with low 

conductivity coefficient is infrared thermography 

related to temperature distribution on the surfaces of 

different materials. Moreira et al. used infrared 

thermography to estimate the thermal conductivity 

coefficient of polymeric nanocomposites. In addition, 

they studied increased thermal conductivity coefficient 

of polymeric nanocomposites made of thermoset 

polymers and filled with metallic oxide nanoparticles 

[27]. Filling in a polymeric coating with metallic 

particles such as aluminum, copper, silver and nickel 

powders could increase their thermal and electric 

conductivity coefficients [28].
 

In this work, UV-curable urethane acrylate-Al2O3 

nanocomposites were prepared with modified nano 

Al2O3 and UV-curable urethane acrylate resin. The 

effect of modified Al2O3 nanoparticles on thermal 

stability, viscoelastic properties and thermal 

conductivity of the UA nanocomposites were studied 

using TGA, DMA and infrared thermography. 

 

2. Experimental  

2.1. Materials 

Isophorone diisocyanate (IPDI), 1,4-butanediol (BD), 

dibutyltin dilaurate (DBTDL), 2-hydroxyethyl 

methacrylate (HEMA), acetone, benzophenone, 

triethanolamine (TEA), vinyltrimethoxysilane 

(VTMS), isopropyl alcohol and hydrochloric acid were 

all purchased from Merck Co. (Germany). 

Trimethylolpropane triacrylate (TMPTA) was 

purchased from Sigma-Aldrich Co. (USA) and 

aluminum oxide nanoparticles (nano Al2O3) with 

particle size of 20 nm were provided by US Research 

Nanomaterials (USA). All of the materials were used 

without further purification. 

 

2.2. Characterization techniques 

Fourier transform infrared (FT-IR) spectra of the 

samples were performed in KBr disk on the Perkin 

Elmer (Spectrum 1, USA) spectrophotometer. All 

spectra scans were collected over the wave number 

range of 400-4000 cm
-1

. Nuclear magnetic resonance 

(
1
H NMR) spectra were recorded on the 300 MHz 

Bruker spectrometer (Germany) at room temperature 

using DMSO as a solvent. The morphology of the 

cured coating was studied using scanning electron 

microscopy (SEM), LEO 1455VP (Germany). Thermal 

gravimetric analyzer (TGA) (Pyris Diamond Perkin 

Elmer, USA) was used to study the thermal stability of 

the nanocomposites. The dynamic mechanical 

properties (storage modulus, loss tangent and loss 

modulus) of the cured films were measured by a 

dynamic mechanical thermal analyzer (DMA, 242 C, 

Netzch Co, Germany) with a modulus range of 10
3
 to 

10
6
 MPa. The thermal conductivity analysis was 

performed in accordance with Testo infrared camera 

(875-2, Germany). The analysis was conducted based 
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on ASTM-E903-96 standard. 

 

2.3. Modification of nano Al2O3 

Nano Al2O3 was dried in an oven to remove the 

absorbed water at 110°C for 24 h. In a 150 mL glass 

beaker, the dried 10 g nano Al2O3 was sonicated in 60 

ml of isopropyl alcohol for 10 min. Then 0.5 g of 

VTMS and 0.2 mL hydrochloric acid (32%) were 

added to the dispersed solution and mixed for 24 h by a 

magnetic stirrer at ambient temperature. Finally, the 

suspension was filtrated and washed several times with 

ethanol to remove un-reacted VTMS and was dried at 

80 °C for 6 h in vacuum oven. The chemical structure 

of nano Al2O3 modified with VTMS is shown in  

Figure 1. 

 

2.4. Preparation of urethane acrylate oligomer 

The preparation procedure of urethane acrylate 

oligomer was illustrated in Figure 2. Urethane pre-

polymer was prepared by isophorone diisocyanate (0.2 

mol, 44.46 g), 1,4-butanediol (0.1 mol, 9.01 g), 0.2 mL 

of dibutyltin dilaurate (DBTDL) as a catalyst and  

10 mL of acetone were charged into a three-necked 

flask equipped with a nitrogen inlet, a magnetic stirrer, 

condenser and thermometer. This mixture was stirred 

in an oil bath at 45°C for 2 h by magnetic stirrer. Then 

to the prepared pre-polymer, 0.2 mL of DBTDL, 0.2 

mol (26.03 g) of 2-hydroxyethyl methacrylate (HEMA) 

and 10ml of acetone were added. The mixture was 

stirred at 45 °C for 2 h until all NCO groups were 

completely removed and the UA oligomer was 

prepared (Figure 2). Finally, the synthesized UA 

oligomer was dried in the vacuum oven at ambient 

temperature for 2 h in order to remove the solvent. 

 

 

Figure 1: Surface modification of nano Al2O3 with VTMS. 

 

 

Figure 2: Chemical structure of synthesized urethane pre-polymer and urethane acrylate oligomer. 
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2.5. Preparation of UA/Al2O3 nano-

composites 

The formulation of UV-curable UA resin was prepared 

by 35 wt% trimethylolpropane triacrylate (TMPTA) as 

a reactive diluents for adjusting the viscosity, 2 wt% 

benzophenone as a photo-initiator, 2 wt% 

triethanolamine as a co-initiator and 1, 3 and 5 wt% of 

Al2O3 nanoparticles in total formulation. The samples 

were separately stirred and dispersed by the magnetic 

stirrer (1200 rpm) for 3 h. The formulated UV-curable 

nanocomposites were applied on glass and steel 

substrates using an applicator and cured by UV 

irradiation in a UV-curing device (1 kW Hg lamp, 

80w/cm) for 2 min at ambient temperature. The 

prepared UA/Al2O3 nanocomposite films were about 

120 µm thickness.  

In addition to study the thermal conductivity, 1, 3 

and 5 wt% UA/Al2O3 nanocomposite tablets were 

prepared in circular shapes with 25 mm diameter and 3 

mm thickness by casting on glass molds and cured for 

5 min at ambient temperature. The properties of the 

films and tablets were evaluated after UV irradiation 

curing. 

 

3. Results and Discussion 

3.1. Characterization of modified nano Al2O3 

FT-IR spectra of pure Al2O3 nanoparticles and 

modified nanoAl2O3 particles with VTMS are shown in 

Figure 3. In the FT-IR spectrum of pure Al2O3 

nanoparticles, absorption bands at 587, 731 and 

828 cm
-1 

are attributed to characteristic peaks of Al-O 

bonds in nano Al2O3 structures. The bands at 3450 and 

1631cm
-1 

are assigned to O-H stretching and bending 

vibrations of adsorbed water. The FT-IR spectrum of 

the modified nano Al2O3 with VTMS indicates the 

following characterization: The Si-CH3 group in CH3-

Si(O-)3 appearsat 751 and 1263 cm
-1

. The peak at  

1120 cm
-1 

indicates Si-O-Si and Si-O-Al peak appears 

at 809 cm
-1

. The peaks for Si-CH=CH2 structure appear 

at 1410 and 1635 cm
-1

. The (CH3)3Si-O-Si(CH3)3 

structure leads to appearance of a peak in the region of 

1055 cm
-1

. The peaks appeared at 2961 and 3060cm
-1

 

are related to vibrating bands of –CH3 and –CH2 alkyl. 

Clearly, the peaks are very low for the modified 

samples and this suggests that the un-reacted alkoxide 

groups have remained in the composition.  

 

3.2. Characterization of UA oligomer 

The chemical structure of UA oligomer was 

investigated by FT-IR and 
1
H NMR spectra. The pre-

polymer (IPDI+1,4-butanediol) spectrum shows an 

absorption band for -NCO groups at 2268 cm
-1

. The 

UA oligomer was synthesized by reaction of urethane 

pre-polymer with HEMA. The disappearance of the 

characteristic absorption peak at 2268 cm
-1 

attributed to 

–NCO groups indicates that the reaction has been 

completed.  

 

 

Figure 3: FT-IR spectra of pure and modified nano Al2O3. 
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For urethane acrylate oligomer, the peak at 3342 cm
-1

 

corresponds to the N-H stretching mode. The peaks at 

2956 and 2917 cm
-1

 are related to the C-H stretching 

vibrations. The peaks at 1638 and 1459 cm
-1

 are 

attributed to the C=C stretching vibrations. The 

bending vibration of N-H is appeared at 1534 cm
-1

. In 

addition, the observed peaks at 1719,1241, 1170 and 

1044 cm
-1

 are assigned to the stretching vibrations of 

C=O, C-N of urethane, C-O of urethane and C-O in 

HEMA, respectively, while the peaks at 1454 and 1386 

are attributed to bending vibrations of C-H in CH2 and 

C-H in CH3 of HEMA. 

The characteristic peaks of the urethane pre-

polymer were observed at 
1
H NMR (300 MHz, 

DMSO): δ (ppm)= 1.6 and 3.9 (-CH2-CH2-), 7.2 

(NHCOO), 3.1 (CH2-N=C=O). The prepared urethane 

acrylate oligomer was characterized by 
1
H NMR (300 

MHz, DMSO) as following: δ (ppm)= 1.87 (-CH3 of 

HEMA), 5.6 (C=CH2, (cis) of HEMA), 6.03 (C=CH2, 

(trans) of HEMA), 4.21-4.24, (CH2-CH2 of HEMA) 

and 6.96-7.02 (N-H urethane bonds). Thus formation 

of the UA oligomer was confirmed. 

 

3.3. Morphology of nanocomposite 

The presence and dispersion of nanoAl2O3 modified 

with VTMS in polymer-matrix were studied using 

scanning electron microscopy (SEM). Figure 4 presents 

SEM images of the surface morphology of UA and 

UA/Al2O3 nanocomposite films with different weights 

percentages (1, 3 and 5 wt% Al2O3). From the images, 

it is clear that the good dispersion is obtained for the 

sample including nano Al2O3 modified with VTMS. 

The C=C bond in nano Al2O3 modified with VTMS 

participates in the radical polymerization of the curing 

process to achieve uniform dispersion [29, 30]. It is 

concluded that improvement of thermal stability, 

mechanical properties and thermal conductivity of the 

produced nanocomposites are related to the uniform 

dispersion of the modified nano Al2O3. 

 

 

Figure 4: SEM images of UA and UA/Al2O3nanocomposite. (a) UA, (b) UA/1wt%, (c) UA/3wt% and (d) UA/wt5% nano 

Al2O3. 

 

 

 

  



  A. Madhi et al 

 

198  Prog. Color Colorants Coat. 10 (2017), 193-204  

3.4. Thermogravimetric analysis of nano-

composites (TGA) 

The effect of modified nano Al2O3 on the thermal 

stability of the resulting nanocomposites was assessed 

by TGA. Figure 8 shows a comparison of the cured 

nanocomposite film containing 3 wt% nano Al2O3 with 

the UA film. In Figure 5, there is a slight drop in the 

curves around the 110 °C that is related to evaporation 

of water, solvent and un-reacted materials. Also, a 

severe drop of curves and weight loss are observed at 

300 °C, which are related to the decomposition of the 

polymer chains. The polymer is completely 

decomposed around 500 °C. The increased 

decomposition temperature for 25-100 wt% of nano-

composite containing 3 wt% Al2O3 nanoparticles 

signifies enhancement of thermal stability in 

comparison with UA (25%: 330 to 335, 50%: 380 to 

400, 75%:425 to 435 and 100%: 473 to 500 °C).  

The TGA results for UA and UA/3 wt% Al2O3 films 

are summarized in Table 1. The enhancement  

of thermal stability is due to the physical prevention 

effect of the Al2O3 nanoparticles which reduces 

volatility of products influenced by thermal 

decomposition. Also, increased thermal stability is due 

to the suitable dispersion of nanoparticles in polymer-

matrix and strong chemical interactions between the 

modified Al2O3 nanoparticles and the polymeric matrix 

[31, 32].
 

 

 

Figure 5: Comparison of TGA graph of UA and UA/3wt% Al2O3 nanocomposite. 

 

Table 1: Results of TGA analysis for UA and UA/3wt% Al2O3 nanocomposite. 

Samples 
Temperature (°C) and lost weight (%) 

T25% T50% T75% T100% 

UA 330 380 425 473 

UA/3wt% Al2O3 335 400 435 500 
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3.5. Dynamic mechanical properties (DMA) 

DMA was used to investigate the viscoelastic 

properties of the cured films by measuring the storage 

modulus (Eʹ), loss modulus (Eʺ) and loss tangent (tan 

δ) as a function of temperature or frequency. The 

storage modulus indicates the elastic modulus and loss 

modulus is related to the energy lost due to the friction 

associated with the polymer chains. The loss tangent 

can be expressed as the quotient of the loss and storage 

module. Thus tan δ is used as a factor which illustrates 

the relation between elastic phase and viscose phase of 

polymeric materials. The dynamic mechanical 

properties of UA and UA/Al2O3 nanocomposites with 

different percentages of filler were measured. The 

results were obtained as a function of temperature and 

information of glass transition temperature (Tg) [33-

35]. Tg decreases as the flexibility of nanocomposites 

increases.  

 

3.5.1. Storage modulus (Eʹ) 

The storage modulus of UA and UA/Al2O3 

nanocompositesisdependent on temperature. Figure 6 

shows that a decreasing trend is observed in the storage 

modulus with increasing temperature. The storage 

modulus of UA/3 wt% Al2O3 initially reaches a 

maximum because of better attachment between 

polymer and filler. However, the storage modulus 

reduces with the increased temperature. For all 

temperature ranges, reducing trend of storage modulus is 

not constant. When temperature ranges rise from 50 to 

70 °C, the storage modulus drops significantly. Below 

50 °C, there is an area which is described by a glassy 

behavior. In comparison with other areas, there is a 

maximum stiffness for this temperature range. When 

temperature increases beyond 50 °C, a transition from a 

glassy to a soft elastic region is observed in the 

nanocomposite samples. The increased content of filler 

is correlated with the moderate increase of the storage 

modulus. The latter event signifies the increased 

stiffness of nanocomposites which results from there 

reinforcement of induced influence of the Al2O3 

nanoparticles. This mechanism could be explained by 

inter-surficial interactions between nanoparticles and 

UA matrix. The UA matrix could be imagined as more 

stress transmission channels [34, 35]. Therefore, the 

increased storage modulus at 50-100 °C could be due to 

the addition of 5 wt% nano Al2O3in the polymer matrix 

as well as high storage modulus of inorganic phase 

compared with organic phase of the polymer. Thus, at 

high filler content, it is favorable to use UA/5 wt% 

Al2O3 sample due to its better attachment (Table 2). 

 

 

Figure 6: The dependence of storage modulus (Eʹ) on temperature for UA and UA/Al2O3 nanocomposites, measured by 

DMTA. 
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Table 2: Comparison of storage modulus (E') for UA and UA/Al2O3 nanocomposites, measured by DMTA. 

Eʹ (MPa) 

UA/5wt% Al2O3 UA/3wt% Al2O3 UA/1wt% Al2O3 UA T (°C) 

1749 2482 1067 1665 50 

1149 1100 384 598 60 

658 395 129 208 70 

392 169 67 84 80 

201 96 48 44 90 

112 71 40 29 100 

 

3.5.2. Loss modulus (Eʺ) 

Loss modulus is related to the energy lost due to the 

friction associated with the polymer chains. Figure 7 

shows the curves of the loss modulus of the UA matrix 

and UA/Al2O3 nanocomposites with 1, 3 and 5wt% 

filler loading as a function of temperature. The loss 

modulus increases with addition of 3 wt% nano Al2O3 

to the UA matrix. Then loss modulus reduces in the 

case of adding 5 wt% nano Al2O3 to the polymer-

matrix. The dispersed nanoparticles waste energy due 

to the resistance against deformation of viscoelastic of 

the surrounding resin matrix. The reduction of loss 

modulus (Eʺ) associated with the higher percentages of 

nanoparticles is due to the increased aggregation of 

nanoparticles and reduced energy loss of the system 

which undergoes viscoelastic deformation. As Figure 8 

represents, the maximum loss modulus of the UA 

matrix reduces as the amount of the filler increases. 

This signifies the higher damping properties of UA 

than the other filled in nanocomposites. However, the 

effect of nano Al2O3 on the UA matrix is demonstrated 

by a gradual shift of the loss modulus peak towards 

higher temperatures as the nanoparticle content 

increases. Therefore, increase of loss modulus in the 

presence of nanoparticles to a definite value and its 

consequent decrease followed by increasing amount of 

nanoparticles could be related to the dispersion of 

nanoparticles in a polymeric matrix. The reason behind 

this is that a definite amount of nanoparticles in a 

polymeric system starts aggregating and this reduces 

energy loss or loss modulus [37]. 

 

 

Figure 7: The dependence of loss modulus (Eʺ) on temperature for UA/Al2O3 nanocomposites and UA, measured by 

DMTA. 
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Figure 8: The dependence of loss tangent (tan δ) on temperature for UA/Al2O3 nanocomposites and UA, measured by 

DMTA. 

 
 

3.5.3. Loss tangent (tanδ) 

The temperature dependent tanδ curves for UA and 

UA/Al2O3 nanocomposites are shown in Figure 8. The 

damping peak of the UA matrix shifts towards higher 

temperatures as the content of the Al2O3 nanoparticles 

increases. This is attributed to the reinforcement effect 

in which nanoparticles suppress the mobility of the 

polymer chains. Adding Al2O3 nanoparticles (1, 3 and 

5 wt%) to the UA matrix creates changes in the loss 

tangent curves. Adding 5 wt% Al2O3 nanoparticles 

leads to the peak shift of the tan δ curve from 70to 

90°C. The UA/Al2O3 5 wt% sample compared with 

other samples showed lower and wider height of tan δ 

peak.  

This is due to the fact that molecular bonds break by 

increasing the temperature, hence creating severe chain 

vibrations and loose polymer-matrix. The addition of 

Al2O3 nanoparticles in the UA matrix reduces the 

maximum damping peak of matrix. The reducing trend 

is correlated with the increased content of filler. There 

are two probable reasons for this effect: First, the Al2O3 

nanoparticles play a significant role in this process since 

they act as a barrier against mobility of the polymeric 

chains. Thus, the molecular movements reduce and in 

turn, they cause the UA sample to have lower damping 

peak. Second, loading of the filler increases as the UA 

matrix occupies less volume and this is necessary for 

neutralization of energy [34, 35]. The glass transition 

temperature (Tg) is determined by the peak of tan δ 

curve. In the regions higher than Tg of coating, the 

maximum peak of the loss tangent curve shifts towards 

higher temperatures. Considering the fact that the point 

in loss tangent curve represents glass transition 

temperature, one could conclude that the increased 

amount of nanoparticles is correlated with the increased 

Tg of the coating. The reason behind this is the limited 

mobility of polymeric parts due to the inorganic hard 

phase of nano Al2O3. The increase of Tg to 5 wt% 

nanoparticle is quite clear. The higher value of Tg is 

associated with the lower flexibility of the 

nanocomposites [36]. There is a significant shift in the 

Tg from 74.6 °C for UA resin to 75.7 and 90.9 °C for 3 

and 5wt% UA/Al2O3, respectively, as the determined by 

the tan δ peaks. UA/Al2O3 1 wt% has the lowest Tg and 

highest flexibility while UA/Al2O3 5wt% has the highest 

Tg and lowest flexibility (Table 3). 
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Table 3: Tg values of UA and UA/Al2O3 nanocomposites. 

Samples Tg (°C) 

UA 74.6 

UA/1wt% Al2O3 70.4 

UA/3wt% Al2O3 75.7 

UA/5wt% Al2O3 90.9 

 

3.6. Infrared thermography 

The results of infrared thermography and measuring 

surface temperature of the samples are represented in 

Figure 9 and Table 4. It is obvious that loss of 

temperature occurs for all UA/Al2O3 nanocomposite 

tablets (1, 3 and 5 wt%), which suggests increased 

reflection coefficient and reduced heat surface. The 

minimum surface temperature is associated with 3 wt% 

Al2O3 sample. Evidently, the higher reflection 

coefficient is correlated with the reduced surface 

temperature. In turn, the reduced surface temperature 

decreases heat transfer and energy consumption. The 

sample containing 1wt% nano Al2O3 (A1) has 0.2 °C 

temperature loss more than the UA sample. The decline 

of temperature for 1 wt% sample is low which is due to 

the little amount of nano Al2O3. For the sample 

containing 5 wt% Al2O3(A3), increased amount of 

nanoparticles is correlated with expectation for higher 

temperature decrease than the 3 wt% nano Al2O3(A2) 

sample, but the decrease of temperature for the 3 wt% 

sample is 0.2 °C more than the sample containing 5 

wt% nano Al2O3 that the agglomeration of 

nanoparticles is the reason behind the increase of 

temperature in A3 sample. In addition, there is a good 

dispersion in the 3wt% sample and this matches the 

results of morphological data. Therefore, one could 

expect that the increased amount of nano Al2O3 leads 

to the reduced heat transfer if there is a suitable 

dispersion.  

 

 

Figure 9: Infrared thermography results for UA and UA/Al2O3 nanocomposites. 
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Table 4: Surface temperature of UA and UA/Al2O3 nanocomposites. 

Samples Temperature (°C) 

UA 42.2 

UA/1wt% Al2O3 42 

UA/3wt% Al2O3 41.2 

UA/5wt% Al2O3 41.4 

 

4. Conclusions  

In the present study, UV-curable urethane acrylate-

aluminum oxide nanocomposites with 1, 3 and 5 wt% 

Al2O3 were synthesized. The surface of nano Al2O3 was 

modified with silane coupling agent so as to improve the 

dispersion of nanoparticles in the polymeric matrix. The 

synthesis of the UA oligomer and surface modification 

of the Al2O3 nanoparticles were confirmed by FT-IR and 
1
H NMR spectroscopy. The results of analyzing SEM 

images showed desirable dispersion of the Al2O3 

nanoparticles in urethane acrylate polymer matrix. The 

results of TGA indicated that adding Al2O3 nanoparticles 

to UA matrix contributed to the thermal stability. The 

results of DMA analysis confirmed that adding nano 

Al2O3 to the polymeric matrix resulted in improvement 

of viscoelastic properties. The infrared thermography 

analysis suggested that adding Al2O3 nanoparticles (3 

and 5 wt%) to the UA matrix enhanced the reflection 

coefficient of the surface and reduced the heat transfer of 

the samples. As a result, one could mention that 

UA/Al2O3 (3 and 5 wt%) samples are desirable thermal 

barriers. 
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