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owadays, thermal insulation coatings have attracted considerable 

attention as they are one of the most practical solutions to reduce energy 

consumption, by which greenhouse gas emissions are reduced. To 

prepare this composite, water-borne acrylic resin containing nano porous 

structures i.e. silica aerogel with two different particle sizes were considered. 

Firstly, the dispersion of the nano porous particles in water-borne acrylic resin 

was investigated. The main challenge was wetting and dispersing of aerogel 

particles in the waterborne resin, without any penetration of the dispersion 

medium in the nano pores. Three types of dispersant were used, and the dispersing 

process efficiency was characterized by a particle size analyzing, rheological 

behavior, zeta potential, and electron microscopy. The experimental results 

indicated that an anionic surfactant (sulfosuccinate) was more efficient than non-

ionic surfactants (alkyl EO/PO copolymer and octylphenol ethoxylate). 

Additionally, the sufficient method to disperse the particles in water, and acrylic 

resin was studied. Owing to the consequences of the final particle size, the 

rheological behavior of the dispersion, and the diffusion of the medium into the 

nano pores, mechanical mixing with a mild shear rate and short mixing time was 

adopted. The thermal conductivity of the prepared coatings containing 2, 4, and 6 

wt. % of aerogel particles was measured. The effect of concentration and size of 

aerogel particles on the thermal conductivity of acrylic film was evident. The 

results showed that it was possible to reduce 37-46 % of thermal conductivity 

using 6 wt. % of silica porous aerogels in the coating. Finally, the thermal 

transmittance (u-value) of a typical wall with the optimum insulating coating was 

calculated according to ISO 9869 standard. The results showed that the u-value 

would decrease by 24 % if the optimum coating was used with a thickness of 1.5 

mm. Prog. Color Colorants Coat. 16 (2023), 309-317© Institute for Color Science 

and Technology. 
 

 

 

 

 

 

 

1. Introduction 

There has been an increasing need for innovative 

thermal insulating coatings with high thermal 

properties to achieve energy efficiency on façades of 

buildings. This can be accomplished through the 

incorporation of nano porous materials in new thermal 

N 
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insulating coating formulations [1, 2].  

Silica aerogel is a nano porous structure whose 

unique features such as very low density, high porosity, 

high specific surface area, and very low thermal 

conductivity coefficient have caused it to be widely 

used in thermal insulation coating applications [3-7]. 

The main challenge in using silica aerogel in water-

borne thermal insulation coatings is the dispersion  

of these hydrophobic particles. Silica aerogels should 

be hydrophobic to maintain the stagnant air inside  

the pores, which is responsible for low thermal 

conductivity. Therefore, the pores should not be filled 

with water/water-borne resin. Furthermore, the 

hydrophobicity of silica aerogel prevents their wetting, 

homogenous distribution, and dispersion stability [8-

11]. 

Pidhurney and Pescatore [12] compared the effect of 

aerogel and hollow microspheres on the thermal 

conductivity of water-borne acrylic-styrene latex resins. 

They showed that hollow microspheres were more 

effective in reducing the thermal conductivity of the 

coating. This result was surprising for them as the 

density of aerogel is lower than microspheres; hence, the 

coating based on aerogel should have a lower density,  

so that the more the stagnant air is, the lower the thermal 

conductivity is. They attributed this observation to  

the penetration of the polymers into the open pore 

structure of silica aerogel and replaced it with stagnant 

air. Moreover, Burchill [13] observed that it was 

practically impossible to include more than 0.5 wt. % of 

hydrophobic aerogels inside the water-borne acrylic 

dispersion due to the superhydrophobicity and fragility 

at the high shear rate of aerogel particles. In addition, he 

stated that the inclusion of these particles into the 

dispersion significantly increased the viscosity of the 

dispersion and practically made the application of the 

coating impossible. To solve the problems, he used 

surface active agents to disperse the aerogel particles 

inside the system. Liao et al. [14] made a thin film 

composite containing surface-modified silica hollow 

spheres and water-borne polyurethane with excellent 

insulating properties. Zhao et al. [15] fabricated an 

insulating composite based on epoxy resin and silica 

aerogel. They used silica aerogel with different particle 

sizes in a thermosetting epoxy resin. They achieved a 

thermal conductivity of 0.105 W/(m·K) in 60 wt. % of 

silica aerogel in the coating. He et al. [16] made a 

thermal insulation coating by mixing silica aerogel and 

emulsion acrylic and investigated the relationship 

between thermal conductivity and volume fraction, 

density, and particle size in the composites. They 

reported that aerogels only improved the thermal 

conductivity in volume fractions of more than 30 wt. %. 

Chukhlanov et al. [17] studied the heat insulation 

coating based on poly-organosiloxane composites and 

hollow glass microsphere fillers. They reported that the 

lower the thermal conductivity, the higher the filler 

concentration. Bahrami et al. [18] made epoxy-based 

thermal insulation coatings containing three types of 

hollow glass microspheres with different particle sizes in 

epoxy base coatings. They found that the larger the 

hollow microspheres, the better the insulating 

performance. Kang et al. [19] improved the polyacrylate 

film properties using hollow titanium dioxide spheres 

with physical mixing. They obtained the optimal shell 

thickness of hollow titanium dioxide spheres of 43 nm.  

In studies conducted to investigate the thermal 

behavior of insulation coatings, different models have 

been proposed to explain the effective thermal 

conductivity. The core-shell model is one of the most 

commonly used models [20]. In this model, aerogel 

particles inside the resin dispersion are considered 

spheres whose core are dry aerogel and have a different 

heat transfer coefficient than the shell. In this case, the 

shell is a part of the aerogel particle that is penetrated 

by resin and has a different heat transfer coefficient 

from the core and the resin part [11, 15]. 

The diameter of the shell can completely affect the 

final heat transfer coefficient, and this diameter is 

dependent on the penetration rate of the resin 

dispersion into the pores inside aerogel particles. The 

present research has tried to reach the optimal state 

between aerogel dispersion and its stability and the 

insulating properties of the final composite in the form 

of a dry coating film.  

The main purpose of this research is Dispersing of 

hydrophobic silica aerosol in water born acrylic coating 

to have a stable dispersion, without any penetration of 

the dispersion medium in the pores for preparing an 

efficient insulating composite coating. It has been 

added to the last paragraph of the introduction. 

 

2. Experimental 

2.1. Materials 

In this study, aerogel particles were dispersed in water 

borne acrylic resin by different methods. Then, coating 

applied on the surface and thermal conductivity of 
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water-borne acrylic coatings containing aerogel 

particles was measured. Finally, the effect of prepared 

insulative coatings on the saving energy has been 

reported. 

In this study, two types of hydrophobic aerogel 

particles (Figure 1), ENOVA IC3110 (20-40 mµ) and 

ENOVA IC3100 (100-700 µm), Cabot Co. (USA) were 

used (Thermal conductivity = 0.012 W/m.K).  

Polyfam 748 acrylic resin, an emulsion acrylic 

copolymer based on methacrylic acid esters and 

without any plasticizer, purchased from Resinfam 

Company (Iran), was used as a water-borne acrylic 

resin (Solid content: 54 %, Viscosity: 200 cP).  
Sodium sulfosuccinate ester (TRITON

TM
 GR-5M), 

an anionic dispersing agent, alkyl EO/PO copolymer 

(TERGITOL
TM

 XD), and octylphenol ethoxylate 

(TRITON L
TM

 X100), two nonionic surfactants, from 

DOW Co., USA, were used for wetting and dispersing 

aerogel particles and TroyKyd D720, an anti-foam 

additive from Troy Co. were used as received. 

 

2.2. Dispersing aerogels in acrylic resin 

Three methods for dispersing were used as follows: 

Method 1- The desired amount of the dispersing 

agent and anti-foam is added to the acrylic resin, and 

mixed well. Then, the specific amount of aerogel is 

added to the mixture and then mixed for 4 hours at 

2800 rpm using a mechanical stirrer (Heidolph, 

RZR2020, UK). 

Method 2- Aerogel particles are dispersed in water 

containing the dispersing agent (0.3 wt. %) and anti-

foam additive (0.5 wt. %) and then mixed for 2 hours at 

2800 rpm in a mechanical stirrer. Afterward, the resin 

is added to the dispersion and mixed for 1 hour more at 

the same rpm. 

 

 
Figure 1: Image of silica aerogel particles. 

 

 

Method 3- The dispersing, and anti-foaming agents 

mixed with resin for 10 minutes at 400 rpm, then, at 

800 rpm, the calculated amount of aerogel particles 

were added to the mixture in three stages, once every 

20 minutes and mixed properly [9]. 

 

2.3. Evaluation of aerogel dispersion in water 

To study the dispersion of aerogel particles in water, a 

mechanical mixing (400 rpm) for 20 minutes was used. 

Firstly, 0.5 wt.% of antifoam and 0.3 wt.% of each of 

the surfactants were added) to water, then, 2 wt.% of 

aerogel was added to the aqueous solution.  

 

2.4. Scanning electron microscopy 

After drying the dispersion of samples containing 

aerogel particles on hot aluminum foil, the particles 

were investigated through a scanning electron 

microscope (Hitachi S-4160, England). 

 

2.5. Zeta potential measurements 

Zeta potential in colloidal dispersions is the electric 

potential in the interfacial double layer relative to a 

point in the bulk. Zeta potential measurement is one of 

the important factors in the evaluation of the stability 

of colloidal materials. For this purpose, the zeta 

potential of IC3100 and IC3110 samples was measured 

in a water medium in presence of XD, X100, and 

GR5M surfactants using a Horiba NanoPartica SZ-100 

device (France). 

 

2.6. Evaluation of aerogel/ acrylic dispersion 

2.6.1. Particle size measurement 

The particle size of the samples and their distribution 

were measured by a MALVERN, Particle size 

analyzer, Mastersize 2000, UK (ISO 13320). 

 

2.6.2. Rheological measurements 

The rheological properties of the samples were 

investigated by a Physica MCR 300 device, Anton Paar 

Co., Austria. In this measurement, first, a pre-run was 

applied to the samples for 60 seconds. Then, the 

rheology of the samples was measured from 0.01 to 

1000 (1/s) shear rates and then from 1000 to 0.01 in 

return. 
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2.7. Thermal conductivity measurement and 

energetic analysis of coatings 

The thermal conductivity of the dried film was 

measured by an HFM436 device, Netzsch Company. 

The sample was placed between two hot and cold 

plates, and the heat flow resulting of the temperature 

difference was measured using a highly accurate 

temperature sensor. Thermal transmittance of a wall of 

building element (U-value) was measured according to 

IS0 9969:1994 (E). A uniform coating film was applied 

on concrete. Then the applied samples were kept at 

room temperature for one week until they were 

completely dried, and then their thermal conductivity 

was measured. 

 

3. Results and Discussion 

Figure 2 shows the SEM images of two types of 

aerosol particles in the aqueous dispersion. As the 

images show, the particles well dispersed and there is 

no accumulate or flocculation. 

To investigate the stability of silica aerogel 

dispersion in water, the zeta potential of the dispersions 

was measured. The ionic surfactant created an effective 

electric charge on the particles by adsorbing on their 

surface, causing the creation of an electric double layer 

around the particles, electrostatic repulsion force, and 

dispersion stability [21, 22]. Table 1 presents the zeta 

potential of the dispersions. 

 

 
Figure 2: SEM images of dispersed aerogel particles a) 

IC3110 and b) IC3100. 

Table 1: Zeta potential of aerosol dispersions 

containing different surfactants. 

Aerosol/ 

surfactant 

TRITON 

GR5M (mv) 

TRITON 

X100 (mv) 

TERGITOL 

XD (mv) 

IC3100 38.5 31.5 23.6 

IC3110 25.5 23.6 19.4 

 

The comparison of the results of Table 1 reveals the 

better performance of the anionic surfactant than the 

non-ionic surfactant. Therefore, this anionic surfactant 

was used in the next experiments. 

 

3.1. Evaluation of aerogel/acrylic dispersion  

Figure 3 shows the rheological behavior of acrylic 

resin in terms of viscosity as a function of shear rates 

and Figure 4 shows the shear stress as a function of 

shear rates in reciprocating mode. 

 

 

Figure 3: Viscosity of acrylic resin as a function of 

shear rates. 

 

 
Figure 4: Shear stress of acrylic resin as a function of 

shear rates. 
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The acrylic resin exhibits shear thinning behavior at 

a low shear rate (Figure 2). The behavior becomes less 

effective at higher shear rates, and approaches 

Newtonian fluids. The shear thinning behavior of the 

resin at a low shear rate can be attributed to steric 

immobilization, where the water inside the resin is 

trapped between the dispersed polymer particles. As 

the shear rate raises, the mobility of polymer chains 

increases and the trapped water may release, and the 

apparent viscosity decreases [23, 24] resulting in the 

pseudo-plastic behavior of the resin. The shear stress / 

shear rate diagram in a reciprocating cycle for the 

acrylic resin is the same, indicating that the rheological 

behavior of the resin is time-independent and no 

thixotropic behavior exists.  

In the first method of dispersion, 0.5 wt. % of the 

dispersing agent is added to the acrylic resin, and then 

2 and 4 wt. % of each aerogel is added and mixed for 4 

hours at 2800 rpm. The result of this method is a paste-

like mixture, which may be attributed to the 

instabilization of the acrylic polymer emulsion at high 

shears, a structure may form, and the acrylic/aerogel 

mixture shows a rheopectic behavior [25]. This 

behavior is not favorable; therefore, changing the 

dispersing method is necessary. 

In the second method, 2 and 4 wt. % aerogel 

dispersion in water is prepared with the aid of 

dispersing and antifoam additives and is mixed for 2 

hours utilizing a mechanical stirrer at 2800 rpm. Then, 

the resin is added to the system and mixed for 1 hour 

more at the same rpm. The resin dispersion made in 

this way at a concentration of 4 wt. % was again shows 

high viscosity and paste like dispersion. Figure 5 shows 

the viscosity diagram of the resin dispersion made by 

this method at a concentration of 2 wt. % in terms of 

shear rates for two types of aerogel particles. 

Figure 5 shows the shear thinning behavior of 

aerogel/acrylic dispersion, which can be attributed to 

steric immobilization and the release of water between 

the particles at higher shear rates. Additionally, the 

difference in the rheological behavior of larger 

particles and smaller can be noticed. Dispersion of 

larger particles exhibits higher apparent viscosity at the 

lower shear rates. However, with the increase in the 

shear rate, the viscosity of the larger particle dispersion 

decreases remarkably. This behavior can be attributed 

to the more population of particles in the dispersion of 

smaller particles. Figure 6 shows the shear stress as a 

function of shear rates for two types of dispersions 

through reciprocating measurement. 

The rheological behavior of the dispersion 

containing IC3100 particles is unstable (Figure 6), 

revealing the low quality of the larger aerogel particle 

dispersion in acrylic resin. To disperse smaller 

particles, in low shear rates until 450 s
-1

, the dispersion 

shows shear thinning behavior, as well as the 

Newtonian behavior of dispersion. It shows a 

thixotropic behavior of the dispersion. 

The high viscosity and the thixotropic behavior of 

the 4 wt. % aerogel particle dispersion, as well as the 

unstable rheological behavior of the dispersion 

containing 2 wt.% of larger particles, once again 

establish the requirement to change the mixing method. 

In Method 3, aerogel particles dispersed inside the 

acrylic resin at a lower rpm and in a shorter time.  

 

 
Figure 5: Viscosity of dispersion (method 2) as a 

function of shear rates (2 wt.% aerogel). 

 

 

Figure 6: Shear stress of resin dispersion as a function 

of shear rates (2 wt.% aerogels was dispersed in resin 
by Method 2). 
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First, 0.5 wt.% of the dispersing agent is mixed with 

the calculated amount of resin for 10 minutes at a 

speed of 400 rpm, and then mixing was continued at 

800 rpm using a mechanical stirrer. In the next step, the 

calculated amount of aerogel particles was added to the 

dispersion at three stages and once every 20 minutes. 

The mixing time in this case was one hour. The 

prepared dispersion via Method 3 exhibited proper 

viscosity and stability. Figure 7 shows the viscosity 

diagram for 4 different dispersions as a function of 

shear rates. 

As Figure 6 shows, the higher aerogel particles, the 

higher the viscosity. Another point is that the 

dispersion viscosity of larger particles is higher at very 

low shears, and then the dispersion viscosity of these 

particles decreases compared to the dispersion of 

smaller particles at higher shear rates. Figures 8 and 9 

shows the shear stress as a function of shear rates for 

two dispersions of smaller and larger particles in 

reciprocating cycles, respectively. 

As the rheological behavior of dispersions showed, 

Method 3 indicated the proper quality of the 

dispersions. However, the shear thinning behavior is 

still observed in all samples. The diagrams of shear 

stress as a function of shear rates in reciprocating 

cycles are close together for all samples, indicating the 

reduction of the thixotropic behavior of the dispersions. 

Hence, the mechanical mixing at a lower rpm and in a 

shorter time (Method 3) is considered for the next 

experiments. Table 2 shows the particle size 

distribution of the 4 wt. % of IC3100 and IC3110 

dispersions. Prepared according to Method 3. 

Two regions can be distinguished in both IC3100 

and IC3110 samples. The first region is between 0.1 

and 1 microns, which may have related to polymer 

emulsion particles, and the second region is related to 

aerogel particles, the peak of which is visible for 

IC3100 aerogel at around 35 µm and IC3110 particles 

 
 

Table 2: Particle size distribution of the resin 

dispersions. 

Sample Area (1) Peak (1) Area (2) Peak (2) 

IC3100 – 1 (μ) 200 nm 
10-100 

(μ) 
35 µm 

IC3110 – 1 (μ) 200 nm 
50-500 

(μ) 
150 µm 

Acrylic 

resin 
– 1 (μ) 200 nm 1-1.5 (μ) 850 nm 

 
Figure 7: Viscosity of resin dispersion as a function of 

shear rates (2 and 4 wt. % aerogels was dispersed in 
resin by Method 3). 

 

 
Figure 8: Shear stress of resin dispersion as a function 

of shear rate (2 and 4 wt. % of 3100 aerogels dispersed 
in resin according to Method 3) 

 

 
Figure 9: Shear stress of resin dispersion at different 

shear rates (3110 aerosols with 2 and 4 % weight was 
dispersed in resin by Method 3). 
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at around 150 µm. They confirm the size of aerogel 

particles in powder form before dispersing them in the 

acrylic resin, indicating the favorable quality of the 

dispersion for use as thermal insulation coating. Due to 

the size of resin emulsion particles is larger than the 

pore size of the aerogel particles, it is not possible for 

the emulsion to penetrate into the pores and only the 

aqueous medium will penetrate into the aerogel. 

 

3.2. Thermal conductivity measurement 

The thermal conductivity of the dried composite film 

was measured via the HFM436 device, Netzsch Co. 

according to the ASTM C518 standard test method. 

Table 3 represents the results of the thermal conductivity 

measurements for different coatings with a thickness of 

3.8 ± 0.2 mm. 

According to Table 3, the thermal conductivity of 

the acrylic film without any aerogel (Polyfoam 748) is 

equal to 160±5 mW/mK that is in agreement with the 

values reported in the similar research [26].  

As Table 3 shows, the effect of porous silica 

particles on the thermal conductivity of the acrylic 

resin is evident, and the thermal conductivity decreases 

as a function of the aerogel particles in the film. It can 

have observed 37 % and 46 wt. % reduction in the 

thermal conductivity for 6 wt.% of IC3100 and IC3110 

aerogels in dry composite coating respectively. The 

performance superiority of IC3110 aerogel particles, 

with an average particle size ten times larger than 

IC3100, was evident for all samples. 

This finding has also been confirmed in another 

study [11], in which the thermal properties of the 

epoxy aerogel composite were studied, and two 

aerogels of different sizes, one with a particle diameter 

smaller than 0.2 mm and the other with a particle 

diameter between 0.2 and 2 mm, were used. The larger 

particles exhibited better thermal performance than the 

smaller particles. In Zhao’s study, this behavior is 

attributed to the penetration of epoxy into the pores of 

aerogel particles. The study assumed that the 

composite was made of three parts: an epoxy matrix, 

an interface containing penetrated resin in aerogel 

pores (shell part), and an aerogel core free from any 

penetrated resin or medium. 

Based on this model, the penetration length of the 

epoxy matrix into the aerogel is independent of the size 

of the aerogel particles and is considered the same for 

both aerogels. The aerogel core of larger particles, 

resulting in the better thermal performance of the  

 

Table 3: Thermal conductivity of the coatings. 

Aerosol based 

composite 
wt. % 

Thermal conductivity 

(mW/mK) ±5 

Blank - 160 

IC3100 2 135 

IC3100 4 116 

IC3100 6 101 

IC3110 2 126 

IC3110 4 101 

IC3110 6 87 

 

 

particles. This study [11] does not report the average 

pore size for each of the two aerogels.  

 

3.3. Energetic analysis 

As mentioned, in order to measure the U-value 

(thermal transmittance), the coating film was applied 

on a flat concrete with a thickness of 20 cm (30×30 cm 

Length and width). The coating was applied with a 

thickness of 1.5 mm. The thermal conductivity of 

concrete substrate was measured via HFM device, and 

calculated as 23 mWm
-1

K
-1

. Therefore, its thermal 

resistance was 0.97 m
2
KW

-1
. After applying the 

coating on the substrate, the coating film also behaved 

as a thermal resistance, which is in series with the 

thermal resistance of the concrete substrate. 

Therefore, Rtotal in the above equation, contact 

resistance, can be written as follows (Eq. 1):  
 

                                (1) 
 

TCR is the contact resistance between the coating 

film and the substrate. To determine the resistance of 

the coating film accurately by considering the contact 

resistance, each measurement can be performed twice 

and with two different thicknesses of the film as 

reported in the other research works [27, 28]. In this 

case (Eqs. 2 and 3): 
 

                                      (2) 

 

                                               (3) 
 

By subtracting the above two equations and 

assuming the contact resistance to be equal in the two 

measurements, the thermal conductivity of the coating 
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film is determined. Based on the experimental results, 

applying a coating containing 6 wt. % IC3100 aerogel 

can increase the thermal resistance up to 42 % and 

reduce the U-value by 24 %, which consequently 

reduces energy consumption in the buildings and saves 

it. 

 

4. Conclusion 

We can conclude that: 

I. The anionic surfactant, sodium sulfosuccinate esters, 

is a much more efficient than the nonionic surfactants 

in dispersing aerogels in waterborne acrylic resin 

2. Rheological measurements showed that the 

mechanical method with low intensity and a shorter 

time is more sufficient for dispersing aerogel particles 

in waterborne acrylic resin. 

3. The presence of aerogels has a significant effect on 

the thermal conductivity of acrylic coating. The higher 

amount of aerogels, the lower thermal conductivity of 

the coatings. The results show 37 and 46 % reduction 

in thermal conductivity for smaller and larger aerogel 

particles in the coatings, respectively. 

4. Based on the experimental results, the thermal 

transmittance (U-value) for a coating containing 6wt.% 

aerogel IC3100 can reduced by 24 %.  

5. The dispersion of porous nano silica was prepared 

with optimum dispersing property and thermal 

insulting behavior. 
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