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1 Introduction  

 
Syntactic foams are a new and promising generation of materials, which could be used as thin-

layer heat insulating coatings as well. These are usually gas-filled composite polymeric materials, 
where different organic binders and microspheres are used as filler, uniformly distributed in the matrix. 
At this stage, industrial significance have mono-component binders, which are most commonly an 
acrylic-based water solution, phosphate adhesive or silicon but bicomponent, epoxy resin-based ones, 
are also successful [1 - 7]. The closed porosity of these foams is formed not in the result of the use of 
gas-generating or foaming additives, but thanks to the introduction of 40 - 80 % hollow spherical 
particles. The syntactic foams have a low thermal conductivity, low density and good processibility - 
thanks to the microspheres, as well as mechanical strength and heat resistance owing to the binder  
[1 - 4]. The microspheres, which are used as filler, can be solid or hollow, made of glass, ceramic or 
polymer [2, 3, 8 - 11]. Each type has its share in achieving an optimal complex of physical-mechanical 
properties of the composite, and it has been found that ceramic and glass hollow microspheres appear 
to be the most suitable.  

Substantial advantage of syntactic foams is their workability: they are easy to apply, have good 
adhesion to the surface and good decorative appearance. In their initial state, they are flowable 
compositions, which form their final structure after evaporation of the water from the solution of the 
matrix. Thin-layer heat insulating coatings are an innovative material that is still at the stage of 
development and acceptance. There is plenty of information, both scientific and industrial, but it is 
highly diverse in terms of their thermophysical parameters (thermal conductivity coefficient from 
0.0001 W/m·K to 0.2 W/m·K) and effectiveness [2, 4, 5, 12]. In view of the expected mass introduction 
into practice of these and similar ultrathin heat insulating coatings, it is required that they are studied 
more thoroughly and their thermo-technical parameters be defined more precisely. 
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The main purpose of this research is to study the impact of the type and parameters of the filler 
used in compositions of syntactic foams used as insulating coatings on their structure and thermal 
conductivity coefficient. The analysis of the obtained results will help to optimize the quality of their 
compositions and to predict their behaviour in real conditions. 

 
 

2 Experimental  
 
2.1 Materials and sample preparation  
 

Four compositions (SFC-1, SFC-2, SFG-1 and SFG-2) of syntactic foams based on water 
dispersion of an acrylic polymer with hollow microspheres of different type and quantity were studied 
(Table 1).  
 

Table 1: Composition of the samples with thin heat-insulation coatings. 

Composition Microsphere type Size / quantity of 
microspheres 

δ* 
mm 

ρ** 
kg/m3 

SFC-1 Alumino-silicate 1 - 40 µm / 60 % 0.253 ± 0.020 315 ± 6.2 

SFC-2 Alumino-silicate 1 - 40 µm / 80 % 0.347 ± 0.020 215 ± 6.4 

SFG-1 Glass microspheres 9 - 25 µm / 80 % 0.716 ± 0.012 125 ± 3.4 

SFG-2 Glass microspheres 20 - 80 µm / 80 % 0.465 ± 0.040 165 ± 5.1 

*δ - thickness of coating, values are averaged for all samples; **ρ - density of coating, values are averaged for all samples 
 
10 pieces of each type were prepared by using of glass plate pads with length of 200 mm, width 

of 200 mm and thickness of 8 mm (Fig. 1.). A coating of each composition was applied with a spray 
gun, in two layers. The second layer was sprayed on the first one after 6 hours of drying at room 
temperatures. The thickness of the coatings was measured at 144 points of a coordinate machine. 

 

 
Fig.1: General view of a testing specimen. 

 
2.2 Equipment and research methods  
 
2.2.1 Structure 
 

The structure of the samples was studied by a light inverted microscope METAM LV-41 and 
was photographed with the visualization complex TC-500. Different optical magnifications were used 
in conditions of a bright field with differential-interference contrast, a bright field with oblique 
illumination and a dark field for better visualization of the studied objects and a better highlight of the 
structural components. This allows the unpolished, dull, with partial light-reflective ability (only from the 
glass microspheres) white surface to be better observed. 
  
2.2.2 Thermophysical tests 
 

The thermophysical parameters were determined by analyzer for thermal conductivity TCi and 
were processed with specialized software TCi3.0. The analyzer is based on the modified transient 
plane source (MTPS) method. 

The test consists in unilateral thermal impact from the TCi-sensor to the sample. For an 
integrated assessment of the heat-conducting properties of each of the tested samples with thin-layer 
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coatings, were carried out 10 measurements in 10 different points. The TCi analyzer measures the 
thermal effusivity e and the thermal conductivity coefficient k. 

All tests were conducted by observing the methodology for work with TCi analyzer and the 
requirements of the ISO 22007-2:2015 [13]. Before each measurement, a test was carried out with 
Pyrex calibration material. 
 
2.2.3 Infrared thermography 
 

An infrared camera FLIR E60bx with a resolution of 320 x 240 pixels and lens FOL18 was used. 
Due to the high emission capability of the coatings (white surface and high content of reflective 
microspheres), work was performed at emission coefficient of 0.70. Specialized software FLIR Tools 
and FLIRResearchIR was used for data processing. 

Infrared photographing was carried out at the following conditions: temperature of the heat 
source of 65 °C; temperature of the glass plate pad of the tested samples of 45 °C; temperature of the 
air in the room: 15 °C.  
 
 
3 Results and discussion 
 
3. 1 Structural analysis of the coatings 
 

Fig. 2 shows the structures of the thin coatings, made by different syntactic foams compositions. 
All coatings have a relatively homogeneous structure with uniform distribution of the microspheres 
within the polymer matrix. 
 

Magnification 
x 50 x 200 х 1000 

Fig. 2: Structures of the studied samples at different magnifications: a) SFC-1; b) SFC-2; c) SFG-1;  
d) SFG-2. 
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The structures of coatings with composition SFC-1 and SFC-2, i.e. with ceramic microspheres, 
have a well-expressed relief on the surface. Air gaps are formed between the spheres and the matrix. 
The surface of the coating with composition SFG-1 has relatively good smoothness. The glass 
microspheres are well enveloped by the matrix without the presence of air gaps. The coating, whose 
composition has the largest diameter of microspheres, composition SFG-2, shows and most coarse 
surface with strongly-expressed relief.  

The multitude of ceramic microspheres with a continuous dimensional factor within the range of 
1 - 40 µm (composition SFC-1) form thin layers in the structure of the coating (Fig. 2a). The 
hollowness of the microcapsules provides a peaceful airless inner part, which is a prerequisite for 
excellent heat insulating properties of the coating. 

The structure of the coating with composition SFC-2 is non-compact, which is proved by its 
rough surface (Fig. 2b). Due to the doubled size of the specific area of the microspheres, the lather 
remains unenveloped by the matrix, because the quantity of the binder does not change. 

The glass fine hollow microspheres (size 9 - 25 µm, composition SFG-1) contribute to their 
better compactness and, correspondingly, to thinner layers of the matrix substance between them. 
The microcapsules are well enveloped by the matrix. As a result, "thick" layers are formed with a 
relatively smooth surface (Fig. 2c), but also with the lowest density (Table 1).  

The great number of microspheres in composition SFG-2 and their coarse granularity (20 - 90 
µm) results in formation of a non-compact and rough structure with strongly-expressed relief of the 
surface (Fig. 2d). Similarly to composition SFC-2, the microcapsules are not well enveloped by the 
binder and air gaps are visible between them and the matrix. 
 
3. 2 Influence of syntactic foams composition on co ating’s thermophysical properties 
 

Table 2 presents the results experimentally obtained from testing the samples on a TCi analyzer 
by the method of short-term heat source. The relative standard deviation (RSD) for all measurements 
is less than 1 %. 
 

Table 2: Results for the thermal characteristics of the tested samples. 

Composition 
keq RSD k R 

W/(m·K) % W/(m·K) (m2
·K)/W 

SFC-1 0.395 0.7 0.029 0.008 

SFC-2 0.722 0.5 0.116 0.002 

SFG-1 0.421 0.6 0.087 0.008 

SFG-2 0.818 0.5 0.205 0.002 

 
The equivalent thermal conductivity coefficient keq was measured for the system glass plate pad 

- thin syntactic foam coating. The thermal conductivity coefficient of the coating k was calculated by 
the methodology developed and described in [14]. The heat resistance was also calculated for all 
compositions of the tested thin coatings.  

The lowest value of thermal conductivity coefficient belongs to the coating with composition 
SFC-1 (k = 0.029 W/m·K), i.e. the ceramic microspheres in a volumetric concentration of 60 % and 
size 1 - 40 µm enable the best heat insulating properties. The equivalent coefficient keq is almost 3 
times lower than the thermal conductivity coefficient of the glass base (kglass = 1.18 W/m·K, [14]) and 
nearly 10 times lower than that of the composite matrix (kacrylic=0.2 W/m·K, [15]).  

By increasing the concentration of the ceramic microspheres in the composition of the 
composite (composition SFC-2), the thermal conductivity coefficient of coating k and the equivalent 
thermal conductivity coefficient keq increase. However, the equivalent coefficient keq is nearly 1.5 
times lower than the thermal conductivity coefficient of the glass plate and nearly 1.7 times lower than 
that of the matrix. 

The coating with composition SFG-1 has a very low thermal conductivity coefficient (k = 0.089 
W/m·K), but it is higher than that of the coating with composition SFC-1 (k = 0.029 W/m·K). It should 
be noted, that the finer glass microspheres have a smaller volume of the gas phase closed within 
them in comparison with the ceramic microspheres, which have a larger volume share of hollowness. 
The equivalent coefficient keq is by 35 % lower than the thermal conductivity coefficient of the glass 
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plate, and the thermal conductivity coefficient of the coating k by 45 % lower than the thermal 
conductivity coefficient of the matrix. 

Composition SFG-2 shows the highest thermal conductivity coefficient (k = 0.205 W/m.K) in 
comparison with the other studied compositions. The equivalent coefficient keq is about 1.4 times 
lower than the thermal conductivity coefficient of the glass plate, but the thermal conductivity 
coefficient of coating k is comparable to the thermal conductivity coefficient of the matrix. 

The thermal conductivity resistance R of composition SFC-1 and composition SFG-1 is four 
times higher than that of composition SFC-2 and composition SFG-2, which indicates much better 
heat insulating properties of these syntactic foams compositions. 
 
3. 3 Infrared thermography 
 

Fig. 3 shows the results from the infrared thermography of the tested compositions of thin heat-
insulation coatings. They fully correspond to the established thermal parameters of the tested 
compositions of thin coatings. Indicative of that are the established temperature differences ∆t of the 
temperatures on both sides of the experimental samples (Table 3). 
 

 
Fig. 3: Infrared thermography of the tested samples: a) SFC-1; b) SFC-2; c) SFG-1; d) SFG-2. 

 
Table 3: Results of testing the samples with infrared camera. 

Composition ∆t, oC Dtmax, cm Dt = 16,7 
o
C, cm 

SFC-1 10.4 8.5 10.4 

SFC-2 6.8 10.8 16.8 

SFG-1 7.8 4.3 x10 11.8 

SFG-2 7.0 9.3 12.4 

Dtmax - the diameter of the temperature field with a maximum temperature (highlighted in red);  Dt - the diameter of the 
temperature field with a temperature of 16.7 oC, which is determined graphically 

 
The infrared photographs are also indicative for the thermal diffusivity of the coatings. Thin 

coating SFC-2 has greater thermal diffusivity compared to coating SFC-1. The smallest thermal 
diffusivity belongs to coating SFG-2. The evidence of this are the data presented in Table 3 and in  
Fig. 4 - the diameter of the thermal field at one and the same temperature of Т = 16.7 oС is different for 
the individual coatings, where the greatest is for coating SFC-2 and the smallest the coating SFG-2. 

 

 
Fig. 4: Linear profile of temperature distribution of the tested samples, obtained by processing the 

infrared thermal images with FLIRResearchIR software. 
 
 

4 Conclusions 
 

Based on the results obtained from this study of thin coatings with different syntactic foams 
compositions, the following conclusions could be drawn: 
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1. The best heat insulating properties belong to thin coatings with composition of 60 vol. % 
ceramic microspheres sized 1 - 40 µm and to these with composition of 80 vol. % glass hollow 
microspheres sized 9 - 25 µm. These two are also the compositions which have a compact structure 
and relatively smooth surface. 

2. With the increase of the volume proportion of the ceramic microspheres from 60 vol. % to 80 
vol. %, the thermal conductivity coefficient increases 4 times. 

3. As finest are the glass hollow microspheres, so compact is the structure of the composite, 
the lower is its density, and the lower is its thermal conductivity coefficient. 

4. Larger-sized glass hollow microspheres enable lower thermal diffusivity of the thin coating. 
At identical volume proportion of filler (80 vol. %), the best heat insulating properties belong to 

the coating made of the finest glass microspheres. 
The results, analyses and conclusions presented above give reason to state that thin heat-

insulation coatings based on syntactic foam with ceramic or glass hollow microspheres are superior in 
terms of heat-conducting properties to a number of commonly used heat insulating materials and that 
they rival heat insulating materials, based on foamed plastics. 
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