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Abstract: The paper focuses on polyurethane foams and urea formaldehyde foams. The addition of absorbing active fillers to them leads 
to creating radiation absorbing effect. The technological realization of filling and foaming of the compositions is directly related to the 
characteristics of the materials. 
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1. Introduction  
Radiation absorbing materials based on organic polymers are 

considerably lighter, less labor consuming and less expensive than 
the ferrite materials. 

The purpose of the current paper is to compare and analyze the 
technological approach in the process of producing radiation 
absorbing foam polyurethane and aminoplast production focusing 
on the speed of foaming compositions.  

The following compounds are used in the production of 
polyurethane foams: 

1. polyoles, amines or their derivatives; 

2. isocyanates or their derivatives; 

3. auxiliary substances (catalysts, regulators, blowing agents, 
retardants etc.) 

Out of all polyesters and polyester polyoles, the latter are the 
most suitable for the production of solid radiation absorbing 
polyurethane foam, because they are not inflammable or explosive. 
The materials used in industry are compound catalyst systems 
(amine catalysts and organic metal compounds) [1]. Among the 
different technological methods of preparation of polyurethane 
foams – obtaining block foams, injection molding, or foaming 
aerosol compositions, the first one is the most appropriate for 
laboratory experiments.    

There are two ways urea foams can be prepared: 1) through 
preparing carbamideformaldehyde resin that is foamed through 
chemical or physical methods; and 2) through foaming a readily 
prepared resin with the help of a foaming system containing 
catalysts, emulsifiers or other components [3]. The second method 
is appropriate for the production of radiation absorbing urea foams 
since it is much more easily conducted in industrial or laboratory 
settings.  

The technological methods for the production of urea foams in 
block matrices are periodic or continuous. Recently the “in siti” 
method has gained popularity. With this method, the foam is 
distributed on certain surfaces with the help of portable launchers 
[2]. This method can easily be applied in the field.  

2. Experimental data and discussion 

The compounds in focus (polyurethane foams and urea) can be 
prepared by laboratory foaming using specific matrices. The 
diagram of the experimental set-up for their preparation is shown in 
Figure 1.  The synthesis can be realized in the following way: 1) 
when preparing polyurethane foams the polyole component 1 is 
dosed in the matrix in advance. This component comprises 
polyester polyole, catalyst system and blowing agent(s). 

 
Fig. 1. Experimental set-up for preparation of foams:  

1 – container for polyole component or carbamideformaldehyde 
resin;  

2 – foaming system 

3 – homogenizer 

4 – variator.  

Isocyanate (methylene diisocyanate in particular) is added at 
once to the polyole component in the process of intensive 
homogenizing at a speed not lower than 600 s -1 for 20 to 30 
seconds. The active absorbing fillers are measured and added to the 
polyole component and are homogenized at a speed of 300 s -1 for 
50-60 seconds. Furthermore, the isocyanate component is added, 
the stirrer speed increases up to 600 s -1 for 20-30 seconds and the 
process of homogenization is terminated. The foaming, hardening 
and cross-linking occur in the matrix at room temperature. When 
preparing carbamideformaldehyde foams, the 
carbamideformaldehyde resin is measured and dosed in the matrix 
in advance. When fillers are introduced, they are dosed in the 
matrix and are homogenized with the help of the resin at a speed of 
500 s -1 for 50 – 60 seconds. The foaming system containing a 
catalyst is added at once, initiating intensive homogenization at a 
speed of 600 – 800 s -1 for 20 -30 seconds. The polyurethane foam 
(carbamideformaldehyde) compositions which are not filled act as 
dielectric matrices in the process of preparing radio-absorbing 
materials. The following elements are used as active absorbing 
fillers causing radio-absorbing effect: Fe, Fe3O4, Cr, Ni, Co, Al, 
Fe2O3. 

From technological point of view it is very important be aware 
of the speed of foaming of the materials to be prepared. The 
technological approach to the kinetic studies of the synthesis of 
polyurethane foams is related to the determining of the important 
technological times (starting time, hardening time, swelling time) 
which are functionally related to the speed of the foaming process 
and are depend to a different degree on the quantity of the filler in 
the compositions. 
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Fig. 2 shows the correlation between the technological times 
and quantity of the filler of the polyurethane foam compositions, 
filled with magnetite. 

magnetite, %

 
Fig. 2.  Correlation of the technological times and the quantity 

of magnetite in the compositions. 

1- starting time; 2- hardening time; 3- swelling time. 

The statistical analysis of the results has lead to the following 
regression equation corresponding to the data shown in Fig. 2. 

 

(1), 

 

where  

y – technological time, s 

x – the quantity of magnetite in the composition, % 

a, b, k – coefficients in the regression equation 

Table 1 shows the values of the regression coefficients in 
equation (1). 

Table 1. Values of a, b, and k in equation (1) 

Technological  
time, s 

a b k 

Starting time (τ1) 1715,9 -192509 55,01 

Hardening time (τ2) 1536,7 -18,7 . 105 92,37 

Swelling time(τ 3) 1425,0 17,2 . 10 133,89 

 

When magnetite is used, the correlation of the technological 
times and the quantity of the filler is of exponential nature; and the 
extreme values of the function may determine the maximum filler 
quantities above which the speed of preparing the foaming material 
increases. 

In the synthesis of urea foams, the time for gelling of the 
dielectric matrix is of significant importance for the speed of the 
foaming process, and this can be considered a quantitative kinetic 
technological parameter. The gelling time is determined as the time 
from the adding of the catalyst to the time when the material losses 
its elasticity. 

Various experiments have been made with dielectric matrices 
containing different ratios of carbamideformaldehyde resin, catalyst 
and water. The carbamideformaldehyde resins used have been of 
the type KFC-1 and KFC-E2, manufactured in Neftohim EAD – 
Dimitrovgrad. Studies have been conducted on the effect of H2SO4 
and H3PO4 as catalysts and of two-isobutyl naphthol sulfonic acid 
as blowing agent and catalyst on the time for gelling of the 
dielectric matrices. Fig. 3 shows the correlation of the gelling time 
and the quantity of the blowing solution when there is 20 vol. % 
catalyst. 
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Fig. 3. Correlation of the gelling time and the quantity of the 

blowing solution (20% catalyst). 

1 - phosphoric acid; 2 - sulphuric acid; 3 - sulfonic acid 

Fig. 3 shows that the sulphuric acid is the one that accelerates 
the gelling process the most, but the complex functions of the 
sulfonic acid determine its application. The quality of the foam that 
has been prepared with sulphur acid as catalyst, does not meet the 
technological requirements concerning the foam multiplicity, 
structure and density. 

Radio-absorbing foams based on polyurethane foams and 
carbamideformaldehyde matrix can be used as acoustic and thermal 
insulation materials in the construction business, in radio equipment 
production, as well as in the military sphere. 

3. Conclusions: 
1. In the process of production of radio-absorbing polyurethane 

foams and carbamideformaldehyde foams, the active absorbing 
fillers are added to the polyole component in the 
carbamideformaldehyde resin for the purpose of preparing 
compositions with good technological properties. 

2. When the quantity of magnetite in the compositions exceeds 
30 units, a very good catalytic effect on the speed of foaming can be 
expected. 

3. To prepare a dielectric matrix for carbamideformaldehyde 
absorbing  foams, it is appropriate to use two-isobutyl naphthol 
sulfonic acid in the foaming system in quantities not smaller than 20 
vol. %. 
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