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Abstract: This work is a continuation of the development of hydrophilized unsaturated polyester resin (HUPER). Again, the authors’ main 

aim is a possibility for hydrophilization of unsaturated polyester resin (UPER), but in this case the previously selected hydrophilizer cement 

‘milk’ was replaced by the water glass component without disregarding the contribution of cement to the multicomponent hydrophilizing 

system. The special thing about this case is that there are a number of hydrophilizers, all of which individually have a hydrophilizing effect 

on resin, and that they are influenced by each other. This is of utmost importance not only for the hydrophilization technology but also for 

the research into important accompanying issues, such as kinetics, mechanical strength characteristics, spectrum and derivatographic 

analysis. This study only addresses some of the issues mentioned for reasons of volume of work. However, due to the possible interest they 

could arouse in the different fields of chemistry, in medical and technical terms, they are to be developed and resolved in the future. 
KEYWORDS: HYDROPHILIZATION, RESIN/MINERAL DISPERSE SYSTEM, CEMENT, WATER GLASS. 

 

1. Introduction 

The development of UPER-based polymer/silicate composites  is 

carried out by different types of cement [1,2,4], which are 

principally known to impart strength to materials and high corrosion 

resistance. Since literature [1] reports of some negative properties 

associated with cement impact – deformability, plastic deformation 

(sagging) – a new approach was sought to develop HUPER. The 

hydrophilizing system can be a two-component system composed, 

for example, of sulfate resisting blast furnace cement (SC) and 

water glass (WG) in different proportions. Thus obtained composite 

materials can overcome the above-mentioned disadvantages and 

add a valuable property, such as high relief, to the polymer-silicate 

surface. 

An important motive for research activity is to obtain polymer 

concrete of high physical and mechanical properties on the basis of 

aggregate waste. In principle, such recycling of materials is not new 

[3] but the idea could be developed as the two-component SC/WG 

system hydrophilizes the resin while influencing the curing time, 

mechanical indicators (impact strength, tension strength), 

technological nature of HUPER developed (obtaining at room 

temperature, capability to be cast into different molds, predictability 

of casting time, etc.). To achieve the derived factors it is essential to 

add water, which is a stable, constant and corrective factor for the 

SC/WG system, as it has a diluting, plasticizing and modifying 

effect not only on the two-component hydrophilizing system but 

also on UPER that cures in its presence. 

The purpose of this work is to develop HUPER-based polymer-

silicate composites using SC and WG, and to establish the 

dependence of some mechanical properties on the composition of 

the polymer/silicate system. 

 

2. Materials and methods 

 

2.1. Materials 

We used:  

Resin of type Vinalkyd 550 PE-R (Orgachim Resins – Ruse) 

containing 35% styrene and 65% unsaturated polyesters, which is a 

condensation product of propylene glycol and maleic anhydride. A 

50% solution of cyclohexanone perodxide (CHP) in 

dibutylphthalate was used as a curing initiator, and a 10% solution 

of cobalt naphthenate (CN) in styrene was the accelerator.  

Sulfate-resistant blast furnace cement CEM III A-S 42.5 N SR – 

Devnya Cement, town of Devnya (SC).  

Sodium silicate solution (Water glass - WG) – BEKO Water Glass 

and Detegrents Factory, town of Troyan. 

2.2. Methods 

Methods for obtaining compositions based on unsaturated polyester 

resin hydrophilized with cement were developed at fixed amount of 

water compared to cement (50%) in the presence of WG, at fixed 

CN/CHP ratio compared to resin. 
Test pieces were examined for impact strength according to Izod by 

Izod impact testing machine GB1843-2008.  

Test pieces were examined for tensile strength and compression 

strength by means of HZ-1005 Computer-type Tensile Testing 

Machine. Dumb-bell test pieces for examining the tensile strength 

are placed in the jaws of the machine. Flexural stress and flexural 

modulus are calculated according to EN ISO 178:2019. 

 

3. Results and discussion 

Polymer compositions with two-component hydrophilizing systems 

containing WG and SC were developed. The two hydrophilizers 

were applied according to the following pattern: at constant amount 

of resin and the relevant CN/CHP redox system, the same amounts 

of water glass and three different quantities of SC were used. Other 

two polymer compositions were developed accordingly. Each of 

them contained a higher amount of WG as compared to the previous 

composition, and the quantities of SC increased in the same order. 

Kinetic relations of nine test samples were studied based on that 

order (Table 1-3): 

 
Table 1. Data on the obtaining of compositions based on UPER 

hydrophilized by different quantities of SC at constant amount of 

WG (3% ± 1%) and 50% water of the SC quantitiy.  

Composition  

No.  

SC quantity  

%  

Time  

[τ, min]  

Temperature  

T max., ˚C]  

1 0 18 99.5 

2 12 40 54.5 

3 25  29 55.5 

4 35  29 43.5 

 
The kinetics of the polymerization process can be presented on the 

basis of the temperature change at regular intervals. This kinetic 

relation was examined due to the fact that it generate a  certain 

amount of heat corresponding to the set time intervals in the course 

of radical copolymerization. Thus, the time tracked from the 

beginning of polymerization to gelation proves that an exothermic 

process takes place enabling tracking of the kinetics of formation of 

any polymer composition. Such kinetic relations are presented in 

Figures 1-3. 
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Figure 1. Kinetics of the polymerization process, where curve 1 - 

0% SC, curve 2 - 12% ± 2% SC, curve 3 - 25% ± 2% SC, curve 4 - 

35% ± 2% SC (according to Table 1) 

 

Table 2. Data on the obtaining of compositions based on UPER 

hydrophilized by different quantities of SC at constant amount of 

WG (8% ± 2%) and 50% water of the SC quantity.  

Composition  

No.  

SC quantity  

%  

Time  

[τ, min]  

Temperature  

T max., ˚C]  

1 0 20 73.5 

2 12 33 40.5 

3 25  27 45.5 

4 35  25 39.5 

 

 
Figure 2. Kinetics of the polymerization process, where curve 1 - 

0% SC, curve 2 - 12% ± 2% SC, curve 3 - 25% ± 2% SC, curve 4 - 

35% ± 2% SC (according to Table 2) 

 

Table 3. Data on the obtaining of compositions based on UPER 

hydrophilized by different quantities of SC at constant amount of 

WG (12% ± 2%) and 50% water of the SC quantity.  

 

Composition  

No.  

SC quantity  

%  

Time  

[τ, min]  

Temperature  

T max., ˚C]  

1 0 17 48.5 

2 12 26 42.5 

3 25  26 34 

4 35  24 38 

 
Figure 3. Kinetics of the polymerization process, where curve 1 - 

0% SC, curve 2 – 10.85% SC, curve 3 – 24.56% SC, curve 4 – 

32.87% SC (according to Table 3) 

 
It is observed that, irrespective of the increase in the amount of WG, 

gelation time is always the highest at the lowest quantity of cement 

(12% ± 2%). The increase in SC results in decrease in the gelation 

time, irrespective of the amount of WG. A large number of studies 

have been carried out on different polymer compositions, which 

resulted in deriving temperature/time kinetic relations and seeking 

the ratio between the two components (SC/WG) where the gelation 

time changes smoothly or goes to extremes. A determining factor 

therefore is the gelation time. The change in gelation temperature 

and underlying conditions, e.g. addition of different fillers, 

colorants, etc. will be a subject of a subsequent work. 

The nine polymer compositions underwent impact strength, tensile 

strength and flexural strength tests (Figure 4 and Figure 5): 

Figure 4. Data on the impact strength in polymer compositions with 

a constant amount of WG and change in the SC quantity  

 
Figure 5. Data on the tensile strength in polymer compositions with 

a constant amount of WG and change in the SC quantity  
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Figure 4 and Figure 5 show that there are sharp hikes in mechanical 

indicators, which prove the strong influence of the two-component 

hydrophilizing system. This can be both related to the ratio of two 

hydrophilizers and to a change in the chemistry of curing reaction. 

These assumptions will be proven or rejected in subsequent works. 

 

4. Conclusion 
The results of this work can be summarized by the following 

important conclusions: 

1. Polymer compositions were developed based on UPER 

hydrophilized with SC and WG, in different proportions, 

that can be used as composite materials, and the 

temperature/time kinetic relations were examined based 

on the exothermic effect of the radical copolymerization; 

2. When obtaining different polymer compositions, the 

effect of the quantitative ratio of the two main 

hydrophilizers on kinetic relations is significant. For 

instance, temperatures are highest (between 50˚C±5˚C) at 

WG amounts of up to 20% and SC quantities of up to 

80%. At 50/50 quantities for the two hydrophilizers, the 

temperature decreases to 40˚C±5˚C; at the highest amount 

of WG – 80% and 20% SC quantity, the temperature is 

30˚C±5˚C. By increasing the WG amount the gelation 

temperature gradually decreases by 10 ˚C. 

3. The gelation time dependence on the same quantitative 

ratios of the two hydrophilizers was monitored: up to 20% 

WG the time was 40±2 min, at 50% WG the time was 

35±2 min, and at 80% WG the time was 25±2 min. 

Therefore, the gelation time also depends on the amount 

of WG, as it gradually decreases by 6±2 min in the order 

of 20,50, and 80%; 

4. The impact strength goes through an increase and sharp 

decrease with the best indicators at 8% WG; at 3% WG it 

increases to the least extent but retains good performance 

up to the highest content of SC. The split peak of impact 

strength is most probably due to multivariable interaction 

in the cross-linked structure of samples; 

5. The tensile strength for 8% and 12% WG gradually 

decreases, as the areas corresponding to the peaks in 

impact strength show noticeable partial increases in 

tensile strength. 3% WG manifests strength doubling and 

sharp drop to the value at 8% and 12% WG, as it develops 

a second smaller peak similar to that at 8% and 12% WG. 

 
Young’s modulus results, relative elongation and flexural strength 

should be presented and summarised in another work. 
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