
Hydrophilized unsaturated polyester resin based on a two-component system of sulfur and 

cement 

Assoc. Prof. Cherkezova R. PhD., Ch.Assist. Prof. Hristova Т. PhD, Assist. Prof. Zafirova K. 

Medical University „Prof. Dr. Paraskev Stoyanov“- Varna,Bulgaria;  

E-mail: rumchara@abv.bg, Tatiana. Hristova@mu-varna.bg , Kristina.Zafirova@mu-varna.bg 

 

Abstract: This work develops a multicomponent system comprising unsaturated polyester resin (UPER) hydrophilizing a two-component 

system of sulfate-resistant cement (SC) and sulfur, diluent water and a redox system. The hydrophilized unsaturated polyester resin 

(HUPER) so obtained can be used as a basis for polymer-silicate composites with good strength properties, precise embossed printing on the 

surface of various molds, and good visual characteristics. Polymer-silicate compositions with low and high content of SC were selected, and 

the constant amount of SC in the two groups obtained corresponded to a gradual change in sulfur content. Time kinetic dependencies of the 

cross-linking process of unsaturated polyester at a given amount of redox system were monitored. Reproducibility of results for different 

polymer compositions was achieved thereby enabling a possibility to predict them. 
KEYWORDS: HYDROPHILIZATION, RESIN/MINERAL DISPERSE SYSTEM, CEMENT, SULFUR. 

 

1. Introduction 

This work is a continuation of the development of various methods 

for hydrophilization of UPER, which is a component of a 

multicomponent polymer system. In this specific case, we use SC 

and sulfur (S) as hydrophilizers in different proportions. A literature 

review shows that there are studies on UPER including the 

invidivual influence of SC[1-3]; just a few studies of the effects of 

sulfur are found [4,5]. A matter of interest is the influence of the 

two components, which may be confined to the quantitative 

proportion thereof. Cross-linking by a redox system of cobalt 

naphthenate (CN) and cyclohexanone peroxide (CHP) of UPER is 

not inhibited by the presence of the two hydrophilizing components, 

and what is more, it is also possible when the system is diluted with 

water [5-7]. 

The samples obtained based on different compositions are 

technologically reproducible which is proven by a large number of 

experiments with averaged results. The results of studies on the 

hardening kinetics and strength properties allow us to forecast the 

characteristics of resulted materials. 

 

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 in dibutylphthalate was 

used as a curing initiator, and a 10% solution of cobalt naphthenate 

in styrene was the accelerator.  

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

Devnya Cement, town of Devnya (SC).  

Sulfur powder (S), A.R. (purum p.a. ≥99%) – Sigma – Aldrich. 

 

2.2. Methods 

Methods of obtaining compositions based on unsaturated polyester 

resin hydrophilized with cement have been developed, in which the 

percentage of water is always 50% in relation to cement, sulfur is in 

different amounts in relation to cement, and a CN/CHP redox 

system in constant proportion in relation to resin. 

Test pieces were examined for impact strength according to Izod by 

Izod impact testing machine GB1843-2008.  

Test pieces were examined for compression strength by means of 

HZ-1005 Computer-type Tensile Testing Machine. Flexural stress 

and flexural modulus are calculated according to EN ISO 178:2019. 

 

3. Results and discussion 

The mass of all components included in the development of 

HUPER was summed up and reduced to 100%. A minimum amount 

of SC (12.8%) was used in the particular multicomponent polymer 

system whose data are provided in Table 1. Table 1 presents data on 

different compositions according to the technology for the amount 

of added water, which should be 50% in relation to the quantity of 

SC.  

 

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

hydrophilized with different amounts of sulfur at constant quantity 

of SC (12.8% ± 0.02%), and 50% of water in relation to the 

quantity of SC.   

 

Composition  

No.  

S quantity  

%  

Time  

[τ, min]  

Temperature  

T max, ˚C]  

1 0 29 95,5 

2 0,03 32 124 

3 0,05 52 110 

4 0,08 49 85,5 

5 0,1 71 64,5 

6 0,13 11 41 

 

The development of that system resulted in experimental material of 

a large number of samples, five of which were selected, including a 

reference standard at 0% S. The composition of those samples 

include various gradually changing amounts of sulfur and allows 

the kinetics of the polymerization process to be traced (Fig.1). 

There are 6 kinetic curves corresponding to the samples selected. 

Each kinetic dependency was obtained by reading the temperature 

change associated with to the release of a specific amount of heat at 

regular intervals (1 minute) reaching experimentally to a given 

temperature peak. The temperature so reached corresponds to 

gelation, which is consistent to a certain degree with HUPER cross-

linking. It is observed that the peak temperature depends on the 

amount of sulfur. Curves 2 and 3 in which the amount of sulfur is 

0.03% and 0.05%, respectively, indicate a sharp increase in the peak 

temperature versus the standard process at 0% S (curve 1). 

However, the greatest increase in the amount of sulfur from 0.05% 

to 0.08% results in a sharp increase in the gelation time when the 

temperature peak drops, which is most pronounced for sample 6 

(curve 6): the temperature is 2.5 times lower. 
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Fig. 1. Kinetics of the polymerization process, where curve 1- 0% S, 

curve 2 – 0.03% S, curve 3 – 0.05% S, curve 4- 0.08% S,  curve 5 – 

0.1% S, curve 6 – 0.13% S (according to Table 1) 

 

Two groups of kinetic dependencies are therefore formed:  

The first group (from 0.03% to 0.05% S) is characterized by gradual 

increase in the gelation time, as the temperature is still above the 

standard; The second group (from 0.08% to 0.13% S), which is 

characterized by significant increase of time with gradual decrease 

in the peak temperature.  

It follows that the characteristics of samples examined could be 

forecasted in reference with their future use for technological 

purposes. 

The data in Table 2 were obtained from similar development of 

multicomponent hydrophilized polymer system (100%), as in this 

case the amount of SC used is 36.2%. The requirements for the 

amount of water are technological (50% in relation to SC).  

In this situation, 5 samples were also taken and compared against 

the reference (zero sample), where the amount of sulfur is different 

at the same quantity of SC. 

 

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

hydrophilized with variable amounts of sulfur at constant quantity 

of SC (36.2% ± 0.02%) and 50% of water in relation to the quantity 

of SC.  

 

Composition  

No.  

S quantity  

%  

Time  

[τ, min]  

Temperature  

T max, ˚C]  

1 0 27 46 

2 0,01 47 67,5 

3 0,03 58 56 

4 0,04 50 45,5 

5 0,06 21 37 

6 0,07 10 37,5 

 

The idea of so selected hydrophilzing components (SC and S) 

forming a two-component hydrophilizing system (Table 1 and 

Table 2) is first to monitor the influence of sulfur at constant 

amount of SC, and second, to record the influence of SC at equal 

masses of sulfur. 

Fig. 2 presents kinetic curves T,˚C /τ,min for samples at the 

indicated quantity of SC and gradual increase in the amount of 

sulfur, as the kinetic dependency of the zero sample is used for 

comparison. In this cas, it is obvious that the peak temperature and 

the time to reach it are also influenced by the change in the amount 

of sulfur, however the nature of curves differs from that in Fig. 1, 

which is due to the larger quantity of SC. At smaller amounts of 

sulfur (curves 2 and 3), temperatures are also higher than the 

temperature of the reference sample but are twice lower than the 

corresponding curves at lower quantity of SC. Curves 4 and 5 in 

Fig. 2 (compared to the zero sample) have lower peak temperatures, 

as the gelation time in this case is considerably higher (hours and 

days) compared to the kinetic dependencies presented in Fig. 1. 

 

 
Fig. 2. Kinetics of the polymerization process, where curve 1- 0% S, 

curve 2 – 0.01% S, curve 3 – 0.03% S, curve 4 – 0.04% S,  curve 5 – 

0.06% S, curve 6 – 0.07% S (according to Table 2) 

 

It follows that the quantity of SC is of utmost importance. For 

example, it is obvious for curves 2 in Fig. 1 and Fig. 2, in which the 

amount of sulfur is the same and the quantity of SC is three times 

different, that the peak temperature is twice higher at smaller 

quantity of SC, and is reached in a significantly shorter period (32 

min. relative to 47 min.). 

Namely these results enable the variartion of quantitative 

compositions in order to be used in the technological development 

of a material with pre-set curing time. This is the meaning of the 

forecast characteristics of materials and the possibility for their 

reproducibility in accordance with formulants. 

Strength tests were carried out on so selected samples from 1 to 6. 

Results of impact strength, flexural strength and elasticity modulus 

are presented below.  

The data in Fig. 3 suggests that, at 12.8% SC, the values of that 

strength indicator are higher at larger amouns of sulfur (0.05% and 

0.08%) and lower at 0.1% and 0.13%. It follows from the same 

figure that a larger quantity of SC does not influence the values, 

excluding the sample with the highest content of sulfur. 
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Fig. 3. Impact strength data in polyer compositions at constant 

composition of SC (12.8% and 36.2%) and 

 gradual change in the amount of sulfur (according to Table 1 and 

Table 2) 

 

The flexural strength data (Fig. 4) suggests that this indicator lowers 

its value as compared to that of the reference sample. The 
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interesting thing here is the amount of sulfur 0.13% which has a 

different influence – the value is the lowest at the lowest amount of 

sulfur, and the highest at the high amount of sulfur. 
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Fig. 4. Flexure strength data in polymer compositions at constant 

quantity of SC (12.8% and 36.2%) and gradual change in the 

amount of sulfur (according to Table 1 and Table 2) 

 

The elasticity modulus (Fig. 5) presents a peculuar peak at 0.05% 

amount of sulfur, the same peak is shifted to the highest quantity of 

SC (36.2%) and the highest amount of sulfur (0.07%). 
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Fig. 5. Elasticity modulus data in polymer compositions at constant 

quanitity of SC (12.8% and 36.2%) and 

 gradual change in the amount of sulfur (according to Table 1 and 

Table 2) 

 

4. Conclusion 

The development of a multicomponent polymer system and the 

selection of different compositions based on it enable us to make 

various surveys resulting in the following more significant 

conclusions: 

1) Kinetic dependencies at two different quantities of SC 

with gradially changing amount of sulfur were traced, and 

it was established that the gelation time was more 

influenced at lower quantity of SC (12.8%), i.e. kinetic 

curves have more proncounced extreme nature. 

2) Subject to compliance with the formulation data when 

preparing the compositions of different samples, a 

comparative characteristics of the peak temperature and 

the curing time could be made and reproducibility of 

results and projected characteristics of materials could be 

achieved. 

3) The impact strength data suggested that the values of that 

indicator were largely insensitive to changes in the 

amount of sulfur at 36.2% SC. 

At 12.8% SC, there is a dependency on the amount of sulfur, which 

will be the subject of future studies. 

4) The flexure strength data suggested that the values of that 

indicator were the highest at 12.8% SC and 0.05% S. 

Such peak in the value of the indicator occured at 36.2% 

SC and 0.07% S. 

The shift in the peak at different quantities of SC and sulfur will 

also be a subject of other scientific research. 
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