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Annotation.  

The article discusses the processes of high-temperature gypsum binder from the 

Khujakul deposit of the Republic of Karakalpakstan, in the temperature range of 550-

1000°C and simulating the decomposition of its compositions, the phase composition 

of the resulting products, the main patterns of structure formation are established 

depending on the phase composition of the original binder.The results of the influence 

of the concentration of Ca(OH)2 on the strength of the structure in concentrated 

suspensions of gypsum at different temperatures are presented. 

The ways of regulating the properties of various gypsum binders with the help of 

additives and rational use of natural gypsum for the production of high-temperature 

gypsum binder for rocks with a predominance of the clay-carbonate part have been 

determined. 
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As a result of high-temperature firing (800-1000°C) of carbonate-gypsum mixtures, 

a binder material with the ability to hydraulic hardening can be obtained. 

 

Key words: binder, calcium hydroxide, roasting, strength, concentration, hydration, 

additive, mineral, wet, air mixture. 

 

INTRODUCTION. 

Gypsum is a fairly widespread breed, it can serve as a basis for obtaining local binders. 

Therefore, monomineral gypsum binders have long attracted the attention of 

researchers involved in hydration and hardening processes. 

The relatively high solubility, the clearly expressed crystalline structure of the 

hydrated phases, the formation of which is not complicated by hydrolysis, makes 

gypsum binders a convenient object of study. [1, 5]. Gypsum, which is a natural 

mixture of gypsum dihydrate with clay minerals, belongs to such a binder object. 

Using the example of the products of the thermal decomposition of gypsum, which 

sharply changes the phase composition in the temperature range of 550–1000°C, 

forming products with significantly different physicochemical properties, it is possible 

to trace the relationship between them and the kinetics of formation and strength of 

hydration hardening structures. 

 

MATERIAL AND METODS.  

The research material in this work was gypsum minerals from the Khujakul deposits 

and mineral fillers from the Beltau and Khujakul deposits. Experimental data on the 

study of various binders based on gypsum rocks of the Khujakul deposit are 

summarized. In composition, it is close to high-grade, so it can be used to obtain 

binders with high physical and mechanical properties. Using the example of semi-

aqueous calcium sulfate, the effect of the type and concentration of finely dispersed 

fillers of different nature - carbonate, clayey, on the properties of coagulation and 

hydration structures in their aqueous suspensions at different water-solid ratios was 

studied. 
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RESULTS AND DISCUSSIONS.  

On the properties of high-temperature gypsum binder (HBB), where the clay part of 

the gypsum acquires significant importance and the formation of the hydration 

structure, lime has a significantly greater and qualitatively different effect than on the 

low-temperature gypsum binder. In this case, Ca(OH)2 acts not only as a regulator of 

the dissolution and hydration of calcium sulfate, but also as a participant in a chemical 

reaction with the formation of hydrated calcium phases, which are sources of 

additional strength. [7, 9]. 

The dehydrated clay part of gypsum in this case has the properties of alumina-

containing active mineral additives, the processes of interaction of which with 

Ca(OH)2, as is known, are accompanied by the formation of sufficiently strong but 

relatively slowly formed hardening structures. As a result of dehydration of the 

dihydrate, depending on the conditions of the process, various products can be 

formed, which are very significantly different in composition, structure and 

properties. Their numbers and nature are still a subject of discussion and are 

interpreted in different ways [3, 4]. 

Measurements of the kinetics of structure formation and concentrated suspensions 

with the addition of calcium hydroxide (1-20 %) showed (Tab. 1) that the presence of 

lime in the system begins to manifest itself only after 24 hours.  

Strength will increase as the content of Ca(OH)2 in the mixture increases, passing 

through a maximum at the higher lime concentrations, the higher the activity of 

gypsum, which is determined by the temperature of its firing (Fig. 1). 

Gypsum as a monomineral binder, the hydration processes of which are not 

complicated by hydrolysis, seems to be a very convenient object of research. On his 

example, the basic laws of the formation of crystallization hardening structures were 

studied (2, 6, 8). 
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Table 1 

Influence of Ca(OH)2 on the kinetics of structure formation of gypsum fired at 

different temperatures, Pm kgf/cm2 (W/T = 0.50) 

 
 

Most researchers agree that the hydration of hemihydrate gypsum proceeds according 

to the liquid-phase mechanism; however, there are opponents of this point of view, 

who believe that the addition of water to the hemihydrate proceeds without 

intermediate dissolution, i.e. according to the solid-phase scheme [10, 11]. 

For compositions based on gypsum fired at 550°C and 700°C containing the clay 

component in the most active form, the maximum strength is achieved in mixtures 

with 5-10 % Ca(OH)2.  

With an increase in the gypsum firing temperature to 1000°C, the optimal dosage of 

Ca(OH)2 in the initial period shifts to the region of lower concentrations of 1-5 %, 

increasing to 10 % over time. This is in line with a sharp decrease in the activity of the 

clay part, which, as noted in works on alumina-containing additives, is a consequence 

of high-temperature firing. 

 

 

 

 

 



 

24 
 

 

 

 
Fig. 1. Influence of Ca(OH)2 concentration on structure strength in concentrated 

gypsum suspensions (a) 550 °C, (b) 700 °C and (c) 1000 °C after 6 hours (1), 1 day. 

(2), 4 days. (3). 7 days (4), 28 days. (five). 

 

The same patterns are manifested in clay-gypsum mixtures (Tab. 2) where structures 

of noticeable strength appear in the presence of Ca(OH)2 already in the first hours. As 

calcium hydroxide reacts with dehydrated kaolin, the maximum Pm values shift 

towards compositions with high lime concentrations (Fig. 2). 

Table 2 

Influence of Ca(OH)2 on the structure formation of a clay-gypsum mixture 

Рm, kgf/cm2 (W/T = 0.50) 
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In mixtures containing gypsum calcined at 1000°C, the formation of 

hydrosulfoaluminate was not observed for 28 days. The calcium hydroxide introduced 

into the system remains free in the hydration products (4,8; 2,0 A°, etc.), only slightly 

decreasing in quantity, as follows from the weight loss data (Tab. 3) in the region of 

490-520°C from thermogravimetric curves. 

It can be assumed that in these compositions part of the lime is associated with the 

active silica of the clay component of gypsum into colloidal calcium hydrosilicates. 

As can be seen from the above data, gypsum fired at 700°C has the highest lime 

binding activity. 

Calcium hydroxide added to HBV also affects the kinetics of hydration of its gypsum 

component. As a result of interaction with aqueous anhydrite, which is part of gypsum, 

fired at 550°C and above, a dihydrate is formed. For a composition with 550°C 

gypsum, the appearance of the dihydrate in the solid phase is unambiguously recorded 

already after 5 minutes from the beginning of hydration. In mixtures with gypsum 

700°C, the induction period, during which anhydrite gradually dissolves in water, 

forming supersaturated solutions and precipitating into a solid phase, increases to 

several days. 

 
Fig. 2. Influence of the concentration of Ca(OH)2 on the strength of the hardening 

structure of the clay-gypsum mixture fired at 550°C 1-6 hours, 2-1 days, 3-4 days, 4-7 

days, 5-28 days 
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Table 3. Kinetics of hydration and binding of Ca(OH)2 to gypsum calcined at 

different temperatures (according to DTG data) 

 
 

When gypsum calcined at 1000°C is hydrated, this process proceeds even more slowly. 

The nature of the conductometric kinetic curves for HBB suspensions in the presence 

of lime indicates that, in this case, in contrast to low-temperature gypsum, calcium 

hydroxide intensifies the dissolution of anhydrite, accelerates the formation of 

solutions supersaturated with respect to dihydrate and the release of the latter into 

the solid phase. So, dashed curves 1, 2 in Fig. 3 for suspensions with Ca(OH)2 rises 

steeply after 30 seconds, showing a rapid saturation of the solution with mobile ions 

Ca+2, S-24, and then after 3-6 minutes (for gypsum 550° and 700°C, respectively) fall 

sharply and a consequence of the precipitation of the hydration phase from the 

solution. In the absence of Ca(OH)2, a supersaturated solution appears only after 3 

and 10 minutes for gypsum 550° and 700°C, respectively, and during an hour low 

drops of the x-r curves associated with the release of dihydrate are not observed. Small 

plateau during 1-3 min. For gypsum 550°C and 1-5 min. 
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For gypsum 700°C in suspensions with Ca(OH)2 is replaced by a horizontal course of 

the curve during the entire period (5-60 min) for suspensions of ganch fired at 550°C, 

and a gradual gentle rise of curves for suspensions of less active gypsum 700°C 

without lime. For gypsum 1000°C, even in the presence of Ca(OH)2, supersaturated 

solutions are not formed during the first hour. 

However, it should be noted that the specific contribution of the processes of 

hydration of the gypsum part of high-temperature gypsum to the strength of the 

resulting structures, even in the presence of lime, is significantly less than the 

processes associated with the chemical interaction of the clay component of gypsum 

with lime. A comparative analysis of the kinetic curves of Pm-r leads to a similar 

conclusion. 

As shown by the results of physical and mechanical tests of high-temperature gypsum 

binders with the addition of Ca(OH)2 (Tab. 4) under various storage conditions, it is 

the clay component that determines in this case the main properties of the cement 

stone. 

 
While in air storage conditions gypsum at 550 ° and 700 °C, in contrast to gypsum 

binders based on hemihydrate, practically does not harden, the addition of 10 % 

Ca(OH)2 contributes to the production of a cement stone with significant strength, 

increasing from 3 to 6 months three times. Under humid conditions of hardening, 

there is no drop in strength characteristic of low-temperature gypsum over time; on 

the contrary, it reaches higher values than in air, so that the moisture resistance 

coefficient Kwlazh/Kvozd in the presence of lime additives is higher than 1.  
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Similar results were obtained when testing artificial clay-gypsum and gypsum-loess 

(Tab. 5) compositions subjected to high-temperature firing. 

Table 5. 

Influence of firing temperature on the compressive strength of a mixture of 60 % 

gypsum + 40 % loess (cubes 3x3x3 cm) depending on the conditions of hardening, 

kgf/cm2 
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Table 4. 

Influence of Ca(OH)2 on the strength of high-temperature gypsum binder (sample 

cubes, 3x3x3 cm). 

 
 

CONCLUSION 

Features of structure formation determine the ways of regulating the properties of 

various gypsum binders using additives 

High-temperature gypsum binder of Khujakul marl, obtained by firing 550-700°C, 

natural gypsum, with the addition of Ca(OH)2, acquires increased water resistance 

compared to conventional gypsum binders, while maintaining air resistance at the 

same time. This quality may be of interest in the practical use of large reserves of "low-

grade" natural gypsum with a low gypsum concentration and an increased content of 

the clay part. 

The introduction of calcium carbonate into gypsum prior to heat treatment makes it 

possible to increase the concentration of structure-forming minerals and obtain, as a 

result of firing at 800-900°C, a hydraulic binder with a sufficiently high strength in 

air and water hardening conditions (carbonate-gypsum binder). 

Thus, the ways of rational use of natural gypsum are determined by its composition, 

for the production of high-temperature gypsum binder - rocks with a predominance 

of the clayey carbonate part. 
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Thus, a high-temperature gypsum binder obtained by firing 550-700°C of natural 

gypsum, with the addition of Ca(OH)2, acquires increased water resistance compared 

to conventional gypsum binders, while maintaining air resistance at the same time. 

This quality may be of interest in the practical use of large reserves of "low-grade" 

natural gypsum with a low gypsum concentration and an increased content of the clay 

part. 

 

REFERENCES 

1.O. Asamatdinov., A. Zhiemuratov, F.L. Gleckel. Knitting on the basis of the ganch of 

Karakalpakstan / Tashkent: publishing house "Fan", UzSSR, - 1977. - P. 38-46. 

2. Yalunina OV, Bessonov IV. Materials based on gypsum binders and their impact on 

the human environment // Dry construction mixtures. - 2008. - No. 4. - P. 33-38. 

3. Directory. Gypsum materials and products (production and use) / ed. prof., dr. tech. 

Sciences A.V. Ferronskaya. - M.: Publishing house AVS, 2004. - 485 p. 

4. Abylova A.Zh., Khamraev S.S. Binding materials based on gypsum minerals of the 

Republic of Karakalpakstan // Chemical Industry. - Russia, 2016. - No. 2. - P. 56-62. 

5. Abilova A.J., Turemuratov Sh.N., Uralbaeva G.B. Gypsum binders based on 

Karakalpakstan field // Austrian Journal of Technical and Natural Science. No. 3-4, 

2018, - P. 38-42. 

6. Abilova A.Zh., Bekbosynova R.Zh., Khozhametova B. Investigation of the physico-

chemical-chemical-mineralogical compositions of natural raw materials in the 

Republic of Karakalpakstan as microfillers of binders // Bulletin of the KKOANRUz., 

2019., No. 4, - P. 25-29. 

7. Gleckel F.L., Kopp R.Z., Akhmedov K.S. Regulation of hydration structure 

formation by surfactants / Tashkent: Publishing house "Fan", UzSSR, - 1986. - 224 p. 

8. Abylova A.Zh., Bekbosynova R.Zh., Khozhametova B. Investigation of the 

physicochemical and chemical-mineralogical compositions of natural raw materials 

in the Republic of Karakalpakstan as microfillers of binders // Bulletin of the 

KKOANRUz., 2019., No. 4, - P. 25-29. 

9. Turemuratov Sh. N., Nurymbetov B. Ch., Akhmedov U.K., Study of the processes of 

hydration structure formation in the CaSO4 ∙ H2O system SiO2 ∙ CaCO3 ∙ H2O. // 

Proceedings of conferences Actual problems of the development of chemical science, 

technology and education in the Republic of Karakalpakstan, Nukus - 2011. - P. 147-

148. 

 



 

31 
 

 

 

10. Segalova EE, Amelina EA, Rebinder PA, The role of supersaturation in the 

formation of crystallization hardening structures. // Colloid journal, 1963, 25, No. 2.-

229s. // 

11. Turemuratov Sh. N., Asamatdinov O., Glekel F., L., // Uzbek chemical journal, 

1994, No. 2, -P. 37-39. 

 

 

 

 

 
 


