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ABSTRACT-- The article presents the results of studies on the properties of a modified clay-gypsum 

binder based onthe clay-gypsum from the Khojakul deposit (Republic of Karakalpakstan). The studies have shown 

that the best results are reached when using the following additives to the composition of a modified clay-gypsum 

binder: a superplasticizer C-3 and a hardening retarder – citric acid. 
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I. INTRODUCTION 

Clay gypsum rock as a building material has been known since the 10th century AD. It has found widespread 

use in Central Asia and the Caucasus [1, 2]. Clay-gypsum mortars, used in antiquity, were distinguished by 

exceptional water resistance, as evidenced by the numerous ancient buildings perfectly preserved to this day. Clay 

gypsum is one of the best plaster materials and is superior to cement and lime plasters. Clay gypsum has the best 

and uniform tinction, a pleasant texture, high heat- gas- and sound insulation properties.Numerous studies are 

currently underway to substantiate the possibility of using clay as a binding material for stucco mixes. In particular, 

in the Republic of Karakalpakstan, the use of imported from other regions of Uzbekistan expensive gypsum for 

the production of dry mixes leads to50%increase in the cost of the material. Despite the historical experience and 

long-term use of clay-gypsum in construction, it can be stated that the issues related to the study of clay-gypsum, 

are insufficiently covered in literature [3, 4]. 

World and domestic experience in the use of dry mixes in construction confirms their high efficiency and 

advantages compared to traditional mixes based on sand, cement and, sometimes, additives, and prepared directly 

at the construction site. The presence of clay minerals (montmorillonite, illite, kaolin) in the composition of the 

feedstock in one way or another affects the properties of clay-gypsum. This effect increases as a result of 
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technological (including thermal) processing of the feedstock and is manifested, in particular, in a change in the 

binder activity, setting time, softening coefficient and shrinkage. Correction of the properties of clay-gypsum 

binders (CGB) can be carried out by the introduction of various additives [5,6,7]. Given the above, the authors 

conducted comprehensive studies to investigate the properties of clay-gypsum binder based on the clay-gypsum 

from the Khojakul deposit (Republic of Karakalpakstan); the basic results of the study are given in this paper. 

 

 

II. RESEARCH METHODOLOGY  

The kinetics of hydration of clay-gypsum binder without additives, stabilized and modified bystandardized 

methods, was determined by the method of heat release assessment. A study of the hydration kinetics of a clay-

gypsum binder based on the dynamics of heat release allows us to establish the relationship between the binder 

material composition, its hydration characteristics and the kinetics of hydration structure formation [8, 9, 10]. 

In experimental studies, the dynamics and kinetics of heat release (as a function of temperature increase of an 

isolated material) were studied in clay-gypsum binder without additives,in stabilized clay-gypsum (with the 

addition of 1% of C-3) andinmodified clay-gypsum(with the addition of 1% of C-3 and 0.06% of hardening retarder 

– citric acid). 

 

III. RESEARCH RESULTS 

The results of the tests with clay-gypsum without additives (Figure 1, Table 1) show that the temperature of 

the test material reaches its maximum value after 48 minutes, holds for 5 minutes and drops to a constant 

temperature, the drop occurs gradually over 250 minutes. According to the Dewar method, the test of gypsum takes 

1 hour, but in our studies the cooling mode was also recorded. 

Based on the temperature difference determined by thermometers and the additive heat capacity of the mix, 

the heat release of the mixes (q, kJ/kg) is calculated. The calculation results are presented in table 1, and their 

graphical interpretation is given in figure 1. 
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Figure 1 : Dynamics of temperature changes in testing: a - clay-gypsum binder without additives; b - clay-

gypsum binder with the addition of 1% of C-3; c - clay-gypsum binder with the additionof 1% of C-3 and 0.06% 

of retarder; 1 - the temperature of the clay-gypsum binder; 2 - the ambient temperature 

 

Differential curves (changes in heat release rate) were obtained by graphicaldifferentiating the integral curves 

over time.In a stabilized clay-gypsum binder (with C-3 additive), the temperature at the 50thminute was 54.2ºС, it 

held for 4 minutes till the end of the 53rd minute (Figure 1, b, table 1). At the end of the test, at the 310thminute, 

the temperature was 34ºС. Thus, the C-3 superplasticizer does not significantly affect the hydration kinetics of a 

clay-gypsum binder. The increase in the maximum degree of hydration due to the introduction of C-3 additive is 

significant: in terms of heat release q from 488.8 to 616.3 kJ/kg (a maximum is 100%). 

 

Table 1 : Temperature and heat release of clay-gypsum binder (room temperature, t0 = 25.6 оС) 

T
im

e,
 m

in
 Clay gypsum binder 

No additives With the addition of 1% of 

C-3 

With the addition of 1% of 

C-3 and 0.06% of retarder 
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tx, оС 

Heat 

release, 

q, kJ/kg 

Degre

eofhy

dratio

nα, % 

Tempe

rature, 

tx, оС 

Heat 

release, 

q, kJ/kg 

Degre

eofhy

dratio

nα, % 

0 25.6 0 0 25.6 0 0 25.6 0 0 

10 31.9 127.5 21 33.2 170.0 28 31.2 85.0 14 

20 34.4 191.2 31 37.9 255.0 41 31.2 106.3 17 

30 40.8 318.8 52 44.2 403.8 66 31.3 127.5 21 

40 48.0 467.5 76 54.0 595.0 97 31.8 148.8 24 

50 49.1 488.8 79 54.2 616.3 100 33.4 170.0 28 

60 — — — — — — 35.0 191.3 31 

70 — — — — — — 45.5 425.0 69 

80 — — — — — — 51.6 552.5 90 

 

With the introduction of a complex additive (C-3 superplasticizer and a hardening retarder), the hydration 

temperature reaches its maximum at the 82nd minute and holds for 7 minutes. Experimental studies were completed 

 

Figure 2 :  Heat release of clay-gypsum binder over time: a - binder without additives; b - binder with the 

addition of 1% of C-3; c - binder with the addition of 1% of C-3 and 0.06% of retarder; I - integral curves, II– 

differential curves 
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at the 340thminute with a temperature of 34 ºС (Figure 2). Estimated by heat release, the maximum degree of 

hydration of the modified clay-gypsum binder turns out to be somewhat less than for the stabilized clay-gypsum 

binder: 552.5 kJ/kg. 

 

Experimental studies have shown that the greatest values of heat release are in mixes with the addition of 

superplasticizer C-3, the least ones - in clay-gypsum without additives. According to the heat release rateat the 

early stages, clay-gypsum binder with the addition of superplasticizer C-3 manifests itself to the greatest extent 

(maximum values of the heat release rate in the range of 12–15 min). 

The heat release rate of clay-gypsum binder without additives is in the time interval of 14–16 min. The heat 

release rate of clay-gypsum binder with the addition of C-3 and a hardening retarder - citric acid, falls on a time 

interval of 73–76 minutes. 

The degree of hydration α was estimated as the ratio of the current heat release to the maximum one (qmax = 

616.6 kJ/kg). The results of calculating the change in the degree of hydration over time are presented in figure 3. 

 

Figure 3 :  The degree of hydration of clay-gypsum binder over time: a - binder without additives; b - binder 

with the addition of 1% of C-3; c - binder with the addition of 1% of C-3 and 0.06% of retarder 

 

IV. CONCLUSIONS 

Studies have shown that a binder based on clay-gypsum with the addition of superplasticizer C-3 has the 

greatest heat release. The use of ahardening retarder - citric acid, slightly reduces the maximum degree of hydration 

and increases the duration of the process. At the same time, the degree of hydration of the binder with the addition 

of C-3 and a hardening retarder - citric acid is higher thanin the clay-gypsum binder without additives. 

When conducting plastering work indoors, the retard of the time of hydration allows applying the plaster 

layers more efficiently. The heat release peak at hydration of a clay gypsum binder with a superplasticizer and 

hardening retarder - citric acid, which occurs at the beginning of the second hour of hardening, will contribute to 

uniform and quality drying of the plaster coating, i.e. it is technologically substantiated. 

 

 



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 08, 2020 

ISSN: 1475-7192 

Received: 27 Feb 2019 | Revised: 20 Mar 2019 | Accepted: 30 Apr 2020                          5295  

REFERENCES 

1. Alksnis F.F. Hardening and destruction of gypsum-cement composite materials. - L.: Stroyizdat. 

Leningrad Department, 1988–280 p. 

2. Altikis M.G., Moreva I.V., Khaliullin M.I., Rakhimov R.Z. Dry mortar mixes for high-quality decoration 

of buildings and structures // News of Universities. Construction. 2002. No. 4.P. 60−63. 

3. Asamatdinov M.O., Aristov D.I., Rumyantsev G.B. Gypsum marl as a raw material for binders // Bulletin 

of science and practice: a scientific journal. 2015. No1. S. 21-29. 

4. Baykov A.A. Selected Works / Edited by A. Tumarev, Shushpanov. - L., M.: Metallurgizdat, 1961 .- 328p. 

5. BazhenovYu.M., Korovyakov V.F., Denisov G.A. The technology of dry building mixes / Textbook, 

3rdEdition, stereotyped. - M.: ASV Publishing House, 2015 .-112 p. 

6. Bessonov I.V. Plaster materials of a new generation for the decoration of building facades // Materials of 

the All-Russian seminar "Improving the efficiency of production and use of plaster materials and 

products." - M.: RAASN, 2002. - P. 82−87. 

7. Bessonov I.V., Yalunina O.V. Ecological aspects of the use of gypsum building materials // Building 

materials.– 2004.– April .– P. 11−13. 

8. Lesovik B.C., Pogorelov S.A., Strokova V.V. Ways of directional changes in the properties of gypsum 

binders / Transactions of Novosibirsk State University of Architecture and Civil Engineering.– 

Novosibirsk .– 1999.– V. 2.– No. 2 (4) .– P. 134−138. 

9. Lesovik B.C., Pogorelov S.A., Strokova V.V. Gypsum binders and products. - Belgorod: BelGTASM 

publishing house, 2000.–224 p. 

10. Tkeshelashvili V.G. Sheetrock and its application in Tbilisi: SabchotaSakartvelo, 1973.- 360 p. 

 

 


