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 
Abstract—Gypsum (CaSO4.2H2O) is a mineral that is found in 

large quantities in the Turkey and in the World. In this study, the 
dissolution of this mineral in the diammonium hydrogen phosphate 
solutions has been studied. The dissolution and dissolution kinetics of 
gypsum in diammonium hydrogen phosphate solutions will be useful 
for evaluating of solid wastes containing gypsum. Parameters such as 
diammonium hydrogen phosphate concentration, temperature and 
stirring speed affecting on the dissolution rate of the gypsum in 
diammonium hydrogen phosphate solutions were investigated. In 
experimental studies have researched effectiveness of the selected 
parameters. The dissolution of gypsum were examined in two parts at 
low and high temperatures. The experimental results were 
successfully correlated by linear regression using Statistica program. 
Dissolution curves were evaluated shrinking core models for solid-
fluid systems. The activation energy was found to be 34.58 kJ/mol 
and 44.45 kJ/mol for the low and the high temperatures. The 
dissolution of gypsum was controlled by chemical reaction both low 
temperatures and high temperatures.  
 

Keywords—Diammonium hydrogen phosphate, Dissolution, 
Gypsum, Kinetics.  

I. INTRODUCTION 

YPSUM and anhydrite occur in arid and dry climatic 
conditions. It is located in layers. Gypsum layers take 

place as a result of evaporation of seas and lakes containing 
high salt. Gypsum is converted to anhydride in more depth. 
Natural anhydride is anhydrous calcium sulfate (CaSO4).  

Precipitation of gypsum and anhydrite depends on the water 
temperature and salinity. Anhydride occurs instead of gypsum 
under the conditions above these conditions. When anhydride 
formation is continued, the precipitation of NaCl begins. 
Therefore, in many gypsum and anhydrite beds are found 
some rock salt and iron oxides [1], [2].  

Raw gypsum attends paper and cotton textile materials as 
white paint and filler. It is used to increase the ash content of 
coal dusts in coal minings. Crude gypsum is used in increasing 
amounts every day in the cement industry. It facilitates the 
melting of nickel smelting and is used for fermentation in beer 
industry [1], [2]. Gypsum and anhydrite in Turkey are 
available in many areas [3]. 
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Studies done on the dissolution kinetics are summarized 
below. Reference [4] obtained boric acid and calcium 
phosphates from colemanite ore by using phosphoric acid. 
They determined the optimum conditions of dissolution. 
Reference [5] studied the dissolution of copper ore in aqueous 
NH3-(NH4)2SO4 system. They searched the effects of 
ammonia concentration, ammonium sulphate concentration, 
the reaction time and the solid-to-liquid ratio. They leached 
98.87% of copper in ore. Reference [6] researched the kinetics 
and mechanism of the dissolution of sphalerite in sodium 
nitrate solutions with sulphuric acid. According to selected 
kinetics model, the dissolution of sphalerite controlled by the 
diffusion film ash. The activation energy was found as 55 
kJ/mol. Reference [7] made a study on the dissolution kinetics 
of bastnaesite in hydrocloric acid solutions. The parameters 
effected the dissolution were hydrocloric acid concentration, 
the temperature, the solid-to-liquid ratio and the particle size. 
The dissolution of bastnaesite controlled by the diffusion film 
ash, and the activation energy was 59.39 kJ/mol. Reference [8] 
investigated the dissolution kinetics of Chevreul’s salt in 
hydrocloric acid solutions. The dissolution of Chevreul’s salt 
controlled by the diffusion film ash, and the activation energy 
was 57 kJ/mol. Reference [9] researched the removal of 
calcium from waste-waters containing calcium chloride. They 
were reacting the distilled liquid waste with gaseous reagents. 
As a result, they precipitated as gypsum (CaSO4.2H2O) the 
calcium. The parameters such as gaseous velocities, the 
reaction time and the stirring speed were taken as factors 
affecting the precipitation efficiency. The precipitation yield 
was %44 under these conditions.  

II. EXPERIMENTAL PROCEDURE 

A. Dissolution Tests 

The dissolution experiments were performed in two 
different temperature groups. All of the experiments carried 
out in the ranges of the low temperatures and the high 
temperatures. First, the experiments were performed in the 
range of low temperatures. These temperatures was chosen as 
25ºC, 35ºC, 45ºC, 55ºC. The total time of the experiments was 
taken as 150 minutes. Samples were taken at 30 min intervals. 
The water bath temperature was adjusted to 25oC. The 
prepared mixture was placed into the reactor, and stirring was 
performed by a magnetic stirrer. The stirring was initiated at 
650 rpm value being a fixed speed. The stirring operation was 
continued throughout the reaction time. Withdrawing the 
sample from the solution every 30 minutes, the stirring was 
stopped. The sample was taken and filtered as 3 mL. After the 
samples are filtered, the amount of sulfate in solution were 
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Fig. 8 Arrhenius plot of the dissolution process for the high 
temperatures 

IV. CONCLUSIONS 

The aim of the study was to investigate the dissolution 
kinetics of gypsum in diammonium hydrogen phosphate 
solutions in a mechanical agitation system. Based on the 
results obtained in this research, the following conclusions 
may be drawn: 

The dissolution rate of gypsum increased with increasing in 
the low and the high reaction temperatures.  

The dissolution rate of gypsum increased with increasing of 
diammonium hydrogen phosphate concentrations in the low 
and the high reaction temperatures.  

The dissolution process follows a shrinking core model with 
the heterogeneous chemical reaction as the rate controlling 
step.  

The activation energy of the reaction is found to be 34.58 
kJ/mol and 44.45 kJ/mol for the low and the high 
temperatures. 

Reaction rate expressions of dissolution of gypsum at the 
low temperatures and the high temperatures controlled by 
chemical reaction are as follows, respectively. 

 

  3/111 BX   =  k1.e
-5159.5/T.t                                               (6) 

 

  3/111 BX   =  k2.e
-5346.8/T.t                                                (7) 

 
where k1 and k2 are constants depending on the diammonium 
hydrogen phosphate solution concentration, the solid/liquid 
ratio, the stirring speed and the particle size. 

ACKNOWLEDGMENT 

This project was funded by Atatürk University (EAU) 
Erzurum, Turkey. The authors acknowledge the support for 

this work by the Department of Chemical Engineering, 
Faculty of Engineering, Atatürk University, Erzurum, Turkey. 

REFERENCES  
[1] Anonim, “Türkiye’nin Doğal Kaynakları” http://www.marbleport.com. 

pp. 1-10. 
[2] Anonim, “Jips Bugünü ve Geleceği, Metal Teknoloji Platformu 

Oluşturma Çalıştayı”, Tübitak, Ankara, 2003, pp. 1-74. 
[3] Anonim, “Türkiye Sanayi Sektörünün Değerlendirilmesi”, Türkiye 

Cumhuriyeti Bilim Sanayi ve Teknoloji Bakanlığı, Ankara, 2011, pp. 1-
55. 

[4] M. Yeşilyurt, S. Çolak, T. Çalban and Y. Genel, “Determination of the 
optimum conditions for the dissolution of colemanite in H3PO4 
solutions”, Ind. Eng. Chem. Res., vol.44, 2005, pp. 3761-3765. 

[5] T. Çalban, S. Çolak and M. Yeşilyurt, “Optimization of Leaching of 
Copper from Oxidized Copper Ore in NH3-(NH4)2SO4 Medium”, 
Chem. Eng. Comm., vol. 192, 2005, pp. 1515-1524. 

[6] M. Sokic, B. Markovic, V. Matkovic, D. Zivkovic, N. Strbac and J. 
Stojanovic, “Kinetics and Mechanism of Sphalerite Leaching by Sodium 
Nitrate in Sulphuric Acid Solution”, Journal of Mining and Metallurgy, 
vol. 48 (2), 2012, pp. 185-195. 

[7] B. Xue, Y. Shao-hua, L. Yao and W. Wen-yuan, “Leaching Kinetics of 
Bastnaesite Concentrate in HCl Solution”, Trans. Nonferrous Met. Soc. 
of China, vol. 21, 2011, pp. 2306-2310. 

[8] T. Çalban, B. Kaynarca, S. Kuşlu, S. Çolak, “Leaching kinetics of 
Chevreul’s salt in hydrochloric acid solutions”, Journal of Ind. and Eng. 
Chem., vol. 20, 2014, pp. 1141-1147. 

[9] T. Çalban, E. Kavcı, “Removal of Calcium from Soda Liquid Waste 
Containing Calcium Chloride”, Energy Sources: Part A, vol. 32, 2010, 
pp. 407-418. 

[10] H. Gülensoy, “Kompleksometrinin Temelleri ve Kompleksometrik 
Titrasyonlar”, Fatih Yayınevi, İstanbul, 1984. 

[11] E. Kavcı, T. Çalban, S. Kuşlu, S. Çolak, “Leaching kinetics of ulexite in 
sodium hydrogen sulphate solutions”, Journal of Industrial an 
Engineering Chemistry, vol. 20, 2014, 2625. 

[12] O. Levenspiel, “Chemical Reaction Engineering”, Wiley, 2nd edition: 
NewYork, 1972. 

[13] F. Habashi, “Kinetics of Metallurgical Processes”, 1999. 
[14] A. Ekmekyapar, E. Aktaş, A. Künkül, N. Demirkıran, “Investigation of 

leaching kinetics of copper from malachite ore in ammonium nitrate 
solutions”, Metallurgical and Materials Transactions B, vol. 43B, 2012, 
p. 764. 

[15] B. Dönmez, F. Demir, O. Lacin, “Leaching kinetics of calcined 
magnesite in acetic acid solutions”, Journal of Industrial an Engineering 
Chemistry, vol. 15, 2009, p. 865. 

[16] S. Kuşlu, F. Ç. Dişli, S. Çolak, “Leaching kinetics of ulexite in borax 
pentahydrate solutions saturated with carbon dioxide”, Journal of 
Industrial an Engineering Chemistry, vol. 16, 2010, p. 673. 

[17] R. Guliyev, S. Kuşlu, T. Çalban, S. Çolak, “Leaching kinetics of 
colemanite in potassium hydrogen sulphate solutions”, Journal of 
Industrial and Engineering Chemistry, vol. 18, 2012, p. 38. 

 
 
 

 

y = ‐5346.x + 8.679
R² = 0.914

‐6.8

‐6.7

‐6.6

‐6.5

‐6.4

‐6.3

‐6.2

‐6.1

‐6

0.00274 0.00276 0.00278 0.0028 0.00282 0.00284 0.00286 0.00288

ln
 k
 

1/ T  (1/ K)

the high temperatures


