
2nd International Conference Eco-Innovation in Science, Engineering, and Technology  
Volume 2021 
http://dx.doi.org/10.11594/nstp.2021.1402 
 

 

 

How to cite: 
Pujiastuti, C., Salsabila, C. H., Pristiawan, M. M., & Sunarti, A. R. Y.  (2021). Study of reaction kinetics of magnesium 
sulfate formation from bittern and sulfate acid. 2nd International Conference Eco-Innovation in Science, Engineering, and 
Technology. NST Proceedings. pages 7-13. doi: 10.11594/ nstp.2021.1402 

              Conference Paper 
 

 

Study of Reaction Kinetics of Magnesium Sulfate Formation from Bittern and 
Sulfate Acid 
 
Caecilia Pujiastuti*, Cholivia Hayyu Salsabila, Mimbar Mahardi Pristiawan, A.R Yelvia Sunarti 

 
Department of Chemical Engineering, University of Pembangunan Nasional “Veteran” Jawa Timur, Surabaya 
60294, Indonesia 
 
 
*Corresponding author: 

 
ABSTRACT 
 

Bittern is a concentrated liquid obtained from the salt plant waste, and the 
amount is abundant. Bittern contains various minerals; this mineral occurs 
because it does not crystallize during the manufacture of salt. The minerals 
have high concentrations, among others: Magnesium (Mg), Sodium (Na), and 
Calcium (Ca). In general (28.5 – 30 oBe) is still contained Magnesium about 
4-5% w/v. Considered the high content of Mg on Bittern is worth as the raw 
material for the manufacture of MgSO4. In this study, Mg(OH)2 was obtained 
by reacting Bittern with NaOH to obtain Mg(OH)2 deposits. The study aims 
to determine the reaction rate constant and activation energy of the for-
mation of Magnesium Sulfate. The prescribed variable is Mg(OH)2 46.6 gr; 
NaOH 4N 3 liters; H2SO4 1N 500 ml; Drying temperature 100oC; Stirring 
speed of 110 rpm. As for the modified variable, temperature: 40, 45, 50, 55, 
60oC and stirring time: 20, 30, 40, 50, 60 minutes. The best result for forming 
magnesium sulfate is at temperature 60oC and 60 minutes with reaction con-
version (xA) 26.9%. The formation of magnesium sulfate followed the sec-
ond-order reaction and the equation of the rate constant k = 0.00512 min-1 
and the activation energy of 131.394 kJ/mol.K.        
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Introduction 

Indonesia is an archipelago with the second-longest coastline globally, covering an area of 
100,000 km. Thus, Indonesia can be developed into a salt production area, especially for Eastern 
Indonesian waters with low rainfall, such as West Nusa Tenggara, East Nusa Tenggara, most of 
Eastern Java, and Madura. The ions contained in seawater are 55% sodium (Na+); 31% chlorine 
(Cl-); 4% magnesium (Mg); 8% sulfate (SO42-); 1% calcium (Ca2+) and 1% potassium (K+). Waters 
at subtropical latitudes have lower salinity due to low evaporation. The open ocean has constant 
salinity, in the range of 34-37%, with differences in solubility due to precipitation and evaporation 
(Sidharta, 2016).  

In Indonesia, the salt is mostly produced by evaporating the brine using sunlight directly. The 
evaporation process will produce NaCl precipitate and residual liquid, known as bittern. Bittern 
contains various compounds such as magnesium sulfate (MgSO4), sodium chloride (NaCl), magne-
sium chloride (MgCl2), potassium chloride (KCl), and calcium chloride (CaCl2). Mineral content in 
bittern partly includes macro and micronutrients needed by plants and plankton, such as Mg2+, K+, 
and Ca2+. The mineral content of bittern is very valuable and will increase its value if used as fer-
tilizer (Sato et al., 2010). 

Several earlier studies have studied the process of taking Magnesium from salt with a batch 
process. The extraction of magnesium salt from seawater through the crystalization process has 
been done by Natasha and Sulistiyono (2016). The Precursor for the separation of Magnesium 
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chloride from bittern has been done by Aal et al. (2017). Selective extraction of Magnesium 
content from bittern using NaOH on experimental and pilot-scale  (Shahjooei et al., 2019), 
Recovery of high purity Magnesium hydroxide from calcium-rich brines (Yousefi et al., 2016), and 
Separation of Magnesium Hydroxide from saltwater by addition of NaOH solution (Turek & Gnot, 
1995). The manufacture of MgSO4 has also been carried out by Hapsari (2008) by reacting 
Mg(OH)2 and H2SO4. 

The extraction of Magnesium from Bittern has various benefits, one of which is the use of 
Magnesium from bittern for the manufacture of struvite, as in the study by Sutiyono et al. (2016). 
This research aims to study the kinetics of magnesium sulfate formation Mg(OH)2 from bittern 
and sulfate acid as raw materials. This study refers to the value of the reaction rate constant and 
activation energy obtained from the Arrhenius equation.  
The Reaction mechanism in this research are: 

1. The reaction of manufacture magnesium hydroxide 𝑀𝑔2+ + 𝑁𝑎𝑂𝐻 → 𝑀𝑔(𝑂𝐻)2 + 2𝑁𝑎 

2. The reaction of manufacture magnesium sulfate 𝑀𝑔(𝑂𝐻)2 + 𝐻2𝑆𝑂4 → 𝑀𝑔𝑆𝑂4 + 2𝐻2𝑂 

  
Reaction kinetics model 

The reaction between magnesium hydroxide and sulfate acid is a solid-liquid heterogeneous 
reaction. Smith and Vannes (1981), in non-catalyzed reactions between solids and fluids, reac-
tions at the solid surface occur by adsorption of the fluid reactants to the surface, followed by a 
surface reaction involving the adsorbed molecule.  

 
Reaction mechanism 

The reaction for the formation of magnesium sulfate can be written as: 
𝑀𝑔(𝑂𝐻)2 + 𝐻2𝑆𝑂4 → 𝑀𝑔𝑆𝑂4 + 2𝐻2𝑂 

Equation of reaction can be written: 

−𝑟𝑎 =  −
𝑑𝐶𝐴

𝑑𝑡
=  𝑘. 𝐶𝐴. 𝐶𝐵 

Where, 
A = Sulfate acid (H2SO4) 
B = Magnesium hydroxide (Mg(OH)2) 
CB (Concentration of Mg(OH)2) is in excess, CB is considered constant. So, the equation becomes: 

−𝑟𝑎 =  − 
𝑑𝐶𝐴

𝑑𝑡
=  𝑘. 𝐶𝐴 

Determination of order reaction 
Since 𝐶𝐴 = 𝐶𝐴𝑜, the equation for the order of reaction becomes (Levenspiel,1999), 

1. Zero order reaction (n=0) 
(−𝑋𝐴) 𝐶𝐴𝑜 =  − 𝑘. 𝑡 

2. First-order reaction (n=1) 
𝑙𝑛 (1 − 𝑋𝐴) = − 𝑘. 𝑡 

3. Second-order reaction (n=2) 
𝑋𝐴

𝐶𝐴𝑜 (1−𝑋𝐴)
 =  𝑘. 𝑡 

 

If the reaction rate does not depend on the concentration of the reactants, then the order of 
the reaction is zero. Meanwhile, if the reaction is proportional to one of the reactant concentra-
tions, the reaction order is one. However, sometimes the order of reaction can be changed by 
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changing the concentration of reactants, i.e., by increasing or decreasing the concentration of one 
or the other reactant.  

Reactions that are not the first-order reaction remain the first-order reaction by increasing 
or decreasing the concentration of one or the other reactant, known as pseudo-first-order reac-
tions. Therefore, the name indicates that this is not a first-order reaction.    
 
Arrhenius equation 

In the Arrhenius equation, there is the term activation energy. Activation energy is the energy 
needed to activate the reactants to be able to react completely. The Arrhenius equation can ex-
press the relationship between temperature and reaction rate constant as follows (Levenspiel, 
1999): 

 𝑘 = 𝑘𝑜𝑒−𝐸𝑎/𝑅𝑇   or 𝑙𝑛 𝑘 =  𝑙𝑛 𝑘𝑜 − 
𝐸𝑎

𝑅
 

1

𝑇
 

Material and Methods 
Material 

The material used in the manufacture of Magnesium Sulfate is Bittern, obtained from PT. 
Garam (Persero) in Madura. 
 
Research variables  

In this study, the variables used in the reaction for the formation of Magnesium Sulfate were 
the concentration of H2SO4, the water content of Mg(OH)2, and reaction time. The variables de-
termined were Magnesium Hydroxide 46.6 g; Sodium Hydroxide 4N 3 liters; Sulfate Acid 1N 500 
ml; Drying temperature 100oC, and Stirring speed 110 rpm.   

Temperature : 40, 45, 50, 55, and 60 oC 
Stirring time : 20, 30, 40, 50, and 60 min 
 

Manufacture of magnesium hydroxide 
Three liters of bittern were put into a glass beaker, then slowly mixed with 3 liters of 4N NaOH 

Solution, then stirred and allowed to form two phases. Filter the precipitate obtained and dry us-
ing the oven until dry. The resulting Mg(OH)2 was ground using porcelain and mortar until it be-
came a solid powder.  
 
Formation of magnesium sulfate MgSO4 

500 ml of 1N H2SO4 solution is mixed with solid Mg(OH)2 46.6 g, stirred using a magnetic 
stirrer at speed 110 rpm, at the variable's temperature and time. The precipitate was separated 
from the filtrate formed from the solution of Magnesium Sulfate. Amount of Mg in the formed fil-
trate analyzed and calculated the conversion and reaction rate constant. 
 
Results and Discussion 

The initial content of Magnesium in the Bittern is 14.7473 mg/L. While the initial level of 
Magnesium in solid Mg(OH)2 was 34.42%. from the experimental research, the Mg content in 
MgSO4 formed at reaction times 20, 30, 40, 50, and 60 min are shown in Table 1.  
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Table 1. Effect of of temperature and reaction time on the content of mgso4 formed 

Time 
(min) 

Mg Content in MgSO4, mg/L 

Temperature 
40oC 45oC 50oC 55oC 60oC 

20 1417.5 1411.1 1565.4 1652.4 2506.2 
30 1436.5 1438.9 1703.5 1873.4 2796.9 
40 1441.2 1488.6 1787.8 2034.1 3087.6 
50 1451.8 1537.3 1856.2 2124.8 3178.3 
60 1472.9 1606.1 1904.8 2415.5 3269.0 

 
As shown in table 1, the Mg content in MgSO4 formed at reaction times 20, 30, 40, 50, and 60 

min; the result is directly proportional to the reaction time. As the reaction time increases, the Mg 
Content in MgSO4 also formed increases. It indicates that increasing reaction time can increase the 
formation of Mg content in MgSO4. Meanwhile, the Mg content in MgSO4 formed at temperatures 
40, 45, 50, 55 dan 60oC is also directly proportional to the reaction temperature. As the reaction 
temperature increases, the Mg content in MgSO4 also formed increases. It indicates that increasing 
the reaction temperature also increases the formation of Mg content in MgSO4. The highest MgSO4 
content was obtained at 60 min and 60oC, which was 3269.0. 

The effect of the temperature and the reaction time on MgSO4conversion are shown in Table 2 
and figure 1.  

 
Table 2. Effect of temperature and reaction time on the conversion of MgSO4 

Time 

(min) 

Conversion of MgSO4, %mole 

Temperature 

40oC 45oC 50oC 55oC 60oC 

20 11.67 11.61 12.88 13.60 20.63 
30 11.82 11.84 14.02 15.42 23.02 
40 11.86 12.25 14.71 16.74 25.41 
50 11.95 12.65 15.28 17.49 26.16 
60 12.12 13.22 15.68 19.88 26.90 

 

 

Figure 1. Relations between time reaction and conversion of various temperatures 

Figure 1 shows that as the reaction time increases, the conversion also obtained increases. The 
increased reaction time causes the contact between the reactants to be longer, so the Magnesium 
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sulfate obtained is also greater. As the reaction temperature increases, the conversion also 
obtained increases. The increased temperature can affect the reactivity of the molecules to move 
and interact with each other and result in collisions between molecules so that the reaction 
proceeds well and results in greater conversion. The highest conversion of MgSO4 was obtained 
at 60 min and 60oC, which was 26.90%. in the experiment of synthesis of Mg(OH)2 using the 
electrochemical method, the conversion of Mg in bittern was 93.22% (Amrulloh et al., 2017) 

The reaction order determined by plotting the graph XA/Cao(1-XA) Vs time and find the regres-
sion value. The Relations between XA/Cao(1-XA) against time in various reaction temperature as 
shown in figure 2.  
 

 

Figure 2. Relations between XA/Cao(1-XA) against time 

         Based on Figure 2, it can be seen that the graphic pattern that relates changes in the concen-
tration of XA/Cao(1-XA) to time already shows a straight line pattern. Based on Figure 2, a straight 
line equation and the regression value (R2) of each temperature. The average regression value (R2) 
obtained from the straight-line equation is 0.96138. Compared with the regression value (R2) on 
the first and zero-order, the regression value (R) on the second-order is closer to the value 1. So, 
the reaction for the formation of Magnesium sulfate follows a second-order reaction (n=2). How-
ever, because in the reaction for the formation of Magnesium Sulfate, there is an excess concen-
tration of one of the reactants, it can be concluded that the reaction for the formation of Magne-
sium Sulfate in this study follows a pseudo-first-order reaction. In Figure 2, the reaction of order 
2, the value of the reaction rate constant (k) can be determined by the slope value of the formed 
straight line equation, as shown in Table 3. 

Table 3. Straight line equations at various temperature reaction orders 2 

Temperature(oC) Straight Line Equations k R2 

40 0.0005x + 0.5181 5 x 10-4 0.9561 
45 0.0021x + 0.4783 2.1 x 10-3 0.9782 
50 0.0037x + 0.5305 3.7 x 10-3 0.964 
55 0.0084x + 0.4631 8.4 x 10-3 0.9713 
60 0.0109x + 0.8629 1.09 x 10-2 0.9373 
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After obtaining the slope value data from the straight-line equation, it can be obtained that 
the final value of the reaction rate constant for the formation of Magnesium Sulfate is k = 0.00512 
min-1. 

Determination of the value of Activation Energy (Ea) refers to the equation: 

𝑘 = 𝑘𝑜𝑒−𝐸𝑎/𝑅𝑇 

𝑙𝑛 𝑘 = 𝑙𝑛 𝑘𝑜 −  
𝐸𝑎

𝑅
 
1

𝑇
 

 
       The value (k) is the slope value of the straight line equation. Activation Energy can be 
determined from the relations curve of the reaction rate constant (k) as a function of temperature 
by plotting a graph of the relations ln k versus 1/T, as shown in Figure 3.   
 

 

Figure 3. Relation of reaction rate constants as a function of reaction temperature order 2 

Based on Figure 3, the equation of the relations line between ln l and 1/T is obtained, which 
is expressed by 𝑦 = −15804𝑥 +  43.218 with R2 value is 0.9458 (closer to the value 1) so that the 
slope and intercept obtained can represent the frequency factor and activation energy with the 
line equation  

𝑙𝑛 𝑘 =  −15804𝑥 +  43.218 𝑜𝑟 − 𝑙𝑛 𝑘 =  15804𝑥 –  43.218. 

         Determination of the value of Activation Energy (Ea) in forming Magnesium Sulfate according 
to the graph of the Arrhenius equation, the equation of the −𝑙𝑛 𝑘 =  15804𝑥 –  43.218 is equiva-
lent to 𝑦 =  𝑎𝑥 + 𝑏. Therefore, the slope of the graph ln k with 1/𝑇 will get 𝐸𝑎/𝑅 as the slope and 
ln koas the intercept. It means 𝐸𝑎 =  𝑠𝑙𝑜𝑝𝑒 𝑥 𝑅  (ideal gas constant) so that the final value of 
Activation energy for the formation of magnesium sulfate is 𝐸𝑎 =  131.394 𝑘𝐽/𝑚𝑜𝑙. 𝐾. 

 
Conclusion 

The results showed that the best operating conditions for the reaction of formation of 
magnesium sulfate are at 60 min and 60oC, which was 26.90%. The formation of magnesium 
sulfate follows a second-order reaction (n=2), or it can be a pseudo-first-order reaction. The value 
of the reaction rate constant for the formation of magnesium sulfate is k=0.00512 min-1, and 
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Activation Energy for the formation of magnesium sulfate obtained 𝐸𝑎 = 131.394 𝑘𝐽/𝑚𝑜𝑙. 𝐾 . 
Because the reactions of order 0, order 1, and order 2 are not significantly different, the discussion 
is not much different.  
 
Acknowledgment 

The author is grateful to the Universitas Pembangunan Nasional “Veteran” Jawa timur. 
Thanks very much to Cholivia Hayyu Salsabila and Mimbar Mahardi Pristiawan for performing 
the experiments and analysis. 

 
References 
Aal, H.A., Zohdy, K., & Abdelkreem, M. (2017). Seawater bittern a precursor for magnesium chloride separation: discussion and 

assessment of case studies. International Journal of Waste Resources. 7(1), 1-6. Doi: 10.4172/2252-5211.1000267 

Amrulloh, H., Simanjuntak, W., & Situmeang, R. (2017). Sintesis Mg(OH)2 dari bittern menggunakan metode elektrokimia. ALKIMIA 

Jurnal Ilmu Kimia dan Terapan, 1(1),10-15. https://doi.org/10.19109/alkimia.v1i1.1325 

Hapsari, N. (2008). Proses pemisahan ion natrium (Na) dan magnesium (Mg) dalam Bittern (buangan) industri garam dengan 

membran elektrolisis. Jurnal Teknik Kimia UPN Veteran Jawa Timur, 3(1), 192-199.  

Levenspiel, O. (1999).Chemical reaction engineering. New York: John Wiley & Sons 

Natasha, N. C., & Sulistiyono, E. (2016). Ekstraksi garam magnesium dari air laut melalui proses kristalisasi. Prosiding: Seminar Nasional 

Sains dan Teknologi, Fakultas Teknik Universitas Muhammadiyah Jakarta.  

Sato, A., Rasmito, A., & Soewarno. (2010). Epsomite crystal from bittern. Department of Chemical Engineering. Institut Teknologi Adhi 

Tama.  

Shahjooei, M., Hormati, A.R., and Rezai, B. (2017). The selective extraction of magnesium components from bittern using NaOH 

experimental and pilot scale studies. Amirkabir Journal of Civil Engineering. 51(1), 19-22. Doi: 10.22060/ceej.2017.12842.5279 

Sidharta, B. R. (2016). Bioteknologi kelautan. Yogyakarta: Cahaya Atma Pustaka.  

Smith, J. M., & Vannes H. C. (1981). Chemical engineering kinetics 3rd edition. Mc.Graw Hill Book Company inc. Singapore 

Sutiyono, S., Edahwati, L., Perwitasari, D. S., Muryanto, S., Jamari, J., & Bayuseno, P. (2016). Synthesis and characterization of struvite 

family crystals by an aqueous precipitation method. MATEC Web Conferences. 58 

Turek, M., & Gnot, W. (1995). Precipitation of magnesium hydroxide from brine. Industrial & Engineering Chemistry Research, 34(1), 

244-250. https://doi.org/10.1021/ie00040a025 

Yousefi, S., Ghasemi, B., Amiri, A., & Naini, A. A. (2016). Recovery of high purity magnesium hydroxide from brines containing plentiful 

calcium. International Conference on Materials Engineering and Metallurgy. Shiraz University  

 

 
 

 

 

https://doi.org/10.19109/alkimia.v1i1.1325
https://doi.org/10.1021/ie00040a025

