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 
Abstract—Boron-gypsum is a waste which occurs in the boric 

acid production process. In this study, the boron content of this waste 
is evaluated for the use in synthesis of magnesium borates and such 
evaluation of this kind of waste is useful more than storage or 
disposal. Magnesium borates, which are a sub-class of boron 
minerals, are useful additive materials for the industries due to their 
remarkable thermal and mechanical properties. Magnesium borates 
were obtained hydrothermally at different temperatures. Novelty of 
this study is the search of the solution density effects to magnesium 
borate synthesis process for the increasing the possibility of boron-
gypsum usage as a raw material. After the synthesis process, products 
are subjected to XRD and FT-IR to identify and characterize their 
crystal structure, respectively.  
 

Keywords—Boron-gypsum, hydrothermal synthesis, magnesium 
borate, solution density.  

I. INTRODUCTION 

ORIC ACID is used as a raw material for the production 
of boron compounds. Also it is used in several industries 

as an additive. Turkey is the world's major source of high 
grade boron mineral such as; colemanite, ulexite and 
tincalconite [1], [2]. Colemanite (2CaO 3B2O3 5H2O), which 
is one of the most important boron minerals in the world, is 
used as the raw material in the boric acid production [3]. Boric 
acid, is produced by dissolving colemanite in aqueous sulfuric 
acid where by gypsum (CaSO4 2H2O) is formed as a 
byproduct and must be separated from the main product. This 
process consists of two steps as, dissolution of colemanite and 
formation of gypsum. 

In the first reaction where boric acid is produced is a very 
fast reaction and given (1):  

 

  (aq)BO6H+SO 2 2Ca                                  

(l) O2H+(l)SO2H+O(s)5HO3B2CaO

33
-2

4
+2

242232



    (1) 

 
In the second step, gypsum crystals are formed in the 
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reaction mixture to up to a size large enough to be filtered out 
of the solution. 

Gypsum crystallization reaction is given in (2): 
 

 )(2C(l) OH+2SO Ca 242
-2

4
+2 sOHaSO            (2) 

 
Boron-Gypsum which is waste product of boric acid 

production process consist gypsum, B2O3 and some impurities 
that causes various environmental and storage problems. The 
content of B2O3 in boron-gypsum obtained during the boric 
acid production increases up to 7%. It is a valuable industrial 
raw material for its B2O3 content. In contrast, B2O3 is 
dissolved by rain water and mixed with soil. High amount of 
boron content, which has toxicological effect leads economic 
losses and also causes environmental pollutions [4], [5]. 

In literature, there are some studies about the reducing 
pollution and disposal of industrial wastes. Several works have 
been carried out for the utilization for borogypsum as calcium 
sulfate dihydrate (gypsum) in cement production. The addition 
calcinated borogypsum addition to Portland cement clinker 
increases the compressive strength. Therefore, the use of 
different forms of borogypsum in building industry as raw 
materials offers a potential alternative for utilization [6]. Also 
in another study it is concluded that hemihydrate borogypsum 
could be used as a retarder for Portland cement that would 
play an important role in preventing environmental pollution 
[5]. Hemihydrate borogypsum may also be useful for 
decreasing the radioactive permeability of concrete due to the 
boron content. As it is known, colemanite, borax and ulexite 
which have high boron content are used in nuclear reactors as 
shielding materials for radiation [5]. 

Magnesium borate minerals, as a source of magnesium and 
boron, can be used instead of other refined borates or metal 
borate [6]. Due to superior properties such as; high coefficient 
of elasticity, high heat resistance, corrosion resistance, the 
using areas of magnesium borates are ceramic industry, 
contact lens rinsing waters, corrosion inhibitor in paint, 
composition of detergent, production of superconducting 
materials, in the friction-reducing additives in oils and 
insulating coating compositions [7]. 

The production of high-purity boron is an expensive and 
difficult process in the industry [3]. Magnesium borates can be 
synthesized by hydrothermal procedures which involves the 
mixture of raw materials in a liquid phase. In literature, there 
are some examples of synthesized magnesium borate minerals 
by hydrothermal production procedure (aMgO.bB2O3.cH2O) 
The common points of these studies are the high reaction 
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