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ABSTRACT 

 In order to leach boron from colemanite ore (from Hisarcık (Kütahya)-Turkey), various 
organic and mixed organic–aqueous solvent systems have been considered, which are 
aqueous solutions of glycerol, ethylene glycol, ethanolamine and diethylene glycol in 
different concentrations. The highest percentage of boron leached has been achieved by 
water-glycerol system with 1:1 by volume. While 50.5 % of the B2O3 in colemanite has been 
extracted in acidic medium, it is found that the use of very strongly acidic medium is not 
necessary. Moreover, heating the leaching solution does not increase the percentage of boron 
leached, either. 
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1. INTRODUCTION 

     Colemanite is one of the hydrated boron minerals having the composition of 
Ca2B6O11·5H2O (Hydrated Calcium Borate Hydroxide). Others to be mentioned are borax 
Na2B4O7.10H2O), Boronatrocalcite (NaCaB5O9.8H2O), hydroborocalcite (MgCaB6O11.6H2O) 
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and pandermite ( Ca4B10O19.7H2O) [1]. Colemanite like other borates, is a complex mineral, 
that is found in playa lakes and other evaporite deposits. The basic structure of colemanite 
contains endless chains of interlocking BO2(OH) triangles and BO3(OH) tetrahedrons with 
the calciums, water molecules and extra hydroxides interspersed between the chains. 

Turkey has 60 % of the world boron deposits in which its minerals are in the form of 
hydrated borates containing Ca, Mg, and Na. Colemanite is also found in California and 
Nevada in USA. In Chile colemanite ores are deposited near Bacos del Toro. Boron ores are 
used in glass, ceramics, soap, and detergent industries, in metallurgical and nuclear processes, 
and in the production of various boron compounds used in different industrial areas. Boric 
acid, borax, boric oxide, and refined hydrated sodium borates and perborates are important 
boron compounds economically. 

Various studies have been carried out to produce boron compounds, especially boric 
acid and borax from boron ores. The dissolution kinetics of pure and clay-containing 
colemanite were studied in SO2-saturated water, and it was found that dissolution processes 
were chemically controlled for both cases. However, the former had a larger apparent 
activation energy than the latter [2,3]. In another study (Boncukçuoğlu et al.[4]), the 
evaluation of the reactor waste in borax production was investigated to recover B2O3 and 
therefore to reduce the toxic effect of the waste. Also, some of these studies include the 
production borax from colemanite by using NaCl and seawater,[5] boric acid from sulfuric 
acid and borax [6]. In addition, the dissolution of colemanite and other boron ores has been 
carried out in various acid solutions [7- 15]. 

Several complexing agents are commonly used for the spectrophotometric 
determination of boron in water including curcumin, carmine, and dianthrimide. However, 
their adaptation to automated procedures is not feasible because either evaporation to dryness 
or a strong acid medium is required prior to color development. 

The condensation product of H acid (8-amino-1-naphthol-3,6-disulfonic acid) and 
salicylaldehyde, azomethine H, was used by Shanina et al.[16] for the determination of boron 
in complex borenes and boranes. Basson et al.[17] successfully adapted azomethine H into an 
automated procedure for the determination of boron in aqueous plant tissue extracts. Basson 
et al.[18] later incorporated an in situ preparation of azomethine H into the manifold to 
circumvent the time required for outside preparation of the complexing agent. 

The purpose of this study was to adapt the azomethine H procedure for the routine 
determination of boron, leached from colemanite by a variety of organic solvents (glycerol, 
ethylene glycol, ethanolamine and diethylene glycol). The azomethine H method worked in a 
buffered system, is a good alternative to most attractive detection systems, such as, 
inductively coupled plasma (ICP-OES) spectrometry, with high sensitivity [19]. 

2. EXPERIMENTAL METHOD 

     Colemanite ore obtained from Hisarcık (Kütahya)-Turkey has a particle size of 150 µ and 
it is known to contain 39.4 % B2O3. Table 1 displays the composition of the ore. 

18.4 ppm boron stock solution has been prepared by dissolving 0.114 g of analytical 
reagent grade H3B03 in water and diluting to 1 L. A series of standards in the concentration  
range from 1.84 to 9.22 ppm boron have been prepared by appropriate dilution of the stock 
with water. The boron stock and standard solutions can also be prepared from Na2B407.10H20. 
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The azomethine H solution has been prepared by dissolving 0.45 g of azomethine H 
and 1.0 g of ascorbic acid in water with gentle heating (50 °C) and stirring and diluting to 100 
mL. This temperature is not critical and is used only to hasten dissolution of the reagents. 

The buffer solution has been prepared by dissolving 250 g of ammonium acetate 
(NH4C2H3O2) and 15 g EDTA in a solution containing 400 mL water and 125 mL acetic acid. 
Ca, Mg and Fe which are present in the ore may interfere when boron is determined directly 
in samples. It is found that ascorbic acid and EDTA addition to the reaction system can be 
very effective in masking these ions and greatly improve the selectivity [20]. 

 
Table 1: Chemical composition of the colemanite ore used, %. 

Composition % Composition % 

B2O3 39.4286 Fe2O3 0.6870 

CaO 25.3863 As2O3 0.4294 

Na2O 0.3352 SiO 1.6958 

MgO 2.4586 TiO2 0.5078 

Al2O3 1.2550 K2O 0.6352 

SiO2 2.8674 BaO 0.0261 

SO3 1.2776 Moisture 0.3743 

 
 

All chemicals must be analytical grade or better and deionized water has to be used 
to prepare all the solutions. Optimal results are obtained when the azomethine H solution is 
prepared fresh. 

Boron concentrations were measured in 1.00-cm sample cells, at 420 nm, according 
to Azomethine H method [21,22] by a Shimadzu double beam UV-VIS spectrophotometer, 
Model UV 1601. 

3. RESULTS AND DISCUSSIONS 

 It is known from the literature that, boron may be extracted as one of its organic 
complexes such as (a) the boron-2-ethyl-1,3-hexanediol complex of boron into chloroform or 
benzene,[23,24] (b) the 2,4-dinitro-1,8-naphthalenediol complex of boron into toluene,[25] or 
(c) the complex of boron with a 24% solution of 2,4-dimethyl-2,4-octanediol into isopentanol 
[26]. 

In the present study, boron has been leached from colemanite, by the application of 
different aqueous-organic solvent systems, such as, glycerol (G), ethylene glycol (EG), 
ethanolamine (EA) and diethylene glycol (DEG). The determination of the amount of 
extracted boron has been measured by the application of the azomethine H method, which is 
reported to give no significant differences with the high cost spectroscopic methods, like ICP-
OES spectrometry [27]. The detection limit for the Azomethine-H method has been found to 
be 1.5 % B2O3, the present case. 
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Presently, three parameters have been considered for the design of the leaching 
process from colemanite. These are (i) Type of the organic solvent and the solvent/water 
ratio, (ii) Acidity of the leaching solution, (iii) Temperature of the leaching medium.  

 
(i) The effects of solvent and organic solvent/water ratio on the leaching 
At first, the leaching experiments have been performed with aqueous (water only) 

and organic (glycerol only) solvent systems. The amount of extracted boron has been 
increased from 15.9 % to 26.6 %, by the use of glycerol as the leaching solvent. However, 
mixing of the leaching solution was difficult in the case of glycerol, due to its very viscous 
character. Therefore, aqueous-organic solvent mixture systems were used. 

Another important parameter in leaching of boron from colemanite was the organic 
solvent/water ratio. The achievement of the same leaching of boron with lower organic 
solvent ratios would be more economic for industrial applications. Therefore, boron leaching 
experiments have been performed with different water/organic solvent ratios and the results 
have been reported in Table 2. But unfortunately, lowering the ratio of the organic component 
in the leaching solution leads to decrease in the percentage of boron leached for all cases. 

 
Table 2: Effect of acidity of the leaching solution on the leaching of borona. 

 EG G EA DEG 

No acid 10.6 ± 0.03 26.6 ± 0.01 4.0 ± 0.02 14.9 ± 0.03 

10-2 M HCl 20.2 ± 0.02 50.5 ± 0.02 7.3 ± 0.04 23.5 ± 0.01 

1.2 M HCl 20.4 ± 0.03 50.9 ± 0.03 7.4 ± 0.03 23.9 ± 0.02 

a: Average of five measurements. 

 

Table 3: Effect of aqueous/organic solvent ratio on the percentage of boron leached (at 1 
hour mixing)a. 

 % Organic Component 

Organic 
Solvent 

100 50 30 20 

G 26.6 ± 0.01 50.5 ± 0.03 38.8 ± 0.02 35.2 ± 0.05 

DEG 13.4 ± 0.04 23.5 ± 0.04 18.2 ± 0.02 12.3 ± 0.02 

EG 16.1 ± 0.02 15.6 ± 0.02 14.4 ± 0.01 12.9 ± 0.01 

EA 2.5 ± 0.01 7.3 ± 0.01 3.2 ± 0.02 0.9 ± 0.01 

a: Average of five measurements 

 

In the rest of the study, all the experiments have been performed with the aqueous 
solutions of the organic solvents with 1:1 ratio (see Table 2). 

After the achievement of an increase in the percentage of boron leached by glycerol, 
other alcoholic organic solvents (ethylene glycol, ethanolamine and diethylene glycol) have 
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been considered as the organic component of the leaching solution. Among the four organic 
solvents considered, maximum and minimum the percentage of boron leached have been 
observed in the cases of glycerol and ethanolamine, respectively (see Table 3). 
 

(ii) The effect of HCl concentration on the leaching 

It is well known from the theoretical literature that leaching performance becomes 
greater in acidic solutions [3,28]. Therefore, the leaching solutions were acidified with the use 
of different amounts of concentrated HCl. Acidifying the leaching solution has effectively 
increased the percentage of boron leached and  the amount of leached boron has been 
increased almost double. However, making the solution more and more acidic than 10-2 M, 
had a very little effect on the amount of leached boron (see Table 2). Figure 1 shows the 
graph for the amount of B2O3 vs. time for the four solvents used at 10-2 M HCl concentration.  

 
Figure 1: Effect of the type of the organic solvent on the percentage of boron leached at 10-2 M 

HCl concentration. (2.5 g colemanite is mixed in 50 mL of solution which is 1:1 organic solvent-
aqueous mixture). 
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Figure 2: Effect of the type of the organic solvent on the percentage of boron leached at 10-2 M 
HCl concentration (at initial times). (2.5 g colemanite is mixed in 50 mL of solution which is 1:1 

organic solvent-aqueous mixture). 
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As can be seen from the figure, water-glycerol (in 10-2 M HCl) system has been found to 
be the best among all for the leaching of boron from the colemanite ore samples. Figure 2 
shows the change in the amount of B2O3 leached at initial times. 

 
(iii)  Effect of temperature on the leaching of boron 
Increasing the temperature of a solution will lower the intermolecular attraction 

(hydrogen bonding in this case) between solvent molecules. This may result in lowering the 
viscosity of the leaching solution and the problems with mixing the leaching  solution would 
be overcome. Thus, the present  leaching experiments have been performed at 25 ºC and 60 
ºC. The percentage of boron leached at 60 ºC has been found to be slightly higher than that of 
leaching at 25 ºC. 

4. CONCLUSIONS 

     In the present study, leaching of boron from colemanite ore has been performed with 
different aqueous-organic solvent systems. The azomethine H method has been used for the 
determination boron. The detection limit for this method is found to be 1.5 % B2O3. The 
results showed that, glycerol-water system is the best solvent to leach boron from colemanite. 
The amount of B2O3 extracted from colemanite has been reached to 50.5 % with the glycerol- 
water system while 23.5 %, 15.6 % and 7.3 % leaching has been achieved by the use of DEG, 
EG and EA, respectively. 

It is necessary to perform the leaching process in acidic medium. However, it is 
found to be unnecessary to use very strongly acidic solutions. The ratio of the aqueous and 
organic components is important, since the decrease of the percent of the organic solvent 
decreases the percentage of boron leached and the increase of the percent of the organic 
solvent increases the cost of leaching process for the industrial applications. The maximum 
percentage of boron leached has been achieved when the ratio of the organic-aqueous mixture 
is 1:1 by volume. 

During the design of the experiments, the viscosity problem of organic components 
has been thought to be overcome by heating the leaching solution. But then, it is found that 
leaching process at higher temperatures is not essential, since the viscosity problem has been 
solved by mixing the organic solvents with water. 
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