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Abstract 
Metal humates have been generally produced from water soluble alkaline humates with the re-
lated metal salts. In this study, a new method for the production of barium humate (Ba-HA) from 
Turkish coal was developed. Insoluble Ba-HA was produced from the result of the extraction of 
coal directly with barium hydroxide at 120˚C. The effect of the amount of raw materials on the so-
lubility and on the content of barium metal was investigated. The pilot plant trial was performed 
by using 100 kg of coal in one batch based on laboratory results. Ba-HA was characterized by 
means of FTIR and TGA. The calcination of Ba-HA at the different temperatures and in atmosphere 
of nitrogen and air was realized to provide the increase in the surface area and the decrease in the 
chromatographic groups giving yellow color. In terms of the surface area and UV-absorbance val-
ues, the calcination condition was selected as the temperature of 350˚C and atmosphere of air. The 
calcinated Ba-HA was used in the adsorption of some heavy metals. The results show that Ba-HA 
may have potential to be used as a low cost, natural and eco-friendly adsorbent. 
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1. Introduction 
Humic acids (HAs) are present in soils, natural waters, river, lake and sea sediments, peat, brown and brown- 
black coals and other natural materials as a product of chemical and biological transformations of animal and 
plant residues [1]. Coal humic substances are formed as intermediate product during coal formation.  
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Humic acid is a chemically heterogeneous compound having different types of functional groups in different 
proportions and configurations. It contains carboxyl (-COOH), amine (-NH2), hydroxyl(-OH) and phenol (Ar- 
OH) functional groups, and has a negative charge in weakly acidic to basic media because of deprotonation [2]. 

Alkali humates are produced as a result of the extraction with alkaline solution (sodium hydroxide, potassium 
hydroxide, or ammonium hydroxide) of coal sources such as lignite, Leonardite with high humic acid content 
[3]. Alkali metal humates (Na and K) are defined as the water soluble salts of humic acid. Commercial humates 
of sodium, potassium and ammonium were shown to improve plant growth and development, increase plant re-
sistance to unfavorable environmental conditions when humic acids interact with two and multivalent metals, 
such as calcium, barium, iron, zinc, copper and others, they form new type of insoluble compounds [4]. Metal 
humates can be prepared in a relatively simple way by the precipitation of humic acid with suitable metal com-
pounds.  

Except for agricultural uses, humic acid and humates have been used in various industries such as in the ce-
ramic industry as dispersants, in wastewater treatment as adsorbents, in drilling fluids as loss prevention addi-
tives, in the lead acid batteries as surfactant material, in black or dark colored inks as rheology improver, in 
medicine for treatment of various diseases. 

Recent years, low cost and highly effective adsorbent materials have been developed for heavy metal adsorp-
tion. Humic acid based materials are also considered as one of the best examples for low cost sorbents.  Wa-
ter-insoluble coal derived metal humates have been used as a new low-cost sorbent for inorganic and organic 
pollutants. Many humic substances as oxihumolite, iron humate [5] and lignite [6] were chemically modified to 
new substances (humates) in order to improve the sorption and material properties of the original humic sub-
stances. Among the various functional groups of humic substances, carboxyl and phenolic OH groups, the acidic 
functional groups possess high complexation capacities with metal ions enabling humic acid to bind and remove 
heavy metals from soil and organic pollutants [7].  

Seki and Suzuki [8] produced insolubilized humic acid by heating at 330˚C for 1 h after the pretreatment of 
sodium humate with 2 M CaCl2 solution. Insoluble humic acid was used as an adsorbent for cadmium and lead 
ions. Kříženecká et al. [7] prepared five metal humates (iron humate, aluminium humate, zinc humate, calcium 
humate, and magnesium humate) by the precipitation of potassium humate with the respective metal solutions 
and metal humates were tested as sorbents for the removal of inorganic or organic pollutants (metals, inorganic 
ions, dyes, and chlorophenols) from waste water. They found that partly soluble magnesium humate and calcium 
humate could not be used as sorbents. The literature results show that the calcination of metal humates (espe-
cially for Ca, Mg and Ba) make them insoluble in the alkaline and acidic solutions. 

Leonardite based coal is soluble in the alkaline conditions because of the high content of humic acid. Humic 
acid is obtained from Leonardite by extraction with sodium or potassium hydroxide followed by coagulation, 
centrifugation and washing with water. Multivalent metal humates were produced from water soluble sodium or 
potassium humates and metal salts. The production of metal humates from coal by using water-soluble multiva-
lent metal salts directly has not been observed in the literature. 

In this study, barium humate (Ba-HA) was prepared directly from coal (Turkish Coal Enterprises-TKI) by us-
ing barium hydroxide. Ba-HA was separated from the solution with centrifuge. Ba ions were reacted with the 
acidic or phenolic groups present in humic acid fraction on Leonardite. The obtained Ba-HA included the inso-
luble organic and inorganic fraction in the coal. The use of the entire coal mass was provided with this new 
production method.  

The derived Ba-HA was insoluble under the alkaline and acidic conditions. Pilot plant trial was performed in 
the reactor with the volume of 1 m3. Then, the modification of Ba-HA was carried out by the application of 
thermal treatment (calcination) to increase the surface area of Ba-HA. Temperature effect was examined by 
measuring surface area and UV-absorbance of Ba-HA aqueous solution. Adsorption experiments of Ba-HA have 
been performed for As, Cd, Co, Cr, Cu, Hg, Ni and Pb ion removal. 

2. Materials and Methods 
2.1. Materials 
Leonardite coal (from Mugla Husamlar) sent by TKI was used. The ultimate and proximate analyses are shown 
in Table 1. The coal was first ground and then sieved. The particles under 200 µm were used. 

Barium hydroxide octahydrate (Ba(OH)2∙8H2O) as barium source was supplied from Sigma Aldrich. Its solu- 
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Table 1. Ultimate and proximate analyses for Leonardite.                                                          

 % on d.a.f. basis 

Ultimate analysis  

C 49.0 

H 4.48 

N 1.58 

S 3.74 

O 41.20 

Proximate analysis  

Moisture 10.0 

Ash 33.0 

Volatile matter 68 

d.a.f.: Dried ash free. 
 

bility in water at 20˚C is 40 - 60 g/l. Humic acid content of Leonardite was determined according to ISO 5073 
Brown coals and lignites—Determination of humic acids and it was found as 50%.  

2.2. Ba-HA Preparation 
2.2.1. Laboratory Trials 
The experiments were performed using 1 L autoclave at 85˚C and 120˚C. In each run, 80 g of coal sample and 
different amount of water and barium hydroxide octahydrate (Table 2) were placed into the stainless steel au-
toclave. The autoclave then was heated to desired temperature with stirring. This temperature was maintained 
for 2 h. The autoclave was then allowed to cool to room temperature for 2 - 3 h. Ba-HA was separated by cen-
trifugation and rinsed with distilled water and then dried under vacuum at 80˚C overnight. 

2.2.2. Pilot Plant Trial 
Pilot plant trial was performed by using 1 m3 jacketed reactor and decantation tank present in the pilot plant. 114 
kg of coal, 26.7 kg Ba(OH)2∙8H2O and 128 kg water were placed into the reactor. After the decantation, Ba-HA 
was dried under the ambient conditions. The reaction conditions are given in Table 3. Barium content in Ba-HA 
was found as 8%. 

2.3. Calcination  
Ba-HA produced in pilot plant was sieved under 200 µm and then calcinated in the oven at the temperatures of 
200˚C, 250˚C, 300˚C and 350˚C. The calcination temperatures were reached in directly or gradually under the 
atmosphere of nitrogenand air. Nitrogen gas was fed to the calcination oven to perform the calcination in the 
atmosphere of nitrogen. The applied conditions for each temperature are given below: 
 Directly-air. 
 Gradually-air. 
 Directly-nitrogen. 
 Gradually-nitrogen. 

The calcination time was selected as 3 hours. The sample was hold in the oven at the desired temperature for 
3 hours during direct calcinations. In the gradual calcinations, temperature has reached to 105˚C for 1 hour and 
to the target temperature for 30 minutes. It was provided to remain at the target temperature for 1.5 hours as 
shown in Figure 1.  
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Figure 1. Time versus temperature increase in gradual calcinations.          

 
Table 2. Ba-HA production conditions and results.                                                             

 1 2 3 4 5 6 7 8 

Temperature, ˚C 120 120 120 85 85 85 85 120 

Pressure, bar 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 

Stirring rate, RPM 400 400 400 400 400 400 400 400 

Time, hour 2 2 2 2 2 2 2 2 

Raw materials         

Ba(OH)2 % 4.0 6.5 9.0 4.0 6.5 9.0 6.5 6.5 

Water, % 65.3 63.6 61.9 65.3 63.6 61.9 57.5 57.5 

Leonardite, % 30.7 29.9 29.1 30.7 29.9 29.1 36.0 36.0 

Results 

Ba amount in Ba-HA % 0.84 3.8 9.2 0.7 4.2 14.6 8.8 8.5 

Solubility in alkaline, % 0.4 0.3 0.6 2.6 0.8 0.7 1.4 0.5 

Ash, % 40 37 44.00 37 40 44 38 37 

 
Table 3. Pilot plant trial conditions.                                                                          

Temperature, ˚C 120 

Pressure, Bar 3.6 - 4.0 

Time, hour 3 

Ba(OH)2, % 6.5 

Water, % 57.5 

Leonardite % 36 

Liquid/solid ratio 1.6 
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2.4. Characterization  
The solubility was determined by stirring the sample in the aqueous conditions for 24 hours at pH = 11. Fourier- 
Transform Infrared (FTIR) spectra were recorded for the Ba-HA using Perkin Elmer Pyris 1 FTIR spectropho-
tometer. The samples were prepared by incorporation into KBr pellets. The thermal stability of Ba-HA sample 
was determined using a Perkin Elmer PYRIS 1 Thermal Gravimetric Analyses (TGA). 

The BET specific surface area of the samples was measured with linear parts of BET plot of N2 adsorption 
isotherms, using Quantachrome autosorb.  

The calcinated samples under the different conditions are stirred in water for 24 hours and the supernatant was 
examined in UV spectrophotometer. It is required that Ba-HA during the adsorption process should not change 
the color of the liquid phase UV-spectra of the samples  were recorded with UV-1650 PC (Schimadzu) spec-
trophotometer in a 1 cm quartz cuvette. Samples were mixed in water and the solution was measured in UV. 

2.5. Batch Adsorption Experiments 
Batch adsorption experiments were carried out by shaking 0.5 and 1 g of the calcined Ba-HA with 25 ml of so-
lution of As, Cd, Co, Cr, Cu, Hg, Ni and Pb with 150 ppm concentration in PE bottles. The metal solution to-
gether with the adsorbent was agitated magnetically in the closed PE bottle for 2 and 24 hours. Then the solid 
phase was separated by centrifugation, the concentration of the metal in the solution was determined imme-
diately by ICP-AES. The adsorption capacity was calculated using the following equations: 

The adsorption degree, AD, as a function of time was also determined from the experimental data using the 
following relationship: 

% 1 100t iAD C C= − ×  
where Ci and Ct are the concentrations of the metal ion in initial and final solutions respectively. 

3. Results and Discussion  
Figure 2 shows the spectra of Leonardite and Ba-HA. Absorption bands in the 3600 - 2800 cm−1 spectral region 
for Leonardite and Ba-HA were very broad; absorbance in this region was determined by the presence of –OH, 
NH and C-H groups [9]. In Leonardite, the bands at 2900 cm−1 and 2850 cm−1 (aliphatic C-H stretching vibra-
tion) appear more intense and clear. Absorption within the range from 2000 to 1500 cm−1 is characteristic for 
functional groups with double bonds for Leonardite. Usually these are C=O and C=C. Polysaccharide absorption 
bands can be observed, mostly around 1040 cm−1. The spectrum presents intense bands around 1000 and 500 
cm−1 corresponding to mineral materials. The band at about 1470 cm−1 (COO-) is more pronounced in Ba-HA.  

 

 
Figure 2. FTIR spectra of Leonardite and Ba-HA.                                         
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Thermogravimetric degradation curves of Leonardite and Ba-Humat prepared from coal are shown in Figure 
3. Ba-HA has greater ash content than Leonardite, since there are more inorganic parts. 

The solubility of humic acid increased with increase in pH and decreased with increase in ionic strength. A 
pH of at least 8.0 was required to solubilize a “representative” fraction of a humic acid sample. The solubility of 
Leonardite in pH 10 was obtained as 15%. The solubility of Ba-HA samples under alkaline conditions was ob-
tained about <1% as shown in Table 2. The values confirm the formation of Ba-HA from Leonardite. 

The content of barium in the barium humate was determined by ICP-AES. The amount of Ba in the samples 
increased with increasing of barium hydroxide. The decrease in the liquid/solid ratio caused the increase in the 
amount of barium content in the solid phase. While liquid/solid ratio was 2.13, barium amount was obtained as 
3.8% and the amount of barium increased to the value of 8.5% with the liquid/solid ratio of 1.6. 

The acidic groups on HA are available for metal complexation. However, 20% of acidic groups on insoluble 
HA were found unavailable for metal complexation [8] and the metal complexation constants of insoluble HA 
agreed with the constants of HA.  

As a result the acidic groups on HA are available for metal complexation. But 20% of acidic groups on inso-
luble HA were found unavailable for metal complexation [8] and the metal complexation constants of insoluble 
HA agreed with the constants of HA.  

Of calcination process, it is clear that there is some loss in the weight of Ba-HA samples (Figure 4), which 
can be illustrated as follows: 
 A higher rate of loss was obtained in directly calcinations when compared to gradually calcinations. 
 Weight loss was high especially at 200˚C during the directly calcination. 
 There was no important difference between directly or gradually calcination under the ambient and nitrogen, 

except 200˚C.  
 Weight loss increased with the increase of temperature. 

The BET surface areas of Ba-HA samples calcined at different temperatures are listed in Table 4. The results 
indicated that the surface area increased with increasing calcination temperature.  

The surface area of the samples directly calcinated at different temperatures is higher than that of other condi-
tions. Nitrogen atmosphere did not cause differences in the surface area. According to these results, it is possible 
to achieve the desired results by direct calcination at 350˚C. 

UV Measurements 
Chromophoric organic matters released into aqueous medium from Ba-HA calcined at different temperatures 
were investigated in terms of absorbances with wavelength between 200 and 900 nm. Figure 5 depicted varia-
tions of UV absorbance spectra of samples after calcination at the different conditions. We attribute them to ab-
sorption of light by phenolics or quinones (a shoulder located around 280 - 290 nm).  

 

 
Figure 3. Thermogravimetric analysis of Ba-HA sample and Leonardite.                                
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Figure 4. Weight loss at the different calcinations conditions.                      

 

  
 

   
Figure 5. UV absorbance spectra of samples after calcinations.                                           

 
The effect of contact time and the adsorbent amount on the adsorption of As, Cd, Co, Cr, Cu, Hg, Ni and Pb 

ions on Ba-HA was investigated over time intervals from 2 up to 24 hours. Figure 6 shows the adsorption de-
gree as a function of contact time for all metal ions. About 90% adsorption degree was achieved within 2 and 24 
hours for all metal except As and Co during the use of 1 gr of Ba-HA.  
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Figure 6. Variation of adsorption percentage with contact time.               

 
Table 4. Surface area of the samples calcinated at different conditions.                                             

Calcination  
Temperature ˚C 

Surface Area, m2/g 

Direct Calcination Gradual Calcination Direct Calcination  
under Nitrogen 

Gradual Calcination 
under Nitrogen 

0 1.2 

150 2.13 2.46 1.14 1.52 

200 11.29 2.29 1.70 1.32 

250 10.50 5.49 11.01 7.58 

300 17.56 16.24 16.20 15.09 

350 20.60 17.78 21.50 21.63 

4. Conclusions 
With the developed new method, it was shown that Ba-HA can be produced with the reaction of coal (Leonar-
dite) and barium hydroxide at 120˚C for 2 hours. Ba-HA in the desired properties was also obtained in the pilot 
plant trials under the same production conditions. While the solubility of Leonardite and Ba-HA in alkaline con-
dition was obtained as 15% and <1, respectively. 

Ba ions were reacted with the acidic or phenolic groups present in humic acid fraction on Leonardite. The ob-
tained Ba-HA includes the insoluble organic and inorganic fraction in the coal. The use of the entire coal mass 
was provided with this new production method.  

The calcination of Ba-HA at different temperatures showed the increase in the surface area and almost 
20-time higher surface area was obtained at 350˚C. Calcined Ba-HA sample was successfully used for selective 
metal ions and adsorption degree was obtained to be over 90% except As and Co in a period of 24 hours. This 
study shows that calcined Ba-HA can be used as a low cost and natural adsorbent. 
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