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complete precipitation of humic substance macromolecules occurs at pH 3 ± 1. In the presence of 

metal ions, the content of humic substances and hematomelanic acids in the solution decreases due 

to the formation of humic substance - metal ion complexes. The binding of humic substances with 

lead ions occurs in the precipitate phase due to the precipitation of insoluble lead humates, and 

with zinc ions mainly in the solution phase with the formation of soluble humates. Additional 

deprotonation of phenolic groups that are part of hematomelanic acids with increasing pH 

increases their binding capacity in the solution phase with respect to zinc ions. 

Keywords: humic substances, hematomelanic acids, heavy metals, sorption, binding 

capacity, pH influence 
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Brown coal mining in Ukraine has been going on for centuries and began in 

central Ukraine in the late 19th century. In the mid-20th century, the construction of a 

brown coal (lignite) complex began in Oleksandriya, where the largest known brown 

coal reserves were available at the time.  

The coal of the Dnipro brown coal basin (Dnipro Basin) is humic, Eocene in 

age, and is a typical representative of low-rank solid fuels characterized by the 

following indicators high natural moisture content (Wr) in the range of 45-65%, on 

average 55-58 %; ash content (Ad) from 8 to 45%, on average 15-25%; high volatile 

matter yield (V(daf)), from 60 to 72%; high sulfur content (Sd) from 2 to 4.8%; carbon 

content (C(daf)) on average 65-70%; hydrogen (H(daf)) - 5.3-6.6%; low calorific value 

per working weight (Qr) 7,5-9,2 MJ/kg; humic acid content (H(daf)) - 55-75%; bitumen 

content (B(d)) in coal of individual areas and blocks of deposits reaches 10-12% and 

more; semi-coking resin yield - up to 23%.[1] 

The coal of the Dnipro Basin is divided into two classes: humite and humite-

lithobiolite.. In turn, the classes are divided into four groups: dense, earthy, lignite, 

and ash varieties for humite. Herewith, humite-liptobiolite is divided only into earthy 

and dense. According to the areas of use, Dnipro coal is divided into four grades (two 
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in each class ) [2]: I - NS - suitable for direct combustion in furnaces; II - B - 

briquette coal, suitable for briquetting; III - E - extraction coal, suitable for extraction 

and production of montan wax; IV - P - semi-coking coal, suitable for production of 

liquid fuel. At the same time, the bitumen content per dry coal (Bd) increases with the 

transition from humite to humite-lipobiolite and in the genetic series with the increase 

in the degree of decomposition. Humite-lipthobiolite coal has a higher bitumen yield, 

and is called "Bitumen A" in coal chemistry. 

The component brown coal, which is separated during extraction with an 

organic solvent, Bitumen or "Bitumen A", as a consumer product, provided that its 

quality indicators are in accordance with Table 1 and the minimum content of resins 

and asphaltenes, is called Montanwachs (German) on the world market. In Ukraine, 

raw browncoal wax or lignite wax is a synonym for montan wax. Sometimes, montan 

wax is called ozokerite, but this name does not correspond to the nature of its origin.  

Table.1 

Typical properties of crude montan wax. [3]: 

Name of the indicator Indicator. 

Acid number 20-40 mg KOH/g 

Saponification number 70-120mg KOH/g 

Iodine number 30-45 gI2/100g 

Drop point approx. 85 °C 

Density (100 °C) approx. 0.86 g/cm3 

Thermal expansion (20-100 °C) 18% 
 

Montan wax is a fossil vegetable wax. Comparable to natural waxes such as 

carnauba today, montan wax protected the leaves of palm trees in the Tertiary era 

from drying out and UV radiation. [3] 

Montan wax, due to its properties, has been known on the market for more than 

a century, since Edgar von Boyen [4] managed to develop an industrial technology 

for extracting wax from bitumen-rich brown coal and started commercial production 

at several plants, including Riebeck'schen Montanwerke AG. At that time, coal with a 

bitumen content of more than 15% to 20% was considered suitable for wax 

production. Over time, expanding the scope of montan wax application, in the second 

half of the 20th century, its production grew both in Germany and in other countries 

where there are or were deposits of bitumen-containing brown coal, such as: USA, 

Czech Republic, China.  

In Ukraine, brown coal was mainly used for fuel briquettes and small CHP 

plants (e.g., Oleksandria, Kropyvnytskyi). However, due to the coal’s mineral 

composition, a small montan wax workshop was established in 1940. In 1959, the 

Semenivsky Montan Wax Plant (SMWP) was built using German equipment from 

the Riebeck'schen Montanwerke AG plant, designed to produce 5000 tons of wax 

from 150–160k tons of coal annually. In practice, output peaked at 2500 tons and 

later dropped to 1500–1700 tons/year due to lower actual bitumen content in the coal 

than initially estimated and the absence of selective mining. Early geological methods 

lacked standardization, using various solvents, which affected data accuracy. 

Technological limitations and low-quality input further reduced efficiency. Despite 
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this, under Soviet planning and integration with humate production, the plant became 

profitable, though economic return was not the priority. SMWP met only 20% of the 

USSR’s montan wax demand but was recognized internationally for product quality. 

Since then, geological surveys began more accurate assessment of bitumen reserves, 

standardizing methods and shifting to toluene-based testing.  

According to the assessment criteria adopted at SMWP, brown coal with Bd >= 

6.5% was considered bitumen-containing, and when calculating reserves, the onboard 

bitumen content (Bd) in the composition of energy raw materials is recommended to 

be 6.5-7%. At the same time, even now, in Germany, this standard is 10% or more. 

For example, for the main coal mining enterprise, which in the 80s and 90s was 

the main raw material base for SMWP, according to Geoinform, Bd ranges from 2.7% 

to 11.7% with an average of 6.6% for the 1st coal seam and from 2.4% to 9.0% with 

an average of 6.0% for the 2nd. At the same time, the percentage of bitumen-rich coal 

in categories A+B+C1 in the entire open mine field is 42.9% (Table 2). [5] In the 

reserve areas of the same deposit, bitumen content values are either not shown at all 

or in a wide range from 1.3% to 14.5% with an average of 8.2%. 

Table.2 

Status of balance reserves at the coal deposit, OLEKSANDRIIA Geological and 

Industrial District: 

Name Unit. 

Status of inventories as of January 1, 

2020 

А В С1 A+B+C1 

Ordinary coal k.tons 5674 10082 10980 26736 

Including bitumen-rich coal k.tons 
 

3503 7974 11477 

Bitumen k.tons 
 

109 268 377 

Brown coal consumption rate 

per ton of bitumen 
ton/ton 

 

32,14 29,75 30,44 

 Bd % 
 

7.41% 8.00% 7.82% 
 

Analyzing the data – including Geoinform of Ukraine, domestic enterprise 

SMWP, leading global producer Romonta, and data from the USA and China — the 

objective was to assess the profitability and commercial viability of montan wax 

production from DniproBas brown coal under current market conditions. The analysis 

considered the following factors: 

1. Minimum productivity assumed: 20 tons/hour (155.5k tons/year, option 1), or 

similar to SMWP. Maximum: 50 tons/hour (388.8k tons/year, option 2), or 73.5% 

of Romonta's. 

2. Bitumen content range: 4–12%, with 2% increments. 

3. Montan wax extraction rate: 70%. 

4. Cost distribution: 50:50% across products in integrated coal processing. 

5. Production process includes: crude coal prep, drying, extraction/distillation, 

solvent removal, briquetting, partial combustion for plant energy needs. 

6. Montan wax price: USD 2000/ton EXW; briquette price varies with calorific 

value. 
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7. Brown coal price not less than projected open-pit mining cost. 

8. Minimum IRR: 10% (pre-inflation). 

9. Discount rate: 10%. 

10. Constant price basis; inflation excluded. 

11. Tax, labor, and other standards per Ukraine’s H1 2025. 

12. Project horizon: 20 years (2 for construction). 

13.  Present value calculated via discounted cash flow of the wax and briquette 

(LCOMW and LCOВ), similar to Ukrainian brown Coal Industry Master Plan or 

similar to LCOE; equipment depreciation excluded as depreciation is not an 

expense and is a free cash flow [6] 

 

The feasibility was determined by two main criteria: IRR => 10%. LCOMW 

<= 2000 USD/ton. 

The calculation results are summarized in Table 3 and shown graphically in 

Figures 1 and 2. 

Table.3 

Consolidated calculation data 

Name Units 
Percentage of bitumen in coal, V 

4% 6% 8% 10% 12% 

1 2 3 4 5 6 7 

Volume of montan 

wax production 
tons 

1 916,0 2 874,0 3 832,0 4 790,0 5 748,0 

4 790,0 7 185,0 9 580,0 11975,0 14370,0 

Cost price of montan 

wax   
USD/t 

2 559,3 1 706,3 1 279,8 1 023,9 853,3 

1 627,7 1 085,2 814,0 651,3 542,8 

Levelized cost of 

montan wаx 

(LCOMW)  

USD/t 

3 384,5 2 256,5 1 692,4 1 354,0 1 128,4 

2 453,0 1 635,4 1 226,6 981,4 817,9 

Volume of briquette 

production 
t.t. 

55,9 54,5 53,1 51,7 50,3 

139,8 136,3 132,9 129,3 125,7 

Cost price of the 

briquette 
USD/t 

85,5 87,7 90,0 92,4 95,1 

53,6 54,9 56,4 57,9 59,6 

Levelized cost of 

briquette (LCOВ)  
USD/t 

113,8 116,7 119,7 123,0 126,5 

81,9 83,9 86,1 88,5 91,0 

EBITDA margin % 
4% 23% 42% 61% 80% 

73% 105% 136% 168% 200% 

Return on sales as a 

percentage of net 

profit ROS 

% 

-4% 11% 25% 39% 54% 

42% 65% 88% 110% 133% 

Net present value NPV 
million -250,4 -177,3 -104,3 -31,2 41,9 

USD -241,2 -58,5 124,2 306,9 489,6 

Internal Rate of 

Return, IRR 
% 

- - -2,7% 7,0% 13,5% 

-1,3% 7,8% 14,1% 19,3% 23,8% 

Discounted payback years - - - - 16,7 
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period, DPBP - - 16,2 13,0 11,0 

Simple payback period years 
 19,0 11,6 8,7 7,1 

11,2 8,5 7,0 6,1 5,4 

Rate of return on 

discounted costs (PI) 
 

0,1 0,5 0,8 1,2 1,5 

0,8 1,2 1,6 1,9 2,3 

Note: The numerator for the plant capacity is 20 tons per hour of dry coal. The 

denominator is 50 tons per hour of dry coal. 

Under current conditions, the SMWP analog achieves IRR >10% only with 

bitumen content ≥11%. At 7% (option 1), LCOMW reaches $2000 and investment is 

recoverable, but LCOV ($120/ton) exceeds the sales price by 20%. Option 2 allows 

IRR of 7.8% with B=6%, and >6.5% makes production economically viable. 

Measures from [6] and selective mining can restore integrated brown coal processing 

in Ukraine, especially in the Oleksandriya region. 

Chart 1      Chart 2 
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Mountain wax has a number of valuable properties (moisture and acid 

resistance, low electrical conductivity, etc.) and is an indispensable component in the 

manufacture of polishing and protective compositions for various coatings, in 

cosmetics, medicine, in the paper, leather industry, and many other areas [1]. 

Raw mountain wax (bitumen A) is essentially a complex mixture of natural 

waxes and wax resins. It is obtained by extraction with organic solvents from 

bituminous brown coal [2]. For this purpose, gasoline, alcohol-benzene mixture, pure 

benzene, hexane and other solvents are used. For acceptable economic efficiency of 

the process, the raw material must have a bituminous content above 6.5%. Among 

domestic brown coal deposits, the Alexandria brown coal meets these requirements. 

Its coal was the subject of our study. Raw material characteristics: 

• moisture content in brown coal - 17%; 

• bitumen yield from dry coal - 8.2%; 

• coal fractional composition - 0.2 - 2.5 mm; 

• wax yield from the resource - 84%. 

Extraction was carried out according to the classical scheme in the Graefe 

extractor. But much more interesting is the extraction with preliminary alcohol 

alkylation. The coal sample was processed at the boiling point of the reaction mass 

with a mixture of hydrocarbon solvents and alcohol at a volume ratio of 1:2 in an 

acidified solution. After completion of the process, the reaction mass was filtered.  

De-resined wax in hydrocarbon solvents and resins in methanol were isolated 

from the liquid phase, separated in a separatory funnel, settling it from the resin 

extract in alcohol. Then liquid hydrocarbons were distilled from the wax solution, the 

residue was dried, and the target product was obtained. 

During the processing, the main part of both unchanged extractive substances 

and the products of the reaction of alcohol with the organic mass of solid fossil fuel 
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