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Abstract: Leonardite mineraloid is known as a highly oxidized ore formed during carbonisation process
of lignite containing humic substance. Humic substance is an organic material containing fulvic acid,
humic acid, and humin, and that is mostly used as soil conditioner. Extraction of humic substances from
leonardite ores that contain high amounts of humic acid (>50%) has become a prominent area of study in
recent years. While humic substance extraction from leonardite is generally carried out by chemical
dissolution technique (leaching) in alkali medium, physical enrichment methods were also used in limited
number of studies. However, removing inorganics found in leonardites would decrease dissolving
reactive consumption and would also prevent unnecessary capacity use. This study investigates the effect
of physical pre-enrichment processes on humic substance leaching. This research was carried out in two
stages. In the first stage, operational parameters such as amount of reactive, stirring time, temperature,
and solid ratio for the leach process were studied, and the most suitable leach conditions were then
determined. In the second stage, the effect of physical pre-enrichment experiments on leach process was
investigated. While a product containing 48.2% humic substance was obtained with 87.63% humic
substance extraction efficiency through chemical enrichment experiments, a product containing 62.74%
humic substance (concentrate) was obtained with 92.4% humic substance extraction efficiency after preenrichment combined with leach processes.
Keywords: physical enrichment, chemical enrichment, gravity separation, leonardite ore, humic
substances

Introduction
Leonardite ore is a completely natural and organic substance, which contains
significant amount of humic substances such as humic acid, fulvic acid, and humins
(Jackson, 2008; Kononova, 1966). Leonardite material is generally used in agriculture
as soil conditioner. In addition, it is used to in pelletizing, briquetting, drilling, ion
exchange resin, wastewater treatment, animal feed (Roybal and Barker, 1987; Mendez
et al., 2005; Alak and Muftuoglu, 2014). Leonardites are classified as low, medium,
and high quality materials. The classification is based on humic substance content,
http://dx.doi.org/10.5277/ppmp170139
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organic substance content, pH, C/N ratio, specific weight, and dissolution properties
(Table 1).
Table 1. Leonardite ore quality classification (Engin, 2013)
Composition
Humic substance content (%)
Organic substance content (%)
pH
C/N
Density (g/cm3)
Solubility in alkaline solution

Low quality

Medium quality

High quality

20-50
min. 35
6.5 ± 1
21 ± 1
1.4 ± 1
low

50-65
min. 50
5.5 ± 1
19 ± 1
1.2 ± 1
medium

65-80
min. 65
4±1
17 ± 1
0.8 ± 1
high

The classic commercial method used in separating humic substances from
leonardite ore is alkaline leaching. There have been numerous studies on humic
substance extraction conducted by scientist. In extracting humic substances from
leonardites, NaOH, KOH, NH3, and Na4P2O7 are generally used as alkaline solvents
(Jezierski, et al., 2000; Silva, et al., 2013; Saito, et al., 2014). Saito (2014) studied
optimal humic substance leaching conditions based on time (3-6-12-24 h), amount of
feed, and KOH concentrations on leonardite samples obtained from four different
locations. In their extraction study, Jezierski et al. (2000) used NaOH as alkali solvent
based on International Humic Substances Society (IHSS) standard process. There are
also studies in which leonardite was leached with combining alkali solvents. For
example, Silva et al. (2013) conducted leonardite leaching procedure with
pyrophosphate and KOH mixture of alkali solvent. In all chemical enrichment studies,
it was observed that humic substances were extracted by solvation with a high
efficiency and recovery rate. Although there are many studies on the use of NaOH as
solvent in literature, studies in which KOH is used as solvent due to the fact that it is a
source of potassium, and important element in plant development, are also found. On
the other hand, in some chemical dissolution studies, solid/liquid separation was
carried out with the help of a centrifugal procedure following dissolution. The
extracted solution, rich in humic substance, can find direct uses, however, it can also
be used in solid (powder) form as humate salts (sodium, potassium etc.) obtained after
precipitation, filtration, vaporization, and crystallization stages (Chen et al., 2011;
Karaman et al., 2012).
Although numerous studies can be found in literature on the use of alkali leach
method for the extraction of humic acid and fulvic substance from leonardites, there
are also studies that use a limited number of physical methods. However, sufficient
number of studies on the enrichment of leonardites with inorganic substance content,
that are classified as medium or low quality, is not available. Engin (2013) conducted
studies on extraction of inorganic substances from leonardites through gravity
separators such as jig, shaking table, and multi-gravity separator (MGS). Boylu et al.
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(2012), on the other hand, carried out the humic substance extraction from leonardites
through a dry method of air-based gravity separators rather than wet methods.
While inorganic substances contained in leonardite along with humic substances
cause unnecessary capacity use in facilities, they affect chemical dissolution
processes, and increase reactive consumption. This study investigates the applicability
of physical enrichment methods as pre-treatment, which is rarely found in the
literature and also their effect on chemical enrichment procedures.

Materials and methods
Materials
The leonardite sample was obtained from the Kahramanmaras province of Turkey. It
was regarded, based on the quality classification, as medium quality material.
Following size reduction to below 4 mm with the help of a jaw-crusher, the samples
were stocked in order to use for chemical analysis and experimental studies. The
characterization studies were performed for the purpose of definition of the samples.
These studies comprised of chemical analysis for each size group, particle size
analysis (Fig. 1), SEM (Fig. 2), and mineralogical analysis through XRD technique
(Fig. 3), respectively.
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Fig. 1. Particle size analysis and chemical analysis along
with the size distribution of leonardite sample

As can be seen in Fig. 1, the sample with 1.9 mm d80 was classified in different size
groups. When the chemical analysis of the samples obtained in each size group was
examined, it was found that humic substance amounts ranged between 54% and 56%
in size groups (Fig. 1). The results revealed that there was no enrichment by the
classification process.
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Fig. 2. SEM images of leonardite (a) 3500× (b) 15000×

Figure 2. SEM images of Leonardite (a) 3500X and (b) 15000X.

Structural analysis of leonardite samples was conducted using a SEM device, and
the SEM images of leonardite are given in Fig. 2 for two magnifications. It can be
seen in Fig. 2 that leonardite surface was made up of lamellae, also noted by
Ratanaprommanee and Shutsrirung (2014).

Fig. 3. Mineralogical compositions of leonardite by X-ray diffraction

According to the XRD results given in Fig. 3, the leonardite sample was formed to
contain inorganic materials. While the highest amount of inorganic substance was
quartz, clay minerals such as kaolinite, montmorillonite, and illite, and a lower amount
of magnetite were also found.
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Methods
In this study, the chemical enrichment (leaching) studies for the extraction humic
substance from leonardites along with pre-physical enrichment studies were carried
out systematically in two stages.
Chemical enrichment studies

The leaching studies were conducted under atmospheric pressure using a glass beaker
and a magnetic stirrer for stirring and heating. In the chemical enrichment studies,
KOH was preferred as alkali solvent due to the fact that agricultural soil needs
potassium among macro elements. In the experiments, KOH amount (2, 4, 6, 8, 10
g/cm3), temperature (25, 40, 60, 80 oC), stirring time (1, 3, 5, 10, 12, 24 h), and solid
ratio (5, 10, 15, 20, 25%) were changed, while stirring speed (150 rpm), particle size (75 µm) were taken as constant parameters. While selecting these parameters, the
literature studies related with alkaline leaching and industrial experiences were used
(Ozkan, 2007; Ozdemir, 2011; Saito, 2014). In the analysis on the concentrates
obtained from these experiments, humic acid and fulvic acid were analyzed together,
and were calculated as total humic substance. The flow sheet of the method adopted in
chemical enrichment experiments is given in Fig. 4.

Fig. 4. Principle flow sheet of humic substances leaching

Humic substance content may account in different ways which are spectroscopic
methods such as fluorescence spectroscopy, ESR spectroscopy, FIA (flow injection
analysis) (Debora et al., 2002; Tarhan, 2011) and wet methods e.g. TSE 5869 ISO
5073. In this study, humic substance content was calculated according to “TSE 5869
ISO 5073 Brown Coals and Lignites Humic Substance Determination” method. With
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this method, the amount of total humic substance in brown coals and lignites was
determined through calorimetric method. The essence of the method was the same as
Walkley-Black method used for determining organic substance in soil (Ozkan, 2008).
The method is based on oxidizing the organic part with chromate and the titration of
the remaining chromate.
Physical pre-enrichment studies

The physical pre-enrichment studies that were performed for the purpose of the
extraction of inorganic substances before the chemical enrichment were carried out
with the help of vertical column with a length of 100 cm and a diameter of 10 cm. In a
fluid medium formed by water fed from the bottom of the column as observed in Fig.
5, a selective separation carried out by using the density difference of minerals. While
the light particles were obtained from the top of the column due to the effect of
hydrodynamic forces, the heavy particles moving in the direction of gravity force (Mg)
while beating hydrodynamic forces (Fk) were taken from the bottom of the column. In
these tests, the water flow rate and particle size were investigated as variable
parameters. In the experiments, concentrates were obtained from the upper flow
depending on time and were coded as C1, C2, and C3.

Fig. 5. Pre-enrichment tests used in vertical column (column height: 100 cm, column diameter: 10 cm,
Fk denotes hydrodynamic force while Mg stands for gravity force).

Results and Discussion
As it is known, contact of solvent with the dissolving substance and dissolving
time in chemical enrichment studies directly affect enrichment efficiency (Nan
et al., 2005, Bas et al, 2015). For this reason, removal of impurities preventing
dissolution in order to increase enrichment efficiency for certain ore formations
becomes a necessity. As a result of the removal of impurities, contact of solvent
and dissolved substance increases, while dissolving time decreases. Thus,
valuable substance would be taken to solution economically and with higher
efficiency using lower amount of dissolving reagent. In this study, the samples
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were subjected to enrichment process in two stages following crushing and
grinding procedures in order to extract humic substance from leonardites ore.
In the first stage, the chemical enrichment experiments were performed in
alkali medium. In the second stage, the chemical enrichment tests were applied
on to the concentrate obtained by the physical pre-enrichment.
Chemical enrichment studies

The studies of chemical enrichment by leaching conducted for the purpose of
humic substance extraction from leonardites were carried out under alkali
conditions by using KOH and a tank. While, KOH amount, stirring time,
temperature, and solid concentration were investigated as variable parameters,
stirring speed (150 rpm), and particle size (-75 µm) were taken as constant
parameters in the leach experiments. The products obtained from the leach
experiments were analyzed with at least three repetitions, and the results of
analysis are given in Figs. 6(a-d) within 5% error limits.
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Fig. 6. The effect of some variable parameters on humic substance leaching. (a) amount of potassium
hydroxide, (b) temperature, (c) stirring time, (d) solid ratio
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The dissolution of humic substances in the leonardite sample increased up to
4 g/cm3 along with increased KOH concentration, and when coming up to the
indicated value, it was determined that humic substance content and extraction
efficiency decreased (Fig. 6a). As a result of experimental studies that investigate
KOH concentration, highest humic substance content and extraction efficiency were
obtained as 47.21% and 85.83%, respectively, at 4 g/cm3 KOH amount. Potassium
(K+) and (OH) ions that increase in the leaching medium after the indicated
concentration cause complex structures formation (oxide, hydroxide, carbonate
compounds) (Yildiz et al., 2006; Kibar et al., 2014). These complexes are believed to
precipitate humic substances, and it is observed that the contact between solvent and
humic substance decreases, which lowers dissolution (Fig. 6a). The XRD studies were
performed on the products obtained by using 2, 4, and 8 g/cm3 KOH for the
determination of these compounds, and are given comparatively in Fig. 7. According
to the XRD results, it was observed that the XRD patterns of samples changed with
the amount of KOH, and that various complex compounds buetschlite (K2Ca(CO3)2)
and bobfergusonite (Na2Mn5FeAl(PO4)6) were formed (Fig. 7).

Fig. 7. Comparing by means of X-ray diffraction spectra humic substances obtained
using different amounts of potassium hydroxide

It can be observed from Fig. 6b that humic substance content carried to the solution
increased along with the increase in the stirring time in the optimal stirring time
experiments. These results explained that the possibility of chemical reactions
providing dissolution increased as the contact time increased (Abbruzzese et al., 1995;
Nan et al., 2005, Olteanu et al., 2014, Bas et al., 2015). However, the 24-h stirring
time that produced best results was considered as too long in terms of industrial
application. For this reason, 5-h stirring time that produced 47.21% humic substances
and 85.83% extraction efficiency was determined as the optimal stirring time.
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The reaction temperature affected the dissolution rate of the sample, which
dissolved easily at higher temperatures in shorter time (Altiner et al., 2015). Figure 6c
shows humic substance content and efficiency increase due to rise in temperature.
However, there is a risk of impairment in the structures of amino acids in humic acid
molecule chain at higher temperatures (Yamamoto et al., 1994). For this reason, higher
temperatures were not preferred. The highest content and extraction efficiency was
reached at 80oC in these tests. However, the temperature of 60 oC that produced
47.21% humic content and 85.83% efficiency was selected as the optimal value not to
increase energy costs for industrial applications.
As can be observed in Fig. 6d, humic substance content and efficiency increased
along with rise of solid ratio up to 15%. After this point, the content and efficiency
began to decrease. Such a decrease in humic substance content and enrichment
efficiency were also pointed out in studies conducted by Lin and Rao (1988) and Rath
et al. (2003), and it occurs as a result of increased solid ratio and decreased solventparticle contact. In addition to this, the high solid ratio also caused the difficulties in
suspension mixing also noted by Kursun et al., 2015.
The optimum leaching parameters determined from leaching tests are as follows:
KOH amount 4 g/cm3, stirring time 5 h, temperature 60oC, solid ratio 15%, stirring
speed 150 rpm, and particle size -75 µm. These parameters were also used in literature
studies and exist in industrial applications.
Physical pre-enrichment + chemical enrichment studies
At this stage of the study, the physical pre-enrichment tests were applied with the help
of vertical column on the sample that was determined to have inorganic substances
through the XRD studies (Fig. 3). In the medium formed with water inside the
column, density difference of particles and buoyancy of water were used for the
removal of inorganics. In the studies, particle size and water flow rate were
investigated as variable parameters. The particles fed into enrichment column by
dividing the samples into size groups of –2+1 mm, –1+0.5 mm, and –0.5+0.25 mm. In
the experiments, C1, C2, and C3 samples were taken for each size group. According to
the test results, it was determined that the C1 coded concentrate had feasible amount of
humic substances. The humic contents and the efficiencies of C1 products obtained
from each size groups were comparatively shown in Fig. 8.
When Fig. 8 was examined, humic substance contents of concentrates obtained for
three different size groups were determined to range between about 65–70%. The
obtained concentrates were observed as high-quality products according to the quality
classification (Table 1). On the other hand, humic substance recovery was found to
increase along with the increased water flow rate in each size group. Based on this, it
was determined that humic substance was obtained with 59.11% recovery with 67.5%
humic content at 15 dm3/min for the –2+1 mm size group, with 22.55% recovery with
71% humic content at 5 dm3/min for the –1+0.5 mm size group, and with 18.62%
recovery with 65% humic content at 2.5 dm3/min for the –0.5+0.25 mm size group.
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The obtained result showed that particle weight was effective in separation in addition
to particle liberation, and it also showed that smaller particles should be studied in
lower flow rates and larger particles should be studied in higher flow rates.
Consequently, it was observed that sample containing 55% humic substance before
physical pre-enrichment could provide products with 70% humic substance, and that
humic substance content could be increased by 15% (Fig. 8).

20
10

0
17.5

Water Flow, dm3/min

Fig. 8. Comparing the gain efficiency and content of the humic substances the enriched
products in vertical columns and (–2+1 mm, –1+0.5 mm, –0.5+0.25 mm) particle

The chemical enrichment and the effect of physical pre-enrichment on chemical
enrichment was investigated on the samples obtained under optimal study conditions
of physical pre-enrichment (C1). Previously determined optimal parameters (KOH
amount: 4 g/cm3, stirring time 5 h, temperature 60oC, solid ratio 15%, stirring speed
150 rpm, grain size -75 µm) were used for the chemical enrichment studies. As a result
of the studies conducted, concentrate containing 62.74% humic substance was
obtained with 92.4% extraction efficiency. However, the recovery of the chemical
enrichment was found as 87.63% for the product that was not pre-enriched and
containing 48.2% humic content. Meanwhile, the mass of discarded matter of the
direct chemical enrichment and applied pre-enrichment were found to be as 10.4 g and
7.5 g out of 20 g, respectively. The residual amount of pre-enrichment test was less
than that of the direct chemical test due to the removal of inorganic substances such as
clay minerals from the samples by the physical process. Consequently, it was clear that
the dissolution increased by 8±3%, and the humic substance can be gained with a
higher recovery.

Conclusion
Leonardites, which are predominantly used in organic agriculture among other various
sectors, contain significant amounts of humic substances (humic acid, fulvic acid). In
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this study, chemical enrichment and physical pre-enrichment together with chemical
enrichment studies were carried out for humic substance production from leonardite.
The results obtained from these studies are given below.
In chemical enrichment studies, the most important parameters affecting humic
substance extraction were KOH amount and stirring time. The optimal working
conditions were found as 4 g/cm3 KOH, 5 h of stirring time, 60 oC of temperature, and
15% of solids.
Humic substance was obtained from the leonardite sample with 87.63% extraction
efficiency before physical pre-enrichment. However, about 8±3% increase was
produced (92.4% humic substance extraction/recovery ratio) following pre-enrichment
method conducted by vertical column in which water was used as flowing fluid.
Consequently, it was determined that high quality (>65%) products could be
produced from medium quality leonardite containing 55% humic substance according
to the quality classification. As well known, there are abundant resources of low and
medium quality leonardite on the earth, and evaluating these resources will contribute
to the economy. In addition, new information and techniques developed for the use of
these resources will also contribute significantly to the science and technology.
Acknowledgement
This work was financially supported by the scientific research projects of Dumlupinar University, project
number 2014/47.

References
ABBRUZZESE C., FORNARI P., MASSIDDA R., VEGLIO F., 1995, Thiosulphate leaching for gold
hydrometallurgy, Hydrometallurgy, 39, 265-276.
ALAK H.C., MUFTUOGLU N.M., 2014, Effect of humic acid applications on available potassium,
COMU, Journal of Agriculture Faculty, 2(2) pp. 61–66.
ALTINER M., YILDIRIM M., YILMAZ T., 2015, Leaching of Mersin/Aydincik dolomite ore in
hydrochloric acid. Dissolution rates, Physicochemical Problems of Mineral Processing, 52(2), 536550.
BAS A.D., KOC E., YAZICI E. Y., DEVECI H., 2015, Treatment of copper-rich gold ore by cyanide
leaching, ammonia pretreatment and ammoniacal cyanide leaching, Trans. Nonferrous Met. Soc.
China, 25, 597-607.
BOYLU F., TASDEMIROGLU E. V., KARAAGACLIOGLU I. E., CETINEL T., CINKU K., 2012, Dry
processing of leonardite by air based gravity separators, XII International Mineral Processing
Symposium Proceedings Book.
CHEN J., LI Y., CHEN Y., 2011, Cu–S flotation separation via the combination of sodium humate and
lime in a low pH medium, Minerals Engineering, 24 (1), 58-63.
DEBORA M.B.P., LADISLAU M.N., CIMELIO B., JOAO M., VANDERLEI, B., 2002, Humification
degree of soil humic acids determined by flourecence spectroscopy, Soil Science, 167, 739-749.
ENGIN V.T, 2013, The evaluation of Turkish leonardites, PhD Thesis, Dokuz Eylul University, Science
Institute, Izmir-Turkey, p.119.
JACKSON J.A., MEHL J.P., NEUENDORF K.E., 2008, Glossary of Geology, American Geological
Institute, p.800.

Effect of physical pre-enrichment on humic substance recovery from leonardite

513

JEZIERSKI A., CZECHOWSKI F., JERZYKIEWICZ M., CHEN Y., DROZD J., 2000, Electron
paramagnetic resonance (EPR) studies on stable and transient radicals in humic acids from compost,
soil, peat and brown coal, Spectrochimica Acta Part A 56, 379–385.
KARAMAN M.R.,TURAN M., TUTAR A., DIZMAN M., SAHIN S., 2012, Possible use of leonardite
ore based humate sources as a potentıal organıc fertilizer, Sakarya University Journal of Science,
14(1), 457-465.
KIBAR M.E., YILDIRIM R., AKIN A., 2014, CuO-CoO-CeO2 Kompozit katalizörlerinin Deneysel
Tasarım Yöntemi ile Hazırlama Koşullarının İncelenmesi, 11. National Chemical Engineering
Congress Procedings Book.
KONONOVA, M.M., 1966, Soil organic matter Its nature its role in soil formation and in soil fertility,
Oxford, England, Pergamon Press, p. 544.
KURSUN I., OZKAN S.G., KILIC A., TERZI M., ENKHTAIVAN N., 2015, Recovery of trace elements
with uranium and thorium from Yatagan thermal power plant fly ashes by leaching, Physicochemical
Problems of Mineral Processing, 52(2), pp. 588−596.
LIN H.K., RAO P.D., 1988, Ferric chloride leaching of the delta sulfide ores and gold extraction from
the leaching residue, Mineral Industry Research Laboratory School of Mineral Engineering
University of Alaska Fairbanks, Report No:84.
MENDEZ E., HAVEL J., PATOCKA J., 2005, Humic substances compounds of still unknown structure:
applications in agriculture, industry, environment, and biomedicine, Journal of Applied Biomedicine,
3, 13–24.
NAN J., HAN D., ZUO X., 2005, Recovery of metal values from spent lithium-ion batteries with chemical
deposition and solvent extraction, Journal of Power Sources 152 pp. 278–284.
OLTEANU A.F., DOBRE T., PANTURU E., RADU A.D., AKCIL A., 2014, Experimental process
analysis and mathematical modeling for selective gold leaching from slag through wet chlorination,
Hydrometallurgy, 144–145, 170–185.
OZDEMIR A., 2011, Production of humic acid and fulvic acid from lignites, Master Thesis, Ankara
University, Science Institute, Ankara-Turkey, p.74.
OZKAN A., 2008, Finding out the proper methods in the determination of humic acid contents of soil
conditioners ıncluding humic acid, Master Thesis, Ankara University, Science Institute, AnkaraTurkey, p.37.
OZKAN, S. 2007, Production of humic acid and fertilizer from Turkish lignites, Master Thesis, Ankara
University, Science Institute, Ankara-Turkey, p.88.
RATANAPROMMANEE C., SHUTSRIRUNG A., 2014, X-Ray and Scanning Electron Microscope
Characterization of Leonardite, International Graduate Research Conferance, Faculty of Agriculture,
Chiang Mai University, Thailand, pp.113-117.
RATH R.K., HIROYOSHI N., TSUNEKAWA M., HIRAJIMA T., 2003, Ammoniacal Thiosulphate
Leaching of Gold Ore, The European Journal of Mineral Proccessing and Environmental Protection,3
pp. 344-352.
ROYBAL G.H., VE BARKER J.M, 1986, Geology and production of humate and weathered coal in new
Mexico, American Institute of Mining Metalurgical and Petroleum Engineers Transactions, 280 pp.
2105-2111.
SAITO B., SECKLER M.M., 2014, Alkaline extraction of humic substances from peat applied to
organic-mineral fertilizer production, Brazilian Journal of Chemical Engineering, Vol. 31, No. 3, pp.
675 – 682.
SILVA M.E, LEMOS L.E., BASTOS M.M., NUNES O.C., CUNHA-QUEDA A.C., 2013, Recovery of
humic-like substances from low quality composts, Bioresource Technology, 128, pp. 624–632.

514

O. Canieren, C. Karaguzel, A. Aydin

TARHAN I., 2011, Extraction of humic substances from some biochemical sources and to ımprove
determination methods by flow injections systems, Master Thesis, Selcuk University, Science
Institute, Konya-Turkey, p.121.
YAMAMOTO S., HONNA T., SANATANI N., IIMURA K.,1994, Influences of extracting temperature
on diluted sodium hydroxide soluble humus properties, 2: Denaturation of humus extracts caused by
the heating extraction in boiling water, Pedologist, 38(2) p.3.
YILDIZ M., AYTAC A., OZKARA S., AKSOYLU A.E., AKIN A.N., 2006, Birlikte cokturme yontemi
ile hazırlanmıs Au/Al2O katalizorleri ile CO’in secimli oksidasyonu, 7. National Chemical
Engineering Congress Procedings Book.

