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As the world oil market tends to be highly volatile, the coal becomes a primary source of organic raw mate-
rials for chemical and metallurgical industries. Fossil coals can accumulate high amounts of elements and mix-
tures quite often reaching commercially valuable concentrations. Reserves of scandium and other rare elements in
coal deposits in Siberia alone are sufficient to satisfy the expected global demand for several decades. This study
is intended to solve complex tasks associated with extraction of metal oxides using the developed enrichment
method to ensure the required thermal plasticity determining the quality and properties of metallurgical coke.

Laboratory experiments have been conducted for the enrichment of high-ash coals containing the highest concen-
trations of metals. Thermal plasticity values have been determined with the help of Gieseler plastometer . Using modern
technologies and equipment individual deposits can be turned into profitable production of enriched coking coals with
concurrent extraction of rare metals. It has been proven that the highest commercial potential lies with the extraction of
scandium and some other rare metals in the form of oxides from the coal..
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Introduction. In present-day economic environment when oil prices are dropping coal becomes the
primary source of raw materials for metallurgical and welding industries. Therefore technologies associated
with non-energy use of fossil coals need further advancing. It is known [9, 11, 12] that fossil coals are capa-
ble of accumulating significant quantities of elements and mixtures in concentrations valuable for processing
in commercial scale. In domestic coal deposits high concentrations of germanium, gold, platinum, scandium
and other metals have been identified. Siberian coals, especially those deposited in Kuzbass Basin, have
higher metal concentrations as compared to the global coal clark. With the modern technologies of process-
ing and concentration of elements with the use of high-capacity machinery, a profitable enterprise for rare
metal extraction can be formed on the basis of some deposits. The analysis shows that the highest potential
lies with extraction of Ge, Sc, Au and a complex of lithophile rare metals (Ta, Nb, Zr, Hf, Y, lanthanides)
from the coals [2]. On the other hand, abnormal concentrations of scandium and yttrium are found in some
brown coal deposits in Kansk-Achinsk Basin, placing them among the elements with the highest potential in
terms of extraction from coals in the process of enrichment [6, 8, 10].

There are technological and economic preconditions for quality improvement of coals mined in
Russia by means of their deep processing and enrichment during selective extraction of different metals,
while obtaining additional valuable coal chemical products and raw materials, for instance for metallur-
gical applications.

It is known that concentration of rare-earth and rare metals in coal determines its thermal plasticity,
which eventually affects the properties of coking coals and their behavior during coking process [4, 14-17].

This paper reviews a technology for selective extraction of certain metal oxides from low rank
coals of Siberian cluster with the highest metal concentrations when characteristic changes are ob-
served in thermal plasticity of coal material after concentration of each chemical element (metal) has
been changed.

Experiment Method and Procedure. Existing enrichment technologies for low quality coal with
high content of volatile components and sulfur are not suitable for metallurgical applications using con-
ventional carbon-composite methods, but may be applicable in the process of coal enrichment for con-
current extraction of high quality oxides of various metals when treated with organic solvents.

Laboratory experiments have been conducted for enrichment of low rank coal with a high yield of vola-
tile components with the highest concentration of metals in its composition [3, 4]. Bituminous and anthracite
coal with low thermal plasticity has been used as a base (raw) material. Five samples have been collected
from each coal batch from several coal fields. The table below shows concentrations of most valuable
elements for extraction (scandium, yttrium, samarium, ytterbium).

Samples (80-100 g) have been treated under the developed technological method [3-5] with organic
solvent in order to extract carbonaceous material for further metal recovery from the oxides.
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At the first stage solvents with coals of differ- . .
. ) Concentration of Certain Rare Elements
ent types have been prepared in order to determine in coal samples from different batches
extraction rates for certain metals. After demetalli-

. . . . H El t tration, g/t
zation the properties of enriched coal and its fitness Coal basin, ement concentration, ¢
h . . Mining field Se v Sm Yb
for metallurgical applications have been assessed.
At the extraction stage solution was kept at a con- Kuznetsky 39 | 154 | 2.6 | 13
stant temperature and heating rate. Throughout the Minusinsky 82 [13.76 | 22 | 1.1
entire process a slurry was purged with oxygen-air Western Siberian 16.0 | 17.0 | 2.5 | 2.1

mixture to extract components and remove solvent

from extraction mixture by evaporating after which enriched coal was obtained in solid form. Therewith
most metal oxides were turned into extract. At the final stage the mixture went through compounding
process, when extracted and residual coals were blended to obtain enriched coal with high level of ther-
mal plasticity. Organic solvent was removed by evaporating and then recovered for repeated use at the
stage of slurry preparation.

The existing standard methods for coal enrichment in vertical shaft furnaces (blast furnaces) using
solvents with components containing hydrogen donator require that the carbon bearing material is
highly resistant to loads and has high thermal plasticity [4].

Along with a need to find a solution for metal extraction there is also a need to get high-
strength coke after enrichment of metal bearing coals. Coke is produced by carbonization of coal
mixture consisting of coking coals of different types which are ground in coke oven battery. During
coking process the coking coal is softened and melted at the temperature of 300-550°C, while vola-
tile substances are released producing gas which causes swelling due to which particles stick to-
gether forming a mass of low-temperature coke. After that with the temperature increase up to
~ 1,000°C the coke gets compacted becoming a hard coke (a coke cake). Thus adhesive properties
of thermoplastic coal strongly affect such parameters as strength of coke and diameter of particles
after coking.

In order to improve adhesion of coking coal (coal mixture) it is generally recommended to use the
coking method assuming coal mixing with a sintering additive demonstrating high fluidity at the tem-
perature when coal begins to soften and melt. In our study we used such sintering additives as coal tar
pitch, petroleum tar, solvent-refined and
extraction coals. The same as with coal, ad-
hesive power of these sintering additives in
thermoplastic condition greatly affects the 12 ]
coke properties after coking.

For modeling of coal thermoplastic 8 ™
properties in the coke oven battery certain
study techniques are used to investigate the
coal swelling ability which appears to im- 10
prove gas permeability properties during
coal plasticization. In order to test coals free
from metals for plastometric properties the —3
coal sample weighing 100+1 g ground to
the size < 1.5 mm was used. The plastic
layer thickness was measured using an up- T, °C e
graded Gieseler plastometer [5] (Fig. 1).

The method for thermal plasticity as-
sessment is based on the ability of caking
coals to soften when heated in absence of air, \
become plastic at temperatures in the range 7
from 350 to 470°C and then form coke if fur-
ther heated in the furnace [1, 13]. Fig.1. Upgraded plastometer

Figure 2 shows dependencies beneath 1 — sample; 2 — material with through holes from the top to the bottom; 3 — tank; 4 —

. L. K pressure meter rod; 5 — tube; 6 — load sensor; 7 — temperature gauge; 8 — heating ele-
increased thermal plastlclty of different ment; 9 — temperature sensor; 10 — temperature controller;11 — gas inlet; 12 — gas outlet
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samples. The highest change in thermal plasticity
is observed during recovery of yttrium and to
some extent of scandium. Change in the ytter-
bium concentration has almost no effect on the
coal properties.

For metal winning and concentrating the
portions of enriched coals were mixed with
metal oxides. The resulting mixture was recov-
ered in the laboratory rotary furnace. At this fi-
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0 0 30 nal stage the following processes take place:
Metal Concentration, mg/t recovered mixture is heated for metal oxides

—O—Se =Y —A—Sm—x—Yb agglomeration; then it is loaded to blast furnace

Fig.2 Dependency of Coal Thermal Plasticity and melted in order to separate metals and slag;

on Metal Concentration and mold is drained. When complex technology

was used the maximum extraction rate com-
prised 1.2 mg /100 g for scandium, 2.5 mg/100 g for yttrium, 0.54 mg/ 100 g for samarium, and
0.15 mg/ 100 g for ytterbium.

Conclusions

The problem of supplying Russian industrial sector with nonferrous and rare metals is aggravated
by the complicated social and economic situation. Using modern technologies individual deposits can be
turned into profitable production for extraction of rare metals. The highest potential lies with extraction
of scandium and some rare earth elements from the coals. Reserves of scandium and yttrium contained
in Kuzbass coals are sufficient to satisfy the expected global demand for several decades.

The proposed technology for low rank coals enrichment to get coking coals with predetermined
thermal plasticity can be adapted for metal bearing coals. Complex treatment of coal mixture with or-
ganic solvents at different temperatures allows along with enrichment to concentrate metals in the sol-
vent and then recover them at the subsequent stage. The selected treatment patterns ensure oxide extrac-
tion and improve coal properties, in particular thermal plasticity, which can be used to control extraction
rate of rare earth metals.

The existing resources are sufficient to establish a large production facility at the deposit field for
associated extraction of Y, Sc and other elements and mixtures.

Acknowledgments. This research has been implemented within the frames of an international
grant allocated by the Russian Science Foundation for its project of highest priority ‘Researches by In-
ternational Research Teams’ (jointly with the Department of Science and Technology of the Ministry of
Science and Technology of India — DST).

REFERENCES

1. Agroskin A.A., Panina E.F. Laboratornye raboty po khimii i tekhnologii uglya (Laboratory experiments on coal chemistry
and technology). Moscow: Vysshaya shkola, 1961, p.134.

2. Arbuzov S.I. Metallonosnost' uglei Sibiri (Metal Content in the Coals of Siberia). 1zvestiya Tomskogo politekhnicheskogo
universiteta. 2007. Vol.311. N 1, p.77-83.

3. Bazhin V.Yu., Pyaterneva A.A. Povyshenie effektivnosti obogashcheniya nizkosortnykh uglei pri selektivnom izvlechenii
metallov (Improved Efficiency of Low Rank Coals Enrichment During Selective Metal Extraction). Gornyi informatsionno-
analiticheskii byulle-ten'. 2015. N 5 (spetsial'nyi vypusk), p.153-160.

4. Bazhin V.Yu., Sharikov F.Yu., Feshchenko R.Yu., Sudnitsin E.O. Vozdeistvie na strukturu i svoistva uglei pri ekstremal'noi
termoobrabotke (Affects of Extreme Heating Treatment on Coal Structure And Properties). Mezhdunarodnyi nauchno-
issledovatel'skii zhurnal. 2015.N 7(38). Part.1, p.13-15.

5. Gagarin S.G. Vzaimosvyaz' pokazatelei struktury i termoplastichnosti uglei (Dependencies between coal structure and
thermoplasticity). Koks i khimiya. 2002. N 9, p.3-9.

6. Ketris M.P., Yudovich Ya.E. Neorganicheskaya geokhimiya uglei. Analiticheskaya bibliografiya, 800-2006 gg. (Non-
organic geochemistry of coals. Analytical bibliography, 1800-2000). Syktyvkar: Geoprint, 2008, p.252.

580
Journal of Mining Institute. 2016. Vol.220. Pages 578-581



A2, V.Yu.Bazhin DOI 10.18454/PMI.2016.4.578

¥2 N,

%S Changes in thermal plasticity of low rank coals...

7. Kryukova V.N., Latyshev V.P. Raspredelenie skandiya v veshchestve uglei Vostochnoi Sibiri (Scandium Distribution in
Coal Matter in Eastern Siberia). Khimiya tverdogo topliva. 2001. N 3, p.73-76.

8. Lomashev I.P., Losev B.I. Germanii v iskopaemykh uglyakh (Germanium in Fossil Coals). Moscow: Izd-vo AN SSSR,
1962, p.258.

9. Telyakov A.N., Bazhin V.Yu., Pyaterneva A.A., Sergeev V.V. Obrabotka uglei razlichnykh mestorozhdenii pered is-
pol'zovaniem v vodnykh smesyakh (Pre-Use Treatment of Coals from Different Fields in Aqueous Mixtures). Mezhdunarodnyi
nauchno-issledovatel'skii zhurnal. 2015. N 7 (38). Part.2, p.62-65.

10. Arbuzov S.1., Ershov V.V., Potseluev A.A., Rikhvanov L.P. Redkie elementy v uglyakh Kuznetskogo basseina (Rare Ele-
ments in Coals of Kuznetsk Basin). Kemerovo: Kuzbassvuzizdat, 2000, p.248.

11. Yudovich Ya.E., Ketris M.P. Tsennye elementy i primesi v uglyakh (Valuable elements and compounds in coals). UrO RAN.
Ekaterinburg, 2006, p.538.

12. Yudovich Ya.E., Ketris M.P. Neorganicheskaya geokhimiya uglya: aspekty teorii (Non-organic chemistry of coal: Theo-
retical aspects). Syktyvkar: Geoprint, 2003, p.55.

13. Marika Nel. Proposed methods to study the influence of trace metals on sintering and agglomeration of different coal feeds.
24th Annual International Pittsburgh Coal Conference. 2007. 10-14 September. Johannesburg, South Africa, p.234-245.

14. Ren D., Zhao F., Wang Y., Dai S et al. Geochemistry of elements in coal. China. 2006, p 556.

15. Environmental aspects of trace elements in coal. Editor D.Swaine, F.Goodarzi. Rluwer Acad. Dordrecht. London, 1995, p.313.

16. Querol X., Fernandez-Turiel J.L., Lopez-Soler A. Trace elements in coal and their behavior during combustion in a large
power station. Fuel. 1995. Vol.74. N 3, p.331-343.

17. Zhao Z.G., Tang X.Y., Li B.F. Geochemistry of rare earth elements of coal in Huaibei coalfield. Geochimica. 2000. Vol.29.
Ne 6, p.578-583.

Author V.Y.Bazhin, Dr. of Engineering Sciences, Head of Department, bazhin-alfoil@mail.ru (Saint-Petersburg Mining Uni-
versity, Russia).
The paper was accepted for publication on May 25, 2016.

581
Metallurgy and mineral processing



