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Method for brown coal coke production using single-stage thermal
reprocessing

Field of Technology

This invention is based on the method for the production of brown coal coke using the thermal
reprocessing of brown coal by high-temperature carbonisation, in the absence of air in the single

technological stage.
Current State of the Technology

Brown coal has been considered, and in the literature was previously referred to, as a non-caking
material, : By loWw-térhperature carbénisafion :(low-tempefathre “ooking)! 6f: biowini goalt iusing final
temperatures ranging between 580 to 600°G;ilow-temperaﬁiré coke is produced, which is characterised
by its high reactivity and its tendency to spontaneous combustion (i.e. freshly produced material
spontaneously oxidising in air). The produced combustible matter is fine-grained, soft and friable and
has a high ash content With increasing of grain size the ash content also increases from 15 to 35%;
this is acéompanied»b.y a d,e.c‘lin:e 1n 1t§ tptal‘,heating value.

H

The production of coke from brown coal by high—tenipérgtﬁre{ carbonisation with final coking
temperatures ranging between 900 and 1050°C, has not been carried out directly due to its non-coking
characteristics, however this was technological]y circumvented in the manner that brown coal was,
added as the strengthening agent in the quantity of 3 to 10% (non-coking proportion with 80% of its
granularity modified to under 0.5 mm)‘to-caking hard coal during- the preparation of the coal charge.
The coal chargs is:a‘mikiure of difféténtkinids of better or weaklyi¢aking typés of hard:coal with a 90

—93% granularity modified to under 3'mii; Which constitntés_;the ‘charge for the coke-oven battery.

The published JP 51135902 patent application describes an indirect method for the production of
coke, in which the de-ashed and desulphurised liquid product,,obtained by the application of an
appropriate solvent to the brown. coal,, is .submitted to the effects of increased temperature and

pressure in a hydrogen atmosphere the sohd part is separated and mlxed in the approprlate proportion

with raw coal material: The mixture: created in this way constltutes the. charge for: the coke-oven.

battery.

it is carried out technologically in t;"‘.’Q.'?@P‘.S.- First a low- tempera}nre coke is made from t_he brown

coal, which is subsequently, briquetted; using (or not) bonding agent. The pressed; briquetles arc.
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carbonised at high temperature between 900 to 1200°C. This technological process permits the brown

coal coke production in two technological steps.

The Patent No. 236540 describes the method for improving of caking of weakly-coking coal used for
the production of metallurgical coke, which is based on the fact that aluminium oxide, in the form of
a powder with grain-size under 1 mm, in quantity from 0.05 to 0.5% by weight, is added as a catalyst
to the raw coal prior to its coking. This method, however, is primarily focused on weakly-caking hard

coal.

Other technologies for the production of brown coal coke have also been two-stage processes. The
dried brown coal was finely ground and under high pressure compressed into briquettes, which were
subsequently dried. These dried briquettes were carbonised at a high-temperature in a controlled
temperature regime with a final temperature of 1100°C. The increase of temperature up to 650 — 700°
C was slow. The gradient of the temperature increase in the interval 700 — 1100°C, was conversely

rapid. This technology was in the past used in Lauchhammer, Germany.

Principle of the Invention

The above-mentioned problems concerning the production of brown coal coke have, to some extent,
been eliminated by means of this invention, which is based on the fact that, according to the tests
carried out, the values of the qualitative characteristics of the brown coal charged have been
determined. When the brown coal matter has the carbon content in the dry matter (C*) 60 to 75% by
weight, the content of the volatile matter in the dry matter (V) 40 to 60% by weight, and the tar
content in the dry matter (T%x) 17.5 to 30% by weight, the matter shows caking property by high
temperature carbonisation (these values have been determined by using samples of brown coal in
different states, so they may mutually overlap, i.e. the carbon content in dry matter may include part
bf the carbon in the form of tar and part of the tar may also constitute a part of the volatile

components; this results in the sum of these values not being 100%).

Brown coal of a suitable quality is brought, by crushing and grinding, to a grain-size smaller than
0.25 mm. The resulting mixture is moistened, by the addition of process water, to a final content of
total water ranging between 10 to 25% by weight, and homogenised by simultaneous stirring. The
mixture of brown coal, with its modified grain size, moistened and homogenised, is placed into the
retort, in which it is gradually compacted. After loading and compacting the moistened charge into
the retort, the retort is closed and placed into a pyrolysis furnace where the content is indirectly
heated to a final internal temperature of the retort ranging between 950 to 1300°C. This temperature
is then kept for 2 hours or more, depending on the geometry and other parameters of the coking retort.

Through the simultaneous interaction of factors, increasing temperature and coking time, the



WO 2010/054607 PCT/CZ2009/000134

chemical-physical conversion of the brown coal matter and also its coking take place in the absence
of air. The product of this conversion is high-temperature brown coal coke, produced in a single

technological step.

Examples of Implementation of the Invention

The qualitative parameters of charging brown coal are shown in Table No. 1. The charge of brown
coal with grain-size adjusted to below 0.25 mm, moistened to 12.6% of total water was charged and
compacted into a cylindrical retort, which was subsequently placed into a pyrolysis furnace and
heated with the temperature gradient of 9.95°C . min™ until it reached an internal final temperature of
the charge of 1050°C. The final temperature of the charge was kept for the following two hours. After
completion of carbonisation the coke was moved from the retort having the surface temperature of
400°C (the internal temperature of the coke core ranged between 500 and 700°C). Unlike a low-
temperature brown coal coke, the brown coal coke produced in this manner, at this surface
temperature, is not subject to spontaneous combustion. The qualitative parameters of the brown-coal

coke are defined in Table No. 2

The produced brown coal coke is grey-black, matte, lumpy and non-brittle. It has a small surface area,
which amounts to 1.04 m>. g’ and 15.2% of the developed adsorption pores ranging in interval size

between 44 and 65 nm.
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Table No. 1 - Qualitative parameters of charging brown coal

Parameter Value |Parameter Value

analytical water [ % by weight]| 3.43 |nitrogen in dry matter [ % by weight]|  0.95

ash in dry matter [ % by weight]| 3.58 |nitrogen in combustible matter [ % by weight]|  0.99

total sulphur [ % by weight]| 1.03 |oxygen in dry matter [ % by weight]] 15.77

:;ﬁl;?r in combustible [ % by weight]| 1.07 |oxygen in combustible matter [% by weight]| 16.35
, o . volatile combustible matter in | .

carbon in dry matter [ % by weight]| 72.92 dry matter [ % by weight]] 54.14

carbon in combustible : volatile combustible matter in .

matter [ % by weight] 75.§3 combustible matter [ % by weight]] 56.15

hydrogen in dry matter [ % by weight][ 5.75 |calorific value in dry matter [ MJ. kg] 31.85

hydroeen i [%by weight]| 596 calorific value in combustible 1 gy o7 | 33.04
Parameter Value
tar in dr); matter [ % by weight]] 24.61
low-temperature coke in dry matter [ % by weight]] 57.38
pyrogenetic water in dry matter [ % by weight]] 7.01
gas in dry matter [ % by weight]] 11.00
tar in combustible matter [ % by weight]| 25.54
low-temperature coke in combustible matter [ % by weight]] 55.83
pyrogenetic water in combustible matter [ % by weight]| 7.27
gas in combustible matter _ [ % by weight]| 11.36

Table No. 2: Qualitative parameters of brown coal coke, obtained in accordance with the invention

Parameter Value (Parameter Value
analytical water [ % by weight]| 0.34 pitrogen in dry matter [ % by weight]| 0.43
ash in dry matter [ % by weight]| 8.01 |nitrogen in combustible matter [ % by weight]|  0.47
total sulphur [ % by weight]| 0.58 |oxygen in dry matter [ % by weight] 1.8

sulphur in combustible [ % by weight]| 0.63 |oxygen in combustible matter [% by weight] 1.96

matter

. o . volatile combustible matter in .
carbon'in dry matter [ % by weight]| 89.08 dry matter [ % by weight] 1.87
carbon in combustible . volatile combustible matter in .
matter [ % by weight]| 96.84 combustible matter [ % by weight] 203
hydrogen in dry matter [ % by weight}| 0.1 |calorific value in dry matter [ MJ. kg] 30.71
hydrogen in o . calorific value in combustible
combustible matter - [ % by weight]| 0.1 matter [MJ . ke] 30.69
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PATENT CLAIM

1. The method for production of coke from brown coal raw material with the content of carbon in dry
matter (C%) ranging between 60 and 75 % by weight, of volatile combustible matter in dry matter (V9
40 to 60% by weight and of tar in dry matter (T%x) 17.5 to 30% by weight, which is modified by
crushing and grinding to the grain size below 0.25 mm, moistened to the final content of total water in
the range between 10 and 25% by weight, characterised by the feature that the homogenised mixture
obtained in such manner is placed into the retort, and after its compacting indirectly heated to the final
internal retort temperature ranging between 950 and 1300°C; this temperature is kept for 2 hours or

more and the product is subsequently removed from the retort after cooling to the surface temperature

of 400°C.
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