
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
46

1 
41

1
A

1
*EP004461411A1*

(11) EP 4 461 411 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
13.11.2024 Bulletin 2024/46

(21) Application number: 23172713.2

(22) Date of filing: 11.05.2023

(51) International Patent Classification (IPC):
B03B 9/02 (2006.01)

(52) Cooperative Patent Classification (CPC): 
B03B 9/02 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL 
NO PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA
Designated Validation States: 
KH MA MD TN

(71) Applicant: Trisector OÜ
10143 Tallinn, Harju maakond (EE)

(72) Inventors:  
• Lugtmeijer, Arnout

10143 Tallinn, Harju maakond (EE)
• Hedman, Mikko

10143 Tallinn, Harju maakond (EE)

(74) Representative: Papula Oy
P.O. Box 981
00101 Helsinki (FI)

(54) METHOD AND ARRANGEMENT FOR PROCESSING LIMESTONE ROCK MATERIAL

(57) The invention describes a method and arrange-
ment for processing kerogen-containing limestone rock
material obtained from oil shale mining. The rock material
is comminuted into rock particles (10) and the rock par-
ticles (10) are classified to a particle size in a range of 5
to 300 mm. The rock particles (10) are sorted into first
rock particles (11) having higher kerogen content and
second rock particles (12) having lower kerogen content
using a sensor-based sorting device (4).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method and
arrangement for processing kerogen-containing lime-
stone rock material obtained from oil shale mining.

BACKGROUND OF THE INVENTION

[0002] There are two kinds of oil shale in Estonia, both
of which are sedimentary rocks laid down during the Or-
dovician geologic period. Graptolitic argillite is the larger
oil shale resource, but, because its organic matter con-
tent is relatively low, it is not used industrially. The other
is kukersite, which has been mined for more than a hun-
dred years. Historically, most of mined oil shale was used
for electricity generation. About half of mined oil shale is
used to produce phenolic-based products, such as dicar-
boxylic acids, and shale oil, a type of synthetic oil extract-
ed from oil shale by pyrolysis. In addition, oil shale and
its products are used in Estonia for district heating and
as a feedstock material for the cement industry.
[0003] Kukersite is a light-brown marine-type Late Or-
dovician oil shale formed some 460 million years ago.
Oil shale is a sedimentary rock comprising organic mat-
ter, i.e. kerogen, and inorganic matter. Kukersite has an
exceptionally high organic matter content, varying from
15% to 55%, and averaging over 40%. The conversion
ratio of its organic content into usable energy (shale oil
and oil shale gas) is between 65 and 67%. Organic sub-
stance in kukersite is mainly kerogen.
[0004] The mining and processing of oil shale in Esto-
nia has over time generated and accumulated approxi-
mately a billion tons of solid waste, consisting of more
than 200 million tons of disposed oil shale mine tailings
(waste rock). The oil shale mine tailings contains mainly
mineral materials and smaller amounts of organic mate-
rial, mostly kerogen. The beneficiation of the oil shale
mine tailings has not been done on an industrial scale
so far.

OBJECT OF THE INVENTION

[0005] An object of the present invention is to provide
a method and arrangement by which kerogen-containing
limestone rock material obtained from oil shale mining
can be processed.

SUMMARY OF THE INVENTION

[0006] The object of the invention can be achieved by
a method according to claim 1 and an arrangement ac-
cording to claim 14.
[0007] In the method according to the invention, kero-
gen-containing limestone rock material is comminuted
into rock particles, rock particles are classified to a par-
ticle size in a range of 5 to 300 mm, and the rock particles

are sorted into first rock particles having higher kerogen
content and second rock particles having lower kerogen
content using a sensor-based sorting device.
[0008] According to the embodiment of the invention,
the rock particles are sorted into the first rock particles
having a kerogen content greater than a predetermined
threshold value and into the second rock particles having
a kerogen content not more than the predetermined
threshold value.
[0009] According to the embodiment of the invention,
the sensor-based sorting device comprises at least one
sensor by which the rock particles are monitored, and a
processing unit by which data received from the at least
one sensor is processed to determine at least one prop-
erty indicative of or proportional to the kerogen content
of the rock particles, and the rock particles are sorted
based on said at least one property into the first rock
particles and the second rock particles.
[0010] According to the embodiment of the invention,
the at least one property comprises X-ray absorption rate
the rock particles.
[0011] According to the embodiment of the invention,
the sensor-based sorting device comprises at least one
sensor by which the rock particles are monitored, and a
processing unit by which data received from the at least
one sensor is processed to differentiate the elements
contained in the rock particles, and the rock particles are
sorted based on their composition into the first rock par-
ticles and the second rock particles.
[0012] According to the embodiment of the invention,
the sensor-based sorting device comprises an X-ray
source, from which X-ray radiation is emitted through the
rock particles, and intensity of X-ray radiation passing
through the rock particles is detected by the at least one
sensor, and the rock particles are sorted based on their
X-ray absorption rate into the first rock particles and the
second rock particles.
[0013] According to the embodiment of the invention,
the at least one sensor comprises an X-ray transmission
(XRT) sensor and/or a dual energy X-ray transmission
(DE-XRT) sensor.
[0014] According to the embodiment of the invention,
the rock material to be processed is run-of-mine oil shale
and/or oil shale mine tailings, such as kukersite run-of-
mine oil shale and/or kukersite oil shale mine tailings.
[0015] According to the embodiment of the invention,
the sensor-based sorting device comprises transfer
member, such as a belt conveyor or a sloping chute, by
which rock particles are transferred onwards in the sen-
sor-based sorting device while being detected with the
sensor(s).
[0016] According to the embodiment of the invention,
the second rock particles are fed to a further sensor-
based sorting device by which the second rock particles
are sorted based on their qualities.
[0017] According to the embodiment of the invention,
the second rock particles are sorted into third rock parti-
cles and fourth rock particles by the further sensor-based

1 2 



EP 4 461 411 A1

3

5

10

15

20

25

30

35

40

45

50

55

sorting device, wherein calcium carbonate content of the
third particles is greater than that of the fourth particles.
[0018] According to the embodiment of the invention,
the second rock particles and/or third rock particles (16)
are comminuted.
[0019] According to the embodiment of the invention
impurities are separated from the third rock particles us-
ing flotation method.
[0020] The arrangement according to the invention
comprises a comminution device for comminuting the
kerogen-containing rock material into smaller particles,
a classifying apparatus for classifying the rock particles
to a particle size in a range of 5 mm to 300 mm, and a
sensor-based sorting device configured to sort the rock
particles into first rock particles having higher kerogen
content and second rock particles having lower kerogen
content.
[0021] Significant advantages can be achieved by
means of the invention. The method and arrangement
according to the invention enable converting oil shale
mine tailings into various qualities of recycled raw mate-
rials, such as industrial minerals and functional fillers (cal-
cium carbonate) and kerogen concentrate, which can be
utilized in number of applications, e.g. as raw materials
in chemical and cement industry. This significantly con-
tributes to the circular economy. Moreover, the amount
of oil shale mine tailings can be significantly reduced,
which frees the land occupied by the mine tailings heaps
to be used for other purposes.
[0022] The method according to the invention may also
be used to process or enrich run-of-mine oil shale, which
enables the separation and pre-concentration of kero-
gen-containing rock material from mined material, al-
ready in the mining area.

BRIEF DESCRIPTION OF THE DRAWING

[0023] In the following, the invention will be described
in more detail by the aid of examples with reference to
the attached drawing, which shows a schematic diagram
of a processing arrangement according to an embodi-
ment of invention.

DETAILED DESCRIPTION

[0024] The drawing shows a processing arrangement
1 by which kerogen-containing limestone rock material
10 obtained from oil shale mining is processed and/or
enriched. The kerogen-containing limestone rock mate-
rial to be processed may be run-of-mine oil shale and/or
oil shale mine tailings (waste rock). Oil shale is a sedi-
mentary rock comprising organic matter, mostly kerogen,
and inorganic matter.
[0025] The run-of-mine oil shale may be so-called kuk-
ersite oil shale, which is found in the Baltic Oil Shale
Basin in Estonia. Kukersite oil shale has an organic con-
tent varying from 15 to 55 wt%, with average more than
40 wt%. Kukersite has 65-67% conversion ratio into shale

oil and/or oil shale gas. The organic material in run-of-
mine oil shale is mainly kerogen. Run-of-mine oil shale
also contains mineral materials, such as calcium carbon-
ate (CaCos), dolomite (CaMg(CO3)2 and quartz (SiO2),
and clay.
[0026] The oil shale mine tailings may be solid waste
rock originating from the mining and/or processing of oil
shale, such as kukersite oil shale. The oil shale mine
tailings contains organic material, mainly kerogen, and
carbonate minerals, such as calcium carbonate (CaCos)
and dolomite (CaMg(CO3)2 and quartz (SiO2), and clay.
[0027] The total organic carbon content of the oil shale
mine tailings is typically 2-11 wt%. Kerogen content of
the oil shale mine tailings is typically 2-11 wt%. Calcium
carbonate content of the oil shale mine tailings is typically
40-55 wt%, dolomite content 15-40 wt% and clay content
5-15 wt%.
[0028] The processing arrangement 1 is configured to
process/enrich kerogen-containing limestone rock mate-
rial obtained from oil shale mining. The processing ar-
rangement 1 may comprise a comminution device 2, by
which the feedstock, i.e. kerogen-containing limestone
rock material, is comminuted into smaller rock particles
10. The comminution device 2 may be a crusher, such
as an impact crusher. The comminution splits the rock
material into smaller particles at boundaries of different
constituents. Thus, it is possible to obtain rock particles
10 containing mainly specific constituents, such as ker-
ogen or mineral material(s). The rock material is commi-
nuted to a particle size in a range of 5 mm to 300 mm,
typically 20 mm to 120 mm.
[0029] The processing arrangement 1 may further
comprise a classifying apparatus 3, such as a screen, by
which the comminuted rock particles 10 are classified.
The particles are classified to a particle size in a range
of 5 mm to 300 mm, typically 20 mm to 120 mm. The rock
particles 10 may be classified into one or several different
size fractions. The ratio of minimum and maximum par-
ticle size within a fraction is typically at most 1/3.
[0030] The processing arrangement 1 further compris-
es a sensor-based sorting device 4 configured to sort the
rock particles 10 into first rock particles 11 and second
rock particles 12. Kerogen content of the first rock parti-
cles 11 is greater than that of the second rock particles
12. It is possible that the second particles 12 contain no
kerogen at all. The sensor-based sorting device 4 may
utilize density separation, in which the sorting is based
on atomic densities or atomic density differences of the
rock particles 10.
[0031] Sensor-based sorting may be performed using
one or a combination of technologies, including X-Ray
transmission (XRT), dual energy X-ray transmission (DE-
XRT), X-ray fluorescence (XRF), X-ray luminescence,
laser-induced breakdown spectroscopy (LIBS), optical
color (RGB), short-wave infra-red (SWIR), near infra-red
(NIR), and/or prompt gamma neutron activation analysis
(PGNAA). The technology or the combination of technol-
ogies to be used may depend on the effectiveness of the
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technologies’ selectivity for respective kerogen-contain-
ing limestone rock material.
[0032] The sensor-based sorting device 4 comprises
one or more sensors 6, by which the rock particles 10
are monitored. The sensor-based sorting device 4 further
comprises a processing unit 5 configured to receive data
from the sensor(s) 6. The processing unit 5 comprises a
data processing algorithm, which is configured to process
and/or evaluate data received from the sensor(s) 6 to
identify the first rock particles 11 and the second rock
particles 12. As the main elements of the rock particles
10 and their average contents in the rock particles 10 are
known, the data processing algorithm can determine the
kerogen content of rock particles 10 based on the meas-
urement data of the sensor(s) 6. A suitable data process-
ing algorithm may be determined, for example, experi-
mentally and/or by simulation.
[0033] The data received from the sensor(s) 6 is proc-
essed by the processing unit 5 to determine at least one
property indicative of or proportional to the kerogen con-
tent of the rock particles 10. Thereafter, the rock particles
10 are sorted based on said at least one property into
the first rock particles 11 and the second rock particles 12.
[0034] The at least one property may comprise X-ray
absorption rate of the rock particles 10. In that case, the
sensor-based sorting device 4 comprises an X-ray
source 9 configured to emit X-radiation towards the rock
particles 10 to be sorted and at least one sensor 6 con-
figured to measure the intensity of the X-ray radiation
passing through the rock particles 10. The sensor(s) 6
may comprise an X-ray transmission (XRT) sensor(s)
and/or dual energy X-ray transmission (DE-XRT) sen-
sor(s). The X-radiation absorption rate of the rock particle
10 is the difference between X-radiation emitted by the
X-ray source 9 and measured by the sensor 6. The X-
ray absorption rate of the material making up the rock
particle 10, signifies the relative density of the material
making up the rock particle 10.
[0035] There is a relation between atomic density/ele-
mental composition of the rock particle 10 and the inten-
sity of X-radiation passing through or absorbed by the
rock particle 10. The intensity of X-radiation passing
through the rock particles 10 may be measured at two
different energy levels (DE-XRT sensor). By using two
X-ray beams of different energies, it is possible to meas-
ure the material’s absorption of X-rays at different energy
levels, allowing for more accurate identification and sep-
aration of different materials. For example, one X-ray
beam may be optimized for detecting low-density mate-
rials, while the other X-ray beam may be optimized for
detecting high-density materials.
[0036] As X-rays are absorbed differently depending
on the rock particle material’s composition and atomic
density, with the appropriate data processing algorithm,
the elements contained in the rock particles 10 can be
differentiated based on the X-ray absorption rate of the
rock particles 10. As a result, the rock particles 10 can
be identified as the first particles 11 and second particles

12, and sorted accordingly. The data processing algo-
rithm used in the processing system 5 can be determined
experimentally or by simulation. Materials may also be
sorted on the basis of an association with a mineral which
is easily detectable and associated/related with another
mineral, as both minerals appear mostly jointly in the rock
particle material.
[0037] In addition to or instead of X-ray transmission
technology, other technologies may be utilized in the sen-
sor-based sorting. Such technologies may comprise X-
ray fluorescence (XRF), X-ray luminescence, laser-in-
duced breakdown spectroscopy (LIBS), optical color
(RGB), short-wave infra-red (SWIR), near infra-red
(NIR), and/or prompt gamma neutron activation analysis
(PGNAA). The sensor-based sorting device 4 comprises
sensor(s) 6 suitable for the technology to be used.
[0038] Each individual rock particle 10 is sorted into
first rock particles 11 and second rock particles 12. The
rock particles 10 may be sorted into first particles 11 hav-
ing a kerogen content greater than a predetermined
threshold value and into the second rock particles 12
having a kerogen content not more than the predeter-
mined threshold value.
[0039] The sensor-based sorting device 4 further com-
prises a transfer member 7, by which the rock particles
10 are transferred onwards in the sensor-based sorting
device 4 while being detected with the sensor(s) 6. The
transfer member 7 may be a belt conveyor, on which the
rock particles 10 are conveyed, or a sloping chute, into
which the rock particles 10 are fed.
[0040] The sensor-based sorting device 4 further com-
prises a sorting member 8, such a compressed air nozzle,
configured to perform the sorting of the rock particles 10
into first rock particles 11 and second rock particles 12.
The sorting member 8 is placed downstream of scanning
region of the sensor(s) 6, for example at the downstream
end of the transfer member 7. The processing unit 5 is
configured to operate the sorting member 6 based on the
data received from the sensor(s) 6 so that rock particles
10 having higher kerogen content are sorted into first
rock particles 11 and the rock particles having lower ker-
ogen content are sorted into second rock particles 12.
The first rock particles 11 may be sorted into a first con-
tainer and the second rock particles 12 into a second
container.
[0041] The first rock particles 11 having higher kerogen
content may be combusted to generate heat and/or elec-
tricity and/or utilized as a raw material for chemical in-
dustry. The second rock particles 12 may be used as raw
material for cement industry and/or fed to further process-
ing steps 12-14.
[0042] The further processing steps may comprise a
second comminuting step 13, in which the second rock
particles 12 are comminuted into smaller particles. Alter-
natively or additionally, the further processing steps may
comprise a second sensor-based sorting step 14, in
which the second rock particles 12 are monitored with
sensor(s) to determine at least one property, e.g. average
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atomic density, indicative of or proportional to calcium
carbonate content of the second rock particles 12. There-
after, the second particles 12 are sorted based on said
at least one property into third rock particles 16 and fourth
rock particles 17. The calcium carbonate content of the
third rock particles 16 is higher than that of the fourth rock
particles 17. The second sensor-based sorting step 14
may be performed with a similar sensor-based sorting
device as described above.
[0043] Impurities in the third rock particles 16 may be
separated from calcium carbonate by means of flotation
process using at least one flotation cell 18. Prior to the
flotation step 18, the third rock particles 16 are milled 15
(wet or dry milling) to the appropriate particle size, which
allows separation by flotation.
[0044] The fourth rock particles 17 may be used as
cement replacement or as a raw material for geopolymer
production.
[0045] It is obvious to the person skilled in the art that
the invention is not limited solely to the embodiments
presented above, but that it can be varied within the
scope of the claims presented below.

Claims

1. A method for processing kerogen-containing lime-
stone rock material obtained from oil shale mining,
characterized in that

- rock material is comminuted into rock particles
(10),
- the rock particles (10) are classified to a particle
size in a range of 5 to 300 mm, and
- the rock particles (10) are sorted into first rock
particles (11) having higher kerogen content and
second rock particles (12) having lower kerogen
content using a sensor-based sorting device (4).

2. The method according to claim 1, characterized in
that the rock particles (10) are sorted into the first
rock particles (11) having a kerogen content greater
than a predetermined threshold value and into the
second rock particles (12) having a kerogen content
not more than the predetermined threshold value.

3. The method according to any of the preceding
claims, characterized in that at the sensor-based
sorting device (4) comprises at least one sensor (6)
by which the rock particles (10) are monitored, and
a processing unit (5) by which data received from
the at least one sensor (6) is processed to determine
at least one property indicative of or proportional to
the kerogen content of the rock particles (10), and
the rock particles (10) are sorted based on said at
least one property into the first rock particles (11)
and the second rock particles (12).

4. The method according to claim 3, characterized in
that the at least one property comprises X-ray ab-
sorption rate the rock particles (10).

5. The method according to any of the preceding
claims, characterized in that the sensor-based
sorting device (4) comprises at least one sensor (6)
by which the rock particles (10) are monitored, and
a processing unit (5) by which data received from
the at least one sensor (6) is processed to differen-
tiate the elements contained in the rock particles
(10), and the rock particles (10) are sorted based on
their composition into the first rock particles (11) and
the second rock particles (12).

6. The method according to any of the preceding
claims, characterized in that the sensor-based
sorting device (4) comprises an X-ray source (9),
from which X-ray radiation is emitted through the
rock particles (10), and intensity of X-ray radiation
passing through the rock particles (10) is detected
by the at least one sensor (6), and the rock particles
(10) are sorted based on their X-ray absorption rate
into the first rock particles (11) and the second rock
particles (12).

7. The method according to any of the preceding
claims, characterized in that said at least one sen-
sor (6) comprises an X-ray transmission (XRT) sen-
sor and/or a dual energy X-ray transmission (DE-
XRT) sensor.

8. The method according to any of the preceding
claims, characterized in that the rock material (10)
to be processed is run-of-mine oil shale and/or oil
shale mine tailings, such as kukersite run-of-mine oil
shale and/or kukersite oil shale mine tailings.

9. The method according to any of the preceding
claims, characterized in that the sensor-based
sorting device (4) comprises transfer member (7),
such as a belt conveyor or a sloping chute, by which
rock particles (10) are transferred onwards in the
sensor-based sorting device (4) while being detect-
ed with the sensor(s) (6).

10. The method according to any of the preceding
claims, characterized in that the second rock par-
ticles (12) are fed to a further sensor-based sorting
device (14) by which the second rock particles (12)
are sorted based on their qualities.

11. The method according to claim 10, characterized
in that the second rock particles (12) are sorted into
third rock particles and fourth rock particles by the
further sensor-based sorting device (14), wherein
calcium carbonate content of the third particles is
greater than that of the fourth particles.
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12. The method according to claim 11, characterized
in that the second rock particles (12) and/or third
rock particles (16) are comminuted.

13. The method according to claim 11 or 12, character-
ized in that impurities are separated from the third
rock particles (16) using flotation method.

14. An arrangement (1) for processing kerogen-contain-
ing limestone rock material (10) obtained from oil
shale mining, characterized in that the arrange-
ment (1) comprises a comminution device (2) for
comminuting the rock material (10) into smaller par-
ticles, a classifying apparatus (3) for classifying the
rock particles to a particle size in a range of 5 mm
to 300 mm, and a sensor-based sorting device (4)
configured to sort the rock particles (10) into first rock
particles (11) having higher kerogen content and
second rock particles (12) having lower kerogen con-
tent.

15. Use of an arrangement according to claim 14 in
processing kerogen-containing limestone rock ma-
terial (10) obtained from oil shale mining.

9 10 
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