wo 2016/169661 A1 I} I N A0 OO 0O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/169661 A1l

27 October 2016 (27.10.2016) WIPOIPCT
(51) International Patent Classification: (74) Agent: DROPSCH, Holger; Air Liquide Forschung und
C10J 3/02 (2006.01) C10B 49/02 (2006.01) Entwicklung GmbH, Gwinnerstrasse 27-33, 60388 Frank-
C10K 1/00 (2006.01) C10B 53/04 (2006.01) furt am Main (DE).
C10K 1/10(2006.01) C10C 1/00(2006.01) (81) Designated States (uniess otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/EP2016/025037 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. . BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(22) International Filing Date: . DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
14 April 2016 (14.04.2016) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(26) Publication Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(30) Priority Data: SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
15400016.0 20 April 2015 (20.04.2015) EP TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: L'AIR LIQUI])E SOCIETE ANONYME (84) Designated States (unless otherwise indicated, fO}" every
POUR L'ETUDE ET L' EXPLOITATION DES PRO- kind Of regional protection avazlable) ARIPO (BW, GH,
CEDES GEORGES CLAUDE [FR/FR]; 75, Quai d'Or- GM. KE, LR, LS, MW, MZ, NA, RW., SD, SL, ST, SZ,
say, 75007 Paris (FR) TZ, UG, ZM, ZW), Furasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Inventors: SPIEGL, Nicolas; Unterster Zwerchweg 8, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

60599 Frankfurt am Main (DE). SURUP, Gerrit; Sonnen-
strasse 9, 34349 Hann, Miinden (DE).

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: PROCESS AND PLANT FOR PRODUCING SYNTHESIS GAS AND PYROLYSIS PRODUCTS FROM COAL OF

DIFFERENT GRAIN SIZE
1
s L
.2 » 4b
8
e ¥ 22
10 5 21 | 18
o B
— 19
J,e 20
12
e M I S
17+ |
15 gt 13 :
14 4 f

Fig. 1

(57) Abstract: A process for converting coal into syn-
thesis gas and by-products, such as for instance tar and
oil, wherein the coal is separated into a coarse and a
fine fraction, the coarse fraction is processed in a tixed-
bed pressure gasification, the fine fraction is processed
in a pyrolysis, and the respectively obtained products
containing tar, oil and naphtha are combined and
mixed.



WO 2016/169661 A1 |00V T 0K 00

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2016/169661 PCT/EP2016/025037

AIR LIQUIDE File Number: S1_0191

Process and Plant for Producing Synthesis Gas and Pyrolysis Products

from Coal of Different Grain Size

Field of the Invention

This invention relates to a process and a plant for converting coal into synthesis

gas, tar, oil, naphtha, gas condensate and ash, comprising the process steps:

a)
b}

c)

providing coal,

separating the coal into a coarse-grained and a fine-grained part by
application of a mechanical separation process,

converting the coarse-grained part of the coal into synthesis gas, tar, oil, gas
condensate and ash in a plant comprising a first plant section with a fixed-
bed pressure gasification reactor in which the coal is gasified to a raw
synthesis gas chiefly comprising carbon monoxide and hydrogen by using
oxygen and steam, and wherein ash is produced, a second plant section
which comprises a unit connected to the reactor for cooling and scrubbing
the raw synthesis gas, which produces cooled synthesis gas and gas
condensate loaded with tar and oil, and a third plant section for mechanically
separating tar and oil from the gas condensate, wherein a chiefly tar-
containing product stream, a chiefly oil-containing product stream, a chiefly
dust- and tar-containing product stream and a gas condensate stream
depleted of tar and oil is discharged from the third plant section for further
processing.
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Prior art

Such process is known. It is described in principle in Ullmann's Encyclopedia of
Industrial Chemistry, Sixth Edition, Vol. 15, Gas Production, Chapter 4.4. The
plant section which in specialist jargon is called “tar separator” for mechanically
separating tar and oil from the gas condensate is described in Ullimanns
Encyklopadie der technischen Chemie, 4th Fdition, Vol. 14, Kohle,
Gaserzeugung, Chapter 6.1.1.

It is a prerequisite for the trouble-free function of the process that the bed of the
fixed-bed pressure gasification reactor can be traversed by the process gases
oxygen and steam to a sufficient extent and uniformly distributed. To achieve this,
the fine-grained fraction must be separated from the coal before use in the
reactor. The separated fine-grained fraction of the coal in many cases is used as
combustible material for the generation of process steam. It occurs, however, that
the fine-grained fraction of the coal is so large that it amounts to up to 50 wt-%, so
that it exceeds the coal demand for the generation of process steam and it is
difficuit to economically use the excess of fine-grained coal for other purposes. A
further disadvantage of this use as combustible material consists in that it is not
possible to obtain valuable products, such as tar and oil, from this part of the coal.

Description of the Invention

In the process according to the invention as described in detail below, the
disadvantages of the prior art are overcome in that at least a part of the fine-
grained fraction of the coal is converted into coke as well as tar, oil and naphtha
vapors by pyrolysis, wherein the coke is supplied to a further use and the tar and
oil vapors are condensed and the tar is admixed to the chiefly tar-containing
product stream from step ¢) and the oil is admixed to the chiefly oil-containing
product stream from step c) and the naphtha vapor for the one part is supplied to
another use and for the other part is condensed and the liquid naphtha obtained
thereby is admixed to the chiefly oil-containing product stream from step c).
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In this way, the yield of valuable products, such as tar and oil, from the coal is
increased, as the fine-grained fraction of the coal no longer merely is fired or
discarded, as it is common practice according to the prior art. By targeted
selection from the pyrolysis processes known to the skilled person, which in the
literature occasionally also are referred to as carbonization processes, and by
targeted process management well-known to the skilled person, the quality of the
pyrolysis products tar, oil and naphtha can be influenced. By mixing the tars and
oils originating from the gasification and from the pyrolysis according to the
invention, the quality of the tar and oil produced by the process according to the
invention thus can also be influenced selectively.

What is suitable for the invention for example is the LURGI-RUHRGAS
carbonization process, cf. Ullmanns Encyklopadie der technischen Chemie, 4th
Edition, Vol. 3, p. 463.

In the sense of this invention, carbonization is understood as pyrolysis. Pyrolysis
conditions are understood to be physico-chemical conditions which provide for a
thermochemical decomposition of organic compounds under largely non-oxidative
conditions. They are known per se from the prior art and comprise the setting of
high temperatures and largely the absence of oxidizing agents, i.e. for example
heating under the exclusion of air. The skilled person will suitably select the
pyrolysis conditions in dependence on the feedstock to be treated.

Preferred Aspects of the Invention

A particular aspect of the invention is characterized in that the fine-grained part of
the coal mentioned in step b) of claim 1 is defined by a particle size of below 5
mm. The particle size is adjusted by sieving with a sieve having a mesh width of 5
mm. At this boundary between fine-grained coal part which is pyrolyzed and
coarse-grained part which is processed in the fixed-bed pressure gasification
reactor, a good throughflow of the fixed bed in the gasification reactor is given
with many types of coal.
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Another particular aspect of the invention is characterized in that the tar, oil and
naphtha vapors obtained by pyrolysis are cooled such that the tar and oil vapors
are condensed completely and the naphtha vapor is condensed in part, and
wherein the liquid tar, oil and naphtha phases obtained thereby are introduced
into the third plant section mentioned in step ¢) and in the same are introduced
into the gas condensate loaded with tar and oil, and wherein the non-condensed
part of the naphtha vapor is supplied to another use. The advantage of this aspect
consists in that the condensation of the pyrolysis products can be effected close
to the pyrolysis apparatus, whereby a transport of the vapors over larger
distances through conduits is avoided.

Another particular aspect of the invention is characterized in that the tar, oil and
naphtha vapors obtained during the pyrolysis in the third plant section mentioned
in step ¢) are introduced into the gas condensate phase contained therein, which
is loaded with tar and oil, wherein tar and oil vapors are condensed completely
and together with the tar and oil obtained in step c) are separated from the gas
condensate, and wherein the naphtha vapor is condensed in part and together
with the oil separated from the gas condensate and the non-condensed part of the
naphtha vapor is supplied to another use. The advantage of this aspect consists
in that no separate unit is required for the condensation of the vapors.

Ancther particular aspect of the invention is characterized in that the coke
produced in the pyrolysis according to step d) of claim 1 is at least partly used as
heat carrier for the production of the steam used for the gasification carried out in
the fixed-bed pressure gasification reactor according to step c) of claim 1. Due to
this use of the coke within the plant, costs for the sale and transport to more
remote sites of use are avoided.

Another particular aspect of the invention is characterized in that the non-
condensed part of the naphtha vapor is used as heat carrier in the pyrolysis of the
fine-grained part of the coal. This measure increases the energy efficiency of the
process.
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Exemplary embodiment

Further features, advantages and possible applications of the invention can also
be taken from the following description of an exemplary embodiment and
numerical example as well as the drawing. All features described and/or
ilustrated form the subject-matter of the invention per se or in any combination,
independent of their inclusion in the claims or their back-reference.

In the only Figure
Fig. 1 shows a schematic block diagram of the process according to the
invention.

The process according to the invention will be explained below with reference to
Fig. 1 of the drawing.

In a mechanical separating device 2, e.g. a screening machine, the provided coal
1 is separated into a coarse-grained fraction 3 and a fine-grained fraction 4. In a
first plant section 5, the coarse-grained fraction 3 of the coal is gasified to raw
synthesis gas 8 by using oxygen 6 and steam 7, wherein ash 9 is produced. The
raw synthesis gas 8 is transferred from the first plant section 5 into a second plant
section 10 and cooled and scrubbed there and is supplied to a further treatment
as synthesis gas 11. During the treatment in the second plant section 10 gas
condensate 12 loaded with tar, oil and dust is obtained.

The fine-grained fraction 4 of the coal 1 for the one part 4a is supplied to a
pyrolysis treatment 18 and for the other part 4b is supplied to another use, e.g. the
use as combustible material. In the pyrolysis treatment 18 the coal is converted
into coke 20, carbonization products 21 and waste gases 22 by dosed addition of
air 19. The coke 20 produced is supplied to a plant for steam generation 23, which
is fed with water 24. The generated steam 7 is introduced into the first plant
section §. The waste gases 22 produced in the pyrolysis 18, which also contain
naphtha, are supplied to a further treatment. During the pyrolysis treatment there
are furthermore obtained carbonization products 21 which chiefiy consist of tar, oil
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and naphtha and, in dependence on the process conditions applied during the
pyrolysis and cooling treatment, are present in gaseous or liquid form.,

The loaded gas condensate 12 and the carbonization products 21 liquefied by
cooling are transferred into the plant section 13 and mixed therein. In this plant
section 13, a chiefly tar-containing product stream 14, a chiefly oil-containing
product stream 15 which also contains naphtha, and a dust-containing and tar-
containing product stream 16 are separated from the gas condensate in a
mechanical way, e.g. by means of a settling tank, which often is referred to as tar
separator. The purified gas condensate 17 is supplied to a further treatment.

Industrial Applicability

The invention provides a process for converting coal into synthesis gas and
valuable by-products such as tar, in which the fine fraction of the coil also is used
effectively for the production of the by-products.
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List of Reference Numerals

1 coal

2  separating device

3 coarse-grained fraction of the coal

4 fine-grained fraction of the coal, a for pyrolysis, b for other purposes
5  first plant section, e.g. fixed-bed pressure gasification
6  oxygen

7 steam

8  raw synthesis gas

9 ash

10 second plant section, cooling and scrubbing
11 raw synthesis gas

12 loaded gas condensate

13  third plant section, e.g. tar separator

14 tar-containing product stream

16 product stream containing oil and naphtha
16  product stream containing dust and tar

17  gas condensate

18 pyrolysis

19 air

20 coke

21 carbonization products

22  waste gases, also containing naphtha

23 steam generation

24  water
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Claims:

d)

A process for converting coal into synthesis gas, tar, oll, naphtha, gas
condensate and ash, comprising the process steps:

providing coal,

separating the coal into a coarse-grained and a fine-grained part by
application of a mechanical separation process,

converting the coarse-grained part of the coal into synthesis gas, tar, oil, gas
condensate and ash in a plant comprising a first plant section with a fixed-
bed pressure gasification reactor in which the coal is gasified to a raw
synthesis gas chiefly comprising carbon monoxide and hydrogen by using
oxygen and steam, and wherein ash is produced, a second plant section
which comprises a unit connected to the reactor for cooling and scrubbing
the raw synthesis gas, which produces cooled synthesis gas and gas
condensate loaded with tar and oil, and a third plant section for mechanically
separating tar and oil from the gas condensate, wherein a chiefly tar-
containing product stream, a chiefly oil-containing product stream, a chiefly
dust- and tar-containing product stream and a gas condensate stream
depleted of tar and oil is discharged from the third plant section for further
processing, characterized in that

at least a part of the fine-grained part of the coal obtained in step b) is
converted into coke as well as tar, oil and naphtha vapors by pyrolysis,
wherein the coke is supplied to a further use and the tar and oil vapors are
condensed and the tar is admixed to the chiefly tar-containing product
stream from step c) and the oil is admixed to the chiefly oil-containing
product stream from step c) and the naphtha vapor for the one part is
supplied to another use and for the other part is condensed and the liquid
naphtha obtained thereby is admixed to the chiefly oil-containing product
stream from step c).
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The process according to claim 1, characterized in that the fine-grained part
of the coal mentioned in step b) of claim 1 is defined by a particle size of
below 5 mm.

The process according to claim 1 or 2, characterized in that the tar, oil and
naphtha vapors obtained are cooled such that the tar and oil vapors are
condensed completely and the naphtha vapor is condensed in part, and
wherein the liquid tar, oil and naphtha phases obtained thereby are
introduced into the third plant section mentioned in step ¢) of claim 1 and in
the same are Introduced into the gas condensate loaded with tar and oil, and
wherein the non-condensed part of the naphtha vapor is supplied to another
use.

The process according to claim 1 or 2, characterized in that the tar, oil and
naphtha vapors obtained during the pyrolysis in the third plant section
mentioned in step ¢) of claim 1 are introduced into the gas condensate
phase contained therein, which is loaded with tar and oil, wherein tar and oil
vapors are condensed completely and together with the tar and oil obtained
in step ¢) of claim 1 are separated from the gas condensate, and wherein
the naphtha vapor is condensed in part and together with the oil is separated
from the gas condensate and the non-condensed part of the naphtha vapor
is supplied to another use.

The process according to any of the preceding claims, characterized in that
the coke produced in the pyrolysis according to step d) of claim 1 is at least
partly used as heat carrier for the generation of the steam used for the
gasification carried out in the fixed-bed pressure gasification reactor
according to step c) of claim 1.

The process according to any of the preceding claims, characterized in that
the non-condensed part of the naphtha vapor is used as heat carrier in the
pyrolysis of the fine-grained part of the coal.
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7.

= {0

A plant for converting coal into synthesis gas, tar, oil, naphtha, gas
condensate and ash, comprising the plant sections:

- apparatus for the mechanical separation of the coal into a coarse-grained
and a fine-grained fraction,

- apparatus for the fixed-bed pressure gasification of the coarse-grained
fraction of the coal to a raw synthesis gas with the formation of ash,

- apparatus for cooling and scrubbing the raw synthesis gas with the
formation of gas condensate,

- tar separator for the mechanical separation of product streams from the
gas condensate,

- apparatus for the pyrolysis of the fine-grained fraction of the coal,

- apparatus for steam generation, which is operated with the coke
produced in the apparatus for the pyrolysis,

- furthermore comprising the apparatuses for the transfer of the
intermediate products between the plant sections,
characterized in that the apparatus for the pyrolysis with a transfer device
for carbonization products is connected with the tar separator, and the
apparatus for steam generation with a transfer device for the vapor is
connected with the apparatus for the fixed-bed pressure gasification.
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