wo 2025/012017 A1 |0 00000 KRN0 0 O 0

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

World Intellectual Propert J
oy Organization > 0 OO0 OO0 O R A0

International Bureau —;/// (10) International Publication Number

WO 2025/012017 Al

(43) International Publication Date
16 January 2025 (16.01.2025) WIPOIPCT

(51) International Patent Classification: Sabotino 8/7, 16156 Genova (IT). GIOVANNINI, Matteo;
C10B 39/02 (2006.01) F23G 7/06 (2006.01) Via Debbia, 5/B, 55032 Castelnuovo Garfagnana (IT).
(21) International Application Number: (74) Agent: OFFICE FREYLINGER;B.P. 48, 234, route d'Ar-
PCT/EP2024/068557 lon, 8001 Strassen (LU).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
02 July 2024 (02.07.2024) kind of national protection available). AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
(26) Publication Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,

(30) Priority Data: KH, KN, KP, KR, KW, KZ, LA, LC, LK. LR, LS, LU, LY,

LU504708 10 July 2023 (10.07.2023) LU MA. MD, MG, MK, MN, MU, MW, MX, MY, MZ. NA.
(71) Applicant: PAUL WURTH S.A. [LU/LU]; 32, rue d'Al- NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
sace, 1122 Luxembourg (LU). RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
) L TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
(72) Inventors: FABBRI, Andrea; Via Carlo Corsi 1 int. 23 ZA. ZM. ZW.

sc. A, 16154 Genova (IT). CALCAGNO, Riccardo; Via

(54) Title: COKE DRY QUENCHING PLANT AND METHOD FOR COKE DRY QUENCHING AND GAS TREATING

| 30)

(57) Abstract: A coke dry quenching plant (10) and a method for coke dry quenching and off-gas treating, wherein the coke dry
quenching plant (10) comprises: a cooling chamber (12) for cooling hot coke down to a predefined temperature, an off-gas conduct
(15) for conducting the gas from an off-gas outlet (14) of the cooling chamber (12) to a heat recovery apparatus (18); a first dedusting
unit (16) for dedusting the gas, wherein the first dedusting unit (16) is arranged in the off-gas conduct (15) downstream of the cooling
chamber (12) and upstream of the heat recovery apparatus (18); the heat recovery apparatus (18) being configured to cool the gas down
to a predefined first temperature range; a first fan unit (20) arranged downstream of the heat recovery apparatus; wherein the coke dry
quenching plant further comprises a sub- economizer unit (24) arranged downstream of the first fan unit (20) and connected to the
cooling chamber (12) via a process cooling gas conduct (26) and wherein the sub- economizer unit (24) is connected to a regenerative
thermal oxidizer (40) via an excess gas conduct (30); wherein the sub-economizer unit (24) and/or the process cooling gas conduct
and/or the excess gas conduct is/are configured to distribute or split the gas into the process cooling gas conduct (26) and/or the excess

[Continued on next page]



WO 2025/01201°7 A | JIF 0000000000 OO0 O O

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR,LS, MW, MZ,NA,RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

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

gas conduct (30); and feeding gas exiting the regenerative thermal oxidizer (40) as a recirculation gas through a recirculation conduct
(46) into the off-gas conduct (15).




WO 2025/012017 PCT/EP2024/068557

COKE DRY QUENCHING PLANT AND METHOD FOR COKE DRY QUENCHING
AND GAS TREATING

Technical field
[0001] The present invention generally relates to a coke dry quenching plant and a

method for coke dry quenching and gas treating.

Background Art

[0002] In order to produce coke for a (blast) furnace or any other application, coal is
subjected in a coke oven (battery) to temperatures of approximately 1400°C to 1000°C,
whereby said coal is subjected a dry distillation procedure (or also "carbonization").
After the generation of hot coke within the coke oven, the coke is transferred to a coke
quenching plant. The most common quenching techniques are based on coke

water/wet quenching (CWQ) or coke dry quenching (CDQ).

[0003] In particular coke dry quenching permits that the hot coke is quenched from
approximately 1100 °C down to 180 °C. Coke dry quenching is considered
advantageous because it produces relatively dry coke with a relatively small amount
of moisture, which is considered particularly advantageous in cases coke is to be fired
within a blast furnace plant. A further advantage is a significantly lower water

consumption in comparison to coke water quenching processes.

[0004] In addition, coke dry quenching also allows to recover energy whilst equivalent

carbon dioxide (CO2) emissions are saved.

[0005] During coke dry quenching, several gases, respectively a gas mixture, is
formed. This gas mixture usually comprises considerable varying amounts of hydrogen
(H2) and carbon monoxide (CO). In the following, this gas mixture will be generally
referred to as "gas" or "excess gas". This gas is also sometimes referred to as "lower
bleeder gas". In order to keep coke dry quenching process under stable operating
conditions, it is necessary to allow a continuous gas extraction from the cooling gas
ducts of a coke dry quenching plant. This may be achieved, for example, via a chimney

that guides the gas towards the atmosphere.

[0006] However, in order to minimize the emissions of said gases and comply to local
legal environmental requirements, it is generally necessary to provide for a post-

combustion of the formed gases. Yet, such a post-combustion of the gases used and/or
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generated in the cooling chamber may not be performed entirely or merely

incompletely within a common coke quenching plant.

Technical problem

[0007] It is an object of the present invention to provide for an enhanced coke dry
guenching plant and coke dry quenching method allowing to treat the gases generated
during quenching. This problem is solved by the subject-matter of the independent

claims.

General Description of the Invention

[0008] In order to achieve the above-mentioned object, the present invention
proposes, in a first aspect, a coke dry quenching plant for quenching coke and for
treating an off-gas therefrom, wherein the coke dry quenching plant comprises: a
cooling chamber (configured) for cooling hot coke down to a predefined temperature;
an off-gas conduct (configured) for conducting the off-gas from an off-gas outlet of the
cooling chamber to a heat recovery apparatus; a first dedusting unit (configured) for
dedusting the off-gas, wherein the first dedusting unit is arranged in the off-gas conduct
downstream of the cooling chamber and upstream of the heat recovery apparatus, the
heat recovery apparatus being configured for cooling the off-gas down to a predefined
first temperature range; and a first fan unit is arranged downstream of the heat recovery
apparatus. The coke dry quenching plant further comprises a sub-economizer unit
configured to cool the off-gas down to a predefined second temperature range and
arranged downstream of the first fan unit, wherein the sub-economizer unit is
connected to (an inlet of) the cooling chamber via a process cooling gas conduct for
providing process cooling gas to the cooling chamber and wherein the sub-economizer
unit is connected to a regenerative thermal oxidizer via an excess gas conduct for
providing excess gas to the regenerative thermal oxidizer, and wherein the sub-
economizer unit (itself) and/or the process cooling gas conduct and/or the excess gas
conduct (to the regenerative thermal oxidizer) is/are configured for (controllably)
distributing the process cooling gas into the process cooling gas conduct or the excess
gas conduct or into both (i.e. for controllably splitting the gas between the process
cooling gas conduct and the excess gas conduct) and a recirculation conduct for
feeding gas from the regenerative thermal oxidizer into the off-gas conduct as a

recirculation gas.



WO 2025/012017 PCT/EP2024/068557
3

[0009] The proposed coke dry quenching plant and method advantageously allow to
perform an excess gas treatment before remaining components of the gas are released
into the atmosphere. Moreover, the treatment is performed whilst the amount of energy

recovered is advantageously maximized.

[0010] Due to the use of a regenerative thermal oxidizer, the proposed coke dry
guenching plant and method further allow to reduce the amount of otherwise required
additional combustible gas (for example natural gas or coke oven gas). Indeed, in
common prior art processes using post-combustion, such additional combustible gas
is necessary for performing a post-combustion treatment. Hence, extra CO2 emissions
can be avoided and operational costs of the plant (operated) according to the present

invention are also significantly reduced.

[0011] In addition, the proposed coke dry quenching plant and/or the method may
easily be adapted to already existing coke dry quenching plants in case retrofits are

carried out.

[0012] The proposed coke dry quenching plant and method also allow to provide for
an off-gas treatment that is applicable to a continuous flow of (excess) gas from the
cooling chamber of a CDQ plant. Due to the proposed coke dry quenching plant and
method, the continuously flowing excess gas obtained from the off-gas of the cooling
chamber can be treated whilst having a particularly high flowrate (in comparison to
known processes and plants) within a range e.g. of about 40 Nm3T to about
240 Nm3/T coke quenched, such as from about 50 Nm3/T to about 200 Nm3/T coke
quenched (Nm3 = normal cubic meter at NTP, i.e. at a temperature of 20 °C and an
absolute pressure of 1 atm, T = metric tonne), and/or within a temperature range e.g.
of approximately 130 °C up to approximately 200 °C, and/or with a pressure e.g. of
about +3000 Pa to about +7000 Pa gauge. In other words, the proposed coke dry
quenching plant and method allow to treat the excess gas, whilst providing the
possibility to choose form a certain range of determinable process parameters, which
in turn gives an operator or operating system a significantly increased freedom for

piloting or adapting the gas treatment process as well as the quenching process.

[0013] It has been further found that a process cooling gas composition and an excess
gas composition, i.e. the composition of a gas conducted from a heat recovery

apparatus to the cooling chamber or from a heat recovery apparatus to the
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regenerative thermal oxidizer, may be generated that is identical or at least similar to

the composition exemplarily given in the following table:

Typical Value | Max Value | Minimum Value | Value during Start up
% vol. % vol. % vol. % vol.
H. 0.7 5 0.2 25
H.O 3.9 16 2 0
CO 3.9 8 0.5 0
CO: 16.1 20 10 0
O- 0.2 2 0 0
N2 Balance Balance Balance Balance
Coke dust 1 g/Nm?3 2 g/Nm? 1 g/Nm? 1 g/Nm?

[0014] The inventors have further found that a rather small change in the process
parameters of the coke dry quenching operation may lead to higher contents of H> and
CO in the excess gas entering the regenerative thermal oxidizer (RTQO). Since the
process cooling gas used within the cooling chamber has a lower content of reactive
oxygen in comparison to the (fresh) cooling gas, or even e.g. to the recirculation gas
exiting the RTO, the quantity of coke loss generated in the CDQ plant is lowered. This
in turn leads to a lower gasification rate of coke, hence a reduced loss of coke. In fact,
the process cooling gas of the CDQ, which has the same composition than the excess
gas, has a reduced amount of CO2 which, in contact with hot coke over 600°C,

influences the amount of CO and thus the Boudouard reaction: C + CO> = 2 CO.

[0015] Due to this reaction, the quantity of coke lost within the cooling chamber is
therefore reduced. As a result, if during standard operation the amount of coke loss is
around 1.0 wt.-% - 1.5 wt.-% of the total coke input, higher contents of H, and CO in
the gas entering the cooling chamber can lead to a coke loss lower than about 1 wt.-

%, such as lower than about 0.9 wt.-% or even lower than about 0.8 wt.-%.

[0016] It has been further found that steam production of the coke dry quenching
(CDQ) plant is usually related not only to the thermal energy, but also to the above
parameter of coke loss (gasification), which increases the enthalpy of the gas stream
that “burns” portions of the coke. The minimization of the coke loss can lead to a slight
decrease of steam flowrate, reducing also the thermal content of input flow to the heat

recovery apparatus (e.g. boiler). While those effects would result in an overall lower
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steam production, the effect of reduced steam from coke loss is compensated
according to the invention by the (heat and quantity of the) recirculation gas fed from
the regenerative thermal oxidizer through the recirculation conduct to the off-gas

conduct.

[0017] Indeed, it has been further found by the inventors that the overall energy
balance is in any case positive due to the an “autothermal” reduction of the excess gas
combustion. The recirculation conduct which connects the RTO to the off-gas conduct,
e.g. to the first dedusting unit, provides additional gas (recirculation gas) and thermal
input to the heat recovery apparatus which produces additional steam. Thereby,
considering the reference case of a CDQ with a post-combustion unit, also the need
for support gas (or other fuels) is lessened. This in turn leads to a smaller CO2 footprint,

reducing both the total C-gasification and CO2 emission.

[0018] In other words, while CO2 and H2O present in the process gas will result in
some coke gasified through the Boudouard reaction inside the cooling chamber, the
overall loss of coke is reduced due to a lessened need for fresh cooling gas. Indeed,
during normal operation for conventional CDQ (without RTO and thus without
recirculation from the RTO), the amount of air injected as fresh cooling gas is controlled
in order to have a balance between low H> and CO content and reasonable carbon
gasification (CO2 and H20). Now, with the provision of the RTO and the recirculation
of part of its hot gas to the off-gas conduct, both the requirements for fresh cooling air
and for low Hz and CO content in the off-gas are reduced, resulting in an overall lower
carbon gasification rates. Indeed, although the recirculation gas in the recirculation
conduct is a gas essentially composed of N2, H20 and CO, its effect on the chemical
composition of the off-gas, and thus of that of the process cooling gas, is very limited,
such that the overall effect is a general reduction of H2O and CO2 content in the off-

gas and thus a lower carbon gasification.

[0019] “Coke dry quenching plant” generally refers to facilities configured for
guenching or cooling hot coke. A coke dry quenching plant has at least one cooling
chamber. “Cooling chamber” generally refers to an entity that is configured for
(temporarily) storing hot coke in order to cool it down. Cooling chambers are used to
cool down coke under controlled process conditions, generally from a temperature of
about 1100°C to a temperature of about 180°C. “Off-gas conduct’ generally refers to

a line, pipeline or other constructional element that is configured to convey the gas
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released, generated or coming from the cooling chamber, i.e. the off-gas, via an off-
gas outlet of the cooling chamber to a heat recovery apparatus. A dedusting unit may

be arranged within or be an integral part the off-gas conduct.

[0020] “Dedusting unit” generally refers to an apparatus for dedusting gas. For
example, a dedusting unit may be a filter, a cyclone, a dust chamber, a separator, a
Venturi scrubber, or a similar device for separating particles form the gas. The first
dedusting unit is preferably formed as a dust chamber. The coke dry quenching plant
may comprise more than one dedusting unit. For example, a first dedusting unit may
be arranged in the off-gas conduct downstream of the cooling chamber and upstream
of the heat recovery apparatus, while a second dedusting unit may be arranged
downstream of the sub-economizer unit and upstream of the regenerative thermal

oxidizer, as further described below.

[0021] “Heat recovery apparatus” refers to an apparatus that is configured for
recovering heat from the entering hot off-gas, generally at a temperature range of about
800 to about 950 °C and at a pressure range of about -2000 to about -4000 Pa gauge,
and thereby cool down the off-gas to a predefined first temperature range, such as a
range of about 160 to about 180 °C, at a preferred pressure range of about -3000 to

about -5000 Pa gauge.

[0022] “Fan unit” generally refers to a device for moving, conveying or pressurizing a
gas, such as a compressor, a fan or a turbine. The coke dry quenching plant may
comprise more than one fan unit, the first fan unit being arranged upstream of the sub-

economizer and downstream of the heat recovery apparatus.

[0023] “Sub-economizer unit” generally refers to an apparatus configured to (further)
cool down the entering gas from temperature range of about 170 to about 200 °C, at a
pressure of about 6000 to about 8000 Pa gauge, to an outlet temperature (second
temperature range) of about 130 to about 160 °C at a pressure of about 6000 to about
8000 Pa gauge. It may optionally itself be configured to distribute/split an entering gas
(stream) into two or more outgoing gas streams. Alternatively or additionally, the
distribution or splitting may be effected by the process cooling gas conduct and/or the
excess gas conduct, such as with one or more appropriate valve arrangements and/or
fan units within said conducts. Furthermore, the sub-economizer unit can for example
be arranged downstream of the first fan unit. The sub-economizer unit is connected to

the cooling chamber via a process cooling gas conduct for conducting process cooling
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gas to the cooling chamber and likewise connected to a regenerative thermal oxidizer
via an excess gas conduct for conducting excess gas to the regenerative thermal
oxidizer. In other words, the sub-economizer unit or the process cooling gas conduct
or the excess gas conduct or a combination thereof is configured to distribute or split
the gas into the process cooling gas conduct and/or the excess gas conduct. For
example, a control or regulation valve can advantageously be installed in the excess
gas conduct at the outlet of or further downstream the sub-economizer. Preferably,
such a valve may be configured to control or regulate the pressure inside the cooling
chamber in order to set it to a preferred specific value or value range. Additionally or
alternatively, a further, e.g. second, fan unit (further described below) may be arranged

within said excess gas conduct to effect or assist the distribution/splitting.

[0024] “Regenerative thermal oxidizer”, also called RTO, refers to a commonly known
device, respectively technology, for treating gases. The regenerative thermal oxidizer
is a gas treatment device allowing to lessen air pollution and decompose hazardous
gases at high temperatures. Regenerative thermal oxidizer may present in various
forms, such as for example ceramic-bed based RTO, regenerative catalytic thermal
oxidizer, regenerative flameless thermal oxidizer (FTO) or similar forms. Unlike
conventional post-combustion burners and even conventional thermal oxidizers, a
large part of the generated heat is recovered through the use of e.g. ceramic beds in
the regenerative thermal oxidizer. These beds may consist of at least two, but more
generally at least three alternately fed sections, wherein the heat generated by the
oxidation in a first section is subsequently used to preheat the gas in a second section,
while a third section is cleaned with the rest of the hot gas, before the cycle switches
sections. The use of a regenerative thermal oxidizer in combination with a cooling
chamber of a coke dry quenching plant thus also allows that the heat of waste gas
coming from the combustion within the RTO can be recovered and used for heating up
the (inlet) gas and air before said gas mixture enters the combustion chamber of the
RTO.

[0025] It has further been found by the inventors that an arrangement combining an
RTO with a coke dry quenching process also allows that in cases where the amount of
hydrogen forming part of the gas generated within the cooling chamber has risen to a
certain amount, e.g. about even as low as 0.7 vol.-%, the RTO does not require any

additional fuel firing during its normal operation. Common RTO require fuel during the
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start-up phase which only occurs occasionally during the year, such as for a maximum
of 1 day of startup periods. In view of an exemplary coke dry quenching plant
configured to cool 100 tph (tonnes per hour) of hot coke, it is possible to use an RTO
to treat excess gas having a flowrate of about 13000 Nm3/h. In comparison to that,
most prior art standard post-combustion apparatuses require more than 2800 Nm3/h
of fuel to burn coke oven gas. Due to the proposed arrangement comprising an RTO
technology, such high amounts of fuel and gas can be saved and corresponding

amounts of CO» emissions avoided.

[0026] According to an embodiment, the coke dry quenching plant further comprises
an air introducing unit for introducing air into the excess gas conduct. The air
introducing unit allows that air is mixed with the excess gas to form an enhanced
excess gas (prior to) entering the RTO, which in turn enables to precisely control the
mixing and temperature of the gas entering the RTO. The autothermal energy of
excess gas may however be higher than required for (stable) RTO operation. Hence,
it may be beneficial or desirable to bleed some gas and heat out from the RTO. This

can be advantageously done through a chimney conduct to the chimney.

[0027] According to the same or another embodiment, the air introducing unit is
advantageously arranged upstream of the thermal oxidizer, preferably fluidly

connected to or arranged within the excess gas conduct.

[0028] According to the same or another embodiment, the regenerative thermal
oxidizer and/or a (downstream) chimney conduct and/or the (downstream) recirculation
conduct may be configured to (controllably) distribute or split the gas (exiting the
regenerative thermal oxidizer) into the chimney conduct configured for conducting the
gas to a chimney and/or the recirculation conduct configured for conducting the gas as
recirculation gas into the first dedusting unit. The control or regulation of the
distribution/splitting (e.g. using control or regulation valves similar to those described
above in the context of the sub-economizer) is made to control the temperature inside
oxidizer chamber or RTO. The autothermal energy may be higher than required for a
stable operation of the RTO and, in such cases, some thermal energy may
advantageously be removed (or bled) from the system, the overall aim or priority being
to send the hot recirculation gas (with its extra thermal energy) back to the heat

recovery unit, thereby increasing the steam production.
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[0029] According to the same or another embodiment and as already briefly
mentioned above, a second dedusting unit may be arranged downstream of the sub-
economizer unit and upstream of the regenerative thermal oxidizer. Such a second
dedusting unit advantageously allows for further removal of dust from the excess gas,
which in turn improves the reliability of (RTO) plant due to a reduced risk of dust
clogging.

[0030] According to the same or another embodiment, the air introducing unit may be
arranged downstream of the second dedusting unit such that the air introducing unit is
configured to introduce air into the excess gas conduct downstream of the second
dedusting unit and upstream of the regenerative thermal oxidizer to provide an

enhanced excess gas.

[0031] According to the same or another embodiment and as already briefly
mentioned above, a second fan unit is advantageously arranged in the excess gas
conduct, upstream of the regenerative thermal oxidizer and preferably downstream of
the second dedusting unit. Indeed, a second dedusting (further) reduces the dust load

in the excess gas, thereby rendering the operation of the second fan unit more reliable.

[0032] According to the same or another embodiment, the air introducing unit is
arranged within/fluidly connected to the excess gas conduct, upstream of the second
fan unit. Hence, a second fan unit allows for enhanced control of the conveying of the
excess gas and preferably the air introduced into the excess gas. When air is
introduced, it further facilitates its thorough mixing with the excess gas to form the so-
called enhanced excess gas and allows for an improved control of the pressure within
the RTO.

[0033] In a second aspect, the invention also concerns a method for coke dry
quenching and off-gas treating. The advantages and embodiments given in view of the

coke dry quenching plant also apply to the method.

[0034] The invention thus also proposes a method for coke dry quenching and off-
gas treating, wherein the method comprises the following steps: evacuating an off-gas
from a coke dry quenching cooling chamber of a coke dry quenching plant, conducting
the off-gas via a first dedusting unit to a heat recovery apparatus, wherein the first
dedusting unit is arranged downstream of the coke dry quenching cooling chamber

and upstream of the heat recovery apparatus; cooling down the off-gas in the heat
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recovery apparatus to a predefined first temperature range; and accelerating the
cooled off-gas, by afirst fan unit arranged downstream of the heat recovery apparatus.
The method further comprises distributing or splitting the gas (leaving/about to leave
the sub-economizer) as process cooling gas into a process cooling gas conduct and/or
as excess gas into an excess gas conduct within or downstream the sub-economizer
unit configured to cool the off-gas down to a predefined first temperature range and
arranged downstream of the first fan unit, wherein the sub-economizer unit is
connected to the cooling chamber via the process cooling gas conduct and wherein
the sub-economizer unit is connected to a regenerative thermal oxidizer via the excess
gas conduct; and wherein the sub-economizer unit itself, or the process cooling gas
conduct, or the excess gas conduct, or a combination thereof, is configured to distribute
or split the gas into the process cooling gas conduct or the excess gas conduct; and
feeding gas from the regenerative thermal oxidizer as a recirculation gas through a

recirculation conduct into the off-gas conduct.

[0035] According to embodiments, the method may further comprise introducing air
into the excess gas conduct, upstream of the thermal oxidizer, to provide an enhanced

excess gas.

[0036] According to embodiments, the method may further comprise separating gas,
within or downstream the regenerative thermal oxidizer, such that the gas is
(controllably) distributed or split into a chimney conduct conducting the gas to a
chimney or into a recirculation conduct feeding the gas back into the off-gas conduct

as a hot recirculation gas.

[0037] According to embodiments, the gas entering the regenerative thermal oxidizer
may be preheated, preferably inside ceramic packing media of the RTO itself,
advantageously by residual heat of the exhaust gas at the exit of the RTO, preferably

to temperatures within a temperature range of about 700 to about 850 °C.

[0038] According to advantageous embodiments, the excess gas within the excess
gas conduct has a flowrate within a range of within a range of about 40 to about
240 Nm3/T coke quenched, such as from about 50 to about 200 Nm3/T coke quenched,
and within a temperature range of approximately 130 °C up to approximately 200 °C
and/or with a pressure of about +3000 to about +7000 Pa gauge. Due to the proposed

coke dry quenching plant and method, a continuously flow of (excess) gas of the coke



WO 2025/012017 PCT/EP2024/068557
11

dry quenching plant can be treated whilst having a particularly high flowrate (in

comparison to known processes and plants).

[0039] According to embodiments, the recirculation gas exiting the regenerative
thermal oxidizer into the recirculation conduct preferably has a temperature within a
temperature range of about 800 to about 950 °C, a gas flowrate in a range of about
4 Nm3/T to about 30 Nm3/T, and a pressure in a range of about 2000 to about 5000 Pa

gauge.

[0040] According to an embodiment, the gas exiting the chimney comprises a mix of
the following typical composition: about 3.1 vol.-% H-20, about 13.5 vol.-% CO», about
0 vol.-% CO, about 0 vol.-% H2, about 77.5 vol.-% N2 and about 5.9 vol.-% O2, wherein
said values may vary within 0.3 vol.-%, preferably within 0.2 vol.-%, the total (including

potential trace amounts of other gases) adding up to 100 vol.-% of the gases present.

[0041] The terms “about” and “approximately” in the present context mean that a
given numeric value covers a range of values from -10 % to +10 % of said numeric

value, preferably a range of values form -5 % to +5 % of said numeric value.

Brief Description of the Drawings
[0042] A preferred embodiment of the invention will now be described, by way of

example, with reference to the accompanying drawing in which:

Fig. 1 is a schematic illustration of the coke dry quenching plant and gas treatment

method.

Description of Preferred Embodiments
[0043] Fig 1. illustrates schematically an example of a coke dry quenching plant
according to an embodiment. Fig. 1 also schematically illustrates an example of how

the method according to an embodiment of the invention is performed.

[0044] Fig. 1 shows a coke dry quenching plant 10 for quenching coke and for treating
an off-gas. The hot coke is quenched, meaning cooled down, within a cooling chamber
12 of the coke dry quenching plant 10 to a predefined temperature, such as from
temperatures of about 1100 °C to a predefined temperature of for example about
180 °C. The quenching is done with a (fresh) cooling gas admitted through cooling gas
conduct 28 into the cooling chamber 12 and with the process cooling gas admitted

through process cooling gas conduct 26. While said fresh cooling gas can be any cool
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gas, e.g. at ambient temperature, available on-site, it generally comprises or consists

of air at ambient temperature.

[0045] The cooling chamber 12 has at least one off-gas outlet 14 for evacuating the
(hot) off-gas from said cooling chamber 12, the (hot) off-gas being the result of the
cooling gases introduced into the cooling chamber 12 (i.e. fresh cooling gas through
cooling gas inlet 28 and process cooling gas through process cooling gas conduct 26)
and generated during quenching. The off-gas outlet 14 is fluidly connected to an off-
gas conduct 15 which conveys, respectively guides, the off-gas from the off-gas outlet
14 of the cooling chamber 12 to a heat recovery apparatus 18 via a first dedusting unit
16. In Fig. 1, the dedusting unit 16 is configured as a dust chamber, but other
configurations are also possible. The first dedusting unit 16 is arranged in the off-gas
conduct 15 downstream of the cooling chamber 12 and upstream of the heat recovery
apparatus 18. In other words, the first dedusting unit 16 is arranged in between (the
off-gas outlet 14 of) the cooling chamber 12 and the heat recovery apparatus 18 to at

least partially dedust the off-gas.

[0046] The heat recovery apparatus 18 cools the entering (at least partially dedusted)
off-gas down from temperatures of about 800 to about 950 °C to temperatures of about
160 to about 180 °C, whereby heat is recovered and can be transferred to other
processes (not shown) for heating purposes. Thermal energy recovered in the heat
recovery apparatus may amount for example to about 1620 MJ/T coke. The (partially
cooled down) off-gas is extracted from the heat recovery apparatus 18 by means of a
first fan 20 downstream of the heat recovery apparatus 18. The (partially cooled down)
off-gas is subsequently conveyed to a sub-economizer unit 24 downstream of the first
fan unit 20 to further cool down the off-gas to temperatures of about 130 to about
140 °C, the first fan unit 20 being arranged within a cooled off-gas conduct 22 of the

heat recovery apparatus 18.

[0047] The sub-economizer unit 24 is connected to the cooling chamber 12 via a
process cooling gas conduct 26 for conducting process cooling gas to the cooling
chamber 12, as well as to an excess gas conduct 30 for conducting excess gas to a
regenerative thermal oxidizer 40. The sub-economizer unit 24 itself, or the process
cooling gas conduct 26, or the excess gas conduct 30, or any combination of these
three components is configured to (controllably) distribute the gas into the process

cooling gas conduct 26 or the excess gas conduct 30, or both, wherein the respective
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flow rates of process cooling gas and excess gas can be adjusted as desired or

necessary, e.g. by one or more regulating valves and/or or fan units.

[0048] Inthe embodiment illustrated in Fig. 1, the excess gas entering the excess gas
conduct 30 is advantageously subjected to a further (i.e. second) dedusting within a
second dedusting unit 32, which is preferably configured as a cyclone. The second
dedusting unit 32 is advantageously arranged within the excess gas conduct 30

downstream of the sub-economizer unit 24 and upstream of an air introducing unit 36.

[0049] An air introducing unit 36 installed within the excess gas conduct 30 is provided
to inject air into said excess gas conduct 30, thereby providing an enhanced excess
gas with changed gas composition and temperature. In the embodiment illustrated in
Fig. 1, the air introducing unit 36 is arranged downstream of the second dedusting unit
32 and upstream of the second fan unit 38. The temperature and/or the oxygen content
of the enhanced excess gas may thus be precisely controlled before it enters the
regenerative thermal oxidizer, RTO, 40. Preferred temperatures at this point can be
e.g. between 120 and 140 °C, such as between 125 and 130 °C.

[0050] The second fan unit 38 is arranged in the excess gas conduct 30 downstream
of the inlet of the air introducing unit 36. The second fan allows to accelerate the

enhanced excess gas before entering the RTO 40.

[0051] When the enhanced excess gas enters the RTO 40, the gas is preheated by
an internal (regenerative) preheating system (not shown) that advantageously uses
the heat energy of the (part of the) gas that is discharged through the chimney conduct
42 and the chimney 44. According to the invention, the hot gas which is present in the
RTO is partially recirculated as a recirculation gas to the coke dry quenching process
via recirculation conduct 46 and partially discharged via chimney 44 into the
atmosphere, wherein a regulated discharging through chimney 44 allows to bleed

some gas and heat out of the process, e.g. to improve stable operation of the RTO 40.

[0052] On the other hand, the (part of the) gas which is recirculated as recirculation
gas via the recirculation conduct 46 is advantageously injected via an inlet (not shown)
upstream of or into the primary dedusting unit 16. The advantage of recirculating (part
of the) gas from the RTO is that the volume of the gas entering the heat recovery
apparatus 18 is increased while keeping essentially the same temperature. As a

consequence, the heat recovery apparatus 18, which is advantageously configured as
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a heat recovery steam generator in the embodiment of Fig. 1, increases the production
of valuable high-pressure steam. Furthermore, as the recirculation gas within
recirculation conduct 46 mainly comprises CO2 and H20 and will constitute part of the
process cooling gas admitted to the cooling chamber 12 through process cooling gas
conduct 26, less fresh cooling gas is required from cooling gas conduct 28, thereby
reducing coke loss during quenching, as the oxygen contents of the fresh cooling gas
is higher than that of the process cooling gas. While, the reduced coke loss is of course
desirable for reducing CO2 emissions and/or to maximize the amount of coke, it would
on the other hand mean that the off-gas of the cooling chamber 12 would be less hot
(due to the lack of part of heat generated by coke burning), thereby reducing the
amount of heat recoverable in the heat recovery apparatus 18. Now, according to the
invention, this apparently unavoidable loss in recoverable heat is in fact
advantageously compensated by this same recirculation of part of the hot gas from the
RTO 40 through the recirculation conduct 46 to the off-gas conduct 15 or the first

dedusting unit 16, upstream of the heat recovery apparatus 18.

[0053] During operation, the heat recovery apparatus 18 will treat a gas in a
temperature range over 800°C with a pressure in a range of -2000 kPa to 0.0 kPa. The
hot gas stream of recirculation gas re-collected from the RTO 40 and conducted within
recirculation conduct 46 has similar temperatures of 800 to 900 °C and a pressure
above 0.0 kPa. Hence, the recirculation of hot gas from the RTO is all the more
advantageous, as this hot gas has temperatures which are similarly high than those of
the off-gas from the cooling chamber 12. Even more, the bleeding of part of the
(excess) heat of the RTO allows for a better temperature control within the RTO itself,
as it allows to take away that part of the heat that is not required to preheat the
regenerative bed to a temperature sufficient for triggering the thermal oxidation of the

excess gas.

[0054] It is understood that the regulation of the different gas flows, e.g. in the sub-
economizer unit 24 or the RTO 40 is generally realized by controlled or automated
valves (not shown). Due to such an arrangement of automated valves in the RTO 40
and an appropriate bleeding through chimney conduct 42 and chimney 44, the RTO
may be operated in stable conditions and the temperature of its oxidation chamber (not

shown) can be kept in a predefined and advantageous range of about 800 to 850 °C.
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Legend:
10 coke dry quenching plant
12  (coke dry quenching) cooling chamber
14  off-gas outlet (for cooling chamber off-gas)
15 off-gas conduct (for cooling chamber off-gas)
16  first dedusting unit (for dedusting off-gas)
18 heat recovery apparatus
20 first fan unit
22 cooled off-gas conduct
24 sub-economizer unit
26  process cooling gas conduct (for recirculated process cooling gas)
28 cooling gas inlet
30 excess gas conduct (for excess gas)
32 second dedusting unit (for dedusting excess gas)
36 air introducing unit (for introducing air into excess gas to provide enhanced
excess gas)
38 second fan unit
40 regenerative thermal oxidizer
42  chimney conduct
44  chimney
46  recirculation conduct (for recirculating recirculation gas to the off-gas

conduct)
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Claims

1. A coke dry quenching plant (10) for quenching coke and for treating an off-gas

therefrom, wherein the coke dry quenching plant (10) comprises:

a cooling chamber (12) for cooling hot coke down to a predefined

temperature;

- an off-gas conduct (15) for conducting the off-gas from an off-gas outlet (14)

of the cooling chamber (12) to a heat recovery apparatus (18);

- a first dedusting unit (16) for dedusting the off-gas, wherein the first
dedusting unit (16) is arranged in the off-gas conduct (15) downstream of the

cooling chamber (12) and upstream of the heat recovery apparatus (18);

- the heat recovery apparatus (18) being configured to cool the off-gas down

to a predefined first temperature range;
- afirst fan unit (20) arranged downstream of the heat recovery apparatus (18);

- a sub-economizer unit (24) arranged downstream of the first fan unit (20),
wherein the sub-economizer unit (24) is connected to the cooling chamber
(12) via a process cooling gas conduct (26) and wherein the sub-economizer
unit (24) is connected to a regenerative thermal oxidizer (40) via an excess
gas conduct (30); and wherein the sub-economizer unit (24) and/or the
process cooling gas conduct and/or the excess gas conduct is/are configured
to distribute or split the gas into the process cooling gas conduct (26) and/or

the excess gas conduct (30); and

- arecirculation conduct (46) for feeding gas exiting the regenerative thermal

oxidizer (40) into the off-gas conduct (15) as a recirculation gas.

2. The coke dry quenching plant (10) according claim 1, wherein the coke dry
guenching plant (10) further comprises an air introducing unit (36) for introducing

air into the excess gas conduct (30).
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3. The coke dry quenching plant (10) according to claim 2, wherein the air
introducing unit (36) is arranged upstream of the regenerative thermal oxidizer
(40).

4. The coke dry quenching plant (10) according to any one of claims 1 to 3, wherein
the regenerative thermal oxidizer (40) and/or a downstream chimney conduct
(42) and/or a downstream recirculation conduct (46) is configured to distribute
or split the gas into a chimney conduct (42) for conducting the gas to a chimney
(44) or the recirculation conduct (46) for feeding the gas into the off-gas conduct
(15).

5. The coke dry quenching plant (10) according to any one of claims 1 to 4, wherein
a second dedusting unit (32) is arranged downstream of the sub-economizer

unit (24) and upstream of the regenerative thermal oxidizer (40).

6. The coke dry quenching plant (10) according to claim 5, wherein the air
introducing unit (36) is arranged downstream of the second dedusting unit (32),
such that the air introducing unit (36) is configured to introduce air into the
excess gas conduct (30) downstream of the second dedusting unit (32) and

upstream of the regenerative thermal oxidizer (40).

7. The coke dry quenching plant (10) according to any one of claims 5 or 6, wherein
a second fan unit (38) is arranged in the excess gas conduct (30) downstream
of the second dedusting unit (32) and upstream of the regenerative thermal
oxidizer (40).

8. The coke dry quenching plant (10) according to claim 7, wherein the air

introducing unit (26) is arranged upstream of the second fan unit (38).

9. A method for coke dry quenching and off-gas treating, wherein the method

comprises the following steps:

- evacuating an off-gas from a coke dry quenching cooling chamber (12) of a

coke dry quenching plant (10);
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- conducting the off-gas via a first dedusting unit (16) to a heat recovery
apparatus (18), wherein the first dedusting unit (16) is arranged downstream
of the coke dry quenching cooling chamber (12) and upstream of the heat

recovery apparatus (18);

- cooling down the off-gas in the heat recovery apparatus (18) to a predefined

first temperature range;

- driving the gas by a first fan unit (20) arranged downstream of the heat

recovery apparatus (18);

- distributing or splitting the gas into a process cooling gas conduct (26) and/or
an excess gas conduct (30) within or downstream the sub-economizer unit
(24) arranged downstream of the first fan unit (20), wherein the sub-
economizer unit (24) is connected to the cooling chamber (12) via the
process cooling gas conduct (26) and wherein the sub-economizer unit (24)
is connected to a regenerative thermal oxidizer (40) via the excess gas
conduct (30); wherein the sub-economizer unit (24) and/or the process
cooling gas conduct (26) and/or the excess gas conduct (30) is/are
configured to distribute or split the gas into the process cooling gas conduct

(26) and/or the excess gas conduct (30); and

- feeding gas exiting the regenerative thermal oxidizer (40) as a recirculation

gas through a recirculation conduct (46) into the off-gas conduct (15).

The method according to claim 9, wherein the method further comprises
introducing air into the excess gas conduct (30) and upstream of the

regenerative thermal oxidizer (40).

The method according to any one of claims 9 or 10, wherein the method further
comprises distributing or splitting the gas into a chimney conduct (42)
conducting the gas to a chimney (44) and/or into the recirculation conduct (46),
such that the gas is distributed or split into a chimney conduct (42) conducting
the gas to a chimney (44) or the recirculation conduct (46) feeding the gas into

the off-gas conduct (15).
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12. The method according to any one of claims 9 to 11, wherein the gas entering
the regenerative thermal oxidizer (40) is preheated inside a ceramic packing
media of the regenerative thermal oxidizer (40) by residual heat of exhaust gas
at an exit of the regenerative thermal oxidizer (40) at temperatures within a

temperature range of about 700 to about 850 °C.

13. The method according to any one of claims 9 to 12, wherein the gas within the
excess gas conduct (30) has a flowrate within a range of about 40 to about
240 Nm3/T coke quenched and a temperature within a range of approximately
about 130 up to about 200 °C, and/or a pressure within a range of about +3000

to about +7000 Pa gauge.

14. The method according to any one of claims 9 to 13, wherein the gas exiting the
regenerative thermal oxidizer (40) into the recirculation conduct (46) has a
temperature within a range of about 800 to about 950 °C, a gas flowrate within
a range of about 4 Nm3/T to about 30 Nm3/T coke quenched, and a pressure

within a range of about 2000 to about 5000 Pa gauge.
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