EP 4 462 022 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

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

(21) Application number: 23020217.8

(22) Date of filing: 11.05.2023

(11) EP 4 462 022 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):

F23D 14/22 (2006.01) F23D 14/70 (2006.0)

(562) Cooperative Patent Classification (CPC):

F23D 14/22; F23D 14/70

(84) Designated Contracting States:

ALATBEBG CH CY CZDE DKEE ES FIFR GB

GRHRHUIEISITLILTLULVMC MEMKMTN

NO PL PT RO RS SE SI SK SM TR

Designated Extension States:

BA

Designated Validation States:

KH MA MD TN
(71) Applicant: Selas-Linde GmbH
82049 Holiriegelskreuth (DE)

L

(72) Inventor: Murer, Martin

82049 Pullach (DE)

(74) Representative: Lu, Jing

Linde GmbH

Intellectual Property EMEA
Dr.-Carl-von-Linde-StraRe 6-14
82049 Pullach (DE)

(54)

(57) The invention proposes a method of operating
aburner (110) of a sulphur recovery furnace (112) during
an operation period, in which the furnace (112) has a
temperature (135) below a predefinable first temperature
threshold, comprising feeding (115) a first fluid (1) com-
prising at least one combustible constituent to the burner
(110), feeding (115) a second fluid (2) containing a pre-
definable relative amount of oxygen to the burner (110),
providing a turbulence provoking member (120) within a
flow path (10, 20) of the first (1) and/or the second (2)

METHOD AND APPARATUS FOR OPERATING A BURNER

fluid, igniting (140) the mixture formed from the first (1)
and second (2) fluids within the burner (110) upstream
and/or downstream the turbulence provoking member
(120), and retracting (125) the turbulence provoking
member (120) from within the flow paths (10, 20) of the
first (1) and the second (2) fluids when the furnace (112)
has a temperature (135) above a second temperature
threshold. Further the invention proposes a correspond-
ing apparatus (100).
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Description

[0001] The invention relates to a method of operating
a burner of a sulphur recovery furnace and a correspond-
ing apparatus.

Background

[0002] Gas streams containing hydrogen sulphide
(herein also referred to as "acid gas streams") are par-
ticularly formed in oil refineries and natural gas process-
ing units, e.g. in connection with "sweetening" natural
gas. Such streams cannot be vented directly to the at-
mosphere because hydrogen sulphide is poisonous. Fur-
thermore, sulphur may represent a valuable resource.
[0003] A conventional method of treating an acid gas
stream is by the well-known Claus process. In this proc-
ess, a part of the hydrogen sulphide content of the acid
gas stream is combined with an oxidant gas such as air
and is subjected to combustion in a furnace so as to form
sulphur dioxide. The sulphur dioxide then reacts in the
furnace with residual hydrogen sulphide so as to form
sulphur vapor. Thus, the hydrogen sulphide is effectively
partially oxidized. The reaction between hydrogen sul-
phide and sulphur dioxide does not go to completion. The
effluent gas stream from the furnace is cooled and sul-
phur is extracted, typically by condensation, from the
cooled effluent gas stream. The resulting gas stream, still
containing residual hydrogen sulphide and sulphur diox-
ide, passes through a train of stages in which catalysed
reaction between the residual hydrogen sulphide and the
sulphur dioxide takes place. The sulphur vapor produced
is condensed downstream of each stage.

[0004] Sulphur recovery furnaces in the meaning of
the present disclosure comprise furnaces with a simple
burner geometry, i.e. without complex flow diverting (or
fluid mixing) elements provided within the furnace cham-
ber. For example, such furnaces may comprise a sub-
stantially empty furnace chamber, particularly with a cir-
cular cross section, with axially and/or radially and/or tan-
gentially arranged fluid inlets and outlets for feeding com-
bustible and/or oxidizing fluids to the furnace chamber
and withdrawing product fluids from the furnace cham-
ber. However, sulphur recovery furnaces according to
this disclosure may also comprise more complex furnace
geometries than the one described above.

[0005] Axially or longitudinally fired burners mounted
on the back wall of a furnace may be used in a Claus
process. Such burners are known e.g. from EP 0 315
225 A1 and from GB 2 467 930 A. EP 3 553 378 A1
discloses a method of combusting hydrogen sulphide
with oxygen by means of a burner and such a burner,
the outlet of which being connected to a furnace which
is heated by a burner flame, said method including the
step of preheating the furnace, wherein during the pre-
heating step, a first fuel gas is supplied through a first
port of the burner, the first port being connected to a
plurality of first tubes extending to the burner outlet, a
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first oxidant gas is supplied through a second port of the
burner, the second port being connected to a plurality of
second tubes spaced from and coaxial with the first tubes,
and a second oxidant gas or second fuel gas is supplied
through a third port of the burner, the third port being
connected to a plurality of third tubes spaced from and
coaxial with the second tubes, and wherein during the
normal operation of combusting hydrogen sulphide with
oxygen, a third fuel gas is supplied through the first port
and the first tubes, a third oxidant gas is supplied through
the second port and the second tubes, and a fourth fuel
gas is supplied through the third port and the third tubes.
[0006] Air, or more efficiently, commercially pure oxy-
gen or oxygen-enriched air can be used as an oxidant
gas to support the combustion of hydrogen sulphide in
the initial part of the Claus process. However, if commer-
cially pure oxygen or oxygen-enriched air having a mole
fraction of oxygen above 0.65 is used as an oxidant gas,
there may be a relatively high risk of damage to the re-
fractory lining of the furnace due to the resulting high
flame temperature. The degree of this risk will also de-
pend on the composition of the Claus feed gas.

[0007] Possible ways of treating a feed gas stream
comprising hydrogen sulphide are disclosed in US
6,893,620 B2 and in US 6,919,059 B2 where two furnac-
es are employed to support combustion of part of the
hydrogen sulphide content of a feed gas stream with ox-
ygen or oxygen-enriched air.

[0008] As the normal operation of combusting hydro-
gen sulphide with oxygen typically takes place at high
temperatures in the furnace, especially when using pure
oxygen or oxygen-enriched air, in order to avoid thermal
stresses on the refractory lining of the furnace, preheat-
ing of the furnace is necessary. The preheating process
may be done by a pilot burner which is installed sepa-
rately from the main burner and typically close to the main
burner in the furnace. With the pilot burner a dry-out and
warm-up process typically having a thermal energy rate
of 50 K/h is performed until the inner of the furnace reach-
es a temperature of more than about 1000 degrees Cel-
sius. Before taking the main burner into operation, the
pilot burner has to be removed or pulled out of the furnace
after completion of the preheating process as due to the
high temperatures of the main burner flame, there is a
risk of damaging the pilot burner.

[0009] Itis an object of the presentinvention to provide
amethod and a burner for combusting hydrogen sulphide
with oxygen (generally an oxidant gas) including the step
of preheating the furnace which is fired by the burner,
where the disadvantages of using a pilot burner are re-
duced or overcome.

Disclosure of the invention

[0010] The invention is based on a turbulence provok-
ing member being retractably positioned within a flow
path of the combustible fuel fluid and/or the oxidizing fluid
during the preheating phase of furnace operation in order
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to stabilize a flame during this operation period.

[0011] In detail, according to the invention, a method
of operating a burner of a sulphurrecovery furnace during
an operation period, in which the furnace has a temper-
ature below a predefinable first temperature threshold,
comprises feeding a first fluid comprising at least one
combustible constituent to the burner, feeding a second
fluid containing a predefinable relative amount of oxygen
to the burner, providing a turbulence provoking member
within a flow path of the first and/or the second fluid, ig-
niting the mixture formed from the first and second fluids
within the burner upstream and/or downstream the tur-
bulence provoking member, and retracting the turbu-
lence provoking member from within the flow path of the
first and the second fluids when the furnace has a tem-
perature above a second temperature threshold. This
stabilizes the flame during the preheating operation while
protecting the turbulence provoking member from dam-
age during standard operation of the furnace, in which
the furnace temperature may well exceed a design tem-
perature of the turbulence provoking member.

[0012] In at least one embodiment, the first fluid com-
prises one or more of hydrogen, natural gas, an alkane,
an alkene, an alkyne and a derivative of any of the fore-
going. These are particularly favourable combustibles for
delivering a substantial amount of heat while allowing
controlled combustion.

[0013] In at least one embodiment, the predefinable
relative amount of oxygen is less than 50%, less than
30%, less than 25% or less than 22%, each case in re-
lation to volume, particularly wherein the second fluid
comprises at least 75%, at least 90% or at least 95% of
one or more of air, synthetic air and dried air. This allows
for controlled combustion without raising the risk of form-
ing explosive mixtures of the first and second fluids.
[0014] Inatleastone embodiment, the firstand second
fluids are fed in such relative amounts to the burner that
the oxygen constitutes less than 99%, less than 98% or
less than 96% of the stoichiometrically required amount
for entirely oxidizing the at least one combustible constit-
uent. This protects downstream equipment from contact
with oxidizing constituents, particularly oxygen, which
would otherwise potentially cause negative effects for
the equipment and/or products produced during standard
operation (i.e. in an operation period following the pre-
heating phase).

[0015] In atleast one embodiment, the turbulence pro-
voking member comprises a substantially flat element
comprising one or more metallic and/or ceramic and/or
refractory and/or amorphous material. Those are typical-
ly options which are economically favourable due to low
cost and/or high durability in the relevant operating con-
ditions. For example, the turbulence provoking member
may be produced from a sheet metal, particularly an iron-
based metal, and may optionally be coated with a ceramic
coating, for instance.

[0016] In atleast one embodiment, the turbulence pro-
voking member has a shape with a circular or elliptical
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or rectangular or square or triangular or polygonal or star
shaped or flower shaped or regular or partially regular or
irregular contour line. Those shapes are relatively easy
to manufacture and/or provide excellent turbulating per-
formance.

[0017] Particularly, the shape may be chosen accord-
ing to expected flow velocities and/or viscosity and/or
density of the first and/or second fluids.

[0018] In atleast one embodiment, the turbulence pro-
voking member comprises holes configured to allow flu-
ids to pass therethrough. This may enhance the turbu-
lating properties of the turbulence provoking member
and, therefore, aid the flame stabilizing effect.

[0019] In at least one embodiment, the second tem-
perature threshold is equal to or lower than the first tem-
perature threshold, particularly wherein the first and the
second temperature threshold differ by less than 300°C,
less than 200°C, less than 100°C or less than 50°C. Typ-
ically, with increasing temperature, flame stability also
increases. Therefore, the turbulence provoking member
may be retracted already before the preheating period is
finished in order to protect it from overheating. However,
this retraction should only be performed when the flame
is sufficiently sustained by the already reached furnace
temperature.

[0020] In at least one embodiment, the first tempera-
ture threshold is higher than 500°C, higher than 750°C,
higher than 900°C or higher than 1000°C and/or lower
than 2000°C, lower than 1500°C or lower than 1250°C.
Those are particularly relevant temperature regimes.
[0021] According to the invention, an apparatus com-
prising a sulphur recovery furnace comprising a burner
is configured to perform a method according to any one
of the embodiments disclosed hereinbefore. Such an ap-
paratus profits from the same advantages as the respec-
tive method.

[0022] Inatleastone embodiment, the apparatus com-
prises a turbulence provoking member configured to be
retractably positionable within a flow path of the first
and/or the second fluid when the apparatus is used to
perform a method according to any of the embodiments
disclosed hereinbefore. It is particularly advantageous if
the turbulence provoking member is provided directly as
a part of the apparatus such that there is no need to
provide it separately.

[0023] Inatleastone embodiment, the apparatus com-
prises a motor element connected to the turbulence pro-
voking member and configured to effect positioning with-
in and/or retracting from the flow path of the first and/or
second fluids. This allows for automation and/or remote
and potentially more precise control of the apparatus,
since no manual operation of the turbulence provoking
element is required.

[0024] Inatleastone embodiment, the apparatus com-
prises control means configured to automatically control
the turbulence provoking member to be retracted when
a temperature within the sulphur recovery furnace ex-
ceeds the second temperature threshold. This reduces
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the requirements for surveillance of the preheating op-
eration, since the turbulence provoking member in such
an embodiment bears a substantially lower risk of being
damaged by overheating due to belated retraction.
[0025] Particularly, the control means comprises a
control unit, configured to issue control signals to control
the turbulence provoking member to be retracted, and at
least one temperature sensor configured to measure a
temperature of the sulphur recovery furnace and to com-
municate information concerning the measured temper-
ature to the control unit. Thereby, all the relevant infor-
mation for deciding and controlling the retraction timing
lies within the influence sphere of the control means.
[0026] Inthefollowing, further aspects and advantages
of the invention are described with reference to particular
embodiments and in relation to the appended drawings.

Brief description of the drawing
[0027]

Figure 1 schematically depicts an apparatus accord-
ing to an embodiment of the present invention.

Figure 2 exemplarily depicts a turbulence provoking
member useable in an apparatus according to the
invention.

Embodiment(s) of the invention

[0028] In Fig. 1 an apparatus according to an embod-
iment of the invention is schematically depicted and col-
lectively referred to with 100.

[0029] The apparatus 100 comprises a sulphur recov-
eryfurnace 112 fired by aburner 110. Duringan operating
period in which the furnace has a temperature below a
first temperature threshold, for example below 750°C,
the burner 110 is supplied with a first fluid 1 comprising
a combustible constituent, particularly natural gas, and
a second fluid 2 containing oxygen. The second fluid 2
may be air, for example. A turbulence provoking member
120 is provided within flow paths 10, 20 of the first 1 and
second 2 fluids, respectively. The presence of the turbu-
lence provoking member 120 induces turbulences 122
downstream the turbulence provoking member 120, aid-
ing thorough mixing of the first and second fluids 1, 2 and
thereby results in flame stabilization.

[0030] InFigure 2 aturbulence provoking member 120
usable in embodiments of the invention is exemplarily
depicted in a viewing direction substantially correspond-
ing to the direction of the flow paths 10, 20 of fluids 1, 2
as shown in figure 1. The turbulence provoking member
120 as shown in figure 2 has a complex irregular contour
line 210. In particular, this contour line comprises convex
portions 212, concave portions 214 and sharp edges 216
(in this example in a concave configuration, although
sharp edges may also be used in convex configuration).
In the example shown, the turbulence provoking member
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120 comprises two holes 220 which allow fluid to pass
through the turbulence provoking member 120. In the
example shown, the holes 220 are substantially elliptical
in shape although different hole shapes (for example cir-
cular, rectangular, or any other regular, partially regular
or irregular shape) as well as different numbers (for ex-
ample one, three, four, five, ten, fifty, one hundred, one
thousand or any other integer) and relative special ar-
rangements (for example, randomly positioned or in an
ordered array or any other relative spatial arrangement)
of the holes are also conceivable. The turbulence pro-
voking member 120 further comprises an engagement
portion 230 via which it may be connected or mounted
to other components of an apparatus according to an
embodiment of the invention.

[0031] An ignition device 140, for example a spark ig-
niter, is used to ignite the mixture resulting from the first
1 and second 2 fluids. In the example shown, the ignition
device 140 is provided downstream the turbulence pro-
voking member 120. The temperature of the furnace 112
may be monitored by a temperature sensor 135, partic-
ularly a thermocouple, communicatively connected to a
control unit 130. The control unit 130 controls the ignition
device 140 and a motor 125 which is functionally con-
nected to the turbulence provoking member 120. Partic-
ularly, the motor 125 may be mechanically or magneti-
cally connected to the engagement portion 230 of the
turbulence provoking member 120.

[0032] For example, the control unit can control the
ignition device 140 to ignite the mixture of the first 1 and
second 2 fluids, monitor the resulting increase in furnace
temperature via sensor 135 and control the motor 125 to
retract the turbulence provoking member 120 from the
flow paths 10, 20 of the first and second fluids 1, 2 when
the temperature of the furnace 112 exceeds a second
temperature threshold, e.g. 500°C. the second temper-
ature threshold can be chosen according to the position-
ing of the temperature sensor and a material parameter
of the turbulence provoking member, for example. Par-
ticularly the second temperature threshold may be lower
than the first temperature threshold such that the turbu-
lence provoking member 120 may be retracted before
the preheating period of the furnace 112 is completed.
As already explained, the combustion flame becomes
more stable with increasing temperature such that the
turbulence provoking member 120 may notbe necessary
for flame stabilization anymore, once the second tem-
perature threshold is exceeded.

[0033] The first and second fluids 1, 2, in the example
shown, are provided to the burner 110 via valves 115,
particularly independently controllable valves controlled
by control unit 130 associated with the apparatus 100.
The valves 115 may particularly be controlled to provide
the first 1 and second 2 fluids in such relative amounts
to ensure a slightly sub-stoichiometric amount of oxygen
for the combustion of the combustible constituentin order
to prevent oxygen from contaminating the furnace 112
and/or equipment arranged downstream the furnace
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112. In an example, the amount of oxygen may represent
95% of the stoichiometrically required oxygen amount
for the total combustion of the combustible constituent.
The relative and/or absolute amounts of the first 1 and
second 2 fluids may also be adjusted in dependence of
the temperature of the furnace 112 as measured by sen-
sor 135. The first 1 and second 2 fluids may be provided
to the burner using separate pipes or a pipe-in-pipe con-
figuration, for example.

[0034] Once the control unit 130 detects that the fur-
nace temperature exceeds the first temperature thresh-
old, it may control the valves 115 to cut off at least the
first fluid 1 and may control a third fluid 3 to be provided
to the burner. The third fluid may particularly contain a
combustible sulphur compound. By combusting at least
a part of the sulphur compound and then reacting the
resulting combustion product 4 with more of the combus-
tible sulphur compound, elemental sulphur may be ob-
tained.

Claims

1. Method of operating a burner (110) of a sulphur re-
covery furnace (112) during an operation period, in
which the furnace (112) has a temperature (135) be-
low a predefinable first temperature threshold, com-
prising feeding (115) a first fluid (1) comprising at
least one combustible constituent to the burner
(110),

feeding (115) a second fluid (2) containing a pre-
definable relative amount of oxygen to the burn-
er (110),

providing a turbulence provoking member (120)
within a flow path (10, 20) of the first (1) and/or
the second (2) fluid,

igniting (140) the mixture formed from the first
(1) and second (2) fluids within the burner (110)
upstream and/or downstream the turbulence
provoking member (120), and

retracting (125) the turbulence provoking mem-
ber (120) from within the flow paths (10, 20) of
the first (1) and the second (2) fluids when the
furnace (112) has a temperature (135) above a
second temperature threshold.

2. Method according to claim 1, wherein the first (1)
fluid comprises one or more of natural gas, an al-
kane, an alkene, an alkyne and a derivative of any
of the foregoing.

3. Method according to claim 1 or 2, wherein the pre-
definable relative amount of oxygenisless than 50%,
less than 30%, less than 25% or less than 22%, each
case in relation to volume, particularly wherein the
second fluid (2) comprises atleast 75%, atleast 90%
or at least 95% of one or more of air, synthetic air
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10.

1.

12.

and dried air.

Method according to any one of the preceding
claims, wherein the first (1) and second (2) fluids are
fed (115)in such relative amounts to the burner (110)
that the oxygen constitutes less than 99%, less than
98% or less than 96% of the stoichiometrically re-
quired amount for entirely oxidizing the at least one
combustible constituent.

Method according to any one of the preceding
claims, wherein the turbulence provoking member
(120) comprises a substantially flat element compris-
ing one or more metallic and/or ceramic and/or re-
fractory and/or amorphous material.

Method according to any one of the preceding
claims, wherein the turbulence provoking member
(120) has a shape with a circular or elliptical or rec-
tangular or square or triangular or polygonal or star-
shaped or flower-shaped or regular or partially reg-
ular or irregular contour line (210).

Method according to any one of the preceding
claims, wherein the turbulence provoking member
(120) comprises one or more holes (220) configured
to allow fluids (1, 2) to pass therethrough.

Method according to any one of the preceding
claims, wherein the second temperature threshold
is equal to or lower than the first temperature thresh-
old, particularly wherein the firstand the second tem-
perature threshold differ by less than 300°C, less
than 200°C, less than 100°C or less than 50°C.

Method according to any one of the preceding
claims, wherein the first temperature threshold is
higher than 500°C, higher than 750°C, higher than
900°C or higher than 1000°C and/or lower than
2000°C, lower than 1500°C or lower than 1250°C.

Apparatus (100) comprising a sulphur recovery fur-
nace (112) comprising aburner (110) and configured
to perform a method according to any one of the
preceding claims.

Apparatus (100) according to claim 10 comprising a
turbulence provoking member (120) configured to
be retractably positionable within a flow path (10, 20)
of the first (1) and/or the second (2) fluid when the
apparatus (100) is used to perform a method accord-
ing to any one of claims 1 to 9.

Apparatus (100) according to claim 11 comprising a
motor element (125) connected to the turbulence
provoking member (120) and configured to effect po-
sitioning within and/or retracting from the flow path
(10, 20) of the first (1) and/or second (2) fluids.
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Apparatus (100) according to claim 11 or 12 com-
prising control means (130) configured to automati-
cally control the turbulence provoking member (120)
to be retracted when a temperature within the sul-
phur recovery furnace (112) exceeds the second
temperature threshold.

Apparatus (100) according to claim 13, wherein the
control means comprises a control unit (130), con-
figured to issue control signals to control the turbu-
lence provoking member (120) to be retracted, and
at least one temperature sensor (135) configured to
measure a temperature of the sulphur recovery fur-
nace (112) and to communicate information con-
cerning the measured temperature to the control unit
(130).
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