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(54) Gasification reactor with cooled shield around burner

(57)  Vertical elongated reactor vessel (1) provided
at its inner side with a layer of refractory brick work (2)
and at its upper end with a downwardly directed burner
(3) as presentin an opening through the wall of the vessel
(1) and through an opening in the brick work (4), wherein

the refractory brick work comprises a shield (5),
which shield (5) extends substantially downwardly from

Fig.1
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the wall of the vessel (1) or from an optional flange (6)
which flange (6) fixes the burner to the vessel, and which
shield (5) is positioned around the burner (3), and

which shield (5) is provided with passages (7) for a cool-
ing medium, an inlet (8) for supply of a fresh cooling me-
dium to said passages, and an outlet (9) for discharge of
used cooling medium from the said passages (7).
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Description

Field of the invention

[0001] The invention is directed to an improved refrac-
tory lined gasification reactor and a process to produce
syngas by using the said reactor.

Background of the invention

[0002] Such reactor is described in US-A-3048481. A
gasification reactor is disclosed in which a layer of com-
pressible insulating cement is present between the outer
side of refractory brick and the inner wall of the vessel.
This layer is present in order to prevent the channelling
of hot gasses between the outer side of refractory brick
and the inner wall of the vessel. A flanged nozzle is also
provided at the upper end of the reactor to accommodate
a burner. The nozzle is provided with refractory line pref-
erably spaced away from the inner surface of nozzle and
surrounded by compressible insulating cement.

[0003] Although the reactor according to US-A-
3048481 may have less hot spots during operation, hot
gas recirculation can still occur behind the refractory and
around the burner area. A hot gas recirculation can cause
refractory damage and burner damage.

[0004] An object of the present invention is to provide
a reactor that limits the above problems. It is further ob-
jective of the present invention to improve reliability and
to extend the service life of the burner and of the refractory
bricks.

Summary of the Invention

[0005] This object is achieved with the vertical elon-
gated reactor vessel provided at its inner side with a layer
of refractory brick work and at its upper end with a down-
wardly directed burner as present in an opening through
the wall of the vessel and through an opening in the brick
work, wherein the refractory brick work comprises a
shield (5),

which shield extends substantially downwardly from the
wall of the vessel or from an optional flange which flange
fixes the burner to the vessel, and which shield is posi-
tioned around the burner, and

which shield is provided with passages for a cooling me-
dium, an inlet for supply of a fresh cooling medium to
said passages, and an outlet for discharge of used cool-
ing medium from the said passages.

[0006] Applicants found that by applying the present
invention, the hot spots on the reactor wall and damage
of the burner and of the refractory brick occurred less. It
is believed that the circulation of gas between the refrac-
tory bricks and the reactor wall around the burneris avoid-
ed by positioning a cooled shield within the refractory
bricks in the vicinity of the burner and surrounding the
burner.
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Brief description of the drawings

[0007]

Figure 1 illustrates an upper section of the reactor
vessel with the shield according to the present in-
vention.

Figure 2 is a top view of the reactor vessel.

Figure 3 shows one of the preferred embodiments
for the shield.

Figure 4 shows the cross-section of the shield of Fig-
ure 3.

Figure 5 shows another preferred embodiment of the
shield.

Detailed description of the drawings

[0008] Figure 1 schematically shows the top end cross
section of the vertical elongated reactor vessel (1) pro-
vided at its inner side with a layer of refractory brick work
(2) and atits upper end with adownwardly directed burner
(3) as presentin an opening through the wall of the vessel
(1) and through an opening in the brick work (2). The
refractory brick work comprises a shield (5).

[0009] Shield (5) extends substantially downwardly
from the wall of the vessel (1) or from an optional flange
(6) which flange (6) fixes the burner to the vessel. Shield
(5) is positioned around the burner (3). The shield fully
surrounds the burner (3) and the brick work (4) as present
between the shield (5) and burner (3). In this manner no
circulating gas can pass the shield.

[0010] The shield (5) preferably does not extend be-
yond refractory brickwork, because any part extending
beyond the brickwork may be damaged at the operating
conditions of the reactor.

[0011] The shield (5) is provided with passages (7) for
a cooling medium, an inlet (8) for supply of a fresh cooling
medium to said passages, and an outlet (9) for discharge
of used cooling medium from the said passages (7).
[0012] The preferred shield (5) as shown in Figure 1
has a tubular part (10) and an inwardly tilted lower part
(11) to provide support for the refractory brick work (4).
Brick work (4) is the part of brick work (2) which is present
between the burner (3) and the said shield (5).

[0013] The inwardly tilted lower part (11) of the said
shield (5) preferably has a rim (12) to provide further sup-
port for the refractory brick work (4), as present between
the burner (3) and the said shield (5). The rim (12) serves
also to prevent sagging of the said refractory brick work
(4).

[0014] The angle (o) between the tilted part (11) and
the vertical is preferably between 5 and 45°.

[0015] Figure 2 schematically shows a preferred top
cover flange (6) that is positioned on top of the reactor
vessel (1). Flange (6) serves to fix burner (3) to the reactor
vessel (1). To said flange (6) the shield (5) is fixed, pref-
erably by welding. Through the said flange (6) an inlet
conduit (8) to supply fresh cooling medium and an outlet
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conduit (9) for discharge of used cooling medium are
present. Preferably multiple inlet conduits (8) and outlet
conduits (9) are provided through the said flange (6).
[0016] Each of the passages (7) within the shield (5)
is preferably connected atits inlet to a common distributor
(13a) for cooling medium and is preferably connected at
its outlet to a common collector (13b) for cooling medium.
The common distributor (13a) and the common collector
(13b) are respectively fluidly connected to the inlet (8)
and outlet (9) for cooling medium. The common distrib-
utor (13a) and the common collector (13b) are preferably
positioned at the upper end of the shield (5).

[0017] Figure 3 and Figure 4 show one of the preferred
embodiments of the invention. In this embodiment the
passages (7) for cooling medium are parallel conduits,
each passage (7) having a first part (7a) extending from
the upper end of the shield (5) to the lower end of the
shield (5) and fluidly connected to a second part (7b) of
said passage (7) extending from said lower part of the
shield (5) to said upper part of the shield (5).

[0018] Figure 5 shows another preferred embodiment
of the invention, wherein the passages (7c) for cooling
medium are interconnected and coiled conduits. The
common distributor (13a) and the common collector
(13b) can be situated inside or outside the vessel (1).
[0019] The passages (7, 7a, 7b, 7c) are designed in
such manner that no circulating gas can pass the shield.
The said passages can be welded. Another option, as
for the coiled passages (7c) presented in Figure 5, is that
they can be positioned between an inner wall (14) and
an outer wall (15), wherein the inner wall (14) and an
outer wall (15) serve to provide a gas barrier against the
channelling of hot gasses between the said passages.
The space between the inner wall (14) and outer wall
(15) and the coiled passages (7c) presented in Figure 5
can be filled with the cement filler to provide better heat
conducting.

[0020] The cooling medium used to cool the shield is
preferably water. The cooling water as supplied to the
shield preferably has temperature of below 300 °C and
a pressure of below 100 bar, and more preferably tem-
perature below 200 °C and pressure below 60 bar.
[0021] The passages (7, 7a,7b, 7c) are designed such
that local velocity of water in said passages (7, 7a, 7b,
7c) for cooling medium is 0.5-5 m/s, preferably 1-3 m/s,
and more preferably 1 m/s.

[0022] The shield is preferably made of a steel type
material, more preferably material comprising Crand Mo.
This material is preferred because of its strength, high
temperature resistance and good heat conductivity.
[0023] The reactor according to the present invention
may be advantageously used in high temperature appli-
cations, preferably to prepare syngas by partial oxidation
of hydrocarbon feed, wherein a cooling medium is used
to cool the shield present around the burner.

[0024] The hydrocarbon feed may be a solid, gaseous
fuel or a liquid fuel. Examples of solid fuel are coal, coal
slurries, and biomass. Preferably the feed is a gaseous
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or liquid feed. Examples of possible feedstocks include
natural gas, fractions obtained from (hydro-processed)
tar sand sources and refinery streams such as middle
distillates and more preferably fractions boiling above
370 °C, such as those obtained in a vacuum distillation
column. Examples are the vacuum distillates and the res-
idue as obtained by a vacuum distillation of the 370 °C
plus fraction as obtained when distilling a crude petrole-
um feedstock or when distilling the effluent of a carbon
rejection process as performed in a refinery. Examples
of carbon rejection processes are the well known fluid
catalytic cracking (FCC) process, thermal cracking and
the vis-breaking process. The hot gas as obtained in a
gasification process will comprise mainly of carbon mon-
oxide and hydrogen.

[0025] A preferred feed for the partial oxidation proc-
ess is a gaseous hydrocarbon, suitably methane, natural
gas, associated gas or a mixture of C1-4 hydrocarbons.
Examples of gaseous hydrocarbons are natural gas, re-
finery gas, associated gas or (coal bed) methane and the
like. The gaseous hydrocarbons suitably comprises
mainly, i.e. more than 90 v/v%, especially more than 94%,
C,.4 hydrocarbons, especially comprises at least 60 v/v
percent methane, preferably at least 75 percent, more
preferably 90 percent. Preferably natural gas or associ-
ated gas is used.

[0026] The partial oxidation process may be performed
according to well known principles as for example de-
scribed for the Shell Gasification Process in the Oil and
Gas Journal, September 6, 1971, pp 85-90. Publications
describing examples of partial oxidation processes are
EP-A-291111, WO-A-9722547, WO-A-9639354 and
WO-A-9603345. In such processes the feed is contacted
with an oxygen containing gas under partial oxidation
conditions preferably in the absence of a catalyst.
[0027] The oxygen containing gas may be air (contain-
ing about 21 percent of oxygen) and preferably oxygen
enriched air, suitably containing up to 100 percent of ox-
ygen, preferably containing at least 60 volume percent
oxygen, more preferably at least 80 volume percent,
more preferably at least 98 volume percent of oxygen.
Oxygen enriched air may be produced via cryogenic
techniques, but is preferably produced by a membrane
based process, e.g. the process as described in WO
93/06041.

[0028] Contacting the feed with the oxygen containing
gas is performed in the burner of the reactor vessel. To
adjust the H,/CO ratio in the gaseous product obtained
in the partial oxidation reaction, carbon dioxide and/or
steam may be introduced into the feed. The gaseous
product of the partial oxidation reaction preferably has
H,/CO molar ratio of from 1.5 up to 2.6, preferably from
1.6 up to 2.2.

[0029] The mixture of carbon monoxide and hydrogen
as obtained by the above process may advantageously
be used as feedstock for power generation, hydrogen
manufacture, a Fischer-Tropsch synthesis process,
methanol synthesis process, a di-methyl ether synthesis
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process, an acetic acid synthesis process, ammonia syn-
thesis process or to other processes which use a syn-
thesis gas mixture as feed such as for example processes
involving carbonylation and hydroformylation reactions.

Claims

1. Vertical elongated reactor vessel (1) provided at its
inner side with a layer of refractory brick work (2) and
at its upper end with a downwardly directed burner
(3) as present in an opening through the wall of the
vessel (1) and through an opening in the brick work
(4), wherein the refractory brick work comprises a
shield (5),
which shield (5) extends substantially downwardly
from the wall of the vessel (1) or from an optional
flange (6) which flange (6) fixes the burner to the
vessel, and which shield (5) is positioned around the
burner (3), and
which shield (5) is provided with passages (7) for a
cooling medium, an inlet (8) for supply of a fresh
cooling medium to said passages, and an outlet (9)
for discharge of used cooling medium from the said
passages (7).

2. Reactor vessel according to claim 1, wherein the
cooled shield (5) has a tubular part (10) and an in-
wardly tilted lower part (11) to provide support for
the refractory brick work (4), as present between the
burner (3) and the said shield (5).

3. Reactor vessel according to claim 2, wherein the in-
wardly tilted lower part (11) of the said shield (5) has
arim (12) to provide further support for the refractory
brick work (4), as present between the burner (3)
and the said shield (5).

4. Reactor according to any of claims 2-3, wherein the
angle (o) between the tilted part (11) and the vertical
is between 5 and 45°.

5. Reactor vessel according to claims 1-4, wherein
each passage (7) is connected at its inlet to a com-
mon distributor (13a) for cooling medium and is con-
nected at its outlet to a common collector (13b) for
cooling medium,
wherein the common distributor (13a) and the com-
mon collector (13b) are respectively fluidly connect-
ed to the inlet (8) and outlet (9) for cooling medium,
and wherein the common distributor (13a) and the
common collector (13b) are preferably positioned at
the upper end of the shield (5).

6. Reactor vessel according to claim 5, wherein the
passages (7) for cooling medium are parallel con-
duits, each passage (7) having a first part (7a) ex-
tending from the upper end of the shield (5) to the
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10.

11.

lower end of the shield (5) and fluidly connected to
a second part (7b) of said passage (7) extending
from said lower part of the shield (5) to said upper
part of the shield (5).

Reactor vessel according to claim 5, wherein the
passages for cooling medium are interconnected
and coiled conduits (7c).

Reactor according to claims 1-7, wherein the shield
(5) is made of a steel type material comprising Cr
and Mo.

Process to prepare syngas by partial oxidation of
gas or oil in a reactor vessel according to any one
of claims 1-8 wherein a cooling medium is used to
cool the shield.

Process according to claim 9, wherein the cooling
medium is water.

Process according to claim 10, wherein the water as
supplied to the shield has temperature of below 300
°C and a pressure of below 100 bar.
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