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Title: Multi bed reactor comprising an adiabatic and a heated catalyst bed

During the last 25 years use of separate prereforming reactors has become common
part of the steam reforming section in synthesis gas preparation plants. In the begin-
ning this was driven by the need to reform feed stocks with content of higher hydrocar-
bons. Today prereforming is also used to reduce the size of the downstream primary
reformer and to protect the catalyst in the primary reformer even in case of feedstocks
with low content of hydrocarbon. A prereforming step is an excellent catalyst guard re-
moving for example all Sulphur components quantitatively. The prereforming — primary

reforming concept is a well-established concept in the industry

There is still a reluctance to use prereforming in the ammonia industry. Partly because
of conservatism, partly because of process integration problems as a prereforming step

may reduce required steam production.

Prereforming protects the primary reforming catalyst typically increasing the expected
lifetime from 3-5 to 10 years. Over a 10 years’ period 1 to 2 primary reformer catalyst
exchanges are thus avoided. As it is time consuming to change primary reformer cata-
lyst this is a huge economic benefit, more than covering the cost of having a prereform-

ing step.

Heat exchange reformers, where a hot gas stream is used as heat source for the re-
forming process through heat exchange, are typical very compacts designs where cat-
alyst is even more difficult to change than in a primary reformer. It is therefore very rel-
evant to have a prereforming step before a heat exchange reformer. Heat exchange re-
formers are often used for revamps to increase the reforming capacity. This is also fea-
sible for ammonia plants, which typically have no prereforming step and where it typi-

cally will not be economically feasible to install a separate prereforming step.

In a first aspect of the present invention is provided a reactor which provides reduced

equipment/piping cost.

In a first aspect of the present invention is provided a reactor which provides reduced

plot space requirement thereby enabling cost savings and increased versatility of the
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reactor.

These and other advantages are achieved by a rector comprising a guard layer and/or
adiabatic catalyst layer and a heated catalyst bed. |.e. by the present invention a single
reactor comprising a heated catalyst bed as well as a guard layer and/or adiabatic cat-
alyst layer is provided whereby significant CAPEX savings may be achieved compared

to known multi reactor setups.

The present invention thus combines prereforming and heat exchange reforming in a
single reactor with no or minimal impact on the reactor dimensions. The added cost of
having a prereforming step protecting the heat exchange reforming step is therefore
merely the catalyst cost making the combined solution economically feasible against a
solution with no prereforming step, considering the heat exchange reformer catalyst ex-

change cost.

Combining a guard/catalyst layer and a heat exchange reactor step in one reactor pro-

vides:

- Reduced equipment/piping cost

- Reduced plot space requirement saving cost and increased possibility to in-
stalled the solution as part of a revamp of an existing plant.

- Possibility for easy exchange of guard/catalyst layer without affecting the heat

exchange catalyst.

Preferably the heated catalyst bed is downstream the guard layer and/or adiabatic cat-
alyst layer. l.e. preferably the outlet from the guard layer and/or adiabatic catalyst layer
is the inlet to the heated catalyst bed. This way the reaction gas which enters the reac-
tor first passes the guard layer and/or adiabatic catalyst layer and thereafter the heated

catalyst bed.

When the reaction gas first passes the guard layer and/or adiabatic catalyst layer i.e.
when the adiabatic catalyst layer is arranged upstream the heated catalyst bed the life-

time of the catalyst in the heated catalyst bed may be significantly increased.
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Having the guard layer and/or adiabatic catalyst layer separate from the heated cata-
lyst bed it is possible to change the guard layer and/or adiabatic catalyst more fre-
quently than the catalyst in the heated catalyst layer. If for example the heated catalyst
bed is an exchange reformer, the process of changing the catalyst in the heated cata-
lyst bed is relatively demanding in which case it may be highly desirable to be able to
enhance the life time of the heated catalyst by adding the guard layer and/or adiabatic

catalyst layer which furthermore may be simpler/faster/easier to change.

The guard layer and/or adiabatic catalyst layer may e.g. be a Sulphur guard, a hydro-

carbon desulphurisation catalyst and/or a hydrocarbon steam reforming catalyst.

The catalyst in the heated catalyst bed may preferably be a hydrocarbon steam reform-

ing catalyst.

The present reactor may be specifically designed and provided from new to comprise

the heated catalyst bed as well as the guard layer and/or adiabatic catalyst layer.

However, the present reactor may alternatively be provided as a revamp solution to ex-
isting reactors comprising one or more heated catalyst beds. For example the present

reactor may be provided as a revamp to existing exchange reformers.

In existing reactors, such as exchange reformers, a heated catalyst bed is present in
the reactor. Above the heated catalyst bed is a hollow in known setups due to gas dis-
tribution requirements. The applicant has shown that this free space above the heated
catalyst bed in a revamp solution advantageously may used for a guard layer and/or

adiabatic catalyst layer.

The inventions is not limited to the prereforming — primary reformer concept but can
also be used for other processes where a combination of an adiabatic/guard reactor
and a heat exchange reactor is used. An example of this could be a steam fired re-
verse shift reactor in combination with a chlorine/Sulphur guard layer. Similarly, the in-
vention is valid for process combinations where the first step is the heat exchange re-
actor and the second step a guard/catalyst layer. The heat exchange reactor has inher-

ently also an empty room in the outlet head providing room for a guard/catalyst layer.
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The guard/catalyst layer can for example be used to remove/convert bi-products

formed in the heat exchange reactor step

Table 1 shows a typical set of process conditions for a heat exchange reformer. The
REACTOR INLET stream is send through a number of reforming catalyst containing
tubes. These tubes are heated from outside by cooling the HEAT SOURCE gas. Be-
fore leaving the reactor the outlet gas from the catalyst containing tubes is mixed with

the cooled heat source gas to form the final PRODUCT gas.

10

Table 1

INLET HEAT
STREAM DESCRIPTION REACTOR | SOURCE | PRODUCT
FLOW (nm3/h) 31631,40| 263331,60| 308659,20
TEMP (°C) 359,88 1010,52 798,95
PRESSURE (bar g) 30,94 30,94 30,32
COMPOSITION (dry mole%)
Hydrogen 3,75 51,31 54,67
Nitrogen 1,51 27,45 23,56
Carbon Monoxide 0,00 13,31 13,73
Carbon Dioxide 2,12 7,45 7,48
Argon 0,02 0,33 0,28
Methane 84,23 0,14 0,29
Ethane 4,47 0,00 0,00
Propane 2,53 0,00 0,00
n-Butane 0,48 0,00 0,00
n-Pentane 0,09 0,00 0,00
n-Hexane 0,08 0,00 0,00
Isobutane 0,55 0,00 0,00
2-Methylbutane 0,16 0,00 0,00
Table 1: Heat exchange reformer without
adiabatic prereformer bed
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Table 2
INLET INTERME- HEAT
STREAM DESCRIPTION REACTOR DIATE SOURCE | PRODUCT
FLOW (nm3/h) 31631,40| 32387,80| 263331,60 | 308638,00
TEMP (°C) 359,88 350,72 1010,52 798,78
PRESSURE (bar g) 31,44 30,95 30,94 30,32
COMPOSITION (dry mole%)
Hydrogen 3,75 9,93 51,31 54,66
Nitrogen 1,51 1,23 27,45 23,56
Carbon Monoxide 0,00 0,01 13,31 13,72
Carbon Dioxide 2,12 6,31 7,45 7,48
Argon 0,02 0,02 0,33 0,28
Methane 84,23 82,50 0,14 0,29
Ethane 4,47 0,00 0,00 0,00
Propane 2,53 0,00 0,00 0,00
n-Butane 0,48 0,00 0,00 0,00
n-Pentane 0,09 0,00 0,00 0,00
n-Hexane 0,08 0,00 0,00 0,00
Isobutane 0,55 0,00 0,00 0,00
2-Methylbutane 0,16 0,00 0,00 0,00
Table 2: Heat exchange reformer with ad-
iabatic prereformer bed

Table 2 shows the effect of sending the INLET REACTOR gas through an adiabatic
pre-reforming catalyst layer before it is send through the heated reforming catalyst con-
taining tubes. The INTERMEDIATE shows the outlet stream from the adiabatic pre-re-
forming catalyst layer. It is seen that no higher hydrocarbons are present in this stream.
Furthermore, Sulphur components in the INLET REACTOR stream will be absorbed by
the pre reforming catalyst. These two effects increase the lifetime of the reforming cata-
lyst in the tubes from approximate 3 years to 10 years. As a secondary effect the ca-

pacity can be increased.

Figure 1 b) — f) show various examples of how a guard/adiabatic catalyst layer (1) can
be integrated in a heat exchange reformer (2) with no or minimum change of the reac-
tor dimensions. The adiabatic catalyst layer (1) is placed in the entrance head of the
heat exchange reformer (2), where there typically is an empty room, such that the in-
coming gas is send through this adiabatic catalyst layer 1 before entering the catalyst

tubes (3). Figure 1 b) provides example of a simple solution placing the guard/catalyst
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layer directly on the top of the tube sheet only separated by a grid (4) preventing cata-
lyst from falling into the tubes. Figure 1 ¢) — f) provides various examples of one or
more cassette’s (5) which easily can be taken in and out of the reactor for quick cata-
lyst exchange. Solutions are not limited to what is shown in Figure 1. The principle can
also be adopted in heat exchange reformer designs with different entrance head design
and dimensions. Typically, there will inherently be an empty entrance room used for
gas distribution which is large enough to install a feasible guard/catalyst layer. Figure 1

a) shows a standard heat exchange reformer without an adiabatic catalyst layer.
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Claims

1. A reactor comprising an adiabatic catalyst bed and a heated catalyst bed.

2. A reactor according to claim 1 wherein the product gas leaving the adiabatic catalyst

bed is inlet gas to the heated catalyst bed.

3. A reactor according to claim 1 and 2 wherein the adiabatic catalyst bed comprises a

hydrocarbon steam reforming catalyst.

4. A reactor according to claim 1 and 2 wherein the adiabatic catalyst bed comprises a

hydrocarbon desulphurisation catalyst.

5. A reactor according to claim 1 and 2 wherein the heated catalyst bed comprises a

hydrocarbon steam reforming catalyst.

6. A reactor according to any of the preceding claims wherein said reactor is a heat ex-

change reformer.

7. A hydrocarbon steam reforming process using the reactor according to any of the

claims 1 - 6.

8. A method for revamping an existing reactor having at least a heated catalyst bed,

said method comprising

- providing a guard layer and/or adiabatic catalyst layer in said existing reactor.

9. A method according to claim 8 wherein the product gas wherein the heated catalyst

bed is downstream the adiabatic catalyst bed.

10. A method according to claim 8 or 9 wherein the adiabatic catalyst bed is filled with

hydrocarbon steam reforming catalyst.
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