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DESCRIPTION

Field of application

[0001] The invention relates to the field of reforming of hydrocarbons for obtaining a synthesis
gas by reacting said hydrocarbons with steam on a suitable catalyst. The invention in particular
relates to a method for revamping a hydrocarbon reforming section in chemical plants.

Prior art

[0002] Chemical plants which comprise a hydrocarbon reforming section are known. In general
a steam reforming process is used to convert a hydrocarbon, for example natural gas, into a
desired synthesis gas.

[0003] Known examples are ammonia or methanol production plants in which a reforming
section generates the so-called make-up gas which feeds a following conversion section.

[0004] The reforming process, as is well-known, must be carried out at very high temperatures
in order to achieve a high hydrocarbon conversion rate. Typically the synthesis gas effluent of
the reforming section, for example effluent of a secondary reformer or an autothermal reformer
(ATR), has a temperature of about 1000°C.

[0005] Said synthesis gas, usually, is cooled to a temperature of about 300-400°C both in
order to recover energy and to allow the necessary treatments such as shift treatment, carbon
dioxide removal or methanation, which are incompatible with the high gas outlet temperature of
the reforming section.

[0006] A widely used technique for cooling the synthesis gas and recovering heat is the
production of saturated or superheated steam which can be used in the same plant, for
example to generate mechanical power and/or provide heat for other stages of the process.

[0007] The production of steam starting from a gas at a temperature of about 1000°C,
however, has the drawback of poor efficiency from the thermodynamic point of view. The
evaporation temperature is in fact limited by technical factors, including the maximum pressure
tolerable by the equipment, and is generally within the range of 300 to 350°C. This means that
heat is transferred under a large temperature gradient, which results in thermodynamic
inefficiency.

[0008] A method for making more rational use of the heat from the synthesis gas cis the use of
said synthesis gas as a heat source for a gas heated reformer (GHR).
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[0009] The GHR is essentially a heat exchanger comprising a pressure-resistant shell,
normally of the refractory type internally so as to operate at relatively low temperatures, and
heat-exchange bodies, for examples tubes. The inside of the heat-exchange bodies contains a
reforming catalyst and is traversed by a hydrocarbon to be reformed, while the hot synthesis
gas flows inside the shell, on the outside of the bodies.

[0010] For example, in a known technique, a first portion of a hydrocarbon charge to be
reformed is directed to a primary or secondary reforming furnace and a second portion of said
charge is directed to a GHR. The hot synthesis gas effluent of the said reforming furnace,
resulting from reforming of the first portion of the charge, provides heat to the GHR, allowing
reforming of the second charge portion.

[0011] This process is more efficient than steam production from the thermodynamic point of
view, because the high-temperature heat of the synthesis gas is used for a process which is
also at a high-temperature, that is the process of reforming itself.

[0012] The installation of a GHR downstream of an existing primary or secondary reforming
section is also a known method for increasing the capacity of existing plants, in particular for
ammonia or methanol synthesis. It is known that the reforming section is one of the bottlenecks
which prevent an increase of the capacity, typically because the reforming section comprises a
primary tube reformer in which the maximum flow-rate of the gas in the tubes can not be
increased beyond a certain limit. Instaling a GHR suitable to reform part of the fresh
hydrocarbon charge removes the bottleneck represented by the reforming section, obtaining a
greater quantity of synthesis gas and, therefore, a greater quantity of product.

[0013] However, a GHR is a costly apparatus since it must withstand very high temperatures
and a very corrosive gas which requires the use of high grade materials to resist. Moreover,
inserting one or more GHRs, complete with tube bundle and pressurized vessel, downstream
of an existing primary reforming or secondary reforming section, requires modification of the
reformer output piping, the construction of new foundations, and elimination or displacement of
other existing equipment installed in that zone. Therefore, a revamping or increasing of the
capacity based on the installation of a new GHR is not always attractive from the cost point of
view.

[0014] A method for revamping a front-end of an ammonia plant is disclosed by WO-A-
2015/067436.

Summary of the invention

[0015] The object of the invention is to provide a method for revamping a chemical plant based
on reforming of a hydrocarbon, and in particular a method for increasing its capacity, which
overcomes the aforementioned drawbacks. In particular, the invention aims to provide a
method which is thermodynamically efficient and which at the same time is less expensive in
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terms of investment costs compared to the known methods.

[0016] These objects are achieved with a method as defined in claim 1 and in particular with a
method for revamping a reforming section of a chemical plant wherein:

the reforming section receives a first stream of a hydrocarbon feed and converts it into an at
least partially reformed gas,

the plant comprises at least one apparatus operated as a fluid heater or evaporator (boiler)
and comprising a shell and a plurality of first heat exchange bodies, wherein said apparatus is
fed on the shell side with at least partially reformed hot gas from the reforming section and the
fluid is heated or evaporated inside said first heat exchange bodies, owing to an indirect heat
exchange with said hot gas,

the method comprising:

replacing said first heat exchange bodies with second heat exchange bodies containing a
reforming catalyst,

providing a hydrocarbon feed line arranged to direct a second hydrocarbon feed stream to the
inside of said heat exchange bodies, and

providing a line arranged to withdraw from said second heat exchange bodies an at least
partially reformed gas stream,

the apparatus thus being converted into a gas heated reformer.

[0017] Further embodiments are disclosed in the dependent claims.
[0018] In a preferred application, the method is applied to a steam generator.

[0019] A gas heated reformer is normally referred to, in the literature, by means of the
abbreviation GHR. In the following, for the sake of brevity, this abbreviation will be used.

[0020] In a preferred embodiment, said second heat exchange bodies have an outlet for said
at least partially reformed gas which is in communication with the shell side of the apparatus,
so that the gas produced in the said second heat exchange bodies mixes with the gas from the
reforming section, forming a stream of at least partially reformed gas withdrawn from the shell
of the apparatus.

[0021] Preferably, the first and/or second heat exchange bodies are tubes which belong to a
tube bundle. More preferably, both the first and the second heat exchange bodies are formed
by tubes of a first and second tube bundle, respectively, and the method comprises:

» extracting the first tube bundle from the shell of said apparatus, and
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» inserting the second tube bundle into the shell.

[0022] Preferably, said apparatus, converted from a steam generator to a GHR, is vertical. For
example, the apparatus is vertical with the inlet for the hydrocarbon to be reformed is located
at the top; in accordance with this embodiment the tubes of the second tube bundle preferably
have a top inlet end for the hydrocarbon and an open bottom outlet end for the at least partially
reformed gas.

[0023] In other embodiments, the heat exchange bodies may have a different form, for
example that of plates.

[0024] In a preferred embodiment the apparatus converted into a GHR operates in parallel
with the existing reforming section. In accordance with said embodiment, a part of a
hydrocarbon feed is directed to the existing reforming section and another part of said
hydrocarbon feed is directed to said GHR.

[0025] The existing reforming section may comprise for example a primary reformer and a
secondary reformer or an ATR.

[0026] The capacity of the reforming section, defined as the quantity of synthesis gas which is
produced or can be produced by the said section, is increased. The hydrocarbon feed stream
directed to the new GHR (obtained by modifying the pre-existing apparatus) can be an
additional stream in relation to the maximum capacity of the existing reforming section.

[0027] The advantage of the invention is given by the use of the shell of an existing apparatus,
already designed to withstand the high temperature of the synthesis gas from the reforming
section.

[0028] By using this existing shell, there is no need to modify the path of the high-temperature
tubes which connect the reformer to the shell, to build new foundations for supporting the new
GHR, nor to displace or dismantle existing apparatus.

[0029] Said apparatus is converted into a GHR which offers two main advantages: it uses the
high-temperature heat of the reformed gas in a thermodynamically more efficient manner and
increases the capacity of the reforming section. The economic advantage is considerable
because the external shell of a GHR is an important part of the cost of the whole reactor.
Moreover the invention avoids modifications to the plant for accommodating the new GHR,
which represent an even greater cost.

[0030] The operation is simple to carry out because normally the tube bundles are mounted on
flanges of the apparatus and therefore it is possible to remove and extract the old bundle and
bolt the new bundle, containing the catalyst, on the same flanges. This allows modifications to
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be performed rapidly, avoiding long and costly plant downtime.

[0031] In a particularly preferred embodiment, the first tube bundle and the second tube
bundle comprise a single flange. Consequently, the first tube bundle and the second tube
bundle can be respectively extracted and inserted, during the revamping operation, from one
side only of the apparatus, for example from top. For example the first tube bundle comprises
bayonet tubes.

[0032] The invention arises from the understanding that an already available apparatus
comprising a "valued" component, i.e. the shell able to withstand high temperatures, can be
used in a more rational manner. It can be said that the invention reduces the capacity of steam
production, but this apparent disadvantage is overcompensated by the efficient use of high-
temperature heat for increasing the reforming capacity. Moreover, the reformed gas output
from the new GHR maintains a high temperature which still allows the production of steam.

[0033] The advantages of the invention will emerge more clearly with the aid of the following
description.

Description of the figures

[0034]
Fig. 1 shows a scheme of a reforming section with a steam generator.

Fig. 2 shows the section shown in Fig. 1 modified in accordance with the invention, converting
the steam generator into a GHR.

Description of preferred embodiments

[0035] Fig. 1 is a simplified diagram of a reforming section according to the prior art, which
may be found for example in an ammonia or methanol plant.

[0036] A charge 1 containing steam an at least one hydrocarbon, for example natural gas, is
converted in a reforming section 2 to produce a high-temperature reformed gas 3.

[0037] The section 2 is fed with a fuel F directed, for example, to the burners of a primary
reformer.

[0038] Before further treatment and conversion into the product concerned, the reformed gas
3 flows into the shell side of a vertical tube boiler 4, or waste heat boiler (WHB).
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[0039] Said boiler 4 is a shell-and-tube apparatus.

[0040] In greater detail, the boiler 4 contains a tube bundle 5 inside a shell 6. The tube bundle
5 comprises a plurality of bayonet tubes 17 and a single tube plate 10. Each bayonet tube 17 is
formed by an outgoing tube and by a return tube coaxial with the outgoing tube, such that the
inlet and outlet of the tube bundle are located on a same side, and the tube bundle is
supported by a single tube plate 10 according to a known embodiment which comprises means
(not shown) for separating the incoming flow from the outgoing flow.

[0041] This design with bayonet tubes and single plate allows easy extraction of the tube
bundle from the shell. In fact, it is possible to open the shell 6, by unscrewing the bolts of the
flange 10, and extract the tube bundle 5, i.e. the tube assembly 17 and the associated plate 10
and cover 16.

[0042] The tube bundle 5 is fed with water 7 and produces a stream 8 containing steam and
water. The cooled gas 9, output from the shell side, is conveyed to appropriate further process
stages, for example for purification and conversion.

[0043] Fig. 2 shows the modified reforming section according to the invention. The apparatus
4 is modified by extracting the tube bundle 5 from the shell 6 and inserting a new tube bundle
11 into the shell 6. Said new tube bundle 11 comprises a plate 18 and tubes 12 containing a
reforming catalyst (for example the same catalyst used in the reforming section 2).

[0044] An additional hydrocarbon feed stream 1a is directed into the tubes 12. Said flow 1a
may form part of a hydrocarbon source which also supplies the stream 1 to the section 2.

[0045] Advantageously, owing to the addition of the stream 1a, the total quantity of
hydrocarbon which can be reformed in Fig. 2 is greater than the quantity which can be
reformed in Fig. 1, i.e. the reforming capacity is increased. In other words the modified
reforming section, according to the invention, is able to process the stream 1a in addition to the
stream 1 and consequently has an increased capacity.

[0046] The apparatus 4, originally intended to act as a steam generator, is thus converted into
a GHR 40. It should be noted that the original shell 6 is maintained, with significant cost
savings compared to the installation of a new GHR.

[0047] In greater detail, each of the tubes 12 has an inlet end 13 for said stream 1a and an
opposite outlet end 14 for reformed gas, which communicates with the shell side of the
apparatus 40. Consequently, the reformed gas produced inside the tubes 12 is mixed with the
incoming hot gas 3 and may be extracted from the apparatus 40 via the reformed gas outlet 9
on the shell side.

[0048] The incoming gas 3 (from the reforming section 2) is preferably distributed in the shell
side via a distributor 15 with holes, enters the bottom part of the shell 6, where it is mixed with
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the gas output from the tubes 12, and flows upwards along the tube bundle 11, releasing the
heat necessary for the reforming steam reaction, and leaves at the top of the shell 6 through
the outlet 9.

[0049] The reformed gas 9 leaving the GHR 40 has a temperature which is still relatively high
and, if necessary, can be used for steam production before the necessary process treatments.

[0050] The new tube bundle 11 can be bolted to the same pre-existing flanges 10 and the
operation of replacing the bundle 11 with the reforming bundle 12 is relatively simple.

[0051] In some embodiments the plant comprises a plurality of steam generators, for example
two steam generators, downstream of the reforming section, which can be modified as
described above. For example a typical arrangement comprises two vertical boilers
downstream of a secondary reformer and both said vertical boilers are converted into GHRs as
described above.
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Patentkrav

1. Fremgangsmade til renovering af en reformingsektion (2) af et kemisk anlaeg, hvor:
reformingsektionen (2) modtager en fgrste strgm (1) af en carbonhydridtilfgrsel
og damp og omdanner den til i det mindste delvist reformeret gas (3),
anlegget omfatter mindst ét apparat (4), der drives som varmelegeme eller
fordamper for et fluid og omfatter en skal(6) og forste
varmeudvekslingslegemer (5), hvor nevnte apparat opvarmes med i det mindste
delvist reformeret varm gas (3), der kommer fra reformingsektionen (2) og fgres
til skalsiden, og nevnte fluid opvarmes og/eller fordampes inde i n@®vnte fgrste
varmeudvekslingslegemer ved hjelp af indirekte varmeudveksling med nzvnte
varme gas,
hvilken fremgangsmade omfatter:
modificering af nzvnte apparat ved at erstatte navnte fgrste
varmeudvekslingslegemer med anden varmeudvekslingslegemer (12), der
indeholder en reformeringskatalysator,
tilvejebringelse af en carbonhydridtilfgrselsledning (1a), der er indrettet til at
lede en anden strgm af en carbonhydridtilfgrsel inde i navnte anden
varmeudvekslingslegemer, og
tilvejebringelse af en ledning (9), der er indrettet til at udtage en i det mindste
delvist reformeret gasstrgm fra nevnte anden varmeudvekslingslegemer,

idet apparatet (4) saledes omdannes til en gasopvarmet reformer.

2. Fremgangsmade ifglge krav 1, hvor nevnte anden varmeudvekslingslegemer har et
udlgb, der er i forbindelse med apparatets skalside, saledes at den i det mindste delvist
reformerede gas, som frembringes i n@vnte varmeudvekslingslegemer, blandes med
den i det mindste delvist reformerede gas, der tilfgres fra nevnte reformingsektion,

hvorved der dannes en strgm af gasformigt produkt, der udtages fra apparatets skal.

3. Fremgangsmade ifglge krav 1 eller2, hvor navnte fgrste og anden
varmeudvekslingslegemer er rgr, der tilhgrer henholdsvis et fgrste og et andet

rgrbundt, og fremgangsmaden omfatter:
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2

- udtrekning af det fgrste rgrbundt fra nevnte apparats skal, og
- indfgring af det andet rgrbundt i skallen.

4. Fremgangsmade ifglge krav 3, hvor det fgrste rgrbundt og det andet rgrbundt
omfatter en enkelt flange, saledes at de kun kan henholdsvis udtrekkes og indfgres fra

¢én side af apparatet.

5. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor nevnte

apparat er lodret.

6. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor nevnte
apparat, der er omdannet til en gasopvarmet reformer, opererer parallelt med den
eksisterende reformingsektion, hvor en del af en carbonhydridtilfgrsel ledes til den
eksisterende reformingsektion, og en anden del af nevnte carbonhydridtilfgrsel ledes

til nevnte apparat, der er omdannet til en gasopvarmet reformer.

7. Fremgangsmade ifplge et hvilket som helst af de foregaende krav, hvor to
dampgeneratorer nedstrgms for reformingsektionen omdannes til henholdsvis en

fgrste og en anden gasopvarmet reformer.

8. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor det kemiske

anlag er et anleg til methanolsyntese eller til ammoniaksyntese.



DK/EP 3765403 T3

DRAWINGS

~

<
fp;
@ »

11— /

FIG. 1

13 1la

1l—— ———> 9




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - CLAIMS
	Page 11 - CLAIMS
	Page 12 - DRAWINGS

