Radial Flow Ammonia Synthesis Converters




Introduction

The heart of any ammonia plant is the catalytic
reactor in which the synthesis of ammonia from
hydrogen and nitrogen takes place - the
Ammonia Converter.

Topsee pioneered radial flow type ammonia
converters by installing the first radial flow con-
verter in the 1960'ies. Since then a continuous
program of developments has resulted in a com-
prehensive portfolio of radial flow converter
designs to meet the multifaceted requirements in
the industry, whether for new plants or for
revamp of existing plants.

Converter Types

Selection of the best converter type starts with
the objectives of the client such as: Minimum
investment, lowest energy consumption, maxi-
mum steam production, and possible reuse of
an existing pressure shell. No matter what the
specific needs are, Topsee is always able to tai-
lor a solution from one of the following types of
ammonia converters:

S-200 : Two catalyst beds and one interbed
exchanger

S-300 : Three catalyst beds and two interbed
heat exchangers

S-50 : One catalyst bed

S-250 : Combination of the S-200 converter

followed by the S-50 converter

The above converter types are characterized by
the following salient features:

e 100% radial flow through the catalyst beds to
obtain low pressure drop and high conversion
with small size catalyst particles

e [ndirect cooling of the gas in heat exchangers
between the catalyst beds instead of quench--
ing to avoid dilution of the converted gas

e Total converter feed flow passes through all
beds, so the total installed catalyst volume is
fully utilized

e Stable operation with great flexibility in
operating range

e Simple temperature control

S-200

S-200 Ammonia Converter

Ever since 1979, when the first S-200 converter
was commissioned, it has been the reference
point within the industry. At the threshold of the
new millennium one hundred and thirty S-200
converters have been installed. More than two
decades of operational experience combined with
several mechanical enhancements still make the
concept of two catalyst beds with a heat ex-
changer between the beds the most successful
and versatile converter ever made.

Two versions of the S-200 converter are avail-
able: One with a built-in feed-effluent heat
exchanger (lower heat exchanger) below the
second catalyst bed for situations where the heat
of reaction is utilised for preheating of boiler feed
water downstream the ammonia converter. The
other version shown on the drawing has no lower
heat exchanger, because the outlet gas from the
second bed goes directly to a boiler for produc-
tion of high-pressure steam.




S-300

S-50

S-300 Ammonia Converter

As a further development of the S-200 converter
by adding a third catalyst bed and a second inter-
bed heat exchanger, the S-300 converter enables a
higher conversion for the same catalyst volume.
This is of particular interest for revamp of ammo-
nia converters, where installation of a new S-300
basket will lead to the shortest payback time. For
new plants the S-300 converter requires a smaller
catalyst volume, which translates into lower
investment cost.

The first S-300 converter was installed in 1991 as
retrofit of an axial flow quench converter.

S-50 Ammonia Converter

Consisting of only one catalyst bed enclosed in
flow distribution panels mounted directly on the
inside wall of the pressure vessel, the S-50 con-
verter is the simplest and cheapest of all Topsee
radial flow converters. Installation of an S-50
converter downstream an existing ammonia

converter is an attractive way of boosting the
capacity of old ammonia plants by 25% or more.

The S-50 converter is also available in a version
where the internals are built as a catalyst basket,
which is installed in the pressure shell at the site.
Shell cooling gas is provided between the pres-
sure shell and basket to keep the pressure shell
cold. Both versions have been in successful
operation for several years.

S-250 Ammonia Converter System

The S-250 converter system consists of an S-200
converter followed by an S-50 converter. Heat
recovery in terms of high-pressure steam pro-
duction or steam superheating takes place
between the two converters. This converter
configuration enables the highest production
capacity in a single train and gives the lowest
energy consumption. That is why the S-250
converter system has been chosen for the most
energy efficient ammonia plants in the world.




Topsoe S-300 Ammonia Converter



Mechanical Features

All Topswee radial flow converters are built
to withstand the severe operating conditions
for ammonia synthesis, 1.e. elevated tem-
perature and pressure combined with high
contents of hydrogen and ammonia, which
requires special considerations in the me-
chanical design and choice of construction
materials.

As an exclusive feature, the Topsee design
uses a gas distribution system around the
catalyst beds consisting of a number of
screen panels placed side by side along
the outer peripheries of the beds and cy-
lindrical screens in the centre of the beds.

In this way it has been possible to completely

eliminate the use of wire mesh, known to be
the cause of mechanical failures in other
designs.

The gas distribution system has a smooth
surface towards the catalyst, which mini-
mizes the friction between the catalyst and
the internals during thermal expansion and
contraction in connection with start-up and
shut-down.

Furthermore, the screen panels and centre
screens are equipped with perforated
liners to ensure an optimal flow distribu-
tion.
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Why Choose a Topsee Ammonia
Converter Solution

Topsee has been a partner to the ammonia
industry for more than half a century. The
position as the world's largest supplier of
ammonia synthesis catalyst and licensor for
50% of the ammonia plants built within the
last two decades is the result of our commit-
ment and knowledge within the field of
ammonia production. No other company
integrates the knowledge from R&D with
feedback from our customers as we do - all
with the purpose of offering the best plant
performance and the lowest production cost.

When buying a converter solution from
Topsee, whether it is for an existing plant
or a new plant, our organization supports
you from the project start to production of
ammonia in the new ammonia converter.
But even more importantly, our organiza-
tion 1s available to help you when the plant
is in operation. You can count on Topsee to
provide single point responsibility including
the following services:

e Supervision during installation, catalyst
loading, catalyst reduction, and start-up

® Technical support for optimization and
troubleshooting

e (atalyst performance evaluation on
regular basis
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Haldor Topsge A/S:

Research & Development ¢ Licensing & Engineering

Catalyst Manufacture * Equipment Manufacture
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Founded in 1940 by Dr. Haldor Topsee as a research-based organization
for development of chemical processes and catalysts, Haldor Topsee A/S
has a prominent international record in heterogeneous catalysis and
catalytic processes.

The Topsee Group, formed by Haldor Topsee A/S and its subsidiary
companies, has a permanent staff of about 1,500. The Group’s Head-
quarters and central research laboratories are located north of Copenhagen,
while production takes place at Frederikssund, Denmark and Houston,
Texas, US.A.

The development, production and engineering associated with catalysts
and catalytic processes have taken the Haldor Topsee A/S organization into
many different areas of technology. An outstanding level of fundamental
and applied research is maintained in extensive research laboratories, in
pilot units and large-scale demonstration units.

The main activities are in chemical industries, and more specifically in the
production of fertilizers, other chemicals and petrochemicals, oil refining,
gas conversion and related technologies, energy and environment.

Through a vast network of contacts to research institutes, organizations
and industrial partners all over the world, the Topsee Group contributes to
the advancement of catalysis - a challenging and important field at the
crossroads of physics and chemistry.
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