LK series
Low temperature shift catalyst
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microspope. The magnification is 410.000x
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_The gﬁifferent lines shows atom layers/lattices in the crystals.
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| K series

Leading edge performance

The low temperature shift (LTS) catalyst is one of the most
important catalysts in ammonia and hydrogen plants: Even small
changes in its performance may have a significant impact on
operational costs.

Close co-operation between the industry, Topsee’s R&D
Department, and the catalyst manufacturing facility has resulted
in Topsee’s LK series of LTS catalysts, which meets all demands
of both the hydrogen and ammonia manufacturing industries.

Topsee’s LK series has acquired the leading position within LTS
catalysts due to features such as:

- superior activity
- rugged mechanical strength
- unmatched resistance to poisons

The unique characteristices of Topsee LK series which has
made it the most widely sold LTS catalysts on the market.

The by-product formation across the LTS catalyst has become
an environmental issue of increasing importance. An increasing
number of plants is already facing regulations, which limit
methanol levels in the process condensate and CO, stream
leaving the plant.

Topsee’s laboratories have through intensive R&D work
developed an LTS catalyst, LK-823, which reduces methanol
formation drastically enabling plants to comply with new
regulations without undertaking equipment investments.

Today, LK-823 is the preferred choice within the industry for
lowering methanol emissions. A development, which has
strengthened Topsee’s position as the world’s largest supplier of
LTS catalysts.

LK series

High activity LTS catalysts

Topsee LTS catalysts, LK-821-2 and LK-823, are high-copper
catalysts based on oxides of copper, zinc and aluminum. The
copper oxide is very finely dispersed resulting - after reduction
- in a large, stable copper surface area and an inherently high
activity. This has been demonstrated by industrial data through
the years. LK-821-2 is the most widely used LTS catalyst in the
world.

Mechanical stability

LK-821-2 and LK-823 are manufactured to ensure the highest
possible crush strength, resulting in a low and stable pressure
drop throughout the catalyst lifetime.
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Protection against sulphur poisoning

The presence of free zinc oxide in LK-821-2 and LK-823
combined with an unsurpassed chemisorption capacity provides
the catalysts with an outstanding tolerance towards sulphur
poisoning. LK catalysts virtually act as their own sulphur guard
by capturing any incoming sulphur in the upper part of the
catalyst bed.

High operational flexibility

Topswee LK series offers a high flexibility with respect to operating
conditions. Normal operating temperatures are 185-275°C
(365-530°F). The catalysts can operate at even lower inlet
temperatures, but are often limited by the dew point of the
process gas. The LTS catalyst bed inlet temperature must be
15-20°C (25-35°F) above the dew point. Typically, the steam

to carbon ratio in the steam reformer ranges from 2.5 to 6 and
pressures above 45 kg/cm? g (640 psig) can be applied.

LK-823 - Low-methanol catalyst

Topsee developed the LK-823 catalyst in response to the
increasing concern for methanol by-product formation over
LTS catalysts. By promoting with a small amount of caesium an
improved selectivity was obtained.
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The industrial experience with LK-823 has shown that up to
a 10-fold cut in methanol by-product formation is achievable
without any decrease of the shift activity, the poisoning
resistance and the strength compared to LK-821-2.

LSK-2 - the chlorine guard catalyst

Topsoee’s LSK-2 is a guard catalyst designed to protect the LTS
catalyst against chlorine. Copper/zinc/aluminium LTS catalysts
are seriously poisoned even by trace amounts of chlorine, which
migrate through the catalyst bed, causing loss of active copper
surface area due to sintering. LSK-2 has a capacity for chlorine,
which significantly exceeds that of other LTS guard catalysts
and, equally important, it captures the chlorine effectively. LSK-2
has the additional advantages of being resistant to water and
condensing steam as well as being an effective guard against
silica poisoning.

In combination with LK-821-2 or LK-823, the LSK-2 is the
optimal solution for ammonia and hydrogen plants, where
chlorine may be present.
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Analysis of LTS performance

Topsoge LTS poisoning model

The extensive feedback from the industry through the years
has led to development and verification of a poisoning model
for predicting the performance of LTS catalysts under industrial
conditions. The model is depicted in Figure 1. It is used when
analysing and forecasting the performance of LTS catalyst
charges and it forms the basis for recommending optimum
operating conditions.

The model takes into account the permanent poisoning caused
by sulphur and chlorine, as well as the slow deactivation taking
place in the active part of the bed due to thermal ageing. The
following two parameters are used to describe the catalyst
performance:

- percentage of deactivated catalyst in the upper part relative
to the full bed volume

- activity of the active catalyst in the lower part of the bed

When the LTS performance is checked regularly, the progression
of the deactivated catalyst zone can be followed and the future
development in CO leakage can be predicted with a high degree
of accuracy.

Analysing and forecasting LTS performance
When evaluating LTS performance, the first step is to determine
the percentage of deactivated catalyst together with the activity
of the fully active catalyst layer as described in the poisoning
model. Figure 2 shows an example of a kinetic simulation of

an LTS catalyst charge based on LTS reactor inlet conditions.
As depicted, the measured temperature profile has been
reproduced. Furthermore, the simulation has reproduced the
measured CO conversion across the catalyst.

The second part of the performance study is a comparison with
previous data. By plotting the percentage of deactivated catalyst
and the activity of the active part of the catalyst bed with regular
intervals, the performance can be followed closely. Figure 3
shows that the deactivation under normal and stable operating
conditions follows a straight line with a constant slope, and that
the activity of the remaining catalyst fraction is almost constant
after some time of operation. Based on historical trends, the
future development can be calculated and used to accurately
predict the future CO slip as well as the remaining catalyst
lifetime.

This kind of forecasting enables the plant personnel to determine
the optimum time of catalyst replacement.
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Technical support

Topswee provides continuous technical support through
regular communication about plant performance and catalyst
operation. Many years of experience from the ammonia
industry, both as catalyst supplier and technology licensor,
allows Topsee to provide clients with timely and accurate
feedback.

Topsee’s technical support includes:

- frequent evaluation of catalyst performance

- advice on optimisation of operating parameters

- performance forecasts

- catalyst and converter troubleshooting assistance

The Topsge business portfolio

Through half a century’s dedication to heterogeneous
catalysts, Topsee has developed and strengthened its
position as a leading market player in catalysts, catalytic
reactions and catalytic process technologies. Over the years,
Topsee’s portfolio has grown to meet industry needs, in the
past decades also with an increased focus on environmental
processes. Today, Topsee’s business portfolio includes
development and supply of catalysts and technologies for
the production of ammonia, methanol, hydrogen and other
petrochemicals, for gas conversion, oil refining and for
emission control for the power and automotive industry.
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Haldor Topsee A/S - Nymgallevej 55 - 2800 Kgs. Lyngby - Denmark
Tel. +45 4527 2000 - Fax. +45 4527 2999 - www.topsoe.com

o)
S
@
S
&
-
o
a
i
©
o}
3
3
O

The information and recommendations have been prepared by Topsee specialists having a

thorough knowledge of the catalysts. However, any operation instructions should be considered to H A L D O R TO pSDE
be of a general nature and we cannot assume any liability for upsets or damage of the customer’s

plants or personnel. Nothing herein is to be construed as recommending any practice or any

CATALYSING YOUR BUSINESS
product in violation of any patent, law or regulation.




