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Summary

Hydroprocessing units are today pushed more and more as environmental legislations are tightening, and margins are
reducing. Key factors in achieving high profitability of the hydroprocessing unit are to ensure that the unit has a long cycle
length and short turnarounds. Increasing cycle length can of course be done by increasing catalyst activity, but even the highest
activity catalysts requires that the distribution of liquid and gas in the reactor is optimal. In two-phase plug flow reactors it is
crucial that distribution trays disperse oil and gas on the entire surface area of the reactor, ensuring all catalyst is used and
maximum activity is obtained. The distribution trays therefore have major influence on the utilisation of the catalyst, and
thus cycle length. Furthermore, cleverly designed reactor internals increase the safety of operators and reduce shutdown time.
Access to and through such reactor internals as well as maintenance of the internals is simple and fast.

Taking into account all these facts, it is obvious that the profitability of a hydroprocessing unit is directly dependent on the
performances and design of the reactor internals.
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1. Introduction

Key factors
hydroprocessing unit are utilising the catalyst activity
optimally and reducing and shortening shutdowns.
Ensuring full utilisation of the catalyst could mean
increased feed rates, more severe feeds or simply increased
cycle length. All of which will increase profitability.

in  maximising profitability in a

Optimal catalyst performance would only be obtained
with uniform flow distribution, and the assumption that
the flow through the catalyst bed is uniform is a part of
any model predicting the performance of the catalyst. This
means that if the real world conditions are not close to it, the
unit performances would not be as expected, consequently
the efficiency and profitability of the unit will be decreased.

Quality of catalyst loading is a very important factor,
directly affecting flow profile through the catalyst bed
and if the catalyst is loaded poorly, it will have negative
effects on the catalyst utilisation. But, even the best
loaded catalyst cannot neutralise maldistribution caused
by underperforming reactor internals.

Historically, the performances of reactor internals
were not so critical as today because of tightened product
specifications and great variations in feed stock blends
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as a consequence of market opportunities. New reactor
internals are therefore designed to be efficient over a wide
range of operating conditions. Collected experiences,
together with rapid development of computational
software and methods enable developers to optimise
reactor internals to perform efficiently in all operating
cases, from Start of Run (SOR) to End of Run (EOR).

Design of new reactor internals is adjusted not just to
meet the demanding performance requirements, but also
to ease installation and maintenance while keeping safety
of operators at the highest possible level.

Working in 3D environment and using all latest CAD
software enables technology suppliers to customise
reactor internals for any existing unit and smoothly
replace the old reactor internals technology with new.

The performance of the catalysts in a hydroprocessing
reactor is affected by all reactor internals (Figure 1).

There are however three vital internals that govern the
performance of the catalyst: Distribution Trays, Quench
Mixers and Scale Catchers. These are the backbone of a
reactor in terms of process functionality and have the
largest impact on catalyst performance and consequently
on the profitability of the hydroprocessing unit.



PETROVIETNAM

2, Liquid distribution trays

The primary function of the distribution tray is to
ensure uniform transfer of liquid and vapour to the bed
below and consequently achieve maximal utilisation
of the catalyst. A distribution tray must have stable
performance over a wide range of operating conditions
during the cycle. SOR and EOR conditions are not the same
due to different degrees of feed evaporation, hydrogen
consumption, temporary and permanent upsets, feed
rate changes, gas to liquid ratios and build-up of fouling
agents, etc. All are part of a normal reactor cycle and are
anticipated in well-designed reactor internals.

At Topsoe, those challenges were solved by the
invention of Vapour Lift Tube (VLT) distribution technology.

The Topsoe VLT operates on a "vapour assist" principle
where the treat gas drags the liquid up through the
riser and through the vertical slots on the side. The slots
are partially submerged in the liquid, and the gas flows
through the free part of the slot. The velocity of the gas
through the free (open) part of the slot will determine
the amount of liquid that is pulled up through the riser
and thus constantly adjust the liquid on the tray to the
same level. This self-adjusting principle of the VLT design
ensures the flexibility throughout the cycle, from low to
high operating temperatures, as well as a wider range of
process conditions (Figure 2).

Due to the high velocities in the risers, dispersed

flow regime is established and liquid is discharged to the
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catalyst below as a mist and this assures uniform wetting
of the catalyst.

Industrial example of benefits of reactor internals
upgrade.

Existing distribution tray of previous generation
was replaced with Topsoe VLT distribution tray in one
European hydrotreating unit producing Ultra Low Sulfur
Diesel (ULSD). Before the installation of Topsoe VLT tray
in 2012, the reactor was suffering from short cycles.
This case was perfect for demonstration of the positive
impact of Topsoe VLT on the unit performance as the
reactor was loaded with the same catalyst type using the
same loading method, before and after the revamp. Also
process conditions and the product specifications were
unchanged.

In Figure 3, the feed density and the product sulfur of
the two cycles are showed to be at the same level.

In Figure 4, the Weighted Average Bed Temperatures
(WABT) of the two catalyst cycles are shown. The cycle
with the new VLT internals was operated at 10°C (18°F)
lower WABT than the previous cycle at SOR. This resulted

in a cycle length improvement from ~300 days to more
than 500 days. The additional cycle length provided
the refiner with a very significant profitability increase,
thanks to lower catalyst consumption and better on-
stream performance. Return On Investment (ROI) for such
improvement is high, and the reactor internals therefore
have a short payback time.

Figure 1. Cross-section of typical two beds hydroprocessing reactor ~ Figure 2. Topsoe VLT, illustration of low sensitivity on liquid unlevelness on the tray
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Figure 3. Case study: revamp of a hydroprocessing reactor with a VLT distribution tray.
Product sulfur and density

3. Quench mixing zone [1]

The importance of the quench section mixer’s
performances is often overlooked. The main function of
the quench section is to control and maintain temperature
profile over the reactor by mixing of the cold quench treat
gas or liquid with the hot effluents from the bed above.
Mixer must also be functioning well to properly mitigate
any radial temperature spreads that may develop in the
bed above during operation.

The correct design must have four main qualities:

= Mixing;

= Quenching;

= No influence on the distribution tray performance;
= Low height;

Most of the older designs do not achieve all four
of these critical elements required to provide optimal
performance and economical space usage in the reactor.
Topsoe quench mixers utilise these four parameters in
the most efficient way. Topsoe Vortex type mixers are
achieving all the above stated goals by forcing the hot
process stream and cold treat gas into angled openings
near the mid-centre of the reactor, where they enter a
secondary chamber with enough angular momentum. In
this way full mixing is obtained from the two streams, at
which point they merge in the centre and exit the mixer
onto the distribution tray below. This technique has been
proven in over 400 installations to be an ideal mixing
chamber.

Another area to look into when the cycle length
becomes critically short is the reactor volume available for
the catalyst. Quench sections of older design tend to occupy
a significant space of the reactor volume, where quench
sections with a height in the range of 1,500 - 2,000mm
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Figure 4. Case study: revamp of a hydroprocessing reactor with a VLT distribution tray
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Figure 5. Old layout (a) and new layout (b). 1.2m of extra loading height equivalent to
16% extra catalyst, increasing cycle length by 7 months

are quite common. Modern quench sections can be
accommodated in a fraction of that height, consequently
converting this service space to active reactor volume
in which additional catalyst can be loaded. Figure 5
illustrates the significant difference that can be gained by
installing new reactor internals. In this case study, the top
distribution tray could be lifted up to the tangent line and
the quench section could be compressed. This gave an
additional height for catalyst of 1.2m, which is equivalent
to almost 10m? extra catalyst. This was 16% more catalyst
than the loading with old internals and would increase the
cycle length by 7 months.
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the larger area or volume near the outer walls of
the reactor, which is greater than the centre, the
mixing zone has more space for performing its
job. The existing distribution area is also much
larger, allowing for a more relaxed jetting coming
out of the mixer exit. Less turbulence at the exit
allows for calmer flows down to the distribution
tray surface, ensuring less wave action and a
lower static pressure differential above the liquid
level on the distribution tray below. This ensures a
steady uniform liquid level on the VLT distribution
tray and provides excellent flow distribution
throughout many different process conditions.

Another significant advantage of mixing at
the outer walls is that it leaves the centre of the
reactor free of obstruction. Therefore access
through the manways to the distribution tray
below is much improved and can save many
hours during a subsequent turn-around for tray
access, maintenance and cleaning for years to
come. With a traditional mixing chamber the
maintenance personnel would need to remove
3 - 5 manways and possibly a quench pipe, from
the mixer centre to open it (Figure 6). This can be
extremely difficult with compact quench sections,
which nowadays may use about 600 - 1,100mm
in height. The Torus™ mixer has only one centre
manway with the Quick-Release™ system. This is
a huge time saver and consequently increases on-
stream time of the hydrotreating unit (Figure 7).

Figure 7. Compact quench section, based on Torus ™
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Figure 8. Ergonomic and safe inspection of a Torus ™ quench section conducting inspections and maintenance may

Table 1. Example time savings on a typical 4 bed reactor with better manways work in an ergonomic and safe position (Figure 8).
Manway Access Times The time savings for new manways that are
Conventional Manway Topsoe Quick Release™ Manway safer, faster and fewer can be immense, especially
Opening Closing Opening 30(:'95'”9 for multiple bed reactors as shown in Table 1.
. min max .

Upto 12hrs+  Up to 24hrs+ 10-30min - iih asketing) Just by comparing the normal manway open
and closing times, you can save several days per

turnaround.

Topsoe has recently launched a new innovative mixer
design designated as Torus™ mixer, which maintains the same 4. Pressure drop management [2]

performance as the vortex style mixer, but is designed to use ) ) )
Inorganic material from the feed such as iron

sulfide, carbon, and catalyst fines can critically
affect the cycle length of the reactor. A very
common approach to managing these types
of deposits is through the use of a graded bed
components are located. The Torus™ mixer has taken a completely system on top of the catalyst bed. The graded

different approach, one that is unique to the industry. By utilising bed is typically designed based on the unit’s

the reactor cross sectional area to its fullest potential. Mixing in
its basic forms has always been accomplished by combining and
distributing the process streams and treat gas/liquid in the central
areaofthereactor,whereallthe mixing vane and outlet distribution
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past experience and can handle the problem
to a wide extent. However, there are certain
situations where the deposits are so large that
the graded bed system will take up too much
space in the reactor in order to effectively
capture these deposit, thus not leaving enough
room for the active main hydrotreating catalyst.
Deposits range from coarse construction debris,
transported to the reactor as a consequence
of insufficient cleaning after maintenance or
a revamp, to micron-scale particles generated
from corrosion, and polymeric substances
growing with time and temperature on some
surfaces that act as catalysts or promoters.
Corrosion may appear suddenly and be
aggravated as a consequence of Total Acid
Number (TAN) of the crude. In many gas oil units
with large amounts of inorganic contaminates,
Haldor Topsoe recommends installing a scale
catcher on top of the distribution tray. A scale
catcher, by definition, is designed to trap fines,
scales, in-organic matter, and rust, etc. in typical
hydroprocessing feeds. Doing so will help avoid
the plugging of the 1% bed distribution tray and
the 1 grading/catalyst bed below. The main
goals of a scale catcher design are:

= Pressure Drop Mitigation - installing a
device inside the reactor that will trap fines and
scales, etc. while not introducing an additional
pressure drop into the reactor envelop, either by
its addition or as it traps the particles over the life
of the cycle;

= Cycle Length Improvement;

=  Reduced turnaround times because the
scale catcher is easy to clean and the catalyst
below is likewise easier to remove;

= Less Capital Cost than additional feed
filtration - The scale catcher is designed to fit into
the existing reactor above the tangent line. They
are not taking up active space inside the first
catalyst bed as trash baskets do.

Topsoe has developed a number of scale
catchers for many applications. Figure 9 shows
the Topsoe two-phase single stage scale catcher.
This design has already been proven in over
30 installations, and the results have shown
that these can provide significant cycle length
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Figure 10. Case study of a North American hydroprocessing reactor. The reactor was operated with
the same grading (non Topsoe) before (a) and after upgrading distribution tray and introducing a scale

catcher (b)
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improvements in the right situations. The design is very
simple and easy to maintain and clean. An area is used
above the existing top distribution tray to allow the liquid
feed to have a settling time above the bed, while allowing
the process gas stream to bypass the scale catcher entirely.
This limits the pressure drop contribution of the scale
catcher to a negligible amount, while collecting the liquid
in a deep enough chamber so that the turbulence is low
enough and retention is long enough to allow the heavier
particles to settle to the bottom of the scale catcher.

The collection of more than a cubic metre of sediment
is quite common depending on the conditions of the unit.
When full capacity of the scale catcher is used the process
stream will simply bypass the scale catcher. During
the turnaround, the scale catcher can be cleaned very
easily compared to a distribution tray, and is completely
accessible from the top side for vacuuming out the heavy
particles that have settled. Once cleaned, it is ready for the
next cycle.

All Topsoe scale catchers are custom-made for each
reactor and adjusted for the process conditions and unit
type. Scale catchers should definitely be considered if the
reactor is experiencing limitations due to pressure drop
in the catalyst bed, and if there are visible particulates
settling out on the top distribution tray.

Case study of the performance of a scale catcher used
in a North American hydroprocessing unit.

The reactor was loaded with Topsoe catalyst and
operated great for a little more than a year, but suddenly
the pressure drop increased exponentially and the unit
had to be shut down for a top bed skimming. This type
of pressure drop increase happens when the void fraction
of the catalyst bed and grading is reduced to about 22%

due to deposit and fouling. (Figure 10, a). After upgrading
the existing top tray with a VLT distribution tray and a
Topsoe sedimentation scale catcher, the reactor could be
operated without interruptions for over 1200 days (Figure
10, b).

It is important to note that scale catchers cannot
substitute guard catalyst and grading material but just
help full utilisation of those by preventing large particles
and scales to enter catalyst bed and prematurely build
pressure drop over the unit.

Conclusion

The simplest and most profitable way to maximise
the cycle length and profitability of the hydrotreating
unit is to equip the hydrotreating reactor with state-
of-the-art reactor internals. Such approach will assure
maximal utilisation of the catalyst loaded, allowing for
higher feed rates, more severe feeds or longer cycle
lengths. State-of-the-art internals also increase safety
during the operation, by ensuring good mixing and
quenching, and during shutdowns, as confined space
entry is significantly reduced. Haldor Topsoe has designed
scale catchers, distribution trays, quench mixers as well
as all reactor internals that will enable the refineries to
maintain profitability of their assets even during the most
challenging times.
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