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REACTOR AND HEATER CONFIGURATION SYNERGIES IN PARAFFIN
DEHYDROGENATION PROCESS

STATEMENT OF PRIORITY

[0001] This application claims priority to U.S. Provisional Application No. 62/186781
which was filed June 30, 2015, the contents of which are hereby incorporated by reference in

its entirety.
FIELD OF THE INVENTION

[0002] The present invention relates to fired heaters for use in process involving chemical

reactions.
BACKGROUND

[0003] Fired heaters are common process units in chemical plants. The fired heaters heat
process streams to reaction temperatures, and provide heat to process streams that have
endothermic reactions. A fired heater has a general configuration of a tube for carrying a
process fluid inside a shell wherein burners are used to combust a fuel to heat the tubes.
[0004] With more complex processes, and with upgrades to processes in chemical plants,
new configurations are needed to reduce the area taken up by fired heaters, and to provide for
new efficiencies in the heating of process fluids.

[0005] Diftferent processes have different needs from fired heaters, and these different
needs can affect the designs to produce improved fired heaters that have a significant

economic impact.

SUMMARY

[0006] The present invention is an improved fired heater design and integration with
downstream reactors.

[0007] A first embodiment of the invention is an apparatus for reducing hot transfer
volume, comprising a radiant fired heater having a single cell, at least one process coil,
burners, and a flue gas outlet; and at least one outlet manifold having an inlet in fluid
communication with the process coils outlets and at least one manifold outlet, wherein each

- 1-
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process coil has a configuration of three tubes in a parallel orientation, with two semi-circular
tubular sections connecting the ends of the tubes, such that the tubes and tubular sections
form a generalized W-shaped coil, with the central tube having one end connected to the
outlet port, and the two outer tubes having one end connected to an inlet port. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph further comprising a convection bank having
an inlet in fluid communication with the flue gas outlet, and heating tubes, wherein the
heating tubes have an inlet and an outlet. An embodiment of the invention is one, any or all
of prior embodiments in this paragraph up through the first embodiment in this paragraph,
wherein the convection bank is below the fired heater. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph, wherein the convection bank is positioned to the side of the fired heater. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph, wherein the heating tubes are for steam
generation. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the first embodiment in this paragraph further comprising a moving bed
reactor having a process stream inlet disposed above the reactor moving bed, a process fluid
outlet, a catalyst inlet, a catalyst collector at the bottom of the reactor, and a catalyst outlet at
the bottom of the catalyst collector. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the first embodiment in this paragraph,
wherein the radiant fired heater is elevated to provide for that the moving bed reactor process
stream inlet is disposed within 0.3 m elevation of the outlet manifold outlet. An embodiment
of the invention is one, any or all of prior embodiments in this paragraph up through the first
embodiment in this paragraph further comprising a moving bed reactor having a process
stream inlet disposed below the reactor moving bed, a process fluid outlet, a catalyst inlet,
and a catalyst outlet at the bottom of the reactor; and a catalyst collector having an inlet in
fluid communication with the reactor catalyst outlet and a catalyst collector outlet. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph wherein the moving bed reactor is elevated to
have the process stream inlet disposed within 1 m elevation of the manifold outlet. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up

through the first embodiment in this paragraph, wherein the moving bed reactor is elevated to
-0 -
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have the process stream inlet disposed within 2 m elevation of the manifold outlet. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the first embodiment in this paragraph further comprising a convection bank having
an inlet in fluid communication with the flue gas outlet, and heating tubes, wherein the
heating tubes have an inlet and an outlet. An embodiment of the invention is one, any or all
of prior embodiments in this paragraph up through the first embodiment in this paragraph,
wherein the convection bank is below the fired heater. An embodiment of the invention is
one, any or all of prior embodiments in this paragraph up through the first embodiment in this
paragraph, wherein the convection bank is positioned to the side of the fired heater.

[0008] A second embodiment of the invention is an apparatus integrated with a reactor,
comprising a moving bed reactor having a process stream inlet disposed at a designed
elevation, a process fluid outlet, a catalyst inlet, a catalyst collector at the bottom of the
reactor, and a catalyst outlet at the bottom of the catalyst collector, wherein the process
stream inlet is disposed above the moving bed and a fired heater having at least one process
coil, and a flue gas outlet, wherein the process coil has at least one inlet and one outlet, and
wherein the process coil outlet is disposed within 1 m elevation of the moving bed reactor
process stream inlet designed elevation. An embodiment of the invention is one, any or all of
prior embodiments in this paragraph up through the second embodiment in this paragraph
further comprising a convection bank having an inlet in fluid communication with the fired
heater flue gas outlet, wherein the convection bank comprises heating tubes having an inlet
and an outlet. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the second embodiment in this paragraph further comprising an outlet
manifold having multiple inlets with each inlet in fluid communication with a process coil
outlet, and an outlet in fluid communication with the moving bed reactor process stream inlet,
and wherein the manifold outlet is disposed at an elevation within 0.3 m of the moving bed
reactor process stream inlet. An embodiment of the invention is one, any or all of prior
embodiments in this paragraph up through the second embodiment in this paragraph wherein
the convection bank is disposed below the fired heater, or to the side of the fired heater.
[0009] A third embodiment of the invention is an apparatus integrated with a reactor,
comprising a moving bed reactor having a process stream inlet disposed at a designed
elevation, a process fluid outlet, a catalyst inlet, and a catalyst outlet at the bottom of the

reactor, wherein the process stream inlet is disposed below the moving bed a catalyst
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collector having an inlet in fluid communication with the reactor outlet and an outlet; and a
fired heater having at least one process coil, and a flue gas outlet, wherein the process coil
has at least one inlet and one outlet, and wherein the process coil outlet is disposed within 1
m elevation of the moving bed reactor process stream inlet designed elevation. An
embodiment of the invention is one, any or all of prior embodiments in this paragraph up
through the third embodiment in this paragraph further comprising an outlet manifold having
multiple inlets with each inlet in fluid communication with a process coil outlet, and an outlet
in fluid communication with the moving bed reactor process stream inlet, and wherein the
manifold outlet is disposed at an elevation within 0.3 m of the moving bed reactor process
stream inlet. An embodiment of the invention is one, any or all of prior embodiments in this
paragraph up through the third embodiment in this paragraph further comprising a convection
bank having an inlet in fluid communication with the fired heater flue gas outlet, wherein the
convection bank comprises heating tubes having an inlet and an outlet.

[0010] Other objects, advantages and applications of the present invention will become

apparent to those skilled in the art from the following detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure lais a cross-section of a fired heater with a double U-shaped process coil;
[0012] Figure 1b is a cross-section of a fired heater of the present invention with a W-
shaped process coil;

[0013] Figure 2 is alayout of a fired heater, a reactor, and a convection bank; and

[0014] Figure 3 is an alternate layout of a fired heater, a reactor, and a convection bank.

DETAILED DESCRIPTION

[0015] Chemical processes frequently need heating. Process heaters are designed to heat
feed streams or intermediate process streams to temperatures necessary for the chemical
reactions in the processes to occur at a reasonable rate. Process heaters can be single-cell or
dual-cell and are equipped with different shapes of coils like “U-shaped” that allow for a
process fluid to be heated. The coils are mounted in fired heaters that include burners. A fired
heater is typically a box-shaped furnace with the coils inside the box and burners mounted on
the sides or bottoms of the furnace. For a commercial process, a fired heater can be a very

-4 -
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large item. The fired heaters can be as much as 25% of the equipment cost, and
improvements in the designs to reduce costs are important.

[0016] Fired process heaters often cause non-selective reactions, such as thermal
conversion or cracking of hydrocarbons. These non-selective reactions reduce yields and
increase losses. Redesigned heaters can reduce these losses and proved for more desirable
capital cost, operation costs and reduced area, or smaller plot space, required for a heater.
[0017] Single-cell or dual-cell fired heaters equipped with U-shaped process coils, and
end-wall mounted horizontal round-flame burners are widely used in processes, such as
dehydrogenation and reforming. In dehydrogenation processes, the reactions include many
undesired reactions. An estimated 30% to 40% of the non-selectivity is caused by thermal
cracking in the fired heaters. Redesign of the heaters can reduce the amount of these non-
selective reactions, in addition to reducing capital cost and the footprint, or area, occupied by
the fired heaters.

[0018] The present invention includes a single-cell fired heater 100 with a new coil
configuration. A typical configuration is shown in Figure 1a, wherein a cross-section shows
the shell 10, a process coil 20 comprising two U-shaped tubes 22, burners 12, and a flue gas
outlet 14. The typical configuration has two process tube inlets 24 and two process tube
outlets 26. The two process tube outlets 26 pass the process fluid to separate outlet manifolds
34, and a Y-shaped connector 30 is connected to an outlet manifold 34, which merges the
process fluids from the outlet manifolds 34. An embodiment of the present invention is
shown in Figure 1b, wherein the cross-section shows the shell 10, a process coil 40, burners
12 and a flue gas outlet 14. The process coil 40 has a configuration of three tubes 42 in a
substantially parallel orientation with two curved sections 44 connecting the ends of the tubes
42. The curved sections can be semi-circular sections of tubing. The sections are connected to
form a generalized W-shaped coil. The central tube having one end connect to an outlet port
52 and the outer tubes having one end connected to an inlet port 54. In one embodiment, to
allow for constant flow velocity, the central tube has a larger diameter over the outer tubes.
The flue gas outlet 14 can be disposed on the upper surface, or the lower surface of the shell
10.

[0019] The fired heater is in fluid communication with at least one inlet manifold 46 and
one outlet manifold 34. The inlet manifold 46 brings the process fluid to be heated to the

fired heater, and has a plurality of outlets, wherein each outlet is in fluid communication with
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a process coil inlet 24. A transfer line connecting the outlet manifold 34 carries the heated
process fluid to a downstream reactor, and the outlet manifold 34 has a plurality of inlets with
each inlet in fluid communication with a process coil outlet 26.

[0020] The use of the W-shaped tube allows for a much narrower fired heater allows for
the elimination of the Y-shaped connector 30, which reduces the transfer line volume for the
process fluid to travel from the heater to a downstream unit, or typically a reactor. Reducing
the transfer line volume helps in reducing the thermal cracking in the lines leading up to the
reactor. This allows for a more compact spacing of process heaters, and for better positioning
of the process heaters with respect to downstream reactors. In one embodiment, the smaller
fired heater allows for elevating or positioning the fired heater to make use of the hot flue
gases. The hot flue gases that exit the fired heater outlet 14 have temperatures in the range of
700°C to 1100°C, and are passed to a convection bank. The convection bank includes heating
tubes for steam generation, or for other means of heat recovery.

[0021] The present invention is an integration of a fired heater with existing reactors to
improve the transfer of process fluids from the fired heater to a downstream reactor, and to
recover heat from the fired heater flue gas. By removing the Y-shaped connector 30, the fired
heater can be positioned closer to the reactor minimizing the transfer lines between the fired
heater and downstream reactors.

[0022] In one embodiment of the present invention, as shown in Figure 2, the fired heater
100 positioned above a convection bank 110. In this configuration, the fired heater 100 can
be raised and to elevate the outlet manifold 34. The heater can be elevated to be proximate to
the inlet 122 of a reactor 120. In this embodiment, the heater elevation is dependent on the
height at which the reactor inlet is positioned. This design allows for retrofitting of existing
reactors having inlets at the top of the reactor 120 without having to add substantial transfer
piping, or without having to replace a reactor unit. An existing moving bed reactor can have a
process stream inlet disposed above the reactor moving bed 124, a catalyst inlet 126 at the
top of the reactor, a catalyst collector at the bottom of the reactor, and a process fluid outlet.
The catalyst collector has a catalyst outlet 128 at the bottom of the catalyst collector. With a
moving bed reactor, the moving bed of catalyst is in an annular region and the catalyst flows
down through the annular region. The process fluid enters the reactor on one side of the
annular region, flows across the annular reactor bed, and out the other side of the annular

region.
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[0023] For this fired heater design, the fired heater can be elevated to keep the process
fluid outlet with 2 meters of the elevation of the reactor inlet. Preferably the elevation
differences of the manifold and the reactor inlet can be made smaller and can be reduced to 1
m, or even 0.3 m.

[0024] In another embodiment, the convection bank 110 can be positioned to the side of
the fired heater 100 when there is insufficient space below the fired heater to position the
convection bank below the fired heater.

[0025] In another embodiment, as shown in Figure 3, an existing reactor 120 has an inlet
disposed below the reactor moving bed 124. The moving bed reactor 120 includes a process
stream inlet 122, a catalyst inlet 126, and a catalyst outlet 128 at the bottom of the reactor
120. This embodiment includes a catalyst collector 130 having an inlet 132 in fluid
communication with the catalyst outlet 128 and a catalyst collector outlet 134. In this
embodiment, the fired heater 100 is on or near grade and the outlet manifold has a lower
elevation, the reactor 120 can be elevated to provide for the process coil outlet 52 to be
disposed within 1 m elevation of the reactor process fluid inlet 122. In this embodiment, the
reactor elevation is dependent on the height where the heater outlet manifold is positioned.
[0026] The W-tube process coil reduces the thermal cracking and capital cost of the fired
heaters. The smaller fired heater allows for better positioning of the fired heater relative to
the reactor and to minimize transfer line lengths between the fired heater and reactor. This
reduces the hot residence time in the transfer lines and reduces thermal cracking in the
transfer lines.

[0027] While the invention has been described with what are presently considered the
preferred embodiments, it is to be understood that the invention is not limited to the disclosed
embodiments, but it is intended to cover various modifications and equivalent arrangements

included within the scope of the appended claims.
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CLAIMS:

1. An apparatus for reducing hot transfer volume, comprising:

a radiant fired heater having a single cell, at least one process coil, burners, and a flue
gas outlet; and

at least one outlet manifold having an inlet in fluid communication with the process
coils outlets and at least one manifold outlet;

wherein each process coil has a configuration of three tubes in a parallel orientation,
with two semi-circular tubular sections connecting the ends of the tubes, such that the tubes
and tubular sections form a generalized W-shaped coil, with the central tube having one end
connected to the outlet port, and the two outer tubes having one end connected to an inlet

port.

2. The apparatus of claim 1 further comprising a convection bank having an inlet in fluid
communication with the flue gas outlet, and heating tubes, wherein the heating tubes have an

inlet and an outlet.

3. The apparatus of claim 2, wherein the convection bank is above or below the fired
heater.

4. The apparatus of claim 2, wherein the convection bank is positioned to the side of the
fired heater.

5. The apparatus of claim 2, wherein the heating tubes are for steam generation.

6. The apparatus of claim 1 further comprising:

a moving bed reactor having a process stream inlet disposed above the reactor moving
bed, a process fluid outlet, a catalyst inlet, a catalyst collector at the bottom of the reactor,

and a catalyst outlet at the bottom of the catalyst collector.



10

15

WO 2017/003784 PCT/US2016/038703

7. The apparatus of claim 6, wherein the radiant fired heater is elevated to provide for
that the moving bed reactor process stream inlet is disposed within 0.3 m elevation of the

outlet manifold outlet.

8. The apparatus of claim 1 further comprising:

a moving bed reactor having a process stream inlet disposed below the reactor moving
bed, a process fluid outlet, a catalyst inlet, and a catalyst outlet at the bottom of the reactor;
and

a catalyst collector having an inlet in fluid communication with the reactor catalyst

outlet and a catalyst collector outlet.

0. The apparatus of claim 8 wherein the moving bed reactor is elevated to have the

process stream inlet disposed within 1 m elevation of the manifold outlet.

10.  The apparatus of claim 8, wherein the moving bed reactor is elevated to have the

process stream inlet disposed within 2 m elevation of the manifold outlet.
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