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REACTOR RISER OF A FLUID                         CATALYTIC CRACKING PLANT
The present invention relates to a reactor riser of a         fluid
catalytic cracking plant. Such a reactor riser has         an axial
passageway extending between an inlet end for         receiving
hydrocarbonaceous feed and catalyst particles 5      and an Outlet end for
discharging effluent and catalyst        particles.          In addition to
the reactor riser, a fluid catalytic          cracking plant may include a
reactor vessel into which          the outlet end of the reactor riser
debouches, and a 10      regenerator vessel. During normal operation,
regenerated         catalyst particles and hydrocarbonaceous feed are
supplied to the inlet end of the reactor riser. In the         riser the
feed is vaporized, and a dispersion of catalyst         particles in a
gaseous mixture of feed is formed. In the 15      reactor riser catalytic
cracking of the feed takes place,         and a gaseous mixture of feed and
product is obtained.         Because the composition of the gaseous mixture
of feed         and products changes along the riser reactor, this
mixture will be referred to as 'effluent'. The dispersion 20      of
catalyst particles in the gaseous effluent leaves the         reactor riser
at a temperature of between 500 and 540[err]C         or higher. The
dispersion is passed into a separator         system in the reactor vessel
where gaseous effluent is         separated from catalyst particles. The
gaseous effluent 



25      is removed from the upper end of the reactor vessel, and
the catalyst particles are discharged to the lower part         of the
reactor vessel where they are stripped. Stripped         catalyst particles
are passed to the regenerator vessel           WO 98/14533
PCT/EP97/05398                                       2-         where coke
deposited on the particles during cracking is        burnt-off at a high
temperature to obtain combustion        products and regenerated catalyst.
The combustion pro-        ducts are removed from the upper end of the
regenerator  5     vessel and regenerated catalyst is re-used. Normally the
reactor riser is vertical.             In the reactor riser the average
linear gas velocity         is in the range of from 10 to 30 m/s and the
average         linear velocity of the catalyst particles is up to 10
25 m/s. The catalyst particles will move substantially
con-currently with the gaseous reaction mixture, and it         is
preferred that there is little slip between gas and         particles.
As the cracking reaction takes place on the catalyst 15     particles, good
contacting between the gaseous effluent         and the catalyst particles
is essential for a sufficient         degree of conversion.             To
improve the contacting between the catalyst         particles and the
gaseous effluent, it is proposed in USA 20     patent specification No. 3
353 925 to provide the reactor         riser with a plurality of contacting
devices arranged         axially spaced apart in the axial passageway of
the         reactor riser. The known contacting devices comprise an
annular flat mixing element. Consequently at a contacting 



25      device, the passage has a diameter which is smaller than
the diameter of the axial passageway. Thus, the further         the annular
mixing element penetrates into the passage,         the smaller the
diameter (and consequently the area) of         the passage becomes. This
has an adverse effect on the 30     pressure drop over the contacting
device, because the         smaller the area of the passage, the larger the
pressure         drop becomes.           WO 98/14533
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Applicant now considers a contacting device which has         a relatively
large penetration depth, whilst the pressure         drop over the
contacting device is maintained at an         acceptable level.  5
To this end, the reactor riser of a fluid catalytic         cracking plant
according to the present invention, has an         axial passageway
extending between an inlet end for         receiving hydrocarbonaceous feed
and catalyst particles         and an outlet end for discharging effluent
and catalyst 10     particles, and is provided with a plurality of
contacting         devices arranged axially spaced apart in the axial
passageway, wherein each contacting device comprises a         mixing
element having the shape of a segment of arc.             An advantage of
the mixing element of the present 15      invention is that it can easily
be build into the axial         passageway of an existing reactor riser.
The invention will now be described by way of example         in more
detail with reference to the accompanying         drawings, wherein 20
Figure 1 shows schematically a longitudinal section         of part of the
reactor riser according to the present 



invention; and             Figure 2 shows section II-II of Figure 1.
Reference is now made to Figures 1 and.2. The reactor 25      riser is
designated with reference numeral 1. For the         sake of clarity any
lining on the wall 2 of the reactor         riser 1 is not shown. Moreover,
because a fluid catalytic         cracking plant is well known, the
remainder of the plant         will not be shown. 30          The normally
vertical reactor riser 1 has an axial         passageway 5 extending
between an inlet end (not shown)         for receiving hydrocarbonaceous
feed and catalyst           WO 98/14533
PCT/EP97/05398                                    -4-         particles and
an outlet end (not shown) for discharging        effluent and catalyst
particles.             The reactor riser 1 is provided with a plurality of
contacting devices 6, 7 and 8. The contacting devices 6, 5      7 and 8 are
arranged axially spaced apart in the axial        passageway 5. Each
contacting device 6, 7 and 8 comprises        a flat mixing element 10
having the shape of a segment of        arc and a rectangular
cross-section. The penetration        depth of the flat mixing element 10
is the rise 12 of the 10      segment of arc. The flat mixing element 10
can be con-         nected to the wall of the reactor riser 1 in any known
way.             As can be seen, the contacting device 7 has only one
flat mixing element 10, whereas each of the contacting 15      elements 6
and 8 comprises a pair of opposite flat mixing         elements 10.
Suitably the number of mixing elements is         not more than 4. The
axial spacing of the contacting         devices is not critical, usually it
should be larger than 



the diameter of the axial passageway 5. 20          During normal operation
a dispersion of catalyst         particles in gaseous effluent is passed
through the axial         passageway 5. The flow of the dispersion is
disturbed by         the flat mixing elements 10, and consequently an effi-
cient mixing of catalyst particles and gaseous effluent 25      in
obtained.             In Figure 2 the dashed circle referred to with
reference numeral 15 represents the inner periphery of an         annular
flat mixing element according to the prior art         which has the same
penetration depth as the flat mixing 30      element of the present
invention. It will be clear that         the area of the passage pertaining
to the known con-         tacting device (which corresponds to the area
enclosed by         the circle 15) is much smaller that the area of the
WO 98/14533                                      PCT/EP97/05398
- 5-         passage pertaining to the contacting device according to
the present invention. Consequently for the same penetra-        tion depth
the contacting device according to the present        invention will give a
much smaller pressure drop than the 5      known contacting device.
The dashed circle referred to with reference numeral         16 represents
the inner periphery of an other annular         flat mixing element
according to the prior art. The         diameter of circle 16 is so
selected that the area of the 10     passage pertaining to the known
contacting device (which         corresponds to the area enclosed by the
circle 16) is the         same as the area of the passage pertaining to the
con-         tacting device according to the present invention. It 



will be clear that the known annular flat mixing element 15      has a much
smaller penetration depth than the flat mixing         element of the
present invention.             The flat mixing elements of adjacent
contacting         devices can be arranged directly above another. However,
suitably the flat mixing element(s) of a contacting 20      device is (are)
arranged staggered with respect to the         flat mixing element(s) of an
adjacent contacting device,         and as shown in the Figures, the flat
mixing elements of         adjacent contacting devices are arranged
perpendicular to         each other. The angle need not be 90, it can be
any 25      acute angle.             In addition, the flat mixing
element(s) can further         include a lip pointing inwards.
The central planes 20 of the flat mixing elements 10         as shown in
the Figures are arranged perpendicular to the 30      central longitudinal
axis 21 of the reactor riser 1. In         an alternative embodiment the
mixing elements can be         arranged tilted with respect to the central
longitudinal         axis 21 of the reactor riser 1. For example the angle
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-6-         between a central plane and the central longitudinal axis
is between 5[err] and 20[err].            The flat mixing elements of the
present invention as        discussed with reference to the drawings have a
5      rectangular cross-section. Alternatively, the cross-        section
is can be triangular, wherein the apices of the        triangles of each
cross-section are located on a straight        line. 
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-7-                                    C L A I M S           1. Reactor
riser of a fluid catalytic cracking plant,         which reactor riser has
an axial passageway extending         between an inlet end for receiving
hydrocarbonaceous feed         and catalyst particles and an outlet end for
discharging  5     effluent and catalyst particles, which reactor riser is
provided with a plurality of contacting devices arranged        axially
spaced apart in the axial passageway, wherein        each contacting device
comprises a mixing element having        the shape of a segment of arc. 10
2.  Reactor riser according to claim 1, wherein each         contacting
device comprises a pair of opposite mixing         elements.         3.
Reactor riser according to claim 1 or 2, wherein the         mixing
element(s) of a contacting device is (are) 15     arranged staggered with
respect to the mixing element(s)         of an adjacent contacting device.
4. Reactor riser according to any one of the claims 1-3,         wherein
the mixing element(s) further include a lip         pointing inwards.    


