WD 98/ 14533 PCT/ EP97/ 05398
REACTOR RI SER OF A FLUI D CATALYTI C CRACKI NG PLANT

The present invention relates to a reactor riser of a
catal yti cWOPB483hg pl ant. Such a reactor riser has
passageway extendi ng between an inlet end for

fluid
PCT/ERY7/8539%|

receiving

hydr ocar bonaceous feed and catal yst partlglés 5 and an Qutlet end for

di schargi ng effluent and catal yst articles.

the reactor riser, a fluid catalytic cracki ng
reactor vessel into which the outlet end of t
debouches, and a 10 regener at or vessel. During no

In addition to
pl ant may include a
he reactor riser
rmal operation,

r egener at ed cat al yst p&Eﬁ?EPBsREﬁﬁ‘Hyﬁﬁoééﬂﬁ@naceous feed are

supplied to the inlet end of tbnggggi@rcﬁAégyNGIglAth
feed is vaporized, and a di spersion of catalyst

riser the
particles in a

gaseous m xture of feed is fornmed. In the 15 reactor riser catalytic
cracking of the feedet pk€Sedd aifsention reldBlsat@asaictXiriisarobsf ged and

pr oduct

i s .obt Because th sition of the gaseo s nlxture
of f eed TS srbabetic cranins, Piaser hEarh cereaantar lieR
m xture will banr eﬁ:&a&eﬂak@amay&f&ﬂﬂmﬂtﬁg bhewees pai Sirdiet?2@nd forof

cat al yst partlggggﬁbge% seo us, efquFn%e%gfggg éiga%%sﬁ1pﬁ$t%c§ctor riser

at a tenperature err

di spersi®on is pasised pntbe'a %reqbaﬁ%n clischargingsgSfluent are qaaadlyelt vessel
wher e gaseous % EEE%@ESIS _ separated from catal yst™ particles. The

gaseous efflu

In addltlon 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 ;iser. In the

15

20

25

riser the feed is vaporized, ahd a. dispersion of catalyst
particles in a gaseous mixture of feed is formed. In the
reactor riser catalytic cracking of the feed takes place,
and a gaseous mixture of feed and product is obtained.
Because the composition of the gaséoqs mixture of feed

and products changes along the riser reactor, this

mixture will be referred to as 'effluent'. The dispersion -

of catalyst particles in the gaseous effluent leaves the.
reactor riser at a temperature of between 500 and 540 °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
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



25 .is renoved fromthe upper end of the reactor vessel, and

the catal yst particles are di.scharged to the | ower part of the
reactor vessel where they are stripped. Stripped catal yst particles
are passewWon®14sB® r egener at or vessel WO 98/ 14FZI/EPITN5398 )
PCT/ EP97/ 05398 - 2- . wher e coke
deposited on the particles during cracki ing is . burnt-off at a .high
tenperature to obtain conbustion . pfoducts and regenerated catal yst.
The ConbUSt'OanEQe coke de tedch Eﬁgn¥§gtiffggtéﬂil @Eagﬂg%gf éhe
regenerator 5 el regenerated catalyst 1s r - use rmall

reactor .riser Pslri)ér‘t’\féa@t a high temperpjurfete cetain Ppslérlsth@naverage

linear gas vel gebliMcts and régeddrdtid ARESYSE. fTMN R t38n PSoaNd the
aver age l'i near vel oc\é%(y of the catalyst particles is up to 10

25 m's. The caC¥F{st 2p8r FPRPERD \FI9M 1P UBRBE 87 iff Ithe regenerator
con-currgently Wetsbenhanaaﬁ@@étsefaa%‘d idartatrmgtum,r&nrbéd. Normallyihe
preferred that fhere is.litt]e ween gas and particles.

As the cracki n§SPESEF] ﬁs?’ék’e§ ‘fﬁra gln the catal yst 15 particles, good
contacting bet weenIhh’ehgasemnsozefﬁ:Jasae:nu:he averagandindae gasavgbécipayticl es
Is essential f S | eqgreeno, OINE R §e0 To
‘i mprove the co(r%t acti %ng‘l?ﬁgéeno hferc’énatl(a QE S J‘/g 4hd t%t glvglsra fd the
gaseous effl uedtinepr velpebbysed the @SAaZGSt palp‘sax@ms disewbf feati on No. 3

353 92540 pro‘é'sdﬁn/EheTﬁéa&S@élyst partiches! wili Mdvd swibadkhhyi i1 gontacting

devi ces arranged axi al Iy spaced apart in the axial passageway of

t he re&é‘PoF“FF%FlYT‘ﬁ%t‘anWn GEFROHEL FRACHERN FHEtESRYr 7RE h

annul ar flat mixi pgegbepeat chiongegenls Yidtla DY adtwe@n 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 contactlng
25 device, the passage has a dlameter 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 bécomes. 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.



25 device, the passage has a dianmeter which is snmaller than

the dianmeter of the axial passageway. Thus, the further t he annul ar
m Xi ng el ement penetrates into the passage, the smaller the

di anet er VW@ #3883 sequent |y the area) - of t he pass®§IEPOUAS8s. Thi s
has an -adverse effect on the 30 pressure drop over the contacting

devi ce, because the smal |l er the arga. of the passage, the |arger the
pressure drop becones. WO 98/ 14533

PCT/ EP97/ 05398 Appllcant now considers a contact1n§ device whlch has
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To this end, thg.t e hke$gh . 0f a fluid catalytic cracki ng pl ant
according to the present invention, has an axi al passageway
ext endi ng bet ween &P ithiist eafld the reactor nismey wifng Kyuidceatmhdcieous feed

and catal yst pagtd@di®% plant ac@Bgdi‘ﬂgO\% | &le gﬁﬁ‘ésfe&ﬁ: .dlh§8I§'g:F&I ngh &f tduent
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the mxi ng el Sl 1 HELSh: Bolndoroat Senaidingn AFFHuPEE  RAT $4CRMPloas | y
be bui |l #0i nto tgertaddlas, and is paeshdedayitdf aaplaxa&ﬁtpgofe@&ﬂﬂ&cﬁﬂﬁaer
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detail with reference to't rein 20
Figure 1 shows pasaageviayal Wpezeliongacdéontiactdoli drvice compuisgmrd of the

reactor riser aeGoNdl A dRnth8aRiR§CPhe 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 longitﬁdinal section
of part of the reactor riser according to the present
invention; and o

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 fhe 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



i nvention; and
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because a fluid

Figure 2 shows section I1-11 of Figure 1.
w made to Figures 1 and.2. The reactor 25 riser is
reference nuneral 1. For the
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r riser 1 has an axi al passageway 5 extendi ng

SJL.fluent and QNQ;%ys% partlcles.
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¥ayhe contacting devi ces is not critical, usually it

I th@8 can be seen, the contacting device 7 has only one

flat mixing element 10, whereas each of the contacting

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. )

During normal operation a dispersion of catalyst
particles in gaseous effluent is passed through the axial
passagewéy 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
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
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

-
!



the dianeter of the axial passageway 5. 20 During normal operation

a di spersion of catalyst particles in gaseous effluent is passed

t hrough t he -axi al passageway 5. The flow of the dispersion is
di,st ur bed W) 98/14533 the flat mxing elenments 10, and corRGIVEPITIOS398 an effi -
cient mxing of catalyst particles and gaseous effluent 25 I n

obt ai ned. In Figure 2 the dashed_circle referred to with .
reference nuneral 15 represents the inner periphery of an annul ar
flat mixing el gEydad¢Ridaiaihg tbetﬁéleén@sétmg denczéhae@m?&?én& e same
penetratlon depth as the flat mxing 30 el ement of the present

i nventi on. vie Hi%estﬂ"e?ar’-“t"ﬁ&'ﬂ:m“g Consequentlan f6F the pame RRNYIEAAi ni ng
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tacting device according to the present invention. It
will be clear that the known annular flat mixing element

15 has a much smzller penetration depth than the flat mixing
element of the present invention.

The flat mixing elements of adjacent contacting
devices can be arranged directly above anothér. 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 adjaéent contacting device,
and as shown in the Figﬁres, 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 alternati?e 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



will be clear that the known annul ar flat m xi ng el ement 15 has a much

smal | er penetration depth than the flat m xing el emrent of the
present invention. The flat m xing elenents of adjacent

cont acti ny098/14s33 devi ces can be arranged directly abovcrmrotbssss However,
suitably the flat m xing elenent(s) of a contacting 20 device is (are) ’
arranged staggered with respect to the- flat m xing elenent(s) of an
adj acent contacting device, and~a8 $homm in the Figures, the flat
per pondi cular Pgtveen @ confidfilin " ha St e G5 naTPSReR e

any 25 acusebatgken 5° and 20°. |n addition, the flat mxing

el ement (s) can further f1.¢ mixid wdends! bp Pl Yidd .

The central pl anes 2% o%athmé“ﬁ a(‘{](ér%l %%Hgse errentsrglo IWJtn\@&rgﬁziéms‘h%‘)\s/vn in

the Figures ar&igcpgagedvhlh peekRrancsr toothpedsawings hawiet mal | ongi t udi nal

axi s 21 pf the fe@aah@h1hkS€Fods-ddbtion, Alta@bnAi®INAt ivy exbadinent the
m xi ng el ements can be arranged tilted with respect to the central

e
| ongi tudi nal ~ Sectionggpsscan by Ynangdarer wheteln the@picesnpfethfe angl e
WD 98/ 14533  triangles of each cross-section are 1d¥al{ddPd# @5888aight

- 6- between a central plane and the central |ongitudinal axis

i s between 5[ errf€and 20[err]. The flat m xing el enents of the _
present invention as di scussed with reference to the draw ngs have a
5 rectangul ar cross-section. Alternatively, the cross- section
is can be triangular, wherein the apices of the tri angl es of each
cross-section are | ocated on a straight i ne. o
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-7- - CLAI MS 1. Reactor
riser of a fluid catalytic cracking plant, whi ch reactor riser has
an axi al PEBH4BAay ext endi ng between an inl et eR§TEBPIASMSBei vi ng
hydr ocar bonaceous feed and catal yst particles and an outlet end for
di scharging 5 ef fluent and catal yst particles, which reactor riser is
provided with a plurality of contacting delites arranged - axially
spaced apart in the axial passageway, wherein each contacting device
conprises a mxing el enent having the shape of a segnent of arc. 10
2. Reactor riser according.to claim1, wherein each contacting
device conprises a pair of opposite nCxXLr I M S el enent s. 3.
Reactor riser according to claiml or 2, wherein the m Xi ng

el enment (s) of a contacting device is (are) 15 arranged staggered with

respect to the ¥ xiRegodlognuases) of a fluidfcairlydiacensckimg gutanty devi ce.
4. Reactor ri sq;hla&we@c%ﬁer 188¥ Roe o éﬁeal(:lpaa\'sgﬁgéngtextend:\.lva#w;gre' n

the mxing elenment(s) furt I nclu .
between an inlet end for rece1v1ng 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 cbntacting 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 accordihg to claim 1 or 2, wherein the
mixing element({s) of a contécting device is (are)

15 arranged staggered with respect td the mixing element (s)
of an adjacent contacting device. '

4. Reactor risér according to6 any one of the claims 1-3,
wherein the mixing.glement(s) further include a lip

pointing inwards.
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