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FEED NOZZLE ASSEMBLY Field of the invention The
invention is directed to a feed nozzle assenbly for

WO paosoduet ng a m xture of a gas and a |iquid PCI/EP2004/052923

hydrocarbon into a vessel in the formof a
substantially sheet |ike spray. Background of the

i nvention A single contact zone of the hydrocarbon
feedstock with the catalyst is inportant in a fluid
catal ytic cracking (FEEp po@ceE8sSASBEMROEr to contro
the reaction tine in the riser. Mreover, a fast

m xi ng of the liquid hydrocarbon feed and the hot

rqglgéf{% agfdt}g@tﬁlny%&éﬁ desirable to vaporize the
senbly of US-A-5306418 was

abl e tThecirivere: tdresies ai:n;xem’uanbstcb)a haaddgnd el enczzd @b ly

assenbly inserted fron1the of the riser

" eE e ‘zjf[ PR PR

W&m@@ 1%&1&9'&? xﬁé@é‘él -id kS M tdW QMM uBstantially
single slit opening at the outlet end of the nozzle

as¥edyl y11¥S-pra&H673859 descri bed several feed nozzle

assenbles for simlar_side sntry appl i cati ons, one
a2%§§§E¥Eﬁggﬁﬁgj%we~égﬁ¥§?gkﬂg slits, another having

two par adde}les|ddricautd aned hef ’dTﬁélleiLtcy&Eaﬂ:bMefmé@stock
slits for discha:gg of a mxture of gas

hytride it rrafapyds. 19 tllv%r%ﬁi%fcrlrfbéd ITJnulGS P tabysR59

| t |
hg?t%e i aggplgié%%vﬁu ng etteréic%:rg%}g]étl ng W ‘L‘éé tion

caIJarheys:tn ctdumaormblto Mdwoseven t e af s tnghiex shg to Dpeme nJg,J,qu:Ld

ch, as 5306418 9794857
¥g¥ﬁﬁiﬁﬁﬁpf ?%é?(&égg?ﬂgggregenerateg'catalysts is

de51rable to vaporize the feed. The feed nozzle assembly
of US-A-5306418 was able to achieve these objectives by
having the nozzle assembly inserted from the periphery of
the riser reactor, known as side-entry in the industry,
and discharging a single sheet-like spray through a
single slit opening at the outlet end of the nozzle
assembly.

US-A-5673859 described several feed nozzle assembles
for similar side-entry applications, one assembly having
two converging slits, another having two parallel slits
and another having two diverging slits for discharge of a
mixture of gas and hydrocarbon ligquids. It was described
in US-A-5673859 that these nozzle assembles with two
discharge slits had the advantage of providing better
contacting with catalyst compared to those with a single

slit opening, such as US-A-5306418.
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di fferent variations of nozzle assenblies with
multiple slit openings at the outlet ends of the

woewzlog74bbr the side entry application. US- A- 6BSTEB204/052923

descri bed a feed nozzle assenmbly for inserting the
nozzle fromthe bottomof a F riser reactor, known
as botton1entr§éin the industry. The spray di scharged

from F8ch-2 PSS nergl ¥5nas SORe oPar musttng Theleisew ks,
Thy. e - [ ing/ :acl .zQRe :

R Ao ban asast oo wn L pe eSS iR il imte
apiliteddenianos de amter putdzzl encenfaiguhat inore 2iec ficse the
of .the discharge ,being a holl ow cone spray. Although

i 514 S IAP %dod that the feed nozzle

assenplay nf Gr3egde Gl iBRRI IsC #ele@n NWzN MlsiefA v for
outlet slits, such as US-A-5673859, has the advantage

ofi nsreonti ighion ¢ hse ttoerz Ifee it oo ritheee ok cob rpfarce F Qo tilse r

one W.th a.single outlet slit, such.,as S A-530641 a

A Al EagE O HE PSR S0 PR SHGerdT GO FPray
t ke PRt d Mreugkudie Jarsed haweliveen d M adMAddmler a

slit openings as a result of FCC catal yst particles
mbeilA@wasne-hridigh nvede gapncdt anlgiedreloo@ii®sy; contact
PSSPl d4& ta%zd} Neyaerels ?efe%&&o%% WReh 39lPcent Sh&eti ¢ 4t
| i"Ke sprays. € obj ect of the present invention i's to
crieatepm fegbd naz Hielcassaml ynoadliecclvdigsi gdretion because

advant ageous operatiqggfroperties of a single contact
z e TS Hig ieste AR SRt LM SRE BYj%ktive is to

have heedi02dl & ARRBHRIN PRMINGA0ASLthe feed

cont acti ng, suéh as the nozzle disclosed in f
exaydle IS sLB948%r witde ranttdyplapmsliaadidyutwiith maslstiple

pro%r%eletto se.Lri Ssi,onsiuc%urggar[ys—%—géqﬁé.SrbV,e%aisoq:he advantage of
providing better feed contacting compared to the one with
a single outlet slit, such as US-A-5306418, a major
disadvantage of the former is that erosion could take
place through the gaps in between the multiple slit
openings as a result of FCC catalyst particles moving
past through these gaps at high velocities, possibly due
to a vacuum effect between adjacent sheet like sprays.'

One object of the present invention is to create a

feed nozzle assembly, which has the advantageous
operating properties of a single contact zone with a
sheet-like spray. Another objective is to have a feed
nozzle assembly providing good feed contacting, such as
the nozzle disclosed in for example US-A-5794857 with
multiple slits, but is less prone to erosion.

Summary of the invention

These objects are achieved with the following feed

nozzle assembly. A feed nozzle assembly for introducing a
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These objects are achieved with the follow ng feed
nozzl e assenbly. A feed nozzle assenbly for

WO paosoddei ng a- 3 - mixture of gas and |iqui d PCT/EP2004/052923

hydr ocarbon droplets into a vessel in the formof a
substantially sheet -1like spray, which feed nozzle
assenbly conprises a _nozzle body provided at its
upsKitaa® par vaw erdmedasidohydsprarbre daserdrd smiats a
t uppl y _t liquid _hydr I . ' zl 0
A A A A R
owhlieh €red siopde dedenblly apmeprdsgat @d nopediendpody
wherein in the opening an eIongategbinsert is

I

pBEPIILERED adudiy St &S T4 *EBh PeRo s Yo dis aiSe tich § e e

f oL diseh Of. .t & aofi ©9as1 ARG AdGui -
4ros) ars TR ol MY VR TS Aoy to said

nopzlzd eateoiydiang td tthe idowasttirear sngsed,tha augivtdah end
substanti al.ly sheet,-1i ke sp I.S.generated, providin

SABLED S oncacE R ERE W ol o b

| €32 AHONE rf @HRY @Pe@NngTRG IRk 1% 510 it fRHF A oned
to a reactor riser provided with the above feed .
nezgheshas i gondrnmpUsed@ oo 2Pedd Nehdasdd tef fiaye discharge

react or -f.eed nozzl e assenply jn e wherein

c ?alty%ﬁ ?léﬁélrg I‘Ol%]q@iag Ay r(%au&gﬁ dgtlrrogﬁcegcist'act ed. The
i NVenicRn iicindlss hatier ced that WeRCE ahe iferrd promdlded
with the above feed nozzles as bottomentry feed

nGEAES I s NG HWET At 05 Weet Mo e Wd%enbl y
B FGE35 1 esrh%'e'%—ciqtk%l %%tr%ya'l% yddiitd g, pror;fiding a

k% rocarbon are contacte ri ef description of the
drsdwigigs lREy&r tdrgaatdmngs sindedtiandleed ewafle he less
! g?%ﬂﬁ % erosion.

The invention is also directed to a reactor riser
provided with the above feed nozzles as side entry feed
nozzles and use of the reactor-feed nozzle assembly in a
process wherein catalysts and a liquid hydrocarbon are
contacted.

The invention is also directed to a reactor riser
provided with the above feed nozzles as bottom entry feed
nozzles and use of the reactor-feed nozzle assembly in a
process wherein catalysts and a liquid hydrocarbon are

contacted.

Brief description of the drawings

FIG. 1 is a cross-sectional view of the invention
taken along the longitudinal axis.

FIG. 2 is an enlarged view of the nozzle of FIG. 1.

FIG. 3 is a cross-sectional view taken along
reference line 3--3 of FIG. 1.

FIG. 4A is a plan view of the first nozzle tip.
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taken along the longitudinal axis. FIG 2 is an
enl arged view of the nozzle of FIG 1 . FIG 3 is a

w@e@mss4HseCcti onal view taken al ong reference | PCBEB2084/052923

of FIG 1. FIG 4A is a plan %iem/of the first nozzle
tip.- 4 - FIG 4B is a cross-sectional view of the

first nozzle tip taken alon% reference line 4 -
FIG 4AG-FAE 15A8 $roser68§TI086H Jrgl Pitewhst ftlﬁfét nozzle

segond (f.ee l.aken caly refier enge limne 5
- %%%i %aé{eé %)Sléﬂi%lz:lzﬂ&efetglg?ﬁcs a plean@vllgelv%eo the seggnd
nozzl &IG. pSAFIi@ ab dreszg-creosd ongdctviiewalo fvitéw @fe donel

second nozzI n al reference line 5

N C R R R DR Y T
away; visgy of the nozzle of this invention in a side
entry riser reactor configuration. Detailed

descr iFgG-0bFofi & e Alaventiicon oAl ttheugieacmel ﬂ@é@l{ﬁ)ztzlllce

asse fqr, side entr app tion.w th |pIe

out | ggjlg;l [ ?55? $uch gssé C%é’? QVIﬁg\Jsot e adva Oglgde
ofhoRra\ diifg thetdrera ferd regriaeideng icemMiu-edd ard e, 5B.
ones with a single outlet slit, such as US-A-5306418,

a maj 61 &i Sad\e@icage 16 ofige BRGNS Phatl dendalt Formy view
Cif fances Lerasiy ut
ocgaﬁ%%i§%1 cé%f§§bgﬂf£3e ?gg't égbgééﬁsg%ﬁggﬁﬂ%¥k%ﬁﬁf
prre@ctart dceﬁiimnﬂﬂlem W|th multiple slits, such as
di scl osed in US- A— 5794857 and S—A 5673859, is that
2 Wodd Gaps i n between
the whttlrmu%rﬁleﬁe aRan gS AS %srs%?d}ﬂlty oo FFGG fAteRlths)
particl es novi ng past through
application with multiple outlet slits, such as

US-A-5673859, has the advantage of providing better feed

contacting compared to the ones with a single outlet
slit, such as US-A-53006418, a major disadvantage of the
former is that under some circumstances erosion to the
nozzle outlet end may occur. Applicants believe that the
disadvantage of the prior art feed nozzles with multiple
slits, such’as disclosed in US-A-5794857 and
US-A-5673859, is that erosion could take place through
the gaps in between the multiple slit openings as a
result of FCC catalyst particles moving past through
these gaps at high velocities, possibly due to a vacuum
effect between adjacent sheet like sprays. Applicants
believe that catalyst is drawn into this gap, due to the
same vacuum effect to cause the convergence of the
adjacent sheet like sprays.

Applicants further believe that the present invention
can achieve the objective of preserving the advantages of

the feed nozzle assembly for side entry application with
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these gaps at high velocities, possibly due to a
vacuum ef f ect between adj acent sheet |ike sprays.

wa\ppbiocant s bel i eve that catal yst is drawn i ntBCT/BPR04/052923

gap, due to the same vacuumeffect to cause the
convergence of the adjacent sheet |ike sprays.

Applicants further believe that the present invention
cé‘ﬁﬂ&c]iﬂ Y o ects %fpliﬁ’véégﬁﬁpr@qw doRRtht ages
ofcdiieadietth nazzl & Arstiily 4 Si SRR aPRLE C@éé le
wWith~ nultiple outlet slits for prOV|d|ng(%etter ee
comatamg i Jean dvoiwh g ttHee disadlesitayescafrding to the
passi bl e eraosi an. probl em by using the new desi gn

acdortih %QyﬁﬁtgihESent i nvention. One preferred

enbodigmntpf fdhe Pragatinamenisi ahd pAdsdrave mrdeethn is
nozzl e assenbly with a | oop opening at the outlet end,
wWHiTHa%e @ dotfd MRABL O HP LY isittdad dfodraverrping at the

separ o] i [ | - i£9§ e
themlgépﬁeeﬂe of cai acfergsjtSg aéttac ; suchsaarl%%gg'%oi ) %%%5‘1:

t heapires endo | suentd wsd helsoragatoad | i opgsBmhydi £ a gap in
connects the ends of the two elongated slits with two

hAFEURFp 19 CPFTOIrIR riep 2 ooHt | 1 oI and

t h}@z@l%%éﬁ%@&@@é&@@mﬁ%&% ¢l pngat %Phéi%l Sopening

which is prone to catalyst attack. In order to ac
sudhi ch comineniostieoomdd iaf, @re itvwserdlarsygosi t$bitesl with

{15200 U A A Car pOgl Tgie i GHE Tos2S Dol oTit and
Aldhadght ddiendidfieren tdomas Sshow ddiee gl e duil et s

with a single loop slit, the present invention also
colerah al s isEre ofo var ik Y vhsattsi@h as positioning

mul ti Qﬂne dﬂ‘?e% 1S iargkﬁea&% egl?cﬁgaat %r&gﬁﬂiﬁﬂs t]f:)oop slit, an
insert is positioned in said an elongated opening. The
insert is preferably fixed to an upstream position in the
nozzle body. Although the different Figures show the
nozzle outlet with a single loop slit, the present
invention also covers a number of variations, such as
positioning multiple inserts into an elongated opening to
form multiple loop openings.

The elongated opening preferably is elongated such
that substantially parallel sheets of sprays are emitted
from the two elongated sections of the loop opening. More
preferably the elongated opening is defined by its
maximum length 1 and its maximum width h, wherein the
length 1 is measured along the optionally curved surface
of the closed end of the feed nozzle body. The ratio of
1/h is preferably greater than 1.5, more preferably

greater than 2, even more preferably greater than 3. The
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formmultiple | oop openings. The el ongated opening
preferably is elongated such that substantially

w@aralkak7 sheets of sprays are emtted from t heCT/BP2004/052923

el ongated sections of the |oop apening. Mre
preferably the el ongated opening is defined by its
maxi mum length 1 and its maxi mumw dth hy, wherein the

| gt Ph & /edsuree iyt Rpsotday < ware
?gﬁ‘%éyl}} hsqnaclll%sregcrkg%? 19f. the feed nozzle body. The

1/'h 1s pref y greater than 1.5, nore
pr ef errableyegr eatrer crveni ddy, s taorte gqpesfierablsy obtained

greater than 3 .. The- 6 - ratio of 1/h is preferably
A g Torna S GRETalS thi S r Bepferred

EVIRR J¥0N16 18O 0N 0 6, S tifie QRAIMIGEIS, A alledtvhieMore
the width of the el ongated opening h has a preferred
eaafdiahty of0 10 rand morst pregfarzaiy 59 mm . e wintieh of

|
pr.ef er abl 0 nd nost .preferabl 0 The w di h
oft%i% eeale?r}c/%aétaetdgg)pgeﬁl ent %;h h}P s éjarperé/e?r%erﬁp@pep% iy ¢OF

ofp el b} Y2 20 Mmd iy & i ekt yi SbGmiimeBMeMore
nmor e pref erabl 120 nm and nost referabl();r/ 80 mm. Al so

p b aih g enast ragsiors & ewt s tihto
i i ' of . the. .
ISR S SRR Bl p B s aseny food

t heoed longiad etb sldd d svdiel et neayd dOGhandomietream end
preferably between 5 and 40 nm Preferably the outle ,
T G PO Ko Bod |4 o S Dot I &tes s1it
aGhl @yaS, &0y & RY e o/ i, S tfd Rtk SRR I W RY5 and

being emtted fromthe | oop opening. The feed nozzle
acddbrding to the present invention will preferably be

prOVi%%%fggg%ﬂ?%ﬂ%16ﬁgfg€né%éﬁ8%lgﬁ% nozzle body is dome
shaped because this achieves a more evenly distributed
sheet-like spray being emitted from the loop opening.

The feed nozzle according to the present invention

will preferably be provided with means to form a mixture
of gas and liquid hydrocarbon droplets, also referred to
as atomizing means. Such atomizing means may be as for
example described in EP-A-717095. Preferably the feed
nozzle is as described below wherein the atomizing means
are achieved by the specific design of the loop opening
and the means to supply gas and liquid hydrocarbon. Such
a preferred feed nozzle has a nozzle body comprising of:
(a) a substantially cylindrical inner tube defining a gas
conduit fluidly connected to the means to supply gas at
its upstream end and a dome shaped downstream end, which
dome shaped outlet end is provided with one or more gas

outlet openings;
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of gas and |liquid hydrocarbon droplets, also referred
to as atom zing neans. Such atom zi ng neans nmay be as

wo e0osexaepl e described in EP-A-717095. Pref er abt/EP1964/05292

feed nozzle is as described bejaw wherein the
atom zi ng nmeans are achieved by the specific design of

the | oop opening and t t I d
|1 Rl oy LA Bo S Bt PR T Dol by the
nogizd € POGYE £8P Stig Dinef auide sMRStaM | Bhhdr surface of
cylindrical inner tube defining a gas conduit fluidly
coHrectedzi® Ry madntch olﬂsq:tpbg yhgcg%ogarb@@ eprdpehnm s

d ich d
e B L SRS b S

Oy @to OpEpdbmYsst its P taeamnendiar |iquid
hydr ocar bon conduit defined by the outer surface of _
t heS) iR retbe P TPt ker SRRFRES gt tHee M| onduit

b . Rl d I it . .
cg%%%c%@%g?%ﬁéﬂ%dg%g%sigﬁéguppl§ Iicu%%é%y%é%%gé%o%% the
atdons sipspecdaaneéna g mwherke nodde; gasd ouhéedin

openj ngs of the gas conduit are substantially aligned

o T {REe POt et g1 P T et HOHEF ShHgUr v SR paS Of the
nozzd £1 bogdysy angd phes i fo (e thes | Aefs ts PS4 @988st Peam

t he el ongat ed openi ng of the nozzle body is fixed to

t endas dome shaped downstream end. The feed nozzle

may hayve dinpensi ons, and design for e nozzl od n
R R i
US: e STO485S , badly Cdindl ef i enege t St liies ey desor Posat €A more

by reference. Preferably the downstream end of the
i iRt hiben | S TRmY ShEpEd. WThFR BRWREEReRNt BnideT 8Ly
Proyldedo ity 0ne BLrerence.

Preferably the downstream end of the inner tube is
dome shaped. This downstream end is provided with one ox
more gas outlet openings. The gas outlet opening is
preferably single or multiple rows of holes. Through
these holes gas, preferably steam, will flow into the
heavy petroleum hydrocarbon passing through the outer
heavy petroleum hydrocarbon conduit. This results in a
mixture of steam and heavy petroleum hydrocarbon having a
velocity in the direction of the gas being emitted from
said holes. Because openings in the gas conduit are
substantially aligned with the loop opening in the nozzle
body the mixture of hydrocarbons and gas are directed to
the loop opening. As a result of the pressure of both
hydrocarbons and gas a fine atomization of the
hydrocarbon results.

Typically the openings in the closed end of the inner

gas tube will consist of at least one row of small holes,
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nore gas outl et openings. The gas outlet opening is
preferably single or multiple rows of holes. Through

w0 b@spo41aot es gas, preferably steam wll fl ow PeCL/BP10h€052923

heavy petrol eum hydrocarbon_pgssing through the outer
heavy petrol eum hydrocarbon conduit. This results in a
m xture of steam and heavy petrol eum hydrocar bon
hﬁvmh@réngeféémt?bPHttﬂetﬂ|?%@PFoﬁOan he2gdsiBetpgsize

PLbhedobhombAald: pol esn BeRaHSeq0REBLAOENEBCLBEGHRS inch
con are su stantially aligned wth the | oop

opﬁndmgmenethewhmzzlélbedyptheth1xaqhecotrhyppodangoﬂgop

and gas are djrected to t eni n a_resu
CPoeRang, 685 aPE BPEBAER R 0L aPLaRS LandC§AEA LFPlp the
aEQHE%QBtQQng EBEeBY@éQC@Eb@mlipﬁﬂbbﬁ céypeeablry thiae
openings in the closed end of the inner gas tube w ||

cbmpnsaléy aubbéastl@héYrbﬂmér8§harPCﬁél@§ hegi-elliptical
ryn out 7 to u nai n si
THbeLLAgL bl o L0, 8BOuUE50, 80, FANGLAG N 51 26

|xtée inch to a ree -eighth

|B§Ws'6fdb§€ﬁ&ﬁ@s m@lpBeEé@abmp Birbl @8éhto 120°
corresponding | oop opening in the nozzle body The
ang|elﬂoth@dpﬁp@ﬁﬁﬁh60§u@éFaAvFapﬁ}lgpﬁéﬁP&apgoﬁ heavy

eII tLcal h a a I
- @ lca %Sg% aggoﬁl?p%%%k& %utfé?ggﬁdﬂgPQ%ﬁéI?ﬁﬁgﬁs
tpbehébt@dghmhhedlamghhsnéamheandwﬁedf1npenbngsUa§yt1c

referably from45 to 120. In._the pro for
R EEAPFLPEAFRy CEP Ao kiRG T MBSV <BaY) BRLGRL Ry ByarosRTRon

h§§V¥h%%tg%h%%@k@ﬁd%g%ﬁfQo&rb%kﬁh%h%éEQstﬁl%%dpMddmce

steam an into a catal ytic cracki ng reactor
rilsght Hyerbearpopet poespehydcosadsln coaftlsenwith a thin

COMABL! il SUBRK' BRGRTALNRES 3,0 PER A Whom e
reactor. The spent catalyst coated with a thin coke layer
is passed to a regenerator vessel. At least a portion of
the coke is then burned off the spent catalyst. This |
results in a hot regenerated catalyst.

Steam is passed through the substantially cylindrical
inner steam conduit into the heavy petroleum hydrocarbon.
This results in the forming of a fine two-phase mixture
by the steam bubbles jetting through the hydrocarbon
mixture. The fine two-phase mixture of steam and heavy
petroleum hydrocarbons passes through the feed nozzle
outlet into the catalytic cracking reactor, resulting in
fine atomization.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a side sectional view of one
embodiment of the invention. Feed nozzle assembly 100
includes inner steam conduit 105 and outer annular oil

(or liguid) conduit 115. Inner steam (or gas) conduit 105
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coke layer. The |ight hydrocarbons are renoved from
the reactor. The spent catalyst coated with a thin

wW@ole/0kayer i s passed to a regenerator vessel .P@E/EP®ag052923

a portion of the coke is thengburned of f the spent
catalyst. This results in a hot regenerated catal yst.
Steamis passed through the substantially cylindrical
ihﬁérigﬂéﬁnﬁéénééﬂtapgt@UFﬁ@th%Qleﬁgtr@P§9ﬁ1annular oil
h b LS I [ h oL 0 hRe two
e o, Ao Pt b TR n B e TSt ng Pt dgh
t he hydretanbonlei xipre40The &thechwd aphase mhietrend to
of steam and heav% getroleun1hydrocatbons pa

0

SSESs
tArbUgh ERE féBdohozBPErolitPeR Fﬁ?@uﬁﬁeleéraF§€ieutlet end
cracikl r , +EBS In i L BEe{ a0k I ;
BT LER DERCRPBTTER, G T B Nab 1 &1 “depy ¢t 4%
sbubssentiendl ewi-ebhenéceibodi hemi-efllibsical outlet

i nventjon. Feed, nozzle_assenbly 100 inpclu inner .

OB TR E T s n RS st Sk ar Ayt b D) Fadr gin one
Cendditimids, hnNNepbpsSteanbEor %Qﬁfa@@ﬂQUbE b@8safewalyas 145
inlet end 120 and outlet end 130. Quter annul ar oi
cépduithelpeskhasgei pfesteam-125 and outl et end 135.

First .nozzl.e_ti 40.1.S t ach LS _ink 0
outle§e§88d1§é%g%%igﬁ ng?eg%1ggﬁggpkhl8g.H?%eggg?%efnd ko
epdtobtf ehsit 186zolfeotitprld4@nudpposiifle cohsluinl étlSendhe end
is a substantially hem -spherical or, heni-elli%Fica

offl 6ECend. "PRELSULREL 18Rd OBPOFI-ESt ez 2Pd St F 46 °
Bg§efégagﬂ§ %ggeggﬁaﬁkiaq1&09em&0@b%%racahU%%lh@mﬂﬂ

ssageway or the paSsage of steam Second

- nezzliettiicpll1s0tiletatndch8tcabuitiieti wingt odngeconduriogtzle

ed 198, 00f OUL 81 30U 3k nkh 29884kt BpeHlRcP 144,

FIG. 2 shows an enlarged view, in one embodiment,
depicting the first and second nozzle tips. The numbering
of these elements is the same as used in FIG. 1. In this
Figure an insert 155 is shown in opening 154. Insert 155
is fixed to inner conduit 105 by means of bridging
part 156.

FIG. 3 is a cross—sectional view taken along
reference line 3--3 of FIG. 1 of one embodiment of the
feed nozzle assembly. Inner steam conduit 105 is centered
within the outer annular oil conduit 115 by spacer
studs 310.

FIG. 4A is a plan view of the first nozzle tip.

FIG. 4B is a cross-sectional view of the first nozzle tip
taken along reference line 4C--4C in FIG. 4B. First
nozzle tip 140 is depicted along with a loop row of

passageways 145.
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of second nozzle tip 150 opposite its inlet- end is
preferably a substantially hem -spherical or hem -

we@bdospsisenl outl et end. The outlet end of secopd/RPRA4/@52923

tip 150 is provided with an_ e]pngated openi ng 154.

FIG 2 shows an enlarged view, in one enbodi nment,
depicting the first and second nozzle tips. The

nunbefitlg of ﬂﬁe§eCéPéﬁéﬁﬁgthnﬁﬁeV§§WeO§st@?eéepﬁnd
Fl@eell)- nol-AR %15 ¢ukenaB1bAsertrEdnice QW 5L -5 in
opening 154. Insert 155 is fixXed to inner conduit 105
byIgeans.offler.i d@ ig paptlah5§ieRl G Zhies seocomgssiozzle tip.

TS B Yo LakeR, 2L ELRL SRR B0 P S 155

| RREL LSRRG AWk 1081l ragNt & 8thownt RihAt R OWedfulting
annular oil conduit 115 by spacer studs 310. FIG 4 is
aopkanng dwrofpastisedei oft geez 2ne LilguiF Gs 4B dositgnuous

cross -sect. onal view aof .the first.nozzle-ti.

SHeRg PRR e and kBY, el Supet KBRS P Fhon
140 sies tdep Gleedral ong At kig 160p TaWuwele Fas@EEER Shows
145. - 5A is a craoss-sectional view of the

10- F

sBeundhEr é@d’)gtl%bzlzlaéldt ithet e hallof térercdityatstk 5
- 5A .0 Fl | ] | i

nggze L0, FhG, 9B .n!:eag‘ut%g Itaﬁé)%gf) AR \WRW Rfa it

e thp. In Figure ongat éd openi ng 154 ana
t Barifaser toflFhd s lsismah ehdomiatidnee £ e@deardaz lies ksihyivn

that the resulting _opening for passage of, gas .and .
| PRI o B %.?ofngﬁoﬁhfp@ﬁ% ear?d&r}detq: Wit a single
| NS Watied yh Ay dYdriganvdrmdmsardo towaaeond number of
nozzle tip 150. Figure 5A and 5B shows how the | ength

1 vard attheond dtsndh ofs s idligngdredultiple inserts into an
elongated opening to form multiple loop openings.

FIG. 5C is a cross-sectional view of the second
nozzle tip taken along reference line 5C--5C in FIG. 5B.
In Figure 5C the connecting bridging part 156 is not
shown.

FIG. 6 depicts in one embodiment a side cut away view
of the nozzle of this invention in a side entry riser
reactor configuration. The angle of the outlet openings
in the steam (not shown) and hydrocarbon feed nozzles is
shown to be below the longitudinal axis of the steam and
hydrocarbon conduits. One benefit of this nozzle assembly
is that optimum mixing of feed and catalyst can be
achieved by adjusting this angle independently. The
difference between the injection angle and the axis of
the conduits can range from +45° to —-45°, and more
preferably from +30° to -30°.

One application of this invention is that the nozzle

body is typically oriented horizontally or diagonally



openi ng 154 is nmeasured al ong the optionally curved

surface of the closed end of the feed nozzl e body.
W\R@okouryk7 Fi gure 5B shows the nozzl e outl et w PET/AP2004/052923

single loop slit, the present;jnvention also covers a

nunber of variations, such as positioning nultiple

inserts_intq an el ongated gpening . to formnultiple.

| 8B CopERi HgS STFIFEACEOrs WhErgLe Pb&?%ﬁ&@ i?f)éw gl

“Eg $ec9n9 %%%Ir%dﬁel Rnt-3ken ahenganekenegnede iMeeiCreactor

5 ﬁ FI'G "5B. In Figure 5"the connecting bridging part

156 ks pot.estiewnonFb@tweedepestdced ond depddiomsatl -a

side cut a vi ew of. the nozzle, of this_ inventian

PO A S RN i e
t Bedgutilseb repenidias ithrihghsteanborebnshewl)s @fdthe riser
hydrocarbon feed nozzles is shown to be below the ,

| srgictedi pald &¥Ps cofl lvherdeairfaNg Ty drddar Beto the riser
condui. ts. benefit. qQf .S S |y, 1148, t
obftelar%%rm %% %@C %0 ftéléad%é)r%gligatb gl(&)%bﬁ clgn é%:éhlll;’ve bey an
adjfstaing thiiengre iandepentendt] YFiglhre di.f fler encé an
between the injection angle and the axis of the

c GRBPCLECEAN PEETGE 3 lgmiteds tharysneyngioksy reterably
PiRlGlall % farn%rhnl?g%ete‘?i 9321 @2€ RRRAGBRY ¥ ¥hd Kirvention
invention is that the nozzle body is typically

oRirentaad anayeicz o rita ey adrl yd isagdn aldzyg-lel Bre ignmpndesl such

ri ser_ reactor, erein.th Qzzl e body w l.l typically .
DBETUGE S ARG CHE ST df KChe R ol PR T a2t
Ohicgntiatd QrRRIMRER RIMdsCda NG i Zentadded to achieve a
anot her application of this invention the nozzle body

i Sopagensdivgg dimtgudhting odt tRTRaa P BT duRPhetserin the
reactq&)and typically oriented vertically into the

reac Y riLs
r's
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reactor, wherein the nozzle body will typically have
an off-axis injection, as shown in Figure 6 . In such

w@poosimaell ment preferably nore than one, nore PCT/EP2004/052923

preferably between 2 and 12 figd nozzl es according to
the invention are arranged. Préferably such nozzle are
arranged such that the respective sheet |ike sprays
emtted fromsaid nozzl es converge towards each ot her
in order to achieve a horfbderfedud! di stri bution of
hydrocarbon droplets in the reactor riser.- 12 - 1. A
feed nozzl e assenbly for introducing a m xture of gas

and, | ixgu b hndrooad borsaop) etd 1M cinassela inithere of
formof a substantially sheet-Iike spray, ich feed

nees ergsslemlid duifreseen iR e ody i ovitresat in the

it t i upp! :
Mico eri kAL UM b Lt SE U e T T
bagy: Angl afsdniel yWoysgiriess enchodzle delpserbwidédtat its

end which outlet end is provided with an el ongated
opBtfi R ath e th WHR e h@ P hsde 935 poRd thefRy to

S t C ' j r

o TR NSRRI REdE Ty ano ac

. tHeedlowrat e candlivigch & o mdgrd, owihierei end hehiosepttlet

is fixed at an_upstreamposjtion in the nozzle body.

3. EhekP B EISH BT R ! ol P il BICRINY Iz in the
Sl Th QoM Zi N TeBN S &Y £ A RSEMHudH #her NOZdbt inuous

body. 4.” Feed nozzle according to any one of clains 1-

3, laterepenithe e ongad etbopdhiehpige def i Hee mixtese of gas

maxi | engt h its maxi mum hei ght h and wherein
trﬂpiti%%F% qf%?fgg%étmeen 1.5 and 20 5. Feed nozzle

acror dirgwy tioo adlye anec@fdlq@ite drady 1, wherein the insert
is fixed at an upstream position in the nozzle body.
3. Feed nozzle according to any one of claims 1-2,
wherein atomizing means are present in the nozzle body.
4. Feed nozzle according to any one of claims 1-3,
wherein the elongated opening is defined by its maximum
length 1 and its maximum height h and wherein the ratio
of 1/h is between 1.5 and 20
5. Feed nozzle according to any one of claims 1-4,
wherein the width of the loop opening has a lower limit
of 10 mm, preferably 15 mm and an upper limit of 200 mm,
preferably 120 mm.
6. Feed nozzle according to claim 5, wherein the wall
thickness of the downstream end of the nozzle body at the
loéation of the elongated slit is between 5 and 100 mm,

preferably between 5 and 40 mm.
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wherein the wwdth of the | oop opening has a | ower
limt of 10 mm preferably 15 mmand an upper |imt of

wQodsnwm42pref erably 120 mm . Feed nozzl e accopdi/RERD4052923

claim5, wherein the wall thigkness of the downstream
end of the nozzle body at the location of the

| d, slit is bet 5 and 100 f er abl
bel weait %! P46 AFCETL F SPedi I e Hetordif

t Oyiede DRecRf Ghel st dndbof Whes ehdzi e 9sdd el s eagnef
the nozzl e body is done shaped. 8. Feed nozzle

acglorpitthg to claim 7, wherein the nozzle body

c ri.ses, of :_(.a) a substantial |y .cyldndrical. inner

t ube GEZ Shit r?gzzz(al gaascCcoorn(%’unlag[1 by lﬁlfll)?y cjdnﬁ”é’cetre%lq gcr]}%élOZZle
terrgipdes gas: at its upstreamend and a done

shaped downstream end, which done shaped outlet end is

pricVi dedsWhistrEtigldastcyl ige isigt) énrgpertiviye da)inmg a gas
a o gui s acarban, ' ' b

o%ﬂfsﬁr ffglgi elddo]fwt e | nner tqfl}gggﬂftn é‘get%desl’qﬁone%ugsgﬁ ate at
ofitsheiprdzzad zan body ,arvdi  hddniequitch gy raagardioreeonshd t which
is fluidly connected to the nmeans to supply liquid

A aEaRS UG R P Rmavd dat Wid-i&eh e 13 g

a Sk shapgt fdpwnstr eam end, whi ch dome shaped outl et
end is provided with an el ongated opening wherein in
t hi> Jelaongatred eapening: b idrsgrarbon pogiduidnete Siuedd by the

D A 00 ORI Ml SO (MBI o

susd ardd=Ald Yoad gnadi on tihi quied | QRN ddhddke: is

donme shaped end of the nozzle body; and wherein
fluidly connected to the means to supply liquid
hydrocarbons at its upstream end and to discharge from a
dome shaped downstream end, which dome shaped outlet end
is provided with an elongated opening wherein in the
elongated opening an insert is positioned such that a
continuous loop opening is formed;
(c) wherein the gas outlet opening of the gas conduit is
substantially aligned with the loop opening in the dome
shaped end of the nozzle body; and wherein
(d) the insert positioned in the elongated opening of the
nozzle body is fixed to the gas dome shaped downstream
end.
9. Reactor riser provided at its upstream end with an
inlet for hot regenerated catalyst particles and at a
distance downstream said inlet with at least one side
entry feednozzle according to any one of claims 1-8, and
a reaction zone downstream said feednozzle position.

10. Reactor riser according to claim 9, wherein the axis

which runs along the maximum length 1 of the elongated
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(d) the insert positioned in the el ongated opening of
the nozzle body is fixed to the gas done shaped

waelovssseam end. 9. Reactor riser provided at PCHEP2004/052923

upstreamend with an inlet fqgry hot regenerated

catal yst particles and at a distance downstream said
inlet wwth at Ieast one side entry feednozzl e

according to of e a
z%ﬁ%nﬂ%%mg% %%z% %%%F |o%d Bsgée%g?%%ly
rh§§£zgﬁg91d|ng to cIa|n19 wherein the axis which

runs along the maximumlength 1 of the el gn ateﬁ 14 -
opbmhgomw heo f eedtaBE 2R eNPEipgsPEromBdoSubetany Pal |y
hori r t yipgngt rgam of
c%f5%§§ eﬁ %%IgsgE ?Ed HyaggEggﬁygrggarboﬂ react ant

lQl@ngheagaﬁ@ﬁtyealﬁgabby1pﬁsnédonedcteactmsemlaepordlng
according to any_one of clainms 9-

tOQQQYaﬁaeIPéupéah?ér8cépbowh8F8bPePsmF§gFﬁ?r8%L8§3 and
Sl&hﬁﬁ&?§9?95éked§§ Qeﬁgb§gaﬂht§bbﬁc§3eﬁglbbkQhe

spr suc e an e bet ween the sheet-|iké spray

aﬂdeﬂhezaXESaefathabnoanteahdgyshsebeﬂmkenSP@QYaﬁ@Ch that

ége angle between the sheet-like spray and the axis of

the nozzle body is between +45° and -45°.



