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FLUI DI ZED CATALYTI C CRACKI NG FEED NQZZLE FIELD OF THE
| NVENTI ON The present invention relates to a spray
nozzl e for discharging an atom zed 5 hydrocarbon feed
used in fluidized catalytic cracking reactor. Mre
particularly, the inventicn relates to the physical
geonetry of the slots in a double slot feed nozzle to
i nprove nozzle efficiency and life. BACKGROUND OF THE
I NVENTI ON 10 Efficiency in a fluidized catalytic
cr ackiFn@IDFZED appA Y UsC IR AEBANGEREEINNO Z A ulber of
factors. One inportant factor is the energy used to
atom ze the liquid hydrocarbon feed introduced into
t general, the liquid hydrocarbon
Fﬂﬂﬂgggfi pﬁﬁiggngy a gas such as steamfor 15
di }Slﬁ;eh@fegsﬁzt iﬂtfeﬁughreaatmaal s@rayntoazlta ifer cﬁ@(bargag tup ptoni el
unt of steam used atom ze
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P& Rave al €0 be

022 nd to inpact directly on the
impratOnazzad dffitieoty srelifiei qui d hydrocarbon feed. 20

Additionally, it is well known that the FCC reaction

yields inproved results when the fluidized feed

BAqIEEEZhWﬁ%T”f]gEtI gﬁf{]t)ﬁerhas a large surface area.

regar he sna the size of the droplets,
or Efﬂteerfc:ynea fluiizapragalytic aneitihe (e2zdpparatisgs depangent on a

th f f the fluidized Cr
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nozzl es used to atom ze the fluid hydrocarbon feed had
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deScribed in United
atomize the liquid hydrocarbon feed impacts directly on the efficiency of the reaction.
The shape and number of slots in the nozzle have also been found to impact directly on

the atomization of the liquid hydrocarbon feed.

Additionally, it is well known that the FCC reaction yields improved results
when the fluidized feed introduced into the reactor has a large surface area. In this
regard, the smaller the size of the droplets, or the finer the spray from the nozzle, the
Jarger the surface area of the fluidized feed. Creating a fine spray of the hydrocarbon
feed from the nozzle using less steam results in greater efficiency of the fluidized

catalytic cracking system.

Earlier nozzles used to atomize the fluid hydrocarbon feed had a generally
hemispherical discharge end formed with a single elongated slot-like orifice adapted to
produce a flat fan-like spray. An example of such a nozzle 1s described in United

States Patent No. 5,306,418 to Dou et al.



10

15

20

25

30

30 States Patent No. 5,306,418 to Dou et al. 2 Later
nozzles utilized two elongated orifices to atom ze the
fluid hydrocarbon feed. As described in United States
Patent No. 5,673,859 to Hagruch, the use of a

plurality of slot-like outlets atom ze the liquid feed
into finer particles as the liquid is discharged from
the nozzle. US 5,673,859 further described that the
use of slots 5 angled relative to one, anot her produce
a lcoenvergicagtiszaddy o dangatedorifiepy Grvitergize s Duidihg drogpigen

t ul d [ar e
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which the nozzle operates has constantly 10 novin
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d1scH5§§eZzlt§1§12a§éﬁ of @k $iquidpatriiged. | ui di zed catal yst. Due to
the flow patterns around the nozzle when the Iliquid

hydrocar bon feed is being sprayed into the reactor,

area be en the,s ' -
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hydrocarbon feed nozzle, resulting in nore efficient
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atom zed Iiquid hydrocarbon feed |nt§1a fluidize
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ormed at an angl e of from about 30
to about 60

It is therefore an object of the present invention to provide an improved
hydrocarbon feed nozzle, resulting in more efficient atomization of the hydrocarbon

feed over a longer useful life.

SUMMARY OF THE INVENTION

These and other objects are achieved by the present invention, directed to a
spray nozzle for use in discharging atomized liquid hydrocarbon feed into a fluidized
catalytic cracking reactor. The spray nozzle comprises a plurality elongated slots
having at least one lateral slot wall formed at an angle of from about 30 to about 60

degrees from the axis of the discharge.

In its preferred embodiment, the slots have a lateral slot wall angle of from
about 40 to about 50 degrees from the axis of discharge and most preferably an angle

of about 45 degrees.




10

15

20

25

30

25 degrees fromthe axis of the discharge. Inits
preferred enbodi nent, the slots have a |l ateral sl ot
wal | angle of from about 40 to about 50 degrees from
the axis of discharge and post preferably an angle of
about 45 degrees. 30 3 The objects of the invention
W ll be further described in the follow ng detailed
description of the invention, including the attached

drawi ngs. The description is intended tq descrijbe the
pr é“rheE)gﬁatsaﬁﬁmmwmowﬂlth?erﬁh@“sd@?ﬁﬂheH%Hﬁ fgHowipg; defpiled
Wi . bett er 4 [de ' k-ew: of
desefipgon g benlir B ASUR L IRE- HAFG FERRLASTEE dblaME
integHc@Wh QEribh eEeferredletboimdnn bethd @ekstot ihivaritiont Which will be
invention in any manner what soever. ERI EF DE%C%I@PTI é]\l
bett@RIpECORANCRCSIS T piaterithotttaghes fanitesn i dglatle
contain t .l ea j ' g
ces b EaRE AR E R NP 4 AL EAEESHHRR i din Rbvin any
marBePWhaaddven Wi th color drawings will be provided by

the O fice upon request and paynent of the necessary
fee. FIGURE IAis a front elevation of a first prior

' I I1s 15 cut fromthe
BR%Q%@%‘ tﬁédﬁgg%@gb@\?m&gxteri or of the nozzle
at an angle of 0, or parallel, to the axis of

di scharge. FIGJRE 1B_is a c¢ross section view of th
1 e naRm ot D RS CompISgh RSl oRe CPuaaE e Rolor
l.j -A . Coi . i i .
o8 Gy S G puRSL gt ol e
providg] B thet@ffiee apboreqabawnd paymed of the necessary fee.

FIGURE 1A is a front elevation of a first prior art nozzle with lateral slot walls
cut from the interior of the nozzle to the exterior of the nozzle at an angle of 0°, or

parallel, to the axis of discharge.

FIGURE 1B is a cross section view of the first prior art nozzle of Figure 14,

taken through line A-A.

FIGURE 1C is a perspective view of the nozzle of Figures 1A and 1B, with the

areas most subject to eroston shown in red.

FIGURE 2A is a front elevation of an alternative prior art nozzle with lateral
slot walls cut from the interior of the nozzle to the exterior of the nozzle at an angle of

90 degrees from the axis of discharge from the slot.

FIGURE 2B is a cross section view of the alternative prior art nozzle of Figure

2A, taken through line A-A’.
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FIGURE 2A is a front elevation of an alternative prior
art nozzle with lateral 25 slot walls cut fromthe
interior of the nozzle to the exterior of the nozzle
at an angle of 90 degreesyfromthe axis of discharge
fromthe slot. FIGURE 2B is a cross section view of
the alternative prior art nozzle of Figure 2A taken
through line A-A. 30 4 FIGJRE 2C is a perspective
view of the nozzle of Figures 2A and 2B, with the
ar BASURBEC s uljeapecthve veewsi e nohdant FiguresdA sdGUREYBathe
isa front elevation aof the preferred enbodi nent of
areag IRESLSYRIEFOSFOSI RENGRESent i nvention with | ateral
slot walls cut fromthe interior of the nozzle to the
exterior of the nozzle at an angle of 45 degrees from
t hBIGHRE 30f isdi Sah atayetiord GUREredBridserabaskiment ealg pele of

I Ty e R e L
extefr?]%r'cﬁ‘;'the 1 L dRER3E Jres glegl%%i?_@ﬂthé/ gxi¥ beWseargde

zzl e of Figures™3A an wWth the areas nost
subject to erosion shown in red. FIGURE 4Ais a

o TaRE s g Siste Sl Rt S Ry h o i R morge
oft1lgfp§§sﬁgﬂﬁ%;ﬁio%fof@!fg%ré b aw.Rat iesuphaneuadarhe nozzl e sl ot

present ihvention as shown in Figures 3A, 3B
and 3C. 20 FIGURE 5A is a front elevation of the

no f,Figures 1A 113 and 1C E}gw [ :

er %i¢§ﬁ%a}¢: ﬁau;ﬁé?%ﬁébes\élawi (ﬁ’ t}éﬁq”ci_zéES é%l%r}'g? gX%‘nﬁ%lB, with the
area€ kT SR erodibMFPR k8§ a side el evation of the

nozzl e of Figure 4A show ng typi cal

FIGURE 4A is a schematic of the flow pattern around the prior art nozzle slot

of Figures 2A, 2B and 2C.

FIGURE 4B is a schematic of the flow pattern around the nozzle slot of the

present invention as shown in Figures 34, 3B and 3C.

FIGURE 5A is a front elevation of the nozzle of Figures 1A, 1B and 1C

showing typical erosion after being used in an FCC reactor environment.

FIGURE 5B is a side elevation of the nozzle of Figure 4A showing typical

erosion after being used in an FCC reactor environment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

With reference to the appended drawings, a first prior art nozzle 102 is shown
in Figures 1A, 1B and 1C. The first prior art nozzle 102 comprises two elongated slot
outlets 104 formed with an area 106 between the slots 104. The lateral walls 108 of
the slots 104 are preferably rounded when viewed looking into the nozzle 102, as

shown in Figure 1A. The lateral slot walls 108 are formed in a straight cut




10

15

20

25

30

erosion after being used in an FCC reactor

environment. 25 DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBCDI MENT Wth reference to the appended draw ngs, a

first prior art nozzle 10%is shown in Figures |IA [|B

and 1C. The first prior art nozzle 102 conprises two

el ongated slot outlets 104 forned with an area 106

between the slots 104. The lateral walls 108 of 30 the

slots 104 are preferabIY rounded when vi ewed | ookj n
conﬁgntad)lonﬁmmg)m@nu{iﬁf paggle! shibamxise! Bisgharee P‘Nhewaﬁémzeg

1 reformedlnastralght cut |1
hqm@ﬁ% ?YBB? geted\gﬁ’mglg g(g 1@ubst antially parallel to the
axi s of discharge of the atom zed 1iquid hydrocarbon

feed fromthe slot 104. As shown in Figures 2A, 2B and
2CAs ahovat freFigatcs Ué., pBiaod 28k tn plezpatereauDr artd9zzls 202 also

con GBS Bob2 SRR S PY S OALAL0E o e

204.20& RlerdRAIBLOB D R4S E()éala&@ls@fpﬁé@fa%w poundetheaeh visend
viewed |ooking into the nozzle 202, as _shown _in

1ookmggmodh¢zn@zz1m%02 as ehrcatn @lF@gur@\élAl sTipggteral finhaads 20%r e
hori zont

howg‘ﬁ&ﬂre n’g@ é? a éxgrtzgnt%l cuf%cg 109 U{Seg{ % Pcﬁgnreg gb ! JOQfegFegs

fronPdhO Ak & @ dist Bt e o Nihe hﬁﬁlﬂﬁélph?] 1@Bgid1fol‘:ﬁm>ﬁ mdﬂm ﬁ}e2;(l)(4ts 204.
10 It has been found that the geonetry of |ateral slot

malls 108 and 208, conprising straight cut and
| zont al I t
LR ALty uER Ml AUEREL R Rt PO A i 208
com hﬁn%bl@&ghﬂd%aﬁhﬁbr%ﬁta bﬁ&m&ﬁgmmabxys, rdsubjsiimethe a&alaatdd
ow t he conventi onal %élor art du%ﬁ sl ot nozzl e
e

erosian] afdhe aread0f ardubeswonm be sipts Liland 40ereaPetivE¥ deiies

S5A atnlgleSBsgh%Wthla %gm%n%gl%ﬂ'prior art dual slot nozzle illustrated in Figure 2A-C,

where the area between the slots has eroded.

The preferred embodiment of the nozzle 2 of the present invention, shown in

Figures 3A, 3B and 3C, comprises two or more elongated slot outlets 4 formed with an

area 6 between the slots 4. The lateral slot walls 8 are preferably rounded when
Jooking into the nozzle 2, as shown in Figure 3A. The lateral slot walls 8, however,
are formed in an angled configuration, being from about 30 to about 60 degrees from
the axis of discharge of the atomized Hquid hydrocarbon feed from the slots 4. The
angle is preferably from about 40 to about 50 degrees and most preferably about 45

degrees, as shown in Figure 3B.

The slots 4 of the nozzles 102 of the present invention can be formed parallel to

each other, as shown in Figures 3A-3C, or can be angled ejther toward each other or

away from each other, as described in US 5,673,859 referred to above. In any such

configuration, however, the lateral slot walls 8 are formed in an angle from about 30 to

about 60, preferably from about 40 to about 50 and most preferably about 45 degrees
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The preferred enbodi nent of the nozzle 2 of the
present invention, shown in Figures 3A 3B and 3C,
conprises two or nore elongated slot outlets 4 forned
with an area 6 between thﬁ slots 4. The lateral sl ot
wal l's 8 are preferably rounded when 20 | ooking into
the nozzle 2, as shown in Figure 3A. The lateral sl ot
wal l's 8, however, are forned in an angled
configuration, being fromabout 30 to about 60 degrees
fronf the AkistdiRhaxt $roaf thdiske bangewahstiitbngtionla@ed akd fuined
hydr ocarbon feed fromthe slots 4. The angle is
parafeleb epetbdthertindhs mpgurelocd 6mapGHEN50 degrees and nost
preferably about 45 degrees, as shown in Figure 3B.
25 The slots 4 of the nozzles 102 of the present
| NveRtd9R1LEaRe Brek of tRdIRan alf el préent @aehioatdaebe saﬁmthed
shown in Figures 3A-3C, or can be angled either towa
if desiie toniddhe gf)W oémtylw ovielae Abayt Hsrnozalss. dhaementhed geS
US.5,673, 859 [8 rred
ore G IGr ST Om B Reyurt o FERY Guict BpASeCBHera sigt walls 8.
formed in an angle from about 30 to 30 about 60,
referabuy from about 40 to about 50 an
pr diherbgnt yts abbernglsd degrabdst wally § ghibe ﬁéess%lg"fa’ﬁ’ge R gare
th
clealy g Sl Sy Qoo h LR FRE) Purd 8. bt Py CID
calcampod irdmnt of tﬁd dliotni it srouthieattge3048f 4 dfufwsxhtm‘nsi doxgle
t he present invention can be snoothed, 5 if desh de
202ta@thﬂ RILCF BB TOFEAOBF I LB St MR CHES  HBIEEe R the iqiid
t I
hy S Gesl e RO PR Lo PR Bl S RRIA LRI in Figure 44,
catdl @k eparssth ot dwedd sitBtheFhe 2bénefits of the angl ed
|ateral slot walls 8 of the present invention are nore
clearly denonstrated in conmparing Figure 4A to Figure
4B.1,foglie tﬂeAC%b)oé’*@cug%Bn I‘(]:Ql Glrend B piedreartuh g t1ef ndAR 2
flow patt€rn around the slots 204 of a conventi onal
of tn@mlsemt A02nfion HEgPEi4Br shamts thozidre ionud et efsanpompgrtunity

| ue ar represen
for the cata yst to be Jrawn nto %n erodte tpcgnozzﬁa tlace mcqudmg the area 6

between the slots 4.

In keeping with the above, the present invention inclides a method of spraying

atomized liquid hydrocarbon feed/steam into an FCC reactor. The method includes the

step of passing the feed/steam through a dual slot nozzle 2 having at least one lateral
slot wall formed at an angle of from about 30 to about 60 degrees from the axis of the
discharge. As described above, the lateral slot walls are preferably from about 40 to
about 50 degrees from the axis of discharge and most preferably about 45 degrees

from the axis of discharge.

Other variations, modifications and alterations to the preferred embodiment of
the present invention described above will make themselves apparent to those skilled

in the art. All such deviations to the preferred embodiment described are intended to



hydr ocar bon feed/steam fl ow and red arrows
representing catalyst flow In Figure 4A, catalyst
appears to be drawn into the slot 204. 15 In contrast,
the CFD calculation result$ of the flow pattern around
the nozzle 2 of the present invention in Figure 4B
shows that there is nuch [ ess of an opportunity for
the catalyst to be drawn into and erode the nozzle
face, including the area 6 between. the slqtg ﬁ. 20 |
fall wislipithgysmaiit Hd sepaefohe presad ipyasamt imifRdsisly Y iicinpgaded
1air nmet hod of spraying atom zed |iquid hydrocarbon
ClalP%ed/ steaminto an FCC reactor. The method incl udes
the step of passing the feed/ steamthrough a dua
sl ot nozzle 2 having at |east one |ateral _slot wal
f orvieRRtets EfersatifPdieEin picdiFr B IMOTBYAES DY BEGEIED
degrees fromthe axis of the discharge. As described
above, the lateral slot walls are preferably from
about 40 to 25 about 50 degrees fromthe axis of
di scharge and nost preferably about 45 degrees from
the axis of discharge. Other variations, nodifications
and alterations to the preferred enbodi nent of the
present invention described above w il make thensel ves
apparent to those skilled 30 in the art. Al such
deviations to the preferred enbodi nent described are
intended to 7 fall within the spirit and scope of the
present invention, limted solely by the appended
clains. Al patents referred to herein are hereby
incorporated by reference. 58 | CLAIM 1. A nozzle
for atom zed spray of |iquid hydrocarbon feed
conprising two or
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formed at an angle of fromabout 30 to about 60
degrees fromthe axis of the discharge. 5 2. The
nozzle of Claiml wherein&he |ateral slot wall is
fornmed at an angle of from about 40 to about 50
degrees fromthe axis of discharge. 3. The nozzl e of
Caim1l wherein the lateral slot wall is forned at an
angl e of 10 about 45 degrees fromthe axis of
ICLéiIg/Bharge. 4. The nozzle of Claim1 wherein the

| af e %% b SpdaQ B Euil hyBros §bn f&ddr @ Rfsing ¢
co%'ffakg{?rzgllte?%rn Lzr?H\%Pél\%é)d Iqlgoklynrg into the slygts%nglgOSO.r
moreldMgs hoziag et lofistChaiarerhl siierdl formbdatedgegleof! ftdne abattéPdb

slot walls are rounded, 6. A nmethod of spraying
aboup b ArEees o ther %I‘th‘égfsﬁ%aﬁg?eed/ steaminto a

fluidized catal ytic cracking reactor conprising the
step of passing the feed/steam 20 through a dual sl ot
noz.zTke whedesfClaim | edstciotie loferdl ot atles fiimetl ot anvariglsof

is formed at an, angle of from_.about 30 to about 60
frompbgpigdhorAbaH Sthiscase ot th&i%@t?é%&é. A% The nethod of
Claim6 wherein the at |least one |lateral slot wall is
formed at an angle of from about 40 to about 50
degr @as nbradenf Beimdishafindisietes gt w2l igforTise ahen tregle of
rei.n the at |east one |lateral slot wall

of g ai mf6 V\:hﬁ
about 45 degragirah theHis AR e%bout 45 degrees from the
axi s of discharge.

4. The nozzle of Claim 1 wherein the lateral slot wall is formed in a semi-

circular configuration when viewed looking into the slot.

5. The nozzle of Claim 1 wherein the edges of the lateral slot walls are

rounded.

6. A method of spraying atomized liquid hydrocarbon feed/steam into a
fluidized catalytic cracking reactor comprising the step of passing the feed/steam
through a dual slot nozzle wherein at least one of the lateral slot walls is formed at an

angle of from about 30 to about 60 degrees from the axis of discharge.

7. The method of Claim 6 wherein the at least one lateral slot wall is formed at

an angle of from about 40 to about 50 degrees from the axis of discharge.

% The method of Claim 6 wherein the at least one lateral slot wall is formed at

an angle of about 45 degrees from the axis of discharge.




