METHOD FOR UPGRADI NG CATALYTI C CRACKI NG FEEDS BY
TREATMENT W TH A SULFURI C ACI D SOLUTI ON FI ELD OF THE
wo DMEREA7@N [ 0001] The instant invention rel at eBCT/OSZEN4/040092
i mproved catal ytic cracking nethod for hydrocarbon
streans. More particularly, the present invention
relates to the use of an acid treatnment nethod to
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such as virgin gas oils (VG3s). The presence of these
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| evel s as | ow as hundreds wei ght parts per mllion
creelip®n' ), significantly reduce catal ytic conversions
in catal ytic cracking operations. Typically, catalytic
cracki ng operations experience a 1% decrease in
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[0002] Currently, there exists a need to reduce the heterocyclic nitrogen

content of feedstreams used in catalytic cracking operation because these
heterocyclic nitrogen-containing compounds, especially basic heterocyclic
nitrogen-containing compounds, act as competitive inhibitors on the acidic
cracking sites of cracking catalysts. These nitrogen-containing compounds are
indigenous to crude oils, and are typically concentrated in the higher boiling
fractions such as virgin gas oils (VGOs). The presence of these heterocyclic
nitrogen-containing compounds, even at levels as low as hundreds weight parts
per million ("wppm"), significantly reduce catalytic conversions in catalytic
cracking operations. Typically, catalytic cracking operations experience a 1%
decrease in conversion for every 100 wppm of nitrogen in the feed to the
process. Thus, many methods for reducing the nitrogen content in feedstreams,

such as those used in catalytic cracking operations, have been proposed.

[0003] For example, United States Statutory Invention Registration H1368,
Fraytet, teaches the use of concentrated sulfuric acid, i.e. at least 95 wt.%
sulfuric acid, to treat straight run jet fuel boiling range streams. The process

requires that the sulfuric acid-containing stream be dispersed in the jet fuel in



process. Thus, many nethods for reducing the nitrogen
content in feedstreans, such as those used in
w@2008l05¢78C cracki ng operations, have been propPSEUS2004/040092
[ 0003] For exanple, United States Statutory Invention
Regi stration H 3 68, Fraytet, teaches the use of
concentrated sulfuric acid, i.e. at least 95 w. %
sulfuric acid, t o treat straight ran jet fuel boiling
range streans. The process requires that the sulfuric
aci d-cont ai ni ng stream be dBspersed in the jet fue
inthe formof droplets smaller than about 300 m crons.
The Fraytet process discloses that 90% or nore of the
nitrogen can be renoved fromthe jet fuel boiling
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feedstreans because the overall catalytic cracking
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[ 0005] The instant invention is directed at an

i mproved catal ytic cracking nmethod invol ving renovi ng
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than about 75 wt.% sulfuric acid; b) contacting a
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feedstreamw th the sulfuric acid solution in a first
reacti on stage under effective conditions and at an
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[0605]9€ The instant invention is directed at an improved catalytic cracking
method involving removing nitrogen from a nitrogen-containing catalytic
cracking boiling range feedstream. The method comprises:

a) providing a sulfuric acid solution containing greater than about 75 wt.%
sulfuric acid;

b) contacting a nitrogen-containing catalytic cracking boiling range
feedstream with the sulfuric acid solution in a first reaction stage under
effective conditions and at an acid solution volumetric treat rate greater
than about 0.5 vol.%, based on the catalytic cracking boiling range
feedstream, wherein greater than about 60 wt.% of the nitrogen
compounds contained in said catalytic cracking boiling range feedstream
is removed thereby producing a first reaction stage effluent comprising
at least a catalytic cracking boiling range effluent and a used sulfuric
acid solution; and

¢) conducting at least a portion of said first reaction stage effluent to a
second reaction stage wherein said first reaction stage effluent is

contacted under effective cracking conditions with a cracking catalyst.



feedstream wherein greater than about 60 wt. % of the
ni trogen conpounds contained in said catalytic
w@e@sksatgl boi | i ng range feedstreamis renoved PCEDS19Y4/040092
producing a first reaction stage effluent conprising
at least a catalytic cracking boiling range effluent
and a used sulfuric acid solution; and c) conducti ng
at least a portion of said first reaction stage
effluent to a second reaction stage wherein said first
reaction stage effluent is-Zontacted under effective
cracking conditions with a cracking catal yst.[0006] In
one enbodi ment of the instant invention the sulfuric
acid solution is a spent sulfuric acid solution
obtai ned froman al kyl ati on process unit wherein the
spent sulfuric acid solution is produced by: a)
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DETAILED DESCRIPTION OF THE INSTANT INVENTION

[0007] It should be noted that "cat cracker" and "catalytic cracking" are used

interchangeably herein. These terms are meant to encompass all catalytic
cracking operations such as, for example, fluidized catalytic cracking, steam

cracking, hydrocracking, etc.

[0008]  The instant invention is an improved catalytic cracking method
involving removing nitrogen compounds from nitrogen-containing catalytic
cracking boiling range feedstreams. The present method involves contacting a
catalytic cracking boiling range feedstream in a first reaction stage with a
sulfuric acid solution to reduce the nitrogen content of the catalytic cracking
boiling range feedstream by at least about 60 wt.%. The contacting of the
catalytic cracking boiling range feedstream with the sulfuric acid solution
produces a first reaction stage effluent comprising at least a catalytic cracking
boiling range effluent and a used sulfuric acid solution. At least a portion of

the first reaction stage effluent is then conducted to a second reaction stage



I nvol ving renovi ng nitrogen conpounds from
ni trogen-contai ning catalytic cracking boiling range
w0 e@dnsa7eans. The present net hod invol ves contBCT/USIPOE040092
catal ytic cracking boiling range feedstreamin a first
reaction stage with a sulfuric acid solution to reduce
the nitrogen content of the catalytic cracking boiling
range feedstream by at |east about 60 wt.% The
contacting of the catalytic cracking boiling range
feedstreamwith the sul furi-4-acid solution produces a
first reaction stage effluent conprising at |east a
catal ytic cracking boiling range effluent and a used
sul furic acid solution. At |east a portion of the
whéresi the GRSt 1cabtish 8@8e @FfihdRRE c?}l%ta%t!éﬁ MinAeNEHELRR ddhdRions
second reaction stagewherein the tirst reaction stage
weh hlonsoking satabrst.act ed under effective conditions with
a cracking catalyst. [0009] Feedstreans suitable for
treatment with the present nitrogen reduction nethod
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prgguctg 861’1V6d from coal liquefaction processes; and mixtures thereof. The
cat cracker feedstream may also comprise recycled hydrocarbons, such as light
or heavy cycle oils. Preferred feeds for use in the presently disclosed method

are vacuum gas oils boiling in the range above about 650°F (343°C).

[0010]  The catalytic cracking boiling range feedstreams suitable for
treatment with the present method also contain heterocyclic nitrogen-
containing compounds. Typically, the nitrogen content of such streams is
about 10,000-100 wppm preferably about 5000-200 wppm, and more
preferably about 3000-500 wppm. The nitrogen compounds appears as both
basic and non-basic nitrogen species. Non-limiting examples of basic nitrogen
species include quinolines and substituted quinolines, benzo quinolines such as
acridine, anilines, N-alkyl indoles, alkylarylamines and substituted derivatives

thereof. Non-limiting examples of non-basic nitrogen species include indoles,



are vacuumgas oils boiling in the range above about
65Q0F (3430C). [0010] The catalytic cracking boiling
WO 2g@e5d78@edst reans suitabl e for treatnment w t hP€TES2004/040092
present method al so contain heterocyclic
ni t rogencont ai ni ng conpounds. Typically, the nitrogen
content of such streans is about 10, 000-100 wppm
preferably about 5000-200 wpopm and nore preferably
about 3000- 500 wppm The nitrogen conpounds appears as
bot h basic and non-basic ni-ftogen speci es.
Non-limting exanpl es of basic nitrogen species
i ncl ude qui nolines and substituted quinolines, benzo
qui nol i nes such as acridine, anilines, N alkyl
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thereof. Non-lTimting exanpl es non aS|c nitrogen
despvativesthensdfude i ndol es, car bazol es, benzocar bazol es,
am des such as quinolone and substituted derivatives
thereof. [0011] Catalytic cracki ng boiling range
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Obqggﬁ&lrearrs are intimately contacted with a sulfuric

acid solution in a first reaction stage to renove at
| east 60 wt.% of the nitrogen species, both basic and
non-basic, thus producing a first reaction stage

[0G2] | ueln practicing the instant invention, the above-defined catalytic

cracking boiling range feedstreams are intimately contacted with a sulfuric acid
solution in a first reaction stage to remove at least 60 wt.% of the nitrogen
species, both basic and non-basic, thus producing a first reaction stage effluent
comprising at least a catalytic cracking boiling range effluent and a used
sulfuric acid solution. Sulfuric acid solutions suitable for use herein contain at
least about 75 wt.% sulfuric acid, based on the sulfuric acid solution, preferably
greater than about 80 wt.%, more preferably greater than about 85 wt.%, most
preferably from about 85 wt.% to about 93 wt.%. The sulfuric acid solution

may be obtained through any means known.

[0013] It is preferred that the sulfuric acid solution be a spent sulfuric acid
solution obtained from an alkylation process unit and have a sulfuric acid
concentration within the above-defined ranges. A typical alkylation process
involves combining an olefinic hydrocarbon feedstream containing C, olefins

with isobutane to produce a hydrocarbonaceous mixture. This



conprising at least a catalytic cracking boiling range

effluent and a used sulfuric acid solution. Sulfuric
W@e00d/050But i ons suitable for use herein cont ai PCHUS2004/040092

| east about 75 wt.% sulfuric acid, based on the

sul furic acid solution, preferably greater than about

80 wt.% nore preferably greater than about 85 wt.%

nost preferably from about 85 w.%to about 93 wt. %

The sulfuric acid solution may be obtai ned through any

means known. [0013] It is pbeferred that the sulfuric

acid solution be a spent sulfuric acid solution

obtai ned froman al kyl ati on process unit and have a

sul furic acid concentration within the above-defined
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conbi ning an ol efm c hydrocar eedstream cont ai ni ng
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that the effective conditions be sel ected such that

prodiecesluddnprisesaeiwesnhbuit @3 s 33 wilde edfodepeids asout 1 to
bet ween about 82 and 93 wt.%sul furic acid, about 1 to
about 4 wt.% water, with the remaining balance being acid soluble
hydrocarbons. However, it is most preferred that the effective conditions be
selected such that the sulfuric acid solution so produced comprises between
about 85 and 93 wt.% sulfuric acid, about 1.5 to about 4 wt.% water, with the

remaining balance being acid soluble hydrocarbons.

[0014] It should be noted that it is within the scope of the present invention
to dilute the sulfuric acid solutions obtained from the alkylation unit, or
otherwise, with a suitable diluent, preferably water, in order to provide a
sulfuric acid solution having the above-described concentration of sulfuric acid,
i.e. at least about 75 wt.% sulfuric acid, based on the sulfuric acid solution,
preferably greater than about 75 wt.%, more preferably greater than about 85
wt.%, most preferably from about 85 wt.% to about 93 wt.%. In order to
determine the sulfuric acid concentration once the diluent has been added to the

sulfuric acid solution, the sulfuric acid content and water content are measured



about 4 wt. % water, with the remai ni ng bal ance bei ng
aci d sol ubl e hydrocarbons. However, it is nost
w@e@besaed t hat the effective conditions be sePEUSIHNG/040092
such that the sulfuric acid solution so produced
conpri ses between about 85 and 93 wt. % sul furic acid,
about 1.5 to about 4 w.%water, wth the remaining
bal ance being aci d sol ubl e hydrocarbons. [0014] It
should be noted that it is within the scope of the
present invention to dilute7the sulfuric acid
sol utions obtained fromthe al kylation unit, or
otherwise, with a suitable diluent, preferably water,
in order to provide a sulfuric acid solution having
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. e st about 75 wt.% sul furic aci ased
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about 75 wt.% nore preferably greater than about 85
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acid + wt.%water). For exanple, if a spent alkylation

acid contains 87 wt %sulfuri c acid, 6 w.%water and
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alkylation acid to adjust its equival ent strength to a
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about 0.5 to about 10 vol.%, and most preferably 0.50 to about 5 vol.%. The
contacting can be achieved by any suitable method including both dispersive
and non-dispersive methods. Non-limiting examples of suitable dispersive
methods include mixing valves, mixing tanks or vessels, propeller mixers, in-
line static mixers, and orifice plates. Non-limiting examples of non-dispersive
methods include packed beds of inert particles and fiber film contactors such as
those sold by Merichem Company and described in United States Patent
Number 3,758,404, which is hereby incorporated by reference, which involve
contacting along a bundle of metallic fibers rather than a packed bed of inert
particles. In one embodiment, the contacting methods are non-dispersive, and

in another embodiment, the contacting methods are those that are classified as

dispersive.



sul furic acid solution under effective conditions and
at an acid volunetric treat rate of greater than about
w@2®8/08%0B1 % based on the catal ytic cracki ng bpCT/U81904/040092
range feedstream preferably about 0.5 to about 20
vol . % nore preferably about 0.5 to about 10 vol. %
and nost preferably 0.50 to about 5 vol.% The
contacting can be achi eved by any suitable nethod
i ncl udi ng both di spersive and non-di spersive nethods.
Non-1imiting exanpl es of suBtable dispersive nethods
i ncl ude m xi ng val ves, m xing tanks or vessels,
propeller mxers, in line static mxers, and orifice
plates. Non-limting exanples of non-dispersive
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abbhian) spoyt 60 w . % preferably greater than about 75

wt.% nore preferably greater than about 90 w. %

Ef fecti ve conditions are \al so to be consi dered those

conditions that mnimze yield |osses .
[0017]  The contacting of the catalytic cracking boiling range feedstream
with the sulfuric acid solution in the first reaction stage produces a first
reaction stage effluent comprising at least a catalytic cracking boiling range
effluent and a used sulfuric acid solution. At least a portion, preferably
substantially all, of the first reaction stage effluent is thence conducted to a
second reaction stage wherein it is contacted, under effective cracking
conditions, with a cracking catalyst. However it is preferred to separate the
first reaction stage effluent into at least a catalytic cracking boiling range
effluent and a used sulfuric acid solution, which now contains the removed
nitrogen species. The used sulfuric acid solution and catalytic cracking boiling
range effluent can be separated by any means known to be effective at
separating an acid from a hydrocarbon stream. Non-limiting examples of
suitable separation methods include gravity settling, electric field induced

settling, centrifugation, microwave induced settling, and settling enhanced with

coalescing surfaces. However, it is preferred that the catalytic cracking boiling



during the sulfuric acid solution treatnent to about
to about 0.5 to about 30 w.% preferably about 0.5 to
W@bwmanse2® wt . % , nore preferably about 0.5 to BODUS2000040092
wt.% [0017] The contacting of the catal ytic cracking
boiling range feedstreamw th the sulfuric acid
solution in the first reaction stage produces a first
reacti on stage effluent conprising at |east a
catal ytic cracking boiling range effluent and a used
sulfuric acid solution. At -Peast a portion, preferably
substantially all, of the first reaction stage
effluent is thence conducted to a second reaction
stage wherein it is contacted, under effective
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is preferred to separate the first eact{on stage
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field induced settling, centrifugation, mcrowave
crackdng beilingrrenge gfflugnticaretheni h@gccmdruatedé:d aniuitable cracking
coz-t\l escing surfaces. However, it is preferred that the
ytic cracking boilingrange effluent and the used
suI furic acid solution be separated, or allowed to
separate, into layers in a separation device such as a
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precipitator, or other simlar device. It I's also
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solution. Thus, the catalytic cracking boiling range effluent is typically greater
than about 70 wt.% of the cat cracker feedstream, preferably greater than about
80 wt.%, more preferably greater than about 90 wt.%, with the remainder being
contained in the used sulfuric acid solution separated from the catalytic
cracking boiling range effluent. While not wanting to be limited by theory, the
inventors hereof attribute the loss in yield to compounds such as coke
precursors, 4-ring aromatics, and polar compounds. It should be noted that the
amount of catalytic cracking boiling range effluent contained in the separated

used sulfuric acid solution can also be recovered and combined with the

catalytic cracking boiling range feedstream as a recycle stream, if desired.

[0019]  The catalytic cracking boiling range effluent will typically contain
less nitrogen, both basic and non-basic, than the initial catalytic cracking

boiling range feedstream. The nitrogen content of the catalytic cracking



acid solution and the catal ytic cracking boiling range
ef fl uent produced by the present nethod. At |east a
w@eosiosT3l preferably substantially all, of thePCT/US2004/040092
catal ytic cracking boiling range effluent can then be
conducted to a suitable cracking operation. [0018] As
stated above, effective conditions for contacting the
catal ytic cracking boiling range feedstreamw th the
sul furic acid solution are also to be considered those
conditions that minimze yilétd | osses to the used
sul furic acid solution. Thus, the catal ytic cracking
boiling range effluent is typically greater than about
70 wt. % of the cat cracker feedstream preferably
bodlligataigetBadst B 58
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boi ling range effluent contained in the separated used
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[0021]  Atleast a portion of the first reaction stage effluent, or catalytic
cracking boiling range effluent in preferred embodiments, is sent to a suitable
catalytic cracking operation. Non-limiting examples of suitable catalytic
cracking operations include fluidized catalytic cracking and hydrocracking. In
the catalytic cracking operation employed, any suitable cracking catalyst can be
employed to obtain the desired product. The conditions under which the first
reaction stage effluent is contacted with the cracking catalyst are not critical to
the instant invention and can be any conditions effective at producing the
desired products, i.e. naphtha, diesel, etc. Thus, in practicing the present
invention, the practitioner selects a cracking catalyst or catalysts, and then
selects conditions that are effective for use with that particular catalyst or
catalysts. For example, if the catalytic cracking boiling range product is passed

to a fluidized catalytic cracking ("FCCU") reactor, any FCCU catalyst can be



catal ytic cracking boiling range effluent will contain
60 Wt.% etc. less nitrogen that the catalytic
w@e@sksatgl boi | i ng range feedstream [0020] ThePCT/US2004/040092
catal ytic cracking boiling range effluent will also
typically have a |lower total netals concentration
such as the sumof, for exanple, N, V, Fe, Cu, Na
netals, than the initial catalytic cracking boiling
range feedstream The total metals concentration in
the catal ytic cracking boitilng range product typically
ranges from about 20 wopm to about 1000 wppm
preferably from about 10 wppmto about 500 wppm nore
preferably from about 5 mppn1to about 30 wppm [0021]
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catdl'yst are not critical to the instant 1nvention and
partioulae caalystondathiystss ef f ective at producing the
desired products, i.e. naphtha, diesel, etc. Thus, in
practicing the present invention, the practitioner
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e catalytic cr boi T'i'ng range product passe
are utilized on some products, such as naphtha and diesel boiling range

products, that are produced by catalytic cracking operations. It should also be
noted that the catalytic cracking boiling range effluent will also typically have a
sulfur concentration lower than that of the nitrogen-containing catalytic
cracking boiling range feedstream. Thus, the contacting of the catalytic
cracking boiling range feedstream with the sulfuric acid solution also reduces
the sulfur content of the catalytic cracking boiling range effluent. The catalytic
cracking boiling range effluent will therefore have a sulfur content lower than
the catalytic cracking boiling range feedstream. However, it is desirable to
minimize the reduction of sulfur to minimize yield losses. Typically the
catalytic cracking boiling range effluent will have a sulfur content about 0.1 to
about 25 % lower than the catalytic cracking boiling range feedstream,
preferably about 0.1 to about 15% lower, more preferably about 0.1 to about

10% lower, and most preferably about preferably about 0.1 to about 5 % lower.



to a fluidized catalytic cracking ("FCCU') reactor,
any FCCU catal yst can beused, and the FCCU reactor
wowrwsadsdiel oper at ed under effective conditions POF/US1084/040092
particul ar catalyst. Likewise, if the catalytic
cracki ng boiling range product is passed to a
hydr ocracki ng reactor, a suitable hydrocracking
catal yst such as, for exanple a zeolite, can be
sel ected and the hydrocracki ng reactor conditions such
as, for exanple, hydrogen tl2eat rate, |iquid hourly
space velocity, etc. would be selected fromconditions
known to be effective with that particular catal yst or
catal ysts. [0022] It should be noted that the present
[06%3] " OJ%Re %BQV@Héééﬁgﬁ%h hodiratieq 1o ?F@f@fﬂsd COMRREHEATOf the
catfal ytic processes such as desufturization processes
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and di esel boiling range products, that are produced
emfypdinmenisythpicare equilin gifogiivaeawd be devissdor damying dué the
s nqt%& t hat %he catal ytic cracking boiling range
PE9 EWEHXF?VHhIso typically have a sul fur
concentration | ower than that of the
ni trogen-containing catal ytic cracking boiling range
[0624¢dst ThafivolloWing, exahepl eorilailtishateothetififpre dédéfédtieness of
cracking boiling range feedstreamw ththe sulfuric
theypregertonuentaon, Hus i nedoeasy to hmis tHef presemtrinvestttionf intaing
£ atal ytic cracking boiling range effluent. The
a4l ytic cracking boiling range effluent will
therefore have a sul fur content | ower than the
catal ytic cracking boiling range feedstream However,
EXAMPLEssirable to mnimze the reduction of sulfur to
mnimze yield | osses. Typically the catalytic
boiling range effluent will have a sul fur

cant e about 0.1 to ahout 25 % | ower than the
03] o QIL hl@e%éegﬁ%ﬁplﬁép VgD gl Mesedilntadnyith Sml of

toluene to reduce the viscosity at room temperature, and combined with a

sulfuric acid solution in a glass centrifuge tube. One sample was combined
with 0.4 ml (2 vol.% treat rate) of a reagent grade sulfuric acid solution,
referred to herein as solution #1, having a sulfuric acid concentration of 96
wt.%. The other two samples were mixed with the same sulfuric acid solution
but with 0.8 ml (4 vol.% treat rate) and 20 ml (10 vol.% treat rate),
respectively. The mixtures were shaken by hand for 60 seconds and then
allowed to separate at room temperature. The two phases, i.e. the cat cracker
boiling range product and the sulfuric acid solution, separated and the cat
cracker product layer was removed. The cat cracker product thus removed was
stripped of toluene under vacuum, weighed and analyzed by ANTEK for
nitrogen content. The results of this experiment are contained in Table 1

below.



preferably about 0.1 to about 15% | ower, nore

preferably about 0.1 to about 10% | ower, and npst
w@e@besabl y about preferably about 0.1 to aboupCBUS2004/040092
| ower.[0023] The above description is directed to
preferred enbodi nents of the present invention. Those
skilled in the art will recognize that other
enbodi ments that are equally effective could be
devised for carrying out the spirit of this invention.
[ 0024] The follow ng exanptl8s will illustrate the
i nproved effectiveness of the present invention, but
is not neant to limt the present invention in any
fashi on. EXAMPLES EXAMPLE 1 [0025] Three 20 ml sanpl es
of virgin gas oil were diluted wth 5m of toluene to
reduce the viscosity at roon1tenperature and conbined
wth—=a sultfurircacid—sot L1-IABEE1I ma gl ass bclll.l i—f ugc
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with 0.8 m (4 vol.%treat rate) and 20 m (10 vol . %
treat rate), respectively. The m xtures were shaken by
hand for 60 seconds and then allowed to separate at
E erature. The two phases, i.e. the cat cracker
[0
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however, the sulfuric acid solution mixed with the virgin gas oil was a spent

Y ey S

sulfuric acid recovered from an alkylation process unit, referred to herein as
acid solution #2. The spent sulfuric acid had a composition of 90 wt.% sulfuric
acid, 4 wt.% water and 6 wt.% acid soluble hydrocarbon. This converts to an
equivalent sulfuric acid strength as defined above of 96 wt.%. The virgin gas
oil feedstream was separately mixed with 1 ml (5 vol.% treat rate) and 20 ml
(10 vol.% treat rate) of sulfuric acid solution #1 and sulfuric acid solution #2,
respectively. The results of this experiment are contained in Table 2 below,

which compares the results of treatment with sulfuric acid solution #1 and #2.



stripped of toluene under vacuum wei ghed and anal yzed
by ANTEK for nitrogen content. The results of this
wezpensatent are contained in Table 1 bel ow. TABRE/USH6€010092
Vol unmetric wppm Ni trogen wppm Nitrogen % Nitrogen Feed
Treat Rate in Feed in Product Renoval Recovered #1 2
vol . % 2034 256 i 87 92% 4 vol . % 2034 190 91 91% 10
vol . % 2034 37 98 69% EXAMPLE 2 [0026] The sane virgin
gas oil feedstream of Exanple 1 was treated according
to the nmethod outlined in HB4anple 1 above. In this
experinment, however, the sulfuric acid solution m xed
with the virgin gas oil was a spent sulfuric acid
recovered froman al kyl ation process unit, referred to
herein as acid solution #2. The spent sulfuric acid
had a conposition of 90 wt. % sul furic aci d, 4 wt . %
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treal] rad e).vand 20 #34( 10 Vol . Yadg eat nat epqof 91%
sl TUr 6 wGyd Sol ulzg@d # 1 and s TUuri ¢ acob@ SOl Ut 1gas,
#2, rlespeedieyvelly. Thesresults ofi1d hi s éxpepsnent argzd,
contained in Table 2 below, which conpares the results
of treatnment with sulfuric acid solution # 1 and

[06227] TABAE c2n Aei sgeﬁ/dli Taislier 1, choviedh rdbporeigd rweib porirBithieng evith
% Ni trogen Fee

both acid solutions. It is also noted that some advantage in feed recovery is

achieved at the 5 vol.% treat rate with the spent sulfuric acid solution.



Solution Treat Rate in Feed in Product Renoval
Recovered #1 5 vol. % 2034 144 93 79% 10 vol . % 2034 190
w©®20090%6742 5 vol . % 2034 212 90 90% 10 vol . % 2084T/13009610092

87% [ 0027] As can be seen in Table 1, the feed
responded well to treatnment with both acid sol utions.
It is also noted that sone advantage in feed recovery
is achieved at the 5 vol.%treat rate with the spent
sul furic acid solution. CLAIMS ; 1. An inproved

catal ytic cracking nethod edaprising: a) providing a
sul furic acid solution containing greater than about
75 wt. % sul furic acid; b) contacting a

ni trogen-containing catal ytic cracking boiling range

Cigqgiig.reamwith the sulfuric acid solution in a first

on stage under effective conditions and at an

l.aci dAﬁ@ﬂn?h'bfodl ARl TTe Crdckingd @Rthddeden@irigiager than about
0.5 vol .% based on the catalytic cracking boiling

rangd fegusvidiagn sulforieianidgodutien contaiming greatdGhan about

of the nitro C ounds contained in said catalytic
cracki ng %W%’%@uﬁgﬁp@ém eedstream i s renoved thereby

produci n g St o) - - |: 8]
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at least a portion of said first reaction stage

ef f | uent umiler effective conditions and at an acid solution volumetric treat
rate greater than about 0.5 vol.%, based on the catalytic cracking
boiling range feedstream, wherein greater than about 60 wt.% of
the nitrogen compounds contained in said catalytic cracking
boiling range feedstream is removed thereby producing a first
reaction stage effluent comprising at least a catalytic cracking
boiling range effluent and a used sulfuric acid solution; and

c) conducting at least a portion of said first reaction stage effluent to

a second reaction stage wherein said first reaction stage effluent

is contacted under effective cracking conditions with a cracking

catalyst

2. The method according to claim 1 wherein the nitrogen-containing cat
cracker boiling range feedstream boils in the range of about 430°F to about
1050°F (220-565°C).

3. The method according to any preceding claim wherein nitrogen-
containing catalytic cracking boiling range feedstream comprises heavy
hydrocarbon oils comprising materials boiling above 1050°F (565°C); heavy

and reduced petroleum crude oil; petroleum atmospheric distillation bottoms;



a second reaction stage wherein said first reaction

stage effluent is contacted under effective cracking
w@omdiosi7ans wit h a cracki ng catal yst 2. The nepdiDtiS2004/040092

according to claim1 wherein the nitrogen-containing

cat cracker boiling range feedstreamboils in the

range of about 43Q0F to about 10500F (220-5650C). 3.

The net hod according to any precedi ng cl ai mwherein

ni trogencontai ning catal ytic cracking boiling range

f eedst ream conpri ses heavy-Hydrocarbon oils conprising

mat eri als boiling above 10500F (5650C); heavy and

reduced petrol eum crude oil; petrol eum at nospheric

distillation bottons; petrol eumvacuumdistillation
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hyatrocabbs rekdduese thrfsandotlopshald geliqeidirodisto des $€s from coal
light or heavy cycle oils; and mxtures thereof. 4.
hqltﬁ%amrrw@casscsxrlcglﬁg)rtmamyyqdc@d@dam@rruxmir@a thieeodi n

t he nitrogencontaining catal ytic cracking boiling

range feedstream conprises vacuumgas oils boiling in

t he ) .
daceorlh eI TR KRR BRE Ak esed Siekp ot gL ORPEE -
cditdihQEpentslptiaichidking Bbidngtrhfig € FekirdsmRehlprivgs ¥ahden gas
f eedstream cont ai ns about” 100 to about 10,000 wppm
oitd boitiggm tie: rafige abevh ebowddO Bi(33 (). any pr ecedi ng
cl ai mwherein the nitrogencontaining catal ytic
cracking boiling range feedstreans has a total netals

5.(1:080 Q%A@%MO%acrc%ﬂ%hg% faﬁyg rﬂrgc%%ﬂ{g HAinRAER B3 gen-
containing catalytic cracking boiling range feedstream contains about 100 to

about 10,000 wppm nitrogen.

6. The method according to any preceding claim wherein the nitrogen-
containing catalytic cracking boiling range feedstreams has a total metals

concentration ranging from about 10 wppm to about 1,000 wppm.

7. The method according to any preceding claim wherein the nitrogen
‘present in said nitrogen-containing catalytic cracking boiling range feedstream
are selected from quinolines, substituted quinolines, benzo quinolines, anilines,
N-alkyl indoles, alkylarylamines and substituted derivatives thereof, indoles,

and carbazoles.

8. The method according to any preceding claim wherein said sulfuric acid

solution contains greater than about 80 wt.% sulfuric acid.



7. The method according to any preceding clai mwherein
the nitrogen present in said nitrogen-containing
w@ 2008l05¢78t cracki ng boiling range feedstream aPE&I/US2004/040092
sel ected from qui nol i nes, substituted quinolines,
benzo qui nolines, anilines, Nalkyl indoles,
al kyl aryl am nes and substituted derivatives thereof,
i ndol es, and carbazoles. 8. The method according to
any preceding claimwherein said sulfuric acid
solution contains greater tWan about 80 wt.% sulfuric
acid. 9. The nethod according to any precedi ng claim
wherein said sulfuric acid solution is a sulfuric acid
sol uti on obtained by: a) conmbining an ol efmc
9.y dr prEhRALd BSARAHEAN AP Bt WihetAndhe] blfuric acid
wi th 1 sobutane to rma’ hydroc onaceous m xt ure;
sodutbibys Lanlfigtd ad¢ig sbhrionysbiginad Bnaceous ni xture with
sul furic acid under conditions effective for producing
at |®ast combinkyd an elefimic hydokiondeatstitasntartaiomg C; to
havi ng an.acj d concentration qf at |east about 75 |
Wt . % Csrﬂié??L HEYIS9BEBREIH %aéﬁgrwmﬁ@u%wwe;
wherein ter than about 75 w.% of the nitrogen
conpounds contained in said catal ytic cracking boiling
rangs) feegdsii@mp the hyareeuesbnaddouste iR WaH safBecdcng
to any preceding claimwherein the treat rate of the
sul furi c wuded cendiions effestiabfutprodicitg atleast ar?fikybite %d a
12. The method accordi.ng_ to any preceding claim
wherein t 1% aolutipR @pﬁqnggan acid concentration of at least

about 75 wt.%.

10.  The method according to any preceding claim wherein greater than
about 75 wt.% of the nitrogen compounds contained in said catalytic cracking

boiling range feedstream is removed.

11. The method according to any preceding claim wherein the treat rate of

the sulfuric acid solution is about 0.5 to about 20 vol.%.

12. The method according to any preceding claim wherein the nitrogen-
containing catalytic cracking boiling range feedstream and the sulfuric acid
solution are intimately contacted by a non-dispersive contacting method

selected from packed beds of inert particles and fiber film contactors.

13. The method according to any preceding claim wherein the nitrogen-
containing catalytic cracking boiling range feedstream and the sulfuric acid

solution are intimately contacted by a method selected from mixing valves,



catal ytic cracking boiling range feedstream and the
sulfuric acid solution are intimately contacted by a
WoMsasEpEr Si ve contacting nmet hod sel ect ed fr oPepPES1084040092
beds of inert particles and fiber filmcontactors. 13.
The net hod according to any precedi ng cl ai mwherein
t he nitrogencontai ning catal ytic cracking boiling
range feedstream and the sulfuric acid solution are
intimately contacted by a nmethod sel ected from m xi ng
val ves, mi xi ng tanks or vessH-s, propeller mxers,
in-line static mxers, and orifice plates. 14. The
nmet hod according to any precedi ng clai mwherein the
first reaction stage effluent effluent is separated
I I i £ 2K i i | € i
bR k! st P S TN Rl ey Horifice
plagans known to be effective at separating an acid from
a hydrocarbon stream 15. The nethod according to any
precedi ng claimwherein the catal ytic cracking boiling

an ef fl.uent and the used sulfuric acid soJution are
14 apafg Bty decdihaizds mbk paesvTling daire At aSt reaction
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cracki ng boiling range effluent and the used sulfuric
effigdtive s beparating ae asilpfoat by drpciiboastrbaim cont act or s.

17. The method according to any preceding claim
wherein the catal ytic cracking boiling range effl uent

as otal ..netal s concentration.than the _cat. .
1§C! fa c@éér %qqt %Cé:ochﬁg ég ARY gg?c}egg}ﬁ claim wherein tfle ca%aefytlc
cracking boiling range effluent and the used sulfuric acid solution are separated
by a separation device selected from settling tanks or drums, coalescers,

electrostatic precipitators, or other similar device.

16.  The method according to any preceding claim wherein the catalytic
cracking boiling range effluent and the used sulfuric acid solution are separated

by fiber film contactors.

17.  The method according to any preceding claim wherein the catalytic
cracking boiling range effluent has a lower total metals concentration than the

cat cracker boiling range feedstream.

18.  The method according to any preceding claim wherein the catalytic
cracking boiling range effluent has a total metals concentration ranging from

about 20 wppm to about 1000 wppm.



18. The nethod according to any preceding claim
wherein the catal ytic cracking boiling range effl uent
whawsasd7et al netal s concentration rangi ng fronPEbUs2002010092
wppm t o about 1000 wppm 19. The net hod according to
any preceding claimwherein water is added to said
sulfuric acid solution to adjust the sulfuric acid
concentration of said sulfuric acid solution. 20. The
met hod according to any precedi ng clai mwherein the
sul fur content of said catal%tic cracking boiling
range effluent is about 0.1 to about 25 % | ower than
the cat cracker boiling range feedstream 21. The
nmet hod according to any precedi ng clai mwherein the
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nitrogen froma nitrogen-containing catalytic cracking
subbirld amd salugienf eedst r eam conpri sing: a) providing a
sul furic acid solution containing greater than about
80 wt.% sul furic acid; b) contacting a
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a sulfuric acid solution under effective
lomdﬂnan thescaanchcher boiliagirahgeofeadsiteant. treat rate of
about 0.5 to about 20 vol.% based on the catalytic
cracki ng

21.  The method according to any preceding claim wherein the yield loss
resulting from the sulfuric acid solution treatment is about 0.5 to about 30

wt.%.

22.  An improved catalytic cracking method involving removing nitrogen
from a nitrogen-containing catalytic cracking boiling range feedstream
comprising:
a) providing a sulfuric acid solution containing greater than about
80 wt.% sulfuric acid;
b) contacting a nitrogen-containing catalytic cracking boiling range
feedstream boiling in the range of about 430°F to about 1050°F
(220-565°C) in a first reaction stage with a sulfuric acid solution
under effective conditions and at an acid volumetric treat rate of
about 0.5 to about 20 vol.%, based on the catalytic cracking
boiling range feedstream, thereby producing a first reaction stage
effluent comprising at least a catalytic cracking boiling range
effluent and a used sulfuric acid solution, whereby greater than

. about 75 wt.% of the nitrogen compounds contained in said



boiling range feedstream thereby producing a first
reacti on stage effluent conprising at |east a

W@ at08loyd78L cr acki ng boi li ng range ef fluent andPEI/uSmd4/040092
sul furic acid solution, whereby greater than about 75
wt. % of the nitrogen conmpounds contained in
sai dcatal ytic cracking boiling range feedstreamis
renmoved and said contacting is achieved through the
use of a contacting nethod sel ected from
non- di spersive and di spersi3fe contacting nethods; and
conducting at least a portion of said first reaction
stage effluent to a reaction stage wherein said first
reaction stage effluent is contacted under effective

cracki ng Gendhit bRRRNY bR FhA B tFARRLY $¢moved and said
contacting is achieved through the use of a contacting method
selected from non-dispersive and dispersive contacting methods;
and
C) conducting at least a portion of said first reaction stage effluent to
a reaction stage wherein said first reaction stage effluent is |
contacted under effective cracking conditions with a cracking

catalyst.



