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"PCT/ (JS99/ 28791 This invéntion relates to a staged catal ytic cracRi5ngUN 2003
process that includes nore than one catalytic cracking reaction step. In
particular, this invention relates to a staged catal ytic cracking process
t hat i ntegrveoewq@y7 | east one hydroprocessing step before thecgbgoykid
cracking reaction steps, and at | east one hydroprocessing step between the
catal ytic cracking reaction steps. Staged catal yti acking. reaction
systens have IDdHGRALERSEAGED CAINLXIAE GRAH “::3:.‘h X W s and
octane quality of gasol i neHYDRORRQCESSENG BRGNS envi ronnent al
constraints have also had a large inpact on the refiner. As a result, the
known staged catal ytic cracking processes are not sufficiently effective in
conconmi t ant hX FRein SRV B X > ¥ nts and mai ntaining a high

qual ity octah U s, Pat. No. 5,152,883 discloses a fluid
catalytic cracking unit that includes two catalytic cracking reaction steps
in series. After a hydrocarbon feed is cracked in a first catalytic

cracki ng r eBEELDNOSt FHE INVENTJOMN>car bon gases and gasol i ne products are
removed fromthe product stream and the heavier product portion is
hydrotreated. Follow ng hydrotreating and further gasoline product renoval,

the heavi er hydr Shisdnyentiqn tsiaies to astagedratalyHin CEaCkEMOPRPCESR MRYt i ¢ cracki ng
step. The gasoline praducts are. renoved and i.he heaver produgt.s are

ecycl ed | HEGHE MO IBE bie PRELITEERGing eackigh SR th BarBRgBE 1 B0 40677
PCTI US99/ 28i69¢ngoipe1RRs fo %tst%eﬁ 1ca8?3f%§:' cxﬁcﬁihg?r&!écsﬁ thatite granal 4t AU M
Progress, tune 1-5, 1959, Fi Wor Petrolfeum Congress, Inc., NY., pages
103-122 (whomhhydropesiessidlg step Befsre tRatatalydic 2adkifig fdRtiostepsadid att al . ),

di scl ose a two stage catal ytic cracking Er ocess, which uses a short contact
time riser Kastone Hydreprocessing stendetween:the caighticscragking reacion$1ansi ng
designed to give 40-50 wt. conversion. As set forth in the reference, the
second stage is a dense bed systemthat uses gas oils fromthe first stage
along wi th BAGCKGROUNDONTHEANCENTON! conversions of 63-72 wt. %
even though the unit 1s operat ow enough charge rates to achi eve
total conversions from65-90 . % As set forth above, known catal ytic
cracki ng process$mgedicafalyrivveraticiap rédttiogsysteths\Have beynlimtoduetd 0 processes
are effective in significantly increasing gasoline yield and octane.
However, t hireprove sheoyerat gaselinesyiglss and egtang quabity J gasplnenin tpesnt ty of
md-distillates,, which can_be u§qd as_di esel o# e tira? oi |l . l}/breigver, such
processes UNBSE OMFYFT L FTATRI eIl sonftr S}aﬁfz@ °|£]13Pgrﬂ B¢ BPPIS §R "% at ur at ed
vapor pr odugifinet.eAdlatrebalt,f th@ BhbRa sl t?égﬂ%&ﬁh@%ﬁ&cés&%f:%tfrpmthe
heavi er cracked products back to |ighter ol efin products. By mnimzing the
negative efffficienty effective yip comdfontiamtiyqeeetingemsfirmnmentajreensaintpand i ty of

ol efins product could b rqoduced, and {hese ol efins could be nade

avai | abl e fEAIHYNNER hlﬁih&‘@ﬁﬁ@ﬁtapﬁgés‘ﬂﬂﬁfgﬁé‘f‘és and useful pol yner

materi als. The products of conventional FCC processes are generally lowin
hydrogen content resulting fromboth the relatively | ow feed hydrogen
content and convE8.iraeaNoF5;T5D)888 dischuies afhlid caabtiefcricidhg waltk4tat ur e,
(i.e., above 850 F.) and |ow pressure (i.e., below about 100 psig). The
convent i onanchidss swe sstalytic enaoking roactionctenstia senesradfiona bydeacarban ¢ and

i d ha i phati hy d -rigch . As
aromt ¢ b UL Sk 0L SR BBOBLLEb SR 00 R ARCRACS. A
of higher h%&é@ﬁﬁd‘ gﬁ%ﬁr@}[ﬁr&%ﬁé&k fre RARRCUFIn! thdpiddactdthsoh aR@iild Ng range, a

need for rogenat’i on
heavier product portion is hydrotreated. Following hydrotreating and further

gasoline product removal, the heavier hydrotreated product is cracked in a

second catalytic cracking step. The gasoline products are removed and the
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heavier products are recycled into the hydrotreating process.




~ 5 .JJid 2003 WO 001 406744 PCT/ US99/ 28791 3 feedstocks and products has

‘al so grown. Moreover) there is a need for fuels having a dinini shéd JUN 2003

concentration of sulfur-containing species the sane tine, the value of FCC
units as producers of olefinic gases for chem cal feedstocks, e.g.,

propyl ene aWN@08MB5/7 ene, has grown. Hydrogenation technol ogy caT/s®928Ployed
to provide enrichnment of the hydrogen eontent of FCC feeds. However, this

hydr ogen additi nust b ne i Y 'NAp tij,L 4 zad i on of
t he hydrogen th%ﬁ@"&%‘n@u%& R ﬁ*ﬁﬁ%@%%h\%@ﬁgﬁﬁ%ﬂd%%éﬁor t he
hydr ogenat i @%osterh WéHd PetiBleLOChASre8E The L BEY O pdpes 10ui2n@itiicks wel | . |t
is, therefore, desirable to obtain a conbined staged catalytic cracking

st aged hydramprespersds todJ ;S Bak3¥0.\2h9 561003 Marshel edlab), disclpsera two istage
distillate quality and octane Ie_vgl . SU RY OF THE | NVENTI ON..I| n one
enbodi ment , {3l FraskingdTopess WY Rich usesa SN CORIACE HIE HFT A8 SRe 885t onpr i si ng

t he conti nuQus of,. (a) cont ' . r f 4 B, a

hydr opr oces® ?%?g%i‘gﬁgfﬁé?é%%dféf%éﬁ %%&dﬁ%?éﬂﬁggégﬁgﬁﬁ ﬁgo}%’# o/? der to form
a_hydr opr ocgneesidh dA9 ey fopth thaRE refelohce OME 36t dritlstae isw dengerieessed f eed
Wi th cracking catal yst under catal ytic cracking conditions formng a first
cracked hydiystear than ugesoghsails ftarh the finstsstageplong wittha rédyicke steeame ked

hydr ocar bon ,product, a bottons action containin 1d-distillate and gas
oil, the boglv%ﬁgeﬁlé@pwwmﬂfjrﬁg-ii Winre e4en Hiqughige Joatis oeraled phast 300
F;, (d) hydr [ I | I ng
condi 11 ons. P AERgR e et sBiRyb el EOeIERE RURESIERER"T 05 uo
00/ 40b77 PCT/ US99/ 28791 4 (e) separating a second fraction of at |east
hydrogen from the hydroprocessed product, and conbining the second fraction
wth the As set fortg above, known catalytic cracking processes which have

been integrated with hydrotreating processes are effective in significantly
increasing gasoline yield and octane. However, this octane increase is
obtained by sacrificing the quality of mid-distillates, which can be used as
diesel or heating oil. Moreover, such processes undesirably produce a
relatively high quantity of light saturated vapor products resulting from the
detrimental hydrogen transfer from the heavier cracked products back to
lighter olefin products. By minimizing the negative effects of this type of
hydrogen transfer, a greater quantity of olefins product could be produced, and
these olefins could be made available for further conversion into oxygenates

and useful polymer materials.

The products of conventional FCC processes are generally low in
hydrogen content resulting from both the relatively low feed hydrogen content
and conventional FCC operating conditions of high temperature, (i.e., above
850° F.) and low pressure (i.e., below about 100 psig). The conventional
processes consequently favor the formation of olefinic and aromatic products
rather than aliphatic, or hydrogen-rich products. As recent environmental and
regulatory pressures have resulted in requirements of higher hydrogen content

fuels, especially in the diesel boiling range, a need for hydrogenation of FCC



hydrocarbon feed of step (a); (f) contacting the separated hydroprocessed
-product with cracking catalyst under catal ytic cracking conditions ?S)UQEQ%H
a second cracked hydrocarbon product; and, (g) conmbining the first cracke
hydrocarbon product and the second cracked hydrocarbon product for

conti nued sepavaserpn and hydroprocessing of the md-distill apgraigyskas O |
containing bottons fraction. In a prefefred enbodi nent of the invention,

t he second fraction conprises h){drogen, a C4- hydrocar bonJégcti on, and a
mid distil fepdstocksand products basalsmgropyes Moreaventisas Mednced @iduglhan 50 vol .

% of the fi ked, hyd i boi | i
pornt of 1 DEEhe A ARHERA EbnEAkaHEn BY SRl -cbRafily sPecitlthelclindtife® PO 07
60 vol . 9%, Hl@%éth@gniltﬁﬁss rodBct®bf of8fifik ghfies fepEhkmech] féddsiocReld second

cracked hydrocarbon products 'have a boiling point of |ess than or equal to
430 F. 1t ygi, propyleae apdetiedersd hesrprodvme Ry drogenatianatghriotogy earkbeng
conditions of step (f) Include a reaction tenperature é‘g&t I@ff at | east
equal to t REWlexedtomTauideenaichment 9t the hydzegsmepnteni®f Fehdeeds st ep (D).

More prefe I t.he i | ni r.-act | . cracki ng
cat al yst a?'gol%%%fﬁf’ tgfse%a}%%%{‘ ?é‘ﬁﬁ_é‘?ﬁuﬁpgcﬁ%&%qx{rﬁgel&ﬁﬁtogh%%a@gﬂbg er than _
that used ygligdtesh 6Pthe H‘ﬁa&@%d%athh! is CbAsined aha td Ysinafeliftedtmefont acted with
the cracking catal yst at” a tenperature ranging fromabout 900 F to about

1250 F. feduikd-for BasShyiPoperatine sl Ghilesonk e st wsesefi FCCanot her
preferred enbodi nent, the hydrocarbon jn step.(h) is contacted with a
zeol i te cr &BWPAIENE a8 Wells It f$ theretore, desisableta @gﬂﬁﬁo@mmF&SBﬂéger ably, the

hydr ocar bon_, (o) ] 1 I f Q.1 | ging from
about 1 1 o ual GbaEhE Sipel Ryt BrO RSB B U fich Riruibt BehALY' 17,

i nventi on, ptddactieRddistiHatealifyp@id ddtaf@ieiley,st in both the first and second
catalytic crackers are contact'ed at a tenperature ranging from about 950 F

to about 1250 F. The present invention will be better understood by
reference mmof the I nvention when taken together
with the a °n : e figure is a schematic
representation of a preferred enbodi nent of the invention. Catalytic
cracking is ap s that i l.] _known in.the f t ) ef i ni ng
and generally r L’?éﬁé e{’%’oagﬂ?fér %\%ﬁﬂv‘frg}oé‘eprf?y‘/b"ﬁegcaa%%w%ﬁoc?%é{ﬁ%§‘l’%{rp8£ss mal | er
hydr ocar bogormptiSing! the ceitiRiiaistéps gft Least one carbon to carbon bond. For
exanple, a large paraffin nolecule can be cracked into a smaller paraffin
and an olefin, and a |large olefin nolecule can be cracked into two or nore
smal l er ol efin (@) esnthéring & Bydrosarbondbed withh hodtaprosdssing catdlyqi n aromati c
rings or naphthenjic rings can also be cracked. It has been found that the
quantity oRnderdiidreprecessing eenditionsia arder o farm g hydrapregassedat e product t hat

is formed i t he. catal ytic cracking process can be inproved by
initially ﬂﬂ@%?%gpgﬁ?ﬁﬁ a short contact tine reaction step

(b) contacting the hydroprocessed feed with cracking catalyst under

catalytic cracking conditions forming a first cracked hydrocarbon product;

(c) separating from the first cracked hydrocarbon product a bottoms
fraction containing mid-distillate and gas oil, the bottoms fraction having an

initial boiling point of at least 300° F;

(d) hydroprocessing the bottoms fraction under hydroprocessing

conditions forming a hydroprocessed product;



L.~ 7_5 JJN 2003 WO 0Q/ 40677 PCTNS99/ 28791 6 into the overall catal ytic
-cracking process. After the short contact time reaction step, a gasaaili 2003
containing bottonms fraction is separated fromthe product portion, and the
gas ml containing bottons fraction is reprocessed at a higher intensity
rel ative towolwamoarsed in the short contact time reaction stepcTAfRekghsng to
this invention, product yield and qualit4 are further enhanced by

i ntegrating staged hydroprocessing steps .into the staged catal ytic cracking
process. PreferdB) f,epatatlr@a%secgné%wapwf@&&@ﬁhagﬂrgg%fb oM & first

hydr opr ocessin e or st .St e f Ll catal ytic
cracki ng s?’i’&égp@%g%ftd Rrg§g$f9§§%°§%3f'[’ﬁ%ﬂﬂﬁ qﬁgog’ragﬁg%@ég‘gfthéﬁést age (the
second hydnyirQGeB8h TeedbaoRp (F), Stages) is included between the catalytic
cracki ng stages. Separation stages may al so be used in the practice of the
invention, either alone or together with reaction stages. Conbi ned

separ at or - r eact Qfp contddtingsthe sepiried Y drofsHooedsed pecduct sdtharadking wher ei n t he
hydr opr ocessi ng and separation occur in a single unit, are within the scope
of the i nvenatalpst.under|catalptic viaskinggcanditionsformihgoy seoopdcracked, it is

bel i eved tgst the, first hydroprocessing stage produces a hydroprocessed
feed to th 3$k?§¥h93ﬂ599¥$%a acki ng stage that has a dininished
concentration of sulfurcontaining and nitrogen-containing species. In

addition to dimnnishing. the copcentration.of sulfur- [

ni t r ogen- bear i négé p‘é‘l’f‘gg‘f% the €rsggche%gygwgﬁrsqqqéarf)ﬂ?@%nhgg? g%?’ggessi ng
stage al so t i nd pol ar
SRR £ B L e R R e s s s il
hydr opr oceshe ngdedistllytetand gds dibcdithininebottdms fitabtton.ower sul fur and

ni trogen enabl es operation of the second hydroprocessing stage with
cat al ysts having hi gher hydrotreating, hydrocracking, or hydrogenation

activity, or alternatively w.th.nultifunctional r ing catalysts.
Di ni ni shi ng sul 2 ’F?JWF#BH’@H“EBHC@FF 51¥°8ﬁ°Pnp*‘¥%89$’L°g‘§$§g"ﬁ he first

catal ytic Gonfprifes Hydi8géH)@ €4 MMdrBearb8¥raefioR land’d mid distillate! fradtivmk ed
products such 'as C4°- gases, naphtha, and md-distillates fromthe products
of the first catalytic 2 5 JfJiJ 2D03 WD 00140677 PCT/ US99/ 28791 7 stage
may al so resul t Inarditkergireferfodérabediniea, iesd thin §66l.€%iof théfirstecond

hydr oprocessing stage which in turn may result in increased aromatics

hydr ogenat icsackedrhysirosarben nraduct formed in stop Ab) kas a kodling paindof lese of an

i nt ti i n_whi K j St i t CC hyd ti
techinol ogi et GAa08 1 Alifs ek pes Emag st e 60 8ol 2 | ow enough
severiLy,  RRRAIAD 1k D3V, SEMEAIILUR arkanASPL N ety el ectiVity

to olefin duction while preserving su rcient al'rphatic character in the
unconver t edydrétaghéf iprodicts ARt »BbARMFTPOIAESH 8y han GPeHE41It0A30ME. first FCC
in this manner allows the unit to make acceptable quality distillate for
distillate fuel blendstocks and an acceptable quality bottons stream which

in turn enabl es _poderat e-severity hydroprocessing.. At the sane tinme, the
first FOC step db¥shpratberBrefomed srRbPRmIANtBR CRIA i, SraFking SGBAIIONS

subsequent Lol pech i fromthe
first qhydr Sg)rég?ggz?ﬁ"gﬁé‘% ggceaéé{rbg tgﬁﬁo{,\a@gﬂeﬁéa g%gisﬁeast éo(ﬁlai B)gth{g gat al yst and
are subsequedert theluatalgtic Arackine conditions af yré? (b)) Mbee pﬁgﬁﬁbyﬁﬂi@g‘aﬁt ep,

providing heat for the endothernm c FCC reactor chemstry. e presence of
t hese pol avilsipataising\battamsifrastinh apdiths atacking catalystare gontapted@tasi ng
severity requirenents in the secqond hydroprocessing stage (j.e., high
pressure, |t%,Lpg%rapgg gt sy oo %@BE‘SEM tB%tr}@FFit‘ga@Pi?g)end‘F%m the first
FCC stage i j I i - di gl i ess of
catal yti cal ?fdé‘?%é% %% }B@oé&%g&}esa%t%ﬁ%?%@etgg%qc&% ée%s?aly E{Eﬁ%e FCC f eed)
the vol ume iehpéraiie!ankingoBIbRA 90008 BuBbaPrIpeFsed i n the second

hydr opr ocessi ng stage s greatly reduced, and i1t is reduced to that

popul ati on of nol ecul es which are not easily converted in FCC, i.e., those
nol ecul es that will nost benefit fromthe hydroprocessing chem stry that
i ncreases FCC feed crackability. Thus, the first FCC step sel ectively
prepares a reduced-volune feed to the second hydroprocessi ng stage which

contains a reduced anmount of hydroprocessing catal yst poi sons or
inhibitors. As a result, the second LE Z5.JJi~ 2003




WO 00/ 40677 PCTI US99/28791_8 hydroprocessing step can efficiently be
"directed to the task of facilitating and enhancing the selectivity %f N 2003
subsequent FCC conversion. In conventional hydroprocessing, high puari w
hydrogen is obtained fromthe refinery hydrogen circuit, and unspent
hydrogen i swproomessed and returned to the refinery hydrogen ggfgidbdagror
Unspent hydrogen is hydrogen recovered $rom a hydroprocessi ng process that
was not consuned, fir exanple, for hydrogen ting uns turatedﬁggecies.

However, in accdﬂdﬂﬂ@@omqf prefemegemiodimerny; thehairoGarBoR iHSEPAPLR purity
hydr ogen |spﬁtsée_ ghhe S ond E%}%%Qﬂlﬁﬁ?éﬂeggﬁ‘%hqg%  seBBidetMfast a

portion of © econ roprocessing stage is
conduct ed e Fe%l;'zhé W&Ja%ﬁ%%?hﬂﬁe@&/ﬁ%h@%lﬁ@ﬁbﬂar}%dfwdhmtshe
hydrocar bon feed. 'Accordingly, the second hydroprocessi'ng stage has a hi gh
hydr ogen paangiag froreabouel twabduytd sayendd.i ng any refractory aromatic

nol ecul es in the bottons product of the first catalytic cracking stage.
Unspent hydrogen fromthe second hydroprocessing stage is conducted to the

first hyd d h
et mery. hydr ogd Vel FROnB Bisfpesy afoEmof b Pitter She FaBanksIné e
econom cal |c¥ad¥&ﬁg"‘€§t§lyéf‘ﬁpﬁ&h tHL‘QTr?t%ﬁl deSonRPEdtSeHi6lickRKets/ark @ohtaetdd I st
hydroprocessing stage. This invention thus produces a higher hydrogen

partial pr esauémpmtﬁx’eeraﬁ%mgrfﬁbfﬁmowmf@m atwpustl2f§@° Fhan in the first
hydr oprocessi ng stage i gher hydrogen partial pressure is nore critical
in the second hydroprocessing stage to saturate the nore refractory
aromati ¢ SRAS, I gen speci es. Anot her aspect
of the |nvc1$ ﬁoﬁ @QCW r‘(i@cd#.iﬁ,mﬁge ulstt?l ng range of unconverted
bottonms fromthe first FCC step in the feed to the second hydroprocessing

stage. This 1 nCha) 80cdrd s8/ LGk AL RGNS Gndlrd BB S HABIERODR O T Nt ensity

operation of the e renderst Sui S

hydr opr ocegxdtaded Desimidn omeqma&tdﬁ whén takes tGERtestwitk tieonttiche@ni ng of
the second stage hydrotreater feed, the second hydroprocessrng operating
severity, drawsg)@Whegein00 WO 00/ 40677 PCT/ US991 28791 9 e.g., operating
pressure and re vol.ume,. is nuch | ess tha ons |de

necessary for 3‘3? Eé%élsﬁ}gmﬂ?t’%r%?ﬁ?éﬁtt‘iot} rélla Hf?‘,'[é"ﬁgt éﬁﬂt The
second st agge WhABROCESSI Ng reactor conditions and cataIyst can be

sel ected to provide sufficient hydrogenation and/or hydrocracking to neet a
wi de range of operating objectives for the conmbi ned FCC- hydrotreating

conpl ex. A_primar beneflt of the second h dro-rocessrng stage of the first
FCC st age BYLadbLI) DISCRIBIION QORJIHCINMIINIION, at the point where
there woul d be a s|gn|f|cant decllne in feed crackability upon further FCC

processi ng, and seIectlveI i nsert dro at that point into those
unconverted rrol étaﬁl&w cﬁ"rfé‘t‘ln% s BEGESS t p‘é’d@;“\%‘i&‘[q%g‘ géurre with a

f eedst ock c cracking
into two s ages uﬁﬂggroggﬂhlJS%FF%%K%Q%&%Qﬁﬁga%%ﬁyﬁﬁb e%%?ght anount of
hydr ogen cmnlbmladcwdnmexﬂgrdrewﬁbhendtmlés E}ebtebkm:gl atlleasobneé cathionol ef i n
speci es, but enes, propylene and ethylene, in the subsequent FCC

stage. Wt FP carbendongde Foyex @grgﬂgpar plecnlistcages wacked 1o vper at ed

h f | d. , A |
o fhf’?a‘;‘ét‘%@%%vtr'g%p&ep”ié@m@ a4EH% QIEE mdlegHIE £ b chfeih Sio®Y e O
hi gher - hydgwg &R rﬁaetsﬁtmtemot’efm ﬁtdtéérﬁésesr, r@ Sde cr%ﬁ%ﬁheanés ivalicH uel

conponents, by enabling short-contact ti catalytic cracking, which limts
hydr ogen t contirearonestixt ringsor maghtkeriiCfings amt also bt leadckedul d ot her wi se

i ncrease dehydrogenation of distillates and hydrogenation of |ight ol efins.
Finally, the second FCC stage can perforntthe desired conversion of a

reduced vol une opr ocessi ng
step. W thout tﬁ{mgq#ﬁpgﬁﬁégﬁﬁbgbgéﬁ%ﬁﬁgg gﬂp§kﬁﬁé§§ﬁg¥qn8¥ﬂéhe severity
required ofquah€ M&ﬂ%tg%&cﬁgﬁat\/i@%r%éﬁ&i@ﬁ%&hé@ﬁﬁwtic ¢ragliag proceaat | y
reducing flexibility for achieving high yields of ht oIeflns and hi gh
qual i ty di sanbeadmpsovedny imtialiya sioogpdratngy a shorrt obntaecmrmd-rsacagl;\ diep t ons
byproduct. The preferred enbodi nent further optim zes the utilization of
the integrated second hydroprocessing step by conducting md-distillate
pr oduced 6 'r' i 5 JI1~J 2003 WO 00140677 PCT/ US99/ 28791 10 in the
catal ytic cracking steps to the integrated hydroprocessing unit. As a
result, the desul furization of diesel product can be acconplished at the
sanme time that the feed to subsequent FCC is nade nore crackable via
hydrogenation. The desul furized md-distillate may be separated fromthe
hydroprocessed bottons frontthe second hydroprocessrng stage vra a

. . Y o, o o, L




feed is preferably a petgqgl eum hydrocarbon. The petrol eum hydrocarbon is
preferably a hydrocarbon fraction having an initial Doiling point 9f5 %)(]03
|l east about 400 F, nore preferably at |east about 600 F. As appreci at e(J\l y
those of ordinary skill in the art, such hydrocarbon fractions are
difficult twompoessrsely define by initial boiling point sincepichajs9ohgofone
degree of variability in |arge commercit@l processes. Hydrocarbon fractions

whi ch are incluyded in this range, however, ,h are . understoqQd to include gas
oil's, ther gl %Floé’,"'rqne%qtﬁo{&F Cﬁq?‘é,gEWF$'s‘f*§Ekg‘,° Hp"é?i‘?%ﬂc}‘%ol e crudes,

tar sand Oiljeﬁcgthozﬂgé@taoéalssoil 5&&5@1?1%2%%@?5 $racf6A Y separdte@Frdffind r act i ons

derived from reactive hy on of coal, tar, pitches, asphalts,
and m xt ur esroliii@pRpfion, Ane@hié ?@.dﬁi]Q:bﬁ&iﬁihg|b¢dl©rﬁseﬁ§btﬁimisk‘eptbﬂebsed(hthr om any
of the foregoing, including teeds derived from hydroprocessing reactions.

G 5 JUiJ 20tighstOnasuny 6elatiRCw thaoosezBinghe shortisentagtinBieracen higdr ocar bon
feed is then directed to the first catalytic cracking stage where it is
preferably introduced into a riser that feeds a catal ytic cracking reactor

vessel . Preferab ] d L l J 1 i W th
catal ytic cr ackié\%cogé'{@lt%ﬂlrsﬁhg?ﬁl}o?’ Ién I ﬁﬁi&&@}é&ﬂg?@ﬁ%ﬁﬁl‘mg{ hydr ot r eat ed
hydr ocar boredhaficedci iftegratit e dtaged hyafsprotedsinastépiahto thenstagdd gaslydt such

q
conditions so as to forma %i ghl y atom zed stream of a vaporous
hydr ocar borcracking psacessisPeaferiably, apleastonhydropricessing stagei(the firsbws t hr ough

the riser intp a reactor vessel. \N.thi react or. vessel .. the.catalyst is
separ :at ed :‘}Pﬁﬁ’?rﬁﬁem 3@%‘? B’bﬁagﬁ%\g? ldcguci?g[ebﬁfﬂmt & fﬁgg?qﬁglgtlﬁr%m’ﬁ%, ZuchI
as by usin . Y i.ses the cracked
hydr gcar bo%@%hﬁ@? &gﬁ‘ﬂ‘;ﬁ@dz%%’g‘?mé és?glgt %n(ttg‘?ggédﬁar bonaceous

mat eri al (ih)@ropmeks%)ngaaa%csr&sdﬂéges {s inblded betwédrcthercacdiytig ceavkirig on. The

coked catalyst is preferably recycled to contact additional hydrocarbon
feed after stagescSieparationstages may teehe usedincthe practicsrefithg inventianeke i s
renoved from,the catalyst.in regener at or ssel conmpusting_t he coke
fromthe cat e{,g{onﬁmﬁggpeﬂrﬂﬂg}:ae ‘é’&ﬁgqﬁtsi :ﬁ?’ﬁ@ﬁﬁ&#gﬂg&”ﬁr"éﬁaéﬁabl y, the
coke is congiatasd cd i aPdethyir Gpet 1400 F.
and a presrsgl?rée rgngm%}néf%@[gjggﬁeg%dﬁgg%%iwgg% psi g.ﬁ%f?;edrbe?ilggconbusti on
step, the ragksepamatied ocenrinyssingte umt; acé withimthehseope o€ithé mvemtiohact with

addi ti onal hydrocarbon feed. Preferably, the regenerated catal yst contains
|l ess than 0.4 wt. % coke, nore preferably less than 0.1 w. % coke. The

catal yst used i LSk nvant | n.b yst. i ed to
catalytically " %@k%oh%ﬁﬁﬂﬁgcggﬁ%P‘é'é(gg?%ﬁﬁésoar%’r ‘3?%?"?"2%‘;‘?#5%‘ tﬁr%e catal ytic
cracki ng cafigt Nydroprutessing sfgé pYsdutel My dreiroadiaed #ed torteirsk Oxi de
conmponent. This conponent is used to cafalyze the breakdown of primary
product s f rastalytiecragkingystage thatibas andiminished soncentratioineefrsylfisduct s such as
%5 JUG 7003 WO 001 40677 PCTI US99/.28791 ,12 %ha for. fuels and ol efins
for cheni cdCHARISATAIUIrOgEnsFRRAININE SP??éescrIE‘ HQmhto FIRInIIRg K€  r amewor k.

oxi de conp LS R . oS of; ; ]
Cectosi 11 carnemBionty e ventil s il Setialenebitarly i Beliy Sy
si | i coal unithefirndiydesrecdsSiNgRtage lbo eernoedsyomid metdlhand susiraiel somef r amewor k

oxi de conponent is a_ zeolite. Zeolites that can be enployed in accordance
with this i¢Baaomaticand priabaoleowiasthal detrimeniaibynaffect the dopnsteamhese

g . y vy b oh A o o olite
Faul asi te, AN ARELINE A1y e eorop g FRaDsR B BECYSTAR Ml i e
nepheiine, dupfibhhd ﬁin&gga!&sbkgﬁgpﬁ%{ggl df'tRe sééofnaqwdrs%rdaewh'gfsfagem deni te,

brewsterite, and ferrierite. anong the synthetic zeolites are
zeol i tes X with catalyists Having higliebhydtotieatikg, hydrdcratking) offhydyogénatdmpha and
beta, ZSMtypes and onega. I n_general, al um'hn silicate zeoljtes are

y?/ l.txafub

a. . In,
ef f ect i vel VACHYEY, oraliemmaively, ith By regessing fAtalystiel | as t he

silicon co ent.: e substi f r ts. For
exanple, t @@“@hﬁﬁiﬁlﬁ‘m‘ﬁdﬂ&éﬁﬁ{ ’g‘g’“’reﬁff?@é‘ggﬂﬁ‘/‘ tgg&\é\ﬁgﬁ%gg?ﬁa%mﬁﬁst ani um
or trival eniradiRt @dage Qﬂv(i’éhb{rﬁ;g_ssdrﬁ@ér Al 8f h@a%/%m leridk@d prbHUERWIth @8r Mani um
can be used to replace the silicon portion. e catal ytic cracking catal yst
used i n t hiG4 i pasest naphtleg ant midadisti Hatep fiose therpraducts @fgbe dirst datalytjani c

oxi de catal yst framework conponent and an inert catalyst framework
conponent. Preferably, each conponent of the catalyst is held together by
attachment wth an inorganic oxide matrix conponent. The active porous

i norgani ¢ oxi de catal yst franmework conponent catal yzes the formation of
primary products by cracking hydrocarbon nol ecules that are too large to
fit inside the tetrahedral framework oxide




?5J1J i~ 7003 WO 00140677 PCT/US99/28791 13 conponent. The active porous
i norgani ¢ oxi de catalyst framework conponent of this invention is 75 JUN 2003
preferably a porous inorganic oxide that cracks a relatively |arge anount
of hydrocarbons into | ower nol ecul ar wei ght hydrocarbons as conpared to an
accept abl e woeb/4gh, bl ank. A low surface area silica (e.g., qy }v%%/is%lone
type of acceptable thermal blank. The Bxtent of cracking can be neasured in
any of various ASTMtests such as the MAT (mcroactivity test, ASTM
D3907-8)) Gtagpovayialseuesultin alenated bt‘v@og@seamalap@@srgm%aéﬁqorﬂ S., et al.,
I ndustrial ,and Engi neerin em.stry, . 2573-.83, Novenber. 1949, are

desi rabl e. hxamﬂrﬂge,ssma qtege_ ‘gglfﬂ‘ﬂ?‘ﬁﬂ&ggF‘Fﬁ“i‘dpdf’ﬁ?ﬁaﬁ%a/%oﬂaéﬁfa conpounds
are prefern .jbpnert catal yst framework conponent densifies,

st rengt hensh?gﬁ%égggttlgﬂas a protective thermal sink. The inert catalyst
framewor k conponent used in this invention preferably has a cracking
activity that is not significantly greater than the acceptable thernal

bl ank. Kaol i n aru essence, e syrenkinyentiomtakas pdvantags phan NteFAHAN 15 r coni a,
quartz and si.lica are exanpl es .of. prefer inert, co nents. The inorganic
oxi de mtri‘%”ﬁ%%ﬁ%ﬁéﬁ?"ﬁyﬁé‘qﬂﬁs E%%”&F?S{‘f(g8ﬁ‘3§\¥8‘ﬁ?&°$§8%1“%2’f‘°‘s°&'%at t he
catal yst pr, isq har ReYd : 1 i r j r wal l
col lisi ons.a?gﬁgﬁlfﬁr%(é)?'gg*nﬁgﬁom d%a%ﬁ;{sﬁﬂ)’g\‘%tgﬁ ahteg‘%ggﬁgprl gém\?eerlﬁﬁ {jpr{(%feggﬁnl?c oxi de
sol or gel wikh sliort Sontateimeoto aghieve higleselattiiysto olefippreductidroghtiber .
Preferably, the inorganic oxide nmatrix wll be conprised of  oxides of
silicon andresenyingsuffigiens ajiphetie character inctherunponyeped sid-distillataandhases be

i ncorporated.into.the in ani c oxide r.i X, . Speci es m._aum

oxyhyar oxi FeeRistritans St ¢ dif oG b i EEa RSN nas such
o U P e e e e e erably, ¢ he

al uni na aarndc¢mable rqudti’y,\ebd)ttmns stream, which in .'ahﬁn]enhb’l’esﬂﬂﬁdb@t@ﬁﬂvéﬁ@?? ’

PCT/ US99/ 2%;31 14 In, the staged cat al !\;ti c cr éki ng process incorporated
into this NYGERRTPERFSING, hbihgrsams traed ¢§1r%t&§ SteRia¢omphishes tWeat al yti c

cracking r ' -I t Ll opl | rst
Ceacti oy siBEoRaR Bhes Aen' bty fb ABELL A Ay ol oloBLAIE In@inokl ol {0
| east one afekits ke feed Aot the mﬁﬂ%re?rdc_egﬁﬁ'g Qfhgela® allSRBARG HESGEII S
preferably achi eved using known distillation nethods. According to this

i nventi on, oafthe FGheatalyst and arccubsanuiently bumashoffithe FCGEhdatalystin thee fir st
catal ytic cracki reaction, step, it s preferabl separate.a

m d- di sti | IFE8HE “g%%P»chPV'éfﬂﬁ E?qﬁfwgﬁsﬁémml%?éﬁﬁwa%ﬁﬁm@% oduct of
t he cracki r ' b 0-0h Sk j has an
initial boir‘mlldie g po:cﬁ{a) féli&g[ﬂ'&? %asg%‘?‘gilé"l&ta t%%%eéswﬁnq‘r@%‘%ﬁaﬁ\?a I>/y at | east
about 350 Mhydeomtoceskingadevbrity teqairements in chesecondinareprovessiiistage pr ef er abl y

not nore than apout 700 F. The gas oil containing bottons fraction is
pr ef er abl y (ke-pBighdqressure;i laxge reagter yolume: orhenssrong benefindenivad fsem thag poi nt

ot toms 1 AER Ko C S sl olny rhicliBh® Actotaingl) dF 0B oRbis i on |
catal ytic GamOkidly/RasihtheheR calil cFRKBA MABCHIEOMW e FOC!{ead BE t he

first catalytic cracking reaction is sent to storage or subjected to

furt her proobune nfjfdedstuckeemamingiter e hydropesiessediin the se¢and s preferred in
this invenéian that the nid—distfllgte nd, gas oi,l contginin bot t ons
fracti on bYAIUIBIRSHINEIARE 18 BRIV TSANRS éngg'b‘jséﬂi'é‘i?dt@t ahp 9% nal

catal ytic ofadieales iRS arl it Bl Utk @ P FERS 9AnEk mofRHsthAG DOt o
fraction is hydroprocessed by passing the tfracti’onover a hydroprocessing
catal yst i willirofuibefefit froff the hydebpRacs’simgihentisiy thatsincredsys FOQfegd ocessi ng
conditions. As used herein, hydroprocessing includes both hydrotreating and
m | d hydr o€raskrbiligy. Whus, the lﬁdStrﬁQé) siepaclachyelynpreparasimgrednesd-volume i ent
cracki ng of e 2.5 109 ~ 2003. WD 001 40677 PCTNS99/ 28791 15 650.F + feed
[ract i on haeeciothie fesprid AYIOPEACORIRG Sag AIGH CRTERHR AieSUFel *PRUR IS wi ot
and less t : 20 = on ' yon fromthe
cracking r I&Zgﬁ%c%\wsﬂsn él) és%ﬂggsoﬁ%r? Esl%l} s{&}iﬁ?ﬁﬁ@?ﬂé k/i\{?trlegndl?h}éé g‘%@?‘ut he degree of
hydr opr ocessi ng can be controll ed through proper selection of catal yst as
wel |l as by optim zing operation conditions. It is particularly desirable in
this invention that the hydroprocessing stages herein sufficiently saturate
aromatic rings to formnore easily crackabl e naphthenic rings. It is also
desirable that the hydroprocessi ng stages convert unsaturated hydrocarbons
such as olefins and diolefins to paraffins using a typical hydrogenation
catal yst. Objectionable elenents can al so be renoved by the hydroprocessing
reactions. These el enents include sul fur, nitrogen, oxygen, halides, and

. . o




-The hydroprocessi ng staggs. of the invention are perfgrmed under

- hydroprocessing conditions. Preferably, the reaction is perforned ab JN 2003
tenperature rangi ng fromabout 400 to about 900 F, nore preferably from
~about 600 to about 850 F. The reaction pressure preferably ranges from
about 100 twoaeaer7 3000 psig, nore preferably from about SO0ptwsogs792000
psig. The hourly space velocity prefer&ly ranges fromabout 0.1 to about 6

VIVIH, nore preferably fromabgut 0.3 to ab?ﬁt % VN Hr,, Wger.e VIV/H is
defined as hyWEORFeressingstepican séficisptly bsdirestnd togthe fask Af fpgilifatingandy,y 4y ogen
cont ai ni ng s.1.s preferably added to | i - hydrogen charge rate
rangi ng frOc%ﬁ%%ngQ%a&;%t?g%%ﬁfg%e%gﬁi‘gﬁcfg?lge%b I'c feet per barrel

(SCF/ B), nore preferably from about 1000 to about 5000 SCF/ B.

Hydr opr ocessi ng conditions can be naintai ned by use of any of several types
of hydr opr ocessilngongentiona. hyGromrocessireg) higlapuutyshydregemistobtainednl y

enpl oyed in, petroleumrefining appl.ications with co-current downfl ow of
liquid and fHer@ téﬁg’sfﬂgerujy,dragqq be@gddmsgggteh)@ggge&dppmqeéquoqr{d can be r

ai tornat i va PR TRt BT B bt SRty ESPR O RRRAPR MR 0
the Iiquid pésetedfonta Pﬂ@ﬁ@pl‘b@é%pﬁb&é%ﬂﬁt Rad net cemuaieds foragai nst

upwar d- novi ng treat gas, “can be oyed to obtain higher reaction rates
and to al | exantpde,foo hptragenhting agsatatated spapies. | Bowaver, imaacardapae witther ent
in co-curregt flow trickle bed reactors. I\/)ga/fin bed reactors can be

enpl oyed t dN¢ REAcESE OF thisdnyertion, Mighpuriyshydrassm s used i thessecAnd e

hydr ot t i i
et or o widBees i Rogk I 1888 o bR of P GReRRNY Bk R HE°
upwar d- f | ovdeBénd hyidropradtdsingetigediz condlieted b #he/ fifst Rgdropdeesing staght | y

expanded by the upward flow or substantially expanded or fluidized by

i ncr easi ng dndoembined with thexaydrbegrbon de¢d. ghiccondingly.abe se¢amd (expanded bed
or ebullati,n bed%, use of snaller Bi e catal slt arti szs whi ch.are nore
easily fl uiyrRIOEISing ?taSEZ‘ﬁ a dygh, Bydrogen pgﬁ%a PAsEur ygegepating, o

renoved fr i . I i in
coonom ¢ anly relRCRd aRflalie HPEIEN I B HASHAASIBRTIAE it c3fe 10
| ead to sharicking stagegUnispefit hydrogkh €fomithe/secohd hydivptoctssingstage is

Furthernore, expanded or slurry bed reactors with upward-flowing |iquid and
gas phases afpdueted tathefissdiydnoprosessing stage.andHs metpurifiedand wiraedi ng

significant, |evels of rticul.ate | i,ds, b rmtid ng.long run | engt hs

wi thout ridR ‘@?“’é’mm TQRM ‘i’?f“ﬁbﬁlqyﬁlfé’geﬁé%uﬁﬁz&%@c YAWor woul d be
especi al |y d28AGthically! bdcauséafispett By 8rdgef i RAHEA Arkstly RfthedRsSOl 1 dS in
excess of about 25 M cron size, or”coftain contam nants which increase the
pr opensi t y Hydroprocészintg stageunThis inwentisn thusgrodledsi aigher hydirogef partial speci es
or oxygenated species. Myving_ bed reactors utili zing.do rd-fl oqw ng

liqui d and RYESSUEIR the s6coprd hpdrapsecesaing stage that g the st w&pm&aﬁs cat al yst

r epl acenent h | I I an be any
hydr opr ocessggr-ggg%g?%lﬁgmﬁéﬁ%g%%@a# é&%s%%{-g%ﬁoggggiﬁ h@g{‘?{’)ﬁ%‘%‘e‘gm furization,
deni t r ogendiydesprocesgig stageird sdthifie themeed refficedgrabmytic speriewdm yst is
conprised of at |east one Goup VIII netal and a G oup VI netal on an

i nor gani ¢ rrempxgoTufus amdonitrogemisperies pref erably al unina or

al um na-silica. WO 00/ 40677 17 ~ 5 ~u~ 2003 PCT/ US99/ 28791 The Group
VIIl and Goup VI conpounds are well known to those of ordinary skill in

the art and arc j hn - i.Qdi: : : For
exanpl e, these %hﬁﬂ%@%‘?gfﬁé&gg’“@ itsﬁg’ %l:ﬁlﬁggl?e C&Iﬂg&l&éllﬁ (%ﬁ{r%ggg? ft he | ast
page of Adumoorvkrigdi@torhs fidme thefirst FCO étebdhtthe feeli®6the $etoadsci ence

Publ i shers, by Cotton and W/ kenson. The Gioup VIII netal is preferably
present i n hydATenreeassIngstageg Thisomekisian isteffengivp besausg of yhejintentignal oy

Preferred VL] ls igncl Ni o with Co N
et prof enpSatteri sPEraionel edst Gy Aergng fobimsduffledhe T "an
amount T anghaforheBsitigFeetlitock! AY FRURYNAGeMLVE colditiBRthgBH e Pr ef er abl y

second stage hydrotreater feed, the second hydroprocessing operating severity,

(v




-All netal s wei ght percents given are on support. The term "on support”
-mreans that the percents afe based on the wei ght of the support. For JUN 2003
exanmple, if a support weighs 100 g, then 20 wt. % G oup VIII netal neans
that 20 g of the Goup VIIl netal is on the support. Any suitable inorganic
oxi de suppowd ovasezyi al may be used for the catal yst of the ppeggRrborsro
invention. Preferred are alum na and siPBica-alum na, including crystalline
alum no-silicate such as zeoli The silica

e. Mre preferred is alum ng.
content of Gc-&eOB'F‘IaF‘élS-FHFW%&“‘iEﬁﬂSHFtVQ!’é‘Heb’é “F"ch‘#%t%“\mqﬂ%bepr ef erably

3-20 wt. % e Y %o r I C

conpounds r%@?gq%é’%{ ﬁéc i g%& , foﬁ %‘i‘?ﬁ":ﬁﬁ?‘ﬁ%‘é‘ %ggrﬁg Flgésﬁtgcﬁ‘%\?\,ﬁ F‘:&B%@ﬁg de

zirconi a, tditcaR. aTh&BEdEH fRagehvdropfodebkifig rdddforabHditivas @ad cagiiwiyapf the

al um nas conventionally usedgfor hydr opr ocess”;% catal ysts. Such al um nas
o]

are gener al be/sqbented so pravr gé sufficaenihydeogematiomyardionbydrageckungtogngss af r om
50-200 A, preferably, 70-150 A, and z% surface.ar &rorggSO-450 n2l g. In the
staged cat alVifici/ange 9 PPATtRE ablectives tonthe co -BydrAEE Nt act ti me

top, it i cmbiExr pAREL et HFRR sebhd MiprioRbteatedEs of IEREPTC " L
42 0 00/ 4PET Ttk BotfortbishorARINREThOBOY AERAiry hetheraiki Whereaheteyst under

catal ytic cracking conditions to forma first cracked hydrocarbon product.
It is al so woeldde 2dignificant decline i feed crankabilityypow fthardi(sCar e control | ed
so that less than 50 vol. % qf the “LSqﬁ cracked h%idrocar bon product has a
boi | i ng poi PROCESIMEy argdaselesBvely mpsrthydrogen ahihat pQiRt MG hese . acki ng

condi tions - ~ %.Qf; j ed
hydr ocar bon‘ﬁ%c?’(r)lgg@%a ﬁg;sl@%ﬂg%i TF%S%%eépeﬁe{?u% r/%ag{xgixé‘gaexf %)J\/ﬁlﬁg‘t?%?ﬁgw F. The
430 F. boi | feadstpck bf indréasedicrakabilitp 0B yosplitting thei datalgdic chuckirigsinused to give
a general indication of the amount of gasoline and high quality distillate
t ype product™ stages, avith hydnegen addities beatween stagasathe rightemeuntafon step. In

i tral |y ROBtTea B paac tonfor 3xamels PR i Y SLHERARREC | ot e type

products. Bpetiat & gl luibhekrobIHR! 3hBitiylerieDinthd sbbeql¥ PO igeansf er can

be minim zed. Accorfding to I nventron, short contact tine means that

t he hydr ocawithninterstigeibydraprotessing, betlc FECkstages cotil hesdpdratediat shotthan about
five seconds. Preferably, in the shor{ contact tine reaction step, the
hydr ocar borCamasd tiges, te maxamize hightqlefin yirkd.c Atrglajed symergy imthis conds.

approach is that it enables additional production of higher-hydrogen content
mid-distillates, e.g., diesel and jet fuel components, by enabling short-contact
time catalytic cracking, which limits hydrogen transfer reactions in the FCC
reactor, that would otherwise increase dehydrogenation of distillates and
hydrogenation of light olefins. Finally, the second FCC stage can perform the
desired conversion of a reduced volume of more crackable FCC feed from the
second hydroprocessing step. Without the interstage hydroprocessing of the
bottoms, the severity required of the second FCC stage would be considerably
higher, greatly reducing flexibility for achieving high yields of light olefins
and high quality distillates, and increasing the yield of second-stage bottoms

byproduct.

The preferred embodiment further optimizes the utilization of the

integrated second hydroprocessing step by conducting mid-distillate produced



‘The short contact time regaction step can be achieved_using any of the known
processes. For exanple, in one enbodinent a close coupl ed cyclone 2ysiéEhill
effectively separates the catal yst fromthe reacted hydrocarbon to quench
t he cracking reaction. See, for exanple, Exxon's U S. Pat. No. 5,190, 650,
of whi ch t WO@®#67T ed description is incorporated herein by petraseszso
Short contact time can be achieved in akbther enbodi nent by injecting a
guench fl ui. i iV h i . i act ar guench
flaa s 18 e EREMY cRddng feab 1o Ble HRie R a3 raGeao0E Hir. £P8, " RC the
appropri at gebifl§ 3hé GBsull RirfF4864 bf HRReChprRAkE ! P&dcoaiplished as thet damit one
second. See, for exanple, U S. Pat. . 4,818,372, of which the detailed
descri pti ortime thatc¢he feedao subsesuentnFGQ is aiadeanors. creeksble ¥idd as a quench

fluid h pi ter : hyd t hat i
vapor | 2abl YURREEMABR e GIESH gRrizse B Ao BB SePAL PTG ¢ he gas

s f . ki ¢ ) . Li i ¢
s vel 1 a5 GHESERE BuofR Aok ehé skl hydhodroc g Wi VLETEL 0, D0
yet anot hersegaﬁm@hmsucﬁtygrﬂ-acﬁgﬂh@@ﬁ, time can be achi eved using a downfl ow

reactor system In downflow reactor systens, contact tinme between catal yst
and hydrocarbon can be as low as in the mllisecond range. See, for

le, U S. Pat. Nos. .985, 136, 4, 184,.067 4, 695,370 f., which th
dotalled descri 3% éw%#ﬁémn emmdﬁaﬁ&?é é%’@?%sﬁl}atr'B?&dém he.
D et 18R S HyRr e ers S dy1803% 113 Bl HAGALIBNE rERNE Siepd) 10 @

l'ess than 4Dsteps preferaBBdbdrforfidddnietits Phe tivaBRicrackiflg Rédationkdteps i n the

art. Once the preferred particular cracking catalyst is chosen, the
oper at i ons prafezahlydake piace iree fluidcatalytigeracking systemy whish prederabhte tine are
optim zed accordi ngwho particul ar unit o i ons constraint For exanpl e,

P e aeanteel g s Hiore ahtin teactnL v RIS, MY F e ST A SPACRG Shor

contact ti mehfcg%hhga xatoﬁg rﬂ‘ﬂih'rg%éﬂ%. %éi 8fa EG irﬁ%oﬁ;&ffxﬁﬁltﬁlé’%&%me

rangi ng from about to about | psig (nbre preferab romabout 5 to
about 50 psdamgl)reaétot @8gzelsat ure rangi ng from about 900 to about 1150 F (nore
preferably from about 950 to about 1100 F), and a vapor residence tine of

| ess than five seconds. Regardl ess of the type of quenching step used to

hi th hort taGt i ti tal.yst, i ted f th
Vapor fo. obt ai n HES AEE DA PEHR e of 8% GO BRIk RSB B e, such
as by usingfeed & ﬂ@?erabl? agpehdléuﬁ{ h}»&@&rﬂ&.oﬁég%&eﬁgﬁ}&%&%ﬁ% 20
separators. The separafed vapor conprises the cracked hydrocarbon product,

and the sepaefarshly@dtyadrgearbom ftaation havingrandnitiak bodingpaint af agleast. , coke) as
a result of the catalytic cracking reaction, The groducts recovered from

t hg short lc%h?ﬂ‘éﬂ'@(_) £ Fn@ofb%ﬁt,cﬁféhlf)’sﬁfémpmﬂé%e?ar ﬁéHP‘Z&ﬁH?ﬁd m’gh@ﬁest il Idat e
ydr ot ocesZ SRR AR i 3he B wicrHSldraERY FACHGRT Y HIIty ArifsBh O"
m d-di stil|fdffmety midd bfo'il?tgé[)i)ﬂﬂt kifice aRaé # %@aé%ﬁ‘.e 5P verability $h pirgge or

further processing. Prefe y, the md-distillate and gas oil containing
bot t ons f r axommoarcealrpracessesa Hyiddectirbon flaatiensrerhichcpraindluded ai thioi | i ng poi nt
of at least 300 F, nore preferably an igi tial. bojling point, of at |east 350
F. After tH8RES-ONeYeR araprderpode inslpde gat ailhitherd ctlgrtesidual Oflsn | <

cycle stocks, topped and whole crudes, tar sand oils, shale oils, synthetic fuels,

heavy hydrocarbon fractions derived from the destructive hydrogenation of
coal, tar, pitches, asphalts, and mixtures thereof. Such feeds also include feed
stocks derived from any of the foregoing, including feeds derived from

hydroprocessing reactions.



separated, it is preferably hydroprocessed in the second hydroprocessing
-stage and then separated to recover unspent hydrogen, hydroprocess@cﬁ Uiny1o3
ends, naphtha, and md-distillate products. A stream conprising the
recovered unspent hydrogen fraction is then conducted to the first

hydr opr oces¥80V/4¥a” conbi ned with the feed. In sone cases it PETAWssy/28a%l e
for the streamto contain recovered na&ﬁltha and md-distillate fractions.

Alternatively, i Hibkbae2R0uidtanth Tdd 1s3hen BIBEHANS HERRtRAML Om { he

products of the s ydropr ocessi ng stage may as products for
further preegieng\Stagé wiepd RISprefetabliydhiretucsdmts awviser thdidestBpht ha separat ed
fromthe product of the second hydroproeessing stage is conducted to the
second cat aRtalytic cragkingmgactonyessell rPrcfdr@blynﬁ:@%mttretat:ﬁéeqﬁ igmuedin ng end

of the naphtha product is further cracked in order t roduce “light"
napht ha | A BA Stk SRR TEEnE SAE Do SR oSO PelFeRF B ddend on t he
equi pnent i 1 : \V; ol | owi ng
t he secondﬁ?&%%@%@gkmp%gﬁ gjﬁtﬁ&%{ﬁ)ﬁgﬁs@# gﬂaﬂtémp%ecﬁ%g s hydr ogen
recover ed fat eueH tehdig6@nsh as o fémaﬂgmgmtommtﬂeﬁmafayaﬁﬁawswl 28791
hydroprocessor is routed to the first hydroprocessor and conbined with the
hydr ocar borhyteesarbamcatalyist susperdion.nBraferabbmthissuapanstons Bews dhnepghopr ocessor
are subjected to.at | east one subsequent cracking step with a cracking

cat al yst uﬁﬁeef’si’dpﬁﬂ 37N Ve8I ng conditions which favor cracking of the
heavi er hydrocarbons contained in the bottons fraction. It is preferred in
any subsequent cracking step follow ng the second hydroprocessi ng stage
that the reacti OMithinthel€adtomnesselahd dabtystdaeéparatetidgrarthe ure be at | east
equal to that used in the short contact tinme reaction step. The appropriate
catal ytic dydriGarRprovrRATe ohtrinths depisad Prrdusss. sych pe bynising exslenect tine
reaction st preferably.controlled sq, . that.th onbi.ned pr.oducts of
all of the Sgﬁ%{g{??%gﬁngféﬁgﬂ filvaggreqoan%segi}g? ﬁqukB? @é@&%@%i@ﬁ%t | east
60 wi. % RhEltRE sdPaYattl ch@RSE cdmaitla catBorREotiPiftd a1 (BE. 2BbRE) s ol €ast 85
vol. % of the overall prodiudct has a boiling point of I'ess than or equal to
about 430 Fesulhofahy catalytki ergckihgpeactiohl owi ng t he hydroprocessing step, the

conditions which are used to achieve the desired overall product boiling
poi nt characteristics are readily obtainable by those of ordinary skill in

the art and are-qQti.fl ' d t hey: ific operating
unit. Since the@g#gﬁégt%gﬁa%??{épcfg}g%lggé%%l%ggbd%xﬁgghgﬁé cgfa[. contact tine
reaction shgr@tarioh feed dfef tHeivke HiAeHalINKas IR rbMBved.ePrefefably theeferred to
increase slightly severity of the reaction conditions in the subsequent

reacti on steke isgienfovedifrgm thecatalyst incrwegbyeratarrveassl iy eambustimgdhet ure or
t i th, jn th b t N t |
rad it ai i ngoke o the GalSiniinde spnfard fop e ermn FaRdTianY  PlefbiaL e o
" . . . . S anai
Cenper atur SoRe iseatd hPlehi oAb R oMb 9001IR BSout!14001F, ST N0

of cracki ngndatpressate rangingsfromeibout 0do bBolaMD Bsiff 2Perthe combastién me of
| ess than 10 seconds, nore preferably a vapor residence tinme of 2-8

seconds. St&B, B¢iragerrared tatade ioweaded 20 theprsari fay comteat with agditianal of t he
feed, severity of th ego droprocessin t.age and. the rtrcul ar
reaction ebﬁfi%or?ﬂmonutggg‘, ?’re[r}g@gﬁ',B}éé){fggp;rgmcgca?%ly?tn%qrgggé 1?%3%“& erature of
a subsequerk. i ST i t ef erably, any tenperature
i ncrease vvim‘lhl %gée(ﬂéleg{'sr!s&teﬁgn ab%ltcgﬁg’%hlg?ﬂiwghgoﬁc? egn inthe first catalytic

cracking reaction step and in a range of about 950-1250 F. Although it is
preferred to slightly_increase the severity of any cracking reaction

subsequent to t HBecatalysiusedhiy thisigwentiqn @4@@@&6@%@&1&9&1%%@% not

necessary. ] ngr al h re.intense .t he secongd.hydropr si ng stage,
the | ess iﬁ?tghglga nc’?&}(aﬁyg‘%ﬁﬁ@gaﬁﬁs‘ c,li LcRe T%#jg‘ﬁgﬂ’%&ﬁﬁgﬁgr red

embodi ment cgycki a'tély',@trﬁdr@iﬁdesa &g@fﬁﬂideﬁeﬁhﬁdﬁ} frdfewdrk Dkidwy dr ot r eat i ng
stage is carried out”in hydrotreater 23. The product of hydrotreater 23 may
be separ at edmiponempditds oompdnemtinusedviercatalye thy hpealadown o€primasyich as |i ght
ends, naphtha, and distillate which may then be diverjed for storage or
further pr BE@%’H}%‘? g catahyticRragting FeACtiGRANt,EIERR Hbo%‘ﬁ“‘é‘tarseans may
depend on factors such as the type of separation equi pnent enpl oyed.
Hydrotreated bottons fromthe separator are routed for feed to the first
catal ytic cracking stage. Though preferred, the separator 24 is not
required, and all of the first hydroprocessor's products nay be conducted
as feed to the first catalytic cracking stage. The cracking reaction is
carried out using dual risers 10, 11 and a single reactor 12, with the
spent catal yst being regenerated in a single regenerator 13. Al though a

e I Y o,
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hydr ot reat ed hydrocarbon feed is injected into the riser 10 where i1t5 JON 2003
contacts hot catalyst fromthe regenerator 13. The reaction is preferably
quenched using a cyclone separator 14 to separate the hydrocarbon materi al
fromthe sp®¥@0048€73] yst. The spent catalyst falls through a starimssenrsand
standpi pe and is carried through a retui% line 15 to the regenerator 13

where it is_r r r r h product is
renmoved fro%pﬁﬁgn§§ﬁ§g3£§£ l%@“%\g’? c(i)l_?’ ﬁxgce}liq%%&:f 5t ﬁ%ﬁfﬁﬂg’y? 0 a separation
vessel 17. cHqaffRacehhddtaVRamRvokk oxfddiSaflpbitent ePsdledted frof thedirsip | | at e
and gas oil containing bottons fraction froma naphtha and |ight ends

fraction. Aonsisingofabolites, wptasdicates, tatrahiedral mduminophaphates (ALBOsNO0 are

mai nt ai ned such that ]ess than 50, vol. 9% qf 1 racked.hydrocar bon product
fromriser ang ‘ﬁH%g%ArBL?f’Fﬁﬂ“ﬁHPﬁPhQﬁplhﬁgé§gﬁ?ﬁﬁo&%’ﬁﬁfefe{%ﬁ&%@eF. The

m d-distill Il Wl 3 action is renoved fromthe
separation %gg&ﬁ%@%&%& Bg{#ﬂ?drégﬁ%&ﬁst?ggd&?d- distillate and gas oil
containing bottons fraction is transported through Iine 18, a

hydr ogencont ai ni ng gas streamis injected at the desired rate, and the
entire mxture iZeaides that can be cmplopgdiimascordance with this tnyention inphedesecond

hydr opr ocessi pg reactoy 19 contai ns dr opt.ocessi catalyst, and the
hydr opr oces@qtgé‘a%é WC{)WW@C%?‘?‘?IEGS'gEF&?ﬂGQﬁ“W&F@Bﬁ W%y conditions,

utilizing ' g I [ LA . -anot her
embod mont TRYAAT eI R PP Alq iy AR AL AR AR BT
separ at or leridnite, Sdduln€ cantrihite! MeheliheclasetiiRgscdlécitd) natrelitepaffraiie,,
oil bottoms fromseparator 17 do not contain md distillate. E _t
Ji | N 2003 \wegdite,0eoriendt, beyostadeoand ferrictites dnelyded among dhrisynthetic

the 11 ght erdioLRSEE £E0s dheY whebn@ndorisoroRotebr b iRy dr Sheh- cont ai i ng

treat gas CHBRM hSEBedD 'r“fy omthe second hydroprocessor. It may
further COFYD?II%SE a %ﬂzzﬁﬁr cgg{)ﬁ&?‘rcg%ti on, e.g., a hydrocarbon fraction
containing C4 and lighter hydrocarbons and ot her gases boiling bel ow about

60 F. The hydrogen-containing treat gas is conducted via line 20 to the
first hydrotreatl@rgengral; duminpsilicateizenlites\are pffeetively used methis  Separat or 20

separates t.he dreprocessed, ,q0as_oil -contaiping.bottons fractipn fromthe
second hydr‘Bﬁf’g{%_&g‘?‘”?’% @’&Lﬁ!‘?@.‘n‘ﬁ'ﬁ@sﬁ” iﬁsbﬁ’t? %‘3&@‘8&%“"&?@'&@& ai ni ng
bot toms fr agbsGitdd forVth&dramed orf 8dmpBnthiS. TF eREMBR, MeVdlhmisdm@Cki Ng stage
via line 21. In addition to unspent hydrogen, a light ends fraction, a
napht ha fr gmrtion cambd replacedd Uy doron,aatliimatitanium romyriwdlent tetatepar at ed from

t he hydroprocessed gas oil -containing battons_prodyct in separator 20. The
napht ha f r OTFRASIHONS thakare heayisr Shan IRk, (G ermaurcraadhe JSsieni n a

boi | i ng poi : ut 60 F.) to | ess than about 430 F. The

m d-di sti l I%#léﬁggg%lﬁg%gﬁgéﬁggboi | ing point range of about 350 F. to |ess
t han about 700 F. The separated |ight ends, naphtha, and distillate nay be
returned to the first hydroprocessing stage for conbining with the fresh
feed. AlternativEhecatalytig cragking catalyst used fnothisinyentien can furthemer

rocessing. in a related enbodi nent,, t he, napht ha.separated fromth roduct
B r e S o SRS By A0 e SET RS LIGKatic X8 SRYP L PR VORk GTAPRRT Ehc ki g

stage. |01 ieRTAOM A Rim oA bboftll ReRdly lachReriiRiRhl b e cr acked

to produce a "light" n
catalyst is held together by attachment with an inorganic oxide matrix

t he gas
~?5

component.

The active porous inorganic oxide catalyst framework component
catalyzes the formation of primary products by cracking hydrocarbon

molecules that are too large to fit inside the tetrahedral framework oxide



The separator 20 can be any type of separation equi pment capabl e qf
~effectively separating the hydroprocessed product into its corrpone’n& JHMQ(E.
For exanple, separator 20 can be a sinple fractionator or could be a series
of ? 5 J~J~I Z003 WD 001 40677 PCT/US99/ 28791 25 collection vessels such
as a hot sepaoeHesi7 vessel followed by a col d separator vessebctuisborsesh by a
fractionator. After separation, the hydspgprocessed, gas oil-containing
bottons fraction is 4njected into.riser. 11 .50r i acki ng
through a 190HPORgNt. A-l-]b‘%)??ti“(’)%p%rlouﬁ H‘éorﬁﬂﬂlrco%xr'géggastég’é{ %%E’F g@é@%‘hb ré('q'{vtvi t hdr awn
as a purge gihiaRdmion i's'g’x‘é’feréﬂl? aparelss HEbrpRe bk RIe thit drasigra felatlvelyuenched
by separating the cracked produtts fromthé spent catal yst using a cycl one
separ at or 2arge Hntompefthydesairysits into dmwtr melecular weighs hydeodarbonsasy st t hat

is separated using the cycl gne separator 14, and |s sent.through the return

line 15 to qomparedjional agésptabie fhermal blanks 'ﬁé@\é‘rﬁé}’flﬁf%éref‘éthadf:tﬂ'rer use. The

cracked product.is sent tq the { rebtl En?a(;l1 jth the
cracked pr oadﬁ&z) *Sroc% tg% |°3ﬁ8°?é§§‘§§[’§?851‘£]‘ ZWF ﬁegkéln\t/g%f:a% cracked
product MaymBfufcdil 430 ¥ dribdsNE ST kkRY Qichdz@Re MATIYsficronetviserend
hydr opr ocessi ng reactor 19 and sent to separator 20 or separator 24.

Because theASEMID3IHYTHE)p Corepmimdy sich@s thosevdisclosedan iGraensdeldentBani nant s
di th it f.the feed tg th i h t
St 1T at e Sor i Srabssad) 49 KsipPRG0E hemisn Ai 5 3-8 Nosr@ben S o
¢ ai ni . gy : . . e
These ot nar e SbARRbIG T ARRAR RIGyihiuR SR8 BIREAGRS. D CotilolddIC 250

are generaldryp{fgfgﬁea,n contam nant content, and typically would not be
directly processed in a catalytic cracking reactor. An exanple of such
petroleumdistillate fractions includes heavy coker oil streans. Havi ng now
fully described thi.s invention, it wll be appyeci.ated by.those,skilled in
the art that t hd DGR AR SATABEPEY FOMABBCH Rr oS, NHeBEtednad ais

par amet er s M.t i e : et frh o - alytic
cracki ng prdggeé}g{%cg?@g?%mﬂis%mﬁ?g%%é&a |ttgl>¥str]nﬁ%lg§‘svtg ﬁ??bar?égn%nénuﬁfgf ng the
conti nuous thisdpreemion(preferablycledsi a\grackingtictivity hhat i§ aerkigmificagtiygrdatert i al

boi i ng point of at |east about 400 FE with a hydroprocessing catal yst under
hydr opr ocedbamtheasaeptablethermakblanks Kao}mransquié@rﬁws aswell g&plpha- f or m a
first hydro rocesg d.hydrocarbon;, f, conducti&g zir.t Iteast .2 portion of
the first HYPEEr B &GN JRATEARd sifica qre expmples of pre EMEAIIGL, and
contacti ng &hﬂ)dﬁ@ﬁfsi on of the first hydroprocessed hydrocarbon wth

cracki ng catal'yst under catalytic cracking conditions wherein the
tenperature is from900 to 1150 F. and the catal yst contact tine is |ess

than 5 seconds i,y arder to forma first cracged h}}/droc‘glrbon roduct; (c)
conduct i ng t he fiNeIPOEEARIG@XIdRRREXFPBRORAI QIS the,cajalyst cqmponents

together so that the catalyst product is hard enough to survive interparticle and

reactor wall collisions. The inorganic oxide matrix can be made from an
inorganic oxide sol or gel which is dried to "glue" the catalyst components
together. Preferably, the inorganic oxide matrix will be comprised of oxides of
silicon and aluminum. It is also preferred that separate alumina phases be
incorporated into the inorganic oxide matrix. Species of aluminum
oxyhydroxides-g-alumina, boehmite, diaspore, and transitional aluminas such
as alpha -alumina, beta -alumina, gamma -alumina, delta -alumina, epsilon -
alumina, kappa -alumina, and rho -alumina can be employed. Preferably, the
alumina species is an aluminum trihydroxide such as gibbsite, bayerite,

nordstrandite, or doyelite.



separator and separating fromthe first cracked hydrocarbon prodtus;t',uﬁtm}
“least a first naphtha fraction, a first light ends fraction, and a gas ~

oi l containing bottons fraction having an initial boiling point of at |east
300 F; (d) conducting at |east the gas oil-containing bottons fraction to a
hydr opr oces 3 0U#d7hydr opr ocessi ng gas oi | - cont ai ni ng bot t onspdT/Es9928¢91N
under hydroprocessing conditions in ordéddto forma second hydroprocessed
hydr ocar bon, wherein the second hydroprocessor has a hi gher hydrogen
partial pressure than the first hydroprocessor; 5 JU~12003 -z~ a (e)
conducting the shre@Rdtdpedr QRIIPGEE2BRINEHHOOER TRQIpbatal e diislimenaoal or ;
separating at |least a fraction containing unspent hydrogen and a

hydr opr oceskydtpcarbondeed tosubixictadty dbitst oatlyticaeracking reacdiopstam, @t legsht | east
the fraction contaiping unspent. hydrogen with the hydrocarhon feed of step
(a): (f) CO%BGEEQ%@P the erﬁ‘é‘ttO? the ﬁgsarf@ﬁpeees@e*aﬁe%%te& AN BIftSEPATANRA bot t ons
fraction to : AN C . ct ) ‘ cessed,
gas oil - con?%?%lgﬁggglafté é%stXH %ggqégﬁkﬁdf%@gg‘?ﬂgé %%?‘gﬁlggf 5%%" ceb?él?fat alytic
cracki ng coSebdra@es ishreféerhblytdiRicheaReMgtkilotvr distillatioPhiethicds1250 F in order
to forma second cracked hydrocarbon product; and (g) conbining the first
cracked hydrocarbon product and the second cracked hydrocarbon product for

oLt o1 act 1 onACBOTARG QI RYERGOT, SHER HF P YArORBRESSH TORAPAPAon (L oi n t he
first |ight te | =1 f | . lyti
cr ki ng.pr Seaagoy @ ARty SfackNEAGA Qo R bleRgbig o fpfarp &1 ©

cracked hyds etidrdistillare add gas bR rcﬁﬁﬁiﬂiﬁ% $babnisfradtian feorhahé praiuepbNthedf | ess
than or equal to 430 F. 4. The catal ytic cracking process of claiml, '

wherein at ¢regkingaeaction. The mid-distillatenfoactian preferablyrhes andoitial bedingd
hydr ocar bon é]l’ Od%lCt
) po:rnt ot at

lseasht%\()%ut 300° F, more preferably at least about 350° F, and a
final boiling point no more than about 800° F, preferably not more than about
700° F. The gas oil containing bottoms fraction is preferably a petroleum
distillate fraction having an initial boiling point of at least 600° F, more
preferably at least 650° F. The gas oil containing bottoms fraction is then
used as the feed for at least one subsequent catalytic cracking reaction step.
The remaining product portion of the first catalytic cracking reaction is sent to

storage or subjected to further processing in other refinery processing units.

It is preferred in this invention that the mid-distillate and gas oil
containing bottoms fraction be hydroprocessed prior to being subjected to any
additional catalytic cracking steps. The mid-distillate and gas oil containing
bottoms fraction is hydroprocessed by passing the fraction over a
hydroprocessing catalyst in the presence of a hydrogen containing gas under

hydroprocessing conditions.

As used herein, hydroprocessing includes both hydrotreating and mild

hydrocracking, with mild hydrocracking indicating that sufficient cracking of



an overall boiling point of less than or equal to 430 F. 5, ~ﬁ] !%@%3-28
-5. The catal ytic cracking process of claiml, wherein the catal ytic”
cracking conditions of step (f) include a reaction tenperature that is at
least equal to that used under the catalytic cracking conditions of step
(b). 6. Thevaed/4ld6y1i c cracking process of claim1l, wherein twer/osobgmi of
the first hydroprocessed hydrocarbon is,gcontacted with cracking catal yst
for less than 2 seconds. (7. The catal ytic cracki ng procgss of claig;n

1,
wher ei n t hé5P7 Fst feadifraction hemercujred sk thas shsre ds ayield phereated ataeht | y at
| east f atrickle b t t i ng_bed d bed and
Shur 1y bed e et feSsgnar p o ep b8 U T £ et deReae L FAGRA R "nher o1 n
oh ) € . _ . o

e unspen&h@%gg\g&&eﬂa&' &5’19 kﬁﬁ?ﬁyﬂgpégﬁmﬁn if B4t SRS dEYEE BPY Ocesse

| i ght ends an processed nap e catalytic cracking process of

claim1l fuhydedprooeeRing tagbe eomrsllddiraugh ;Etfbﬁemacdiomtdﬂohfaﬁﬁstﬁs aetli on from
the first cracked hydrocarbon and ,x..~,. a hydroprocessed nmd-distillate
fraction frasbytapsimwing dperpationgonditioned ' "' ~ hydrocarbon. 10. The

catal ytic cracking process of claim11 further conprising separating a
hydr opr ocessed naphtha fraction fromthe second hydroprocessed hydrocarbon

and combi ni ng. t i WARARPAEAIASIBIRMN R eiEhi R b blaidholtidpgpr ocessed.

gas oil-containi ngk%ottom; frac cata

cr acki ng~prseages herdin cufficiently satiifate aroemagiid shgiotodfondundreregsileratkatde

hydr opr ocessed hydrocarbon to a third separator |ocated in
naphthenic rings. It is also desirable that the hydroprocessing stages convert
unsaturated hydrocarbons such as olefins and diolefins to paraffins using a
typical hydrogenation catalyst. Objectionable elements can also be removed
by the hydroprocessing reactions. These elements include sulfur, nitrogen,

oxygen, halides, and certain metals.

The hydroprocessing stages of the invention are performed under
hydroprocessing conditions. Preferably, the reaction is performed at a
temperature ranging from about 400° to about 900° F, more preferably from
about 600° to about 850° F. The reaction pressure preferably ranges from
about 100 to about 3000 psig, more preferably from about 500 to about 2000
psig. The hourly space velocity preferably ranges from about 0.1 to about 6
V/V/Hr, more preferably from about 0.3 to about 2 V/V/Hr, where V/V/Hr is
defined as the volume of oil per hour per volume of catalyst. The hydrogen
containing gas is preferably added to establish a hydrogen charge rate ranging
from about 500 to about 15,000 standard cubic feet per barrel (SCF/B), more
preferably from about 1000 to about 5000 SCF/B.

Hydroprocessing conditions can be maintained by use of any of several
types of hydroprocessing reactors. Trickle bed reactors are most commonly
employed in petroleum refining applications with co-current downflow of

liquid and gas phases over a fixed bed of catalyst particles. It can be



series between the first Jydroprocessor and the first_catalytic cracker and
-2 5 JJ~d ?003 -29 separating fromthe first hydroprocessed hydrocarb&njat03
| east a second unspent hydrogen-containing fraction. 12. The catalytic
.cracking process of claim1l further conprising separating fromthe first
hydr opr oces ®Q0040dfocar bon at |east a mid-distillate fracti ornpc1/8s9smises
catal ytic cracking process of claim 12 i ther conprising separating from

e ot 2R BBk bk BBy, okl oct on

separating feh@gtd, hw‘hlxérﬁﬁuehmﬁwmeeﬁa%@éé doiwlk aaan s faded Raiséf catslgsond
naphtha fraction. ,~e . A r. A Ay?. AE. A AECAY. A . A A A

.A(F. Al . A{ | agiiitist AAwArd\nﬁwm!gmcd!ﬂ-'gas ¢a1i be émplyyedita ohtain higheny mamqrwa ga\ U

U otal caVl cal col cadloalcal calcal cql salcaleal cal fadlsehsaihienl sadkeg o<el o
in co-current flow trickle bed reactors. Moving bed reactors can be employed
to increase tolerance for metals and particulates in the hydrotreater feed
stream. Moving bed reactor types generally include reactors wherein a captive
bed of catalyst particles is contacted by upward-flowing liquid and treat gas.
The catalyst bed can be slightly expanded by the upward flow or substantially
expanded or fluidized by increasing flow rate, for example, via liquid
recirculation (expanded bed or ebullating bed), use of smaller size catalyst
particles which are more easily fluidized (slurry bed), or both. In any case,
catalyst can be removed from a moving bed reactor during onstream
operation, enabling economic application when high levels of metals in feed
would otherwise lead to short run lengths in the alternative fixed bed designs.
Furthermore, expanded or slurry bed reactors with upward-flowing liquid and
gas phases would enable economic operation with feedstocks containing
significant levels of particulate solids, by permitting long run lengths without
risk of shutdown due to fouling. Use of such a reactor would be especially
beneficial in cases where the feedstocks include solids in excess of about 25
micron size, or contain contaminants which increase the propensity for foulant
accumulation, such as olefinic or diolefinic species or oxygenated species.
Moving bed reactors utilizing downward-flowing liquid and gas can also be

applied, as they would enable on-stream catalyst replacement.

The catalyst used in the hydroprocessing stages can be any
hydroprocessing catalyst suitable for aromatic saturation, desulfurization,
denitrogenation or any combination thereof. Preferably, the catalyst is
comprised of at least one Group VIII metal and a Group VI metal on an

inorganic refractory support, which is preferably alumina or alumina-silica.
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support” means that the percents are based on the weight of the support. For
example, if a support weighs 100 g, then 20 wt. % Group VIII metal means
that 20 g of the Group VIII metal is on the support.

Any suitable inorganic oxide support material may be used for the
catalyst of the present invention. Preferred are alumina and silica-alumina,
including crystalline alumino-silicate such as zeolite. More preferred is
alumina. The silica content of the silica-alumina support can be from 2-30 wt.
%, preferably 3-20 wt. %, more preferably 5-19 wt. %. Other refractory
inorganic compounds may also be used, non-limiting examples of which
include zirconia, titania, magnesia, and the like. The alumina can be any of
the aluminas conventionally used for hydroprocessing catalysts. Such
aluminas are generally porous amorphous alumina having an average pore size
from 50-200 A, preferably, 70-150 A, and a surface area from 50-450 m%/g.

In the staged catalytic cracking process of this invention, a short
contact time reaction step is preferably included. In the short contact time

reaction step, it is preferable that the hydrotreated hydrocarbon feed contacts
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the cracking catalyst under catalytic cracking conditions to form a first
cracked hydrocarbon product. It is also preferred that the catalytic cracking
conditions are controlled so that less than 50 vol. % of the first cracked
hydrocarbon product has a boiling point below about 430° F. More
preferably, catalytic cracking conditions are controlled so that 25-40 vol. % of
the first cracked hydrocarbon product has a boiling point equal to or below

about 430° F.

The 430° F. boiling point limitation is not per se critical, but is used to
-give a general indication of the amount of gasoline and high quality distillate
type products that are formed in the short contact time reaction step. In the
short contact time reaction step, therefore, it is desirable to initially limit the
conversion to gasoline and high quality distillate type products. By

controlling the conversion in this step, hydrogen transfer can be minimized.

According to this invention, short contact time means that the
hydrocarbon feed will contact the cracking catalyst for less than about five
seconds. Preferably, in the short contact time reaction step, the hydrocarbon

feed will contact the cracking catalyst for 1-4 seconds.

The short contact time reaction step can be achieved using any of the
known processes. For example, in one embodiment a close coupled cyclone
system effectively separates the catalyst from the reacted hydrocarbon to
quench the cracking reaction. See, for example, Exxon's U.S. Pat. No.
5,190,650, of which the detailed description is incorporated herein by

reference.

Short contact time can be achieved in another embodiment by injecting

a quench fluid directly into the riser portion of the reactor. The quench fluid is
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fluid are such examples as water or steam or any hydrocarbon that is

vaporizable under conditions of injection, and more particularly the gas oils

from or visbreaking, catalytic cycle oils, and heavy aromatic solvents as well

as certain deasphalted fractions extracted with a heavy solvent.

In yet another embodiment, short contact time can be achieved using a
downflow reactor system. In downflow reactor systems, contact time between
catalyst and hydrocarbon can be as low as in the millisecond range. See, for
example, U.S. Pat. Nos. 4,985,136, 4,184,067 and 4,695,370, of which the

detailed descriptions of each are incorporated herein by reference.

The particular catalytic cracking conditions used to achieve conversion
to a product in which less than 50 vol. % of the product has a boiling point
less than 430° F. are readily obtainable by those of ordinary skill in the art.
Once the preferred particular cracking catalyst is chosen, the operations
parameters of pressure, temperature and vapor residence time are optimized
according to particular unit operations constraints. For example, if it is
desired to use a zeolite type of cracking catalyst, the short contact time
reaction step will typically be carried out at a pressure ranging from about 0 to
about 100 psig (more preferably from about 5 to about 50 psig), a temperature
ranging from about 900° to about 1150° F (more preferably from about 950°

to about 1100° F), and a vapor residence time of less than five seconds.

Regardless of the type of quenching step used to achieve the short
contact time reaction, the catalyst is separated from the vapor to obtain the

desired products according to the known processes, such as by using cyclone
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separators. The separated vapor comprises the cracked hydrocarbon product,
and the separated catalyst contains a carbonaceous material (i.e., coke) as a

result of the catalytic cracking reaction.

The products recovered from the short contact time reaction step may
be separated and a mid-distillate and gas oil-containing bottoms fraction may
be recovered for the second hydroprocessing stage and additional cracking.
Alternatively, the mid-distillate boiling fraction is separated and removed for
storage or further processing. Preferably, the mid-distillate and gas oil

. containing bottoms fraction contains a mid-distillate having an initial boiling
point of at least 300° F, more preferably an initial boiling point of at least 350°
F.

After the mid-distillate and gas oil containing bottoms fraction is
separated, it is preferably hydroprocessed in the second hydroprocessing stage
and then separated to recover unspent hydrogen, hydroprocessed light ends,
naphtha, and mid-distillate products. A stream comprising the recovered
unspent hydrogen fraction is then conducted to the first hydroprocessor and
combined with the feed. In some cases it is desirable for the stream to contain
recovered naphtha and mid-distillate fractions. Alternatively, the naphtha and
mid-distillate products separated from the products of the second
hydroprocessing stage may be removed as products for further processing or
storage. In another embodiment, the naphtha separated from the product of
the second hydroprocessing stage is conducted to the second catalytic cracking
stage. In this embodiment, the high boiling end of the naphtha product is
further cracked in order to produce a "light" naphtha. In general, the particular
embodiment employed will depend on the equipment used, such as the type of
separation equipment employed following the second hydroprocessor.

Importantly, though, in all embodiments hydrogen recovered from the second
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hydrocarbon feed.

Gas oil-containing bottoms from the second hydroprocessor are
subjected to at least one subsequent cracking step with a cracking catalyst
under catalytic cracking conditions which favor cracking of the heavier
hydrocarbons contained in the bottoms fraction. It is preferred in any
subsequent cracking step following the second hydroprocessing stage that the
reaction time be longer and the reaction temperature be at least equal to that
used in the short contact time reaction step. The appropniate catalytic cracking
conditions employed following the short contact time reaction step are
preferably controlled so that the combined products of all of the cracking steps
will yield an overall product in which at least 60 wt. %, preferably at least 75
vol. %, and more preferably at least 85 vol. % of the overall product has a
boiling point of less than or equal to about 430° F. In any cracking steps
following the hydroprocessing step, the conditions which are used to achieve
the desired overall product boiling point characteristics are readily obtainable
by those of ordinary skill in the art and are optimized according to the needs of
the specific operating unit. Since the same catalyst is generally used in the
short contact time reaction step as in a subsequent cracking reaction step, it is
preferred to increase slightly severity of the reaction conditions in the
subsequent reaction step. Preferably, this is done by increasing the
temperature or vapor contact time, or both, in the subsequent reaction step,
while maintaining reaction pressures similar to that in the first catalytic
cracking step, aithough reaction pressures can be adjusted without changing
temperature or vapor contact time. For example, when using a zeolite type of
cracking catalyst, it is preferred to have a vapor residence time of less than 10

seconds, more preferably a vapor residence time of 2-8 seconds.
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hydroprocessing stage and the particular reaction equipment used. it can be
desirable to increase the temperature of a subsequent catalytic cracking
reaction step. Preferably, any temperature increase will be less than about
100° F higher than in the first catalytic cracking reaction step and in a range of

about 950°-1250° F.

Although it is preferred to slightly increase the severity of any cracking
reaction subsequent to the initial short contact time reaction step, this is not
necessary. In general, the more intense the second hydroprocessing stage, the J

less intense can be any subsequent cracking steps.

A preferred embodiment of the invention is shown in FIG. 1. The first
hydrotreating stage is carried out in hydrotreater 23. The product of
hydrotreater 23 may be separated in separator 24 into lower boiling point
streams such as light ends, naphtha, and distillate which may then be diverted
for storage or further processing. The content of any lower boiling point
streams may depend on factors such as the type of separation equipment
employed. Hydrotreated bottoms from the separator are routed for feed to the
first catalytic cracking stage. Though preferred, the separator 24 is not
required, and all of the first hydroprocessor's products may be conducted as

feed to the first catalytic cracking stage.

The cracking reaction is carried out using dual risers 10, 11 and a single
reactor 12, with the spent catalyst being regenerated in a single regenerator 13.
Although a dual riser with single reactor design is shown as one preferred
embodiment, the process of this invention can be carried out using more than

one reactor or more than two risers.
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In FIG. 1, hydrotreated hydrocarbon feed is injected into the riser 10

where it contacts hot catalyst from the regenerator 13. The reaction is

preferably quenched using a cyclone separator 14 to separate the hydrocarbon

material from the spent catalyst. The spent catalyst falls through a stripper

and standpipe and is carried through a return line 15 to the regenerator 13

where it is regenerated for further use.

Cracked hydrocarbon product is removed from the cyclone 14 by way
of a line 16 that leads to a separation vessel 17. The separation vessel 17 is
used to separate a mid-distillate and gas oil containing bottoms fraction from a
naphtha and light ends fraction. As stated above, operating conditions within
the riser 10 are maintained such that less than 50 vol. % of the cracked
hydrocarbon product from riser 10 has a boiling point of less than or equal to

430°F.

The mid-distillate and gas oil-containing bottoms fraction is removed
from the separation vessel by way of a line 18. As the mid-distillate and gas
oil containing bottoms fraction is transported through line 18, a hydrogen-
containing gas stream is injected at the desired rate, and the entire mixture is
sent to a second hydroprocessing reactor 19. The second hydroprocessing
reactor 19 contains a hydroprocessing catalyst, and the hydroprocessing
reaction is carried out under hydroprocessing conditions, utilizing a fixed or

moving bed of hydroprocessing catalyst.

In another embodiment the mid-distillate fraction is removed as a
product from separator 17 for storage or further processing. In this
embodiment, the gas oil bottoms from separator 17 do not contain mid-

distillate.
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Following the second hydroprocessing reaction, a hydrogen-containing
treat gas is separated from the lightend products of the second hydroprocessor.
The hydrogen-containing treat gas comprises unspent hydrogen from the
second hydroprocessor. It may further comprise a C4- hydrocarbon fraction,
e.g., a hydrocarbon fraction containing C4 and lighter hydrocarbons and other
gases boiling below about 60° F. The hydrogen-containing treat gas is
conducted via line 20 to the first hydrotreater, where it is combined with the
fresh feed. Separator 20 separates the hydroprocessed, gas oil-containing
bottoms fraction from the second hydroprocessor's products. The
hydroprocessed, gas oil-containing bottoms fraction is routed as a feed to the
second catalytic cracking stage via line 21. In addition to unspent hydrogen, a
light ends fraction, a naphtha fraction, and a mid-distillate fraction may also
be separated from the hydroprocessed gas oil-containing bottoms product in
separator 20. The naphtha fraction includes a hydrocarbon fraction preferably
within a boiling point range of C4 (about 60° F.) to less than about 430° F.
The mid-distillate fraction has a boiling point range of about 350° F. to less
than about 700° F. The separated light ends, naphtha, and distillate may be

returned to the first hydroprocessing stage for combining with the fresh feed.

Alternatively, they may be diverted for storage or further processing.

In a related embodiment, the naphtha separated from the product of the
second hydroprocessing stage is routed to the second cat cracking stage. In
this embodiment, the high boiling end of the naphtha is cracked to produce a
"light" naphtha.

The separator 20 can be any type of separation equipment capable of
effectively separating the hydroprocessed product into its component parts.

For example, separator 20 can be a simple fractionator or could be a series of
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collection vessels such as a hot separator vessel followed by a cold separator

vessel followed by a fractionator.

After separation, the hydroprocessed, gas oil-containing bottoms
fraction is injected into riser 11 for further catalytic cracking through a line 21.
A portion of the hydroprocessed bottoms can be withdrawn as a purge stream
in a line. The cracking reaction in riser 11 is quenched by separating the
cracked products from the spent catalyst using a cyclone separator 22. The
spent catalyst is combined with the spent catalyst that is separated using the
cyclone separator 14, and is sent through the return line 15 to the regenerator
13 where it is regenerated for further use. The cracked product is sent to the
separator 17 where it is combined with the cracked product from cyclone
separator 14. Alternatively, the cracked product may be combined with the
hydroprocessed product from second hydroprocessing reactor 19 and sent to

separator 20 or separator 24.

Because the second hydroprocessing step removes undesirable
contaminants and improves the quality of the feed to the riser 11, other
petroleum distillate fractions can be combined with the mid-distillate and gas
oil containing bottoms fraction prior to hydroprocessing such as by line 25.
These other petroleum distillate fractions include petroleum fractions that are
generally high in contaminant content, and typically would not be directly
processed in a catalytic cracking reactor. An example of such petroleum

distillate fractions includes heavy coker oil streams.

Having now fully described this invention, it will be appreciated by
those skilled in the art that the invention can be performed within a wide range

of parameters within what is claimed.
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CLAIMS:

1. A catalytic cracking process for producing high quality mid-

distillates comprising the continuous steps of:

(a) contacting a hydrocarbon feed having an initial boiling point
of at least about 400° F with a hydroprocessing catalyst under
hydroprocessing conditions in a first hydroprocessor in order to form a
first hydroprocessed hydrocarbon;

- (b) conducting at least a portion of the first hydroprocessed
hydrocarbon to a first catalytic cracker and contacting the portion of
the first hydroprocessed hydrocarbon with cracking catalyst under
catalytic cracking conditions wherein the temperature is from 900° to
1150° F. and the catalyst contact time is less than 5 seconds in order to

form a first cracked hydrocarbon product;

(c) conducting the first cracked hydrocarbon product to a first
separator and separating from the first cracked hydrocarbon product at
[ least a first naphtha fraction, a first light ends fraction, and a gas oil-
containing bottoms fraction having an initial boiling point of at least

300 °F;

(d) conducting at least the gas oil-containing bottoms fraction to
a hydroprocessor and hydroprocessing gas oil-containing bottoms
fractian under hydroprocessing conditions in order to form a second
hydroprocessed hydrocarbon, wherein the second hydroprocessor has a

higher hydrogen partial pressure than the first hydroprocessor;
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(e) conducting the second hydroprocessed hydrocarbo; to a

second separator; separating at least a fraction containing unspent

hydrogen and a hydroprocessed, gas oil-containing bottoms fraction;

and combining at least the fraction containing unspent hydrogen with

the hydrocarbon feed of step (a);

(f) conducting at least the hydroprocessed, gas oil-containing

bottoms fraction to a second catalytic cracker and contacting the

hydroprocessed, gas oil-containing bottoms fraction with cracking

catalyst under catalytic cracking conditions wherein the temperature is

from 950° to 1250° F in order to form a second cracked hydrocarbon

product; and

(g) combining the first cracked hydrocarbon product and the

second cracked hydrocarbon product for continued separation and

hydroprocessing of at least the gas oil-containing bottoms fraction.

2. The catalytic cracking process of claim 1, wherein the first light

ends fraction is a C4- hydrocarbon fraction.

3. The catalytic cracking process of claim 1, wherein less than 50

vol. % of the first cracked hydrocarbon product formed in step (b) has a

boiling point of less than or equal to 430° F.

4. The catalytic cracking process of claim 1, wherein at least 60

vol. % of the combined first and second cracked hydrocarbon products have

an overall boiling point of less than or equal to 430° F.
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5. The catalytic cracking process of claim 1, wherein the catalytic
cracking conditions of step (f) include a reaction temperature that is at least

equal to that used under the catalytic cracking conditions of step (b).

6. The catalytic cracking process of claim 1, wherein the portion of
the first hydroprocessed hydrocarbon is contacted with cracking catalyst for

less than 2 seconds.

7. The catalytic cracking process of claim 1, wherein the first and

second hydroprocessor stage are independently at least one of a trickle bed,

()

countercurrent, moving bed, expanded bed and slurry bed reactor. -

8. The catalytic cracking process of claim 1 wherein the unspent
hydrogen-containing fraction further comprises hydroprocessed light ends and

hydroprocessed naphtha.

9. The catalytic cracking process of claim 1 further comprising
separating a first mid-distillate fraction from the first cracked hydrocarbon and
iy a hydroprocessed mid-distillate fraction from the second hydroprocessed

hydrocarbon.

10.  The catalytic cracking process of claim 1 further comprising
separating a hydroprocessed naphtha fraction from the second hydroprocessed
hydrocarbon and combining the hydroprocessed naphtha fraction with the

hydroprocessed, gas oil-containing bottoms fraction.

11.- The catalytic cracking -process-of claim }-further.comprising
conducting the first hydroprocessed hydrocarbon to a third separator located in

series between the first hydroprocessor and the first catalytic cracker and
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separating from the first hydroprocessed hydrocarbon at least a mid-distillate

fraction.

13.  The catalytic cracking process of claim 12 further comprising
separating from the first hydroprocessed hydrocarbon at least a second light

ends fraction.

14.  The catalytic cracking process of claim 13 further comprising
separating from the first hydroprocessed hydrocarbon at least a second

naphtha fraction.
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