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Yi ELDS WO 98/078 . ' FROM HEAVY FEEDSTOCKS PCT/US97/14765
The present invention relates to a process for upgrading petroleum 5
feedstocks boiling in the distillate plus range, which feedstocks, when
cracked, result in unexpected high yields of olefins. The feedstock

i s hydroprocessed in at | east one reaction zone countercurrent to
the flow of a hydrogen-cont PROGCESS EQR INCREASERsOLEFEN XNIEIDS ocessed
feedstock is then subjected to th ' | st eam cr acker
or to catalytic cracking in a fl umMgWW§fﬂgﬁocess. The 10
resulting product slate will contain an increase in olefin yield when _
conpared with the same feedstock processed by conventional
co-current hydroprocessing. The present invention relates to a pyogéss fer, upgradingpetroleum
et hyl ene, propyl en q'sgou ene,. anpd.b di.ene are .. s . viital, to the

pet r ocheni cal 'ndué? %éhﬁ'@g%mt%ﬁ%ysé ¢ P range ehick feedstorks, When ‘Fﬁ"rqﬁﬁ@

bl ocks. Consequent eyl ihWakpebid Righ'yidlds SteHnE. TRE fee¥Gbckok B drd &

t echnol ogy 15 t hat clan ingr easeggcﬁ‘?i n-yield wll have sgbs?lgﬁtaélga b
econom ¢ val ue. O ledst nse reaction zone counpercuragnt yo thedlbucefk hydrogessoontaimngreas
where suitable hydrocarbons are th LIy . .. .cracked to.produce |lighter .
products, particul & 3{‘58)'1%’ W@?ssﬁ%?%é?&s‘? F"éﬁ?ﬁ“@f%‘? thermal Qraglf‘@%ﬁ‘s“l ocks
range from gaseoussigim ératited or tPcabdRIY didcikaptin AdRidédtfytid dradkiPPFocess, The .
cracking, the hydrocarbons are pyrolyzed in the presence of steamin
tubul-ar netal 100 resuiingspradudiisiate will cautain andneraase dn olsfimyield when comparaddvitthe
hydr ocar bon cracks,to %roduce I"efi nsti dilol.efi ns, ?nd ot her

by- product s. Therﬁ&?f%@@q%‘? ProGesied by gonven ona cpEuReRtdy DP9 Y™%, anong
other things, by coking in thefdsullthas efhleas gﬁ@i_}lle%e, butylene, ard/ BktadibneSdream
cracking processes are described in US-A°3365387 and US- A- 4061562
and in an articl e il tothe getrqehpmicalindusin befause they anssbe indsEsry's bisic bailding
1965, pp. 69-8 1, ,all, _of. which are incorporated r el v reference,

A efins can al so B OC&S-O 88%°8“?’ﬁ€’f '?‘ﬁﬁedsﬁﬁfe&f ?’Hf'.d P‘é‘&?F HF "6;-(98@&? technology
units. In facls nahn daRidcpéaSs/tlefiefikldayill havd fibaentibt bédidmidedhic. fOMFRS are
catal ytic crackers “to produce nore olefins, at the expense of

gasol i ne, ta neet typicallytproducadih stgam ¢rackers where suitable hydrocarbgok aneghermallioys a

(I;Eézl'?bégt? / i127gge f Ocrri_gkgé to i ude 1i3fte? %;gdu%tls?gaﬁlgxilé:ri} Qﬁngnve? Typical streim Loacké 08

feedstocks range from gaseous paraffins to naphtha and gas oils. In steam

cracking, the hydrocarbons are pyrolyzed in the presence of steam in tubular metal
20  coils within furnaces. Steam acts as a diluent and the hydrocarbon cracks to |
produce olefins, diolefins, and other by—prbducts. Thermal conversion in steam
crackers is limited, among other things, by coking in the tubular metal coils.
Typical steam cracking processes are described in US-A-3365387 and
US-A-4061562 and in an article entitled "Ethylene" in Chemical Week, Nov. 13,
25 1965, pp. 69-8 1, all of which are incbrporated herein by Ir_eference,
| Olefins can also be produced in fluid catalytic cracking process
units. In fact, many petroleum refiners, are adjﬁsting their fluid catalytic crackers
to produce more olefins, at the expense of gasoline, to meet market demand.- Fluid

catalytic cracking employs a catalyst in the form of very fine particles which behave
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like a fluid when aerated with a vapor. The fluidized catalyst is

_conti nuousl %Y/% .. circulated between a reactor and a regengrator.and
serves as a Welf¥P® to transfer heat fromthe r egener& O ¥ he
feed and to the reactor. Most fluid catal ytic crackers today use
relatively active zeolitic catalysts which are so active that a 5

m ni mum cat al yst bed is naintai ned and nost of the reactions take place in
a riser, or transfer line, fromthe regenerator to the reactor.

Furt her, cat al ydike afjuidwhen aerated with a vapbrs dlhe fluidided gatalysttis gontinadusly | i ght

ol efins are contlinui to be ommerci alized. .

't has been fouriFCuByd DRGvesh g cvictsy and 8 ressneraton aid feyss anavicle ptrapsfer
hydr ogen contentheeiﬁ&ﬁwre%&@%ﬂtstme@& &’tortﬁé%&gr.%&fgﬁdjbﬂiﬁ id ar yields
in a steam cracker and reduced coke-nmake 1n a fluird catalytic

react or, esulti regackersdoday use reldtivelh actiyerzsdiitict datalysts whitk fiierse actbethatial | y
ethylene in both., Non-limting. exanpl es of such feeds include vacuum
gas oil (V&3, é?‘ﬁwg*ah&%‘g‘xstba@%ﬁm%éﬂdfﬁeﬁwhe reactions fake, plagriniafisghs o |
(HAGD), steam Croaelsfterdit, Rbh theXohieratfiORtROALERE Rirthel Zat | Tght cat
cycle oil (LCCO, vacuumresid, a%?eét nmospheric r'eglhjgi.e ’%ﬁc’?fs%@“ st reans
can under go cat ainptaved bejeitivity toegisvahap light olefiny/are ketemingttolss such as

sul fur, nitrogen, and.qQxygen, and to hydrogenate aromatics before being

i ntroduced int o “AMEEAMZEY-acker or fluid catalytic cracker.

catalytic hydroprocessi NG yj s Beed SRR, b9 e inGladiS el BaF Rerelihhe! © 20

ever stricter governnental regulatiods”concerning environnentarly harnful
sul fur 10  arbydrogen captent ofheavy faedsissiirectlyrelated veitinredocedaarsyieldsintaher
desirabl e effect_ of SSji N aiﬂsuié he saturation and mld

hydr opr oce
hydr ocr acki ng ofsm&F’cﬁ"Eﬁcth'b%“di%g‘{"ﬁ colfé‘éﬂ?ke‘ FRIBLYHGIGRCPT: yesBPS iR | ear

aromatics. The 'yJHy ; I ' I fimiti is
often referred to agaﬂﬁggétg??ggtelﬁﬁ%gg%g{ af‘@%ﬁgﬁi@/bgteﬂsq I‘r]%‘l){!%mlgéggﬂéﬁel&g

there is | ess neauach feeds inoltdenacmen gayail GiGO)) afmaspherid gas oil (AGE) leany of the
cracker - process. unit . whe he heterpatom | s, | ow . Further,

het er oat ons sucﬁ“ﬁ%"’pzfﬂcf@rs °‘lm%é)aﬁﬂmﬂﬁaf’g%e$ﬁs °&§ééb93vﬁfa { poi sons.
Typi cal |y, pat alpic), ipttARYEE 83 ILOBOY, vacuum resid, kit AtAoBPHRAE rdRE FRURUM
feedstocks is carried out in co-current reactors in which bot h t he
preheat ed |i qui dtréamsicanaoiicrgo datalytiy bydroprocdssing 0 remoye heterpatomessugh as '

;Dé.l-; US97/ 12?628/511 81'91%1:rogen, and oxygen, and to hydrogenate aromatics before being

introduced into a steam cracker or fluid catalytic cracker.
- Catalytic hydroprocessing isan important refinery process owing to -
' 20 ever stricter governmental regulations concerning envifonmentally harmful sulfur
and nitrogen constituents in petroleﬁm streams. Another desirable effect of
hydroprocessing is the saturation and mild hydrocracking of aromatics in the feed,
particularly polynuclear aromatics. The removal of heteroatoms from petroleum
 feedstocks is often reférred to as hydrotreating and is highly desirable because
25 there is less rieed for exténsive separation faéilities downstream of the cracker
~ process unit when the heteroatom level is low. Further, heteroatoms such as sulfur
‘and nitrogen, are known catalyst poisons. Typically, catalytic hydroprocessing of .
liquid-phasé petroleum feedstocks is cafried out in co-cufrent reactors in which

both the preheated liquid feedstock and a hydrogen-containing treat gas are
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~introduced to the reactor at a point, or points, above one or nore fixed

beds of wolvg@dvgepr ocessi ng catal yst. The.liquid feedst ockpcigonares
vapori zed hydrocarbons, and hydrogen-containing treat gas all flow
in'a downward direction through the catal yst - bed s). The resulting

conbi ned vapor phase and |iquid phase effluents are normally 5
separated in a series of one or nore separator vessels, or druns,

downst r eam of - t r eac e. tecovered i guj t {d | :
typically still coWFé’f‘H&?g}ﬂgﬁﬁ ffeg‘ﬁ?f A 4poi °’rﬂ?&’§%8&4’@"0‘}{%&'5‘?"?@%&5’%?88*'
product gases, SONMRyddbprobéssig cadlyt. ahe tidSdFedstIEl2, any vaporized Bydto&fbons, and
corrosive. The disso)lved gases are nornally renmoved fromthe recovered

li qui d stream by ghuiregensqastaining reasganall flow inea dowward directionshrougiythecostalyist or
10 . vessels, or i fractiopator. .. . nventional .
co-current catal yt ?e@"@y 81%8 6?58_@’é’§§f’wamﬁ%_¥a%fhﬁetaﬂd hiquid phase "gﬁ’s‘&‘ﬁ aff.ogrmafly
commer ci al sucsesssephaVkIMRa serids ofdfie b Mbieieptidr vERELs, Of AARNSE downstream of
because of hydrogen consunption and treat gas dilution by |light reaction

products, _ hthe reagtor. Jhe récaverpd igsd streaewilktypicallytstill \westaintsomerdighic t or

I nl et d tlet. At, the 15 | me, hyd |f1 ui |

hydr odent t 1 ogenai | B BEATRTSEReA Pfict Bades Somg SRt 9R058 Hi 3188 ¥EBas o
concent rati ons. of deidsRosaCH N diblove ghses BBkt flSva b Fekbvered

strongly inhibit the catalytic activity and perforrmance of
hydr opr ocessi ng  liquid steeamaliyygas or stiaar syipping ippetianother dajwrstrpam vesseliro t he
catalyst...Th portion of catalyst in a trickle bed’

;Ilﬁ t he (ilownst_rgéim

reactor are often YRS QM HFEBEPYi ty because of 20 the sinul taneous
occurrence of multiple negat@y,g,eﬁid‘ngﬁgos rredf Bat&lStid ihd t with
pressure and the presence of the hig c%uncentra??o%)gréﬁoHZS gaﬁégr?\ﬁ—Bm .a
Furt her, | | gredtdiephafsommenaia succass, bogewef, it ies limitatjense Fohgxamper bon
reactants are al sobthe

| t at the d t f th t al yst
bod: Ao, - becaus kRO bdeen SO Simetonan g Ean A BRSO Rs.

severe, particul arfydrolen $aRRI prevsatesdcofeasedbbiweer the redc@6MIHR! andhudlRET Af MECT i ON
tenperatures, higher treat gas rates, higher reactor . : pressures, and-

of ten hi gher &at alspme tims, anjpkydsodssylBujaationchr hydiodenjtroganatienrsegsions that take
systens with stripping of H.err]S,and NH err we A1ctor.S d ..
addi ti onal inj ect_iFg?Fe%Fs“f“s i “‘“"’% 8§H“ﬁ?9‘ﬁlr‘t?§ékfg§na&%r'h§€t Bt @@%3
of ten enpl oyed, Dukrohftg¥ntisit e cht@lytic activity%éﬁdﬁﬁﬁ&%ﬁﬁos@ﬁ}d?@p&%ﬁﬂgg nt

| ntensi ve. processes. )
VO 98/ 07808 catalysts through competitive adsorption onto the catalyst... Thus, the downstream

PCT/ US97/ 14765 . . . Al her ot vpe..of . hydr essi S
Count or cur r ent. hy RPRIgRefselalystin a trickle beg S R ople BBl i WAG:ORY 8GR 40, | °
many of these20 i mth@iimdRsneolsbecufreieFeiltiple Rdgative effectsy Sick ab low Hg gartial

commerci al -use today. US-A-3 147210 discloses a two stage process
pressure and the presence of the high concentrations of H,S and NH;. Further,

liquid phase concentrations of the targeted hydrocarbon reactants are also the '
 lowest at the downstream part of the catalyst bed. Also, _becaﬁse kinetic and
thermodynamic Jimitations can be severe, particularly at deep levels of sﬁlﬁx_r
25  removal, higher reaction temperatures, higher treat gas rates, hig_her rea;:tdr -.
| pressures, and often higher catalyst volumes are required. Multistage reactor
systems with stripping of H,S and NHj between reactors and additional injebtion of
fresh hydrogen-coniaining- treat gas are often employed, but they have the |

disadvantage of being equipment intensive processes.
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for the hydr of i ni ng- hydr ogenati on of hi gh-boiling aromati c hydr ocar bons.

The 5 fe js first subjected to catalytic hydrofini : ably .
i'n"(':'o'-curre(r;}fégpﬁg;\/a\/mi wi th hydrogen, then subjected to h%’%%éﬁ&?% on

over a sulfur-sensitive noble netal hydr ogenati on cat al yst
countercurrent to the flow of a hydrogen-containing treat gas.

US- A- 3767562 and 3775291 di scl ose a countercurrent process for producing
jet fuels, whereas the jet fuel is fjrst hydrodesul furized in a co-current

mode prior 10 to two st aARethSiReRfhyAropricesing s gantarrFent ysraprosessiss 6
al so di scl oses rCothih af. y f Qr
hydr of i ni ng and hy [(t)l?gsetr}fgp ?%g@g%f%' ar ogramtalnggﬂlﬁggeéuc eég{)%wﬁé??eggrﬁlgé&
US- A- 4619757 t eavdrplimited ¢omméreigbusenoduys US-Ar3 1472 1Pdisclosel b ®Wo Sfage process
ol efins from heavy hydrocarbagn feedstocks, wherein the feedstock 1Is

hydrotreated 15 for the hydrofining-hygeagenation|of high-beiling asumaticdyerocarbars: ke
cracking. The fi feﬁciesto}?cﬁg gxisﬁéﬂgajegiéﬁ to catalytic p@gﬁ;ﬁg@,gfs@mwﬁ Eog-glﬁrlé%? gg%t al yst,

such as a fauj asl combl ned”w from
groups VI B, VI | Byitinhylirygdn| then sibjectdderoi igdiogerdaioh@verf a sulfar-5insiioehsble metal
The second stage enploys a conventional non-zeolitic-catalyst, such as

t hose which -  hydrogentiancatalyshequnterqusrentio the flow ofalhydeosenrnontainisg treatd

- ei ther nickel oxjde / t .0xide on_.a suitabl e catalyst.
support, such asé‘% lﬁ%ﬁﬁ&’g& an.d ﬁ?%l dxscfoseacoumcﬂgﬁgwr?c[esq rR‘F?é\‘Aﬂn% hat
count ercurrent hgofels) WEaedsithdjet fiel i st hydrodesuffirided ifd Eo-biirféht Gisde prbE Nt

hydr opr ocessi ng, and that hydrotreating can inprove the’ . val ue of
f eedst ocks 1&r tWRdwaniagsseumercumrent hydregenatpmglUSrA-5083558@isoldissloses daxo f or

w1125 1 ecul (tES AR kR R RERIER o Bitpo ol HRTb e eRoltpl Con

hydr opr ocessi ng aromatics ik diesed fushstr@pposed to a co-current hydroprocessing
process. Therefore, there still mains a need in the art for

- re
process inprovenents that Wi-A-4¢18357 teachesiaiwpatase grocess for the peadystiast of

?Llef I ns, p\a/t\;)t Igg;%%%é}"% K%W B¥drocarbon feedstocks wherein the feedstock is hydrotreated

PCT/ US97/ 14¥%5 in a first stage followed by a subsequent thermsicedckimgc Thefitsh stapeemplogent

i nvention, there is_provjded a for increasjng, the yield of

] - rocgss | . [
ol efins from st-rwﬁbﬂﬂmrwwe%e%#mmﬁ%a%ﬂﬁme strygpure somabiped WHB ammgtalnt  of

tar or coke mak | T i EW '
feedstock in th?‘fﬁ%"?‘%&%’gnge o¥’ gl s’tal?’?mleoratﬁ?jpa ove?éb?é;&gﬁ.érj%qmﬁtﬁeactor'
such that the fcBesecard stapd employs a comventional aomizeuditic catalystgsuch hs those which

countercurrent to opne another. The_respltin re whi.ch n cont ai ns
_ ' co’ntalnn a catalytic amount of mo]?gdenumgoﬁ eanﬁrgxther mc?(el ox(ml'. an%lor

20 cobalt oxide on a suitable catalyst support, such as alumina.

Although it is known that countercurrent hydroprocessing is more
efficient than co-current hydroprocessing, and that hydrotreating can improve the
value of feedstocks for thermal and catalytic Qradking, it was not known that for
the same level of hydrogen in the upgraded feed, a higher yield of olefins will

25 . result from a stream wlﬁch'is the product of a countercurrent hydroprocessing
- process-as opposed to a co-current hydroprocessing process. Therefore, there still
‘remains a need in the art for process improvements that will result in increased

yields of olefins, particularly ethylene.
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substantially | ess heteroatons and nore hydrogen, i's passed to a cr acki ng

process " woalSgked fromthermal cracking and fluid catal Ylorfuse7i476s -
cracki ng. S The process of the present invention nore
specifically conprises 10 reacting said feedstock in a process unit
conpri sed. (a) passing said feed streamto at |east one
countercurrent reaction zone wherein the feed stream fl ows

countercurrent to upflow ng drogen- ., cont ai ni n reat gas, .in the
presence of one or nore hydrBéf‘?f@g‘gé'%ﬂ‘tbgieaqrﬁ?f‘%m"emm _'S’Q@I‘%E ¥ied 2om t he
group consisting Ofnrbyedd f&'ir%?éakiﬂ tﬁ‘e?ie?& X?&léﬁnsh‘(diﬁ Qﬂé‘dﬂﬁtdu?iﬁg Ex’%cldng%JhﬁJ:YSt S
hydr ecr acki ng catal'ysts, and ring opening catalysts, wherefn each one or
mor e reacti on zonesletrasisg the amoemtaifitaror zokemakeysvhiicht progessipearhprisasn and

i mmedi at el y downstream therefro ' ing a vapor

i o b) ..I
phase effl uent f r oy PR EEHE fg}’f“&?ﬁiéﬂm?bPH@g_’a‘gge)dd}s;fﬁégve 2a¥pB Beam
hon-reaction zaone, r%&h sYA@RRAt thOREGGIK dnd S Hydogelr géﬂ&éi:n@ﬁ‘?raeg%ga\%%ow

hydr ogen cont ai ni ng eat gas, gaseous reactron-pr . aporized
li quid I eac ticomiterrufrentabd one biothds N The radslting gtréanh,i whithongw ochitsihs f r om
said reaction zone: (c) recovering downstreamfrom-said

reaction zone a | i Gubstensiabyless heteroatons and more hydemggn.is passedto 3 erackingpraeessel v |
heavy |iqui d- produgly. .. 8 $S1:00: 1 I vy liquid product
to a cracking pr chélgctﬁ%fr{)mvﬂ}%%lflsrzsmlé{égandse e(é; tfge}g“%}g?n ie group consi sting
of thermal cracking process Qhepfocesstd tiieyrasdeyit indention more SpeRifichllOcdMRiBes S
units wherein a vapor phase _product streamis recovered containing a
substanti al anfunt repctipg said ﬁg(_istock.maproces;urpt compnsg.c_l:— In preferred
embodiments of the present | BYEAEIRR deddStarh o BY 184 5l countercurftn |4G8Tn 0N
co-current reaction zone,” upstredm of sard countercurrent reactlon

- 5- WD 98/ 07364 wherein the feed stream flows countercurrent to upflowing hydrogen- _
PCT/ US97/ 14765 - zones,_  wherein said feed streamfl ows co-current

to the flow of a hyemtaigingtreat gas, in the)pfesange afone o Mmorg hydropfosessing catalysisast

one of said co-cur | . O ' : f :

‘hydr otreating cat aﬁgé%e%ﬁgﬁitdslg%gég g@%ﬁfﬁﬁ%g@ﬁ?&tﬁagﬁ 8%‘?’?%86}@8’2’ F’tﬁt‘gﬁs.

| n ot her pref d5r edcatalysts; hydrdcsacking ichalysts candiringi opening icatalysts,i whenein eych dne or
| i quid product is passed to one or re downstream co-ei);{Jr rent regct i on

nmo _
zones cont aMIFSEF2ARI Z99FDRAS SIORYRHPR £ORe IMsdiately RRpiream an
hydr opr ocessi ng copgl.Lt: . , A It was al so discovered
that the light Ii q%&%@g@udgﬁnstéea&t}lgggowbt -~ generated by
conventi onal co-current (4)ydr mpovering aivapor phase effiuent fopeszidadactionizghe in the

N+A val ue (Naphthepe +, Aromatic content). This,high content of .single ri
: (Nap Enmedxate upstream non-reactito zone, which \_gpor ﬁlase_ effluent is con%nseJ oin d

20  hydrogen containing treat gas, gaseous reaction products, and vaporized liquid'

reaction product, also known as light liquid product, from said reaction zone:
(¢)  recovering downstream from said reaction zone a liquid phase _

reaction product, which is a relatively heavy liquid product, o

. (d)  passing the heavy liquid product to a cracking process unit which is

25 selected from the group consisting of thermal crgéldng process units, and catalytic
cracking process uhits wherein a vapor phase product stream is recovered -
containing a substantial amount of olefins. _ _
In preferred embodiments qf-thé present invention there is provided

at least one co-current reaction zone, upstream of said countercurrent reaction
-5-
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10 conponents nmakes this stream a very good feed for an ‘aromatic reforner
to . produce fuels or chem cal streans. . . . . The sol e
figure here&o%"ﬁ“graphr cal representation show ng t he Pa"lﬁ?@(ﬁé%t ed
olefin yield obtained by hydroprocessing a gas oil feedstock

countercurrent to the flow of a hydrogen-containing treat gas conpared to
the 15 sane feedstock which is hydroprocessed co-current to the flow of a
hydr ogen- . containing treat gas. The figure shows that even though
bot h t he count erzoues; wherein said fw@mmﬂbmmaummothﬁﬂmeséahydrem contain

t he sane concentration of h et h enega)ér .eldis

unexpect edl y hi GREPIHIEtreahg 53{"&8"&%%%‘}?“&&%%98?‘8 FEE £eaction zones contains.
count ercurrent ta(beglaeh;arg%cﬁmglgns vvou (ﬁ,mrg,; G &tredtif ﬁorﬁ‘hﬁ&s. | ess

severe 20 operating con erequired to rea any given
| evel of hydrogen dmoﬂlenpreferre&embmd)manteroﬁtherpwsenmwmcneaidbewyent

process. nt.i.ci ted t-ha rough system optim zati-on, higher
hydr ogen cor#t en?S“‘(irp" ‘mﬁrpﬁﬁéﬁs iQ)?'PfQTH“‘SFFBPW“ ffgm co-curren 'E??r’r'e‘}o“tzzi’ﬂesyr el d)
than shown in t '&bﬁaixﬁx@ﬁg@rdp?o&%?@ r?{a‘ﬁrsts operated at hggroprofcgsgrgg con{ggx?@ rocess of

t he pl’ esent invention-i sulta parl ng toc or steam-

cracking or catalytic cradid«was@lso(ﬂxgcbwdutmatmemgm&;dxmwﬁt& stream not Of
ol efins. Feedstocks which nmay, be used in the practice of the present
i nvent i on gengrated hy cenvertional eo-rusrepbhydropyoressing hag an unexpestedly highe and

b T |1 |1 Ct
Sbout” 10151 or r] S vaiREidpRibene  Aomidlipcy, Tihigd AP HImA(BRE" 1T O
about 250[ €i0r | Ccompaorents makied fhis stiein aaradygamltfeafﬁi‘en arthatic eefomter@dl s

- 6- WO 98/ 07808
PCT/ US97/ 14765 Produce °IS°TBB‘F‘T“F?'}Q"FW§ he range of about 350[err]C to about

©00Lerr]C. Non- i mting. oRIRE gt hereotis o st cANlofreb biRhORE B Ue

vacuum resi d, atnospheric resid, vacuum ga pheric
gas oil (AGO) hnexppctaﬂ oizfip pield abtajmes by Hyd{opAsse}singst gasroil feedstock cr acked gas

oil (SCXO), deas hal ted oi l ht cat c cle oil

Preferred are tH ’5%@“'6?'1‘%0 ﬂ‘%ﬁ@é‘é"ﬁé&%&lﬁ? 1eeniaining, ¢ hgarsf"mpé‘&gcoﬂ{eo reduce
the level 15  sarfid feRBUGHORMIONT hydrdpidcased td- Eﬁrremm{he%%faggﬂ qeygen and
to increase their hydrogen content and to produce so omer boi I'i ng

products. The hyonteiging treangasn{The Sigure shiows thateven shenigh potinthie cxgmnercumt and
hydrocracking a been fglntors her eof

o O R o T b syt Acess odams Stmpn At %, goppenpratiop S0 eze
i ncreased i el dipfetyi@el yitid w&x&p%cemymsﬁfoﬂhets%mﬁwm%mhﬁa rddess@ds al so

been unexpect'edly found by thé inventors hereof that at the samne
hydr ogen | evel sgourtercurrent to thefloav ¢féydmgm~rz@1tmmwgasoﬁdaocbssmenen a

counter our AT, FRSGatd o3 bopl o pEf Rk et o 05 vher
content with a countercurrent versus co-current process. It is anticipated that,
through system optimization, higher hydrogen contents (i.e.; h1gher olefin yield and
lower tar- yxeld) than shown in'this ﬁgure is possible. '
- The process of the present invention is suitable for preparing - |

25 - feedstocks for steam cracking or catalytic crackmg to produce increased amounts -
of olefins. Feedstocks which may be used in the practice qf the present invention
are those feedstocks boiling in the distillate range and above. Typically the boiling - -

" range will be from about 175°C to about 1015°C. Preferred are feedstocks having -

a boiling range of about 250°C to about 750°C, and most preferred are gas oils
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di scovered that the Ilght | iquid product, a stream hot gener at ed by
convent.i-onal %983!5808 current hydr.oprocessi ng,. has an unexpectseinysohuggs N+A
val ue (Napht hene + Aromatic content). This high content of single
ring conponents nakes this stream a very good feed for an aromatic
reformer to produce fuels or chem cal streans. The

f eedst ocks of the present i nvention are subjected to count ercurrent
hydr opr ocessi ng i

wher ei n feedet ockb(?ﬁm% i on attadr'?%sé:6‘?6?(1“&?0{%%@3;5?%&&%%%%% ai ni ng

treat gas. suT:xmwéédkmkstxﬂaqubmﬁ OSSRE SinfsbphéHd resls, e&cmn gheoipr acti ce
of the present . invention will be conprised of one or nore reaction

zones wher ei n eac{VG@)atraespheric gas oxliAﬁ@)@mmmmpsghm. gas pil HAGQ) steam f or

t he i ntended reac n .and eac act zone Js.i ately
precéded and fol |6&§@%§SQWE& Eﬂteédw ‘12@1“ Hﬁé’fléﬂggg))
renoved and/ o5 f efdfpled bfEBE gBASIS! %Eﬁ%eﬁfbckgmlﬁeﬂly&&a&wte?educeme1e\éPne

will be an enpty (wmth respeCt to catalyst) horizontal cross. sectioh of the
Teaction vessel offetaroatbing sheh apsulfur, mtrogen, and oxygen and to inCreasef theid ydrogenni | |

nost |ikely cont a| n una ept ls of roat ons, such as
sul fur, nitrogen,€ @rpmé)'ﬁ')ééﬁ'[‘}g eﬂms prqducts, @ES‘V‘S‘BS?'}]%&“mm 18

7 - VO 98/ ,@Q;gd |
PCT/ US97/ 14765 ’QZ by hygrogenating and hydrocracking arorpatics. It has been found by the

liquid feed st reamefntm&exeofnhwanemreased hydrogen contens i snalnfesdls will lead to an
hydr ogen- cont ai ni n at rouy fi xed-bed of sujt e '
hydr ot r eat i ng® catiBf® %55"3 H’g" %W@&%ﬁ%lpﬁﬂm}&ﬁ% ﬁlgb‘éﬁ Hsabaerr s to
processes St Cﬁﬂdjgy%@ hveR3 e dThdt aE e sORE hycfrog@ﬁ@véw tﬁehe

presence of a cata is prinmarily active for”the removal of .

het er oat ons, | nclsadierf@dsmnks mhemhjgiropmms&d in a counteronrreht modnewiﬂydmmgenat i on

activity. Theterm hy i ncl udes otre 'ng/ gut
bEASER? ng.

al so includes prdé Qg"ﬁg&?%ggrsslf‘g W%ﬂ%ﬁs?@dnéﬁW%Fm
Ri ng- openi ng, pardidoutad thar fe RO l%ntheﬁoﬂ udt! Qﬁ?eaﬁﬁibt%'eﬁé?at@@b{{ Esﬁw}éﬁﬁ’&lal co-

in the term"hydroprocessing.' ening Is herein used to refer to a
nore 10 sel®ct |ona‘efxdlyrdm]iro&twsimg)hasmmnegpmﬂ)dughklwmmbm onds

poch b ke 1 s ESRSET T kB Bl e St

under st ood that & ey gbodBleedftrah. afo?nalﬁf: 'rEfBﬁhérBfo ?F&du%@ﬁfe&ror%hemxcal stre@R€Ci fi C
hydr opr ocess, such as hydrotreati ng, drogenation, or hydrocracking, wll

al so be active to a lesser: Témtfaﬂstocl@roﬁthepmdmemvwmmcmw That is, a
15 hydr ot reat i

RGN EIRE A IR PO R
an‘upstreamazp  wherein feedstock flows countercurrent to the flow of a hydrogen-containing treat
gas. Typically, the hydroprocessing unit used in the practice of the present |
invention will be comprised of one or mere reaction zones wherein each reaction
'zone contains a suitable catalyst for the intended reaction and wherein each .
reaction zone is immediately preceded and follow_ed by a non-reaction zone where
25 prodﬁcts can be removed and/or feed or treat gas introduced. The non-reaction -
zone will be an empty (with respect to catalyst) horizontal cross section of the
reaction vessel of suitable height. ) :
The feedstock will most likely contain unacce;;tably high levels of '

heteroatoms, such as sulfur, nitrogen, or oxygen. In such cases, it is preferred that
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dperation or hydrotreating may not be required if the feed stream a-I r eady

cont ai ns ow | evel of heteroatons. It -may be desir at_-a nore
Ay Pz}_/ﬁ}ts%) - ﬁ?(lér%lﬁmgﬂss

active dene catal yst be used if the feed s

relatively high in rretal s content. That is, 20 nore active than
conventional hydrotreating catalysts that typically contain sone

denet al i zati on function. Sui tabl e hydrotreating
catal ysts for use in the present [ nvent ion are any conventi onal

hydrot reating cabefisst reagtinn 2one bea@emtwtu@ethv\m@ﬂ feed strewmBpws co-cufrent with  at

| east one G oup VLII abI Fe erably Co 25

and/ or and M@ata%@r&g&y é' %tgaf gﬁg‘fgrhoan{?(e&rbgg B?WF&%t al, -

~prefer abl y M ydrotregfii ééfali@“fh@feﬁﬁ@hy’i%ﬁ’ea cf" Auséd héréif r&Hfsft%?oc%gs%@
support material, preferably al um na. her suitabl e hydrotreating

catal ysts incl udwherein hihydrogenmeantaiming treat ganisiusediio the presencéiofd eatatyst avhich
tal yst t h P | t hi
'f ﬁeasgzp: of '[ ﬁés g‘@ﬁ?“?vﬁﬁﬁéﬂn‘fﬁgﬁ iﬁ&xgatpwgdn%@gmmetﬁg;%p& ’e:atl ng
WO

cat al yst with some hydrogenation activity. The term "hydroprocessing" incfides
98/ 07808

PCT/ US97/ 14765 hydrotreatmg, butcalsesinciudes prdmesacamhlaedue hiydeogenatiop anflot netal is
typically prese in a un ng fr.om about 2 to

preferably from q"XB’(S’ﬁf g:nggﬁﬁ/gpeﬂqg, mr(?g’%' of napht enic rings can plse g‘i’: 9‘\{%“98& ly be
present, in an aRilen? HYdfiprédeni gabmg -opeifis Rthel¥in dded to refer toa&ﬁér@r ab' y

from about 10 to 40 wt. % and nore preTerably from about
w. % Al nH al selam'hgrfomnef kydnocsacking wheresﬂnppurbbn-cajooﬂ bmdsdnpq:robxtokeme mean

t hat t he ent are b ed on the we rt. For
exampl e, i1t ho PESaRtly Parts OFARE s Helciite B ofkgseo BrRIKIEATIGH PaLREFATp 1 1
metal woul d meapinphitictdfesIiti®to be understo@d%'t& a\@a{ahysf'ﬁhﬁh isfindelly Adie SaHPON T .
Typi cal hydroprocessing tenperatures wl from about 100" C to

about 450'-C at [spesifinhyssorrocess, sbehas hwropxsatgxgt bychmmqm or hydrograckiug, gvill or

neter ot orrs. |t hAHSPRESKYS B APRH SRR S hy PRt Thetdt Ak nat ed and
the ﬂseedaymkresm{g Qtalypa G aPdsoNhbRGoing ab@vi ToPhydiSdenstichidndr ati on,

hydrocracki ng, and/or ri ng-openi ng reaction zone, at |east one of
which will be opydrecesgking qufmémmwheen previouslyrbydrotreased in an upstream

one, the 11 aur PeRion b ERGE bR ncHiehised S kSRR elTR5MNEE

will be RAGW @il 6f litterbfOMmE. nmeaycbe\mmbeanmrmlaewmetm@ t he
i quid phase effluent is fl owed through_ the bed of cataly

count ercurrent caalyst beyised if the/feed sfeaam is relativelyhigh inimatalg canteng Tbﬁés For
exanpl e, d%e ndi ‘nitYe galJeQEannca&l%n%ogil h&&%ﬂgﬁﬁ% ta&f%tﬁf?ﬂ typically contain some -

demetalization function.

Suitable hydrotreating catalysts for use in the present invention are
" any conventional hydrdtreatiné ciia'.lysf and _inéludes those which are comprised of
at least one Group VIII metal, preferably Fe, Co and Ni, more preferably Co ™
25  and/or Ni, and most preferabllei" and at least one Group V1 metal, preferably Mo -
and W, more preferably Mo, on a high surface area support material, preferably
alumma Other suitable hydrotreating catalysts include zeolmc catalysts, as well as
noble metal catalysts where the noble metal is selected from Pd and Pt. It is within

"~ the scope of the present invention that more than one type of hydrotreating catalyst
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20 the desired | evel of upgradi ng for steam cracki’ ng, three or nore
reacti on zoneswo 9807808 ey be .needed. The nost .desirabl e st eam pchuk®Ev4feseds

are those containing predom nantly par affi ns, napht henes, and
aromatics. Paraffins are preferred over napht'henes whi ch are
preferred over aromatics. Thus, the desired steam cracker feed wll

be one containing as low a Il evel of aromatics and as high a |l evel of 25
paraffins as econo | ’
downstream reacti ohg (zif(%q‘r:fie?sfl t&f?‘ﬁﬂemégn?;;??’g‘gfvpi?&?sg‘?wﬁ%ﬂé@ﬁeﬁgﬁt‘ﬁ."s’ﬁgﬁ
The, . downst rerangm@ﬁ-aﬂnybbum tio|20kvet. o prefirahdy fromrnbbhte4 o2 TheSraip VD
of hydrotreating ata g hydt ocrackin $ sts, aromatic
saturation cat al yst’%eta'd’r‘l tYRiGRY B BRESGRY in anamouné aRRL A B AP Wt She

reacti on zone i S presentdAMNEKE I R0 WeSk MEERKE Gkl rom about 20 1o 30
PCT/US97/ 14765 5  wt.%. All heals weipht gerbents are onishppdat. eBﬁf'@iﬁuppwhivamaﬂthat
catal yst that will do hydr ocr acki ng aromatic saturation * bot h.
If it is econoni calthepereenss ase based Opﬁhﬂuelshtapfﬁhewmmth For example, ifghe suppefts of

paraffins, then t h%e‘;gm&ﬁg%& éQHS?le% &F&Igﬁ\éﬁ?ﬁ:ﬁtaﬁ glg{llﬂowﬂﬁgh%&glg gL

aromati c saturation zone da i Ng-opening z

taken 5 into corGrods Vallintdtal Wae on shesuppert Typiodl lg@xwgﬁdcesﬁ@té@p&ﬁu%%vmnes
are used: (a) a ri ng-openin one will prefe ol l ow an aromatic
saturation zone; arbeﬁ(omalmutl 0'C to %mubM'C@t B@@%mtfrm g@méomgltoamutow a
hydr ocr acki ng ne C

| f one of the vmsztérogj’mlggé@ |egnﬁzt§%£e‘eé8§8°k c%‘t%?soﬁgfdgc f §°§‘p‘tz°‘6°r¥%°f 10 the
catal yst can be anmegrdatsihs, ﬂ\eﬁqhwamumahydwdmmgateblmbeamﬁlhmﬂ ahditheat .
typi cal hydrocrackl cond| tions. Typical  hydrocracking catal ysts
are described in feedstockjcanepasse @8’%@‘9@“%4‘&?3%3‘}%’&%‘&% ped/en
by reference. Such ri L QU I
met al hydr ogenat i I’lél ‘(?%p ﬁ%?ﬁactwn zoneaaﬁ‘feaw&z?{eegq?%{%ché;?g@ oﬁgtqhe(a ngo‘%ée}%éﬂt
zeolite cracking bagds. are sonetines referred to in the 15 art as

mol'ecul ar sieves, and are generally conposed of silica, alumna, and one or
more exchanged® e cations su%th5§as§dﬂlwherﬁﬁﬁﬁﬁa§il9%°‘€d§éihlﬁFP"P%ﬁ“é Teaction

LS ety uni 1o R B ARG R Gl R B R!
preferred to use zepadsed gsatlergt oz downstream raaetimtzone hetd théliquiid phase 2fflwentria
nmol e rati o bet ween aboyt, 3 an 2 r r ef er abl het ween about 4
and 8. Suitable ze§PWE shff"éﬁi‘ntg &#?{m Leatalt fovpresET %bmerﬂws hydrogen-

P12l i te: Moul andl L guouh gt ke Fof Bl b AAE e TNk ok

crystal types,20e. gthe deyinddietel of upgradmg foauueammtakmgﬂthnwaiemre eeacﬁhezones

referred zeolites ar tho vVin ore
P eg l} e mo 1¥§7 e ste cracker feeds are those containing

predominantly paraffins, naphthenes, and aromatics. Paraffins are preferred over
naphthenes which are prefer_réd over aromatics. Thus, the desircd steam cracker |
feed will be one containing as low a level of aromatics and as high a level of

25  paraffins as economically feasible. Therefore, there will be one or more
downstream reaction zones which contain catalysts for achieving this goal. The
downstream catalyst will be selected from the group. consisting of hydrotreating ..
catalysts, hydrocracking catalysts, aromatic saturation Eatqusts, and n'ng-dpeni_ng_

catalysts. When only one reaction zone is present downstream of the hydrotreating
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di amet ers between about 8 and 12 Angstrons, with a“silicalal unina nol e
ratio of 25woofipmest 4 to 6. A particularly preferred zeolltl,%.rlngsﬁya&;uetlc

Y. Non- Ilmtlng exanpl es of Goup VIII netals which may bé used on
t he hydrocracki ng cat al ysts, i nclude iron, cobalt, nickel, ruthenium
rhodi um palladium osmum iridium and -~ pl atinum Preferred are
pl ati num and pal | adi um vm' th pI ati num bei ng nore preferred. The
amount of Goup VIII netal nge fr.om about

-10- preactxon zone, it wm pre@g%é;%om bﬁmﬁdg@ydrocrackxw 98/ 07808
PCT/ US97/ 14765 Woth/o feE%l}

catalyst. If t e? mr‘ragf g?turatxoﬁ,%é i I&Pﬁf%nm&wno lgkoné\? gﬁ&l | fta&ll é’hﬁ

preferred to ushightievels of padaffins, thémlhbdﬁvm&tré&midpdswdrprefei'abymciudean
conditions wll be tenperatures from about, 200[er r&C to 370[err] C
preferably fronPXFE4e sammﬂonzomérmneams@e{!%ﬁ ecfoliowing skl Lhétaken y from

ange from noul e h fhgh et BEonksBRER Seacih sonel ekl Vol

VI VI Hr. ring-opening zone will premHly followneg: ﬁdﬁﬁ@d QfurfionsAoasBind ¢b) an
hydrogenation catal ysts include ni ckel , cobal t - nol bdenum

ni ckel - nol ybdenammaaﬁaatma&%mqm&{@l&waMmmﬂp@s zane if a hydr ocraslqmoes of
nobl e nmetal cat ﬁl | ncl ude -t hose based on platinum and/or 10

pal | adium which®™'s pr ef erably supported on a suitable support material,
typically a r ef r acIfong oﬁmedewmﬁ'am rehctivnConésis 8 hydrocrackifig kdred,

al um na-silica, kieselguhr, | at omaceous earth, magnesi a, and

zirconia. 280l i fhec,ca?lyﬁbﬁﬂnt@ %&ﬁ“@b%"ﬁ@“ﬂ@’éﬁ hydrocrackingeatalystirun gtaymicalr o
typically susce aromatic
Saburati o zone urobickifl Sk SRNOL @RS IIEH SO Houe lrbedn
175[err] C 15  US-A{290159500 [FOP, ]vﬁucmiﬁﬁxmoqroﬁted hérbiyi b@rﬁffﬁ?eﬂl%)b&ucﬁ&%kym] Cto

~about 360[err]C, at .a _pressuyre from about 300 psig to about 2,000
“psig, preferabl FefYRiFAlISemPrISedof aGrgup § TH istal ydrosenan&g srempq;@mgon Bnd at a

liquid hourly spage 4elG fae. (fﬁ@&l&fcr;crk%?b@ﬁ&%e 0 ntlH{eE Eerfér%ee in the

about 20 hrierr]. stock w |
contai n rellati vat ys molechlevséves,aind e genetally ewmpnsedmf silfcd, slominapdndidne or

aromatics wll be satyprat wth at, | eas orti.on of .. t he feed
. being cracked t6‘°5°a?‘€gﬂ‘§e °qt%?“cmm£%@§w’ @éﬁ%ﬁéﬁ?ﬂngﬁﬁi
t ' t ' £ 1 I d
Snorn a1y e TP Sl Bl AL L Bl i bt 7 O

econoni cal |l y feasible to upgrade
paraffins are betweenabout4 and 12 Angstroms. It is preferred to use zeolites having a

relatively high silica/alumina mole ratio between about 3 and 12, more preferably

20 . between about 4 .and 8. Suitable zeolites found in nature include mordenite,
stalbite, héulandite, ferrierite, dachiardite, chabazite, erionite, and faujasite.
Suitable synthetic zeolites include the B, X, Y, and L crystal types, e g., synthetic
faujasite and mordenite. The preferred zeolites are those having crystal pore

_ diameters between about 8 and 12 Aantroms; with a silica/alumina mole ratio of -

25 about 4 to 6. A particularly preferred zeolite is synthetic Y. Non-limiting -

examples-of Group VIII metals which may be used on the hydrocracking catalysts
include iron, cobalt, nickel, mtherﬁum, rhodium, palladium, osmium, iridium, and
platinum. ' Preferred dre platinum and palladium, with platinum being more

preferred. The amount of Group VIII metal will range from about 0.05 wt.% to
-10-
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present, then a ring-opening step can also be used." If a ri ng- openi-ng step
“1s used, 25 widwnnragae feedstock may be first.subjected to ar peaintsd7/14765

saturation, followed by ring- openi ng. Because it is easier to

sel ectively open 5-nenbered rings than 6-menbered rings it is
preferred that an isonerization step to convert six- menbered ri ngs
to five-menbered rings be used either prior with the ring-opening

- 11 - 8

PCT/ US97/ 147 65 §6sz 3 %asedton the total w%%1 t of tl}e q[aha eysS aIrt;e the Tetal is ?h rf:u? t he

sane catal yst maynbsle fietad it @@r&fﬁi’éﬁ tdfuse aboutOUS&OﬂBcﬁdtZ’.aw %N }Mi'@drafcﬂdngas wel |
as a-ri ng- openi ng catal yst. ri ng-openi ng step can

be practiced by ceenditianswill betemperagres from about 2@8@&9 3179?5 Pﬁefﬂgahibﬁ'pmnbaet

with a ring openi o at_ sui.t Swtable
process co%di Itoi onggq ?ﬁf’?&é% P& PESRIP a@g?rpﬁmo g%tﬁ éf%é gﬁ?@“ﬁ outly

about 400[errkC, pagdig villlringetrom st d.5333bev/Ni, Tp?ef&bﬁl?,"ﬁ-oﬁﬁﬁoﬁf'ik@ﬁ a
total pressure from about 0 to 3,000 psig, preferab y fromabout 100 to

2,200 psig; nore NFéfrably about 100 to 1,500 psig; a liquid hourly

space vel ocity of about O. efera from abo 0.. 0 5;
and a hydrogen treat gas ra 8 waplﬁﬁgffﬁmnbﬂt’ aésf%'@a“é“e
barrel (SCF/ B), phigké @hl-mbRddemid? hickelhblybdenum, and mckel tungsten. NonTlﬂﬂtmg
hydrogenation and/or Ting-op€ening steps may be carri ed out

econonical | y in smpiessfaqbdemetahcaalms inchide those basad on platisummadior t r i ckl e

bed t t f ot t T
count er cur reng PBBBEHBAR Mstiabt SBoHgf ot aiabe 3N Rredit S e nea

to provide the gr@ﬁ*a@tsiy éxxm&mtéﬁal suctAsSbrhiny, isfical- ald?ﬁh@-ﬁiﬁ&@'l&esél?uﬁ' low fine
tuning are the act ual catalysts selected, the use of

cat al yst types i ndigomacemis egrth, anagnesid; gnd zu@npo#phmmeorss ean also be used

tning o' neSAELR T Snth bR i Mrobgtdoiniie | 7T pe o

feed bei ng procesggflatic saturatiod i&ewﬂhw o R8I RGASMPAGNPSHbRI B 178 t he
exdct ol efin generation step t hat 20 t he product Is to be sent to.

Di fferences i deigiabewt 40980, :qm nrcfyrablarfrqm ehawt 26Q761torajout 360°C, ayapressired .

oo Lt oo or ook fofiafoledol BUE1S R 2ok Rl oreR il £ SRIHORTS Eﬁﬂ%@*ﬁﬁf
catal ytic L5GC psig, adldl bf en@@mmawve!dmy tmsv; bffrorfliabd@rEnhr. 'IbthC ess

units have been built using di fferent design technol ogy. 25
At |east one of taheutBL1.on zones downstream of an initial co-

At this point, the feedstock will contain relatively low levels of

20 heteroatoms and most of the aromatics will be saturated with at least a portion of
the feed being cracked to gaseous and lower molecular weight components. Such
a stream is acceptable as a feed for steam cracking. Ifit is desirable and
economiéally feasible to upgrade the feedstock so that higher levels of paraffins are _' .
present, then a ring-opening étep can also be used. If a ring-opening step is used, ' |
25  then the feedstock may be first subjected | to aromatic saturatxon followed by nng-
opening. Because it is easier to selecnvely open S-membered rings than
6-membered rings it is preferred that an isomerization step to convert six-

membered rings to five-membered rings be used either prior with the ring-opening

-11-
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current hydrotreating reaction zone will be run i n-count ercurrent mode.
. That is, w?%’f“?#ﬁhg liquid hydrocarbon streamw || flow dOWQ7j‘H)}gs a

“hydr ogen- con gas will flow upward. o

- 12 - WD 98/ 07808 ' _

PCT/ US97/ 14765 _ It will be understood that the
treat-gas need not be pure hydrogen,. but can be any suitable

hydr ogen-contai ning treat-gas.- The |iquid phase will _typically be a
m xture of theStBp ghes Pasionfithe:spmeditgponkhat is, e seme catplystimaydfurctionigs both an

vapor phase w isbm&%%?ﬁ{ﬁ%%'ﬁ%%(@l%%@g’ %'gﬁ%g&glgsp, het ercatom i npuriti es,

and 5 vaportzed: prodi osi'tTon consisting of
hydrocracked light ~ The fipcépeningiitepitiai be practicdd sy dofitietind B Isirédn,
conponents in the fresh feed. These vapori zed liquid products were

di scovered to emntaipng ring gompaunds,iwith aring epening catalyshatguatleproaess one ri ng

napht henes,. The vapor phase in the tal yst bed of .the tream.

enction s8ne. GRS SHBRE drfoe SortcRs fihuck Tmiraehis® rom spun [SBE

cont ai ni ng t r egioud 360°€Y) PrefRAbl P EbMchboht ZSPC 00 abRA 3 50°C; RASTAPSteL R Torh OF

further pr ocessi ng. It is preferred that the vapor phase effluent be
psi

removed fromny t#houhBto 3,000 psig, prefgrablydiiom abeutl@ftel 2.20@ psigismengprefemablyat i ve to

the flow of |iqui I .of .t'h count.er re eaction zone. |f
t he vapor pha_s% og? ?%Q’nﬁgﬁﬁq’ aéﬁm%a{PHé‘YéW"e vglocx?y %urfbg'é‘lrﬁbg‘f ’l evel of .
het er oat ons, i prefeddblPRoRabentd. 5Qo 3; HADhydPSpAR QreaCEHs irite Bf 300120,560 |
cont ai ni ng{paddl tional hydrotreat ﬂg cat al yst and subjected to suitable

t _

hydr ot r eattPng standard cubimfgetnes harrgl 6P CF/R); preferabbintPt5080 SOFB.het er oat om s. |t
Is to be understood that ti.on _zones can.either. n the

sane vessel separated byTr?a‘uélc)ll}Y-dfocgggﬂogk?’%ﬁ Dgg-opyning steps may Ry %ghe%g"é’it in

separ at e vesseingre etbfiorieflly ift 86ihé RM3taBEE3eT 2 imibré Behvemiodhl coa&frevit frickle bed .
typically be the transfer lines |eading fromone vessel to another. It is

al so wi t hi n 20reactondowrstigam of therrouptersyannt reartionizpem Theoupteralgat ock whi ch
al ready contal ction zone h&%?ﬁkﬂc%@;’r%g%bg&'stgﬁéme&’io F&hﬂé%ﬁ?ﬁ#%ﬁad' rectly

into a countercurre Ing reacti on zo

preproces3sng sltfpyield. Parfdniareeb dllow fafttasing B the actual chialysts séléctéd; iy oat ons,
the vapor and liquid are disengaged and the |iquid effluent directed

to the top of usecafalhthercatalystiypesidsequsnce (rrdf beiling paiptsienversiopisepr ocessi ng 25 °

b | . ' ] d
From o {rRESRE, BEBHAckl n RRURR ol e N THE e RN 00

under go f urt hethe countercuvéf @éactibm Zenelwill be based @nthenwype bf fedbding proeeksed;i on in
het er oat om and aromati c .species is desired or_sent directly to a
recovery syst it ampuntofipsgnyeqessing pestormed; and the exact olefin generation step that

20  the product is to be sent to. Differences in desired feed quality for steam cracking
and fluid catalytic cracking are in general well known, also, desired feed quality
from steam cracker to steam cracker and fluid catalytic cracker to fluid catalytic

. cracker differs because of thie fact that different process units have been built using
different design technology. - |

25 - At Jeast one of the reaction zones downstream of an initial co-
current hydrotreating reaction zone will be run in countercurrent mode. That is,
the liquid hydrocarbon ét’réan’n will flow downward and a hydrogen-containing gas

will flow upward.

-12-
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contained in one or nore beds in one vessel or nultiple vessels. Various

har dware - - : , . _ - 13

o e e ‘WO 98/07808 | chxsywy%!)
PCT/ US97/ 14765 i.e. distributors, baffles, heat transfer devices
‘may be required inside the vessel (s) to provide proper tenperature
control and contacting (hydraulic regine) between the liquid,

vapors, and catal yst. Also, gasgading and. lLiqguid or gas guenchin '

al so be used in the practi ceﬁd’f'ﬁsﬁén%lrﬁg%ihf“'E‘Fltreﬁtr‘g ot bg PR Yq@(&?ﬁn to
those 5 havi ng | : [ " s _aae P h N

anot her enbodi nent ngt]%a? %(Eahj éjgéﬂf h?dr{égﬁ!t ?‘E)’Irt]?m? (tare?te%aa.s ;I' g%kqtggﬁhase i be

i ntroduced into a fypically beambitare of thechigher boiling cémpanehts of fHediesivfeedy Thegen-
containing treatgas. The vapor phase effluent fraction is separat.ed from
the tiquid 1APRE ehase il tyipically. g mipuigof igdrassns Aeteragion) ippuisities, 4ad | s,

in a non-reactkon 3@@ e . :&@?&sﬁi fElLug to
addi ti onal hyd?ot reatil ﬁ%d ﬁt&d@rgﬁ%@?@% r oft ckhﬁ.ftf&#toﬁgﬂrpﬁg@%ﬁgx ated and
sent to an aronat i reacticf prodwts dndrthé loevep boiling tomponefits in the frestofeedaThese. . The

i qui d phase effluent wi]l then be passed to the next downstream
reaction zone, whi ¥aporzed liquicpradugts wersdiscoverad tabe-enriched with-single g zone. I n

ot her enbodj .S Of ' i ' nt
and/ or treat gas cgﬁﬁ%{e’&fg'd OBQ\%“? hﬁ‘?\/\wﬂe% ?f @rﬁagg{‘%@%ﬁe’:ﬁﬁ m?eéekgﬂisﬁff Sé te)gc Ci on
zones. . downstream reactibn zchepwilt be swegt uphatd witk tieipfib@ingHydfigen-

fl owi ng hydrogen treat-rich be_ col d nmake-up hydrogen-cont ai ni ng

as
treat gas, préPer JEANRIRIDE HEYARS aqq]gcglected, fractignatecs OF gassedhilo futhefg of the -
liquid effluent w i =G il i e 0
effect a high hydr%gg%gilgg'r glgf)&%ﬁa&g gﬁyr?gﬁéaﬁgggpb%% e}lenct);l):grr%nt“?%g fé’S“ #&hoh
tenperature, both mhctidn 20he mimedisty opsalram (redativeho theiflogv offiguidoefflueneuofithér i um
t onar ds saturated conpoupds. . .. The .
count er current corfRONBiersgTest reactionzone, cIfithe,yaper phase effipent still containgiani r eam

N, oS B RAB GORELILAY, i EERle 3R (3h ViR pHbSORNEH R 1] °

and NH err] inpurities fromthe e uent there nprovin t he

hydrogen 25 15 pardontdinipyg edditional lndebttdating edtaiyst ahd mebjdctedirasuicableMyarotrenting he

catal yst may be on- . . treamfor substantially_|onger periods of tine

before regenerati cﬁ?“Fi‘é‘c’F‘%f?_&%FQW removal °fu‘g?1£‘?t9ﬁ9?'t,°“ﬁi dhig o kg yrdsrstondithat all ogen

removal | evels W | eadifondohdef diktt bk BPine'sBAE Vesel scparatedby AdireRtiohBhes, or

invention. It may be desirable to fractionate the 11quid product, pass$
any can be in separate vessels. The non-reaction zones in the later case will

typically be the transfer lines leading from one vessel to another. Itis also within
20  the scope of the present invention that a feedstock which already contains
adequétely low levels of heteroatoms fed directly into a countercurrent
| hydroprocessing reaction zone. If a preprocessing step is performed to reduce the
level of heteroatoms, the vapor and liquid are disengaged- and the liquid effluent
directed to the top of a countercurrent reactor. The vapor from the preproce_ss_ing_-.
25 step can be processed separately or combined with the vapor phase product from
the countercurrent reactor. The vapor phase product(s) may undergo further
vapor phase hydroprocessing if greater redﬁcﬁon in heteroatom and aromatic
species is desired or seﬁt directly to a recovery system. The catalyst may be

contained in one or more beds in one vessel or multiple vessels. Various hardware
-13 -
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- 14- WO 98/ 07808 - T
.PCT/ US97/ 14 ' . some on to the cracking.process f ,
“‘generation (-)é?égf'/%”\a?sns, ‘and send ot her portions to h.'%ﬁ’é"r’gg’é‘f’&% '

di sposi tions. _ The resulting final liquid product

will contain substantially |ess het er oat ons and substantially nore
hydrogen than the original feedstock. This 5 | i quid product streamis
then either thermally or catalytically cracked to produce a pr oduct

slate having a deudistabwtoss, baffles, hes frapsfen devises wrebe reqpirestingide theaisssel(s) he
Came TR Bk BrOR eeh SR bl Y GrERII MR B " 117

cracking unit i sheliquid, ¥apors, and karalysh 916, Raskadifig and lyiid eCgdsy@BndhaRdRdyoCk i
thermal |y cracked in the presence of steam The h]ydr ocar bon :
feedst ock is gr alsodeugedipabepracticeiofithepresent. Bl of which arel well knownithdhose

t her mal cra?(i nqmr.eact ..on, .\z\{gi CH on the whole is endothermc, takes place
primrily - hayifg prfmany sllinthe @ity 5 of the tubes. The tenperature of
the tubes is detern ned by another embBimat ofithe Blesdnd GivEMibOaR TNMfock Garde
cracked, which can range fromethane to 15 I quefied petrol eum gases to
gasol i nes or .naphitteesiuced igtesa frist reactiopzong earpireent to the flowrefdiydrageteeds

require a higher tenperature in the crackin ne t han sS,@ils, .. .

These t enper at uBRBRIS toalEas  Tis VAPET PRAsE St astion 5 depatibp Gomipe igpid
furnace tubes, phase effiiidfit ffttion Btwe¥n Feabtidl ZeRbs; ¢Bat @, i I'Sorfed@tidnYdné. SRS | ONS.
Regardl ess of the nature of the feedst ock, the cracking tenperature

i s always vidry Napgr phase effyentcdnl be passed ¢oladditional hydootneatingiGireplidod, but it is
limted to a maxi teoperagture in the order of 85 rr]C by the -
condi ti ons unde ‘%ﬁr c[%étegla&‘éé?épq%“?:rgfnﬁ“‘e’deg’ﬁ'f’eraf%ﬁﬁﬁ?%%‘bgﬁ ating
conpl exity of t RforkdicsaTESliquidisha¥@ et Will HRAbe iphRed id1Be AEAUOWREREGHE! | S

i ntroduced into a quench/pri mar ractionator unit where. it is quenched to

f | .
stop the IRACHO Z9ng. Whish milgwe&n@lm eoungerpusreng rRactiamzaned In pther

desirabl e produ .act j . . Typical _pr Clenf I ' i,ncl ude heav
oi I's (340[ gr r] c%&‘f’g‘\ﬁkﬁ’%éﬁ%gﬁg P%%E%‘\}‘e“@é‘§°‘§r¥3"§'tﬁ‘% ém“e‘ﬂgé‘g‘is’gpi‘%é% .%8??"'01‘ -
whi ch can b r eqyithlifskn drifjedtedBdiveadng redctibh8éndsy act i ons can i ncl ude
a gas oil fraction and a naphtha fraction. Vapor products are sent for

further processing which Hdnpiefrered that thescountensustesi dowing bydrogenstreat-gighi ng,

f” i’g[‘g %ﬁseﬁé' éo‘f&‘ﬁllagé-% ﬁfv&r@gén%&ygﬂiﬂg febdt ‘'gas, preferably hydrogen. The

. countercurrent contacting of the liquid effluent with cold hydrogen-containing treat
_ gas serves to effect a high hydrogen partial pressure and a cooler operating
20  temperature, both of which are favorable for shifting chemical equilibrium towards

saturated compounds. ,
The countercurrent contacting of an effluent stream frqm an
upstream reaction zone, with hydrogen-containing treat gas, strips dissolved HpS
- and NH; impurities from the effluent stream, thereby improving both the hydrogen. -
25  partial pressure and the catalyst performance. That is, the catalyst may be on-- .
.~ stream for substantially longer periods of time before regeneration is required.
Further, higher sulfur and rﬁtrogen removal levéls will be achieved by the process

of the present‘inve‘htién._ It may be desirable to fractionate the liquid product, pass

-14 -
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WD 98/ 07808

PCT/ US97/ 1476%q -,80 _ . - Fluid cat aI ytic cracwsﬁ-ﬁgg}s S
a wel | - known net o Por convertlng hi gh boi |i ng hydrocar bon
feedstocks to | ower boiling, nore val uable products. In the FCC
process, the high boiling feedstock is contacted with a fluidized

bed of zeolite containi ng catal yst particles in the substantial absence of
5 hydrogen at el evat ed ratures. .Typical zeol |t are.th ge unit
cel | yeol res. Csome on e clagking Bopss e e gkt ofing a0t s i cal Ty
occurs in the ris 5mgg§,1tp %ep& alhd \@ispositfort.2l Yti ¢ cracking reactor. Cracked
products are sepa at e ro e catalyst by nmeans of cycl ones and

coked catal yst particles ar’Ehesrbaﬂm@ﬁnal hqmdipmddctswuﬂtcohmresubstannallyless .
regenerat or where, coke i s bur the. c The, ho er t ed
Catalysr s 10" heigmsiongod sboRs el eI RYSHORER THeR HHaRIERh GoRRRRk. TS he
riser. uid prod}xct stredt & ti’léa}{ éﬂl\éi' ARrhaifBc Etgl gﬂlgn as&?&ﬁﬁt olie a

dillustrative purpo%es on are not “to Ing the -
present inventi onpmduamlataanasubstantﬁhyrbtghatyldéoEahﬁqobmdﬂct(themf tet ed Feed)
A feed was prepared consi sting of a g_l end of hegqu at nospheri c apld 5.

| i ght vacuum'gas Bfeduct W%Wﬁé btaiged ggocessmg alone with the same
Hydr ogen Cont-ent: edstock M - . Specific
Gavity: 0. 896" d Ni trogen Content, 1000
ppm w - B The preferred therthdl erackmgtuaitfis a streafy dpackier %&Gm a
Boi | i ng Range; 170 - 540[err] This feed was

st eam cr ackedOusi M"%F%af?ﬁdé'r"alé rérth@'m&llr grackgd;ip the presenceﬁgrsfe@mﬂ
bstantially e LRT-
Subs ially equiysal nthethoEP | s (léag}rﬂ x{n‘iﬁ?xﬁ%{lﬁﬁestdr 115t Xﬁ?th(a .

2 type) furnace o rate at a sev
sel ectivity ((C erthérmal chacking teaction, which onth&8wholelis mdethem,ttakésmhmcpammw
mass ratio of 0.43. The ethylene found 25 %wth a

| d
tar yield of 34 \ipthgh %%‘eiﬁcwpﬁé‘eﬁﬁeé% Pwmeratgreaqféhetvgrs is detemmgﬁ dis
defined as the pr@&'y@h&eg@[t W@%&P?t@%‘&ﬁ&&h%ﬂ%ﬁeﬁﬁmﬂé@ﬁ eMahidor oduct

fromthe 232[err] range to a product wth a
viscosity of15  liqueficdpetrvieum gases to g@swlines ot naphthixngak eil For(euraplel age
%_ CQurrent Hydr Otnrare:rﬁ1 lea Iilé:]e)ds require 2 higher temperature in the cracking zone than gas oils:
These temperatures are imposed largely by fouling, or coking, of the furnace tubes,
as well as by the kinetics of the cracking reactions. Regardless of the nature of the
feedstock, the cracking temperature is always very high and typically exceeds
20  about 700°C, but it is limited to a maximum temperature in the order of 850°C by
 the conditions under which the process is carried out and by the operating
complexity of the furnaces. The vapor effluent from the steam cracker is
" introduced into a quench/primary fractionator unit where it is quenched to stop the
cracking reaction and where it is fractionated into desirable product fractions.
25 Typicel product fractions inciude heavy oils (340°C +) which are recovered and at
least a portion of which can be recycled. Other desirable product fractions can
include a gas oil fraction and a naphtha fraction. Vapor products are sent for
further processing which can include gas compression, aciri gas treating, drying,

acetylene/diolefin removal,- etc.
-15 -
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WO 98/ 07808

PCT/ US97/ 14765 : A co-current pi |l ot upit :  was
used whi ch izgggsgffs%dard t ubul ar fi xed bed reactor i%@ggg??%?an' -
el ectrically heated sand bat h. . The feed of Conparative
Exanpl e A was hydrotreated in the co-current pilot unit with

sul fided comercial hydrotreating catal yst designated 5 Criterion 411
whose conposition is identified in Criterion's Product Bulletin,
"CRI TERI ON* 411" dat ed Dec &hibeataipiceracking (FRO) epewelk-knewmmethod forl uni na

eported as. bei g B poURRE AR bn Speds s ol Sptind, BoRllBpE, 7 O ' °

The hydr @ksdits. 116 theRCC prodess] e high boiliag FRdabek is\eomtacted Rethfaol | owi ng
conditions: 10 : - Tenper at ur e . _
343[err]C fluidized bed of zeolite containing Gatalyst particles in the substantial absence of575 psi
Li qui d Space Velogcity: 0.2./hr . o . rogen to
Ol Ratio: 5 17(%&?#'} g[eéervﬁzed temperatyres. 3@"/’%2:%_‘57‘?5”%{}'5%’5? Hmf:lﬁ_%ﬁfog@&t per
barrel. 15 such as zeolite Y. Sdtiof Yyl Becued Th eRY riséP pofidflofaRed t o
13.2 wt. % The hydrotreated feed was steam cracked in accordance

wi th Conpar at-i v&atalytingragking reactor. Cracked prodesthgreseparatedframihe catalysidyt o be
20.1 w.%wth a tar yield of 15 % . Conpar ati ve Ex le C
(Co- Cur r ent Hydr &%%?{nglf’mﬁ apd Iﬁ?‘ﬁﬁ%osgk@@?(?%‘fleszﬁe Stm[;?nppeg ad sent %Tgh_e f eed
of -Conpar ative [FregemBrlatorAvhiéRscokl thiirieddPle cataly§te The hot regenerdted Efalysthd | Ot
unit of Conparative Exanple B using sulfided comrerci-al Criterion

C411 catal yi i themmecycleddo gentaqemore high doiling feed inthamserci al Criterion 2763

cat al yst in a second.r tor Ln._series.wt 1),..and in.a.ratio
of 2 101 in vol ume. - tnb SEhRls ocpbiel By MihedPs F st pfiees i 21
Data Sheet (MBSDghd afe doetdle: tdRen as lia@hiy the prbsart idvesittorl inanly wRy.Wt . % tungst en

oxide, less than 10 wt. % ni ckel oxi de on zeolite., under the
fol | owi ng condi {Gossparative Example A (Untreated Feed) R

17 - _ A feed was prepared consisting of a blend of heavy atmospheric and
15 light vacuum gas oils, with the following properties:
- Hydrogen Content: 12.4 wt.%
Specific Gravity: -~ 0.896
Nitrogen Content, 1000 ppm wt
" Sulfur Content: 23 wt%
20 . Boiling Range: © 170 - 540°C
.  This feed was stéam cracked using a steam cracking pilot unit
performing substantially equivalent to a commercial low residence time type (LRT-
2 type) furnace operated at a-severity (Cs=‘/ C, of 1:3 and a selectivity (C=/C, of
1.8 with a steam to hjdrocarbon mass ratio of 0.43. The ethylene yield was found-
25 tobe 17 wt.% with a tar yie_!éi of 34 wt.%, based on the total product slate. Tar
| . yield is defined as the product boiling in the 274°C+ range fluxed with product
from the 232°C to 274°C boiling range to yield a product with a viscosity of
150 ssu. e | |
Comparative Example B - (One Stage Co-Current Hydrotreating) -

-16- .
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PCT/-US97/ 1476 _ . ' '

R2 Wo saros Tenper at ure: 365[err]C .SGﬁg‘rﬂrjﬁ%l‘ms
Pressure: : 558 psi 558 psi Li qui d Space
velocity: 0.30/hr 0.6 /hr 5 _ Hydrogen/ G| Ratio: 1500
scf/B 1700 scf/B (increnental) . The hydrogen content

of the feed was increased to 13.7 w,.% The cyldro%rocessed f eed was
st eam cracked in accor danc&ﬁﬂ"@%ﬁﬂﬁ‘r%ﬁ?@tﬁ‘amsé 1s ap@aaﬁthtmlar

et hyl ene yi el d ?%ahﬁ)(ﬁmgrs%ig Meleér@a{l u*r*%%éd?,{,ay“%d of 8.6 vvt

10 * .Conparati ve omat1 C

A product simlar to t he orEhedecicoflGuntpasdiive Example A svas hydropreatet mfth¢2S
and NH3 then processed further in the co-current pilot unit using a nmassive

ni ckel ar oneg-eurenhpilat anit @ﬂthéaﬁd¢4/§@m@nw@l hydsetreasing safalyst desigaated ons:
Tenper at ur e:

1600 psi a 5  Criterion41 1 whosei_% mog és 1gez§xﬁ|e8 po Fwenoné_l’éod;ﬁfﬁavenn.

~ Hydrogen to Q| R&lmcmmoﬂ@m"&ﬁfea@ecember 1992 as a TRILOBE exfri@ate lof @Mfiina
hydrogen content is increased to 14.3 wt.% The hydrotreated feed was

st eam cracked i n provotedawitel 4 mvwnbhdwm@d@(@m%mkéoﬂe We@fﬁé xs

i o1 ( Couremp R e 35 A Bt b 03 L et o8

count er eurrent  hyidaifataRs i \éndhdted inltereatitst undexcthe fsi @:fndiilons
co-current pilot unit as was used in the above exanples. e countercurrent

pi'l ot 25 Uit consisted of aTemperaturesi xed bed r843¥r heated with -
el ectric furnaces wherein feed is inje .at the top of the
reactor and hydrogen is fed at tﬁ%sgg&tom of : §Z|§g ‘reactor.

Heavy |iquid products exits the Iﬁzﬁﬁ&SpiceaIelém bot t o /hEases
including vaporized light liquid product exit the reactor at the top

- 18 - Hydumenw tor ORatipEET ( RIRESHD)
1 - scf/B means standard cubic feet per barrel.

15 The product hydrogen content was increased to 13.2 wt.%. The
hydrotreated feed was steam cracked in accordance with Comparative Example A

and the ethylene yield was found to be 20.1 wt.% with a tar yield of 15.0 wt.%.

Comparative Example C = (Co-Current Hydrotreating/Mild Hydrocracking)
20 The feed of Comparative Example A was hydrotreated in the co-
current pilot unit of Comparative Example B using sulfided commercial Criterion -
C411 catalyst in one reactor (R1) and sulfided commercial Criterion Z763 catalyst
in a second reactor (R2) in series with (R1), and in a ratio of 2 to 1 in.volume..
2763 is reported on Criterion's Material Safety Data Sheet (MSDS) as being
25 - comprised of less than 20 wt.% tungsten oxide, less than 10 wt.% nickel oxide on

zeolite., under the following conditions:

-17-
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PCT/ US97/ 1 The .f eed of Conpa e _Exanpl
was hydr ot ﬁgﬁ%"% t he countercurrent pilot unit us'?#é‘\‘{?aﬁl‘maed
commercial Criterion C411 catalyst in the : top 2/3 of the reactor
with sulfided cormmercial Criterion Z763 catalyst I n bottom ~third of
the reactor. Wen reactor conditions are: 5 - React or
Tenper at ur e: : 343[ err]C ' Pressure:

558 psi First Rea®or Li qui-B2Space Vel ocity: O. 17
[ hr drogen to %, tio: 5000 scf/B

The heavy |iquid product PABEH cont eR®o s i ncredsEd to 10  13.5 wt. %

The hydrotreated feed wap gsgﬁ.gm crackedssgipgccor desgegi wi th
Conpar ative Exanple A and t he et hyl ene vyi e?d was found to be 24.0 wt.%w th
a tar yield of 10 L@quxd Spéce Vhlocity: Q30/hk i qui dO.prlwduct has an N+A val ue

wae. al S0 it i 11 ed it o Hstogenicia: *sotlaobl oo 17085 Gikee 'nis%%?rﬂ:"?ﬁ‘“

177[err]C, 177[err]Cto Zﬁ.‘gﬁlgd&ég, confilat 6F the Fecdvas Ak &iséd o 13 '{)h S43C+.

The aromatic contents of treams were neasured and foun
19 wt. % 30 wt hydropiocessedfecd s itbamtcr%cecbmpecdrﬂaﬂdewtht@nmpaﬂtwplﬁmmmp skewed

Gives the A SBE D ne Vo s Do pe L SRR A o GO oA Wi | e

st eam ¢racki ng yi el ds : were not determned for these distilled
fractions, it is generally known by those 20 skilled in the art that
| ower arondtic (bnnpmﬁveEkmpk'hﬂéeqvh#opuHé&tumhmﬁoi ce for hi gher

olefin yields in crackin r sse D,stillation of the heav u

pr oduct * into vari g’u& g'éﬁtlsi"ﬂg" %ﬁgegemﬂb VeYIS iRy S ¥?41%P%15ack| ng
process and ot hgh 5"3&&'% 890l t sﬂig%ﬁﬂ Is a
means by which gn%tt%egr%{’ Sit rﬂ-Pih e @J@B?ﬁrﬁze e vokﬁ%geland cost
of produced ol efomatic s3furation catalyst under the followmg conditions:

-19-

- Temperature: 315°C
15 - Pressure: = 1600 psi
_ . Liquid Space Velocity: 0.2 /hr
Hydrogen to Qil Ratio: . 5000 scf/B

‘The product hydfogen content is increased to 14.3 wt.%. The
hydrotreated feed was steam cracked in accordance with Comparative Example A

20  and the ethylene yield was found to be'23.7 wt.% with a tar yield of 5.0 wt.%.

Example 1 - (Counter-Current Hydroprocessing)
A countercurrent hydroprocessing pilot unit was used instead of a
| co-current pilot unit as was used in the above examples. The countercurrent pilot -
25 unii consisted of a tubulaf fixed bed reactor heated with electric furnaces wherein
liquid feed is injected at the top ‘of the reactor and hydrogen is fed at the bottom of
| said reactor.
Heavy liquid products exits the reactor at the bottom. Gases

includiﬁg vaporized light liquid product exit the reactor at the top.
-18-
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Exanpl e 2 (Counter-Current I—|ydroproce§é1tr§g;7m765 :

For the sane !rs‘ggcgtslgrmgﬁd feed in Exanple 1, the operating severi
was increased to the follow ng reactor conditions:
React or Tenper at ur e: 354[err]C 5 ' Pressure:

558 psi

First Reactor Liquid Space Velocity: 0.09 /hr

Hydrogen to O Rati o: 5000 scf/B The heavy
l'i quid product hydrogen cont'@hﬁfe%OﬂQRIP@é%@’Gﬁ’@mPleAwaih}'@"WFat%mm%

hydrotreated feed
Exarpl e A and the

(RS FARGAR R sHRAR ARBREH i BT bt

yield of 6.0 wt.%¢g ?5*29!3 bmbtredctoqmﬁh snmd@wmﬂna&:wanmn\mbmeammhbbﬁm +

ar orrat i c content)

5

10

15

20

25

0
third of the reactor When reactor conditions are :

Reactor Temperature: 343°C ' .

Pressure: | 558 psi

First Reactor Liquid Space Velocity: 0. 17 /hr '

Hydrogen to Oil Ratio: 5000 scf/B .

The heavy liquid product hydrogen content is increased to
13.5 wt.%. The hydro&eated-feed was steam cracked in accordance with
Comparative Example A and the ethylene yield was found to be 24.0 wt.% with a
tar yield of 10.0 wt.%. The light liquid product has an N+A value (naphthene +
aromatic content) of 77 wt.%. The heavy liquid product was also distilled into
four boiling range fractions: 91°C to 177°C, 177°C to 260°C, 260°C to 343°C, and
343°C+. The aromatic contents of these streams were measured and found to be
19 Wt.%, 30 wt.%, 21 wt.%, and 11 wt.% respectfully; this atypically skewed
distribution of aromatics acfoss the boiling range of the total product gives the
potential for further olefin generation improver;aent. While steam cracking yields
were not determined for these distilled fractions, it is generally known by those

skilled in the art that lower aromatic content streams are the preferred choice for

‘higher olefin yields in cracking processes. Distillation of the heavy liquid product

into various boiling ranges with some going to the cracking process and other
fractions going to alternate dispositions is 2 means by which an integrated site

could optimize the volume and cost of produced olefins.
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PCT/ US97/ 14765 What is clainmed is: o A
“process for MO8 ng the yield of ol efins from gas oi | boFFT’HaJmQ%Pange
feed streans during cracking, which process conprises: - (a)

passing said feed streamto at | east one countercurrent reaction

zone wherein the feed streamflows countercurrent to upflow ng hydrogen-
containing treat gas, in the presence of one or nore hydroprocessing
catal ysts Exangjle2t edcwmfmmdbmwptmﬁw ng of hydrotreating

catal ysts, hydrogenation catal ysts dracra S and r| ng
openi ng cat al ysts, V\heref#g}iéﬁ dfeex ﬁﬁ"é‘ﬁ? l‘ggfﬁﬁeﬁ%s&e .
non-react i on Z%xﬁ&ﬂﬁ%?&%m (ohlg RAbALhditions: | medi ately downst ream

t herefrom overing a vapor phase effluent from said
reaction zone in the Reactbrrﬁ’adpmmmpstream nod34°6acti on zone, which
vapor phase effluent contains 15 . . hydrogen- cont ing treat gas, gaseous
reaction prdducts, and vapes«Eed |iquid g% Bn product;

(c) recovering domstrmﬁém(%%ﬁd gg £te IV bk ooggah,l i qui d phase
SSi

reacti on product; ng the heavy liquid product to a
cracki ng proeess uni't V\hll-tydmgenZGOﬂRamt ected froﬁOQCth@roup consi-sting of

t hermal cracking process units, cat al é %_9 acki n? rocess units
wher ei n -a vapor phase pr J&’Gé‘@a‘éftlﬂé Tpguct ay g%@ntentlsm 4fhing a
substantial anmogyn ed team cracked in actBRIaRdeOS®ISS Oof claim |
wher ei n there is’ prow giétgﬂgﬂﬁt%egtsedf%new%s&emz% current reaction zone,

upst r eam of0 sai CompurativerExatmpnA alld?ﬁhete'thyhnz iekkwas/fhendtorbed i wt.% with 4 eed
fl he fl
streamtiows Courc }1213%?% ()t v?t "k QI‘he hgl\{\tl hquu{31 proxgcrt?l San ﬁgnt 3l (Qa%h&hr ea_g_ 9as,

aromatic content) of 67 wt.%.
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wherein at |east one of said co-current reacti on zones contains a bed of

hydrot reating Ggje and S operat ed under. hydrotreating conq. hRM147

- 21 WO 98/ - PCT/ U897/ 14765
3. The process of cI a| m 1 wherein said |liquid phase reaction product is
passed to one or nore downstream co-current reaction zones Lnin

hydroprocessing catal ysts operated at hydroprocessing condltlons
4. The process F}%m 2 wherein said countercurrent "””ml]m
contains a bed of eating catal yst. ” y

of claim 2 whereinywWgi:ds QRelig: current reaction zone ' contai s & be
of hydrogenation catalyst. 10 6. The process of claim2
wherei n said countercurrent reaction zone contains a bed of.

hydr ocracki ng catal yst

f cl 4
wherein there is providdd a S%E’Sﬁﬁsfgm"rﬁﬁﬁ\gt‘g"rﬁ‘ﬁlfi ﬁ’%fs‘igg‘f‘lggﬁaig]?f@g
downst ream of sgi d{% ﬁéﬁ&@ﬂutﬁ%‘ﬁ?ﬁ&&@%ﬁ:ﬁtprocess confp?ﬁé‘s';' on zone and

ro .

containing a bed o cracki ng cat al yst . The
process of claim4 wherd¢an t Ipassingissidfeahstrien ta atlezsd ove countercun:ent:rﬁaemmur rent

reacti on zone domnstrea d, hydro reatln countercurrent reaction
zone and cont.ai ni ng°% W, ﬂ’eﬁftﬁﬁtfa‘?ﬁé’e‘ﬁa gurent to u prlowing hyﬁrogen 9.
The process of cl aiggy rr}:ﬂ%qféna { hRhe fe§en‘3 i’bﬂ:eé} JE'H% cessmg catalysts

count ercurrent react -0 vvnst r am o sal d hydr
- countergurrent selected from the group consisting of hydrotreating catalysts, hydrogenatlon

10~ catalysts, hydrocracking catalysts, and ring opening catalysts, wherein each one or
more reaction zones has a non-reaction zone immediately upstream and
immediately downstream therefrom;
(b)  recovering a vapor phase effluent from said reaction zone in the
immediate upstream non-reaction zone, which vapor phase effluent contains
15  hydrogen-containing treat gas, gaseous reaction products, and vaporized liquid
reaction product;
{¢)  recovering downstream from said reaction zone a liquid phase
reaction product; ' '. '
() passmg the heavy liquid product to a cracking process unit whlch is
20 selected from the group consisting of thermal cracking process units, and catalytic
cracking process units wherein a vapor phase product stream is recovered |

~ containing a substantial amount of olefins,

2. The process of qlhim 1 wherein there is provided at least one co-
25  curmrrent reaction zone, upstréam 6f said countercurrent .reacﬁon zones, wherein said
feed stream flows co-current.to the flow ofa hydroge_n—c_oniaining treat gas,
wherein at least one of said co-current reaction zones contains a bed of

hydrotreating catalyst and is operated under hydrotreating conditions.
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reaction zone and comtaiming a Decr of hydrogenatiorf catal yst. 25

- .10. . . The p here Is provided a third . :
count ercurrgﬁf&sﬁg@t | Mjﬂ}lﬂ m of said hydrogenati gﬁq’msw/x:ms

countercurrent- 1one aﬂd containing a bed of ring-opening

catal yst. -22-

11. The process of claim6 wherein there is provi ded a second
countercurrent reacti on zone downstream of said hydrocracking:

countercurr ent 3. r edbepracessiclaimd wheraimsaid h ldiphﬁ;drmmblyphodgmrmt i on
catal yst. ocess f claimi1l erernthere S

provi ded third passed to 8’6"’11?ﬁ’%?%8??’8§f“$‘e°§'?‘1’5eﬁ ?8%&%’8%‘&9“ Bf said
hydr ogenat i on ¢ ayi¥opFdcessingtatalysts operat i hy QBpFRBRiInERANGIRRAI NI NG 2 bed of

ri ng-openi ng catal yst The process of claim®6 wherein

there is provided a second 10 countercurrent reaction zone downstream of

.sard hydr ocracki ng cqunt eccurrent reacti o one and contai ning a bed
ring- open‘ﬁa ng cat aﬁy © process ofclamewhfﬂem sa‘#?@““fﬁ'%@%“&?“% 20080 5

wher ein there |§th@@&ioﬁ,ﬁe&%gngcam ¢t countercurrent reaction zone
downstream of said:hydrogenation countercurrent 15 reaction zone and

cont ai ni ng a-bed of ring-opening catal yst. 15. The
process .of claim!]l erei g.H downst reﬁgngf al I éa@;\ct i'on zones, aid
vapor phase liquid réacti M%th?&“%“tz}?"gal d

I'i qui d..phase I e3ghtaipd a Bed r@ggﬂatﬁﬁ%ta] ¢ & cracking process unit. 20
16. The process of claimZ wherein, downstream of all reaction zones,

sai d vapor Mhase liquid reaction product i s condensed and conbi ned WI th-
said
6. The process of claim 2 wherein said countesurrent reaction zone -

contains a bed of hydrocracking catalyst.

7. The process of claim 4 wherein there is provided a second
15.  countercurrent reaction zone downstream of said hydrotreating countercurrent

reaction zone and containing a bed of hydrocracking catalyst.

8. ' The process of claim 4 wherein there is provided a second
countercurrent reaction zone downstream of said hydrotreating countercurrent

20  reaction zone and containing a bed of hydrogenation catalyst.

9. The process of claim 7 wherein there is provided a third
countercurrent feaction zone downstream of said hydrocracking countercurrent
reaction zone and containing a bed of hydrogenation catalyst. |

25 | o o
10.  The process of claim 8 wherein there is provided a third
' coumntercurrent reaction zone downstream of said hydrogenation countercurrent

- reaction zone and containing a bed of ring-opening catalyst. '
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liquid phase reaction pfedﬂc—t—&ndéem__t_o_a cracki ng process unlt 25
17. The proewggsmmgaglwl wherein said 1iquid phase reacti opc-p,bgﬁym-yssl S -
I

fractionated and at lﬂlm to a cracking process unit.
18. The process of ¢ d 1iquid phase reaction product is

fractionated and at |east a portlon sent t'o a cracki ng process unit.
-23 - WO 98/ 07808 . 19. The process of cI aim.|

wherein the vapor phas liq [ duct nt ref ormer
process unit. i1 l*hf(?r°°essﬁf[é)’pabrf‘(§c"g§e§gﬂﬂ’e5? ﬁlpﬁ‘?"ﬁe‘%ﬁe t he vapor
phase liquid reactc,'oﬁl'ib;-,rcurrtr,nt 1RAC¥EH Shnd doviRftbarh Bf shid BfdP6FRAkinY c%ﬁi%?cu‘r'x‘%htt

21. - The process of.claim| wherein said thermal cracking process is
st eam cracki ng. 1@eaction zone and conihing a beldef hydrogematios catalystm 2 wherein said
t hermal cracking process is st eam cr acki ng. 23. The

process of claim1l wherein said catalytic cracking process is 15

fluidized catg ytic cragki nQ‘he rocess of claim 11 wh%?emthefg]? pRIRIEA SOl claim 2
wherein said catal ytic cracki ng process Is f1ui d| zed catalytic
cracki ng. _ countercurrent reaction zone downstream of said hydrogenation countercurrent -

- reaction zone and containing a bed of ring-opening catalyst

13.  The process of claim 6 wherein there is provided a second
10 countercurrent reaction zone downstream of said hydrocracking countercurrent

' reaction zone and containing a bed of ring-opening catalyst

14.  The process of claim 5 wherein there is provided a second
countercurrent reaction zone downstream of said hydrogenation countercurrent

15  reaction zone and containing a bed of ring-opening catalyst.

15.  The process of claim 1 wherein, downstream of all reaction zones,
said vapor phase liquid reaction product is condensed and combined with said

liquid phase reaction product and sent to a cracking process unit.

20 _
16.  The process of claim 2 wherein, downstream of all reaction zones,
said vapor phase liquid reaction product is condensed and combined with said
liquid pha'se' reaction product and sent to a cracking process unit.
25 17. © The process of claim 1 wherem said liquid- phase reaction procluct is

fractlonated and at least a portion sent to a crackmg process unit.

18. The pfbcess of claim 2 wherein said liquid phase reaction productis

fractionated and at least a portion sent to a cracking process unit.
-23-
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19.  The process of claim 1 wherein the vapor phase liquid reaction

pr'oduci is sent to a reformer process unit.

5 20. The process of claim 2 wherein the vapor phase liquid react:on 5

product is sent to a reformer process unit.

21.  The process of claim 1 wherein said thermal cracking process is
steam cracking. '

10
22. . The process of claim 2 wherein said thermat cracking process is

steam cracking.

| 23, The process of claim 1 wherein said catalytic craclcmg process is |

15 ﬂuxdtzed catalytxc cracking.

24.  The process of claim 2 wherein said catalytic cracking process is

fluidized catalytic cracld:ig.

L -24 .
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