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HYDROCARBON G¢HNdEApetesN PRQCESS Thi s appli cati ecTaisay/n3? he
benefit of the filing of- U.S. Provisional Patent Applications No.

60/ 027,859, filed August 15, 1996 and 60/034,612, filed Decenber
31, 1996, 5 relating to the hydrocarbon conversion process.

Field of the Invention This invention relates to a process
for upgrading hydr ocar bon feedst ocks for subsequent use in steam
cracking. In particular, this invention describes a process for
upgradi ng 10 hydrocarbon feedstocks for wuse in steam cracking by
t he application of hydrotreating and concom t ant parti al

hydr ogenati on of the unsaturated and/or aromatic species found
therein, and the resultant yH¥DROCARBONScCONVERSIOMN@ROAESS r]-C err]

hydr ocar bons, steam Cfﬁ%f&dagﬁﬂégefgﬂdgis%@ qﬁ‘aec(lﬁékd@_& obt s tha filig%dof

the concom tant decreas€e In steam Ccra

st eam cr ackithd of Roevigianalk eml‘ﬁ—ydbﬁva-l% ons N°f-ee§9l83ﬂ3859: £iled

Backgr ound QI_é\h@t' et '1@”96 and 60/034,6125! e%m:.&aaCbke&&mh%za B1QCe3996E,

w dely known in the 20 éﬁ cal art intent of the

procéss is tgpdating t?)r%c‘?\’ °5§%’ér??n&§ﬁ'f’r‘h§5f°85§\#oons,

particul arl mﬁjwmunmﬂmyl ene; and but adi ene by thermal cracking

of hydrocarbon edst nth e |.ev .

t enper at ures. 'I:F?éfit égﬁge&% nﬁgbg{&%%srsg? n eéégg?s%a q}'eeﬁb%ﬁdlng

descrl bed i hygrocarhdme qaﬂdatmkmﬂOEnsuDSGGUQMnusachs‘hgaﬁt tyagkdnghy Sn
@Lﬁf\; ‘giara' d  fivedBfon 0&&&@!:18%@ | 4t préddds -rdi’lipgrading

Typlcal i qui S

toCks for conventional st eam Ccrackers are

strd%ht ru r?‘i(‘iﬁ‘-?"gﬂwc’%n EPGEFEOFERL EOEt rAPYht LPUnSEPRRgi RFacking by the

feedst ocks ragpiiwatiom | i ght nnyai-baseh&mgcuurar@s cudxscon’iﬂtant Gagmufial
f eedst ocks }}[ as et hane, ane and buta

e
brocessed | MARSUeRAFFER uofe RS indRCurdedd Hb/ck Bromatic, sBREJEE Found
f eedst ock fctrhgremmssamgl i the he‘esultant Yield cincheases aff hydragernf C,-C,

several cri 4oL REhEAENIstllah cracked naphtha and steam cracked gas oil,

15 and the concomitant decrease in the yield of steam cracked gas
tar, upon steam cracking of the hydrotreated hydrocarbon
feedstocks.

Steam cracking is a process widely known in the

20 petrochemical art. The primary intent of the process is the

production of C;-C, hydrocarbons, particularly ethylene,

propylene, and butadiene, by thermal cracking of hydrocarbon

‘feedstocks in the presence of steam at elevated temperatures.

- The steam cracking process in general has been well described in

25 the publication entitled "Manufacturing Ethjrlene" by S. B.

Zdonik et. al, 0il and Gas Journal Reprints 1966 - 1970.

Typical liquid feedstocks for conventional steam crackers are

. ' straight run (virgin) and hydrotreated straight run (virgin)

feedstocks ranging from light naphthas to wvacuum gas oils.

.30 - Gaseous feedstocks such as ethane, propane and butane are also
commonly processed in the steam cracker.

The selection of a feedstock for processing in the

steam cracker is a function of several criteria including: (i)



avai lability of the feedstock, (ii) cost of the feedstock and (iii)

the yield slate derived by steam cracking of that f eedst ock. -
Feedst ock 2W@i/@EA9ity and cost are predoninantly a f RS Y4ty

gl obal supply and demand i ssues. On the other hand, 5 the yield slate
deri ved by mwmw\goﬁf taegféeastwt%t qak) cost of en&um@éﬁtﬁﬁé}ﬁ
chem cal ter| | CS 2 da eneral_, . the

hi gh val ue 3{1 6?"& Pﬁ&n e2ivea B&rtﬁ':ﬁ? rI?r%‘Flﬂngne"f that
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but ane. tﬁﬁll el ﬁﬁh%&l &g@gig and adbiang iﬁgnapﬁ%{ ha ancfQ’F| \'/%’?%e
steam crac kga?/ Iate) dgrived bY shaan §§F§kli§lgl &f walgiaen e@ﬁ#dstwk
cracked tar i.(sSCiT )ftﬂiWioﬁ ©fMthe chem{i¢ar Wﬁt&ﬁt{ﬁé e at VEdddE ok,

hydrotreated strali un rg| edstocks |ncreases as the

boi | i ng ran&é‘ ofg?rktal th?eeﬂ%égé aluey ,6,-C¢ hgx}gQ@gﬁrbons,
cracki Ing ot:dntq.u:ularlly eumeluer, opkepp].dse m—;dl&ﬁiﬁdaﬁ;anegaig)l gﬂgglfg I
gas oils a reater ort| artlcu arly
Pow $he, SERERT cRadal FRshReBeRE A GhgBRLY, Hnedle it “anih Yas
addidd on, s%&?ﬂ@acmmmmd butahe:e n'&pat hylelxhdofashiogh svaQue stéan
pr ocessed r%&d}@e&%ﬁheﬁé' ?ﬁépiw' vhﬁléaéizé&ﬁt gka !cgdob%%r oil (scéc&
process the | arge vol upe |qU| roducts resur e
cracki ng of Pt’rﬁf%ec‘f’e%’ag odk@¥ value “stean cracked térrml(§c‘1‘ﬂ heuppn| dstdam

t he | east I Fenuddilr@ of a st&h@.@h&;]ﬁuﬂr (\‘ﬁiﬁj&{i})cro}‘?‘ﬂ 4 t&‘e%a%%d”sﬁl&kf{b iud
is generally, en | ow quality rogen deficient cracke
f eedst ocks “’eﬁ'&’iﬁ rf%%‘i]ﬁﬂ%‘sﬁ H?‘%Fé&‘ﬁgd %%prﬁ*}% bﬂg@ﬁm | Fapggcked dehe
oil A5 f@&dﬁmcnlcalirycmm.d nafthubsa, thealytéanl |grackikgd ¢S Diduid

coker naphtgasistdisks C‘E{fé fs qaﬁiﬂ%&?g e Pﬁéogﬁffgd ‘and yégpgp Jgas oils

significant % I ncreased y| w va €am crack

product rel WQJ@llerGEBﬂ-Fﬁnlﬁf ahigpeatar PXIRIrtian cof] paytionadmdy low
products obtvailued wReAmPrOELSkedJpkbaubey,qupldfy @e@{aﬂgeerackea gt cioff

g; 2ggggege?%§ g}% K %ﬁCh E:Q%E:kti.ngs %aCLESj.%tigggpgrp'% pgphthas ana/ gas oils
hyd2&desul f ez ammss@ reguirecaddition®b capitaldrigdeastrictiiid Gih order
(nitrogen R PYcessthe 14IHRICHNME o liquid co-products resulting from
- steam cracking of those feedstocks.
What is more, the yield of the 1least desirable
products of steam cracking, steam cracked tar, is generally even
25 higher when low quality hydrogen deficient cracked feedstocks
such as thermally cracked naphtha, thermally 'cracked gas oil,
catalytically cracked naphtha, catalytically cracked gas oil,
‘coker naphthas and coker gas o0il are  processed. The
.significantly increased yield of the low value steam cracked tar
30 Product relative to production of high value C,-C, hydrocarbon
products obtained when processing the low gquality hydrogen
deficient cracked feedstocks is such that these feedstocks are
rarely processed in steam crackers.
Catalytic hydrodesulfurization (sulfur removal),
35 hydrodenitrification (nitrogen removal) and hydrogenation
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(olef ins, diolefins and aromatics saturation) are well known in t he
petroleum refining art. Hydr odesul furi zati on,

hydr odeni t ri fwoas/o€msand partial hydrogenati on have been appl j BGI/USITIAST,
upgr adi ng feedstocks for steam cracking as described by 5 Zi mrer mann
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to yiebd a |i Ggimhermann @drodUsS.wiPatent i No.and, ﬁﬂﬁrr(?('ﬁn conThi#né?ﬁ% &tage
Levers of lesapproacn aa &3} e808280 heth PP BiimetA109RC bk b taT Of 2Vt hon~

the | ow rrpurl ocar on stream was subjected to hydrogenation
to 15 yi epgidig d lé’& anbackdia (Feolite), gurports.

Wnquist et. al., U S Reiradribud 5 80,1, 291, , degcsi beHatent Noan anmem,csns,
for upgradi ng of keros

fuel d d
by first pre- ﬁ%‘rﬁ‘fh@hf 8§§§f’g‘| tf(?nef‘}/é%uﬂggs"f mﬂﬁfgﬁeﬂl?'ﬁ& ?Q?-ﬁ 011
and hydr odeni feddstdcks), laynd ﬂimsteafpm-matingwychhagerf@tedatanktm effect

LR qﬂ?@z@ﬁg 29 20uP92ak 536! | afif fxﬁdrogem. )ﬂ:‘?.ggt%oﬂ' Yl &' Wiiia

fuel oil prod een oun at t e~presen
i nvention whi product withosplfuysahddndtregenngonseminentsy at: devedsaaf rkpss

results in th ﬁgbfhﬁamsoy'ﬁn{jviﬂmr PP S YLy .hydmaﬁaafter, the low
Cerr]-Cerr] y(?roca ons 25 and steam cra l{ﬂ@ |ed tQ
strai ght run @ERURiBY hydrocarbepsgbrpam wag, ﬁt&fﬁ‘&é) i g?fs')‘/'ng tign to

hydrogen, (] ¢idid€£High cetane Wrm el preduwetr acked napht ha and

reduced yi el ds of St ea acke W
quality, hydrogen w"“% rgme %ii l'agkgd ?QG%-.? és suc% 2 'hedres‘f]i'j'bed
cracked napht lan approach rfezmulplgy.'ada.ngcbédkeresess!ne fueilhoddal |apd GraauaR 955

gas oil oil fé&é%*ﬁbbﬁ@l ! dpP@DE}:E?tlngattﬂey tf&é&éﬂo@ia‘ﬁ'ﬁe%ffect
kerosene, t1cal I? crac as ol ht has, coker
ker osene, hydrodgsy f@}h%l iont é&ﬁ] é"rY figa st BBfh dhexeafter

ggs 2od f Olﬂytb‘dr agi?nt bf?ﬁ:hﬁﬁlz%mﬁsmﬂﬁ lt;iqﬂiceahydﬁgcarbbnt lxeﬁmim;erto
e |C|en. Cl aC eedst ocks, .such_as, s as ol
- 3- lpé li?% I?h?ﬁ AR m%?ef‘bﬁﬁe%ﬁa%f%&?%gﬂs?ocks to be

recycl ed to extinctiDa hasodgern hfoundibthat fuhed presentpgiaventiond which
steam cr acéﬂxﬂgrfgéé eﬂ&drotreating followed by steam cracking results in
significant yield improvements for hydrogen, C,-C, hydrocarbons

25 and steam cracked naphtha when applied to straight run (virgin)

feedstocks; and results in high yields of hydrogen, C,~C;
hydrocarbons and steam cracked naphtha and reduced yields of
steam cracked tar when applied to low gquality, hydrogen
deficient, cracked feedstocks such as thermally cracked naphtha,
30 thermally cracked kerosene, - thermally cracked gas 0il,
catalytically cracked naphtha, ' catalytically cracked Kerosene,
catalytically cracked gas oil, cokér naphthas, coker kerosene,
coker gas o0il, steam cracked naphthas and steam cracked gas
oils. The ability of this process to treat low quality hydrogen
35 deficient cracked feedstocks, such as steam cracked gas oil,
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It has further been found that 'hydrogen Cerr]-Cerr] 5
hydrocarbons and steam cracked naphtha can be produced in hlg
quantities woegmgrscess in which the.effluent fromat |east S97/14437

hydrotreating zone containing at |east two hydrotreating catal ysts is
passed to a ﬁéfﬁﬂ:&rﬁﬁﬁbggh oford andkllie 1% feeéé&f&lééletétﬁénrecycled
cracki ng zone are passed tQ aone or

fractjonati n& Zones.in

which the ef¥® u%iﬁ?%n%ﬁﬁ% ddrongly the: gogb ngl"e‘lf feedstack JARITR{EHRY h?ﬂ?o@%ﬁ“‘
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st eam cracked gas ol l acy&cgTT %n“g:%en Sﬁ‘a %k%érrg;cx/&dgi 1d CsCe

The rocess of the
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tauaneﬂﬁ.] iR éi’g{roceé‘% hﬁ-} iEiclP O | PF1veRE PHLA b€ $eadtlone

st eam crack L | soprene cl s- pent adi ene,
trans- penta gﬁgotreat@m oFonendicant thz prast an%worehlﬁ@ﬁﬁtr9P§{’-BS
of steam cathdysts (8 p&Qse&UWhy éﬁeéﬁecfmﬂﬁgoﬁone. The effluéhts
I nvention prgw deS an |nte rated_process for convertin g hydr ocar bon
feedst ock hatFRR OMpORLRRL SHacking zong, €S el r‘ﬁ??"rf?o Ot Ef FacReEe

produgt s conpractignainggzone£] inryhich tha effilventsoase separatedc iatto a

ht ha (b 2 : i L
From 220{ or r FESEE5HT ey élng” Bagply) i CEILE M8fo0aE00hE, | 1 Etln
275[ err] C). cracked naphthartfragtiomns Histean }ﬁmdl%%n?ibn rnsr—épar and
conpri ses: a('&tQ&ﬁS'éEhéﬁ@d hydi-0CHE on £eUSHIE K phrlticeis@ oft the b&é%bnt

one hydrotreating zone wherein said feedstock is contacted 30 at

el evat ed t enpBVenfiom eshles pins dmproved; YEleldR) 0 the Wi%‘é%%ﬁ? £bean
psi 91627 bar brh@lﬁwutpieoaﬁetasl gi(&ﬁ bardl-w‘t h Hydrocdnsbmgen partdieuvdasly

Conversi on oFthvasRes aRyiene. B Rtadidinn and, BE6M0, Barkefis Bhphitha,
therein to plama:qtﬂaaﬂ& NI-.‘{SDP#QD%S rebprepentadiene( i ) tprans-pgntiadiene,

product fro in 0 0 ar
proguct 11 OMc3RibguAi{&d) "ond beARENE? “aREC0HEducERAIRE of stean

cracked tar.
20 Summary of the Invention
This invention provides an integrated process for
converting a hydrocarbon feedstock having components boiling
above 100°C into steam cracked products comprising hydrogen, C,-
C, hydrocarbons, steam cracked naphtha (boiling from C; to
25 220°C), steam cracked gas oil (boiling from 220°C to 275°C) and
steam cracked tar (boiling above 275°C). '
The process of the present invention therefore
" comprises: (i) passing the hydrocarbon feedstock through at
least one hydrotreating zone wherein said feedstock is contacted
30 at an elevated temperature and at a pressure in the range of
from about 400 psig to about 1,250 psig with a hydrogen source
and at least two hydrotreating catalysts to effect substantially
complete conversion of organic sulfur and/or nitrogen compounds
contained therein to H,S and NH,, respectively; (ii) passing the

35 product from said hydrotreating zone to a product separatio\y
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zone to renove gases and, if desired, light hydrocarbon .

fractions; (iii) passing the pr oduct from sai d separation zone so714437 2
st eam cr acki nWOSM6728nd thereafter; (iv) passing the ¢ §SI ?rom
sai d steam cracking zone to one or nore product 5 separatlon zones to

separate the %ﬁdu0to | peflodel ' §akke8N and, ifonpekired,hydighdn &ydirocarbon

Cerr]-Cerr] car bon St ea ke t r :
st eam crackedfﬁéggg‘ﬂ’sf' a@til’an r?a{‘ f@%\e pr°duct rac Egé E 2 Ea%’ti%n zone
wherein the ytel ds sdfeast hgreckingd zone ang oppaysefm:but(émereaﬁin% the
Herr] and Cgtphy erfz%o&y.g%f&a&%e% ity 1fone 87 GrRACHr| RBreA gt
- | east abo percen ative yi el ds obt ned when_ th
untreaﬁed hy deeparBsionccgonesk te separa%ﬁbjmecp%@‘é‘a#d %%m%r %gt‘m

?nd pr Odutct dSéBﬁiﬂ!s%g tﬁ?drogent ag&@l ¢ -cpf dr&eaﬁ:m,t hal Ss?emad:med
r ans- pent adi ene cl opent adi ene enzene, . i s
cracked napht faphtha £ M &r %%EI‘FF ‘gs%ﬁs 94t EF@&?E"OQO%IH f steam

percent, crackedat tue t srabtiohhe whereinhedthe drybelden dfedsthylkens and
subjectedto sai d tea ratij-n .
of ‘st saim cr acREObYREs, 1A BRLALANE fi A w, R G G myfitbcarbons, hefclon

rel at10e to ware eaehuhnczaaseldhwrotalgoatf abautobkpprcept, re%‘@:tf&j

to said steamy ?.Ei ' %g&ﬁngaoqmn SeRe’ "ﬁﬂﬁ‘%aﬁ!&' h¥@rocarbon yréédsﬁi:ck is
st eam cr acked I's reduced by at |east about Fercent atlv

to when the uﬁpibémqﬂyﬁ?o§aﬁ§o§?%s‘t”6%?k+ﬁg “ana pr "ecF@&a'FG the

st eam cr acki ngﬁl@ proggct smpﬁnep cis-peri¥iidmd, on ﬁrdﬂm—ﬁm&a&dim
Errbodl ments 2

i n t h| .S ecifj.c t
"Clerr]-Cerr FY°1°Pent°rf§/’cﬁ’b%a % gteét“kan aée’%%l ?En@htha
acet yltsne, fractimmwpare, eapclwpyﬂmmgasqﬂ opgdlme;eamé:t hybaw ylenepercent

i ene. ZeIoEA e, N ARS RS, ChEBAEREN, Spnime 1

trans- butene I ene, and
speci fi cati onsuliiecied to sed 'sheam @r%@l@mn Rroqus r§ePérﬁ‘FédWat sthe

boi ling betwegiela of stebf ttacred g bel rﬂé: :mdr@ﬂééa Y atS AYARE about 20
ci s-pentadi ené, trans ene,

e adl ne, G
net hyl cycl opemegdﬁeé‘ﬁ'e reﬁ&tsgﬁz’eﬁ whén' £he 'un a%DE%E‘Y%’Fé’WMa%%‘}F“‘* is
f eedsock in rdm:jmastooisa&aesteam crackirserand prediucin separation, and the

compri ses a hydiear Ben Ju el SPadRea tai?H0rBalBeY B OAY 11&fet! abot 15

greater than perce
percent, relative to when the untreated hydrocarbon feedstock is

subjected to said steam cracking and product separation.

25 As used in this specification, the term ¥C,-C,
hydrocarbons" refers to methane, ethane, ethylene, acetylene,
propane, propylene, propadiene, methylacetylene, butane,
isobutane, isobutylene, butene-1, cis-butene-2, trans-butene-2,
butadiene, and C,~acetylenes. As used in this specification, the

30 term "steam cracked naphtha" refers to products boiling between
C; and 220°C, including isoprene, cis-pentadiene, trans-
pentadiene, cyclopentadiene, methyléjrclopent'adiene, and benzene.

The hydrocarbon feedstock in the process of the
present invention typically comprises a hydrocarbon fraction

35 having a major proportion, i.e., greater than about 95 percent,
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of its conmponents boiling above about 100[err]C, preferably above
about 150[err]C or higher. Suitable feedstocks of this type

strai ght rWD9%M@65%i n) naphtha, cracked naphthas (e.g. PR/ rass7
catal ytically cracked, steam cracked, and coker naphthas and the 5

like), strai @ §48 E\Shb%@nt&e mgﬂ.’ﬁg e dak8hes QWCer&eferahly above
catal ytically crachked steam c acked nd coker kerosenes }ril a{:'g?ﬂﬂ
like), strai GROPuARYG grnhig §r0| I%“?%‘ ?ﬁi’ﬁﬂ%ﬁ? s typg

gas oil and tstraight, (mnckedvgngin) S r(aplg:hapkemmcked naphthas (e.q.
catal ytically ea S st plﬁ:h

oils and the % VI'S rgj;tl?g?%glep %ggg%hc?éé%e%‘l Iﬁﬁnhéeérlééﬁk% crac er the
cycle® i cstraight stund (vingin) qkpaosene, cragked kerqsenes (e.g.

feedst OCk W' |éa€@1§tﬂ6aﬂ§'eﬁéﬁékéa' ! b'&%a&nar&‘hcked, an& 8okelP Xt il ral&l
or higher, but nmg of hore limted ran th certain

f eedst ocks. 1§ %@Iv straighty Iup: (yixg )h&ﬂ? g;l.ls (ear%'oﬁ tooephexic an
EegI vveten ataoutvaléﬂﬁﬂr?%{i amg aﬁ&u’gh%%kéu][,ccracked gas oils h(edlgﬂ. tdbker and
ydrotreatin e rocag ban stQ y n sour.ce
are contact e%ﬁ?‘ﬁys eé&/t clr\%gfc 8" 1158 %t?%%ﬂngaﬁaf’&lif %‘"éf‘f"é"l \ked
subst¥hti al | ygmrm‘lbﬁ and the lithac)owﬂahra&hemfozidr,gale&smltsd okl prthermal
ni t rogen conw%g@,g 0 f ote P | f

bel ow about 100 parts ‘EgSIg o:.l, 1 171 a9n, ref rabl y:g%gel avﬁgboét}t; % ﬂ@fids'
per million, NoEmadbiy ‘the feﬁetwbwp@ahwebem extended pe#lﬁm i ¥ange,

and organi c e.g., B! kRUYSI°CYBronDEhEY, 2BO nky M F Afrd1inkd ranges

preferably be Wabout 5 parts per mllio nd re_preferab)
bel ow about 2$ith ¢ FironIn HFR 'cgﬂfﬁr%&ﬂ ﬁ/vl‘l'}{l have

typicesly be a bo:.lmbyrlangenbeﬁwhenmhgum x50fesand ghaat 880%. nornal |y

t ai bout 7 1 e t

contaln | aout 4o ek hyehsls ol | Gl UMEAERST  reeaston
contains two and a hydrodenat SORTCSt aBYet s qqnt@oﬁeﬁskemhﬁed ajk |1ag@$1ed two
arrangenent . ﬁ?drotr!ﬁemna Sicathayseed ai al ¥§feé€”f IS} A1 I 'ééﬂﬁi’ete

the first fojréeating catalyst typical conpri ses one-or

Goup VIB decoma%erew@%r? anic EpLf dPBd#aEI e1tmg%rhe<=ﬂe9mr-ﬁ§) n the
rrelt al20 | feedptockls Siepprdranie 8aléupr REodls Chélowrabowt FG0 partsoper
silica-alum ca | 'S) t
conprise ni c@?’liéé al Péfﬁg%%l&gn%ﬁlgnud%u%gts?g}wﬁ% %els%ﬁﬂcm' ahd ﬂ’ée
- 6- preferpplyt hedpwt rabeutg 25t Payhs | Pepr emdldBpp,anansi derganic
and/ or ntrbgen Ofeveld Ob@1M ! ApSREALS BHEES aBEY' %ﬁ%a.tozpr ﬁ‘féféi‘ably

m xed with an oxidé and/or a sulfide Qf _.a G oup_VIB et
below about 5 parts per million, d more preferably below about

25 3 parts per million. The source of hydrogen will typically be
hydrogen-containing mixtures of gases which normally contain
about 70 volume percent to about 100 volume percent hydrogen.

In one embodiment, the hydrotreating zone contains two
hydrotreating catalysts in a stacked bed or layered arrangement.

30 When a stacked bed catalyst configuration is utilized, the first
hydrotreating catalyst typically comprises one or more Group VIB
and/or Group VIII (Periodic Table of the Elements) metal
compounds supported on an amorphous carrier such as alumina,
silica-alumina, silica, zirconia or titania. Examples of such

35 metals comprise nickel, cobalt, molybdenum and tungsten. The
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preferably nol ybdenum or tungsten, supported on alumna or 5

silica-alumna. The second hydrotreating catalyst typically peoras97iads?
conpri ses oné”% PBORTPY Goup VIB and/or Group VIII netal conmponent s
supported on an acidic porous support. From G oup VI B, nol ybdenum
tungst en and firstr hyddotrmertinge pathdysed. is prefér@hiﬁciup exide and/or

cobal t, ni ckelyppgagl el &S ckBEpSVIry emé@alregﬁr &ty Bophttally, nﬂﬁegl

G oup VIB an oup VI netal g” are artjcula
preferred erfb%e th (an oxide mréaﬁW%Sﬁerﬂ §F° Re oﬂﬁtal
thydr 0: reati n@pﬁé@éﬂ:&ﬁl Smolybdenii Cle¢! EERgEtenpbadi pmeﬂecbm @lumina or
ungst e

n and/ o | yb W th nic St ni.ckel /. mol ybden
bei ng Darti Clﬁgg&lﬁg‘m!"ﬁr ef e%%dsecﬂpfihli}éﬂég? ?ggP c?é:@éﬁ(f't Ls/rpgcaiTy
hydrotreati ngccmﬁ.seé one ort mr@ oGroupB YIB CGandyo¥ | Groupal VIZTe metal
supported on r.er, a
silica-alum n‘g&%&j‘a fargepgoﬁgﬁ bﬁ aé%éfcarégl g@é @&lpgo zeol i te‘gmsucﬁup
as zeolite vanmwmum. tungstien andmixtuses: therenf|axe prefersed.

ot her deal unipaégd GRoup VIEP) | lcdbilt M Rikked OhndeniRtatesiNBhRledE are
i norgani ¢ oxi de carriers and t he nol ecul ar SI§V€S can _al so be used.

Typi |y, preferypdy, (Brefionahly, hofb Gravn, W18 3ndFrouR YR spetpts; axe
st acked prefSEftar r angenenka am&ulmyprlpfererﬁ&a embodiment, the
is

e 1ot o, 005 il P G R o myvard EIREEELY, ek g

about 250[ er rl]ttbkelahnﬂt/o&oaiqbar]]tc contoll maxi ew.'pthf amnlgls}:en and/4r omplybdenum

275[err] C t o o aQUin 4 el ri ten Jﬁ n:f?fl@e?l.sﬁé ebel&? part:.cularly
hydrotreating zone 1S ge y I'n the ran roma out

to abdut 1, 2oPreSeyredsef m Fespeftatou nf (hydppotreating: ceteéwst
psig, and ”DFEhérGi'e{xﬁbWBf afd creu ﬁ&IpiieQ:atl% are sup d /&R aﬁl fcidic

Liquid hourly s e velocities (LHSV) w || typically be in

range of fron?%ngF Te. £ 8. fOFp exanple, §ilica- ‘y“’f?"b'rn%oﬁtlﬁrget gore
about 5 vol unmele¢ularisieve, i.e. Retlddmshasugierasizeohitevy| uparticularly,
catalyst, andugggéggg%go £od180e v (2bLPEeY |dsff, | bt h%th@%edgél%ﬁ%ted

about 500 to
stan®@ d cubi zepditeofl .hyMéyturesr ofathe prows amerphoms) inorgamigt oxide

. 089 tO/ abOUthrPiéi’é‘}[ﬁi’d Eﬁflfé”ﬁ&léﬂﬁl‘i{xs giRivdsd (in Cﬁléﬁeﬁe used. 1ca11 ’

E%gﬂiloﬁér]%ﬁa&% £lask tand sedendoiprotersting, erfrlirye mﬁh Cgaﬁﬁed
bed arrangement are sulfided prior to use.

The hydrotreating 2zone is typically operated at

28 temperatures in the range of from about 200°C to about 550°C,

preferably from about 250°C to about 500°C, and more preferably

from about 275°C to about 425°C. The pressure in the

hydrotreating zone is generally in the range of from about 400

_ psig to about 1,250 psig, preferably from about. 400 psig to

30 about 1,000 psig, and more preferably from about 400 psig to

about 750 psig. Ligquid hourly space velocities - (LHSV) will

typically be in the range of from about 0.1 to about 10,

preferably from about 0.5 to about 5 wvolumes of 1liquid

hydrocarbon per hour per volume of catalyst, and hydrogen to oil

35 ratios will be in the range of from about 500 to about 10,000
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5 2,000 to about 3,000 SCF/ BBL (about .35 to about .53 n{err]/[errj).

These conditions are adjusted to achieve subst antially corrpl ete

desul furi zayvoegroems! denitrification, i.e., organic sulfur | REUSITNAAST |

about 100 parts per mllion, prefer any bel ow about 50 parts per /
BL) ,

mllion, an%ﬁaﬂﬁﬁ eéebﬂél teéel oF W e So@erelOof Nifeledoryseryh

organi ¢ nitraqge el ow arts ‘per I abl

bel ow about F}g‘?ﬁ%@’g‘é %CH'I Gﬁ”‘%nd 1m9§ to B?‘é?aﬁ J"Jf)(gl &%ﬁ' nost
parts per nipdeferably from aboutAlzt,elooattaelapptmhes hqom otSCEHtBBIg. st eq.'hesmg/
be carried i re, h ti ﬂi&?

in 15 one er?o ‘%t%rre%é #gg iddﬁ%%forﬁ s%éetrpﬁ:éa?bg?%arrl ed out” in tHhe éte
mann& descﬁ%ﬂ%«i&#ﬁiﬁ’mdﬂéﬁl gga ton; rkeHy argands ispifur leyrls
and a secongdlé Oabeat! %@%&t@rﬁeﬁsﬁillion, preferahl ¥ "béiéwf abdut 50

hydrotreating zone, drocarbon a hydr source are
contacted wi fl?%lmég*"%d P&@N Bl ‘élﬂ}qg r}b

will typi calni:t,fj.lionbeahadbﬂganicoﬂﬂnmm medelrsasbeﬁoxgaabeuuhu.sh Mﬁillbqr
contain

The first hﬂlrb %’é\‘t.ﬁgegg?%?&’tc %\ﬁiPPO g’% Iql%) I'hC uﬁgrgﬁéigﬁgnhyq%%%ore '

G odd VI B arprefexably Ml@wnebautcbnpmspen lanlhiagnphous 25 car r| er
such as alumna, sil S C t
Af ei‘h&ﬁi@élgé thb Eg?ré't&&g%?.ﬁg Step qayb num an

Exanples of such _ neta corrprl
tungsten. Ofe WEilkkzingtha mq ng zones.er AL e¥ARRlIee in
and/ or sul fidife cdmisodInHt V|‘HHe btreatxﬁeéﬁéﬁt&ah O Adrrfed i€l in the

nmnf(sgd\emn'fj% g“? oxi de and/.%e&;\ 3 ﬁﬁf%ﬁ?‘a% oup VI Bﬁ%ﬁ%éﬂ%{ ef erabéi/ g

-

The.1&at al ysztmeannd a spceﬁérhiaﬂ;rotneatiﬁgdadnéprare used. The
first hydrotreating zo e eLRe ur

range of from about Zogﬁeré?% {%ﬁaéb PQES%F&%%%B(J Sgo{'xé abl s) ; @céffon
about 250[ erfeedstoeko@nd;0a] Hwdno qeahdsmeepraé:eeraen‘yacted fwisfth aBouflrSt

275[ err] C t chplipotrédeling tatalybte Prhesgodirde) dﬂ%ycfﬁdg%n w111 typically
hydr otreati rg 6‘{’”&' Serg-?ggr{t%l:!r}/ﬁgn nE:.r;&t{raensg%to fgafsreosmw%iclh normally contain
20 about 70 volume percent to about 100 volume percent hydrogen.
The first hydrotreating catalyst will typically include one or
more Group VIB and/or Group VIII metal compounds on an amorphous
carrier such as alumina, silica-alumina, silica, zirconia or
titania. Examples of such metals comprise nickel, cobalt,
25 molybdenum and tungsten. The first hydrotreating catalyst is
preferably an oxide and/or sulfide of a Gi'oup VIITI metal,
preferably cobalt or nickel, mixed with an oxide and/or a
- sulfide of a Group VIB metal, preferably molybdenum or tungsten,
supported on alumina or silica-alumina. The catalysts are

30 preferably in sulfided form. .

The first hydrotreating zone is generally operated at
temperatures in the range of from about 200°C to about 550°C,
preferably from about 250°C to about 500°C, and more preferably
from about 275°C to about 425°C., The pressure in the first

35 hydrotreating zone is generally in the range of from about 400
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bar 'to about 85 bar, preferably from about 27 bar to about 68 bar, and

more preferably from about 27 bar to about 51 bar. Li qui d quhjs\gﬁggf,:e
velocities (L 087P typically be in the- range of froma out
about 2, preferably fromabout 0.5 to 5 about 1 volunes of qui d

hydrocar bon p®sighiEopaboudl k2@ Psigeatpireterably ﬁy‘&?‘oﬁp‘% 8PP maigsto
w il be in thavouwelpboo psifyMadUhoreOpresabarlyl Exdid) aboutandoc Py to

o]/ [orr] S 280 Hig. & Haifl (hovsly BRa aaﬁ@oﬂsﬁ%’%ﬁd&@ﬁwooﬁin

t o about 5, 00GygEcdy (deouinlOthé. Marige akgut £fofd rﬂhou‘l:/ [r2 ] ko mabbut 2,

pr ef er abl y fr 0 o] 3, 0 3 t

about L ﬁ%ﬁ qg:.‘;n?Thaebs""'e'ﬂk') Lﬁcson |ons are adj %?o é%hl%\"/%uid
the desi red déwgrmcarhon pevsbom‘rrpentmhmmﬁmtﬂys%.atm hygxoegen| o oil
it is desirabl tiosleﬂﬁ%al Er.ﬁtdﬁédrﬂr{ﬁtéf‘gféeﬂeabauﬁeé%eﬁ&%@@“ié 000

sul fur 15 level to bel ow about 500 par per mllion, referablal bel ow

about 200 par 8tandang eubic feet:pf Wﬁ?%l?%g@ﬁ#@ ePf; Feed (SEE(PBL),
a_blort 50 part preferably _(I)_Ifrdif ewowf yzbelowh ?bOUtbaﬁg. 5,000t SSOFfBBL, most
mlliqQn. e ct o i rst o} [.eat e

N - T e
hydr ogen sulfiuimﬁmamsmmfmimuedﬁydhcocachdnvpr otthet dgsired degree of

conventi onal ;Hﬁlﬁiﬁdﬁﬁﬁaﬁgﬂﬂtgiffﬁl?ﬁ % f]'.i it is desirable

hydrotreating zone I'S secon

Optional Iy, tH® nfaeo&drssn hydrafereaking| sense qyam% ’a‘h25 organic sulfur

fractionating 1evéletoPbeldow dboliei 560 paddls ﬂéi- Mnxéﬂ;o@(i-eferably below
hydr ot reati ng Zone i f _renov dr oc fracti,ons

desir out 200 par ﬁ@%ﬁc’&ggi#@ FOPP organiq H&?ﬁ‘iﬁﬁf&tlﬂ’%}n to
the first hy disg XYt aboutorso apdrtshpérogebl kbon¢ e priefieradly Belowydmmen, 25

about 70 volu ReL bout 100 vol une percent, in adm xture with
ot her gases, ?ae corCReact e.g"ﬁﬁ at | east one second hydrotreating

cat al yst . The o[Rheat prgducsndfromnshe fmhamndnmawnmemmay

hydrotreating tiar] | 8ptiena1ny;! Wie passad eeaeraatﬂé&nen WHE 415y 9 Emtlo raor‘?:md
about 200[err] C t0 about 50 err ref erabl.y from about 50 err]Ct
U5 e e

about 2800[ er r Y AZLILBOFY Si’- fe dt £ZRM, bydrerareo .H‘-"t by
425[err] C, a |locopwehtiiondly mpans.vel Thet thydrocarbon product from the first

hydrotreating zone is then sent to a second hydrotreating zone.
Optionally, the hydrocarbon product may also be passed to a
fractionating 2zone prior < to being sent to the second

25 hydrotreating zone if removal of light hydrocarbon fractions is
desired. ‘

In the second hydrotreating zone, the product from the
first hydrotreating zone and a hydrogen source, typically
hydrogen, about 70 volume percent to about 100 volume percent,

30 in admixture with other gases, are contacted with at least one
second hydrotreating catalyst. The operating conditions
normally used in the second hydrotreating reaction zone include
a temperature in the range of from about 200°C to about 550°C,
preferably from about 250°C to about 500°C, and more preferably,

35 from about 275°C to about 425°C, a liquid hourly space velocity
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-9- (LHSV) of about 0.1 to about 10 volunes of liquid

hydr ocar bon per hour per volune of catalyst, preferabl yaéi%lgb%@{a%g _
about 0.5 WO9%%678out 5 and a total pressure within the r ut 27
bar to about 85 bar, preferably from about 27 bar to about 68 5 bar, and
nor e pref er {IHSVY oot akbBut2 6.hared Qb’&iﬂiﬂltﬁjﬂvbﬂmeghaf 1lidiid fjafrocarbon

| at th £ f b OOt b

S0, 000 st anFeRuBewE: B vBigke' fe SRCATVEE, QredaiBnly A Hlev pk b 5
2.0 nferr]/ [ter igboutprs; candl & totm‘l.apnessure wiebdn: the mmmabqumMo
0.18 to ab O¢8l t '-
.18 OgoasggisBa %[ﬁ&x{d eiriko g&dgmpﬁc a?ilg ffahy mabeu 5%1%0%:

(about err

cond®ions abguE &dPBQtM 9(:0 a%m%% pref ¥nfinan abews éPQ psig to
desul f uri zatassutnrsoepsigl f | enk B?dr enTwreatlhuoﬁ ratel o e erd 1By 1

t he hydrotreated produg ai_n e hydraotreating, zo r,zo
have an orgi‘ﬁ} r’ﬁ’ f%lﬁr%\f'&o G&”l'@oi? 'ﬂ? ‘f ic Peet
preferably lpdmvvbarreﬂbomscWBnmt,s pmfendﬁlpnframl nboetpr:le,famabl:p e} 000

bout 25 |
iSOu partss per éﬁ"l I"I on, pre?’rr g@?_agg_go b%h?%gf(raﬂtbsd qyoe %&V&@Pfﬁ’én,
and Yore pr @hese cprisdtiens ere 2 mdpa;p muheone suhqtargzmlmmmm

that the sewsdm@matﬁ&pm B8R EPIFIEALI6N. | STypicdB¥ Al @addfrable
vol ume of tg‘. f eedsto and/ or the | evel of rogen and sul fur
cont ani nant eiﬁ) *t Haes fradust °b%*ﬁﬁ¢sf388r &he hydmotreating

ex?rrpl el I i f Zﬁlﬂﬁ;&i ARKS , hbwwhﬂdbtﬁgahﬂsz?)ulfwolm (b%lﬁiilﬁﬁou@mibo arts
optionally, . hydr ocar bo | ar af ter

hydrotreat i i z'%gi,{g"f‘heﬁ’re?ﬁg %iy?: ?rzﬁxl?r %gtﬁg BcORE M‘f’b’at 'hé
zongswi | | bendravprefierably delewnaboubl 95 pauets R imillioreamll an -organic

hydrotreati Eﬁnﬁe A hl gl T. |y
typically u?ﬁfl zed | nlt ‘}eéqse%%]r'la(;d’SO%iﬁzdrlo% rgatl ng zoneﬂg(:')“(jrffa#’l§I e%ﬁefa{ﬁléy

netal s conpPRIR B Reramiddiign: ans :9res RRaferably belkev about
net al CO”DOFB?rﬁarté |’ﬁbr nilnemt r e Ii@mw ,t!ﬁ.'ft tﬁaﬁa HEPerity of the

nyo o €at | i S om0 VoA UL s oS
t herdbf are gm@dferr dthe léveln @fouplt#dgen andalsm,lfun ctenhtamﬂnants to the
second hydrotreating zone is decreased. For example, if product
gases, including H,S and NH, (ammonia), and, optionally, light
hydrocarbon fractions are removed after the first hydrotreating
zone, then the temperature in the second hydrotreating zone will
25 be lower, or alternatively, the LHSV in the second hydrotreating
zone will be higher. '
The catalysts <typically utilized in the second
- hydrotreating zone comprise an active metals component supported
on an acidic porous support. The active metal component, “the
30. hydrotreating component", of the second hydrotreating catalyst
is selected from a Group VIB andfor a Group VIII metal
component. From.Group VIB, molybdenum, tungsten and mixtures
thereof are preferred. From Group VIII, cobalt, nickel and
mixtures thereof are preferred.. Preferably, both Group VIB and
35 - Group VIII metals are present. In a particularly preferred/
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m xtures thereof are preferred. Preferably, both Goup VIB and G oup

VIIl netals are present. In a particularly preferred -
-10- WO 98/0679snbodi ment, the hydrotreating conponent i Srﬁire{{sg‘(/luﬂ
and/ or cobal t conbi ned with tungsten and/ or nol ybdenum with

nihc kel / t ungst embodiment, theec hyhﬁ:lnsnh:;bdengrrubm ety Fu'a: wiamkeld ared fox eCobalt
The conponent . t ynl nt_ 1.t ul_fd
The Group vi ogRkined $ibh HangBied Bp37SE ndflpidibt V14F ity Aypngsten or
carrier. Two mdicked/modybdenunabeingsprrdiculariyepreferreg.: Lhe tgpmpoheyts
uti |i zed: (@) a3l kil iRlat T rhibhd tin Wke sulriqdSempore Ml ecul ar

uch as Zeo r

si eves zeolifés s [1te denite, Zeolite Beta and

1. e. ,
the |iPe. Mxtures of tIFhe s5auP1¥IB angd GrenB VIIToMeals aNe SURRorked on
and t he nol ecamracidi®sScareier. Twoe MainsSlasdus (Ef Ncagrieesd- RndWmain the

i t -zeoliti | unj i |i.cates. Th t
breferred supfoit SRy RAcalLy (iEiLizeai ™ (a) gilicpzptymings. 40 n(B)c the
zeolite Y suclaxgearpartermolebutatSsievesgolii.ien ‘Zdokites esulfl) as Zevlite Y,

| trastable | ed ' r I o] Q. e iJd ed. 1n
Ui astabl e eliddinuee alBi Bl pets, pelf bl ]2l QEERE RIS bbfous
and 331849, 070 amarphous inorgabiicngxide wArriexseandctheomelertiarisieves are
reference. Thaugo usea?’ SrHENEedh! Y& PREH-A4N hh OA B OHFBrEL 0L bt GrohDYeolitic

deal um nation. .20 , . The zeolite is conposited with a binder
sel ect ed fromaluminosiligates. qi|jca, silica-alumna and- m xtures
t her eof . Pref er alihe t hositi nsitsférred UBUPPort’ etonpbised FWNBeolite Y,

oo v ¢ AR B GO oy e el AR, MR e
The @Soup Viz@cdiksp YV(zéoliteolUsY) hydTheruldtragtable zendfitiesstused cherein
0 Ay ShedeBY S 1 ol SECAIKG g nd VALEL ! SOMIG 0 wree
el evat ed t enp@Xampldfied gin IHLE.4RA%SNY gfos. 3,293, 19 nds3rdd91070, the
hydrogen and ﬁdédﬂiﬂ?s 3of WhilehCapbaintafpéPated ABEBANAby reference. They
The product fra%né tghe%efarﬂy hﬁ’zgéé’éééaé‘ tfxno% Zsocpcfitlun? ;Eggfite Y by dealumination.
20 The zeolite is composited with a binder selected from
alumina, silica, silica-alumina and mixtures thereof.
Preferably the binder is alumina, preferably a gamma alumina
binder or a precursor thereto, such as an alumina hydrogel,
aluminum trihydroxide, aluminum oxyhydroxide or pseudoboehmite.
25 The Group VIB/Group VIII second hydrotreating
catalysts are preferably sulfided prior to use in the second
hydrotreating zone. Typically, the catalysts are sulfided by
heating the catalysts to elevated temperatures (e.g., 200-400°C)
in the presence of hydrogen and sulfur or a .sulfur-containing

30 material. . - _
.The product from the final hydrotreating zone is then
passed to a steam cracking, i.e., “pyrolysis, zone. Prior to
being sent to the steam cracking zone, however, if desired, the

hydrocarbon product from the final hydrotreating zone may be



passed to a steam cr acki ng, i.e., pyrolysis, zone. Prior to bei ng
sent to the steam cracking zone, however, if desired, the
hydr ocar bonwor 9826295 from t he final hydr otreat | ng zone may be PCT/US97/14437

passed to a fractionating zone for renoval of product gases, and | i ght
hydr ocar bon fh&8864 065 a dfractionating z'o?xet ?srsi'ﬁﬁmrﬁiaﬁf'ﬁﬂo&&@ﬁ %ﬁggs , and
atl ng steam ‘are he

product fronj £he
cracking 5 1 ErEYQFBEub‘”FhS"GEEi’-&PPng condl tions of the steam cracking
zone nornal |y include Encothe Owterin t erACkERY' Ezq‘ﬂe,at the! mfbductafﬁ:t&m the

ref or ably HYRERkrERtahac¥ERe) CUI, BSRBRGoAES)) HeRY) iy, cracking
glro gﬁ fﬁ]% i.t 1atempelmiturle]§lr ocﬁt&)mpecw;l‘?img {leohd;étgggz grfab;gm cstamm ﬁf:%:cking
i 5 < tbu- ba out gn

cracking zone I's typica I'n t e range of froma

bar, pref er aBP9Utn 440 Grarlf RATFIEHIAB ohetyeen apg,ut %P0 é-bcimd 925 F and
The residenggefbirably f%etﬁé@n @hbut N950°C TART! aBBuks $00tEAl it EBeam

I BT S S <l b

: ) e in
o eam or acki B35 EEs SRS PARtER F0¢ LS epbfBarivtin tng ralldf ot b frout
wherein theo psfigude abhoutsFSapaig) preferably inrtheivangenpfi frop about
hydrogen andg %rfrom errfygﬁoﬁgigons%\ﬁe?ﬁ%%@ence Qﬁﬁé(efioﬁaeﬂé gracking

fraction boili to a st eam crac gas
oil fracti oanEFFii-HB iR ‘le‘l’%@é thexamgetof fromonkeutOsBlasgeend to

g;g%mr%g andbautt aaraé&asdsehchﬁcnrpféﬁit;?mybﬂnl the r%%dgealtm/efﬁgmuibout 0.1
err undesiry abl e st eam cracke product, i.e.,
st eam crackeggggggogt 3&?@% g‘t Fle% t he process of the present
invention is gr eat |y r &fterdthe@hstarbing diydxrecarbon feedchbas beeni subjected
by at |east ggoyt r [ t n h

Boyt i %&tBﬁ .’m Stap! %ﬁd & steah héi-agﬁilgg Egegg % nE Qfgluent

untreat ed hy rocar k 1s 3 subjected to steamcr
product sepaf&Pmonthe steam cracking FtePes@a¥c k8 JEEPY% otPhe"%eﬁ-'ntm’re

i nvepbi on mafr@etionatdirg cfbeE WheR8YnS thied dEfREBMYEBL seBhQ:ated into a
ot eat 8 ARSR opmpkEREay . BvBBaR SRR, LT bR ! ETBRAR
are cracked naphtha fraction boiling from C; to about 220°C, a steam
cracked gas oil fraction boiling in the range of from about 220°C
to about 275°C and a steam cracked tar fraction boiling above
25 about 275°C. The amount of the undesirable steam cracked
product, i.e., steam cracked tar, obtained utilizing the process
of the present invention is greatly reduced. The yield of steam
‘cracked tar is reduced by at least about 15 percent, relative to
that obtained when the untreated hydrocarbon feedstock is

30 subjected to steam cracking and product separation.

The process according to the present invention may be
carried out in any suitable equipmént. The hydrotreating zone
or zones in the present invention typically comprise one or more
vertical reactors containing at least one catalyst bed and are

35 equipped with a means of injecting a hydrogen source into the/
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35 " equi'pped with a nmeans of inj ectli ng a hydrogen source into the

-12- reactors. A fixed bed hydrotreating react
wherein the wo98/06M®edst ock is passed over one or nore Statlgé]%fy %7‘?15337
cat al yst i n each zone | s particularly preferred.

The ranges ang g4 tioRs gg &B@rbg.%t.\i r’éactozsg%ﬁ‘én?&m&hﬁﬂﬂhhe
by

clains are those are

ticul,arl
distinctly cl eﬁm%éﬁabﬁsse‘i We?rﬂ’é%t‘?‘brﬂ"#ﬁ stat #ﬂ!ﬁé‘ypg’ ‘{ﬁm‘éé s‘f%kﬁjl'YSt
that other rangfeadly zone is!pditfcuniinly Fepexriedam substantially the

sanme function in bstant Lal | he, sa e .t S

10. substantially th %nﬁaf'g§ﬁl f’r‘ﬂ%ﬁ%ﬁﬁﬂg E%I % ﬂ? hfﬁe A¥istint
scope &f the |sp§mtt1cmiaum andis clafimsedare t thosestwhich are helieved to
speci i cati on [r%ﬁq% ‘i%v.?% point eout andThaJ.hE‘iﬁEUl \W1laliyIOWHE instant

descri bed by | es wh are 1l ustrative and are
not intended tinvwentbon. J&msis“ehoueverm undereteos: Jhatr other; yandes, and

| I'lustrative ﬁﬁmm:xé that perform. sub@t@ﬁii%.ﬂlyanéh@m@t fufiction in
Exanpl e 1- A bel ow were, each carried out us 2 o Heayv, .
At mospheri ¢ GEukRstantjiaddy the (samg: BRORSY ngt"t?he 5 Gé&rtl esh&PS n ©
Tabl e 1 bel OWS\ﬁweiheliny the isamet resaltt erer intendedl ttee peesdthin the

o SHRABET b e, B Tl o b B ELfR BT Shotan

Exanple 1 _specif:.cationEaadpﬂ:kaimslescrl bes the process of the present
25 I nvention using am &803’91’6‘% ‘g.}( wgipgﬁw: b@&e@dri@é@?y fagé follow:mg

havi ng the properties.shown in w was hydrotreate gb
two hydr ot r eat¢¥amuplea) yaich naﬁestléékiﬁi'—r@é?i@s?ﬁ #re not i‘?"o?‘l‘%ﬁ\g o be

A congeerci al cohsErnaa agpnm'éﬂngntﬁéebéapéybﬂeaum 3fiventieatal yst,
avai |l abl e undeww Akzo Chenical s
Example 1 and Comparative Example 1-A below were each
carried out using a 100% Heavy Atmospheric Gas 0il (HAGO)
feedstock having the properties shown in Table 1 below. Example
20 1 illustrates the process of the present invention. Comparative
Example 1-A illustrates HAGO which has not been subjected to
hydrotreating prior to steam cracking.
Example 1
Example 1 describes the process of the present
25 invention using a 100% Heavy Atmospheric Gas 0il (HAGO) feed
having the properties shown in Table 1 below was hydrotreated
using two hydrotreating catalysts in a stacked bed system as
follows.

A commercial alumina supported nickel/molybdenum
30 .catalyst, available under the name of. KF-756 from Akzo Chemicals
Inc., U.S.A., was used as the first hydrotreating catalyst
(catalyst A) while a commercial zeolite nickel/tungéten
. catalyst, available under the name of 2-763 from Zeolyst
International, was used as the second hydrotreating catalyst

35 (catalyst B).

- 13 -



Inc., US A, was used as the first hydrotreating catal yst

(catalyst A) while a comrercial zeolite nickel/tungsten cat?J ¥st
avai | abl e a@#M§7BE nane of Z-763 from Zeol yst | nt erBEYOAAM3
used as the second hydrotreating catal yst 35 (catal yst B).

- 13 - t

oper at ed A5 Cs’?%%ﬁ%atgedA Cséhr?aé gﬁ]s?ﬁgal—&g&s Bwef‘@ %ﬁéﬁﬁ%(e)&%fé%t ed /
R et AMstieked, baal wherain she. BAGD, 8Ads RYRBOHAM SANFAEEES HALA St

t he catmlfivst and Fheiiattek batiﬁ.li%ﬁ"ﬁ}owm R atalandes ratii 3 G attid C

rorr] andAeuRtR olATPL.Pripe Br Ly 0BBScHARRLTas HSiintaneatad at) feoc

The Sydr ot re&'rétl!"p; ofast pedg tbealpanitd presisare,can overaldc HEY zfhe).5
wh f
ere it 2 gc%eﬂ¥%’.éggﬁt 238 katet ggpgr %% gcﬁ /339. 745 to 765[ err]C,

a pressure and a stea rocarbon weight ratio

of 0.3:1 to O. 45 1. The hmrmetdra; ucﬁ ﬁfacawe‘:lmrbmsa%m the steano
Ooﬁestegogdzﬁrif o éﬁﬂféﬁ@'érig waBr egu'é?cr:ﬁea gnd Siediin ot B MEaifpdrBited
A u |
hydr ocar bon®3 g?e B 768aCke é L’% 1% zsstsec&ﬁﬁglr (%[!'&i %%tm to
(SCﬁD)t SnmymﬁmT k&cignlﬁ ::Hi:io ©8Ca) 32 1Tb6 614590 £T FHE NesgRiende time
resente | e el, OWV.

B 30006 Heavin AEb e cxiiRl vas Y LB Rl T, steqm cxacked
manner as fpreduch waarhen senbhke axixantiznating zdne tegquantify total
subj ect ed o) a m 0. t

J e%g?r@é!ﬁ (ﬁ? Ehagce:,d B{rrd:é+8arb‘6rfsa steanF 2akkBE: naphena! ¢86h) ,

cracking r ts“are esent
steam cracked gas o:.l (SCGO), and steam cracked tar (SCT). The
15 steam cracking results are presented in Table 3 below.

A 100% Heavy Atmospheric Gas O0il (HAGO) feed was
treated in the same manner as forth in Example 1 above, except
that it was not subjected to hydrotreating prior to steam

20 cracking. The steam cracking results are presented in Table 3

below. /

THIS SHEET HAS BEEN
' REPLAGE

This Shee

//II/I///III/////I/i?/ide

- 14 -



-14- ' MD 98/ 06795 Properties of

HAGO Feed (Corrp 1-A) and - PiPTUSYT 43 e d
HAGO (Ex. 1)WO Sa6s _ HAGO
Hydr ot r eat ed Feed
HAGO TABLE 1 (1-A (Ex. 1)
w. %H 12. 76 13.47 5 ppm w . -
S 11294£$Ert1es of HAGO Feed (Cédp. Ex. 1-A) @gan wt. N
426 Hydieiteeated SAGO[(BKL 1) 0.8773
0. 8242 @PlS[err]C Simulated Distillation, D 2887 (ASTM,
[err]C 10 | BP 99 37
HAGO Bydrotreated
5% 200 Feed 99 EAGO
(1-a) (Ex. 1)
wt. & B 12.76 : 13.47
S ppa wt. § 12,400 41
ppa wt. N 426 1
Density, G/cm’ 0.8773 0.8242
@ 1s°c
Simulated Distillation, D-2887 (ASTM), °C
10 IBP 99 37
5% 200 99
108 238 124
30% - 304 200
50% ' 341 261
15 70% 374 337
90% 421 389
95% 443 413
FBP 491 48s

HAGO feed (Comparative Example 1-3A) and hydrotreated

20 HAGO (Example 1) were analyzed by GC-MS in order to determine

the structural types of the hydrocarbons present. These results

are shown in Table 2 below. The results clearly show that the

process of the present invention (Example 1) is effective at

reducing the aromatic content of hydrocarbon feed streams with

25 a concomitant rise in the quantity of both
paraffins/isoparaffins and naphthenes.

IABLE 2

Molecular Structural Types Observed in HAGO, HT-HAGO,
Hydrotreated HAGO and Distilled Saturated HT-HAGO

30 Relative Abundance of Various Hydrotreated
Molecular _ HAGO _ HAGO
Types, Vol. & (1-3a) (Ex. 1)
Paraffinas/Isoparaffins 27.69 28.70
Naphthenes ' 38.87 41.29

35 Aromatics 33.46 30.00

- 15 -



10% ' 238 124 30%

304 200 .50% 341
261 15 =~ WOARSHETIS 374 PCT/USHTN44%37
90% ' 421 389 95%
443 413 FBP 491
485 HAGO feed (Conparative Exanple 1-A) and
hydrotreated 20 HAGO (Exanpl e 1) wessuganal yzed by GC-MS in order to
determ ne the structural types of the hydrocarbons present. These
results are shovmbpnltmm %t@mb@#@kd-ndl'ﬂréel%ém §=@Be\ml y show t hat
t he process i ective at
reducing the aromatic cont ent of hydrocar bon feﬁgfét rg Vbbb ® a
concom t ant rise ProdudtN@ie1d, WENI tY g&%ho

par & fins/isoparaffins anga‘g@pmhﬂmgmck (Ex wl ecul ar
Structural Types CbsServea |

Hydr ot reat ed HAGO and Di stﬁ'qtllécﬂzsalﬂ,uﬁa'@ed HT- HM8373 30 52.66 Rel at i ve

Abundance of Various Hydrocarbons drotreated Mol ecul ar
HAGO HA&?‘I Others, cs-rmg,re r 0/51.27 47.34 (1_ A)
(Ex. 1) Par af fscRs/d;szmeae yfshbns 23.54 27.69.50

28.1M Napht hgeazs 220-275°C{430-525°F) 4.838.87 6.06 41. 29
35 Aronati cs sc'r, 275°C (S526°F) and Above33. Z5.90 11.78 30.00

- 15 - TABLE 3
Laboratory Steam Cracking Yiel P Gaseous 100.0 100.0

Products, Naphtha, Gas G|, and Tar

Hydrogen 0.39 0.46
15 Methane 7.64 8.02
: Ethane 4.03 3.91
Ethylene 14.39 16.54
Acetylene 0.06 0.07
Propane 0.72 0.62
20 _ Propylene 12.06 12.80
Propadiene & Methylacetylene 0.18 0.18
Butane & Isobutane Q.13 0.16
Iscbutylene 1.88 2.16
Butene-l 2.21 2.72
25 Butadiene-1,3 3.32 3.74
Butene-2 (cis & trans) 1.25 1.27
C, acetylenes 0.01 0.01
Selected Liguid Products
Isoprene c.89 i1.08
30 Pentadiene (cie & trans) 0.74 0.95
Cyclopentadiene 1.19 1.48
Methylcyclopentadiene 0.81 1.06
Benzene 3.35 3.88

As can be seen in Table 3 above, the yield of each of

35 the particularly valuable steam cracked mono- and diolefin
products in the H, and C,~-C, hydrocarbons fraction, i.e.,
ethylene, propylene, and butadiene, is increased by at least

about 6.0 percent, the yield of each of the valuable steam

- 16 -



HAGO Hydrotreated _ Product Yield, w. %

(1-A HAGO 5 Based on .Feedst ock PCT/US97/14437
(Ex. 1) WO 98/06795 Total Herr] and err]-Cerr]
48. 73 52. 66 Hydr ocar bons

Total O hercrackedr |Qimkefircaand armm#ft7ic prodiacgs in the steam cracked

ggNGO C[z(za{)r]zl% lg{r:r]&r]gggé%%&; e;]ri: ge., }%o?éene, ?cq.'n.s'ifbégtadiene, trans-
SCT, 275[ erPgltads r | EC e poand benze;g_eﬁgis increased by at

Tot al ]deast abbdt A5 perddit,0 the yield of the steam crieckedt gds oil
gé Ze li; Pro uo&uct is increased by akput 28 perc'é%g. ' the 4yie1d of 6’%:9
Et hane low valuel.$Beam cragked tar product is decreased by about 48
Et hyl ene 9 . ,

Acetyl ene percent w%%-? Oiéhe prl:@&i& of the present invention. comprising
Pr opane hydrotreatinmy and steam 2gracking (Example 1} is utilized

Propyl ene rejative tje2 e y:.eld@ &tained when the. untreat@&oﬁﬁﬁt%%%rﬁon
Met hyl acet yl ene 0

| sob®t ane fe a@.oI@ is sulgupq%ted to steam cracking (cOmparatﬁ.ggbm;@_
1.88 2_11;3 But ene- 1 2.21
2.72 25 . . Byt adi ene-1, 3 3. 32 3.74
But ene-2 (FA1¥SEFakdye Enbogigent™2 ) %7

Cerr] acetyl enes Example(020and Comp@rdtive Example 2-A below were each

Sel ected Ligyi-gs S c kéds
5 89 %Hié‘gl%lo% using a 100% Ca.talgﬁilgﬁél  crag ﬁﬁ'&\a 6c7c41fx)

0. 95 feedstock having the prgperdies sfowmein ab].e 41bg§ow. Exgmple

I\B/Et hyl cycl Oﬂemﬂd*seﬂ&tes the Opi?dcess of &b present invention. cOmparatlve
enzene

*h Tabl e 3 BEGWBle, feki8) ilbNstaihiEe 9f CON vhigh has RRE,bERR, SuplectL
steam crackedhydmotreatrithg girdloxf ibto steam crawkdogets in the Herr] and

C[err]-C[erﬁi H¥ﬁ£o?arbons fraction, i.e., et hyl ene, propyl ene,

and but adi € creased by at | east about 6.0 percent, the
yi B8 of each of the Examphe # cfescribes the process of the present
invention using a 100% Catalytically Cracked Naphtha (CCN) feed.
A commercial alumina supported nickel/molybdenun
catalyst (1/20" trilobe), available under the name of C-411 from
Criterion Catalyst Company, was used as the first hydrotreating
25 catalyst (catalyst A) while a commercial prototype
hydroprocessing catalyst (1/8" cylinder), available under the
name of HC-10 from Linde AG was used as the second hydrotreating

‘catalyst (catalyst B).

The catalysts A and B were operated in the
30 hydrotreating zone as a "stacked bed". wherein the feedstock and
' hydrogen were contacted with catalyst A first and thereafter
with catalyst B; the volume ratio of the catalysts (A:B) in the
hydrotreating zone was 2:1. The feed stock was hydrotreated at
370°C (700°F), 600 psig total unit pressure, an overal)l ILHSV of

35 0.33 hr? and a hydrogen flow rate of 2,900 SCF/BBL.
- 17 -
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- 16 - cracked diolefin and aromatic products in the steam

cracked naphtha. fraction, 1i.e., isoprene, ci s- pent ad| ans-
pent adi ene, W@ P8P&BENt adi ene, and benzene, is increased by aﬁ%ﬁi}&r@é{#

about 15 percent, the yield of the steam cracked gas oil 5 product is
I ncreased by about 2513@3.‘5 t f e /
cracked tar E‘g)rr oduct is ecr](;:ll-g"is_—eg %Qii‘,hg Qgﬁ fgggp‘;g%ﬁta mﬁe%lsph%sgf

of the presBNEXPHEBNRARETEERDIERS| emtrle&t g neergseé;np:rcmm:g
(Example 1lpf ikighti ghgegd (metiind, Véth#nd hepyropafie @bfdalmmhu@pnahhez s
(Conpar at | VESESERS F¥ Weldiit' a‘-“’ffwiaiﬁxéfﬁéédehﬁoépﬁi&p Tetlilen c, ana
Exanpl e 2 aMOOGm(amf‘Ne Exanpl e 2- A bel ow were each carried out using

a 100% Catal ytically %fé;k CQQ%N f t

properties shown in Ta ﬁggp?ﬁ?&gégé Was gﬂéﬁ %trat es%eéﬁ;;?ocsétsesam

of the pres&¥ackinghzope. whengaltitvae contargt@qo mith steam ptyg; temperature

CCN whi ch hag Aol l&eﬁ@o%u@ egt silessur&%hyséaﬁeeat wgoptboeot g Y and a
process

R WXFi?R?ﬁP%uﬂﬁlﬁh‘fo@%éaaP& WAL, 68 2 B n b e

(CChlp f eed. residence time iA thansteam! c¥ddker arasliopdr tod oniec lsedonds).bdanan

cot L Lk SR YShLER. Gty DinhoFB, 8 sty zome <o

cat al yst @uanttify totpl hydregen a (Hkoendr Gial~C,)prhydrggarbons, steam
hydroproces%ﬁ% Waéﬁtﬁ&’ ¢schy! | 8€ean. gfﬁéiéé&b 8sUB4e" (b@%ogt léiﬁmsifgam

HC- 10 from Li used ' as fhe secon rotfeatin
(catal yst B)°1'*"-""k‘*‘il tar (sCT) -Th?’@aﬁ&% §rA°§Pr§9'Brﬁ§Pé XS éﬁ-’qsﬁ'%tf%i dn
hydnet r eat | rmabad e Iveow St acked bed” wherein the feedstock and

hydr ogen vverg cont ﬁCI ed ﬁ th ﬁatﬁl gst A first and thereafter wth
catal yst B; catalysts (A:B) in the
hydrotreating zone vvasAZlmo% Maﬂgedcaﬂdykcmkeﬁjmxpmamd(ecm feed was
370[err] C (%QQd£¢ é&F tab ni an n# \Y, %
0.33 hr[err] and h'cri‘ro ??%W rﬂa?gegf a% %#S&?&L cg"%ﬂx err]/ ééﬁror
except that i was not subjected to hydrotreating prior to stean
20 crack1r7 The steam cracking results are presented in Table 6

below.

. THIS SHEET HAS BEEN
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-17- ' Hydrotreating of the CCN feed consuned 860
SCF/ BBL H&o. 15 err]/[err]) of hydrogen and resulted in tpgrl%spﬁil Ygds on
of 0.9 pRee y wei ght of |ight gases (nethane, ethane,” propane and 5
butane) and 2.5 percent by weight of liquid hydrocarbon boiling bet ween
Cerr] and 150[err]C (300[err]F). The hydrotreated CCN was
then passed to the steam cracking zokaBMhdre it was contacted with
steam at a terrperature of 790 to 805 err) ressure of betvveen 1.22
to 1.39 bar,—anBEQRSESies of & % {CRTRy EXr, 2 B Eed

0. 45: 1. The residence time in the steam cracker é@s 0 4a§,g_.°fg,§,ted
seconds. The st eam cracked product was then sent tgeggfracti onsdgy ng
zone to quantify total hydrogen (Herr]) and Clerrda-aglerr]) (ex. 2)

hydr ocar bons, steam cracked naphti ha (SCN), steam cracked gas Ol 1

(SCED), and %eath@5 cracked tar (SCT). The steam cr8c:RPfng resu?q's“are

pr esent ed i n e “I"abl e 6 bel ow Conparative Exarrpl’é’ i .

A 100% Cat al )ZCracked Napht ha (CCN) feed was 413004t ed |nz£he same

nmanner as setggl Qip$ g?mgxarrple above, 20 except thal § 2 78S Noty g),l{) ected
to hydrotreat d189c to steam cracking. The steam crack| ng resul ts

are presented in Table 6 bel ow.
Simulated Distillation, D-2887 (ASTM), °C

IBP 189 75
10 5% 202 161
10% 205 183
30% _ 212 204
50% 221 212
70% 230 223
15 90% 236 235
95% 242 244
FBP 376 321

CCN Feed (Comparative Example 2-A) and the hydrotreated ccu'

(Example 2} were analyzed by GC-MS in order to determine the structural types

20 of the hydrocarbons present. These results are shown in Table 5 below. As
can be seen in Table S, the process of the present invention (Example 2) is
effective at reducing the aromatic content of hydrocarbon feed streams with

a concomitant rise in the quantity of both paraffins/isoparaffins and

naphthenes.

25 IABLE 5

Molecular Structural Types Observed in CCN Feed (Comp. Ex.
2-A) and Hydrotreated CCN (Ex. 2)

Relative Abundance of Various CCN Hydrotreated
Molecular Feed CCN

30 Types, Vol. % (2~-2) - (Ex. 2)
Paraffins/Isoparaffins 7.97 10.92
Naphthenes 5.19 ] 26.79

Aromatics _ 86.83 62.27

- 19 -



©-18-

P—— R

TABLE 4

Properties of CCN Feed (Conp. Ex. 2-A) and Hydrotreat ed CCN@USS;,)‘“”-

- CCN HYY B8/96338 ed
Feed CCN
(2-A (Ex. 2) w. %C
89. 15 88. 31 W . % Hnm-ﬁ
iolgé 11'278 Laborato%rf%g \Mr king Yields for Gaseous Products
! o a, Gag 0il, and Tar
217 S1 Bermrst Ly, g/ CTIT T 1]
0. 9071 Progné¢ Wield wt. % @b5[err]C CCN Hydrotreated
5 Based on Feedstock Feed CCN
{2-p) (Ex. 2)
Total H, and C,-C, Hydrocarbons 27.67 33.32
Total Others C; and Greater 72.33 - 66,68
SCN, C;,-220°C (430°F) 40.85 35.79
BCGO, 220-275°C(430~525°F) 7.75 12.00
10 SCT, 275°C (S526°F) and Above 23.73 18.89
Total 100.00 100.00
Selected Gaseous Products
Hydrogen 0.65 0.74
' Methane . 8.03 9.58
15 Ethane _ 1.91 2.66
Ethylene 9.09%9 10.81
Acetylene c.08 0.09
Propane 0.07 0.07
Propylene 4.79 5.81
20 Propadiene & Methylacetylene 0.08 0.08
Butane & Isobutane 0.03 0.02
Isobutylene 0.87 0.91
Butene-1 0.25 0.27
Butadiene-1,3 1.28 1.53
25 Butene-2 (cis & trans) 0.32 0.43
C, acetylenes 0.00 Q.00
Selected Liquid Product
Isoprene 0.00 0.35
Pentadiene (cis & trans) 0.13 0.15
30 Cyclopentadiene 0.49 0.80
methylcyclopentadiene 0.10 0.00
Benzene 2.79 4.03
As can be seen in Table 6 above, the yield of each of
the particularly valuable steam cracked mono- and diolefin
35 products in the H, and C,-C, hydrocarbons fraction, 1i.e.,
ethylene, propylene, and butadiene, is increased by at least
about 18 percent, the yield of ‘each of the valuable steanm
cracked diolefin and aromatic products in the steam cracked
naphtha fraction, i.e., isoprene, cis-pentadiene, trans-
40 pentadiene, cyclopentadiene, and benzene, is increased by at

- 20 -



Simil'ated Distillation, D 2887 (ASTM, [err]C | BP
5% |

%gg WMZISOG‘;@% 10% PCT/Us9‘{/14437

205 183 30% ,

212 lexst about 15 pérecent, the yield of the steam cracked gas oil
gg (1) :%icgdul%t is inc%gg/(oked by about 54 percent and the yield of the
236 low value steamogracked tar product is decreased by about 20
242 peéricent when & process of the present invention comprisin

: g
376 341 d t I ;A
and t e hydr ¥IESEReREing and stean arﬁ%ﬁﬂ‘a&er é%%a;%e@/ gy Egim) I\"B&'ﬁizgd
order to det arelativéctet thet yieldsypbtaified wheroftheharitrbatosd Toydrocarbon
. h ' b b
Been 1 Tapl & ed Ftoh8 ICeBiIURLeR 18 stedn Srllicird (comparafi( Elinple

effective at #duci ng the aromatic content of hydrocarbon feed streans wth
a concomtant rise in the quantity of both paraffins/isoparaffins and

napht henes. 25 _ TABLE 5
Mol ecul ar Structural Types Observed in CCN Feed (Conp. EX.
2-A) and Hydrotreated CCN (Ex. 2) . Rel ati ve Abundance of Various
CCN Hydr ot r eat ed Mol ecul ar
- Feed CCN 30 Types, Vol. %
(2-A (Ex. 2) Paraf fins/|soparaffins
7.97 10. 92 Napht henes
5.19 26. 79 Aromati cs
86. 83 62. 27
- 19 -
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TABLE 6 Laboratory Steam Cracking Yields for Gaseous

Product s ) Napht ha, Gas oil,

Product Yiwlodseb795% CCN Hydr'ﬁ?f”&g?’ré‘a‘?
Based on Feedst ock Feed CCN

(2-A WHA: 2 . Jotal Herr] and (ferr]-Cferr] Hydrocarbons
27. 67 EX%%%& D 1S Total Others (Jerr] and G eater /
72.33 66. 681- An iBERPTeFeF‘r] PYOFEEE] C £950[ ePPPMRTting a
40. 85 hydrodérbiéh feedstockSHaving?GoRpbhents BdLDiNg Hissvd Bbout 100°C
7.75 1 75 I rr ove

23 73 into étjgggggracked pggggip %ikg &é%ge ]t_@mp%rl%é%b

100.80 apo. Opassing said WW@M@@Hutnsthe presence of
Hydr ogen 65

Vet hane a hydrogen source agdo 3 at least two égd;fgtreating
Et hane catalysts through a hydrgtreating zone zagaan elevated
Et h%" lene temperature and a press®¥fe in the rangé€: 8% from about
Pfgp)a/mgne 400 psig and about 13pQ)psig to effech gubstantially
Propgl ene complete decompositién/9of organic 5s8lfdP and/or

Propadi ene & Met hyl ac 0. 08
But ane & | sobut ane ﬁ&%&%&gn compounds cogltggned therein, 0. 02

| sobut yl ene b) passing the product from7said hydrotregting zone to a

But ene- 1 steam cracking zone wﬂe@é:m said pz:'odmgt2 s gontacted
But adi ene-1, 3

Butene-2 (cis & trans)"ith steam at temperq)tl.yges greater then45bout 700°c,

Cl en6] acetyl enes and 0. 00 0. 00

gei)g(:t ed Liquid P Ogg%teséovering P%%?%%& rena& sc& tFanéydrocarbons, steam
0. 13 0. 15c3@cked naphthaperstehmneracked gas oil and steam
0.49 0. 80 crackea ta?iﬂ&kﬁf%ﬂeemﬁé&ﬂ}? the amount of steam
0.10 0. 00 enzene R

2.79 4. 03 cracked tar produced is\gredwced hycati heagh abgut 15
aboge, the yield of epel basis tﬂeepaﬁaimmxig hy'd&ldd:%!@:lbbrﬁtf&@dstock

qorr] qerr] ""R%?L?éﬁ&sﬁ@aﬁ 29 SReH Fipectha ' miggineding. 1 cne

and but adi ene, is incksase®hey prodessstof claim 1awhereis ﬁen.dehwdrm:@rhon

yield of eaghe@btbbR NakU8OhSordMMoiling in the range of from about 150°C
to about 650°C.

25 3. The process of claim 1 wherein in step a), the
sulfur level of the hydrocarbon feedstock is reduced to below
about 100 parts per million and the nitrogen 1level of the
‘hydrocarbon feedstock is reduced to below about 15 parts per
million. _

30 ' 4. The process of claim. 3 wherein in step a), the
sulfur level of the hydrocarbon feedstock is reduced to below
about 50 parts per million and the nitrogen level of the
hydrocarbon feedstock is reduced to below about 5 parts per
million. '
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cracked diolefin and aromatic products in the steam cracked

naphtha fraction, i.e., isoprene, cis-pentadiene, trans- 40 pcTNS97/14437
pent adi ene, WOMBBFBent adi ene, and benzene, is increased by at '
- 20 -~ | east about 15 percent, the ¥i§#d oi t he steam cracked
gas oi l product 35 i MARREACEFS 05 LM 4 (ERETeiB iR SHeR Rl the

| ow val ue stsamifiux abéeelt 6f fhedintdrccaidmreaseedsyoekois FHeduced terseldw
e e e GRS oot TaBER b WEHAN SO k" frcqed! YRULPobE Sone
obt ai ned whdwdrecarbenafeedsrock stporeduced e dbaloWe akouthp e PAIFR per
st earg cr ackiygy Y{gpar ati ve Exanpl e 2-A).

6. The process of claim 1 wherein said hydrotreating
zone in step a) contains a first hydrotreating catalyst
comprising a component selected from the group consisting of
Group VIB metals, oxides, sulfides, Group VIII metals, oxides,

10 sulfides and mixtures thereof, supported on an amorphous
carrier, and a second hydrotreating catalyst comprising a Group
VIB component selected from the group consisting of tungsten,
molybdenum and mixtures thereof, a Group VIII component selected
from the group consisting of nickel, cobalt and mixtures

15 thereof, and a carrier selected from the group consigting of
amorphous silica-alumina and molecular sieves having a pore
diameter greater than about six angstroms admixed with an
inorganic oxide binder selected from the group consisting of
alumina, silica, silica-alumina and mixtures thereof.

20 7. The process of claim 6 wherein said first
hydrotreating catalyst and said second hydrotreating catalyst
are arranged in said hydrotreating 2zone in a stacked bed

configuration.
8. The process of claim 1 wherein said hydrotreating
25 zone in step a) is operated at a temperature ranging from about

200°C to about 550°C and a pressure ranging from about 400 psiqg
to about 1,000 psig.
9. The process of claim 1 wherein said hydrotreating
zone in step a) is operated at a temperature ranging from about
30 200°C to about 550°C and a pressure ranging from about 400 psig
to about 750 psig. -
io. The processf of claim 1 wherein said stean
cracking zone in step b) is operated at a temperature. greater
than about 700°C and a coil outlet pressure ranging from about
35 0 psig to about 75 psigqg.
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- 21 - VWHAT IS CLAI MED | S: 1. An integrated
process for converting either a cracked or uncracked h

f eedst ock wosseg79sonponents 5boiling above about 100[err] é&ﬁ’@%ﬁ{ag’m
cracked products, which process conprises: a) passi ng said

hydr ocar bon feedstockiiln t Wher graaessof of claim 1 whesedgensaddr cetean

t WO hydrotrgghbmngatﬂ,yétfnagtegrbg s e&%&%& e théﬂbérﬁ%ﬁﬁ‘f tE:Sﬂ%

catal ysts b% n Jacidic zeolite nol ecu

t hr ough aboyt L 78PCEr ea?‘? n@bﬂBﬁe 925°6n and\ &t &@ide bR, grgﬁguge

pressure freangingt fFémabowtd apuily $o Abouito sV fpaiﬁ;
subs%ant ially conpl ete _dec osition of 8% |c S

[ or
ni tr8gen conpounds cort“di néd% HEFRFRSEnN herein the Y’eéjig 8?7e
of said hethylens i and cprapylene bandg butadiene mupq;imet dff oandn C,-C,

aci di ¢ zeol hga;gggﬁggiﬂ #+4d€ion are edkh 1‘1&1‘}5&%& hﬁywhe?;iféaéé O%iaéﬁ*l:d

hydrotreatin St eam cracki ng zone n sai
product i s PeKcgedted and the yieMlsho;i cigspprene p&ispentagiene; twans-

about 700[ e bh%acﬁ%ne ;ﬁ clo aﬂtadiene ahd B&tAMEE | i 90848 @2dcked -

derr] C[ hydr%car ons st eam cracked napht ha, steam

cratRed gas on are each,increased kY e?'Fon’re%'éré'rl?P‘ﬂlelo
anount of spea®ent, basis '&feaqliﬂréﬁrwwd!tﬁédst&ckewﬁ&x bhagl heBSbeen

about 15 25 the starting hydrocarbon feedstock
whi ch s“bJeCtﬁgs r?ot%%en sﬁaéi ‘ed to hydrotreating. 2.

The process of clai m 23sheddi n dntegrpbedcar process for converting a
hydrocarbon feedstock having components boiling above about 100°C
b 3 into steam cracked products, which process comprises:
a) passing said hydrocarbon feedstock in the presence of
a hydrogen source and a first hydrotreating catalyst
through a first hydrotreating zone at an elevated
temperature and a pressure in the range of from about

20 400 psig to about 1,250 psig to reduce the levels of
organic sulfur and/or nitrogen compounds contained
therein,

b) passing the product from said first hydrotreating zone

to a second hydrotreating zone wherein said product is

25 contacted at a pressure in the range of from about 400
psig to about 1,250 psig and a temperature in the

range of from about 200°C to about 550°C with a

hydrogen source and a second hydrotreating catalyst

comprising one or more  hydrogenating components

30 selected from the group consisting of Group VIB
metals, oxides, sulfides, Group VIII metals, oxides,

sulfides and mixtures thereof supported on an acidic

carrier, to effect substantially complete

decomposition of organic sulfur and/or nitrogen
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f eedst ock has conponents boiling fromabout 150[err]C to about 650[err]C.

3. The process of claim1 wherein said hydrotreating 30zonecriusstesa)
contains a ’NQ%‘(“‘Wdrot reating catalyst conprising a conponent sel ected
fromthe group consisting of Goup VIB netals, oxides, sulfides, Goup
VI1l netals, oxides, smbﬁpobasdan&ontdixm ent Itheeop:oéupporﬂmin othen first

anor phous carrier, }ﬁ in yg&qéreatl ng catal yst conprising a G oup
VI B conponent sel ecte rom rou tonsisting of tungsten, I%bdenum

and ni xt ures tt@reofpaﬁs@ﬁuﬁhﬂ )23 ngﬁPmseﬁ%jcq cBerPaf hidxptreating
conlsi sting I of In| ckelzoﬁgﬁmta Htkal md_ ok nigh oared m}ﬁﬁhi&ﬁlgbhm pitsduct is
zeol i nol ecul ar si eve par. | rreter ate abo

angsr‘# ons and is adm x‘éﬁnﬁf?ﬁe‘in "f%ﬁ%?g ﬁﬁemoﬂ%e F&P eesctg%eglt)ér than
fromthe group consi staboubf700%®; rend silica, silica-alunina and m xt ur es
t her eof . ain, d fj
hydrotreating cateah ysté%cavggfag e&?dé%etgr o%’?%atélnngg C al)&}ﬁgéf&héﬁé éﬁéﬁﬁ
arranged in said cyyckedr aaphtha, zs'qeam ioracked ggackcetﬂ.s m steam

confi guration. cracked tar!hd¥OGSse, Cnekain ]tn’&‘eéﬂbﬂnéa'di' steam
hydr ot reati ng zone in step agal S operatgdéat a tenperature from about

200 & r)C to about GHBFERA] Bax,prodpreds ke redyced Ay 2ty igast Abewt 15
68 bar. 1? . fpercdht, prsnsiss qzhtecl atar&mberny@rseaﬂbbudrﬁéemwz
zone in step a) is ope eratuy a err 0
about 550[elror]C and g‘bﬁ%%@uﬁ%s??éﬁ:gﬁﬁﬁts‘ﬁgj %Q %&% & %:gng.

7. The process of 14!l ai The lprodessiof csamh 1 sdrerein asﬂamg'xgdracanbon

step b) is e rs 0 e a a
coi IO oajt | et pr essur e ?m tcgglg’%?\gb%%al?gfgﬂéioﬁ h@ﬂa j'%e?gg' e EY0n 55]:&1:8_9.90 ¢
The 35 oces<to dFbowt £$50°A. wherein said steam cracking zone in step b)

i s operated at a tenpeis| Urphér Obr abesks of7 Ong%.ri'iﬂ CiBo ﬂHQEE1925ESi&] Cf.ﬁf‘ét
about

a coil outl ressur from atl‘(yg%vo ba f
An integr at &t Ffﬁ P 2 t‘H@PPnases c?r mrb?n% rﬁ?’a%%ﬁd
hydr ocar bon fmdsiﬂm:lgﬁwp rupxmimbingnbs Grbuplv:m méa/ks Almtidd)[sulfides,

1,2 RO L B RaEie g el erect,

hydrd®gen sowgupperted onran hlyqrnhouatcmgr eral yst

16. The process of claim 13 wherein in step a), the

sulfur level of the hydrocarbon feedstock is reduced to below
about 500 parts per million and the nitrogen 1level of the
hydrocarbon feedstock is reduced to below about 50 parts per
25 million.
17. The process of claim 16 wherein in step a), the
sulfur level of the hydrocarbon feedstock is reduced to below
- about 200 parts per million and the nitrogen level of the
hydrocarbon feedstock is reduced to below about 25 parts per
3o million. : . |
l18. The process of claim 13 wherein said first
hydrotreating 2zone in step a) is operated at a temperature
ranging from about 200°C to about 550°C and a pressure ranging
from about 400 psig to about 1,000 psig. '
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through a first hydrotreating zone at an el evated : tenperature
and a pressure_from about 27 bar to about 85 b hﬂsﬁl‘fﬁ'ﬁe t-he
| evel s of GY@%?Q’!%UI fur and/or 30 nltrogen conpounds cont al ned

t herein, passing the product fromsaid first hydrotreating zone
to a second hydrotreat’-Png i'-’gﬁe precess Nf dodrdduclli wherein said second
cont act ed ahyarbma&ﬁagof chata leous.n27s€a tB) abeuinprises a_ Gro%p b

and a tenpet roma %éo %ﬁ”] t o about {sti %50 err

with a hydr 8§ o e85 & ec St %q;hgcons sting of . §.@n,
conpri si ng modybdenum andmbztu:msi th@redfi,ng Group VIII componentnselected

sel egt ed fr??ny‘eetﬂEouﬁ'rSQB +ﬁ£ﬁs’€{rr€ Y nickel, cobalt® al : gles ures

OXIdeS oxi

sul fi des an&Wﬂ&fme?%é é@ﬁrﬁmm&p@ﬂ from molecular giewes hasingea

ggl:g‘r:rgloglr : ;5 g?!ﬁ diandtieae [qziélh?éﬁc e flr}irliﬁ'i labout six angstf&ﬂﬁ'nf??%xed with an

conpounds c&ﬁpﬁmq rfgffée ppgﬂﬂ FF&ﬁPgﬁg fyom the graup sq.oxgsfsting of

Eygr otreat i agumima,, silica,ckilms-&&uﬁlhhe anaowﬁtﬁﬁmmﬁbaecond
ydpgtreating zone to a ste one in_sa

pr oégct i's 20..,n{Th& HFYFeSF ﬁaga‘ﬁ%&mt ﬁ’fﬁ ‘és{'-ﬁﬁeﬁFEPPt NIFL

about component)Qdsmijdkebdti® Groug) VIBr eomparient iy dselectedndron

Jerr]-Jerihe h&%ﬁgareeﬂéastiﬁ§ea§f molybdenunr(e d'ﬁﬁ@@% trﬁer 2}?{] A s thEal

cracked gas oi I's
wherein th&heraRfn the medegplar sieve is gegdite t%raﬂﬂodihﬁadblEder is
reduced by alumda@. about 15 percent, basi s the starting

hydg@car bon feedst ock iC npot pee biected to
hyd %t reati ng. 24" f.}. &) PEAReSS cﬂgs'%" Cf%l ‘;’h r‘épnsgﬁpdb) , the
hydr ocar bon sulifsedskewdd haf therphydnbeabhohl feetistuckbaid Aedieed] €ot below

about 650[ erhl{G C I e S

first hydrthreat |138 Cpa{rtfssp I'n s ﬁ ggﬁp%%%sq{éi CO %e% g%l &fe&he
20f rom t he GY@RPAFRAN( S %\‘-Oﬂﬁo%@ Vleéuﬁﬁﬂalf@ belows abouts kResparts; pey
VI Il netal millderles, sulfides and mxtures thereof, supported on an

@hous carrier. 12. The process of cl ai X/nerei n said

f| r hydr ot r eat i ng 2%one THe REQFEHS | %Re%lla‘[’h%rgiﬂp PafLER PP omthe

25about 200[sarlifu® tlewdbudf Sthechyfifoeagbenp feetistadck dBs akediicéd tber below

about 68 balpout 50 parts per million and the nitrogen level of the
hydrocarbon feedstock is reduced to below about 5§ parts per
million.

25 23. The process of claim 22 wherein in step b), the
sulfur level of the hydrocarbon feedstock is reduced to below
about 25 parts per million and the nitrogen level of the
-hydrocarbon feedstock is reduced to below about 3 parts per
million.

30 ' 24. The process of claim 13 wherein said second
hydrotreati;zg zone in step b) is operated at a temperature
ranging from about 200°C to about $50°C and a pressure ranging
from about 400 psig to about 1,000 psig.

25. The process of claim 13 wherein said steam

35 cracking zone in step c) is operated at a temperature greater
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13. The' process of cI aim9 wherein said second hydrotreating catalyst in
step b) conprises Group VI B conponent sel ected fromthe gredpuse7?/14437
consi sting ofWPt?ﬁQé"[’én nol ybdenum and 30m xtures thereof, a Goup VIII
conmponent selected fromthe group consi sting of nickel, cobalt and
m xt ures thertban gmmtmfm md aienil rmstbetpopeeesmt sAngiiag: &iramabout
about six anggt paqy gad ?ﬂ ar sieve i.s adm xed with an inorganic

u

oxi de bi nder Sel écted from the p con5| sting, of aI um na, silica
silica- 35al unina and n@$eur e hprogess of cldin i? ®ald, fSteam

claim 13 wher erackit m\&xhl steprrwmi&t dp%ﬂté@latthet@mma\ﬂu&e ranging

and m Rtures ERSRooRoRh 19T, Bp aAbai 573 daPa B\ ERT ﬁ%t%#ﬁ%ﬁfé‘s ure

al um na. ranging from about 0 psig to abadut SG psig. M .

15. The process of &gég oipaléia%?cgg ?ﬁ t %lﬁ%r‘eof
a

in step b) is operated at aterrp ature from
al‘l C;-C‘

550[ er r] C ande¥hyilens;r and omrawatens? pad ¢ butagiene eénb
16. The pr Oﬁmo&&b&iélﬂa&wﬂea&en eath Uind&tédded ByaG¢ nmeaeae abdut 5

step ¢) is operated,at a ra re t han about 700 er
coiT Bt ot pBETCER s AaPnde JHLakel: o bipoBEene p i eRradibne; trans-
17. The procepentfadilenep %ybmopentadidnet m Henzenéi ip Zrhe steameracked

> operat ed ab GulaPe iy O3 W oy RIS {yAPRK 223EE" AR 10

a coil outlet essur e
percent . basis the hydrocarbon feedstock which has not been

subjected to hydrotreating.

15 . 28. A reaction product of a process in which a
hydrocarbon feedstock having components boiling above about 100
°C is subjected to hydrotreating in the presence of at lest two
hydrotreating catalysts at a pressure in the range of from about
400 psig to about 1,250 psig and steam cracking, which product

20 comprises hydrogen and C,~C, hydrocarbons, steam cracked naphtha,
steam cracked gas oils and steam cracked tar, wherein the amount
of steam tar produced is reduced by at least about 15 percent,
basis the starting hydrocarbon feedstock which has not been
subjected to hydrotreating.

25 29. The reaction product of claim 28 wherein the
yields of ethylene and propylene and butadiene in the H, and C,~C,
hydrocarbons fraction are each increased by at least about S

. percent, and the yields of isoprene, cis-pentadiene, trans-
.pentadiene, cyclopentadiene and benzene in the steam cracked

30 naphtha fraction are each increased by at least about 10
percent, basis the hydrocarbon feedstock which has not been
subjected to hydrotreating.

30. The reaction product of claim 28 wherein the
hydrocarbon feedstock has components boiling in the range of

35 from about 150 °C to about 650°C.
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