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* hydroprocessing. In particular, the present invention relates to
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. THE | NVENTI ON Much of refinery B e S SRR T 1Y 24 »
. streans in.a hydrogen 10 atnosphere. In.order to nmaxim ze conversion

- efficiencies and to maintain catalyst life,  exces hi(]drogen I's generally
i used in the catal ytic conversi ongmmﬁhg—unreact ed hydrogen
. being recovered, purified and repressurized for use as a recycle stream
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. the dasul fauhbsphere0 Inlopds ttd BiaxENiZe cofvbrion effiviémisnalite maiktaintdatilyst lifg. U. S.

. Patent No. 5,403,469 teaches a parallel hydrotreating and hydrocracking
. process. [Kegssdydrogenin generallyaised cths satglyliccopwrbiondrogesseshwith shgsunreacted

~ separatio a L 5o 2 vapor LSi a
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- U S. Patent , 172,836 teaches a general process for processing a

. No. 3 !
. hydr ocar bdh devsdeping methods foxusing,a singlshydrogendoon A tvo-$1ags 1egetion BIRFesst | r st
~catal yst bed, together w th hydrogen, through a second catal yst bed,

- separ @i ng t he &bt PatentNo.r 54,562 wachsa @ ravltizegaier 20n¢ preress foritheproduetion ¢fon

feed it Rew R, 1o Uit R B bledh Auf. PRIl dntchol ol 53O0
di scl oses desulfutization anbondfor hiy@logersdtidgCoprate €6 & séxids Ayl aramddnitng Oithy

. hydrocracki ng a-heavy hydrocar bonaceous charge stock. In the_process, -1-
: common hydrogen supply system. This process uses strippers to remove H,S from cooled

hydfogen' rich gases recovered from effluent streams, to permit use of the stripped hydrogen

20  stream in both the desulfurization reaction zone and the hydrogenation reaction zone.

U.S. Patent No. 5,4()3 ,469 teaches a parallel hydrotreating and hydrocracking process.
Effluent from the two processes are combined in the same separation vessel and separated
into a vapor comprising hydrogen and a hydrocarbon-containing liquid. The hydrogen is
shown to be supplied as part of the féedstreams to both the hydrocracker and the hydrotreater.

25 U.S. Patent No. 3,172,836 teaches a general process for processing a hydrocarbon
feed in a catalyst bed, passing a liquid fraction from a first catalyst bed, together with
hydrogen, through a second catalyst bed, separating the effluent from the second catalyst bed
into a liquid portion and a vapor portion. The vapor portion is combined with the |
hydrocarbon feed in the first catalyst bed.

30 U.S. Patent No. 4,197,184 discloses a conventional multiple-stage process for
hydrorefining and hydrocracking a heavy hydrocarbonaceous charge stock. In the process,
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hydrocracked effluent is adm xed with hydrorefined ef fluent and the

conbi nation separated into a hydrogen rich vaporous stream and normal |y
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hydr ocarbon feeds ck SUMVARY OF THE | NVENT| ON 15 Qﬁ@E t|ve of
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repressuri z I on requilrenen
i Nt ggr apehe fauafnaqewiaﬁ szbﬁm apa nﬁﬁeﬁthydl%geh bauab,bnem than df therffrsmmnt

t t th d { ed
w\d/regcgggmlr Z@mﬁe%? e Sﬁg?n&/ aelitoces rngmquu : gg%r&dﬁgetqu:%hy eg%a,ﬁﬂ?legaﬁws and
t h ese og aix? B&gg qé{:&!:feﬁ% hﬁr}irst-rljggctﬁf Ptbdﬂpw heNdh SEEME 511%%5 Re&RERt inSh

I've a single reac ‘oop at [ower cost an wth multiple

| oops, b&hbmaﬁma&thlarﬁmydn@:aahbmﬁeem of a multiple | oop system :
-including higher reaction rates or with catalysts tailored for pretreated

feeds. The present inventi onsngmjt\msoa:nr}imm ONydr oconver si on process
conprising: 25 a) Ining a first refinery streamwith a first

hydgogen-ric ﬁxﬂ@oﬁ%@ of tHeG2es ehmeVQﬁﬁBlﬁs td fedticd @8 daibekof Processingivmits idgn
oc

fi rst feedst o a fi rst reaction zone maintained at condjtions
suffi ci integrated diylrconversion prasgss: dinpther ohjestivs ofthe preserfinyentionris to fedeset i on
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gaseous
Another objective of the present invention is to supply. the hydrogen requirements. of an . .

integrated hydroconversion process with reduced hydrogen distribution complexity and
20 processing duplication. The present invention serves to accqmplish these objectives in a
single reaction loop at lower cost than with multiple loops, while maintaining the advantages
of a multiple loop system, ihciuding higher reaction rates or with catalysts tailored for
pretreated feeds. | '
The present invention provides' an integrated hydroconversion pfoceSs comprising:
25 a) combining a first refinery stream with a first hydrogen-rich gaseous stream to
form a first feedstock;
b) passing the first feedstock to a first reaction zone maintained at conditions
sufficient to effect a boiling range conversion, to form a first reaction zone effluent
comprising normally liquid phase components and normally gaseous phase
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~distillat

Cc) passing at least a portion of the normally gaseous phase conponents,
W t hout subst ant iﬁl cooling, for blending wwth a second refi nerést reamto
& o5

forma seconyBE 6ock; d) passing the second feedstock to a 3 gp/00478

| : ot ot ned ) o Lok f .
Lt Teast a port! ofd oRsRE =Ljessta portion pEBERPrRAY ResBle b€ Pompfhel Wik ,
to form a seconsibstensdliceplig Tor SibAditg With ©decoRPrfinkiy @rdaiftosopnaGet@RICt | on

zone effluent into at |east a second hydrogen rich gaseous stream and a
second .liquid Jfeedstopk; and f) recycling at | east a portion of the second

hydr ogen-rich gasgou r t LISk ct Ok ne..ln the
© process, a first ﬁgaﬁ?ﬁgﬁ?ﬁeg%eg%@?%ségﬁ té)oa gg@%{a{éﬁ?ﬁg e\ﬂm%%ﬁ%ﬁ?@ahct I on
and boisl i ng poidunditiony shfficivht &r dofitertihg &t leastial po2tion 6f the aFdmatidsilesesd intthyel ¥
nore active catal ysts. A second reaction zone is operated for sulfur,

ni trogen and arssfend refinemyrsiream, taformdg seaend spaetionszane\edflyent; hydr ot r eat i ng

reactions. In one ' | £ r L9 fflu is 15
conbined with a sgg g;r%ggll?‘efﬁg kheer%cér?&r %ggﬁc#ﬂéfo%sgg@geg% YoV ?f}g%‘tfaa{e%fﬁ%dx?%e@
- second react i onrichogiseousstreafidndia seohrilidiid btredin;g@d@eous stream recover ed
fromthe first reaction zone effluent is used as a source of hydrogen for

the second reactign x%@itﬂing'a?léa?@a Béﬂﬁﬁ%f&éé&&rﬂﬂ%ﬁﬁb@erﬁﬁélﬁ?&e&ﬁ@éﬁe‘aﬂﬁo the
separation is passed for Dlending, wthout substantial cooling, wth a
secondOr ef i ner yfirst reaction Zowe. pref erred gaseous streamis naintained at a
tenperature of at |east about 350[err]F, 20 up to the tenperature of the
first reaction Inalieprocéss| & €indt redction @end is@peiaied for hlecubacidight reductionadd or
. the secong) reacti.on zone, are\k{\égctio ated to form bottaons streans and
odlingpoint copyersiogrofithe &rst ﬁeéfneaéstre@awﬁ@a relatively more aptive catalgsts. A
second re | 3 ) T I P nd
T eacti on SevRef it ont I GEai0d R $affur AR o0 SRorh AR cBnB0al, Byl BuISROTC,
reacti on zotive farihydrofreating reactomnsntin one kmbgdinient,aetofal fisst reacsiohizone efflventis
catalyst. IN.THE FIGURES Figs. 1 and show enbodi nents of the [nvention
Wt h o OBR W R secand riaerk sPeH Sor pastss QY esatapita thesegond pagkienone.

erbodi Mentif afbthb\embetifieh, A'balldul stré hicdPertd Hoin tHE HPRAAIG H2R Whdent B2 2
separation zone between the vessels. 30 -3-
used as a source of hydrogen for the second reaction zone. In the process, the gaseous stream

D)

from the separation is passed for blending, without substantial cooling, with a second refinery

stream. The preferred gaseous stream is maintained at a temperature of at least about 350°F,
20  up to the temperature of the first reaction zone. Effluent streams from the first reaction zone

and/or the second reaction zone are fractionated to form bottoms streams and distillate

streams, some of which may be recycled to the first or the second reaction zones. In the

process, asphaltenes remaining in the second reaction zone effluent is separated from recycle

streams going to the first reaction zone, in order to prevent fouling of the first reaction zone
25  catalyst.

IN THE FIGURES
Figs. 1 and 2 show embodiments of the invention with two reaction zones in a single reactor
vessel. Figs. 3 and 4 show embodiments of the invention with reaction zones in separate

vessels, and a separation zone between the vessels.
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WO 99/ 47626 - 3 :
PCT/ US99/ 00478 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s invention rel ates
to two reWOI9M7§60cesses, using two dissimlar feeds, whi cRCEUSIYOMTE ned
into a single integrated reaction process, using a single hydrogen supply

and recovery system TheprRICEPBESORPATON O THENSVERTIORACt i On condi ti ons

in the present 5 proceSS are selfected to avord contam nating catalysts or
product s whi I'Bhisriiventidomietagesttattad yeactipm pfosesses aingriwoplissinilar fe¢ds, M&@r es.

The feed t.h ' d first f.i t it aj ni
o1 at § v GOy ORI kgt pefion biosess, BripE R Ape ARORECRRRIIRY o5 such
as as ph%é&@ﬁfsgst’éﬂﬁ The $8480R ah®hiddBEN oW BATeadtoRItofdifions fSthe preakhtvel y

greater anounts of aromatics and multi-ring aronmatics. The process is
par t isculprodeys arsestlettetl oo avoid sontanpinating catalysts|oy praucts while maiatainipg katahyge r

cracking conditiong and a nore .ar tic feed under.treati ndi tj in
an int egﬁeﬁl‘fggﬂa’pﬁe@t‘,‘a&?ce&? le§°l§§'#§|%ée%&9 aﬁogﬁmcép‘%ﬁoﬁg%%g\?gbfn%% em
Wi t hout doftaldiRgrdidtfvely Rsder BofRts AF Xidhfatios, ikclading eaiMiaifighashatidssutings second
refinery streamor w'thout overcracking the second refinery stream A

sui t abl esphaltenes; end a eeapnd refineny steeam whichisentainsgelatively weantariamaynts ofange

b b 15 500 F._ (260 : i t i
e RSt o S aEL 2hé bhess T Rt WU P TR EREIRNES,
may 1@oNtcdan f@édsfdéﬂ%deﬂk&h@diﬁ%/cdi{dﬁﬁﬂx@ tand'& nivre afvmiticrfogtnded Heatitiptconditions

anmounts greater than 1 ppm It is a feature of the present progess that
feeds wiinkn integgratedpregess, asing;arsingle hydrpgenssapplyrand; reeqvighy sistanmhyeithous fqulingi ng

to 0..5 Wt %. ' ' 0 ' |
bo ¢ enitiiibdking BallsBmH wRichh@Rh I b sccSdrolinéhPltfeall CHVGROGH | E TR
react i oroveffgképthaisécondsefiidrptredanut 200 ppm nitrogen and | ess than 0.25

wt % sul fur. The first refinery streamis,also preferably a | ow aromatic
st roeam i ncl W swigable fiest T?ﬁﬂﬁ@’%ﬁ’dﬁ?(%éﬁ&“%dﬁél‘?@ﬁ%@&%%ﬁﬁ %Vq‘?r{}%é‘f

refiper yso%t»f.gﬁg&o&);&%ﬂgkg%{ &E‘?&a@ésiétﬁ{ aug@gféddogggwm@g%m i ch may

contai n recy €ans an an- about ppm asphal t'enes,
pr ef er alfirst ﬂeﬁﬁa'{tsh@ﬂnai%yﬁon&ﬂﬂnhmgbmaﬁhﬂlﬁ Mot asoganunitrogersdonpoinings, liws s :
than 25 about 100 ppm asphal t enes. EX le first refinery strea ir]cl_ ude
| i ght geamamts grretexiagd ppsy-| It l%{éa% gﬁgg Bresentgyrpeesy Hiat Festls &&@W‘F"e s
deasphal &%eh,agaﬁﬂnfgbﬁ}cm thbBcdrdifting b DS/ W% (ArRPHILAEHY nifiden BikPhp

e.g. Dy "hydro o't

processed, i reattng, prior e present process ?o reduce or
subst anttb 2l wig% ahd highet salfut malydedreotet amthequesent prot¢ss. Prefemred feed seegmssfoream

may al so, c ri se recycl e coppopents. .. The first r tign step
r emoifes the &’n% SRATUIR aﬁwmm gﬁﬁﬂ‘ I‘?E‘“fti%gg tppP"e‘PFﬂg?’bm%‘{ lfﬁsathﬁ' ﬁi H%V? i rst
react i ony i eTRe HrsefdiRehSstrtalds his ProferaBly £10RVAbManE stréun,liieludinge normal 1y
liquid portion of the first reaction zone effluent has a normal boiling
range behulfi-tinganomatics arsiasphaltenes Suitable first refinery streams, including feedstocks to
the first reaction zone which may contain recycle streams, contain less than about 500 ppm
asphaltenes, preferably less than about 200 ppm asphaltenes, and more preferably less than
25  about 100 ppm asphaltenes. Example first refinery streams include light gas oil, heavy gas

oil, vacuum gas oil, straight run gas oil, deasphalted oil, and the like. The first refinery

stream may have been processed, e.g. by hydrotreating, prior to the present process to reduce
or substantially eliminate its heteroatom content. The first refinery stream may also comprise
recycle components. : _

30 The first reaction step removes nitrogen and sulfur from the first refinery stream in the
first reaction zone and effects a boiling range conversion, so that the normally liquid portion
of the first reaction zone effluent has a normal boiling range below the normal boiling point

range of the first refinery feedstock. By “normal” is meant a boiling point or boiling range
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range of the first refinery feedstock. By "nornmal" is meant a boiling point
" or boiling ran -4- based on a distillation at one atnosp re,
. such as thatwggt"@?ﬁiﬁned in a D1160 distillation. Unless ot her\l;fé@uggﬁosbﬁ%
- specified, ald disti.llatiqn tenper r élr#)s [ 4 Q. I

boi 11 ng' pdeed ot tditibaiin Sonk BRBCERL P Resulss b BIbE e RUR A BPIGE

first readistiatisRNEnlRy ollRrwide bpeeific all distillation Rhipetdtaek li@d herenefefeon or
to a desired product sulfur level or 5 nitrogen |evel or both. Conversion

i s gener anoymaldailirgipeint and narmak heiling sanes temperatures, chheprocess in the firsh 1sactione
S 2T . T iy
 Conversi oopk ity 38 Bheb Rl Backinl ehBRIOPFH o 2 A bidhuoiutur Lovel or

tenper atu rmrag?nqadl or bothy Eohesdsib iPgariullyxehtdd tongefertme téhperarivs; rsacie ss, for
tenperature. The first reaction zone effluent includes normalty |iquid

phase conps¥aaplestheanipimum boiling peinhteppseatire of thefeedstecke tThe extent of eonverdon
nase. ; . Sl i . CRbhne
hor mal |y SEEtes R it (R CRAEC U KA @itfng AV e RlerBitl EhberRE WG coifiiea

hydr ogen, twpraiucRiboiliny beldbw Yhe/refstsceabmpetaheet conditions. In the process,
~the first reactjon_ zone is nmaintained at conditions sufficient to effect a
boi | i ng range cowiisticastion zongeiiiyens includes parmally liquidphase components,£8ut

25% se E . % by
vol urdPor "piagofl g dolvnb e Athon R BF Bl St roifery Wi ich ERSHcugayd
abouL 350l[aﬁ'f3biel}xﬁ can%tiam)md Feﬂnzjdty gdseous phate cappdnents, agnreaétfnmmﬂl ﬁma%@ )
whi ¢ oi el ow_ ahout 650[err]F. erating at_conversion |evels as high as
100% i s awwamegmyﬁrqa% whighargrormally vapess at ambicnt senditions,ln theprogesscthe

conversi o 'Tﬁ'sﬁgg%%og Zoli€ fsr Irﬁregﬂ i é_i z? .BAABBAY Surfbidht 1 e?ﬂ%/‘? ﬂf%ﬂe'igé Y@e@on{r%r%h

about 40%to y vol une. I rst reaction zone e further 20
decr eased of thefisst refineryestrtamudfiat leastaioati25%y\based ah al G58SF referente feii¥pepdtutehe

ni trogen ntainin lLecules ip.the first refiner t ream bei conyerted
ST, s B e o Yoy aline of e AGmpopes HEfbh dErLre iy SHesRoHig B0l At
in the fir, RO L BReEinl ' TaTya B fur
and | ess tagglrl]tr abou'?férzbgglgppm m%#%%r@%@?ﬁ@%?ﬁggﬁgmﬁggg%%@g&?ﬂlgout 0

~ ppm sul f urb5ark Qpevatingl:d @opyersion levelseas.higlbas 100% is dksmwithirthe senpietdfdins i n t he

“ first ti I ncl ti .t bet b 50 C
and_ about YRRy FRapRieHoing raBS FumrIoT BenLLE sres at B 2Boo0Y B ABAbYG
about 24. Zolrde 6PROMBHIRUIYE itd-80‘-¥§»“t@- %lﬁnﬁ_@-.d-Thé‘ﬁQs,t-W&Boﬁ-hbﬁdéﬁﬂu@ﬁi-is-@rlttliérom- -

about 0.1 to about 20 h[err]. Hydrogen circulation rates are generally in
t he r @Age deergasedlip nitrqpeo agd guifun contentDwiklyatdeast about 960 of the mitregen ceftaingng)i |

(2, 310- 11 {30l ARRL frst %'elﬁn%r}]: §ifdanf’ §ém£ Bhdverted i {h%fhe}gtrr%gct{o%azcotniep %referably

the normally liquid products present in the first reaction zone effluent contain less than about

-

1000 ppm sulfur and less than about 200 ppm nitrogen, more preferably less than about 250
ppm sulfur and about 100 ppm nitrogen.

25 Reaction conditions in the first reaction zone include a reaction temperature between
about 250°C and about 500°C (482°-932°F.), pressures from about 3.5 MPa to about 24.2
MPa (500-3,500 psi), and a feed rate (vol oil/vol cat h) from about 0.1 to about 20 hr™'.
Hydrogen circulation rates are generally in the range from about 350 std liters Ho/kg oil to
1780 std liters Ha/kg oil (2,310-11,750 standard cubic feet per barrel). Preferred reaction

30  temperatures range from about 340°C to about 455°C (644°-851°F.). Preferred total reaction
pressures range from about 7.0 MPa to about 20.7 MPa (1,000-3,000 psi). With the
preferred catalyst system, it has been found _-that preferred process conditions include
contacting a petroleum feedstock with hydrogen under hydrocracking conditions comprising
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30 tenperatures range from about 340[err]C to about 455 err]C -
(644[err]-851[err]F.). Preferred total reaction pressures range from about
7.0 MPa t oWEAMT6280. 7 MPa (1, 000-3,000 psi). Wth the preferpcriusmioodrgst
system it has been found that preferred process conditions include

cont act i apreasyse of ahaut k3.8 IdBa tarrhoui2@.7 MBait2:Kn3A000si), A gas tecoibratiorhgtween

diti he LAG:,2 f 8 t bout .7 MP
(2 000- S03BY SEP90F §8duerd Hy/ke G P EREERE RonABog s Set R e (ot'cq
0 | (2, 5619, GudPReyRbdtbieih thoxahliSRA 360°LeloMzPCAEB0A80PYL 5 herr]. and a
tenperature in the range of 360[err]C. to 427[err]C (680[err]-800[err]F.).
The first andThefitshand sesond reactiomzones containrone ioe mure patalystsatlfinpeet than bie nor e

oy v cigingt oty pERE i Bl ot R MHor bk, thf roRY el e Hiedo e "
cat al yst preyent 858isii@ 1dyRH0 Tayefed cathilysiBystomd dte thught, fof @&hf%lpﬁ@%&@ the

di scl osure of which is.incorporated herein b(i/_ reference pur poses.
Hydr ocr a¥ki ©39%24% thesdisclosies of whish is ingorpiorated heseinttiyoeference far all pusposesnown.

nyclr ogert SRAEHE SHARERIRAAE S I B traS BT sR e BellihRpm b SRRRERE T
cr acki nohypeqadleny catalysticofiprides Roradking BHBYEneRE Ak hdregemens RbmpbAkrRon a

zeolite, such as a Y-type zeolite, an ultrastable Y type zeolite, or a
deal i ran @xddy supppitanatarial of binder Hiasraeiing compenent igay snludeoan amerphous

silica- s e ks of. i:he I ticl S
cel ot e UL spbiellt Gt A R SRS Shnsthelif o sl ¥ e 2003,

- activi t yor aNleahiinsted Béolitet Al suitabip afRfphoue ceekidg compohémis silica-Gugifa, VI | |
(1'UPAC Not atign). el enments and/or fromthe Goup VI, (I UPAC Notati onI)

‘el ements are E&Mvs@yae%womwhvcmm&lﬁm|salseteérf¢qmﬂme ements

| ybd : . : t ¢ 1l - I nk ckel ,
ot hen (A0S g8 il Cheetton SUAVIE Rt 1oAE HE feldl SOmpSRG sbieedt TE
of hisdr cfjemahé GroupViEbIVRAG Notation)ielements hpd/or fraint the GroumN§ URAG about 05%
t bout,.10% ight of & VI t 0. S). df bout

59% o adSRRORRelE g oAl bRty CFHA Liel TR OE Eptorkin, Blolyems
et al Xindt{ufiltdhl [Grbf VIB'clindtits el o] cotliohicRel! Ak ium A fni, he

percent ages by wei ght .are based on the weight of the cat al 'yst before
sul fi di replladive, eswingydridivmoand piatiaumenThe amountés) of hydrpgenation component(spin
oxidic agnd/ar, the.sul phidic form J£. 3 LRstdion of at .l east.a Goup VI .
and ol BRte Y ity e, e Bhout o Ro SR 184 v Pty Sh eVl T oy
be sibj epingibntit(s) ahd Fohtdbegit 5% abBIN 2595 b fveight BF GRSUp VE fhekd) _cbmgbmﬁ(gy ki-ng.
Suitably, the catal yst conprises one or pore _conponents of nickel an / or
cobal t Hsulated agmetal @xlde(gipper 100 parts by weight of total catalyst, where the percentages

by weight are based on the weight of the catalyst before sulfiding. The hydrogenation

components in the c’étalyst may be in the oxidic and/or the sulphidic form. If a combination

of at least a Group VI and a Group VIII metal component is present as (mixed) oxides, it will

25  be subjected to a sulfiding treatment prior to proper use in hydrocracking. Suitably, the
catalyst comprises one or more components of nickel and/or cobalt and one or more
components of molybdenum and/or tungsten or one or more components of platinum and/or
palladium. Catalysts containing nickel and molybdenum, nickel and tungsten, blatinum
and/or palladium are particularly preferred. '

30 The hydrocracking catalyst particles of this invention may be prepared by blending, or
co-mulling, active sources of hydrogenation metals with a binder. Examples of suitable
binders include silica, alumina, clays, zirconia, titania, magnesia and silica-alumina.

Preference is given to the use of alumina as binder. Other components, such as phosphorous, -
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effluent is separated in a first separation zone, and at least a portion of normally gaseous

phase components are passed, without substantial cooling, for blending with a second
refinery stream. Such separation may occur within the reactor containing one of the reaction
25  zones, or in a separation zone distinct from reaction vessels.

Thus, unreacted hydrogen from the first reaction zone is combined with a second
refinery stream, and the combined feedstock, along with optionally added hydrogen
containing gas, is cascaded to a second catalyst bed in a second reaction zone, which is
maintained at hydrotreating conditions sufficient to remove at least a portion of the nitrogen

30 and a portion of the aromatic compounds from the second refinery stream. The feedstocks
may flow through one or both of the reaction zones in gravity flow in a downwardly direction
or upwardly against gravity. |
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maki2og iabout 5@8?@(130009F).| rEtecresitlath deddstodk rcontains ahigh capicerizptionidfout a

asphaltenes, making it a generally unacceptable feedstock for hydrocracking without a

 preliminary hydrotreating step. Asphaltenes may suitably be determined as the
normal-heptane insolubles content per ASTM D3279-90.
In the normal-heptane insolubles determination, approximately 1.0 grams of a refinery
25  stream sample is mixed with n-heptane in the ratio of 100 mL of solvent per 1 gram of
sample. The mixture is gently refluxed for a period of 15-20 minutes and then allowed to
cool for 1 hour. The sample is then warmed to 38°-49°C and filtered through a prepared
filter pad which has been pre-wet with 5 mL of n-heptane. The precipitate is washed with
three portions of 10 mL of n-heptane, dried at 107°C for 15 minutes, cooled and weighed.
30  The mass percent of normal-heptane insolubles is determined as a percentage by weight of
the original sample. '
Feedstocks usefully processed in the present invention are those containing more than

about 500 ppm asphaltenes, and up to as much as 10,000 ppm asphaltenes or more; and
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When t he abgve-described process is used to hydrotreat feedstocks to renove
~sul fur?  will include a reaction temperature between about 250°C and about 500°C (482°-932°F),

pressures from about 3.5 MPa to about 24.2 MPa (500-3,500 psi), and a feed rate (vol oil/vol
cat h) from about 0.1 to about 20 hr”!. Hydrogen circulation rates are generally in the range
from about 350 std liters Hy/kg oil to 1780 std liters Hy/kg oil (2,310-11,750 standard cubic
feet per barrel). Preferred re_action temperatures range from about 340°C to about 455°C
25  (644°-851°F.). Preferred total reaction pressures range from about 7.0 MPa to about 20.7
MPa (1,000-3,000 psi).
The hydrotreating catalyst for the beds will typically be a composite of a Group VI
metal or compound thereof, and a Group VIII metal or compound thereof supported on a
porous refractory base such as alumina. Examples of hydrotreating catalysts are alumina
30  supported cobalt-molybdenum, nickel sulfide, nickel-tungsten, cobalt-tungsten and
nickel-molybdenum. Typically such hydrotreating catalysts are presulfided.
The subject prbces's is especially useful in the production of middle distillate fractions
boiling in the range of about 121°-371°C. (250°-700°F.) as determine by the appropriaté '
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first angbpressurized and purified to remove contaminants, at least a portion of the unreacted

" hydrogen in the present invention is passed from the first reaction zone to the second reaction
zone at substantially the same pressure as the first reaction zone and without additional
cooling, except for the incidental pressure and temperature losses incurred during separation

25 andin conductiﬁg the effluent from the first reaction zone to the second reaction zone. The
preferred temperature of the unreacted hydrogen which is passed from the first to the second
reaction zones is at least about 177°C (350°F), more preferabfy at least about 260°C (500°F)
and most preferably at least about 371°C (650°F). Unreacted hydrogen from the second
reaction zone is purified to remove contaminants and recycled to the first reaction zone.

30 Reference is now made to the figures, which disclose preferred embodiments of the
invention, Not included in the figures are the various .pieces of auxiliary equipment such as

heat exchangers, condensers, pumps and compressors, which, of course, would be necessary
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first 2P eeBoMHYAqd phass components apdnprmally gasenusiphase-eomponestscont ai ned
W thin reactor py&s ifdmifive EhbodimeAs BRURchiffaction step is for hydrotreating a low

boiling refinery stream to reduce the aromatic content of a second refinery stream without

overcracking. A substantial portion of this light feed boils in a temperature range below the
temperature range of the first refinery stream, and generally in the middle distillate range or
25  slightly higher, so that the process of hydrotreating in the second reaction zone produces
substantial amounts of high quality middle distillate fuels. Thus, at least about 75 vol% of a
suitable second refinery stream has a normal boiling point temperature of less than about
538°C (1000°F). A refinery stream with at least about 75% v/v of its components having a
normal boiling point temperature within the range of 250°-700°F in an example of a
30  preferred second refinery stream. The process provides a method for hydrotreating a second
refinery stream containing a larger amount of aromatics than the first refinery stream.
Suitable second refinery streams include straight run middle distillate streams from a crude
fractionation unit, including straight run diesel; synthetic cracked stocks such as cracked
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st ocks aié theaecsrdaeictibn zonps. OWheh light feedsaare Efifloyed as thelsecond mefihenyistrgathj ght
and heavy cycle oil and coker gas Oitj ns froma

/ ;. deasphal ted, oil ;. Vﬁ% sttgﬂif;\
syntlhet jab optienal boters secyplg strpain tp the firglrenction zone wili Gentain SYSSEARARYRO ( he
second ref] lohd r&Fide pftpg-aﬂpll e distillate range, so that
addi ti Of@%&%ﬁégﬁgﬁaﬁél g %Q%é’hﬂgt I on %y cracki ng is unnecessary and_even
undesi r abl e, I Fég. 3 andRig.®, fisstirénetion comeffluentt120nis pessed de interstagg ragion 1% s

hi gh anounts of _.aromatics or _olefins, which cont.ribute . i r.ahl

T 0l o GiTBEoR RS reRRT Yoy St RRs esrs dpERbe Pl Bolst R o

aromat | %;%é&fﬁ&iﬂ %r@a&tﬁn"z@ﬁaﬁﬁ‘&férUéférSiﬁd?fh?d-irﬁfoﬁﬁ@é&inMe:h’mﬁbﬁTzoﬁdf&lml— ivity.
r

“of the ocracking catalyst were the hydrocracking catalyst contacted
Wi t 120t hSush ouixingand redistsibetionsimproveis acgstion efficiency and reduces theichangss 86d on t he

S ] SR b b o o R B8P kit o
m ddl e dirgdrh!s] At@mbiRidiFith BStictabBydibgeh doneaifing Stream 140 éoryning cembinedd t he
second feedstock 15, which is heated in second feed furnace 10 and passed to the interstage region
125. Hydrogen a&ded in stream 140 restores the hydrogen reacted in the first reaction zone,
25  and is not required if sufficient hydrogen is added through stream 170 to the first reaction
.zone, While stream 140 may include recycled hydrogen, it may also include make-up
hydrogen, depending on the hydrogen availability at a particular process location. In the
embodiment shown in the drawing in Fig. 1, the entire first reaction zone effluent is passed
_ for combination with the combined, second feedstock 15 at substantially the same
30 temperature and at substantially the same pressure as the first reaction zone. In the
embodiment illustrated in Fig. 2, the normally liquid phase components are separated from

the normally gaseous phase components in the interstage region. The entire vapor stream 130
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refinery streamare introduced as separate streans, to different |ocations
in the int egﬁ, t%&ﬁ%droconversi on process, rather than being m xed and
passed toget N&’ ugh both the first and the second reacti onf ZHHEYON@ e,
i ght fee . ' . opt | onal
o s b8 BLE it UBRAA e LEbATRELISH L AP i o 0

subst ant i pbitionuf thehyhrogerifos peaetion of secohd fdedsteclc®hd refinery stream In
Fig. 1 and Fig,_ 2, first reactiopn zone effluent 120 is passed to_interstage
A4 Hﬂlg@“

region 125, a rdgisespndfe imsomplaination with akleas & 1 pethe sffleant from ng
3 red . Y _ ; :
ey Car o e St icAiCH fbe' B (%6 S6cong EKLR SR PR ohifflaliR s RARMGORE 0T G

redi stsi betfficient forrconeerting atleasta poirfior ofthe vironmatics pessemtSintthe setoad efinedy
t hermal gradi engg.?or hot spots, in the_yeaction zone below. In the process,

second r efitsAmato dorm 3 secondireactiongpne effiyenty Sipes e dirsticastiopane efflugntisng
3 . ; P o .
Fur nace 10mceh PeG B TRGYEIL Sainfiais1o be Mihovba iR RPREGR IACAGEANNE, RS

. stream l4@eaction pomescfflnentipasses dwrgelyemchaged throtigh thierse¢ondasadtionzonen Blowder,
~and is not required if su.ffiﬁ)isent hé;ll‘;fotge? I s added thrfgg\gh stream 170 to

the first 3FLELNB N MEJRYCIGR; 108 PLeseRceoltae LF JeacHen gore ¢EuGRY RlaysApdmpgeant | t
may ahgo i - | h : L:abl Lty
T 187, WA Rl 4R R ek L LR BB GR,
"~ Fig. 1, t the dffluentearriessvith it aghstantial thermalfehkrgynhich ip passeditd the seconidi feedstaek
with the copbi.ned, secand, feedstock 15 at substantially, the sanme 30

© t enper at ufbihiPfersage regipn betwaep fhe fyo reactionzanes; fhis perm i?&_; ? coQlgsacend
- zone. I n theneiPedineated dysiehd dhe Yol (ﬂlgrw@e bd ltéguisﬁc% TR S¥ves' cAY¥uthaRl 85

. conponents are separated fromthe normally gaseou se conponents In the
" i nt er st agbeatingiconts. Psdhesacond feedstock passenthrafsh thd Second réastipnzere the t hout

or t1 on ol B Lslitishii TGRS 3R 15 QBediiG feton BorstedB e ot seaion
f eedst ockzéde. Havis@tHeiliyaid first effluentin the Sétond fRAELR Ser9ts 45Ehéh SinkCRhich’ om

the first reaction zone, is passed to second reaction zone 20, nalntal ned
at condi t moderates the temmeratusgtinergasedhrough thewgecond reaetion zonsoand thareféretrbduces

aromati csqr ' LRery St to form a .second reaction
Zone er 1 AbpaGRmed tho\eBRf SR ENGHER Tk bR petad, confelhh 3R aviaraRoR
. free of t prductsicavingihe sedondr€actiofivfelis firthéravailaiile for'exohdnge Wit ofer éth@ms -
first _reaction zone effluent passes |argely unchanged through the second

~ react #on FOHEMgReAEDSr Senerally.dhe guies temperatureof the sccond seastiongane will behe
first reapidhefhanffe Gitfet Hﬂﬂeréfﬁl@b?tﬁ@ﬁfs@&ﬁé 3R this case, the current invention will

afford the added heat transfer advantage of elevating the temperature of the first reaction zone

effluent for more effective heat transfer. The effluent from the first reaction zone also carries
the unreacted hydrogen for use in the second reaction zone without any heating or pumping
25  requirement to increase pressure.

Second reaction zone effluent 25 contains unreacted hydrogen, a hydrocarbonaceous
component and impurity gases generated during reaction, including hydrogen sulfide and
ammonia. The second reaction zone effluent 25 is passed to second separation zone 30, for
separating a liquid product from a normally gaseous product, often in a series of separation

30  units operated at varying pressures and temperatures in order to maximize the efficiency of
the separation, and to produce a high purity hydrogen stream. Ammonia and H,S produced
during hydrotreating are removed, typically by water scrubbing, and optionaily By scrubbing

using a sorbent such as an amine adsorbent. An example separation scheme for a

-]13-



10 " and unexpected econom c benefit in the integrated pr.ocess. Leaving the
first reaction zone, the effluent carries with it substantial thernmnal

ener gy, whWh994963¥assed to t he second feedstock in the interRITUYs990e4F80N
between the two reaction zones. This perm ts adding a cooler second stream

to the ildRsopvErsionpsacess istangbhin U Sarat Npsh08%53 b ahe entie dissleswrswés on

f ' . , _ _
second r'eh KAk Boafdticein B3 rbidfente SHAM puiieet, oFte ABESHAVRRNBIciglEa
exot her rhycanyaeavémionilaneansge.g)) by heatexcleanger 180c t Arieast ahydrdgeuirich gaseous i qui d

oter at CHERRA50ER 8 SSEPAIINL HERILSS e S ereR T the Spopnd cepriion ake 3nd
moder : . : : v eatt ‘
erg orﬁlengg%@gﬁ_rfc Gl gﬁé@g@ ik iéaymgqg?ggoﬂ&&#&foﬁ%ﬁ& ?]s%lau%lﬁ ai%%%&

ener gy cont inthe liquid reactio ucts 'l eaving the seco
react i orbotiohydrogen sulfidenand ammaohiab Acpreferred diydiogen eichigaseous bieeans 15EBrcB0IR0

o vt RS ar CESb e il it o Pk RS o Lo D258 b °C 1 3"
case, t ﬁwb!fiﬁtthépéﬁg%f%bdmh"cﬁf51521&1@93‘@ Reedohes! Tﬁ@,mggrti ant age

of elevating tthe tenpérature of the first reaction zone efflu or nore

ef f ect i vydtogen rich gaseous strééne 150 isl repressufieedthroughfdomgiressentfl, and distributdds o
carrjes the.unreacted. hydrogen for use in the cond r.eaction.zone w thout
iy Woadt GHOIE 155isrnip 18 protegt A ndinn: of gurte 50 5% he 5 Bamced o 850

. reacti OneRi0R zBhé 20'80'4 setond giérthfreati 198, C4dAEd b/l Q8CIhd réadiio 2RI 4HIaHe0US
conponent and inpurity gases generated dur i ng reaction, including hydrogen

sul fi de samg ofithaexcass ipatiremdhe gonegenerated bydhe exdthenmin hydotiestingrsaetivns o

gaseous rauae Eghy o Bl pAEBR T el Pt il b8 MG o bl ™ Y
varyi ng zehe 335564 fithh quérRhisaedth USSS Anhdaitibaal portiomsf Steath 185®isbinbiiedReith Of

the separation, and to produce a_high purity hydrogen stream_ Amoni a and
H2S 1§r odn@@dlmhnfdrwnrﬂidgbmeelaﬂhmérsamc emzaned 15; i additignabporfignof stream
scr ubbi | 1k ' r u am ne
adsor ben 9%@@%@3%3%@%@%%@0#%@ 4 B?P{gr%;ld?g%ﬁ‘%/ 'si on
process is t Begbnd liquid/stBeands cshiowiidn comBRatiod Withtfirst lantid steeath $33 sform  of
whi ch is incorporated herein reference for,all purposes. .The effl uent
ol s SOBPREIOIGuR B 0D 3 Dl 2t pareerian acticmation S0 ik Jibich S uRiEAl % 50,
At Ieastdis%niaﬁsﬁ-e&ﬁan..%ﬁgﬂaﬂg%aasnm@&mom%ﬂiaﬁsﬁemsqu&-.qgﬁéﬂaﬂgm.35 S
are recovered fromthe Second separation zone 30. 5 The hydrogen rich

 gasé@us aeoemord $guhmadistiliptionsobmusn d\ lighppreducband-atdeast one biquidipradugt drece  of
bot h hydr oge

both hyqLogen st i ea i A e AroRlril isitidbtll U5} S00GQYS St eam
number of distillate streams. Five streams are shown in Fig. 1. These include light product
45, light naphtha stream 50, heavy naphtha stream 55, kerosene stream 60 and diesel stream
65. A liquid bottoms stream 70, which contains unreacted and partially reacted products and

25 materials which boil above a target temperature, (e.g. greater than about 260°C/500°F) is also

withdrawn. Stream 70 may be recovered as product stream 75 for processing elsewhere, e.g.
additional distillation, treating in an FCC unit or a dewaxing unit for making a lubricating oil
base stock . At least a portion of stream 70 and/or at least a portion of one of the distillate
fractions (i.e. streams 50, 55, 60 or 65) may also be recycled to the first reaction zone 115. A
30 recycle stream 90 is illustrated in Fig. 2.
For treating a residuum as the second refinery stream, it is preferred than neither an

atmospheric distillation bottoms product or a vacuum distillation bottoms product be recycled
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" reaction-zone

and recovered at a temaerat ure in the range of about 38[err]C to about
- .149[err]C (100l err]-300[err]F) or preferably in the range of ahout
38[err]Cto m%?{?{" err]C (100[err]F-200[err]F). The now puri F?E’HSW@F‘%en

rich gase St I 150 is re ' . Eigﬁ ,

di stri but g«gﬁ?oérsf%a_téﬁ)} wrs {%%f‘f%#@“f‘- ﬁ’%;ég{éle)gsgw p%ériiﬁl1 %%g'o ST eam
150 may b@iétﬂlat@&tﬁﬁﬁnhﬁoﬁﬁ&m@&&e@dddﬁnm 20 as a second quench stream
145, added to the second reaction_ zone to absorb_sone of the excess heat

fromthe zone dRefeseneeis ney made wdyrther embodiments; illustratad in Kigs+3 andid.dasthich ag

t herei n. L4 1 ! . ' '
H5(3e4onaR 18 ahd A e End AR p0nC R 1 SeBhleREMTH st 8617 pnd

st r eams 15@0bsaredibie iimesstagetrbgidh is novk & fitst sbyatatisreroned 25aeparate fromttherchttost

reaction zone 115. An additional portion of stream 150 nay be i'ntroduced to

second redetseln zone 20 as stream 140 (Figs 1, 2, 3 and 4). Second |iquid

stream 35, shown in conbination with first liquid stream 135 to form

combi ned | i qui Fepd ¢althetfirsO@actionFioge comprisespitheroneg or oreoefinerytsiroams (mg. e,

SRl o Tetillat] ] one
at oS phr (M VIGHE FARcleiianS (e iiss O A4 ERY)- 364 Cobansfon F esiec gfams
di stillat isnd résycleeed. Fused i thepRstess, fiddt Fefiriery S@&dm 85 emgll et ot dnbGhrede

recovered. Fractionation zone 40, in the preferred enbodi nent, is operated
to prd@ucdesdsnunber of distillate streanms. Five streams are shown in Fig.
" 1. These include light product 45, |ight naphtha stream 50, heavy napht ha

~ stream 55, ker dadig ¥ firstaefifidy atrehm 88 setombinediwithFirstthitdrogendridhogdserns stearmam
- 70, which nt ai ns_unr.eact ed d rtially . reacted pr cts and, 25

mat eri al s Mfite %ﬁ!st'gesg clalﬁgr ¢h {segietln ,ﬁw@Pa??Gae‘ip@se@ Iafirskpout
260[ er r] Crofdibfzbhd 118.SSEERR 1M iy ensédn?ﬁﬁﬁlé(g&@%% @ﬁvéfﬁgﬁﬂe_ 185
© product stream 75 for processing el'sewhere, e.g. additiona Istillation,
treating ihydeogefSEeamlfS candcodtaming optional makeuprigidrogend5l uBirstaesdtiog zoné

one oft netld 12F B el Brom 12 ot 0GR lodr 1785 Slesd 0GR BBy BB b

recycl ed tyhiélfiowiskives b2 Hirdt RBpataithh Zohe sepfrate front theGeotst ve38¢Is. 94 vapor stream
illustrated in F or treating a residuum as the second refinéery

ig. 2. F
stream | t130@néﬂétgrétrlicsdd stneam £3$ aregecaveredifrornzhne 125.di sti | | ati on bottoms

product or a v mdistillati t1ons praoduct. b ecycled.-14-. . .t the
st T eact; on HhEREon st 188k AretEh 8 sinble ST SngRtan haiy i iRy
Rat her, a commhidi¢ation vith tFedtiid reaitionaht 20 BAd wigMEé GestiréfetioadonRefKr ence
is now made to_further, enbodinments, illustrated in Figs. 3 and 4, in which

a fir2P r &olowing sepaationsvapey steasn E3fhis pessedtp seeond seachion zene 20 atabstantially
react or VefSflessufdaf 8 %irst reaction zone and without substantial cooling. It will be recognized

that some incidental heat loss occurs in the processing vessels and piping used in passing the

vapor stream 130 from the first separation zone 125 to the second reaction zone 20. Vapor
stream 130 may further be cooled when blended with other cooler feed streams. However, it

25  is desirable to maintain such heat losses at a minimum, in order to save heating costs when
adding the vapor stream 130 to the second reaction zone. A preferred vapor stream 130 is
maintained at a temperature of at least about 350°F (177°C), more preferably at least about
500°F (260°C) and most preferably at least about 650°F (371°C), up to the temperature of the
first reaction zone.

30 First separation zone 125 is likewise maintained at a high temperature to minimize
heat losses in this vessel. In practice a target first separation temperature is the design
temperature for the separation unit, based on the design and metallurgical limit of the

materials of construction of the unit. Accordingly, the preferred first separation zone is
-15-



5 80b, and the interstage region is now a first-separation zone 125
separate fromthe reactor vessels. Feed to the first reaction zone
conpri ses wodherezcone or nore refinery streans (e.g. |ine 85PCT/USY/MHA78nDr e

recycle streans (e.g. lines 90 and 280% 0L .8 conbi nation of refiner
st r eansmaintinesiat @l temperatire pf atleastaboyt 3AE°F{13¢%as mors preferably iahleast abppleam 85

b ' : ' 108 ' : 85
e combo (oY HioSt Gfebibly sFRER abbid 6500 (12C), up'e e teipkigt OF Y
f eedst ofiist fedBtion/dtine/1155 [h 8@y evbnt, vaperestrebny 138de passed, withonnsutstintial ddoling
reaction zone 115. Stream 170 is a hydrogen-con%al I_n sﬁe m derj ved from
r ecyc| eaftey gepagations fordiendingswith aseeandiTalingTy Stream &R If“‘i%téﬂ Jenging Wit gen 95.

First rgagcti _ . : e first reactiron zone
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! d fromgzone 125. First separatdon zone
125, wheedie 205 wicBre msigingd o coBRiions SuficieBior SonRvsRIng hleast 8 PO Qf B
commin %@fn’gﬁ@s Wﬁ%%t Exl‘ﬁle%@&o‘?ﬁqeﬁﬁ&gts&@ﬂnﬁe 6?8 sédrld Yedefiok Bénd dffiaént2Bact i on

zone 11 OW ng separation, vapor stream 130 is passed to second
r eact i oTh@seeond feadtiorsziikteffitent 25 s separapaddn second separatonf Zanet30rintect vapor zone
and wi t hout substantial _coqlin

o ill b ' t hat i nci dent al

oot e e g sum b, bk by IS A A e A e

vapor saésg}qgéd]ﬁgﬁésp%@;g_fi rst separation zone 125 to the second reaction
ream

zone 20. Vapor s may further be cool ed when bl ended w th ot her
cool er feed streans. I11:28: kS ' 1 I j t
Tosses at a1 06 MARodiERAE Mfmalell i Big, SCeckiRd iR St BT ASCaMnEd ROTRS.
st r eam figild s@edrh @35 2mdnhe carabibed liquid streand 100 i passedo frmptionationezane 480 i s
mai ntai ned at a_ tenperature of at |east, about 350%@;r!5&157&@r%@, nor e
pr ef er aphichds typically asdisillatign sectioncpmpiging & fejag)ong preteddt y at
'ea?{ a@&&h%@@g&akﬁﬁsﬂyﬁm&t oﬁewafcﬁuﬁlfaﬁstﬁﬁﬁ@eeahﬂml.e _Agiigﬁmoaad@,sdt

reacti on zone. I'rst ‘separation zone 125 is |ikew se nmintained
at - a -hi phsttonepsiddle\distillate productiané a figaid Hottomsproduct miegesavsrad. Liquid pettamns ce a

ot t fi t. ' t t | t he desi t th
Separ at PR Seapaly FoBTPETSAEte dwesheertins BrPs FEISH At ini ! e
mat er iah?dr@f:arS&’fkﬁkﬁiU% 15361? BbéVe 4 iaﬂgeymrﬁdperdiﬁté?(@@; pgater thidteativue 5809F260PC).st

separation zone is -15- mai ntai ned at a tenperature of. at | east apout

"~ 350[ er r AF shawn freFig] 3)at lenst @ frpeticneofdiguid battamass L is geroyered for €r processing
" 20 asrecycle stream 90. Up to 100% of liquid bottoms 70 may be recycled. At least a portion
of the liquid bottoms may optionally be withdrawn through product stream 75 for processing

elsewhere, e.g. an FCC unit or a dewaxing unit for making a lubricating oil base stock.

In the embodiment illustrated in Fig. 4, second liquid stream 35 may contain materials

which are not desirably recycled to the first reaction zone. A second refinery stream 5

25  containing asphaltenes, e.g. a residuum stream, is an example feedstock which results in a
second liquid stream having sufficiently high amounts of asphaltenes to be detrimental to a
hydr;)cracking catalyst contained in the first reaction zone. Accordingly, first liquid stream
135 is passed to first fraction zone 40 for separation into one or more distillate fractions and a
first bottoms stream 70 and second liquid stream 35 is passed to second fractionation zone

30 240 for separation into one or more desulfurized distillate fractions and a second bottoms
stream 270. At least a portion of first bottoms stream 70 may be recycled via first liquid
recycle stream 90 to the first reaction zone, and at least a portion of second bottoms stream

270 may be recycled via second liquid recycle stream 290 to the second reaction zone.
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- 500[err]F (260[err]C) and nost pref érably at |east about 650[err]F
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whi ch r es GatakySt yplume may Tequiremutiple reagtion wessels Bﬂlm furthesrepognized ihatthe of

- asphal ten ' . I : 3%k in the
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first frahydrocomersionlfeatiionsseparati on into one or nore distillate fractions

~and a first bottans st.ream 70, and second |liquid stream3b | ssed to

~ second fracti oﬁgfirwezsﬁgwwéezaghq %ﬁlog%w’%mﬂ?ﬁ oA e bt of the
desul by i ﬁﬁlén@bxﬁ%ﬂitl?ﬂﬁsﬁé@‘iﬁé%ﬁﬁ?@f’&@yﬁﬂ&?@éfﬂﬁﬁx@&ﬁioﬂream 270. At | east

. a portion of first bottons stream /0 may be recycled via first liquid
- recycle stream 90 to the first reacti onExapple land at | east a portion of

Ond bt oD e A A B Rl Sk e oy b8 IR LTt 565 BablysE ™
(see Table I) A heavy VGO (Feed A in Table IT) was contacted with 5000 SCF/Bbl hydrogen
over Catalyst 1. A light cycle oil (Feed B in Table II) at approximately the same volumetric

25  flow rate was contacted, along with the effluent from Catalyst I over Catalyst II. Conditions

and results are tabulated in Table III.

Table I
Composition Vol % in
reactor
Catalyst 4% Ni/20% W /20 % 64
)| USY
Catalyst 3%Ni/21% Mo /3%P 36
i .
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Cat al yst
39N / 21 %bdve3vaie combined in a mixture,3@d the mixture contacted 'with 5000 SCFB hydrogen

over Catalyst A at the rate of addition used in Example 1. Effluent from Catalyst A were
then introduced to.Catalyst B.. Conditions and results are-tabulated.in Table.IIL..- - -
As shown by the data, the cracking activity, as measured by the conversion of 680°F+

components in the feed to 680°F- components in the product, was surprisingly higher in the

- process of the invention than in the conventional comparative case. Even more surprising is

the significantly reduced hydrogen consumption in the process of the invention, and the
increased middle distillate selectivity, where middle distillate selectivity is the volumetric

ratio of products boiling in the 338°-680°F range to the products boiling in the 149°-338°F

range.
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-17- Table Il Heavy- Light Cycle M xed Feed (Feed C): VGO
(Feed B) % Feed A + (Feed A - 48.5 g API
Gravity Vo Sorbfas’ 21.3 16. 3 134"'?"%%&8 &n,
ppm 716 - 1014 909 Sul fur, %
2.93 0.59 1. 72 Conposition Paraffins
19.0 12. 6 Napht henes 25. 4
21. 2 Paraffins/ Napht henes : 15.1 Aromatics
55.6 - 81.4 o 00 oefi s
3.5 Sinul ated Ejstmaticnsg)ézs . |[&"r]Be0.B/5 "
536/ 671 224/ 389 == &1/ 433 1080 | < o 710/ 786
437/ 502 472/ 479 |5& Z23 . 834 562
701 70/ 90 AP ([878/937 6pR6/ 706 - 808/ 899
95/99.5 96-H-403% -36/+86- 83441003
Conparative Exanplg I a cgpagat ifve e anpl e, the quantitijes off Feed A and
Feed B fromthe exdnplles a@)ve- i eFconfined &n m xture,; §dj{the m xture
contacted with 500Q SQFB |hydro 5 oydE Catll yst Alat tHeSratle of
addition used in angl e |1z Ef nt ffom Catal yst A [were |t hen4i ntroduced
to. Catal yst B.. Condi t}i ons and&%Esul ts|are tabuifated [in Tdble IfI1. As shown
by the data, the crlacking activit ~-aslneashred by the cogversilon of
680[ err] F+ conponents jin |t feed|to 680[erf] F- [conpgnentqg in tfthe product,
was surprisingly hilghdr ijn2 hesprocess| @@ the@inventijogg tham in the
conventional conparfatijve |c %\OV n nofe sufprisjing ijs 10| the
significantly reduced |hydrogenvcopsunption | n the prdcess |of the invention,
and the increased nmiddle|distillafe selectiyity,| wherle mddle dqistillate
selectivity is the |vollungtr)c ratijo_of [prodpcts porTijng 1 the
- / -
338[err]-680[err]F |rarge t@.’. tgﬂe prcﬁucg ﬁboo Iﬁrég @éhgé%ﬁeg] 338[err]F
= (. vy o o o o o
o |&°% |T |8 | |2 |8 |&
o # |
B =
8
2
*1 m
g 5
- &3 E
8 g + R
= b g5
]
m§ R
[
4
T HBHEE
By 2 o (] ™~ o™ ™~ o
5
(V)
8P ge | T Ta T 0 R,
2
Q [ )] Q L] Q L [3]
o |EslEg B dofoldo
o b ] ™ - ) b~

-1~



range. Example Il A bl ended Arabi an vacuum resi duum feed (see Tabl e
) was hydrotreated in a vacuumresi duum hydrotreating unit. Table |

Ar abi an Bl 3RI9#620um Resi duum Feed Degrees API PCPIUSPIDN478i f i C
Gavity, g/cc 1.04 Sulfur, W % pyampledl 5.73 Nitrogen, W %
0.47 N ckel, ppmu 46 Vi ppmat 105 Car bon
Resi due, W YA blended Adatfian vaculmadsidtuny ifedddsed Table I)Fmdh{ydtmdfawmragra&ﬁmﬁ are
shown in Eigu S bIe I1. Table Il Yields and Product Properties from
Resi duur FEsifehos iy deofreatinedmit, TP Cut ' LV Y%f
‘Sul fur,: Liquid P0| nts, [err]F [err] API VR Feed
W % Pr oducts Li ght CferrL 180 81.7 0. 36
0. 007 Napht ha Heavy 180- 330T ble I 56.5 - 2.04 .
0. 013 Napht ha Di esel 336696 34—5 13. 46
0. 068 Desul furized - 690- 18¢4bian Blend ViSudin Resuiuunﬂ?eedc 0. 259 VGO
VGEO Pr oduct 690- 1000 - _Desulfturfzed. 1000+ 12. 4
60. 10 . 0.900 Degrees API 4.6 o
Specific Gravity, g/cc 1.04
Sulfur, Wt % 5.73
Nitrogen, Wt % 0.47
Nickel, ppmwt 46
Vanadium, ppmwt 105
Carbon Residue, Wt % 24
5 Product yields from the hydrotreating step are shown in Figure Table II.
Table II
__Yields and Product Properties from Residuum Hydrotreating Step
. TBP Cut. | - : + - LV%of:| - - Sulfur,~ | -
Liquid Points, °F °API VR Feed Wt %
Products ;
Light Cs-180 81.7 0.36 0.007
Naphtha | _
Heavy 180-330 56.5 2.04 0.013
| Naphtha
Diesel __330-690 . 319 13.46 0.068
Desulfurized 690-1000 | 18.9 27.40 0.259
VGO
VGO Product 690-1000 - - -
Desulfurized 1000+ 124 60.10 0.900
Residuum '
Fuel Oil 690+ 14.4 87.51 0.705
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© Resi duum Fuel Q| s 690+ 14. 4 87.51 0.705 -
- 20- The S rized vacuum gas oil product fromthe residuum

- hydrotreati ng% :d}é s hydrocracked to give the products shownF § HU§R0478
111, Tabl e 111 THedesidfinizdd Paaulmg gasib pexdtictefiorh tissesiddumdiydiedt¢i@ing Rep was
Desul furized VG Produyct fromthe Residuum Hydrotreater TBP Cut

LV % of hydrocracked tergive thepreducts shown indgblgdl. ey F [err] API
- Desul furi ppmat  Products . zed VGO
Feed Li ght Cs-180 _80.0 8.51 <5 Napht ha
He : 180- 330 54.0 ' 3.99 ' ' <5 Napht ha
. Diesel 336696 26,9 TableIEZ- 00 o Dosulfudi zed
- 690-1000 | = ¥ields and Product Propere ¥y trottatking théPosulfififled VGO  [32. 3
- 5.00 50 Desul furi pgghuct from4He Residuum Hydrotreater - Resifduum
Fuel Ol B90F Tnjrapte rv the yrelrds and product pyoperties or
the overall jintegrated prgcessIBREGub | |isted. Thie beh¥f%tofo] t heSylfersent
i nventi on can be. n by 4 cogparigen betwgeg: the c .eptitled "1 V% of
VR Feed" in I@rb?‘é&‘ﬁ& and |n ThBRES K| Tap) ] st de for t hEPm
conpar at i ve |CHO8UC t h redi duum hydrdtreating wil hdd rogracki ng. Table
IV lists datjafar the invention lnclluding hydr rarE? g..inlthe jnteqgrated
process resul teg:im signifli can i dher yiglds [of na ha and di egel, {the
desired proaqqggﬁgji t he pi ocesgsxggd much Fg'l\?/er fuel 10 I oi | vyiel %? -21-
Heavy 180330 | 54.0 23.99 <5
Naphtha _ |
Diesel 330-690 40.0 74.80 <5
Desulfurized 690-1000 - - -
VGO ' -
VGO Product 690-1000 323 5.00 50
Desulfurized 1000+ . - - -
Residuum
Fuel Oil 690+ - ] -

In Table IV the yields and product properties for the overall integrated process are
5 listed. The benefit of the present invention can be seen by a comparison between the
columns entitled “LV% of VR Feed” in Table II and in Table IV. Table II lists data for the
comparative case, with residuum hydrotreating without hydrocracking. Table IV lists data
for the invention. Including hydrocracking in the integrated process resulted in significantly
higher yields of naphtha and diesel, the desired products of the process, and much lower fuel
10 oilyields.
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Table IV Overall Yields and Product Properties fromthe.- Conbi ned Process of

this Invention TBP Cut - LV % of Sul fur, Liquid

Poi nts, [ ewo0]9p/147626 [ err] API VR Feed W % Pr odBRETRAISPYPUTS

Clerr]-180 80.2 2. 69 0. 001 Napht ha Heavy

180- 330 54. 6 8.61 0. 003 Napht ha Di esel

330- 690 36—+ 3355 -0—-836—bBestt-ftr+zed——696=3000

- VGO VEO|Product 690 1000 Tﬂﬂew : 1. 37 - 0.045 _
- Desul furi 0, ,Resijduum

d
Fuel Ol 0ve@dio¥51¢1ds and Produa?iz Pwpemes from 8’6 C}‘Bnbmed Pr°°6559%(5h“?abl e V

shows that| the cetane nunber of the Inyentiop product was mjch higher flor the
i nt egrated process thanjfor ofparati ve pfoce onl i quum.
hydr ot r eatji ng. Table V [et am ex Resi duum lhydr 0%422 f|qrg Sulfi 45+
only Hydrqcr aCigui) procgss Points, °F 60-PAPIocéss MR Feed ifnventWobo
55+ 5 At Hoygducen! y spepific enbodinments of the present ijnvention hgve been
descri bed,["TumETOUS Var| ation can pe nade I n these egbodl ment's méhdut
depart ment| frbighthe spr|t ofCeh80 i 1venti§9ﬂ2antall 262nh \ari at® t|hat
fall wthijNaphthascope of the appentled clains &re intended to be enbrlaced
thereby. +422- vy 180-330 54.6 - 8.6l 0.003
Naphtha _ :
Diesel 330-690 367 | 33.95 0.030
Desulfurized 690-1000 - - -
VGO ' '
VGO Product 690-1000 323 137 _ 0.005
Desulfurized 1000+ 124 60.10 0.900
Residuum '
Fuel Oil 1000+ 12.4 60.10 0.900

Table V shows that the cetane number of the diesel product was much higher for the

integrated process than for the comparative process using only residuum hydrotreating.

~ Table V
Cetane Index
Residuum hydrotreating - 45+
only _ : _
Hydrocracking process 60+
Process of the invention : 55+

Although only specific embodiments of the present invention have been described,
numerous variation can be made in these embodiments without department from the sprit of
the invention and all such variations that fall within the scope of the appended claims are
intended to be embraced thereby.



WHAT |'S CLAIMED |I'S: 1. .An integrated hydroconversion process conprising: a)
. conbining a first refinery streamw th ' -rich gaseous stream
to 5 WOSO#7€6f i r st f eedst ock; b) r“ wﬁllg &ﬂiﬁﬂ t f eedBEHURIYWAZS

* S

. first reaction zone maintained at condi to effect a boiling
range conversion, to forma first reaction zone effluent conprising

normal |y |i oMHARHSCGI ABMEDISHt s and nornal |y gaseous phase conponents; 10
c) passing at l.east .a portjon, of the.normnall aseous phase conponents,
wit hout substar{‘riélmﬂtﬁ&q ,yq‘B‘F"_“b'F’@’r?&‘inﬂc?ﬁfh‘%Q"‘?@gond refinery streamto
forma second f eegp!@plbingly Fseiefiery rehfuANta FAANIURRENRIFaSERRMeam to

reaction zone, nmaintained at conditidons sufficient for converting at | east
a portfon of tHermadirsttfeedstookesent in the 15 second refinery

stream to form a,second reagtjpn,zone effluent. e) separati t he,.second
reaction zone eff Pﬁé?"i‘fsm%#%?agrls{ fégﬁ?cq%tosae{ixaﬁﬁa %%ﬁ@ﬁ?f‘%‘*@%ﬁ%@“gﬁ eam
and a second | isgfficlerftité effBet abvdlidg raﬁgsmtsd#efyfaoﬁtto kRasa ﬁ?stPéHcﬁbﬁQo% efflient

o] e

second hydrogen-rich gaseous stream i rst reaction zone.

2. The process campsisingmermellyliguic phase eampanentsrapdinormally gasepusiphdsenat i ng
t he second | iq%iogx %éﬁgm to format |east one distillate fraction and a
liquid bottons p L rf,’ and h) recycling at |least a portion of the liquid

~ bottome product tg) tgagsih kleasdt@fokticiiof4RE Rorndhlly gaseous phase J&Iﬁ}f)&{e‘ﬂ&?%hout
according to Claiml _wherein the entire first reaction zone effluent iIs

passed, wi t houtSubsigntiad geoling, fardilending with aiseeond tefinerytstreamde domal a sedander y
streamto formf@eﬁﬁ)%gnd feedstock. 4. The process according to Caiml
further conprising: g) passing at least a portion of the first reaction
zone effluent to d) fpassihg seepecend feedstétk to a secondaRAGtic bnk Oifintdnéd 4ti r St

liquid-stream and_a stream copprising the normal |y gaseous phase
conponents; -2 gonditions sufficient for converting at least a portion of the aromatics present in the
15 second refinery stream, to form a second reaction zone effluent;
e) separating the second reaction zone effluent into at least a second hydrogen
rich gaseous stream and a second liquid stream; and
f) recycling at least a portion of the second hydrogen-rich gaseous stream to the
first reaction zone.

20 2. The process according to Claim 1 further comprising:

g) fractionating the second liquid stream to form at least one distillate fraction
and a liquid bottoms product; and

h) recycling at least a portion of the liquid bottoms product to the first reaction
zone.

25 3. The process according to Claim 1 wherein the entire first reaction zone effluent is
passed, without substantial cooling, for blending with a second refinery stream to form a
second feedstock.

4. The process according to Claim 1 further comprising:
g) passing at least a portion of the first reaction zone effluent to a first separation

30 zone and forming a first liquid stream and a stream comprising the normally gaseous

phase components;
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h) blending the first liquid stre ﬁm liquid streamto forma
combined |iquid stream and i) frjmmmmﬁﬂsl Monbi ned liquid streamto
format | ewexooanezedi stillate fracti'on®and a"fitst |iquid boPCOASIPOMIMRICt. 5
5. The process ,aceordi ng, t aidn 4 _wher ei.n I . ' of the first
l'i quid bottons l@r 5@8@1”83’&" ﬁ?@@?@ﬁ%‘ntaﬁg h?el s%é?mf@@é? ?%én)a?é %dnfe%?mé The
process accogsinbihed Hqlddat@arh; and t her conprising: g) passing at |east a '
portion of the normally |iquld phase conponents fromthe first reactjon

 zone effluent ti) #Hationating bined liqpnd staeamn taform s leastronedistillate fraptionr eam

10 an . .S the normal |y gaseous phase. conponents;
h) fracti onaf‘?%%ﬁ?#glﬁﬁarl& |sd%+‘gg;§'t reamto format least a first liquid
bot tpms pr odgctThe pro€ess ucdordifig 8¢ Claimst wherpinrdt least aoportibe of thedfirst liquid d
bottoms product to the first reaction zone; 15 j) fractionating
t he secondotiogsipaodict isgaeyciedrtgthg HIst r@gldn ZpN€econd | qui d bott oms product ;

and k) recyck] |e§;méé§§§‘£ o?t_liﬂgrt(; b%anﬁﬁtﬂ&&?@gﬁﬂx .iquid bottoms product to

t he second reac n- zone. he "process according to Claim®6 further
conprising: 20 g) passing at lead) a petipn bof tig mmbByliquid phasetcomponénts fiomathel east
one distillate fragtion froqmthe second reaction ne.effluent to the first
reaction zon&rstgeacton zonest] E%“té‘&éz-ﬁ' is%ar?t&fm@%lem‘égm?%?ﬁrﬁ 1qf"l§§§fea§’oout

50 | % of t [TeTeTale s X labtcg poOI Nt -
ComiSr at ur e 50 8 SEGAE clibiIRE IcHiok BRI BASos ARSCRmBSIeL0 POINt
process accor dih)g fiacticflating ti® fivstligiid stréam tocfoomdit least akiasy liguid dottoins a

resi duum st rear&chnt ai ning greater than 500 ppm asphal tenes. 10. The
process accoPH §t’to Claim8 wherein the second reaction zone i s maintained

at condi tions syf _Eécg'bﬁig atl16ast # PYfRich oFthd B3bliqul Buitod Peoduct taehafiRpal t enes
in the second réfinéry Sstream " 30 11. The process according to

Cl ai m 1 wher esaction zdneast about 75 vol % of the second refinery streamhas a
norgpl boi 1 ng poight ;& SHRE A b SndPliqdif Stedil Ao RRAY leat 3eEbAd fradid BOREEE 1 P -
product; and '
k) recycling at least a portion of the second liquid bottoms product to the second
reaction zone.
7. The process according to Claim 6 further comprising:
20 1) recycling at least a portion of the at least one distillate fraction from the
second reaction zone effluent to the first reaction zone.
8. The process according to Claim 1 wherein at least about 50 vol% of the second
refinery stream has a normal boiling point temperature of greater than about 538°C
(1000°F).
25 9. The process according to Claim 8 wherein the second refinery stream is a
residuum stream containing greater than 500 ppm asphaltenes.
10. The process according to Claim 8 wherein the second reaction zone is maintained
at conditions sufficient to convert at least about 50% of the asphaltenes in the second
refinery stream.
30 11. The process according to Claim 1 wherein at least about 75 vol% of the second
refinery stream has a normal boiling point temperature of less than about 538°C (1000°F).
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- 24- 12. The process- according to O aim 11 wherei he second refinery"
stream has an aromatics content of greﬁummwﬂl ﬂ ﬂ 0% 13. The process
accor di ng t oWQ 99476262 wherein the seco el

b i s mai NPEI/HEM/PHT8
.conditions sufficient to convert at |east about 50% of the aromatics in the
.5 second refinery stream 14. The process according to Caiml wherein
‘the entire finst Tﬁ@ﬁ%&é&%é&ﬁ&g&ﬁ@lﬁiﬁml Wﬁeﬁ%ﬁx@@e&ind%ﬁﬁén?%ﬁbﬁh'lﬁshﬂ? safe
tenperature and at substantiall’y the sane pressure as the first reaction
~zone -for Dbl aroniatics eantdnt ofi greater than abott 36y stream 15. The process

-according to I 1 wherein.th cong reaction zone s naintained 10
OO bst it it TR arofbR s dtatng o TASRT 12, PEGHL B sfrbE e One s
-t enper at ur emaimtdif dticofditibROGiffiSidnttd tBnvekPat 1643¢ abiiR 5095 ofthe afdthatitstiRtel ai m

| wherein the nornmal | y gaseous phase conponents fromthe first reaction
zone &f f| uesecondrefinswysirea® conbi nation wit the second refinery streamat a

according to MSTRERRGssABRorAiR ity T whbkin the it rafidH 4 pentis
- condi tions gsdsédd atiselsﬁtaﬂtmwftﬁeesﬁnaegrgaahﬂe ahdBoibs@ntiAlSthe BamE prdssurkiak te

- refinery streamof at |east about 25% 18. The process according to Claiml
- wher ei n t hefirst yeaetionzong iforblgnding mwith the secand sefingry steasan-t i ons sufficient to
~effect a boili i . 9 0 . ..

The process adgoTu oS ARGrRE0 CliimF Wit B Sedthld Pititon Ane fs matuaidd

- vacuuen gas ishbsiaitiallg tife saficPressars drid v ssstaitiallf igesanie teimpetaogretas tefisst ur e
range 262[err]-593C. 20. The process according to Caim1l wherein the first
‘refinery stie@didnZORe-ai ns | ess than about 100 ppm asphal tenes. 21. The

process accor §j laBok 0l A seous 25
" streamis cooﬁggﬁ%eto&g%sgrrperat ?‘é@ﬁn}ﬂg’@%ﬁg@gﬁxﬁg&%%ﬁﬁgi éelrr] F and at
| east a pordomponerts fiom thedirstdreastionzoné giftuentis passetl foracombinaticn witinthes
recycled to the f'hé%&tsreaction zone. 22ii The rocessﬁgﬁ&ordi ng to Claiml

for pr oduci fgPng re UEAm ahp ieTppereues of gregter taen abopt 330hg o boi I'i ng range
Wi thig the terperidptobess abehRdiag %o CRERMN whdreinliie ﬂ?;&%%n%ﬁ@fs%ﬁlﬂtﬁ&d%a' m

1 wherein the first” reaction zone is maintained at 30 drocracki ng
reacti on cceotlitions sufficicot tociffegt abeiling range conversion of the finst refiverysipamausf &t r om
least about 25%.

18. The process according to Claim: 1.wherein the first reaction zone is maintained at
conditions sufficient to effect a boiling range conversion of between 30% and 90%.
20 " 19. The process according to Claim 1 wherein the first refinery stream is a vacuum
gas oil having a normal boiling point range within the temperature range 262°-593°C.
20. The process according to Claim 1 wherein the first refinery stream contains less
than about 100 ppm asphaltenes.
21. The process according to Claim 1 wherein the second hydrogen-rich gaseous
25 stream is cooled to a temperature in the range of 100°-300°F and at least a portion of the
cooled second hydrogen-rich gaseous stream is recycled to the first reaction zone.
22. The process according to Claim 1 for producing at least one middle distillate
stream having a boiling range within the temperature range 250°-700°F.
23. The process according to Claim 1 wherein the first reaction zone is maintained at
30 hydrocracking reaction conditions, including a reaction temperature in the range of from
about 250°C to about 500°C, a reaction pressure in the range of about 3.5-24.2 MPa, a

RECTIFIED SHEET (RULE 91)
ISA/EP
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about 250[err]C to about 500[err] d:’,’ml ”, " w ”msure I n the range of
about 3.5-24.2 MPa, a feed rate=*(vel h) fromabout 0.1 to
ia_bout 202/h[ver99447aﬁd a hydrogen ci rcuI ation rate rangl ng froRCAMSHVOBBD std
iters H i t [ L, ;

accor di ng Fi'ateavﬁr?i}/&ﬂg?%m&? a E@hgo %a{%?log'ﬁ %%ghy-g%%m n?‘gllﬁ%tgo i
hdeOtreatrhﬂ@in%%ﬁiamtgsmﬁtutlit&aﬂ érmtBQstﬂnte:&q{momermerature in the
range of from about 250[err]C to about 500[err]C, a reaction

pressure in 2heTheprgeess rceasding taChima whepein the secopd reagtian gong is spaintaimed ¢ 5t

angi ng. | A vaBEetRRdh ERaitont ThaRpH e s AR HnP LIRS of fo

25. Jhe prippRE3502CA8'aBMRSB00°C,d fhétich pmﬁwm thdvangé bBiboue 33240 MRu) & t he
second reaction zone and the first separation zope are contained within one

reactor vedesbtate (] oil/vol cathiﬁ‘ommubeéé@gbﬂlﬁéﬁ&fd%athddﬂganmrq alyiaten t he
are-cach: conns HRm fpul S50 HiGes EAGA 1780 S e Tkg ST Separation zone

25. The process according to Claim 1 wherein the first reaction zone, the second

reaction zone and the first separation zone are contained within one reactor vessel.
10 - 26. The process according to Claim 1 wherein the first reaction zone, the second

reaction zone and the first separation zone are each contained in a separate vessel.



