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PROCESS FOR THE UPGRADI NG OF THE PRODUCTS OF
FI SCHER- TROPSCH PROCESSES FI ELD OF THE | NVENTI ON The

wonsisastoddnvention is directed to a neans for PCT/US2004/034070

hydr opr ocessi ng Fi scher-Tropsch products in which
hydr ocracki ng of distillate range conmponents is
mnimzed. . BACKGROUND OF THE | NVENTI ON The nmajority
of conmbFROBESS FQR GHEUSP GRALING OFMEHEOPRODWAERS i s

derived fromc [, r r ever al
limtations tobﬁgﬁﬁﬁ%ﬁﬁd’ﬁ%ﬁﬁ%bgﬁ‘gﬁgs rce. For
exanple, crude oil is in limted supply; it includes
aromati ¢ conmpounds believed to cause cancer and

cont ai ns sul fur and!BiPrHydhttoM\dENTHANcompounds t hat
can adversely affect the environnent. Alternative
sources for devel oping conbustible liquid fuel are

s insdbhteinvditionbis rgabtedsioW §@ahs foatrabradassinghe
conversi on of natural 8as to conbustible [iquid fuel
Yy

rigpheal rapschwspdiesds Fowhishthvidgoeraekinatal dégtilgtesranghi ch
i et b to synthesis gas, or syngas, which
@ﬂggﬁnéétt%d%@?ﬂ%%dr'bon nonoxi de and hydrogen. An

advant age of using fuels prepared from syngas is that

they typically do not contain apgr eci abl e amounts of
ni trogen and SMQ@Q%@;@E\TH, I EMEION Nt ai n
aromati ¢ conmpounds. Accordingly, they have |less health

and environnental inpact than conventional
Pt ndjenimdiasadustielediquidl Sehesed noipeckody tddagds sleriged from

referr nmeans,.for convertjng, syngas to higher .
e g‘?o‘%%Yegrhiheﬁ?/éF%é%lY%%L“rg‘F%%h’%tt@.USP?%EW«S’@-%%%@ &yl
SHMEBEFOP ekanPld, RRuREH %ﬁﬁtﬁ%iﬂé@d&rmm Wﬁh&l‘uﬁ@% ahstc
produce a large quantity of wax, iI'ch must be
¢tydpoprdceslisyedtto cpriesicdecer and contains sulfur and nitrogen-

containing compounds that can adversely affect the environment.

Alternative sources for developing combustible liquid fuel are desirable. An
abundant source is natural gas. The conversion of natural gas to combustible
liquid fuel typically involves converting the natural gas, which is mostly
methane, to synthesis gas, or syngas, which is a mixture of carbon monoxide
and hydrogen. An advantage of using fuels prepared from syngas is that they
typically do not contain appreciable amounts of nitrogen and sulfur and
generally do not contain aromatic compounds. Accordingly, they have less
health and environmental impact than conventional petroleum-based fuels.
Fischer-Tropsch synthesis is a preferred means for converting syngas to

higher molecular weight hydrocarbon products.

Fischer-Tropsch synthesis is often performed under conditions which produce
a large quantity of Cao+ wax, which must be hydroprocessed to provide

distillate fuels. Often, the wax is hydrocracked to reduce the chain length, and
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distillate fuels. Oten, the wax is hydrocracked to
reduce the chain I ength, andthen hydrotreated to

woedusmns20aygenat es and ol efins to paraffins. ApChnmSgw4/034070

sone catal ysts have been devel oped with selectivity

for longer chain hydrocarbons, the hydrocracking tends
to reduce the chain length of all of the hydrocarbons
thenthyerdtessded W esad wdeeokyarmhaiterc bl ekefimgdo gaeaiiions Althaigh

S CelSied nate éﬁé@ﬁv%ﬁﬂﬁﬁgsﬁfra%??%)rhé’e@érhﬁwam
IKAOOGRORGI G AHAYRBIIAEALS Lo KA 18 GHMARRAFBHSI of the

to provi for "hydr oprocessi ng
fﬁrch'od:@*boms afp‘emhfamix Wheaﬂhaﬁe&dnnzwaswmdar@onadkatr@"e

d b t distillate,.f . Th
el F SR oty v st Reit Bt f %enodar . o
@058&@33%9 qHF 86 5 B§d R CEBHHS |§funﬁ)égfré’lé’léoce$5| ng
I scher-Tropsch products w thout overcracking

distillate conponents n this schene, however, all of

Lh i d ked ,mat e nmbi ned wit h
i RGHIER® Rt an PiPROS I8 Bh S B SR iBR oF B Rttt o
ra;@ghéwh@@g@re b hHrainiBRee dhe TReFRrhsking of AleFfcta@edhs in
separation step follow ng hydrocracking, as in the

thastistilets fugbrarasn. Te Sreseqt investiop, reuides sUghgBebvss.
hydrocracki ng a VG streamin a hydrocracki ng reaction
zone within an integrated hydroconversi on process.

EfS. IRegnof 6,668 1185 Higdioses ackieads bERHiopRoZsrtnd S
conbi ned, w thout interstage separation with a

ht
RisehRlt | loPsehPEIGH g Witbey! @Y@r@@ﬁk%alst!}h%tem%ﬂ@%én s. In this
Meﬁ%“m%vé;vkéﬂfé?lt6%%%%4@%2&%9&&%@maﬁérra?%ﬂrtéc%ﬂnbuﬂed
e [uent s eat sin

zone drocr ack erves as a
Wit lighter h)aﬂermls esticmgs Fesobier-0 noEsumecontdensiatd egd atuedequently

WeEeAlPd: TSI Pa iFeRade Sopdatan Seade cuine ietrgecking,
élgwinsthgqrqﬁgm ihPem@dn.di rected to hydroprocessing of

Fi scher-Tropsch products, as is the instant

U.S. Pat. No. 6,224,747 discloses hydrocracking a VGO stream in a
hydrocracking reaction zone within an integrated hydroconversion process.
Effluent from the hydrocracking reaction zone is combined, without interstage
separation with a light aromatic-containing feed stream, and the blended
stream is hydrotreated in a hydrotreating reaction zone. The hydrocracked
effluent serves as a heat sink for the hydrotreating reaction zone. The
integrated reaction system provides a single hydrogen supply and
recirculation system for use in two reaction systems. This patent is not
directed to hydroprocessing of Fischer-Tropsch products, as is the instant
invention. Furthermore, there is no interstage separation between the

hydrocracking and hydrotreating stages.
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invention. Furthernore, there is no interstage
separati on between the hydrocracki ng and hydrotreating

woereg@s28UVMVARY OF THE | NVENTI ON The instant i RCEMIS2@M/034070

is directed to a nmeans for hydroprocessing

Fi scher-Tropsch products in which hydrocracki ng of
distillate range conponents is mnimzed. This results
in reduction in SapINMARY @FesHiENVENaI®Ncul arly for

| arge scal e plants, red uction in operating costs, and
an increase in production of nore val uable products.
ﬂk?lds’ﬂé’rﬁﬂr‘i\}é?ﬁloﬁ%’d@@cté@"t@a ARkbhs %ralﬁyd’ro? as an
I nt egr at ed hydr oconversi on process for tre ment
lascrmrsﬁn@@sehpmcn 1pwﬁddchydrmolsllnggafail$tulham range

drocar.bon_st.rea and a s

e Sie S HEaR SO g del Nt B fiestment,
PrBs@aRy b Re Rbld Siakts, ¥éM3u@t¥cﬂ9i¢15®pe%ahN§ cestsa el ng
stage and a h drotreati ng stage, each stage possessing
inerelesadn perrhiciienef more ¥eliablemeediaist he process
conprises the follow ng steps: (a) conbining a first
hydrocarbon streamwi th a first hydrogen-rich gaseous

Tig paantion hrybeambrd sarticeladst 9sscribdd) adas smtegratbe
first feedstock of step (a) to a hydrocracking

yelEREQNYISrIBn OroGRRE dor g tm*tm@t@é %&herﬁﬁdpgé@fa@md@ts
ﬁ&[]@inb' Dicst h&@roﬁ:?(ﬂ@nastlté\éﬂ{ 8;%(@@ @%ra[é/g%g Efal d&)tnd

conprrsing n 'y 11 quidp S an
maroed rbyn géreeousrpbvéisiey e copaiezhs, the proesss ingvihdat least two
% drocrae¥in§ one effluent o steP (b; to a heat

5@%@@ raprasing slagst auiie Havjelsatio slga ©acs aat ed;
AihoRSHBAIG oD SAROBRE SuRhck oSk 8 LI e
fokgwiogrdbéps:ng t he vapor streamof step (d) with the
second hydrocar bon

(@) combining a first hydrocarbon stream with a first hydrogen-rich gaseous

stream to form a first feedstock;

(b) passing the first feedstock of step (a) to a hydrocracking reaction zone,
which is maintained at hydrocracking conditions, to form a hydrocracking
zone effluent comprising normally liquid phase components and

normally gaseous phase components;

(c) passing the hydrocracking zone effluent of step (b) to a heat exchanger

or series of exchangers, where it is cooled;

(d) separating the components of thhe cooled effluent of step (c) into a vapor

stream and a liquid stream;
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streamto forma second feedstock, the liquid stream
of step (d) being passed to |ubricant production or to

woéuodshazoopr ocessi ng for manufacture of fuel an#Ccdiussmh/034070

products; (f) passing the second feedstock of step (e)
to a hydrotreating zone, which is maintained at
conditions sufficient for reducing the content of

&)l f esmbimirtg m@euapoawg@ﬁabﬁﬁe@r(d) unﬁah@ Fs@b@ﬁd B/ ERIrbon
In the second hydrocarbon strea

hy dr 9{eaae ﬁgrﬂzaﬁ@mqﬂ fergtock, g}yeé@wr%maﬁg of géep (d) being
hydfﬁéés%%ﬂtbwbﬁ&?\ il dlud«d%ﬁtorq fﬁHﬁQr f ehéﬁhg 8r hleksbture

stream conpri si ng sec " ogen-ric
gasaﬂU@eSambdM£eKm®dpa&§|ng t he Iqu|d strean1of step
(g) to further processing, and passing the

hydr ogen-ri ch gaseous stream of step (g) to further

ggpaﬁﬁéélﬁ‘mé’ée‘boﬂd'fé@@éto@b(%"f %gc?dggegg @%@gﬁgét n%; 56A which

a stream conprising |1 qul
r ecyislmaigtained ebsandiiqoe suffinicot fdﬂTedhg/udgdgermontem of sulfur,

and Ry apetr EaOFRgteS s s o DRestrsT the e
FI GURERoEABBh &trbah, |té’$6rrn@taer%/dr8ﬁe§m§g Eorf]é @m@%@ene of

the preferred enbodi nent. Fi'gures 2 "and show
vari ations of the basic fl ow schene. DETAI LED

D e e P RO SUL Bt B ol o ey Bl R GOR stream

r eacamnpriged eratlucys ame lausissond hattbgéh-aichiRizebab $®ream;
known as a condensate fraction) and a heavy fraction

(al so known as a wax fraction). n the instant

v [ ey
o PR R qd A <8 OB RS DR8N ERE, pBiaRoing
of Itthe Hydesbdreri¢thgadealrostreanearf.stdh ¢)tofdensaseparation into a
I nc u?]??wydrogen—noh gaseous stream, and a stream comprising liquid

products; and

(i) recycling at least a portion of the hydrogen-rich gaseous stream of
step (h) to the hydrocracking zone and hydrotreating zones.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates the basic flow scheme of the preferred embodiment.

Figures 2 and 3 show variations of the basic flow scheme.
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hydr ocar bons boiling bel ow about 700 F (e.g., tail
gases through mddle distillates, with increasingly

wenmisioszodanount s of material up to about C 0), PCT/US2004/034070

preferably in the range C -650F. The waxy reaction
product includes hydrocarbons boiling above about 600
F (e.g., vacuumgas oil through heavy paraffins with
i ncr easi nglRDESARBRDESGRIMTIONT Ofal B AVEMWONo about
). Wien the gaseous reaction product (part o f the
condensate) fromthe Fischer-Tropsch synthesis step is
bdg cool ed and condensed and various fractions
collected, the first liquid fractions collected tend
to have hi gher average nol ecul ar wei ghts than

TR BRI wob e R Tptran et o8 HestEmieddna h B3 reactors
Wr@ﬂ%ﬁrn@@{d% 4 ngipreidien (8156 kAGBun H9h ®rIBRLSte ﬁéétggﬁsand a

m petrol eumrtefining. The light fractions can

feemnyi frasmdionf(alsodsoamnl @5 awiepdragitian )arln thedtstanisnebntiomete
fromthe fract.i onal istillation of crude 0il and/ or

Vo2 TRbES EABbbs St Bt it b ol Rhodibitribte
ddragiided s p6ABNT thO YR Uhe hoH rEfaamRl € Thel ddhdeds¥te includes
crude oils, crude oils and/or slack waxes from

hystreearbans bebinibetpw Ao del®X Mg epéaibgasassthraigh migeie

Ji Qe ABkEZsingy REetE Rl ot ela REE AR S)
@preterbipiic dhéd yarleeS£06501M Pinawakytreattian pteasst ivdodés
5.0 wt% of the fraction. The al cohols are usually

IpdEQeaTPOD® balnaAbeMe abppt €@l My 8- apcHersgaRBbiiroygl heavy
Ol IR m_cre%%ﬂg%%ﬁera GRLAREI I Soae AL On)

rtions int drocracking reaction zone
a reaction tenperature between about 250 C and about

\IBs0ihe §assans castiol 5T pan Of Biricadets b e er
RéHeror roF%t‘F;]h 8Inthe Q88K hglcbBIRAPMY c89dénsed M 08RBus

circul at
fractions collected, the first liquid fractions collected tend to have higher

average molecular weights than subseque nt fractions.

The light and heavy fractions described above can optionally be combined
with hydrocarbons from other streams, for example, streams from petroleum
refining. The light fractions can be combined, for example, with similar
fractions obtained from the fractional distillation of crude oil and/or liquids
recovered from natural gas wells. The heavy fractions can be combined, for
example, with waxy crude oils, crude oils and/or slack waxes from petroleum

deoiling and dewaxing operations.

The light fraction typically includes a mixture of hydrocarbons, including

mono-olefins and alcohols. The mono-olefins are typically present in an
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rates are generally in the range from about 350 std
liters oil to 1780 std liters H/kg oil (2,310-1 ,750

weoetensdaro cubi ¢ feet per barrel). Preferred reRCriuszn4/034070

tenperatures range from about 340 C to about 455C
(644F-851 F). Preferred total reaction pressures range
fromabout 6.9 MPa to about 20.7 MPa (1, 000-3, 000

aad)int dtheddt@abpuies Orwidll of tiafrgstiorsyShemlcatolhase beeally
found that preferred pr ss condi tjons_jncl ude

G RPi BOWDYRIEAb Ot SRaSTRRU Cap IR /ngEFSSEN under
hydr ocracki ng conditi ons conprising a pressure of

about 6.9 MPa to about 20.7 MPa ( , 000-3000 psi), a
Ganditions 1 HyditdavableingeBtagabout 379-909 std liters H
7kg oi l (2, 500- 6, 000 scf/bbl), a LHSV of between about
0.5-1.5 hr" , and a tenperature in the range of 350C

ROaddAdrfiRns§98R hy&@%cwr@lfedcﬂoh %n@yﬁemgéa& Kdd¥%ion

stage are sufficient"to effect a ing point

t@mp\eéatyr@heiwee@tahoelégﬁoﬁwdmmté@@l ¢ Béﬂmlé@@z.%ﬁ% and

ARG T BRAM A B REePalRe RPATREF BEbY el 8hd feed

re@penemt/sl catal &‘o)frsébout Oy do edioac RONg 15&%@1’4‘0@'@@ circulation

hydr ocr acki n[g stage and the hyd rotreati ng—'sta \é

'8 r@cﬁﬂfbﬂrﬂydﬁéh%ranﬁﬂféoraaam%?@ stel litgyised2/kaRil ad 780 std
oy

B of P ALT80 ) SHRN e B B B

rbagzmwstenhmrehmeis:Eur@ieyfscﬁm%&Muﬁmoa@eowm@hﬂ55f©r(644°l: 851°F).

S. Pat ent . 4,990, t he di scl osure
SERalhe Slotaldersiiinarsiiea RBsRIIMbRDPLt B.AMER PADGH!
y.4sl 4 W@gl by droney dGKi \Wi’th%&%r&%r?ed@@t st E?é eH‘ethas been
hydrocr acki ng’ st age’ are wel'l' known. n
oyl Swatacsderrgd q:mmcmwsxonddwms inekida mrﬁacktmgga tyopmrzebon

R PP R BRRasr e BV RS R RBo Corabivm CHBg e Fude
REsAUBPRBYEt 6.0a: B aBOHPLO&NIPANE/ §50-8000 psi), a gas to oil
ratio between about 379-909 std liters Ha/kg oil (2,500-6,.000 scf/bbl), a LHSV
of between about 0.5-1.5 hr, and a temperature in the range of 350°C to
427°C (662°F-800°F).

Conditions in the hydrocracking stage are sufficient to effect a boiling point
conversion of at least 25%, preferably between 30% and 90%. Conversion
involves breaking the relatively high boiling molecules of the feed into lower

boiling components.
Catalysts - Hydrocracking Stage
The hydrocracking stage and the hydrotreating stage may each contain one

or more catalysts. If more than one distinct catalyst is present in either of the

stages, they may either be blended or be present as distinct layers. Layered
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zeolite, such as a Y-type zeolite, an ultrastable Y
type zeolite, or a dealum nated zeolite. A suitable

wanrspazes cracki ng conmponent is silica-al um nBCT/TIS2004/034070

hydr ogenati on conponent of the catalyst particles is
selected fromthose el enents known to provide

catal ytic hydrogenation activity. At |east one netal
caigheheydtessl arettaugtity fametkaenf®,doiJ . iRatéhURAC4 990,243, the

d/ f the & | UPAC
Q%@Eg on& {" ”E@o%oga%&h@ér%ﬁ by EiGeante @r@(blpou;'poses
h up
EHTRA T SRS P ITL ORI SO B S o, i
gam@@h iterhydivsdiaking patblyat comprisssiaucnackingdiamp@mnsht and a

R paE e oB OBy SR PP asdiRl 0 R 1he
akRKing ]&%ﬁbhéh@hgiv|n@md@feﬁ"%’mM}dHod@&@ck&%ﬁ%é@and/or a

and from about 5%'to about 25%b
AeQlie, BehpneNtlys} zeekiec anatlteastablaﬁéttwe agolite( sy aper 0

IE b 2oBbual s afBiBudie rraE G erahonsrt Bne
sidtabistinhef ore sul fiding. The hydrogenation

conmponents in the catalyst nmay be in the oxidic and/or
the sulphidic form f a conbination of at Ieast a

ﬁlé’bﬁgr\%gﬁgﬁoﬁ BUR§M|Afltpg%é Xl%’c%%r?g%gtl% cf frgm,@ose

tleeaniekhovn rt@prdVdIia)Cﬂp@Atlclh‘;'drdg@r’fBIWrD@dtﬁ/ﬁ?l 'Ki Ieast one metal

conpmttissl et ToRubeaer Lo BIPACaNg st @lements andlor
ﬁ@rrmﬁ@@}bﬁ o) ( mm(@#f& r@lém Entd! 8RS LER QI MBsBh. Group v
mor e conpo ent's of pla man P67 pa
@am%hgludemrmmmmum mbtylbellenamobmmltmmm@mernupKﬂll Adflents

e %%mﬁ%%ﬂ?q‘ﬁ?p%@@%feé&% idigm
LAY PRINGR, o B OSRSG RIGDIALS Btoffe Y B
suitably range from about 0.5% to about 10% by weight of Group Vil metal
component(s) and from about 5% to about 25% by weight of Group VI metal
component(s), calculated as metal oxide(s) per 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 catalyst may
be in the oxidic and/or the sulphidic form. If a combination of at least a
Group VI and a Group Vil metal component is present as (mixed) oxides, it
will 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, platinum and/or palladium are

particularly preferred.
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Exanpl es of suitable binders include sil | ca, al um | na,
clays, zirconia, titania, magnesia and silica-al um na.

weénefs@szmece i s given to the use of al um na as BCHAS204/034070

Q her conponents, such as phosphorous, may be added as
desired to tailor the catalyst particles for a desired
plication. The bl ended conponents are then shaped,
ﬁéiﬁlyasodjycl@ﬂ@ catsln pagtidlesdofadhis ioedretiordnayt be prepared by

PERBEE B eialfab a8, bhEE bRt meldaain a binder
Shthinphd cofr@titersbiatic Ry iBpaHE RIICENSIuATREPBRYS, E|?éc§Hl¥ Stitania,

particles include preparing oxi de bi nder particles,
giagnesia ayd efica-alinaina. dirgionencenia gbve itmiirgyusé of Bhurida as

B PRI Qi ey BRSBTS R0l ] o
tataiiby $ie @RalEChOSCcleeddt AUBSIRS RS idIMHLIBREbiMed
nmetals, are then further dried and calcined prior to

Gempasenisiyatorn seaped suak @B;bytextr@@r@n,tdrm%d calcined at

I teGRS B P8 L1200 ¥ REBRRLE rlsu o B Bk Borticres.
Ahemah%lggemal%@t@bl@m@th@@i%aﬁWr@i&ﬂhgﬂ@@ﬁ&ﬁhéu@ﬂétalyst

econd hydrocarbon stream The hydrotreater w |
glﬁ%ﬁéﬂ@tl dg nrmrnq@ﬁ%bmd@f pattisas. t%hhﬁ}ﬁjbb@(ﬁdﬁl@ﬂ, drying

PSR, OSSELAL AR B I 50 .o
p@ttml@nabismg moelibods edclﬁ)asnrhﬁrmltlbm O e c?@ll;&s& ipeetidtes,

nore reaction zones.
FBATInG Weghy FeSalcer ARG, e ebrir Bsa driecoagh celsined prior
fordsd 498 A ﬁﬁa(\;\k,h%cg%]%@ the region of 0.1 to 20 hr

l'iquid hourly spac ocity. Hydrotreating conditions
typically used in the hydrotreater will include a

8Bl AVBE Gedf sB80s om about 2.1 WP to about
24.2 MPa (300-3,500 psig), and a

The hydrotreater is maintained at conditions sufficient to remove at least a
portion of the nitrogen, oxygen and unsaturated compounds from the second
hydrocarbon stream. The hydrotreater will operate at a lower temperature

than the hydrocracker, except for possible temperature gradients resulting

. from exothermic heating within the reaction zones, optionally moderated by

the addition of relatively cooler streams into the one or more reaction zones.
Feed rate of the reactant liquid stream through the reaction zones will be in
the region of 0.1 to 20 hr™" liquid hourly space velocity. Hydrotreating
conditions typically used in the hydrotreater will include a reaction
temperature between about 150°C and about 500°C (302°F-932°F),
pressures from about 2.1 MPa to about 24.2 MPa (300-3,500 psig), 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 Ha/kg ol
to 1780 std liters Ha/kg oil (2,310-11,750 standard cubic feet per barrel).
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feed rate (vol oil/vol cat h) fromabout 0.1 to about
20 hr"1. Hydrogen circulation rates are generally in

woheosriamge from about 350 std liters oil to 1780TAIS2004/034070

liters H/kg oil (2,310-1 ,750 standard cubic feet per
barrel).Preferred reaction tenperatures range from
about 200 C to about 427 C (392F-800F). Preferred
Patferred emntiborherppelﬁumesangmg'errﬁ aboubPOLTC 6 abdA26 C

BB e el O B0 e s S R At et i o vip

tBy ol DB MPG (GUUALE 0BDDsiCat al ysts known for

hydrotreating are useful for the hydrotreater. Such
hydrotreating catal ysts are suitable for

f f d |.fur
e R R e R e e PR
@w&r@ﬁtr@j YSHdRicIRNaT Ably¥tsCati fordly dr@ﬂéétnﬁ%@ré@é@hl for the
onponent sel ected from G oup VIII (1 UPAC Not ati on

fmﬂm«aa‘@f Séa&hy@’@éreﬁﬁm@pa@@fmﬁé@usué@bl@o‘oébycﬂrp@ﬁﬂva@lon of

BhEHBal enbelitnPThE] ORBksTPTR Rinteldhr GasB IR T

rAbREBRsS SLTUh' caﬂaystety@nemwaioht@ﬁcbmeggt&bne WithleednfSonent
nobl e netals, eC| a | adi um and/ or pl atinum

St Toe st T LR CONDEIORS AR LARash Ao B
h
i 6@;?@:{5”@ Se é&téﬁ%ﬂﬁﬂé %rf)@?l OK@J %ﬁp%%t%ilgnf%l@aﬁnté. Sroup VI

s as rogena
glemieaty xedludémmmmrmtrﬁelyb@énmychmg&m@st@n Goopw MélhEe(eshents

N h bl b 5%

e ook el R el patom
FHiflorf BIafM@AOHE %@lhauaeg%loﬁé%wcwmudﬁ F%re%wer

net al con‘ponen%/ , calculated as netal OXI\g s) per O

qiermestmw W@ fgtdtrotmattngt cdtalystt abgsif thednebee ntetals as
ase t he wei

R SR ol el it Gret3REd he g of Ryt 8nation

(ts:f; in ihetdé‘?alyﬁts@ltﬁﬁﬁy rERYe B rh ol 0239, db @baRe4 65 by
the sulfidic form a conbination of at least a Go

up
weighhel Graapody metal Cfn@pane@tfmmmaﬁ@m gbout 5% to about 25% by
weight of Group VI metal component(s), calculated as metal oxide(s) per

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 catalyst may be in the oxidic and/or the sulfidic form. If a
combination of at least a Group VI and a Group Vil metal component is
present as (mixed) oxides, it will be subjected to a sulfiding treatment prior to
proper use in hydrotreating. Suitably, the catalyst comprises one or more
components of nickel and/or cobalt and one or more components of
molybdenum and/or tungsten. Catalysts containing cobalt and molybdenum

are particularly preferred.

The hydrotreating catalyst particles of this invention are suitably prepared by

blending, or co-mulling, active sources of hydrogenation metals with a binder.
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present as (m xed) oxides, it will be subjected to a
sulfiding treatnment prior to proper use in

wayadsgszmat i ng. Suitably, the catal yst conpri seeTmiS2008/034070

nore conponents of nickel and/or cobalt and one or
nore conponents of nol ybdenum and/ or tungsten.
Cat al ysts contai ning cobalt and nol ybdenum are

BaainbRid dfrdutapledfigddredncldde shivarQuimaad clgys; aint’dohﬁi tltama
particles of this invention are suitab bl prepar ed
magﬁawﬁgandosﬂl@oalmma nfrefaeancgds gty@ﬂcfés%@ruse of alumma as

[ £
YA LB AR EALE oh B RHBLEAS EXA) 68 i as desiec
0 tadontha, cattalystryaaticlenfresdesimudamilicattenal TUre blended
Pr ef er ence |§}ﬁ%sven t o the se of alum npa as_ bi nder.

e RPN AT shafigel saeh g §|§]¥HP§‘@§1 P galgHechat
I
TS ub R pa010 ATt BlodBes e el cfphRE RaRfies.
Alh@nmaagelpyewajlylmtahle rde‘uhedsawﬁdreq:ﬂrmgwm armorphous catalyst
terrEerat to 649 é 00 F). ceﬁg the q
PR RCIAR RISPel N 4Ge PBUST priticlesat HoRISP, DEgRIEIFIgN, drving
Shd EARIITROIRRAR 19 dBHEHAR b KRBoGEMA RO HSetERIGH ¥R oxide

particles include preparing oxi'de binder particles,
@ar@hleasu@yg eathods such ds ynprpoaationall bientatglyst pattivlesd

B RRREL DR B b R A s D PR o
oais ysth mardt;reglt.ﬁ catytai ni ng the hydrogenation
netals, are then further dried and calcined prior to

use as a hydrotreating catal yst. The subject process

% §§k{ﬂﬁ8' ﬁjowséléeézs eclgﬂ}/hggfd? rpﬂléﬁﬁrbB 'ﬂlc%n O'B{%éale distillate

di st racti o

fit@ttﬁ)’n% bGil{ha5a fhe Hge efsatdet erzmmmmz @215@ BMO0SP) aat e
mddle distillate fraction

(Elenigen e g Grtinge ASTM BRI Pracsr sy Eica g debite
ARl kol LEgg of 1l th el eiat a0 070 g flean
thet &1 lrgsipth mbl%ofprefieestle B5tvndds, abihetcofaHOnENtsanfdhe middle
distillate have a normal boiling point of greater than about 121°C (250°F) and
furthermore that at least about 75 vol%, preferably 85 vol%, of the
components of the middle distillate have a normal boiling point of less than
371°C (700°F). The term "middle distillate" is intended to include the diesel,
jet fuel and kerosene boiling range fractions. The kerosene or jet fuel boiling
point range is intended to refer to a temperature range of about 138°C-274°C
(280°F-525°F), and the term "diesel boiling range” is intended to refer to
hydrocarbon boiling points of about 121°C-371°C (250°F-700°F). Gasoline or
naphtha is normally the Csto 204°C (400°F) endpoint fraction of available
hydrocarbons. The boiling point ranges of the various product fractions
recovered in any particular plant will vary with such factors as the

characteristics of the hydrocarbon source, plant local markets, product prices,

10
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furthernore that at |east about 75 vol % preferably 8
5 vol % of the conponents of the mddle distillate

woaaves/amor mal boiling point of | ess than 371 PCOM@SEY04/034070

The term"mddle distillate" is intended to include
the diesel, jet fuel and kerosene boiling range

fractions. The kerosene or jet fuel boiling point
etan grefieseriostie mukte tocA S EMlestandardstie @ﬁératdm@&%@@ farffurther

bo t 138C-274C d the term "di esel
%ﬁa ?5’83‘?9 A Ef‘rgdgg ﬁ‘?'gza@’o 6% er to hydrocarbon
boi ling points of about 1C-371 (250F-700F). Gasoline

or naphtha is normally the to 204 C (400 F) endpoi nt
Retagenemisotovavgdedpl Fowpdt, dﬁﬁ@%d#@iosﬁ‘@epf@&ﬂr@dwgnﬁmdﬁments

GRSt ORGP QR PRRES b ary
ehgpaiaat actiens Sehtexddantbes, thd@ﬁ@ér@OPu e A Cd%@ﬂéssors
| ocal markets, product prices,etc erence i s nmade

WBicASTRINGE sReRIES ING7BVEIPND 3699 83 for furt her
details on kerosene and di esel fuel properties.
Ref erence is now nade to Figure , which discloses

Destdptiod ofitho®refurted Embddimgntent i on. Not i ncl uded
in the figures are various pieces of auxiliary
equipnent such as heat exchangers, condensers, punps

| nvg&r‘é’mrt%%ﬁnﬂ \gq‘ie%l&t&r\%s 8!% § r ! egérE r%eo%&%d The first

ntion. Descr lon of t ment n
$tagereactiamwbydoerddking, beadrtsdn veeseleﬂi sThé saednd stags,e

R0 eSine, pleus I 3esSHes deei & aR) 0NN 6f /st Phg reaction
RGN Peddbl %8S 88bic ?sEgg\hn ?ﬁ%@'o&%l‘%?bﬁ&s %hlkeeg&se?qg’) is
e avin

reaction zone. Vess icte
depicledsts hedsssingia &ingles:sa@lystd)e«ﬂe pi e écbtaeapmms essidl@ is for

a si.ngle.catalyst bed, The fi reaction vessel 5 s
taPk e acPRh S RabER SipAfbsarbih 1§ CoGBR kT RR D!
SreRBAfctet s HdrmBrbpboh Whx %h@h@é}?cﬁ@' h?d?&éb%oﬂ_ RIS §fAciBation.
and recycl e hydrocarbon fro ractionati on

The hydrocarbon feed is partially converted into products in the reactor. The
reactor effluent 14 comprises light vaporized hydrocarbons, distillate oils,
heavy unconverted hydrocarbon, and excess hydrogen not consumed in the
reaction. The effluent stream 14 is slightly cooled by heat exchange
(Exchanger 20) before it is sent, as stream 17, to a hot high pressure
separator (HHPS) 55. The second reaction vessel 15, a hydrotreater
removes nitrogen-containing, oxygen-containing and unsaturated molecules
from a second hydrocarbon stream 34. Stream 34 contains vapor from the

HHPS, which is combined with preheated condensate from line 2.

In the integrated process of this invention, a first hydrocarbon stream 1 is
combined with a hydrogen-rich gaseous stream 4 to form a first feedstock 12
which is passed to first reaction vessel 5. Hydrogen-rich gaseous stream 4

contains greater than 50% hydrogen, the remainder being varying amounts of

11
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The hydrocarbon feed is partially converted into
products in the reactor. The reactor effluent 14

woan@roszes | i ght vapori zed hydrocarbons, di sti PCatus2004/034070

oi | s, heavy unconverted hydrocarbon, and excess

hydrogen not consuned in the reaction. The effl uent
stream 14 is slightly cool ed by heat exchange

(iExtademeg cincRd)ngorefdroearbbnigaseent heds/dsdgesarich ga?s%ubcgtream

i i neﬁ%&%%iﬁ.ny&é@?ﬁ%%ﬁ%?%ay% o
RYigREn 28NNAKIN fith AEKloHA *adMIARAoRH SEULER i< HORRAI

hydr ocar bon stream m 34 contarns vapor
prefmreﬁé)rwaemmmreasoms it nimtrreduivgd. thstefmi%bk 1 may be
Eondensat e from

t
ArEd; waﬁﬂr%oreaexcﬁﬁeeerﬁwﬁeag@iﬁngﬁe 5T Mot
@@H’%té@ﬁﬁ P B HaYsheasang Ebr‘%\Blr@@SﬁlﬂHﬁ ifh SBebft Mo

first feedstock which is passed | rs reaction
owé@ btreamMyd r SigeamriZcia toers mﬁnmﬁused é@fnrszll reantuam ngssel 5,

SR brras BRI A oetdRu MR 68k 86 5 k00t
The s@}t@lﬂicpgi%@eﬁé; fragRbmokssel 1 @a/mél'eﬂmmréatlh@ ®referably
drawing is bl end of nake-up hydrogen 3 and recycle

AYeH8gen 26 Whil e the use of a recycl e hydrogen
streamis generally preferred for econom c reasons, it
is not required. First feedstock 1 may be heated in

Ghe efffuembfronethetfisigstage, trdam d4és ovoledrie heat exchdrigair 20.
%ﬁ? not depi ct ed in Figure leg bef ore bel ng conbi ned
BRI BGEIRS rem 8age2Q s shreae! s engapasses to the

@Hﬁ% 1$hb~°ﬂ %lfﬂies‘?créd?ﬁ RS ek Pronh ﬁﬁé Ialf-ﬁfétﬁ é‘n% Brsileds to

ere the Tirst stage, 11 which Focrac
pedﬂe;zsmgcwrstreairs (hotﬁtoaﬂw) rfmpbsetalosmj fisinagéebm 36 and

Iocat d in, ve ot reat, r ef er abl

S drhtEiR sk liTaR, (i BhAe uldebl sl

Eﬁ%seﬁl ca@m@&iev@s@rh@n@@fon%%d&‘w%yu ﬂe”ﬁrﬁ&ﬁihg%nf r\@/’é‘xy

exc anger 20 ‘as stream and passes ‘to
material not converted in the dewaxer may be recycled to stream 1 for further
processing, while dewaxed effluent is hydrofinished. The hydrofinished
material is subsequently subjected to atmospheric distillation. Heavier
streams may then be vacuumed distilled to produce light and heavy base

hydrocarbon stocks.

The gaseous stream 34 emerges from the HHPS 55, and joins with stream 2,
which comprises Fischer-Tropsch condensate, before entering vessel 15 for
hydrotreating. Vessel 15 effluent is stream 18.

The second reaction zone, found in vessel 15, contains at least one bed of
catalyst, such as hydrotreating catalyst, which is maintained at conditions
sufficient for converting at least a portion of the nitrogen, oxygen and at least

a portion of the unsaturated compounds in the second feedstock.

12
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HHPS 55. The |liquid stream 36 energes fromthe HHPS 55
and proceeds to further processing. A stream (not

wehaesvs2ommy be taken from stream 36 and passedPCoD/U&2004/034070

| ubri cant base oil plant. The lubricant plant (not
shown) conprises a catalytic dewaxing unit followed by
a hydrofinishing unit. Waxy material not converted in
Streamel@ties seegnthstape efftlead (tessebt e aonthihsthdrandleerergy

whi | ffl dr of hed
PheRRaY e ref s RETEAT GrcHanos it eden b ottt s Easas, such
% rﬁ‘iéﬁ%%@&!ﬁéh l‘d'l(ﬁtTilié ﬁ?@@ﬂea@%\m@nt %Erégm 8'Tﬁ¥yta"h%"be

e vacuuned distilled to produce |i1ght and heavy” base
Medawhmmcmlwwgot Sewvadtoeressare avashivwatergey bieriofacted

Sty o PRt RO B B B HEPEM e BF bRl SR TRE phepter

fayeE oeahd @@agev@mgéht @eﬁ%fdéé%m'é@ﬁéh@éﬁﬂ b&s dithgam 19
second reaction zone, found 1n vessel 15, contains at

anchistpassediie golsk highsesasre sepaBtarCpSa.r Jaweilimyid effluent of

L, WL, L0 AT By SO e
26K W@ rsiely pﬁlmbﬁ@'ﬁiyd&io@@’f bh@Bo®k dther e ajadart, @@sses to the

conmpounds 1 n the second feedstock.Stream 18, th
CUBRISGSTL HQevieerel 'h‘éﬁ?c‘?mﬁé%sé?d £5yl passaé aﬁ%%e%’ﬁ@r feapne or

@?E%Wth%ﬁ&ld?%’e&%lg STPUSY quel?% Q%%ﬁ@?ﬁé@ﬁg%%geaohon

I process streams, such hea
ﬂ'd’rresh)&ljabtmm(a‘rhyeifdigarealte well eaowmaythel &0, be cool ed
with air coolers (not shown). f necessary, wash water
may be injected upstream of the air coolers to prevent

Shearderrsial gégs?ﬁrggghta% ABs b (Abf smﬁe\bhﬁdi‘pi‘%%ludes means

Second stag t emerges from exchianger as stream
fandomtacpragﬁmjstmﬁm olith dni glkapnesguecusepalianpior CEIPSVEE
Th ui,d effluent of t P stre 2, _passes
d kS alen oh PobSen b maa §EfTsE el BE
GEHERA S xﬁ@h@féembhlmneydm@wdﬁéyérﬁ@mggéé@us st 26 is
gases, passes to the

preferably recovered from the absorber at a temperature in the range of

38°C-149°C (100°F-300°F) or 38°C-93°C (100°F-200°F).

Stream 26 then flows into the recycle gas compressor suction. The recycle
compressor delivers the recycle gas to vessel 5, as stream 4. Part of the
recycle compressor discharge gas, now stream 4, is routed to the
hydrocracker reactor, vessel 5, as quench to control the reactor temperature.
The remaining recycle gas that is not used as quench is combined with
make-up hydrogen to become the hydrocracker reactor feed gas. The
hydrocracker reactor feed gas is heated by process streams before combining

with the Fischer-Tropsch wax and recycle hydrocarbon stream 1.

Figure 2 illustrates the base invention of Figure 1 as adapted for fuels

production. The hydrotreating reactor 15 is modified, in the fuels case, to

13
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conpressor 40, where it is reconpressed and passed as
recycle to one or nore of the reaction vessels, and as

waea 200532190 st r eam for cooling the reacti on zoneBCTAS2104/034070

uses of hydrogen are well known in the art. Stream 26

may pass through an absorber (not shown) which

i ncl udes neans for contacting the streamw th an

alripinyl aldeasiimoutedsoratheothanfase. ridydrogrg, folineay nisntsed as an

g,g ?ﬁgﬁgﬁéhogen sul fide and amoni a which may be

't he reaction zones. The hydrogen-rich
gaseous stream 26 is preferably recovered fromthe
absorber at a tenperature in the range of 38 C-149 C

kived! Sl 0rpled @flt@r@gf byqdrotieaterddoppsses te ie het higbn
e SoarbtE O IHELT T BESe SRIRRD R EbL Ry epliTy and &

heavsr §thﬁmrﬁ24 TiRagasefustshieane 2y paeseompEes 86k high pressure

di schar gas, now stream4, is routed to the
ﬁ%ﬁratﬁfg’@aé\fh%w%wn@é@@énugs agslegodpes in Hrecdigcresion of

P TERRo BB 0 LhSSF TR AL EEY 8
bﬁlden’g‘ei’lbbmgiectbeeprtobesmdjrocracker reactor feed gas.

The hydrocracker reactor feed gas is heated by process
streans before conbining with the Fi scher-Tropsch wax

t@ﬂgaﬁ\e@’%@ llgMﬂré?ﬁ@ér?%Elhéf ﬁ@ﬂrBresé:drga eepa%a jdrlus td ?&%ﬁmed

base 1 nvention o as pted or fu
pitbdtrebimodo, ﬁﬁﬁMﬁW@ﬂgmmﬁbtlng reactor 15 is nodified,
in the fuels case, toenploy at |east two beds, rather
than one. Hydrogen, in line 27, is used as an

Stk %@nfb‘ﬂ@ﬂ@ﬂomﬂ-{br@@sure@é%a%@ @é \%E?éjﬁné s@barated into

hydrotreater , passes to the high pressure
ewshead streas) 44/\/aed dquid affuerd @ar a‘iteeam b camipirsssowith stream

3 SRR Bbeen B B B Rl oL EedRe 7o Jarlte gedmoved
wWehgad wrm@smu lweiﬂeé‘rﬁt' 4BJ|§§)a%§eQ%§ eakhERaton shhe

di scussi on of

Stream 37 also passes to fractionator 50, where it is separated into overhead
gasoline stream 28, naphtha stream 29, kerosene fraction 31 and diesel
stream 32. Bottoms stream 33 is récycled to the hydrocracker 5. A breferred
distillate product has a boiling point range within the temperature range
121-371°C (250°F-700°F). A gasoline or naphtha fraction having a boiling
point within the temperature range Cs-204°C(C5-400°F) is also desirable.

Figure 3 illustrates the base invention of Figure 1 as adapted for lubricant
production. The hydrotreating reactor 15 is modified, in the lubricant case, to
employ at least two beds, rather than one. Hydrogen, in line 27, is used as an

inter-bed quench.

14



o N OO oW -

11
12
13

Figure , with overhead stream 26 passing to conpressor

40 and liquid effluent 42 being further processed.
werowsae@2, the liquid effluent of hot high preesmiszo04/034070

separator 25, is conbined with stream 36, shown in

Figure . Stream 36 enters hot | ow pressure separator

65, where it is separated into overhead stream 44 and

Sirqaind! &ftihé ebenBdt hsirowaated 18, sadoletel védt exshamgsr 42 and

d ds t 1 d I 70.. Fuel,
S 85 Siiaamt o Ferelu st et Seriblr Bbuenfcusled in
PR&ELY. (OVhd] s08ah D6 PibseSltd @BMPPEs )40 Eé‘%ﬁ%ﬁé@ Oin

fracti onator 50, where it is separated into overhea
igset il kaddiguisheflngnt 4disHurbespiosaasxdas Hepictashie Figure 2.

[ Lesel stream 32. Botto tream 33 is
R i e R L L N
seRauRl 70aF Rl Bas id REnBRIGvIrBEAe W E hllidtdHuent 43 is passed
tenperature range 121-371 C (250F-700F). A gasoline or
iedpAatieaator deeti $@Widyvi ng a boiling point within the
tenperature range C ~204 C(C -400 F) is also
desirable. Figure 3 illustrates the base invention of
Firgame36l ligsidasttpsredronothd by Higl&@fresyu@@' gepaafor 56N
hydr ot reati ng reac%or is nodified, in the |ubrjcant

atefdniorgssepuaSIPamst4 e liBeidsstraasn Rér as Aapicissk in

0L e Dot e
U0 1 0, T PSS, POy lel e ones o
lubdtads prodesaingedetaiis get shodn pasisedudmg diwadiy b cadigres)
hi.gh pressure separator 35, as depicted in Figure 1.
réb%"ﬁﬁ%lp@??'@%iq E@CM%%% to conpressor 40, as

depicted in Figure 1 and liquid effluent 42 is further
processed as depicted in Figure 2. Stream 44 conbi nes
Wth stream 42 and proceeds to cold | ow pressure
separator 70. Fuel gas is renoved overhead while

liquid effluent 43 is passed to fractionator (not

shown) .
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Stream 36, liquid effluent fromthe hot high pressure
separator 55 is separated i nto gaseous stream 44 and

woiepsiod2m0 r eam 37, as depicted in Figure 2, thectwsk®4/034070

case. Unlike Figure 2, however, line 37 proceeds to

| ubricants processing (details not shown, but

i ncl udi ng dewaxi ng procedures) rather than passing to
AT IDCAAOMBIHSE S CLAIMED IS: . An i ntegrated

hydr oconversi on process for the treatnent of

Fi scher-Tropsch products including a first hydrocarbon

pLr eﬂmiﬁgﬁg}é@hg@ro%o%s%dpréoéﬁq%? thdwdapsanbon

stream co I sihg a condensate, the process having at

| easftisthver-Etopgels pradunyslinctudingka figst Stydgreadpon stream

hydr ot r eat.i n% St age each gfnaae % ssestsi ng at | east
one FUGRESIBA S UReendAStEEPRA MHES Y hpreRYSIPHS
fol | oM RBsEtL BT plctkss BEDINGI A%t hivd StadedE06@BeRcking
streamwith a first hydrogéen-rich gaseous streamto

f or nstage iandta hyssdisealdkg stobp, pachsstage tiossessing at least one
f eed k_of hydr ocr acki ti
e A B

to forma hydrocracking zone effluent conprising
normal Iy liquid phase conponents and normal|ly gaseous
phas@) c orrapieings? figsé ypmearany strranmyding firsd Kivegogemeich
ef fl uent t ger or series of
exchangeqésgeo\?\%gﬁggl tq@rr@éﬁ%@ﬁe@?%&%ﬁepar ating the
conmponents of the cooled effluent of step (c) into a
stream and .a id stream conbi ni ng the

s
3288&%@% egvﬁeggﬁmﬁk PEStﬁﬁéaigl):%HMQ%%'&'H%@?MOH
stream tZ&b&{e‘?Wc"i‘\ i§‘?ﬁé’iﬂ%&rﬁ§ggﬁsm5@rat3?iﬁ8|do%‘é!it@or%t 5% Pm a

of step bei ng passe I can roductiond o r
t o furt Hedrocracking zone effluent comprising normally liquid phase

components and normally gaseous phase components;

(c) passing the hydrocracking zone effluent of step (b) to a heat

exchanger or series of exchangers, where it is.cooled;

(d) separating the components of the cooled effluent of step (c) into a

vapor stream and a liquid stream;

(e) combining the vapor stream of step (d) with the second
hydrocarbon stream to form a second feedstock, the liquid stream
of step (d) being passed to lubricant production or to further
processing for manufacture of fuel and diesel products;

(f)  passing the second feedstock of step (e) to a hydrotreating zone,

which is maintained at conditions sufficient for reducing the content

16
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processing for manufacture of fuel and diesel
products; (f) passing the second feedstock of step (e)

WwOQo@/0aydo ot r eat i ng zone, which is maintai ned BCT/US2004/034070

conditions sufficient for reducing the contentof

sul fur, nitrogen, oxygenates and unsaturates present
in the second hydrocarbon stream to forma

hydr ot r eaf sulfurzoitreger fd))(}/@anate(sggnobm&a'tamate@ ptdeznt in the

2¥?gg:nrgat| nrﬁ%%;ﬁd& g r%tagﬁgo rgg@&\;?grl R li_ iUi@%Iuent;

gaseous stream (h) passing the liquid strean1of step

(g) to further processing, and passing the

hydr é@ensemamtlggszmmrgtreemm mn@ﬁﬁlpeogpf stepf(frintoea liquid
Separatign into a I dro QuS strea

and o st Slemn R LT RlE s satord T ERRy G eous
recyclingirggmt east a portion of the hydrogen- rlch

gaseous stream of step (h) to the hydrocracki ng zone

and hydrotreating zones. 2. The process of claim,

wher )" bBShS i i3 REEmEGTL R fﬁﬁggﬁa&‘o&ag{.la&t &Rd

product Spsgs”@@mea}sydm én@&hIga@bbu@@ﬁ@@ruﬁomap@@)etatfﬁ rther
whi ch are sent to fue The process of claim

wher ei n B@RATBfIeM Indo Er“@HSEY@r%{BPE%ﬁ BRSRIUS FHreamMsard @
to fract éﬁ)é]é’“qlcg% 1 ﬁilﬁﬁ% @f‘%"w QqPr oduct streans

conpri sing gas o na ream |ch are renoved
over head, one or nor e iddle distillate streans, and a

bot t st ream t bl e for er processing. 4. The
proclbs G = Batin o e PGP O {GhegaSEous stroam of
processi ggnf( gﬁoﬁiﬁ@ﬁvﬁ@%&é@kl% Zgﬁgfaur d%t?é&ctn Qe s

of the |iqui trea step ?ﬂ/er conp ses
(a) conbining the liquid streamof claim, step (d),

9 R 88 dddddid claim 1, wherein the liquid stream comprising produ‘cts of
step (h) is passed to further separation into a liquid products stream as

well as light gaseous components which are sent to fuel gas.

3. The process of claim 1, wherein the liquid products stream of claim 2 is
sent to fractionation and separated into product streams comprising gas
or naphtha stream which are removed overhead, one or more middle

distillate streams, and a bottoms stream suitable for further-processing.
4. The process according to claim 1, wherein further processing for
manufacture of fuel and diesel products of the liquid stream of step (d)

further comprises:

(a) combining the liquid stream of claim 1, step (d), with the liquid

fraction of claim 1, step (g), to form a single stream;
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fraction of claim, step (g), to forma single stream

(b) separating the single streamof step 4(a) into a
wOiRgIF05390 eam and a heavy stream the heavy st PeamsS2004/034070

being sent to fractionation; (c) conbining the Iight

stream of step 4(b) wth the products streamof claim

, step (h), to forma single stream and (d)

sepafbat i matrbrmwgswegé:ﬁglststr@am oﬁstsp@paﬁh@ ailigfho streiangﬁmd a

gaseous stream and a uid products stream the lig

gaseous @Q%Vé(aﬁﬁe@%él@@ﬁ %éytsge?mé?e“@%§e'&tnt9 irﬁ%hqqea@lnd

products stream proceeding to fractionation. 5. The

process according to claim, wherein the hydrocracking

zone(chf mmbnnit(gﬁhell@htra’ueraloﬂebbpacﬁ (bg avitthi thieopreducts stream of

sufficient ff a_boilin e conyersion of - the

Tirst hydrgearH6R Gl SHLIe SHSETaBBNT 2506 6. The

process according to claim5, wherein the

hydr ocracki ng zone of step 1(b) is maintai ned at

condd) i osepasaiirtg ’&tlieesimglE@tr@faﬁecftstap Béd) ih’ﬁ@gadi@hggaseous

conversi gn of t I $ cgiig% ctarbon stlrg?m of

30% and YUR™ ?” éq% SeLhi g 1 &aéefwssream

wher ei n ;Br’@@eé‘&?iy td Flidt lgaB)hdaranigen Fbaeas @t?eé}hgjraa;éeding

has a nornmal borling point greater than about 6 F.

8. The ppdtasiienaliebrding to claim, wherein the second

hydr ocarbon streamof claim 1l has a normal boiling

poi nt below 700 F. 9. The process according to claim

B, Vihes promet;b ecseeiiptoylding ¢ avheris tHeelaydreerdcking zbhe of

range C -650F The process accaording to claim

wher®eR s reaibtaingg %B‘F%’ddifm@tsélﬁlﬁl?rﬂ) o $itasd 4 koiling range
T @@iv@?ﬁoﬁbfmédﬁ@?ﬁfd:rgb p%%tahPBf %tqeé*é{ éB&?b 25%.
including a reaction erature 1n the range fro

about 340C to about 4550( 644F 851 F) a reaction

ressure in the r e, of ab a (500-3500
Bounti® pIcSsh dare itcie) e pebdiel (e ilrcsraghias 2eae of

h) T48pM (b) is maintained at conditions sufficient to effect a boiling range

conversion of the first hydrocarbon stream of between 30% and 90%.

7. The process according to claim 1, wherein the waxy first hydrocarbon
stream of claim 1 has a normal boiling point greater than about 600°F.

8.  The process according to claim 1, wherein the second hydrocarbon

stream of claim 1 has a normal boiling point below 700°F.

9.  The process according to claim 8, wherein the second hydrocarbon

stream boils in the range C5-650°F.
10.  The process according to claim 1, wherein the reaction zone of step 1(b)

stage is maintained at hydrocracking reaction conditions, including a

reaction temperature in the range from about 340°C to about 455°C
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about 0.1 to about 10 hr and a hydrogen circul ation
rate rangi ng fromabout 350 std liters H/kg oil to

woatsaszhobiters H/kg oil (2,31 0-1 , 750 standacd/usedu034070

feet per barrel). The process according to claim,
wherein the reaction zone of step 1(g) is maintained

at hydrotreating reaction conditions, including a

r eactG4dnrFBeneyr atraaetnomprtelssurreanqeecrénge @fadbatiB. 3R L2 WPa

s e D BT al r
[ f
P 20 5 o 1 Al RO o

t he alangS50rabaitebe b/ kg5l tst1d’8|0| sterlgerd Mg oill(2131 0L78T 50

1,7 t andar d bi feet
;;? %‘gtpggrd)cublckf%e?per &grrglslo S0 standard cubic

11.  The process according to claim 1, wherein the reaction zone of step 1(g)
is maintained at hydrotreating reaction conditions, including a reaction
temperature in the range of from about 150°C to about 500°C
(302°F-932°F), a reaction pressure in the range of from about 2.1 MPa
to 24.2 MPa (300-3,500 psi), a feed rate (vol oil/vol cat hr'!) from about
0.1 to about 20 hr', and a hydrogen circulation rate in the range from
about 350 std liters Hao/kg oil to 1780 std liters Ha/kg oil (2,310-11,750

standard cubic feet per barrel).
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