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WO 20051052090 PCT/ US2004/ 034070 1 PROCESS FOR THE
UPGRADI NG OF THE PRODUCTS 2 OF FI SCHER- TROPSCH
S 34 FIELD OF THE INVENTION 5 6 Th@upc oo omom

W
instant invention is directed to a neans for

hydr oprocessi ng 7 Fi scher-Tropsch products in which
hydrocracking of distillate range 8 conponents is

m ni m GKEOP Wf%\lﬁ@) sl2
The. naf@??tc%%%?(%ﬁﬁbustl blﬁéﬁzlﬂé m;l?f uel used | %;]rt he
worl d today i QE’dEfS(\?HBRf—TBmPSL@—id?RGQE(SSES However ,
there are several limtations to using crude oil as a
fuel 14 source. For exanple, crude oil is inlimted
supply; it includggEaponetigeE HGvepmmonnds believed to
cause cancer and contarns sulfurand nitrogen- 16
cont ai ni ng conpounds that can adversely affect the

V) 17, r 've es for
T aR b et AT R P BPestiring c.
Fi2habUrngwmh roduete ih svhie Wc&bc@%%mgﬂf@ilﬁmm@i‘aﬂg@n of
natural gas to conmbustible 20 liquid fuel typically
COMPENGRL 18 sMOERIZEHg t he natural gas, which is nostly
21 nethane, to synthesis gas, or syngas, which is a
m xture of carbon nonoxide 22 and hydrogen. An
advant age of UuBAGKGREIND IpAHEdNVENTSYNgas i s that
they 23 typically do not contain appreciable anpbunts
of nitrogen and sulfur and 24 generally do not
T ZABo D REFNRURRRRHIAS LER S LN iR e from

ceolevaht Howabepdiarelarasebasé imitaidiss to Pfing crude oil as a fuel
nthesis is.a preferred neans for

Fi scher - Tropsch
SQURFer LA O Jiningiet Sigdtinsiuckeisgrmatic
cOMPDARAS BEMaVIaB UG Se o%%ce?&n&béﬁ@ﬁ{s g éﬂPéﬁB nitrogen-
synthesis is often perfornmed under conditions V\?rcll rl']
coitgthirg cogoandsiigd cguaniversehobif@ithe wax:romhenh must
be hydroprocessed to provide

Alternative sources for developing combustible liquid fuel are desirable. An

abundant source is natural gas. The conversion of natural gas o combustible

 Hiquid fuel typically involves converting the natural gas, which is mostly

- methane, fo 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
heaith and environmental impact than conventional petroleurn-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 Cqo+ wax, which must be hydroprocessed to provide

distillate fuels. Often, the wax is hydrocracked to reduce the chain fength, and
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31 distillate fuels. Oten, the wax is hydrocracked
to reduce .the chain length, and | WD 2005/ 052090

wo 2505hk249¢004/ 034070 1 then hydrotreated to r g@ﬁl@gg‘g’ﬁ%yom

oxygenates and olefins to paraffins. Al though

cat al ysts have been devel oped with selectivity for

| onger chain 3 hydrocarbons, the hydrocracking tends

échﬂ% VRS I

theﬁ?gpggﬁ%%gflr nt ego)k eedfatbﬁéﬁgtdﬁ%ﬁse%g%rﬁcInﬁdéfthough
sorhy deatymtbbage bean develdpeal widh dpldativiy fedbnger claige,

for exa e, the distillate fue|l r e, .6 :
nyckgr BERRaRE Ry SEForeREE ROt b N R lssitagf &l of he
hydBoddrbBRy ifthRgeady arhagery %é&uﬁhﬁj@msg@y&oaﬁ%ﬁ@ th& are

X

ydroprocessing 9 Fischer-Tropsch which mnimzes
alrady ihpdiestedakingg, o exponde athipatistiliate fud rahge,

istillate fuel, range. The present, invention provides
nyeoetafied et A a T RRR R e g 13
di scl oses a neans-of hydroprocessing 13

Fi scher-Tropsch products w thout overcracking
It walilksk e pdvanteaeponénprovidaatraehodliar bytepsocdasiny er

ek e B B B R Bt igrocatons

the disttther fudl epgeh Tien gessent thamtiodults eides Huck mdHods.

hydrotreated. There is no interstage separation step
foll owi ng hydrocracking, 17 as in the instant

' ' . 47 .dj scl oses
U'ghgéﬁﬁé'?fE?%ng%O%? ggﬁne%ulr]?gf gg&ﬁ)@:’rr%%srsg'l_ i ng
FiscreacTropsclzomoelustd withoahovartegkaigdistiyateagpmy@ictitonin this

rocess. 21 Eff|luent fromthe hydrocracking reaction
schbeiee hPweYBH B RIdhe fiaNiSi MYGTPEF genateriabsggcambined
e R S APt TRerSRL A sBBfedihuy
hydrategstiedn Thersels rhintasslizge sephetion24epfdllonemy hydrocescking,

.aﬁ a. h?at .sink.for the hydrotreating reaction zone.
as ity %eflos?%’%v {4 reaction system provi des a single

hydrogen supply and 26 recircul ati on system for use

in tw reaction systems. This patent is not 27
U.SdPebNed.2¢. kidrdipeloses bydrgordcking aN&B OTstopa tin a

AR 1 BB R R AT a5 uprign process
Efflisritren thdBydrocracking 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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29 hydrocracking and hydrotreating stages, 30 2 1
SUMVARY OF THE I NVENTION 2 3 The instant invention
is directed to a nmeans for hydroprocessing 4
Fi-scher-Tropsch products in which hydrocracki ng of
distillate range 5 conponent s is mnimzed. This
results in reduction’in capital investnent, 6
‘particul arly f@UMMARYE EHE INWENTIOHN action in
operating costs, and an 7 increase I n production of
nore val uabl e products 8 9 According to a first
t 0 . .
T e URERA £ (P8 o BPh B rdctsroing

Figgheeleopsbhqpedictp nm%mtshydiﬁommckmgl afgtigilfate $hnge
a wax and a second 12

h d b
FRER B i iir Sl T B ee B Bclshem Reatialmestment,
pd@f&ﬁ@%ﬁfoh%\‘gé‘gca% pIARS! et ! r%@&?ﬁng sts s and a1y,

hydr ocracki hg stage and a hydr ng §F
ingeage inArogocesimereavallelais pooduateact i on zone

wherein the process conprises the 15 foll ow ng

steps: 16 17 (a) combining a first hydrocarbon

. Awot@ﬁ@twatmspaéﬁé&ttggy@%E&%OT%§%69‘?%§G %818 stream

to forma first feedsto ing the
hydraconversisasproesssoor Srepeatinant ol Finotieodirapkinproducts
s_nai nt ai ned at

858 e esi o autith F6AE SPaThig & Fgtretpesaong 22
hydanarisdf et cﬁmgﬂéin@ é‘@oﬁ@@%‘a{é/ the %%c%s%t}?ag\ﬁn % [east two

conponents and 23 normal |y gaseous phase conpon

stagesp g hyajocrreEkiasiagn andyal rlm:fratmamg stage, ebbhutage of
series of
poghERii Y b Be TS IunerSinhediontss Somaries e
follduéng stpenent s of the cool ed ef fluent of step (c)
into a vapor
(a) 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 hydrocrackmg
zone effluent comprising norma[!y liquid phase components and

normally gaseous phase components:

(c} passing the hydracracking zone effluent of step (b)to a héat éxcrhanger

or seties of exchangers, whare it is cooled;

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

" stream and 2 fiquid stream;
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28.. streamand a liquid stream 30 3.WD 2005/ 052090
PCTI US2004//034070 1 (e) conbi ning t hé-vapor stream

WO 2005f052098p (d) with the second hydrocarbon 2 seCEBESDM31670 -

(e)

{f)

(9)

(h)

(i)

forma second feedstock, the liquid stream of step
(d) being 3 passed to lubricant production or to
further processing for manufacture 4 of fuel and

]gd:cagbltnirpg tbxé?:m?r streaf 6f $tepﬁ@2iwitﬂ1 ﬁaateséc&ﬁm%rdro\%%r_botr]x
eds C ol ste 0 rotreati n Zone, I C
ST I Ao EeTonies i Girend Tosopddhibbing
t hesseanbemriceint B diition (ﬁ B A HAGE Bgocﬁé)%?‘%@@;ﬁﬁ%&q%dure

unsaturates present 1n the second

stfrfeahand diekekprodubiegr ot reati ng zone effluent; 10 11
(g) separating the hydrotreating zone effluent of
step (f) into aliquid stream 12 conprising products

amsmgsw@om;lom OISRk ik %wqug@ggsa( gga@g@fagg@%ggqé, Hich

passing the liquid stream of

pB caeipkiingy abemndiiarss sigfficiehit forerdapdinupiie- cirtdnigerR Mg,
: of e o further separation into a 16

GRS o B ERep Aol GasdlbtatCe i huBe soonaam

donpbboa stredi, ¢ P Basldrb Qi)

recycling _ast | east ar pgrti on g?ﬁﬁggoﬁéﬁ@ééﬁ& rich

gaseous streamof 20 step (h) to the hydrocracking

%@%@E{% %%%@#E% . 200 %ﬁ}@zr% zgf é%egff?& %:o a liquid stream

i ddnussieg peodub®s 2196@ iacsddop hzmhg Hfcht f SFd 64
enbodi mentﬁ. 25 26 Figures anggg fho%v%@a%f%ﬂ’ of
the basic fl ow schene. 27

passing the liquid stream of step (g) to further processing, and passing
the hydrogen-rich gaseous stream of step (g) to further separation ihto a
light hydrogen—rich gaseous stream, and a stream comprising liquid

products; and

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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4 WO 2005/ 052090 PCT/ US2004/ 034070 1 DETALLED
DESCRI PTI ON OF-“THE | NVENTION 2 3 Feeds 4 5 The

wdhdddlesdose f rom Fi scher - Tropsch reactions perf %(ﬂﬁf}sﬂoﬁwsmm

slurry bed reactors 6 generally include a |
fraction (al so known as a condensate fraction) and a
7 heavy fraction (also known as a wax fraction). In
the i nst anpETMERD DRSCRIPTROMBRF TIACYNYRENTQMN | Ses
the feed to the hydrocracker and the condéensate 9
conprises a portion of the feed to the hydrotreater.

% condensate includes 10 hydrocarbons boiling

qﬁN about 700F (e.g., tail gases through mddle 11

distillates, with increasingly smaller anmunts of
material up to about C30), 12 preferably in the
Thengredustsdsur Fistheriasyschaaetions pedauved imsluydsed Beactors.

R TRERNE sk R RIS AR Be epbfleinte SBEHHE) oo a
el fectiam st Rnoln Btewar fradbun )t Ch aRoHbtet Bventidnlbhe
When t he gaseous reaction product (part of the

VBt oA @mpriser tha deady torhe dyetr DTF?&%@E And jie hesilgnsate

c?hgﬂ SP% nag’?t%rg rllégﬂl cej!%e?%it . W?&J?ﬂ%ﬁ%g?ﬁﬁ%%sajte includes

hydi'cbmb{m‘a Ibasibively b@lohﬁ'yta)d‘nl?@b@l? (&% aeiirRges Wo@@h'rﬁ[ddie

an subsequent, fractions. 20 21 The 1ight
d\ﬁ@g% fReasinaly srealier apyniBef énaigrabi foaaPIChg,

p?é’f'é?é 91 th%zra}?@é RIS ch{ht%%e?x{/ r@z%t flf;tr lﬁgp%egh o

for exanp e reans from petro I ning
hlydgmartbcrr&nb@ih)@am dleout GEOF Féa, g. f maicm}(a@rallse)il tvwdsligh heavy
rgf é{-ﬁ 4 fracti qta nedfr%mthefractlona
P&‘F% Py ‘%9{66?‘”% ARSI IEN i@ 880Ut Edo)-
fromnatural gas vvel | s. The heavy fractions can be
conmbi ned, for 26 exanple, with waxy crude oils,
V¥henieogaseosn deatios] produsiped o ibm qwdeosehamrom the -

TG DA HENS IRREBR e B B s
fiagdomsedions], thailsuliig 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

deolling 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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30 nono-ol efins and al cohols. The nono-ol efins are
typically-present in an 5 WD 2005/ 052090

wo 200585452004/ 034070 1 ampunt of at | east aboy&T,%ng%ﬁbm

of the fraction. The alcohols are usually 2 present
in an anount typically of at |east about 0.5 wt % or
nmore. 3 4 Conditions - Hydrocracking Stage 5 6

amcﬁﬁﬂ%'a@féa%@é@ddt'm%%rbﬁﬂﬁ% TRYEHRE T B BRBHRRSE] Ozl

zone include a reaction 7 tenperature between abou

preggui@ andmnmod tySoiig of 48 kFag3dEut 085 piéssumesef r om
about 3.5 MPa to about 24.2 MPa (500-3,500 psi), and
a feed 9 rate (vol oil/vol cat h) fromabout 0.1 to

Coralifibhs 2MHtrocrddi@ng@@agsi rcul ation 10 rates are
generally in the range from about 350 std liters

HC kg oil to 1780 std 11 liters HC kg oil

Redsfiof E8pdhodSh BL AR o EkBL o8l 280s R0LFS R rasstien
temBéRBIeDaAbout aBOGIRABEHME2bob! 50018 éE’BE‘fFEQBQ‘?F} otal .
reactjon pressures range from about MPa to ‘about

presgurepiromgmout ¢. oMb ado LE@‘B-.Q Miya Iﬁ5@¢ré’> PRepe)rand a feeda
rate {0 cab Y oM doub B BESBow 20 hP e Py bRe LR BBl

ratefk @iré gedstay ko thietrangy dioag @boun 360 Jiy tieds 1Haky 6@to 1780 sid
e OB bl B Bl s
reac{ti@h't@nﬁ%?é@@l%@ raf froﬁ‘?gbgﬁﬁg\ﬁ“t 85 5?6@6{%9 o E)Z/-Lé{o F-851°F).

500- 6, 000 scf7 bbl
Preferred 1ol maction aressaresemrerairoreabouttthe MBage atiu850C

20.7 DA RO BEaC I ihe B P apg iy Chrsem. it has been

fourlicthht pesféred 855 BORBHA - -
foqur ef e}?%bl y dkq)it)erto\(/‘(/een 30% ang%g%%e %Eﬂt%?@? ﬁy/%r&)oarbon
eeds

HARl| Wils hysireaga hgd%i@ydféba‘mww gohdifibnd cohimiping a
f fe
pros3BIEBHuRRY B'o P15 Sl PGy 1B (g b0 tlid oG semgeo o
ratioz:tween about 379-808 std liters Ha/kg oil (2,500- -6,000 scfibbl), 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 refatively high boiling molecules of the feed into Jower

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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29 The hydrocracking stage and the hydrotreating
stage may each contain one 30 or nore catalysts. If

w8/ 0kdadn one di stinct catal yst is present i nP@thﬁi'bﬂosmm

of the 31 stages, they may either be bl ended or

present as distinct |ayers. Layered 6 WD 2005/052090
PCT/ US2004/ 034070 1 cat al yst systerrB are taught, for
&xa stérfls HreStauidmt §BF %’m 4

di s!g@{o?ure of |dc§ﬁ i's i ncor| por at e§ %é'ﬂ%'ﬂﬁ\] 3990*243’ the
distleswrcd wiveh il mccpr@omieé herg8inHydraferaraid fog ol q\mﬂ;dﬁss

r. th dro a re well known. In
'ﬁ@%ﬁ%ﬁfﬁg ‘F‘I@V\‘f% %’k hﬁg‘yéj%? japking sigpeiaregvell known. In
Rkl e IpRITEaRckhg ¥R .
gaa;] oxi de suppor t ngterlﬁt%ﬁ@f%?%é n%%%%&%anda
fonweyniorentide asmade sphous roatErkit bgbiriepo Teat
C a Y-t y.pe zeolite, an
PN cmpbn il Pl B Wryfolol¥iEafife ratimonent andior
zoetild, Bech Assumqié FdliE FNOMSSEIFE R RpCABRNE | S
IIJ c na, 10 11 The hydr ogenati on corrponent
W'@a Qﬁﬁ %éﬂtfﬁ%fﬁe@mﬁﬂl“@élﬁe@aéwngrmpma is12
HlcaBitsdnown to provide catal ytic hydrogenation
activity. At least one netal 13 conponent sel ected
fromthe Goup VIII (IUPAC Notation) el enments and/or
drou PAC Not ati on) elenments are

4 fromth
‘é‘&d&ﬂé‘?@%ﬂa@ﬂw@ pe@eggﬁ {he qafalysé panfides iscsaleeied from those
St s URbwiTb Yhs\B A %&nﬁ# W@ég?ﬁah% %EHY'K} }[‘ﬁ a5t ane metal

elenents 16 include 1ro
CPRbENa sqiaﬂ:teé&‘omrtheo@mmpw! i (lUdR A Ndtatiod) Sleaidrits Bhd/or

S N N R S S L O IR,

be I t
“and b m‘?;ﬁ%@?&ﬁﬁ“%é%ﬂudﬁ%‘a@d thsEATRSRE VY gpments

dg irorp gobalktieeakt ILEeniga, c[un:(humj peeslaniia) oniuae, (iSdium
wher e

apiatiind SF i aRouNRL BB nirob@h Sian Shaiarmelaing e @talyst

percentages

smumiy&rxg@tfawabobe@ 9% t6 Bbbidiog, bJ Uféaél}%tqj;fg%%ﬂgt\gﬂ%etal

nts t he catal yst may
caRHpRen: ﬁi@%’&r%ﬂ PPkt H%r ia aWUté?fcélﬁM weighbof Groap VI metal
cd;rﬁ%ﬁerﬁ(s%%é%%‘t%d\és ?\%ga)l(!fbd(iasé{gﬂ)g} géﬂﬁrﬁas @/ewn%?\? oF fotal

i s present (m xed

cafabysk Mﬂ‘@aje ﬂlm persehfdgeisriyy Weiept ﬁE@iba@téﬁ @n tht@ \z%fgﬁ%f the
e cat al

C%%ﬁ‘ﬁfrl?%fg r'ggkhi‘f%é“)@ée; S gﬁlsol?%ﬁﬂn@ﬁ@m‘@ fnathd/catalyst may

be in the oxidic and/o_r the sulphidic form. If a combination of at least a
Group VI and a Group Vill metal component is present as {mixed) oxides, it
will be subjeeted to a sulfiding treatment prior to proper use in hydrocracking.
Suitably, the catalyst comprises one or more com ponents 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 paliadium are.

- particularly preferred.
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27 cobalt and one or nore conponents of. nol ybdenum
and/ or tungsten or one 28 or nore conponents of

WO 2@53%&@Um and/ or palladium Catalysts contai rPd’lgUt?z%mmsmm

ni ckel and nol ybdenum . nickel and tungsten, platinum
and/ or palladiumare 30 particularly preferred. 31 7
WD 2005/ 052090 PCT/ US2004/ 034070 | The hydrocracki ng
Thealyalry@hckiag chelps pza‘rt[dlélé &f ﬂhm/moteh%n TRy e H REPBRLP By
b 2 blendlnﬁ or co-mulli active sources o
H?Qagéﬁﬁtmlé heeaalive SUITESO ity enaBorEXra&tplsew:‘cbfa binder,
ExﬁHl'P'i@@biestmta%?eeﬁrﬁdb%’nﬁﬂﬁess C'gcgh:&nb] IZUF%'HQ titania,

ani a rrane

magneber amt silics-aflintieq. tmeféa@nw% @@eﬁlt@ﬁh@@s@%f a’iumm as
bi nder. Ot her conponents, such as phosphorous, ab

bindghe Pthar crEaperants U awm@pm@@mvm apded celdesired

to tfa%rﬁhen sﬁ %@8‘98 FéBB%;rJ {J?I‘lc% ip?%ﬁ'&% ts

compbnenﬂchretth@ﬁ Bbap@:d alughes Weﬁms@éﬂcdﬁé@%ﬂﬁ)cé!@ined at
roduce the fjnished catalyst particles.

terprafiras .uvép;ﬁ@eﬁdam R i Peasiuserientinished cgt@pstrwmgcaes
r
A PEOED: SARHS (ERERI TR na® A S 8 8 SutfPous cataiyst
partictestisclode preparitg oxide dindiee plefided1gsudiohs BypediRition, drying
$03|t|38”the g %p%enatl on metals on the oxide 12

a”fgg icining d0llQued, 8idag & hydrogamatiegimaelads onthe oxide
a&i@f‘e@ n
P L P P B JE PR LORD S E GBI
contammtf‘@éi)ainbgehaimktaﬁg aratiadaryﬁﬂihé:ﬁr;écﬁaﬁ@ﬁﬁld&h&ﬂ%nor
to }—% treat er .St agfi 7 18 The hydrotreater is

Ui A% gaocg kil GPFaSHs sufficient to remove at

| east a 19 portion of the nitrogen, oxygen and

unsat urat ed conpounds fromthe second 20 hydrocarbon
Cogditiang - HydrotyeaterStager will operate at a | ower

tenperature 21 than the hydrocracker, except for

possi bl e tenperature gradients resulting 22 from

Thekpdlotreatar id aatihtaghan étmmdtthrs%ﬂféibﬁﬂtozn%fﬂﬁéve atleast a
noderated by 23 the addition of

[
por 'E’It‘ IQ? ?haﬁ'e‘l“ﬁo%&l @fygerashnsatyisteche ompundsifoom t_he second
hyd'r@@é:rﬁbﬁ%ﬁrégﬂﬁs'l" AafcER gterr%g 8%;855%6@{ e@)é(vefr emée a ure

stream t hrough {heYFeacton
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* fiquid 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. (vpl 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 Hx/kg oil
to 1780 std liters MHa/kg oil (2,310-11,750 standard cubic feet per barrel).
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25 the region of 0.1 to 20 hr' liquid hourly space
vel ocity. Hydrootreating 26 conditions typically used

WO mos/eodaydrotreater will include a reaction pefruszoesnzsero

t enperature between about 150C and about 500C
(302F-932F), 28 pressures fromabout 2.1 MPa to about
24.2 MPa (300-3,500 psig), and a 29 feed rate. (vol
Poéfetred| reaatonhaamfpemmaémwng@ florh@abRe 20020 thabdut 427°C

dr 30_circulation rates are generally in the
@%E Or 6in %{?&Hefé@ﬁakﬁeactm BresIPEk fERge frognahait B7804Pa

[ 0-11, 750 standard cubic
i ?UJ[péeOra? arr k@d)g C@2‘%33%1)51052090 PCTI US2004/ 034070
1 Preferred reaction tenperatures range from about
0QC t out 427C 2 (392F-800F). Preferred total
Tﬁsgefﬁrcgwagf*@§tﬁ9ﬁe@r&%!%§zlmr%fﬁaéw&ate lyst, ppaintained at |
2@1%%3@ 8 éolditors]. GRLALORAWS dr h}?t;roﬁegﬁﬁg are gﬁefutl for the

drotreating stage contal ns hydr eat'In
thOthataﬁe@uab h@dll‘wmabmgeataiyﬁjs coa c$|uﬁtabimsfor ﬁgﬁn&icm&tférsmn of
fkn drotr atl are useful for

8151 Sho BT R, pibsEheatiar ias Snglysngatrated
i duRdY. eSHE cdMJERUNSER) &fhtgfn atBchseasd ﬂ%ﬁ! component

contai ning sulfur, nitrogen, oxygenates an
selasiedfram &1owp Wl HERAG No&tm)mm:yameagmm aletyl

' 10 I d
oA e AR o B ARG L R ERR R Raren s S Pres. ioun Vi
elemtenlts ihtiuzerpestaiin Sﬂb%ﬁ@ﬁuﬂ% Wiys@urdip. UuP@a’*&nents

not ati on) elenents. G oup el enents i ncl ud

| ingiidgitamoball gshiaiehe. aW(H”l@ lﬁ?ﬁ@@ﬂ@h‘f mgtdapespddally paifadrum

R8BI ! ol B HEG L One 999 LR GGl oL ©

als especi a
elphwnrtsn umthemw ritecating cetelyst, alsens the riobie ATEdiBals on

th other 15 elenments, in the drotreating
[PYPRAIEN EEPOPENIHS w@r%ferr@ﬂmﬁw%gmp@mmpb@wf@ge@mm

c(ﬁﬁg@géég(ﬁgﬁ i(t)uz c%@éiy%) sﬁ%i%ﬁgﬂr%?g%q lige u'(i: g)tsé‘){ af, @bout 10% by

W@l@ht @l poupa\ﬁﬂenétabnmmbouenms)@:ﬁd froerbahdmﬂ@%otb)abol@ 25% by
msta nt(s) and from

wilEhE B RtBal bomiths el c%&u%?d@rs P oK e
1000PRENBP IWeht oﬁ@t&itﬁaaél?gt %ei’@ttﬁé pe\ﬁ]er e&éshﬂs? e

parts by wel ght of total catal yst

basedcunihagwaighiyof lee ghtalyatdefare Swﬁhdgo i t‘tel‘iwdﬁeg@mncnf

e BRI BB S BRI, o
comtsihatiort bieatsetist bABodpPvMnd & Group Vil metai- component is
present as (mixed) oxides, it will be subjected to a suffiding 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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23 conbi natdion of at least a Goup Vl.and a G oup

Vill netal-“¢onponent is 24 present as- (hixed) oxides,
WO 2005/082006 be subjected to a sulfiding treat TEPCT/OR200%/034070

to 25 proper use in hydrotreating. Suitably, the

catal yst conprises one or nore 26 conponents of

ni ckel and/or cobalt and one or nore conponents of 27

Ex4TRpleBASRumRiss $irdford HrsdesilicAal@hite SclagtaicBhRg titania,
cobalt and nol ybdenum 28 are particularly preferred.

magnesig @nphdlicayalivinge dtiefgyosae 4 gen gy hedisesofdiupting as

o : it i na. or .
oind FOeP g tolntity, SRR OB ol pitlre EREE R Eoired
to twiidrithe dataigke partied0o? 60 M2 IEETONSAPRASIBE4840 | .

Exanpl es of suitabl e binders include silica, alumna,
corgpennts ar¢ heRishapeds stfinaas bY gulHeeNa dgisd and calcined at

= o b ’ .

e RSP B IS0y b3u0 YT BT Fbaricto
Altephabbytiprems|ly seiatie nestteds aspaparingdthedarhorpraiusatathlyet

talyst particles for,.a desired appljcation. The o
pariflehdliids Bishada ARG RIS HRATIGRapeHCh S8dlY BErsyon, drying
\ dr i

A B o A S R ARIP RIS P i
parpeles. using metiodsl sushras invekegnaligualhy caidlyabparticktshods

f. prepar,i t he,.amor phous cat al.yst 8 particles . )
confeifigdBe i aRger Ao RS i U pE FBEd anggrlgigegyprior
to L%étdsuéih%sotr@éﬂﬁq:@ata%/sﬂnd cal cining, followed by

depositing the hydrogenation netals on the oxide 10

particles, using methods such as inpregnation. The

Thef QYrdiraPals i Ex60cin iy urof FLBbda DS RERTER b hese
fradtions beiling iatHeyrdnge iof abony 12 81GABY$1IC (280°R400E) as

suhj ec{t‘ process i s especially useful in the o
det%fmj{aﬁ@ yahe appRPHAIcoART M fast Braseduses Bice myddlendistiiaig
adkiBn A% 93 _5 1625 AROR 0 1 A6t
frack SR B KRB i ol o P i gt
thatatrieasl £ %t pidfatably 85 vblacdfitho coampogeratshdithé Agddie

] f b 121C- 371C ( 250F- 700F 18
aisIRRare pOREAIG DAnbPLARRRH AR PRI IoE (2RG°F) and

funeg&ﬁme%ﬁétsdt%as% fB%oHi ﬁ@lb81%9pr%ke?%ig)fy't9§g?@\(/§f5%§Oggg'

ol i ng point of greater than abou

cong@nents betheoniddiehhstilate heas t radsoat HeBlingpbdint of less than
3719{3%86%! yl'h%S(erVn? l"%fdd% dttsr%fxﬁate"' 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 rarnge 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 Cs to 204°C (400°F) endpoint fraction of available
hydrocarbons. The bailing 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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21 conponents of the middle distillate have_a nornal
boi | i ng point “of- | ess than 22 371 C (700F).! The term

w0 medgiedi stillate” is intended to include th&rrs2004034070
diesel, 23 jet fuel and kerosene boiling range
fractions. The kerosene or jet fuel boiling 24 point
range is intended to refer to a tenperature range of

b0 Refdi3ACe B/MGde 25 A Etdbils [ROMS Bhe [) 860D 58 B8 elirther
ngé,l i ng ran%e" is intended to refer to 26 hydrocarbon
7S Py R psiSRDS ape digrelifuel prorerties. C (250F- 700F) .
Gasoline or 27 naphtha is normally the C5 to 204C
(400F) endpoint fraction of available 28

Rufdrapcaribonw. matie thbigurand, whioht disaloges ppéfcifael Mabb@mMsents
ered in any particul ar

roduct fractions 29 .recoy ; N
OEF'&%F‘VWL?”-VQP?*W@ZEG%@W ?_’l%@@r%rea\sarmé pigces of auxiliary
it Ty bl r _
RPN QR B b Pl Hlpressors,
W@l BIs2004¢3Bataldo the atventifef erence is made to ASTM

standards D 975 and D'3699 83 for further 2 details
on kerosene and di esel fuel properties. 3 4

DRceiftitiPof the PHERER EALEI 1, which discloses
pref grir edoenbodi ment s @bgpgﬁﬁgti nvention. Not

included in the figures are various pieces of

Xjliary 6 .equjpment .such a at .exchangers )
B Fe oS oA E e Gtvch B & Bha T5° A BRPitad. nbie first
ERpOBbcabn Y@ abitNG Bdcars i JP8S CrH Pt BhPltakbe
SPr ef er r'edn Ehr?bodj?reht§ 1dg%ihllnﬁ]e%eg)§r gmf?%%hog%\%h% ow
hydradfestingeeeersin Bssabil14.5Fash ecdepl carddins Aidedsirste reaction

react | hydrocrackin ceurs in yessel 5.

2" VG R e Rt Prishs Ceios Wi vassel 15 is
dépictdchad pyessssingcpsihgidGatalyst B8G! TORSIEERHNIBA veldel 5 is for

zone. Vessel 5 is depicted as having three catalyst
C@ég@,g HISt Bygesghorsiraam 11 whinkpisce@tpdsedpssesibi oy a

S . | rstir tion vessel 5.is .
PR PEEC Plop S8 pak hd (ehbiel FRTR-GRRETRRE raoBgtion.
Ths hydmprarsardfaediispartiagly ebnidrigd efteaireducts in the reactor. The

Fi scher-Tropsch wax and recycl e hydrocarbon from
regicliii Rt Brcomiiseprighkyapozach Bidiosatbans, eiatilntel oifs,

PEARUORSE PO RS o 08BN fyhimes o e
reagtionc dhbaiiyerdisteai ¥ & dighdly 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
cornbined 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 rernainder being varying amounts of

11
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20 heavy unconverted hydrocarbon, and excess hydrogen
not consuned in the 21 reaction. The=effluent stream

wo 20d505508! 1 ght 1y cool ed by heat exchange 22 (B¢§haR&8N 31070
20) hi'gh

before it is sent, as stream 17, to a hot
pressure 23 separator (HHPS) 55. The second reaction
vessel 15, a hydrotreater 24 renoves
light! 4588 SRR AMAhRIrBSarb8N ¥28Bs C TREA HIBge AL ,
gunésatur at ed npl%acul es )26% ?r om a ss{eacg%% ﬁ;ﬂ/:éwr%%sg%gnstream
4 shomedmtl3z dreSring asm Dlercboit raake-updpalrofiernd ahe re@fle

HHPS, whi ch. i mbined_wit h preheated cond
g0 P31 B OG801E ferlilq RLGRRH ot B Beeeneiin <

pref@nEdtdrbondniid FedlsoRy dt Rcastenuissd eams fdistSck 1 may be
hydr ogen-ri ch gaseous stream4 to

conbined with a hyd _
hegledrin Qneiqrgmorﬁ@@é' e0gwrs K in 80eviminodra ke ates's €ihis is not

R e Y
crelabsTBiraiar 20 eSthgamarnyis Niger dwause O fto ilst M8 22807852099

PCTI US20041034070 . 1 |i ght gases, including
whitalthedusbyageds edictrhedieg prefetabasesours, it losatad.

The sheTENRgeIs e AYRSe! To R Mol o thereryy
oc@frsa recycle hydrogen streamis generally 4 preferred

for econom c reasons, it is not required. First
feedstock 1 may be 5 heated in one or nore

Th@’égfhu%ﬂggE)ﬁ\ntﬂEiﬁr& sqg%f%reégg@ §4heabeks ikt ngégég&;»ﬁz%ge? 20.

depicte gure e bel ng conbine
Stragor bgemergashfratreahdged?0 4s ctreatre! s brebpadshs tdttheam

HAE S THE TS G erteronniion By Hoth 8k Ag0 proceeds o
furalp.@%ﬁic@@{;iwgpmwfanfgﬁoﬂ QeAlBdnay Be HRers §R9A %trgdﬁgg? ;?%d

ocated in vessel 1 wher e "hydrotreating prefera
pagsgdde @dubricant basg ofifard fTheelbritanihplahe (fotrdtovet)age,

.eam 14. S Cool I n_heat exchanger . .13 Str
ol Seh e Mgl oy REENEE Al iisuia it By
matteridl et dehviaHed ib he dBRakéavby betrieead RoeTRIHRY hF Afther

the HHPS 55 and proceeds to " 15 further processing. A
progeseagn Whils dewavas) elfigniis hydradinishash Ehedudreisned

. -] il . The .
mafti REelBery (ip AR o AR Gs ey RRlatd S g
strefwariayghenibe vaollmeeddisilied tbyoabéaiighi agd Wbty bhaxy

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 condifions
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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18 material not converted in the dewaxer may be
recycled to stream 1 for further 19 processing,

wodabd/eebewaxed ef fluent is hydr of i ni shed. The PCT/USZé)(}-m}S-mw

hydrof i ni shed 20 material is subsequently subjecte
to atnospheric distillation. Heavier 21 streans nay
then be vacuuned distilled to produce |ight and heavy

sheam 122hbyetoshEheR SHosHSvedd! 124, %ﬁa??sst%‘é%al energy

stream 34 emerges fromthe HHPS 55, and joi ns W t
whiahaaay 2e reoavarpil &y hasthsprhargervib Insherpiomses streams such

SR RNl 05 TERY AR ABE L odel Sl P e

cé’@eﬁf h\ﬂtfﬁ&ﬁ@(ﬁtﬂei@q&@t EROWADNE netesuty | Wadie $oatkr i'#ay be injected -
contains at |east one bed of 29 catalyst, such
URSHRESD Cb G AgCedest insprevant t depasition ofi srlts @t’[he air cooler °

WERRIIIIRNR HHSUFLLAL PAbr{BhoABNPLILRAAL AT b Bam 190

ortion o trogen en an
amb it pansedfitotchid highatrasairedepargiot Gl s B5t fTEh@ ﬁg@ﬁdafﬂuent of

fe o) 20051052090 PCT/ 1382004, 10340
fh@tﬁ@%ﬁ% 3% Stﬁeﬁ@vg%o‘?ﬁﬁ?%ttﬁé@cg‘??@tﬁﬁht Cageaysiovegyead stream
26T ARl RRELRN AntEeat OB AN S8GUE kst to the
cHmprasaor é&,c\lwmr@et isTlecomipecdppdravtd padsed &f reoyie to one or

) al so, be cooled with air coolers (
i G i Bty End a8 wiina Hiof fpafig e Saction
zoHest BN @éestéfeay@mﬁg&pgr@mu kﬁowhewm afthe deposition

of salts in the air cooler 6 tubes. Second stage

ef fl uent 18 emerges from exchanger 10 as stream 19 7

ST e R T .
“ponapic asenat o e e oty oo
Ccrfl? ng%é‘éﬂh %%8%@9?6 93/ e qrex? @w@gmlchonawb@r e
génteréf%drlﬁ GOIRIRHBRYARL. %%%@%r@%eﬁ BENSh uen@ﬁ%@f{é&i@%&

nmore of the reaction vesse as -3 9q
pretarablyokcongred ronetiet alosorbdRazataapeSiok wses @hge of

e R e
i ncludes neans 15 for contacting the streamw th an

al kal i ne aqueous sol ution, for renoving
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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13
14
15
16
17
18
19
20
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22
23
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25
26
27
28
29
30

16 contam nants such as hydrogen sul fide and anmoni a
whi ch may:be 17 generated in the reaction zones. The

wo 200¥@E0e9en-ri ch gaseous stream 26 is 18 pref Qcmlgymmg,mm
t he

recovered fromthe absorber at a tenperature in

range of 19 38C- 149C ( 100F- 300F) or 38C-93G

(100F-200F). 20 21 Stream 26 then flows into the
emplyyatlieagidwodenisy edsarthanaieorHydibgeheryiiie27 28 used as an .

essor delivers the recycle gas to vessel 5, as

mt%&‘f‘é’a chpart of the 23 recycle conpressor

di scharge gas, now stream 4, is routed to the 24

hydr ocracker reactor, vessel 5, as quench to control
LineHe, tmccbmied tefflueet af hydrotre2&r Tiie poesas to tigs hetlyighe

as_t hat 2 Hsed as uen‘%zj conbined with 26
PrERse- %ﬁ?%‘@ Sew FE hEcHin IRiRie saceeNe Slegt £hand a
heaf\ﬁ&%tﬂa%?n 2Pherily J@é@h@%{@@hﬁm 123669k ir?eeeoﬂggghi sssure

heat ed by process streans before conbining WI{?‘I
sepanaloFBSc Woerd pogsstingaxrntindes es yeberibyd imthar disoussion of

str 2 ill stratesth
Figfis, bt RV E el geeh 26 055 3Rg B Fony optel 40304 liquid
em.@é,qdm:bé@@fu;m& prodésiggeat i ng reactor 15 is nodified,

the fuéls case, to 13 WD 2005/052090

PCTI US2004/ 034070 | enpl oy at Ieast two beds, rather

t ha e. .Hydrogen, ip li.n i s used as.an, 2, .
strgalfe? Bcibie DRy of oy il rdssirh 4560 B8 22F renibned
witiPEtrbXgh 38, rpalverin Figurbasses to the hot high 5 pressure

separator 25, where it is separated into a gaseous

stream 21 and a 6 heavier stream 22. The gaseous

st SR EPrEBOOGR b oS sEBelndl BanPhATEL eedwatnd iee
overiieddhstrémcs shdhqall efffidit GaT QStiearWMc@%@Mé%aﬂlth stream
stream 26 passing to conpressor 40 and |iquid

42 anq pirGeedsdo seldigwiiessite sapseelesdl. Fued gps fStr@f@@ned
ove?i‘?ea& \Wﬂulé 'hgé ddeff?uér{tlﬁ%% g%gsggttcw ﬂjgz%ps_t %t@gﬁ] 36

Separ at or conbi n
in Figure 1. 13

shown

Stream 37 also passes fo fractionator 50, where it is separated into overhead
gasoline stream 28, naphtha stream 29, kerosene fraction 31 and diese!
stream 32. Bottoms stream 33 is récyc}'ed 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
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14 Stream 36 enters hot | ow pressure separator 65,
where it is separated into 15 overhead stteam 44 and
wd togsroctosl f | uent 37. Stream 44 conbines with Std1@@&Ro04/034070
16 42 and proceeds to cold | ow pressure separator 70.
Fuel gas is renoved 17 overhead while liquid effluent
43 is passed to fractionator 50. 18 19 Stream 37 :
Stiteson fastessfilverftod oy tionatater B),is vbeibd i hehSedPRAERYED and.
I nt o over head 30 ggﬁgline stream 28, naphtha strfeam
PEgSERAOHETHED 1P JR CPBMIG PARRPUIP S§BATAT 31 1asalarized in
- r r b.
o e eag SR ga et P it s M s e
Figirat! anthb@idiefthient ¢Rés fuethee paderssed aisgiepi8ed MFRTre®.
250F-700F) .. A 0] i ne napht ha fractjon having a
Gt 14 Sl Y Shean 4 ald Pibesriaca celd Brgusestre
s6ParRAACSF 4Ok it Per i l\Bhile 1RRiR8El :
e ot oo L hE h sap R B PRl e JERIFTLALLE 1F posod
tg ecliumtorcEet slkawmy oducti on. The hydrotreati ng
reactor 15 is nodified, in the lubricant case, to 28
enpl oy at |east two beds, rather than one. Hydrogen,
Streahi 86, 12i0id &HubsERoAIhahot B h;ﬁl@@gur%%%pakﬁa% 30 14
WO 2005/ 052090 PCT/ US2004/ 034070 1 Stream 18, the
sepaaipchintogassauisottrasm 44 ars liquid sbened7, astdeatcted in

Nng¢ _ stream 19,10 col i gh
FRKEI2IIE R GRR hRRIES s SR T ¢ feedsto
lubrieahisaiosé sshayid2failbais &hold, GOMPICRERRS ddRaxiAS procedures)
E?eglﬁ}ed in 4 Figure 1 and liquid effluent 427is
et Wep Ressiede dacienalepi cted in Figure 2. 5 Stream
44 conbines with stream 42 and proceeds to cold | ow
pressure 6 separator 70. Fuel gas is renoved over head
while liquid effluent .43 is passed 7 to fractionator
(not shown). 8 9 Stream 36, liquid effluent fromthe
hot hi gh pressure separator 55 is 10 separated into
gaseous stream 44 and liquid stream 37, as depicted
in 11 Figure 2, the fuels case. Unlike Figure 2,
however, |ine 37 proceeds to 12 lubricants processing
(details not shown, but including dewaxi ng

pr ocedur es)
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13 rat her :than passing to fractionator,; 15 WO

2005/ 052090 PCT/ US2004/ 034070 1 WHAT- IS CLAI MED | S:

WO 209505309 An i ntegrated hydroconversion proceBETHUS200#1&4670

treatment of 4 Fischer-Tropsch products including a
firTst hydrocarbon stream 5 conprising a wax and a

cand h rbon stream conprising a 6 condensat e,
WH?‘ﬁé%p@%‘%@Bﬁg\/i ng at |east two stages, a -

hydrocracking 7 stage and a hydrotreating stage,

each stage possessing at |east one 8 reaction zone,
wheriatagrated hydosmswecsiop picoess tfhettfeotrdatmheg ot eps: 9
10. (a) conbining.a first hydrocarbon streamwith a
f?@%eﬁﬁéﬁ%ﬁgrmgﬁeﬁs iny waaé@o%t ydosathon seam

fi ; : g@ﬁi first . :
fgég‘?trlgc o!f;vggi&eng gssé(;;héj( '?‘Wj rogﬁg‘%{géﬁ% d|rO ﬁa%?%lgﬂ 414
z onedenddte the proeeast fvireplabeablyiivostagek) atydrocracking
copditiops, to.forma, 15 hydrocracki ng zone effl uent
c SR RS P REAO g, GOPRSGOa BORTS G Rt astne
NRLABNbh Y-oBB SRABRIR RS BrotgiP e : ki ing
t he hydrocracki né zongr ef??ugﬁﬁ%ssg}%%ga%&ﬁpoﬂga eat
19 exchanger or series of exchangers, where it is

B chouind A SinEFagh By Sans wih SBSL Rudrcareany

and aghéliststeddnt a0 Torada fird fé&st6@rbi ni ng the vapor
stream of step (d) with the second 25 hydrocarbon

streamto forma second feedstock, the liquid stream
2. of . hej sed,to, l.ubricant prqduction.
o) PRt U 5P PRRBRMT ot e A R BB GPETERS radpton
and dresslwhitloduck#itaingd at hydrocracking conditions, to form a
hydrocracking zone effluent comprising normalty fiquid 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 Coél'edﬁeﬁfueht of step (¢) into a
vapor stream and a liquid stream: h

{(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



29 (f}_ passing-.the second feedstock of step (e) to a

hydrotreating Zoéne, 30 which is naintained-at '
wagpiztens sufficient for reduci ng the cont entcT/AiS2000034670

2005/ 052090 PCTJUS2004/033070 1 of sulfur, nitrogen,

oxygenates and unsaturates present in the 2 second

hydr ocarbon stream to forma hydrotreating zone

ef f | uentof suBud nittppesepaygiriatgs ehd umgdtobitceaticagntzipnge

ef fl uent_ of ep (f) into a ljquid tream

conpr i si%ﬁo@bﬁfé@%&)ﬁ‘oﬁtﬁ?aﬁc%r ‘Hﬁjgﬁégﬁﬁﬁi’“@ﬁ zone effluent;
gaseous 6 stream 7 8 (h) passing the liquid stream

of step (g) to further processing, and 9 passing the

hy dr{gyerseppiting dse bydrotensamzohestidpertt) step () intbhetiquid

0 ' ' a |i hyd -rich
stroam o bl Ene i na T pFs et aseous
and 12 stBafi;) recycling at |east a portion of the

hydr ogen-ri ch gaseous streamof 14 step (h) to the
hydr ocracki ng zone and hydrotreating zones. 15 2. The
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12 conprising gas 21 or naphtha stream which are
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manuf acture of fuel and diesel products of the liquid

15 2SUr §RRRhcsstt cldbh 1, 2hdrHi éﬂ%riiq%?ﬂ{riegr%séon%grising pro-duéts of
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16 step (h) is passed to further separation into a liquid products stream as
17 well as light gaseous components which are sent to fuel gas.

18

19 3. The procéss' of claim 1, wherein the liquid products stream of claim 2 is
20 sent to fractionation and separatéd into product streams comprising gas
21 ~or naphtha stream which are removed overhead, one or more middle
22 distillate streams, and a bottoms stream suitable for further processing.
23 ' o

24 4. The process according to claim 1, wherein further processing for

25 ‘manufacture of fuel and diesel products of the liquid stream of step (d)
26 further comprises:

27 | i

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

29 fraction of claim 1, step (g), to form a single streram;

30
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28 (a) conbining the liquid streamof..claim1, step
(d), with thellqwd 29 fraction of tl:taim1, step

WO 20059520200 form a single stream 30 17 WO 2005pQ5A%9604/034070

10.

a si ngFavieieamy

PCT/ US2004/ 034070 1 (b) separating the single stream
of step 4(a) into a light streamand a 2 heavy
stream the heavy stream being sent to fractionation;

3(d) ( skpsmatibyihagitdle stregl‘ﬂt ofsatepampﬁt@ée@)h%ﬂham hhd a
thepoducts str?n}3 5 claim1, ste form
hgaesYy sirealy hedpg papl tﬁg ragioration:; e
stream of step 4(c) into a light gaseous 8 stream
and a liquid products stream the |ight gaseous
(cr)eanombp“nm tediighf ttedruefl sigpsd (b dithiteel praduets stream of

pr oduc st r r edin O to fractionation. 11
12 5. rsge@n@ g:b% g'(j‘gil SE$aRAAd wherein the
hydrocrackl ng zone of 13 step 1(b) is nmmintained at

conditions sufficient to effect a boiling range 14
c&)ves@wﬁii@@ thengingle stretydf otep B istbraedghbiastous

| east 0/ 15 1 according to

cl ai n? @Qg ef qi‘i‘?ep’ﬁ@HPf&aI f@?ﬁ) ﬁgej@ﬁﬁ%ﬁeo‘ﬁs eap
1(b) Fﬁjdé&tiihtfﬁbff@él s 6RAM fiQug rﬁﬁHﬂUé’t?'s@@arﬁ Or&dd&fikg
a boi range 18 conversion o

hydr oﬁhﬁ%@ﬁ’n@ ieBam of between 30% and 90% 19 20 7.

The process according to claim1, wherein the waxy
first hydrocarbon 21 streamof claim1l has a nornal

bhé procersi aticogting te cldiman vﬂ@}‘éh t@@Qﬁdrog?ac%ﬁxofzaoﬂ_@ Bf

process according to claiml1, wherein the
hSf@Poldat sdRaintaingd 26 ganditions auifiicientds effesbartiling range

b 2 he roce
e oR Y M P e B R Al R R % bon
The process according to claim 5, wherein the hydrocracking zone of
step 1(b) is maintained at c_onditions sufficient to effect a boiling range
conversion of the first hydrocarbon stream of betwe en 30% and 90%.

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.

The process according to claim 1, wherein the second hydrocarbon

stream of claim 1 has a normal boiling point below 7 00°F.

The process according to claim 8, wherein the second hydrbcarbon
stream boils in the range Cs-650°F.

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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11
12
13
14

27 streamboils in the range C5-650F. 28 29 10. The
process according to claim1, wherein thereaction

WO29hE030%st ep 1(b) 30 stage is maintained at pCT/US2004/034070

hydr ocracki ng reacti on conditions, including a 31
reaction tenperature in the range from about 340C to
about 455C 18 WD 2005/ 0-52090 PCT/ US2004/ 034070 |

( 644 BFBH)T) F & resatibh Preguues St tee randdef EBHGE3 8f24.2 MPa -
abo d% gi ga - 2 (500-3500 pounds per square
.ncﬁéo -3°9%RaUR e'(%ﬂar@ﬂmq oP fege rale (obailyohbati) from
0.1 n n [at.e

r anSPﬁgﬁ??gé ma%%uggéoa} %gg r}%ygfrﬁ%?grc‘sfﬂch%{{gg ¢ ranging from
178@bemh850 $tdﬂl§3rBl27‘lzwgg oil to (23350 litbrd B/kpostandarLty 750
cub| e L%)er ba%rrel g 7 11. The process

acc Eﬁ}‘f e feqt el Pafiedr ei n the reaction zone of

step 1(g) 8 is maintained at hydrotreating reaction
conditions, including a reaction 9 tenperature in the

11 arigbe prodassracabuling iG0GEimd, alrmrtirbh@Gedltion zone of ste

a)
botma it St Aiehegind il Srsertiian indiinae f@@{iin
r at @nfyarhtudé i ﬁh@' raﬁab d?ffro?ﬁ abbaM 85eyt, aE%uPpéo‘(‘g he

about 20 hr 1, drogen circul ation ra
r an@émf’ﬂ%? H)saa‘@agtomafessum in ther mnd2/ dfofrond aboull? §0vipa

I 0- 5 14 standard cubic
f ee L{e ? R@D%WS%PQ ;Ssa) a]Tee& aZe ?vol oil/vol cat hrp)l from about
0.1 to about 20 hr', and a hydrogen circulation rate in the range from
about 350 std liters Ha/kg oil to 1780 std liters Ha/kg oil (2,310-11,750
standard cubic feet per barrel).
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