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lyNTEGRATED HYDROPROCESSI NG SCHEME W.TH SEGREGATED RECYCLE
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invention relates to the refining of petrol eum products, and m)lzgg
particularly to an integrated hydr oprocessi ng schenme (i nvogi@Rg ’
hydr ocr acki ng and subsequent dewaxing by neans of either (a8l

sel ective or 5 Ol SONEr WoaLD IELLECTUSH, OBOANIFATION | al S b oM g in the

mddle distillate and lube oil range Th Which. the bott d,
optional | ylbUERHAT&NMM}JW@&BHBg‘ﬁﬂ% UNDER THE BAT; ﬁ%@ﬁ"é’ggﬁm
one ano (%h:eﬂuﬁowmmml . 'bmgI( Peh gﬁmm.{gmmﬁmnﬁa?mtpe dEMbh 97123584
st age npy egpg! ed back to thealydrocracking stage for further
process ngat;?&g’g’é% as | ube base stock. |@3) Internatio Yeatio PBfial  pef PBIIELA O
hydr ocr peckTmg—ammd——catat yric dewaxi nglar e descri bed by fundanent atll(()(,r BE,
di f f er e[ prepstwel ApplicationNuaber:s t r y PCTRRI6/6851 iﬁé’i%&ﬂ;‘?ﬁ@%ﬁ;‘%ﬁgﬂw PO, MC. NL.
napht he1§§lnjte§muo%n%lwﬂ Bt i CS; BdidGer RB6(1 E0969 hYydee@BACK than paraffins.
Less engfgy 1S required to open rings andlsaturate aromatics than is
requi fegl to break paraffinic bonds. As a P“mmr,_ﬂesult, i n conventional high

convers G'ﬂ"f"ﬁ‘g;ﬁg' I},\é%; CORAUEINE) WG T ©C Weth RrerRiribralSbarcRApIDECONES i Ch
in 20 par a |hsseand izsf5 C at?act gir%i z'e)d by?}a vemg%mm«rof o tinwt limit for amending the

which af tinme may exceed 38[err]C OO%& N F) . clelmna & be ppubs e {phe event of the receipt of
cat al ysf Q"nggﬂﬂ‘ﬂﬁ ; i&.‘é wg%ji ng structures and
preferehtial MppiL BN @oRPORATIOR| [UpBSA126S @dlpwsi{esul ting in substantial pour
poi nt apd noRed Fhie, VWRGhUSk eduction may 435 be enployed in catal ytic

dewaxi nInaQ'g&uﬂg%ﬂﬁLM,w%smmegﬁct ure of lubricants. Specific
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types of  deWsgsksvk@, PA 18078 Q). SHILBERT, Taloly, dde@si?qned t o convert the nor mal

par af fi s by Charles Lang, Sewalb Nj 98880 ( ]c;?mction with cracking and as a
consequ¢nce @%ﬁ"%ﬂ:{,ﬂ Albhidd. ﬁdo aaifl{l ate products 30  such as

ker oseng andogxn’i' | oH (Y, Arthur, R, ”mm;xwﬁm ant invention discloses an
integrafed Houstory ﬁ@i‘ﬁﬁaﬁg‘%\ggg ilch enpl oys both hydrocracking and
catal ytilc deﬁ%ﬂ%ﬁ%%ﬁﬁe?" Y 4? Ocr acker bottoms are dewaxed in a
dewaxi ng aiapept: PRATERIPasy,tLe € altElcdit Dl Corporatiom |t he 35 dewaxi ng stage is
subsequént | y 3728 8sleysdkand FaiEfs. Y2203 £)5)-

(54) Title: INTEGRATED HYDROPROCESSING SCHEME WITH SEGREGATED RECYCLE
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(57) Abstract

Petroleum products are refined in an integrated hydroprocessing scheme involving a hydrocracking stage (1) and subsequent dewaxing
stage (16). Materials boiling in the middle distillate or lube oil range may be dewaxed. The bottoms streams (12, :'44) and opflonally od_lcr
streams from each stage are maintained separately from one another during processing. Dewaxing may occur using either hydroisomerization
catalysts or shapc-selective catalysts or both in series. One embodiment employs a baffle (14) in the flash zone of a fractionator (13) to
separate bottoms streams from each other. Altematively, the effluent (4) from the hydrocracking stage may be processed aepam_cly from
the effiuent (18) from the dewaxing stage. The bottoms fraction from the dewaxing stage may be recycled back to the hydrocracking stage
for futher processing or used as lube base stock.




hydr ocracki ng stage. The feed t:0 the catal ytic dewaxi ng WO

97/ 23584 2 PCT/ US96/ 16231 st age,
t he hydrocracked bottons fraction, is generally rich i n nornal
paraffins. These nornmal paraffins may be i sonmerized in the dewaxing
stage to produce nore branched chain paraffins which are swtabl e

gasol i ne and nw¥7@3®4 distillate conmponents. The d ﬂ{fzgt age
may enploy a single catalyst or a two catal yst system A large pore :
catal yst such as zqflrgrrep HEDRGYRABININGOKRAEIS WPRITSETREGATED REEYCBE OF
crack themto sone extent depending on the catalyst activity. Shape 10
sel ective, internedi ate pore catalysts, such as ZSM5, may al so be used
to crack n-paraffins. This inventimt emlatted hodtleroefigsing ofchetrelelmch
enpl oy bot h HBELICkRI W) geAlolh beLd HE mae wel | known

in the-refining arts en_et al 15 agd

4,764,266 (Chen &Y%W°8F§E+%%e9?k?ﬂ"€gr(éf‘¥89V1’(' %schene in
whi ch hi gh boi | i npHsegiensudewasing by geansi bf aaiitlver shariec slellpctivie kex

SIS 200, DesbISRRE ket Sl orophect Ly hlasgesl o
Unconvert ed nater“}’:ﬂ%lr?aglﬁﬁ ?'ﬂ%%l t]d’btengli an‘ﬁ?/d’r’bg'ﬁﬁa% r’f& gag{é%? may
be passed to the simemmsnganfipgeptionalyhetherrt stseamsktak] asichh skaber e por e

catal yst, S%rwac.@ehyséﬁﬂé{@lyb% Wﬂbcgngéﬁe:@ M@%Ebgging.
dehydr ogenation functionalit ¥ I n, or 8 uce, nore osene and
distillate range Podettoms TERERIRR 3@@ ewaxing $tARS, %@r bot t ors
i s enpl oyed 1h t hsseyqlatiebask to thuﬂnnhxmnheﬁxngtetagé fcnnﬁuﬂhhedewaX|ng
stage is not wiﬁg be hi&a @grﬂg@% k- sE4ckhernore, these
processes ot strate the use of _a

n at nospheric distillation 30
tower having a baf f1 e GORVEREirpal hpi*iﬁfél‘?‘ﬂ‘ dydeperacking and, gatal vEgg
bottons materi al dewaning attief §esenibed dgefundamentally different process

chemistry. Due to their molecular structure, naphthenes

15 and aromatics are easier to hydrocrack than paraffins.
Less energy is required to open rings and saturate
aromatics than is required to break paraffinic bonds. As a
result, in conventional high conversion recycle
hydrocracking, the recycle oil stream becomes rich in

20 paraffins and is characterized by a very high pour point,
which at time may exceed 38°C (100°F). "Shape selective"
catalysts that restrict the cracking of ring structures and
preferentially convert normal paraffins, resulting in
substantial pour point and molecular weight reduction may

25 be employed in catalytic dewaxing, particularly in the
manufacture of lubricants. Specific types of dewaxing
catalysts are designed to convert the normal paraffins by
isomerization in conjunction with cracking and as a
consequence are selective to middle distillate products

30 such as kerosene and diesel oil.

. The instant invention discloses an integrated
hydroprocessing scheme which employs both hydrocracking and
. catalytic dewaxing. Unconverted hydrocracker bottoms are

dewaxed in a dewaxing stage. Unconverted material from the

35 dewaxing stage is subsequently recycled back to the
hydrocracking stage. The feed to the catalytic dewaxing



streanms, as illustrated in one:enbodirnent of the instant _ i nvention.
PCT application WD 95/10578 di scl oses a process for 35 t he producti on -of

m ddl e distillate products by the dewaxi ng of hydrocarbonaceous

materi al boiling above 343[err]C WO 97/ 23584 3
PCT/ US96/ 16231 (650[err]F). The feed is hydrocracked with a

cat al yst wePiMBkgeSi Ng a | arge pore zeolite such as Y ancernuses623t
hydrogenati on netal conponent selected fr®m G oup VIB or Goup VIII.
The entire effluent of the hydrocracking zone 5 is then dewaxed in the
presence of hydrogen with a catal yst conprising an internedi ate pore
zeolite of the ZSM5 type. In the instant invention, only the bottons

of the hydré}%’g%(:k%'hee %ﬁg@%?él%]éj%%ﬂls fraction, f&'QRMRAA1TH! £0En

189648 Al di scl 0S€s ‘a process f e 10 hydroprocessjng of heavy gas oil
feeds in order b nexwadi paraffing, oSHRse; RTARt PRTAEEINT AAYcP®n. Figure 5 -
of tlhi s g pat;&r&méﬂﬂlzluat ]Iciﬁt €he hgewReEIRE |ﬁ;ctlage0i:ot peodwes mdral baandhby

catal yti c dewaxi,ng.. A L he . ' nit is
dewaxed in thi sé}‘l{yﬁl\?etﬂaﬁrg%,f J';r}%twﬁ%éllt'% E&ﬁggggf t 8%%&%@8%‘%&“&%?%5 ant
applicatiord FistHddadeccomponent$e js no teaching of recycling to the

i ni Ej ial hydr ocr aele Aewakifg. stage didyf employhidsdnghe kiatthlytsages a are
used. t , 053, [ '
process for de\/\t/a"?(%? %&‘%}?&r%gcrsggﬁgg' bé‘?t%&]rggeg @)S%Qt Eétg%}sgr\é%&%o%ez%gggte
Pressure Hydr och i3k bepempdrypdptecisemerize n-paradfins ¥ gk ielatand
gasdoi I unde][ NS Giténtl aepeffing onHHH(Vj icadallystundetiviey ) eshapaver e )
condi tions The . . t [ ni Y. 3]p 0] Wi t
gas oil of ]§5 '\é%%%u&e['r d’é‘gﬁlgggf‘%ﬁ ,ﬁ]ﬁeere_ ylg%gbv%%gﬁt%%ezoc argtr)feg'% mber
of the napht ha d¥erilRe uspdete rzagh RrRAYAL{Gns: t he recycling of

dewaxer bottons to thfcdirdred aglebpré&esssime schemesCivhch Netiiflesy Nathbe
| mproved by ”Bxﬁ§ﬁéﬁé¥ééﬂf§3 Anga catalytic dewaxing steps are well known
in the refining arts. U.S. Pat. No. 4,851,109 (Chen et al)
15 and 4,764,266 (Chen et al.) disclose integrated
hydroprocessing scheme in which high beoiling feeds such as
gas oil and catalytically cracked cycle oils are
hydrocracked over aromatic selective hydrocracking
catalysts, producing naphtha and middle distillate range
20 products. Unconverted material may be recycled to the
hydrocracking stage or may be passed to the dewaxing stage,
where it is treated with a large pore catalyst,
specifically zeclite beta, which has a hydrogenation-
dehydrogenation functionality, in order to produce more
25 kerosene and distillate range products. Although recycle
of hydrocracker bottoms is employed in these patents,
unconverted material from the dewaxing stage is not
recycled to the hydrocracker. Furthermore, these processes
do not illustrate the use of an atmospheric distillation
30 tower having a baffle in the flash zone in order to
separate the bottoms material from two different process
streams, as illustrated in one embodiment of the instant
invention.
PCT application WO 95/10578 discloses a process for
35 the production of middle distillate products by the
' dewaxing of hydrbcarbonaceous material boiling above 343°C



production. This may be acconpiished*by enpl oyi ng MDDW 30 catal yst and

conditions with m niml hydrogenation. A variety of patents
illustrate a generalized process scherme in which a feed such as a
heavy gas oil (or other hydr ocarbon feed boiling above 343[err]C
(650[err]F)) is hydr ocracked, then dewaxed to produce | ubricating
oils. 35 U SvobPmssk No. 4,414,097 (Chester et al) di scl osR&I7ES96/16231
process in which a hydrocarbon feedstock i ch boils above WO
97/ 23584 4 PCT/ US96/ 16231

343[err] C(650[err]F) is hydrocracked, then dewaxed over a catal yst

conpri si ng ZSN¢23 U S Pat. Nos. 4,282,271 (Garwood et al) and
4,283, 272 Eesvopgd, etrnd )feéﬂsﬁhoﬁﬁdfbﬁid‘dw{eﬁcﬁithng @itdlyt cating 5

oil's by hydrocrack fee stocks o] abave.343[err

(650[err]F). The ﬁ%’?’o{ r9§ E"g%ezq%"e s Shon 28, #‘1 @ offluent
fromthe demxerhygrmaﬁmmabuFOFBmFﬁﬂt seleqteéyéreu ¢x¥pumd/IB or
hydr ocr acki ng St@ﬁeup VIII. ThENiehthp¥estinientelodt ehet ﬁy&h@cf&ikiﬂd’lg’.dﬁe

petroleun110 pr odu nd p Lnt

hydroproce55| ng %3h€‘ﬁ%ﬁ(|enw "3{ gf"% %%er'g |°%g 9583&3 v&i& a s ts?él uent
stage in whi ch ufcuprising anycirmpraeﬂ at@)cmmeohtar ef sthe cZRMTH |BYyPe-
dewaxed). The boihoﬁﬁesiﬁé?@ﬁﬂit GM@ntionOpéﬁEﬂéﬂﬂé’onEBﬁé streges of each

stage) are maint ed 15 Y. m each other. Dewaxing nmay occur
usi ng ei t he!¥ §ﬂ?’6?%’6% &?&tuegh %ﬁt‘g?w?feé] or shape-selective .

catal ysts or both in Ber¢pean @?@%ﬁbéﬁ?ﬁ%thblﬁﬂﬁﬂ}@sas a process efom thee
flash zone qp a ﬁyafé%%@éﬁlﬁgo o‘ieﬁéﬁﬁ?egas ol HdediEs ifit 62aEE £6 GRAERGERe

or ocessed separ alSFghene ‘and fileidlare FERMOGAR FIREE Prof 5 ™, ¢
bot t ons f r apatent f tbinstirates ayingosackingrmf w@eréeyébeﬁokkﬂﬂed(by
the hydrocracki ngathegeid Hedaiilnde’ RLQCEESERW L¥r1wed® 8% the |ube base
st ock. hydrocracking unit is dewaxed in this invention, not just
15 the bottoms, as in the instant application. Furthermore,
there is no teaching of recycling to the initial
hydrocracking stage. Two different hydrocracking stages
are used. '

U.S. Patent No. 5,053,117 (Kyan et al) discloses a

20 process for dewaxing hydrocracker bottoms from the
MPHC (Moderate Pressure Hydrocracker Bottoms) process to
produce either naphtha and gas oil under MDDW conditions or
lubricants under the less severe conditions of MLDW. The
feed to the dewaxing unit may be combined with gas o0il of -

25 high nitrogen content, thereby improving'the octane number
of the naphtha product. There is no teaching of the
recycling of dewaxer bottoms to the hydrocracker. Gasoline
octane number may be improved by maximizing olefin
production. This may be accomplished by employing MDDW

30 catalyst and conditions with minimal hydrogenation.

A variety of patents illustrate a generalized process
scheme in which a feed such as a heavy gas oil (or other
hydrocarbon feed boiling above 343°C (650°F)) is
hydrocracked, then dewaxed to produce lubricating oils.

35 U.S. Patent No. 4,414,097 (Chester et al) discloses a
process in which a hydrocarbon feedstock which boils above



25 The integrated hydroprocessi ng schene of the instant

I nvention is capable, by neans of its recycling step, of achi evi ng
maxi num yi el ds at m ni num costs. The process is flexible, permtting
dewaxi ng to be perforned at the sane pressure as the hydrocracking
step (high pressure dewaxing) 30 or at substantially |ower pressure,

resul ting invygooysEg on wi th reduced hydrogen consunpt pEITus96/16231

Furt hernore, products may be taken fhom a single fractionation unit or
from nore than one fractionation unit. In this way, products

obtai ned foll owi ng dewaxi ng may be segregated from products 35 which were
obt ai ned follow ng the hydrocracking stage. Al t hough conmon product

recovery my be3£§“&(§§%dF %Q é?drocracked YR’ égé%ﬁ xqEL @ gggﬁ%gﬁfe tO-

PCT/ US96/ 16231 act1onati dn uni't s sti
mai nt ai n separa??TﬁF%ﬁlth@ Mnédmverted bottons products fromthe two
reaction stages, simgss.atpateaNbsa ppeéz pavvf(carwobdeedesdny eshe (£ )| aoyt2 70mYy

be recycled to | C ucts
fromthe hydr ockéI QIB’&H L %?‘5 %52%85% nhe)%a]le\ﬁag;l%r‘la(l rerg 8fng3b%ie)é sepa?(rjat ely
stripped. 3 Tﬂ%l%d%blh?éﬂ-'c’ﬂ‘ﬁpblbﬁt°§tf%%ﬁﬁﬁ°§‘rhﬁ1@ﬁléé59tah¢‘2%oﬁ4llﬂ6 is
recovered at m osmﬂn)c;ostrheThydfeaﬁ&@Ea&é (o "] %ulb&@&ﬁﬁhtly AsiHRRE The

separately chan ti to e res, 1.and 3
I n anot her enbo%f?%ééhér¥}4% the @8%%¥ér g Ehgg% re%%eg bt 1o % tpIy
once-t hr ough hyﬁ?%ﬁﬁ%ﬁ#lﬂﬂmtbet éﬁ°§§ﬁﬁkb@%|ﬁﬁﬁge stages. The dewaxing

stage may be operat erthid inféntddn relRtESSts i derawifdgSot OpdttoYeiin O.

Dewaxer out} et s _t hen |nto t cracker stage
for make-u tlb 9¥9&‘F| m nz];la[ g'ofﬁepﬁggﬁgﬁg?éé%para in%?gg (gydr ogen
conpre55|on fachY¢¥¢E¥PQQ$ﬂﬂm§ §GthBngleY@&Niqqﬁthm§r9FraCk1ng stageriand
dewaxi ng by i sos@bsddie) sﬂagﬁatlar WAk &n b@hddiiertded hzdrbh@aﬁk@ﬂ'l@ottoms

ot o SoOkr RGN LafaPP S lonll SERRRE! Pandich =
paraffinicity ogpt;@nmﬁhbsgwger streanms of each stage} are maintalned

15 separately from each other. Dewaxing may occur using
either hydroisomerization catalysts, or shape-selective
catalysts or both in series. One embodiment employs a
baffle in the flash zone of a fractionator to separate
bottoms streams from each other. Alternately, the effluent

20 from the hydrocracking stage may be processed separately
from the effluent from the dewaxing stage. The bottoms
fraction from the dewaxing stage may be recycled back to
the hydrocracking stage for further processing or used as
lube base stock.

25 The integrated hydroprocessing scheme of the instant
invention is capable, by means of its recycling step, of
achieving maximum yields at minimum costs. The process is
flexible, permitting dewaxing to be performed at the same
pressure as the hydrocracking step (high pressure dewaxing)

30 or at substantially lower pressure, resulting in conversion
with reduced hydrogen consumption. Furthermore, products
may be taken from a single fractionation unit or from more
than one fractionation unit. In this way, products
obtained following dewaxing may be segregated from products

35 which were obtained following the hydrocracking stage.
Although common product recovery may be employed with a



and diesel products is inproved in the instant invention, t her eby

I mproving the burning quality of the mddle distillates. 25

Figure 1 illustrates the integrated hydrocracking and dewaxi ng steps
of this invention. Al though not il lustrated, the hydrocracking stage
may al so enconpass a dual hydrotreating hydrocracker catal yst system
Fol | owi ng waypeeasst acki ng, the feed is t§)epar'at ed into proBORUSYIA23Ehe 30
fractionation unit by atnospheric distillafion. The bottons materials
of the hydrocracking stage are subsequent |y dewaxed. The fractionation
unit of Figure 1 illustrates a baffle in the flash zone in order to
mai nt ai n separately the bottons fractions fromthe hydrocracking 35
stage and the desgyiglg tasxfdionakiiohi ghie, 2it tike still Bgdisapbekesl ef f| uent

and the dewaxed [ . 7 6
PCT/ US96/ 16231 ﬁLLl,Hae{% & g‘s?s?é‘&°§‘e8£r%’t‘ee?/‘\§?“z">/'{‘ﬁ%e&§s BotFoug Brofysts

fractionation fromjkhe dwe aepgtinnzetageghisinee @dsiipastedi PoXfel®kidfy or
| sonerization i sthe dewaesd ¥ffdent hagberesSidivd todtheShydrodradked

illustrate separate riRpi it [ tor I c f
st ages. Thegcong%n% §?@%§g%h £ ?ggFgég 7%§§?§§2f%§§u%§ﬁiéggiéég%ﬁﬁgggé
i |l ustrates bot hstagegaf} dhen devpyingdstrIR®al) ba sgparapel vt shgirRed he
tSﬁm%‘ p{ essurthea@hbinealgtrip-outrlberéﬁedﬁ tesﬂe%_ ngﬁhaﬁiﬁﬁ&gp!lfb@dé n

e presen [ QCESS e_genera characterized.as hig il,ing
bor i feeds of pEEFaTSted it AtnlEiE Bust- {OBIE SdsERCatquiadPratied 18 |
be enpl oyed, forSExeaps aarg separptedy changed ik ithepifiragtdanateyn(geecesses
such as Fisaber - Figased il%and YNt hesi s or other synthetic processes, e.g.

met hanol conver sf on, RIAGES boathdkt | @ Rald AP WAGPRUSHLEORY SOULES
to supply once-through hydrogen flow between compression
stages. The dewaxing stage may be operated at reduced
pressure and low gas to oil ratio. Dewaxer outlet hydrogen

15 is then compressed into the hydrocracker stage for make-up,
eliminating the need for separate recycle hydrogen
compression facilities in the dewaxihg stage (Figure 3).

The dewaxing by isomerization of materials boiling in
the middle distillate range improves cold flow properties

20 of products, such as diesel pour point, cloud point, and
jet fuel freeze point. The paraffinicity of the kerosene
and diesel products is improved in the instant invention,
thereby improving the burning quality of the middle
distillates.

25 Figure 1 illustrates the integrated hydrocracking and
dewaxing steps of this invention. Although not
illustrated, the hydrocracking stage may also encompass a
dual hydrotreating hydrocracker catalyst system. Following
hydrocracking, the feed is separated into products in the

30 fractionation unit by atmospheric distillation. The
bottoms materials of the hydrocracking stage are
subsequently dewaxed. The fractionation unit of Pigure 1
illustrates a baffle in the flash zone in order to maintain
separately the bottoms fractions from the hydrocracking

35 stage and the dewaxing stage. 1In Figure 2, the
hydrocracked effluent and the dewaxed effluent are



such as shale oil and tar sands may aiso be processed by t he present

I nt egrated hydroprocessing technique. In general, the feeds wll have
a relatively high boiling 20 point, usually above 205[err]C. (400F.) or

hi gher, for exanpl e, above 230[err]C. (450[err]F.) and in nost cases,
above 315[err]C. (600[err]F.), with many having an initial boiling

poi nt ofwobpygs345[err] C. (650[err]F.). The boiling sé&ptssshgisnstics,
especially the end point, of the feed wi|® be deternmined by 25 the products
required. If lubricants are to be produced in significant quantity,
the feed nust itself contain significant quantities of conmponents in
the | ubricant boi l'i ng range, usually above 345C. (650[err]F.). Thus,

gas o1, 1o RIS B (ke bt Rintang IR

typically bel owBEEs eand @eb(“f@s’epérﬁ}F ?hJa?f tifo s izphlpt ﬁéa%waxmq or
quantities of nbﬂdnstiié‘lah:he ietiocdbespar forimdd tat Igh pregxsteéldedFidurdse

feeds which may f?ﬁﬁﬂ: a . Qi | | fromthe
pr opane deaspha}tln uni (f%%% §gggk%€%I F%ﬁéﬁ: e("(E ltlauc%lon 0

bri ght st ock? 9ra¢%%t%efr°m thes fyostages. T1Ihs mnbﬂeeéssmmw%y be
processed i ncl useream is then \@eputard28d. Figure 3 illustrates both

i s, 07 oauearertylily Jnd RIS SOiils MERCLAIRS R cud WL 0%

the process is PrepsurepleRadd principally for producing m ddl e
distillate and pag@tha, especially jet fuel, the 5 feed may have a
relatlvely ower en oi pt conser ve hi gher
boi | i ng congonents d#ﬁ te ?&gtoéis ¥ é?hf55$ ?WQ%RY%#iﬁ? %ggtgfﬁ??% cracki ng
cycle oils prﬁ'eqa%%uw |heyigengraldyorharaciyriged asahjichybedling ( HCO) ,

clarified ls: urrgofht £6&d3 cﬂm(béfﬂﬁiﬁbuﬁabﬁi%iﬁ Gl tnougha géeds 10 @Em;uqc/tls are
an especially u C e t sent QLo cle
oils fron1cata|8?£§£cra%i,giég be‘aﬁélogégésférpﬁ¥ﬁﬁﬁ%% hgvgas ﬁgﬁﬁln range
of 205[err] to §EDPE¢F}€:°11 prq@nﬁﬂygnrpr9eessﬁﬁeﬁuqhzéﬁ iﬂﬁﬁbﬁgﬁT¥¢@ﬂﬁh
cycle oils18ay BgnEhé@si&VW&F other synthetic processes, e.g. methanol

conversion processes. Fractions from unconventional sources
such as shale o0il and tar sands may also be processed by
the present integrated hydroprocessing technique. In
general, the feeds will have a relatively high boiling

20 point, usually above 205°C. (400°F.) or higher, for
example, above 230°C. (450°F.) and in most cases, above
315°C. (600°F.), with many having an initial boiling point
of above 345°C. (650°F.). The boiling characteristics,
especially the end point, of the feed will be determined by

25 the products reguired. If lubricants are to be produced in
significant quantity, the feed must itself contain
significant quantities of components in the lubricant
boiling range, usually above 345°C. (650°F.). Thus, when
lubricant production is desired, the feed will generally be

30 a gas oil, i.e. a high boiling distillate feed with an end
point typically below 565°C. (1050°F.) although significant
quantities of nondistillable residues are not to be
exciuded in the feeds which may be processed. Deasphalted
oil (oil obtained from the propane deasphalting unit and

35 suitable for the production of brightstock, may also be
used as feed. Typical feeds which may be processed include



end point e.g. 315[err]C or 345 err}C. (600[err] or 650[err]F.). Heavy 15
cycle oils may have a higher initial boiling point (IBP) e.g.
260[err]C. (500[err]F.).. The relatively high aromatic content of the
cycle oils renders themextrenely suitable for processing in the
initial hydrocracking step of the present I nt egrated process seguence
and, in additi M@972p88420 decreasi ng | evel, of 'denmand for sudETASA¢HRIlor y
st ocks at the present nmakes themextrenely attractive materials for
processing in the present schene. Because of their high boiling
point, the feeds for use in the present process generally contain
relatively high 25 proportions of aromatics, especially of polycyclic
aromati cs al t houglassodbsf suchitas|uiikert heavof gés ghiboivacuyum gas pI&f fins
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15 cycle oils may have a higher initial boiling point (IBP)
e.g. 260°C. (500°F.). The relatively high aromatic content
of the cycle oils renders them extremely suitable for
processing in the initial hydrocracking step of the present
integrated process sequence and, in addition, the
20 decreasing level of demand for such refractory stocks at
the present makes them extremely attractive materials for
processing in the present scheme.
Because of their high boiling point, the feeds for use
in the present process generally contain relatively high
25 proportions of aromatics, especially of polycyclic
aromatics although significant quantities of high boiling
paraffins and cycloparaffins are alsoc present. If the feed
has been subjected to catalytic cracking, the aromatics
will be substantially dealkylated and resistant to further
30 cracking except in a hydrogenative process such as the
present one. The present process is notable for its
ability to convert refractory aromatic feeds such as those
obtained from catalytic cracking operations to high
quality, highly paraffinic distillate products of low pour
35 point as well as low pour point lubricants.



Tabl es 1-4, including two hydrotreated (HDT) gas oils in Tabl es 2 and

3, together with two typical FCC LCO feeds in Tables 5 and 6. 15
TABLE 1 VG&O Properties in General 20 AP
Gavity 23.2 Distillation, et. pct.
225- 345C. (440[err]- 650[err]F.) 7.0 345 - 400[err] C
(650[err] - WapdmngahF.) 17.0 400[ err] C. + KCTAN&TaR23IF. +)
76.0 25 Sul fur, w. pct. 8 2.28
Ni t rogen, ppmw. 550 Pour Point, [err]C.
([err]F ) 18 (95) KV at 100[err]C., cSt

.6 PINNA w. pct. 29/ 21/ 50 30
TAB'-E 2 eneraljzation knd atrbhat fc Véﬂxée“m Of the feeds
Nom nal boiling range :&?rrfa %Ierri 345-455 (650 50)
APl Gravity used 1n the presen gwill be at'l s§w3oquﬂsua11y at
13.76 40 1éasti40 welight percent and in many case$.#iZleast 50 N,
ngrﬂ]F.) weight peggango The Halance ﬁ%&l bg fﬁ% améﬂa;ﬂlc
4. 139 5 parafifins,ang naphthenes accord:mg to t mrzg:leg:he

WO 97/ 23584 feed and its previofls processing. Catalffﬂé&II&VdMﬁﬁxbd
stocks will tend to have higher aromatic contents than
other feeds and in some cases, the aromatic content may
exceed 60 weight percent. Feeds may be hydrotreated in

10 order to remove contaminants prior to hydrocracking.
Typical vacuum gas oil (VGO) compositions are shown in
Tables 1-4, including two hydrotreated (HDT) gas oils in
Tables 2 and 3, together with two typical FCC LCO feeds in
Tables 5 and 6.

15
TABLE 1
VGO Properties in General
20 API Gravity 23.2
225°~ 345°C. (440°~ 650°F.) 7.0
345 - 400°C. (650° ~- 750°F.) 17.0
400°C. + (750°F.+) _ 76.0
25 Sulfur, wt. pct. 2.28
Nitrogen, ppmw. 550
Pour Point, °C. (°F.) 18 (95)
KV at 100°C., cSt. 5.6
P/N/A, wt. pct. 29/21/50
30
TABLE 2
HDT Statfjord VGO
35
Nominal boiling range, °C. (°F.) 345-455 (650 -~ 850)
API Gravity 31.0
H, wt. pct. _ 13.76
40 S, wt. pct. 0.012
N, ppmw 34
Pour Point, °C. (°F.) 32 (90)
KV at 100°C., cst 4.139
P/N/A wt.% 30/42/28

45



TABLE 3 HDT - : V& 5 Nomi nal

boiling range [err]C ([err]F) - 345 - 510 (650 - 950) APl Gravity
38. 2 H w. pct 14. 65 S, w. pct.
0.02 10 N, ppnmw 16 Pour Point, [err]C
(F.) 38 (100) KV at 100[err]C., cSt 3.324
PINA w.%  WO97/23584 66/2Q{ 14 15 PCT/US96/16231
TABLE 4 Arab Light HVGO 20 AP
Gavity 22.2 Hydrogen, wt. pct
12. 07 Sul fur, w. pct 2.45 '
Ni trogen, ppnw 600 25 CCR, wt. pct
0.4 PINNA w. pct TABLE 3 24/ 25. 3/ 50.7
Pour Point, [err]C ([err]F.) 40 _(105) KV _at
100[err]C., cSt HDT 7.0 DIY¥Q || ation (D 1160), pct.
[err]C [errS]F 30 LB QARJR/]l_g)
= Nonin boiling range %5% %?76) 345 - 510 i%gc 3 0)
367 (693) API G§§v1t 38.2 (817
Y
90 H, wt. 532 (989) 354.65 95
552 (1026) s, wt.F Bt. 0.02 579 (1075)
TABLE 5 40 10 N, ppmw FCC LCO Properties AP
Gavity Pour Point, °C. (°F2).0 45 TP, (B30 [err]C
([err]F.) Kv at3620¥58.3)c3t Hydr ogen3.324 pct.
10. 48 P/N/A wt 66/20/14
15
TABLE 4

Arab Light HVGO

20
API Gravity 22.2
Hydrogen, wt. pct 12.07
Sulfur, wt. pct _ 2.45
Nitrogen, ppmw 600

25 CCR, wt. pct 0.4
P/N/A, wt. pct 24/25.3/50.7
Pour Point, °C (°F.) 40 (105)
KV at 100°C., cSt 7.0
Distillation (D-1160), pct. °C  °F

30 IBP 345 (649)
5 _ 358 (676)
10 ' 367 (693)
50 436 (817)
90 532 (989)

35 95 552 (1026)
FBP 579 (1075)

TABLE 5
40
FCC LCO Properties

API Gravity 21.0

45 TBP, 95%, °C. (°F.) 362 (683)
Hydrogen, wt. pct. 10.48
‘Sulfur, et. pct. 1.3
Nitrogen, ppmw 320

Pour Point °c. (°F.) -15 (5)
50 KV at 100°C. (°F.)
P/N/A, wt. pct. -



Sul fur, et. pct. ’ + 1.3 Ni t rogen, ppnmw
320 Pour Point [err]C ([err]F.) -15 (5) 50
KV at 100C. ([err]F.) -- PINA w. pct.
- - WO 97/ 23584 10
PCT/ US96/ 16231 TABLE 6
FCC LCO Pr op&yg 97235845 Distillation, w, pct,. PCT/US96/PGRBIC. -
(420[err]F.-) 4.8 10 215 - 345C (420 - 650F.)
87.9 345 - 425C. (650 - 800[err]F.) 7.3 10 425 -
540[err] C. (800[err] - 1000[err]F.) - - 540[err] C. +
(1000[err] F. +) - - H w. pct
10. 64 S, w. pct. TABLE 6 1.01 N,
W . pct. 0.24 15 Nl + V, ppnw
CCR, wt. pct. HC Type, WFCQQCO PropertiesParaffins et. pct.
12.7 Mononapht henes 11.7 20 :
Pol ynapht hehes . 12.8 Monoar omat i cs
24.7 . 21550 (420°F.-) 2
Pol yaromatics " a2 vat 14cdo offati c sul fur type
2.1 25 PIN A 215 - 345.C. (420 sber.) ?%.‘%24. 5/62.8
- 425°C, (650 - 800°F.) .
10 425 - 540°C. (800° - 1000°F.) -
540°C. + (1000°F.+) -
H, wt. pct 10.64
S, wt. pct. : 1.01
N' wt. pctl N 0.24
15 Ni + V, ppmw -
CCR, wt. pct. .
HC Type, wh. pCht,
Paraffins et. pct. 12.7
Mononaphthenes 11.7
20 Polynaphthenes 12.8
Monoaromatics 24.7
Diaromatics 21.7
Polyaromatics 14.3
Aromatic sulfur type 2.1
25 P/N/A 12.7/24.5/62.8
TABLE 7
30 CHIBA VGO FEED PROPERTIES
Elemental Analysis oiling Point, °F (°C
Sulfur 1.55 wt. % IBP 569 (298)
35 Nitrogen (Total) 620 ppm T(10) 667 (353)
{Basic) 179 ppm T({50) 812 {433)
Hydrogen 12.36 wt.% T(90) 1010 (543)
Carbon Residue
, (CCR) 0.82 wt.% EP 1021
40 Residue 8.5 wt.%
Density 0.87 g/ce Paraffins 57.6
45 Pour Point 120°F. (49°C) Aromatics 41.9
' API : 24.7

Viscosity @ 100°C. 5.84 cS



TABLE 7 30 = CH BA VGO FEED PROPERTI ES El ement al

Anal ysi s Boiling Point, F ([err]Q Sul fur

1.55 wt. % | BP 569 (298) 35 Nitrogen (Total) 620 ppm
T(10) 667 - (353) (Bas;cé6 179 ppm 101850)
812 433 Hydr ogen 1 Wt .

(543) ( 97584 due 11(CCR) o 82 w&’ S%lm%P
1021 40 Resi due 8.5 wt.

Physi cal Properties Conposition, w.% Density
0.87 g/cc Paraffins 57.6 45 Pour Poi nt 120[err] F.
(49[err] O Aronatlcs 41 9 API 24. 7

Viscosity @100[ & :
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therefore enploye S stage, Using pore size SO
acidic for the aromatlcs 1n preference to the parafflns although

10 hydrocracking of the paraffins is not precluded.
Conventional hydrocracking catalysts are therefore employed
in this stage, using a large pore size solid with acidic
functionality coupled with a hydrogenation function. The
use of the large pore size material is considered essential

15 for hydroprocessing of high boiling feeds such as gas oils
in order that the bulky, polycyclic aromatic components in
the feed may obtain access to the internal pore structure
of the catalyst where the characteristic cracking reactions
principally occur. A limited degree of cracking will occur

20 on the external surfaces of the catalyst particle but the
major part of the surface area of the catalyst is within
the particles. It is essential that the components of the
feed which are to undergo cracking have access to this
internal pore structure. Accordingly, the acidic

25 functionality in the first stage hydrocracking catalyst is
provided either by a large pore, amorphous material such as
alumina, silica-alumina or silica or by a large pore size
crystalline material, preferably a large pore size
aluminosilicate zeolite such as zeolite X, zeolite ¥, ZSM-

30 3, Z5M-18, ZSM-20, MCM-22 or zeolite beta. The zeolites
may be used in various cationic and other forms, preferably
forms of higher stability so as to resist degradation and
consequent loss of acidic functionality under the influence
of the hydrothermal conditions encountered during the

35 hydrocracking. Thus, forms, of enhanced stability such as
the rare earth exchange large pore zeolites, e.g., REX and

PCT/US96/ 16231 ne saga%?; | awgfack uhﬁcthgr eggg%ang



functionality coupled with a hydrogerati on function. The use of the

| arge pore size material is considered essential 15 for hydroprocessing of
hi gh boiling feeds such as gas oils in order that the bul ky,

pol ycyclic aromatic conmponents in the feed may obtain access to the

i nternal pore structure of the catal yst where the characteristic

cracki ng reacwbonsssss principally occur. Alimted degreepptusssagising
will occur 20 on the external surfaces B the catalyst particle but the

maj or part of the surface area of the catalyst is within t he
particles. It is essential that the conponents of the feed which are
to undergo cracking have access to this I nternal pore structure.
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may be an amorphous alumina or silica—-alumina or a clay

15 with acidic functionality so that it participates in the
acid~-catalyzed cracking reactions which take place.
Typically, the matrix will constitute 40-80 weight percent
of the catalyst, and more commonly 50-75 weight percent.

The hydrogenation function may be provided in the

20 conventional way by use of a base or noble transition metal
component, typically from Groups VIA and VIIIA of the
Periodic Table. Such metals include nickel, cobalt,
tungsten, molybdenum, palladium or platinum with the base
metals nickel, tungsten, cobalt and molybdenum being

25 preferred. Combinations such as nickel-tungsten, nickel-
cobalt and cobalt-molybdenum being especially useful,
particularly with feeds with a selectively high level of
contaminants. |

By operating with an aromatic-selective, naphtha

30 directing catalyst under conditions of low to moderate
severity, a major proportion of naphtha product boiling
below 165°C. (330°F.) may be produced, containing a
relatively high quantity of naphthenes which render it
valuable for reforming to make high octane gasoline. In

35 addition, a small to moderate quantity of middle distillate
is produced together with a high boiling fraction.



20 in U S. Pat. No. 3,972,983, to which reference is nade for a
description of these zeolites, their properties and 10 preparations.
Crystal line conponents may be incorporated into an anor phous matrix for
greater physical strength and the matrix itself may be catalytically
active. For exanple, it may be an anor phous alum na or silica-al umna
or a clay 15 wo9n23s8édi c functionality so hat it partici paPET/USH/IERYE

aci d-cat al yzed cracki ng reactions which take pl ace. Typi cal ly, the
matrix will constitute 40-80 wei ght percent of the catalyst, and nore
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provided in the 20 conventional way by use of a base or noble transition
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under conditi ons reflaftdwely howcpressureser | Ayomaties t¢ontmnt dmtlier Rreduct
hydrogen pressur §% geBer8X#JPrédudsd if higher pressures are employed. If
highly aromatics, the middle distillate fraction is
15 generally unsuitable for use directly as jet fuel or diesel
but may be used as a blending component for diesel fuels if
combined with other, more highly paraffinic components. It
may also be used for fuel oils either as such or blended in
with other, higher boiling components. This middle
20 distillate fraction is, however, relatively low in sulfur
and generally meets product specifications for use as a
light fuel oil, e.q. home heating oil. The unconverted
fraction, or bottoms fraction from the low-to-moderate
pressure first stage hydrocracking is typically waxy and
25 very low in sulfur and nitrogen. Although this product has
value and may be sold as low sulfur heavy fuel oil,
treatment of it in the isomerization or dewaxing stage
results in a significant increase in distillate yield and
gquality. The paraffins which remain in the hydrocracker
30 bottoms, are selectively converted in the second stage to
lower boiling products with a high content of isoparaffins.
When the hydrocracking step is operated in the naphtha
selective mode, conditions of moderate to high severity
will be employed. Thus, a relatively acidic hydrocracking
35 catalyst or a hydrotreating/hydrocracking catalyst '
combination with a naphtha directing tendency will be used



described in U S. Pat. No. 4,435,275 the converted 5 fraction wll
conprise a major proportion of mddle distillates, typically boiling in
the 165[err] to 345[err]C. (330[err] to 650[err]F.) with |esser
proportions of naphtha. M ddle distillates will also be predom nate in
the product if a distillate selective catalyst is enployed, as

di scl osed i nw@orAdssy Pat. No. 4,820,402. The m ddl e disti pé&pisSosfisiagt | ON
can be quite aromatic in character if opetéted at relatively | ow
pressures. Aromatics content in the product is generally reduced if

hi gher pressures are enpl oyed. If hi ghly aromatics, the mddle
distillate fraction is 15 generally unsuitable for use directly as jet

fuel or diesel Use [ n | S fuel s
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directing tendemcyivity at thedelected tempeygr@f¢ 288BA1ill typically be
14 15 at 1BedEUSH6/HA523L-" (1966 SCF/Bbl) and in most cases from
500 to 1,000 n.l.1l. (2810 to 5620 SCF/Bbl). The naphtha-
selective hydrocracking step is very effective at reducing
the level of sulfur and nitrogen in the unconverted bottoms
fraction so that it is characterized by a low level of
20 sulfur and nitrogen as well as a high level of ﬁaxy
paraffins. These paraffins are then selectively isomerized
and hydrocracked by the second stage operation to produce
the high quality distillate and kerosene products.
The changes in product distribution which take place
25 when naphtha-selective hydrocracking is used in the first
stage can be stated as follows: the feed, comprising
paraffins, naphthenes and aromatics is converted to a full
range product with a naphtha of pronounced
naphthenic/aromatic character. The aromatics in the feed
30 are reduced by the aromatic selective characteristics of
the first stage catalyst. When the paraffinic bottoms
fraction is subjected to the second stage hydroprocessing
over the zeolite beta based catalyst, the paraffins are
preferentially converted to low pour point iso-paraffins in
35 the middle distillate boiling range while minor quantities
of naphtha are produced. The unconverted fraction is a low



at relatively high tenperatures towards the upper end of t he
hydrocracki ng range, e.g. 400[err] - 450[err]C. (750[err] - 850[err]F.).
Tenperatures of this nmagnitude may readily be attained by control of

t he hydrogen quench in the reactor, although 5 severity may al so be
controll ed by appropriate regulation of the space velocities. In order
to pronpote satWP&RIRISHM of the aromatics,gn the feed, hi ghPRY/HPYGE
partial pressures will be preferred, typically above 7,000 kPa (1,000
psi g) and often above 10,000 kPa (1,435 psig) wll be typical and 10
preferred for naphtha node operation. Space velocity (LHSV) wi Il
usual ly be below 2 hr[err] with values below 1 hr[err] I f | ower
operating tenperpburesradwctddy redsohlydf otfes isomerdizatibat oonthate will be
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PCT/ US96/ 16231 temperatures will range between 650-700°F. The upper
temperature limit will normally be 450°C. (850°F.) and
temperatures of 400 - 450°C. (750° - 850°F.) will provide

20 appropriate levels of severity at a higher space velocities
which permit greater throughput albeit at the expense of
accelerated catalyst aging. Space velccity (LHSV) is
usually below 2 hr™' with values below 1 hr™? at the lower
temperature below 315°C (600°F.). Operation in the naphtha

25 mode is also favored by the use of higher hydrogen partial
pressures to promote aromatics saturation followed by ring
opening and cracking to naphtha. Hydrogen partial
pressures of at least 7,000 kPa (1,000 psig), preferably at
least 10,000 kPa (1,435 psig) are therefore preferred.

30 Higher pressures of 15,000 kPa (2,160 psig) favor aromatics
saturation greatly, although at the expense of increased
hydrogen consumption. Hydrogen circulation rate is
typically at least 300 n.l.1.”! (at least 1,685 SCF/Bbl),
preferably at least 500 n.l.l1.”! (2,800 SCF/Bbl) and

35 normally in the range 500-1,000 n.1l.1.7' (2,800-5,600
SCF/Bbl). Conversion per pass to naphtha and lower boiling



15 pour product by reason of the isonerization of the

paraffins in it to iso-paraffins. Qperation in the naphtha node
is favored by the use of nore highly acidic catal ysts, higher severity
and hi gher 5 hydr ogen pressures, although as in all refining processes
the exact conditions to be enployed will be selected . - according to the
char act eri st wapohssuhe feed. A single hydr ocr acki ng carCGI/gs96/1628ly be
enpl oyed or a hydrotreating hydrocrdéklng catal yst system In
achieving the desired 10 noderate to high severity conditions appropriate
for napht ha production, tenperature and space velocity (LHSV)

I nteract so that | ower tenperatures may be used at | ower space

vel oci ti es. ﬁah\fa%gr%ssss_ﬁswipyv@e%&aowexgd propdASULHGF. ) My be

enpl oyed al t ho r' tenperatures i.ca above err]
(600[err]F.) vm‘F‘P“ llﬁﬂsehl:‘ﬁn?fbﬁl gemerally behﬁ‘ﬁ‘r Sf‘geﬁ??ﬂﬁ/%fb&d’ﬁackl ng
systemis enpl oyexbertper &iotall bulk d:mima'samn @erwphbsrai:ge begvwsarsion

650- 700 F. 5o 1] C
(ssoferr)F) arky SR beling, PERAREE bt L O Crr T s50r )

will provi 20W BRFENG a8 PEFE| Cages s@/éq aP ﬁ1(‘§he space
vel ocities V\/ni Cxt pies dieis igabateto t hasoimgize tthal haphthenemme of

accel erated cat ues %@%W 1n§ %ﬁavgluofﬁ%]ﬁ’ Jfﬂ-'ﬁ\ﬁl lt:ﬁen be HoH&! dneriiliqv 2

hr[err] with va at t erature bel ow
315C (600F.). Cherxefopming.tnhd abﬁr-ﬁam%’m% ermaItBS R by the use

of higher hydrogere¢eivd dlydrocrapkeagusesp tis mmratedalncpamim i on
fol | owed b ri n

| al
bresoures 49" ar Creiatidh o, Thed Hhelh opbLAGE ‘*ﬂm?tet?%z  dbeacinrpila 2
10, 000 kPa (1, 48tepstifack dhe,aromatdcs  ip drefprense th §E8rpﬁ+’%§ 5tR%s of
15, 000 kPa (2, 18Popesging P rthe parkif€in rich Sadthoatsi dragtéen| yn the hough

at the expe [
rate is “S?yg. bt SRR Yewauring, KLeBIERLGE (aﬁ%;t_’%““@%‘é?’%%% by, "
preferably at |&hsn seauht# Jdn hdgher( 3o eb 4sH19F dRe-PBTaLEIPIG |y in
the range 960-13080ia. proalets [such 360-8L66@el and W Moy, pEanter si on per
pass to naphthad@@@iif&@é.tx&ﬂé'ﬂ%ttoms faction of the hydroisomerization
step is relatively richer in naphthenes and aromatics and
is recycled back to the hydrocracker. This results in a
higher naphtha yield and a naphtha with a greater
20 naphthenic/aromatic character than operation with no
recycle or recycle of hydrocracker bottoms.
Operation of the hydrocracking in a distillate
directing mode generally implies lower severity with the
use of a less acidic catalyst. Again, temperature in the
25 range of 250° - 450°C. (480 - 850°F.) may be used although
higher space velocities of up to 2 hr! may be appropriate
to obtain the desired severity. If an aromatic distillate
product is acceptable, low hydrogen partial pressures may
be employed as in the hydrocracking process described in
30 U.S. Pat. No. 4,435,275, to which reference is made for a
description of preferred operating conditions in a
distillate directing mode. As described there, hydrogen
pressures of 5,250 to 7,000 kPa (745 to 1,000 psig) are
satisfactory with hydrogen circulation rates of 250 to
35 1,000 n.1.1.”! (1,400 to 5,600 SCF/Bbl), or usually 300 to
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products (165[err]C. -) will depend on feed properties and condi tions
but will generally be in the range 5-25 wt. percent; total bulk
conversi on per pass (i.e. conversion to |l ower boiling products) wll
generally range from15-80 5 w. percent, in nost cases 20-60 wt.

per cent . WO 97R¥58# s desirabl e to nmaxi 'ée t he napht hene/ CAM§P§/16231
character of naphtha so that it will then nore anenabl e to

reform ng. The bottons product fromthe naphtha- sel ective
hydrocracking step is concentrated in paraffins 10 (relative to the feed)
because the catal yst used in this step attack the aromatics in

preference to thaopanafifloe™? (1,ss8%rias es,S00g sef/BbR) pareid ibulk clonberkdon

fraction in the Wb egr@qo evaxil ' |,S | [
cat al yst thé:r? ng’ul‘?'s n irlghgfﬁkgglé?{%%ﬁs 0 |sg¥9 argﬁ%%\%}: él@
liquid products PEEFeRE.| BYPicRIINRP140\PEETGRNBoi nt distillate. The
bottons faction of thehkyéhahgedein znposition $high i Scdud Alithebperathon i n

napht henes and ar I.C . ed, back t dr

This results in gmhe ﬁygﬁg?nn%%hﬂqiasr t%%lﬁh gﬁg g&l&%ﬂ%ﬁ%t ﬁﬂ%‘.’g?gg %r 20
napht heni c/ ar omatSedeskavacrede 1¢amh kR Statednasi fallews: Theedpede or
irﬁcgcldiesﬂl Pé;jreocao&@&eggihgtamﬁgg h boilingr flrli.ﬂE!iaﬁ: Qﬂsﬁréﬂtsﬂﬁydhaﬁhﬁﬁ&hﬁ

t he use of quegsbg'g%#%' ca g%’rgg}%ﬁ%qi %\Q Lgﬁﬁgrﬁ%ﬁg lﬁy?%t\é%%hggew
range of 250[ err]efflugny| witha m e alate of markad aremagichough

hi gher space vel ehariaeteef abi@ 4 oreldtilvily] siBY16f aRPIRPIdAMAphtha.t OTh

obt ai n the desi rqlq,‘é:%gyrgagi. xl,; & ari%rraltﬂia(; di gtrLHfatgc i cg%rpog:gg S °
acceptabl e, |ow hydrogen par FaT prrés_suﬁgs H’af_/’ B el yé'a in the
hydr ocracki ng pr &&€38sge9€r the myonajpic-sglsctiye napure, of33he7gatadyski ch
reference islsmadaded id this sesgd) ptiOkoptaptebenitl Hpgi@idikemeendations

reteures of 5 PR EACTY Pl P SRR RE BRI ST,
wi th hydrogen ci REefgreptiadlesathacisn te form lowep bpiling dso- (1,400 to
5,600 SCF/ Bbl), gqara¥fihky B&9nly by reduction in molecular weight
(cracking) but with a minor change in boiling point by
20 isomerization to the lower-boiling isomers just below the
cut point. Again, the middle distillate is of low pour
point by reason of its iso-paraffinic content.

As indicated previously, a hydrotreating step may
precede the hydrocracking to remove contaminants,

25 principally sulfur, nitrogen and any metals present thus
creating a dual hydrotreating/hydrocracking system.
Hydrotreating conditions and catalysts will be
conventionally chosen for this purpose. Interstage
separation of inorganic sulfur and nitrogen may be carried

30 or, as in the low pressure process described in U.S. Pat.
No. 4,435,275, omitted.

In this invention there is no recycle of hydrocracker
bottoms to the hydrocracker. All of the bottoms material
is sent to the dewaxing or isomerization step. The bottoms

35 from this step may then be recycled to the hydrocracker to
produce a naphtha rich in aromatics and naphthenes.

When the distillate selective hydrocracking is used in
the hydrocracking stage, the converted fraction will
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d.Cerr] (1,685 to 4,500 SCF/Bbl). The bul k conversion to 345[err]
C. -(650*F.-) products will generally be below 50 5 percent, typically
30-40 percent. The changes in conposition which occur with
operation of the hydrocracking step in the |low pressure, distillate
sel ective no@g #masgee stated as follows: The feed, CONMECTASHI&3Ni gh
boiling fraction of paraffins, naphthenest80 and aromatics, is converted
to a full range hydrocracked effluent with a mddle distillate of
mar ked aromatic character and a relatively smaller anmpbunt of naphtha.
The unconverted fraction is again paraffinic in character because

of the aromaticg ﬁﬁ":gﬁﬁ Gf/ma{atv'ér 1§ ﬂégﬁgﬁ ﬁf’éﬁéﬁ@}oﬁ@ ofuiﬁgakflﬁﬁ'i £n StrRge.

If contacted wit SOoneri za I n_the second stage,

t he paraffins apack en‘?yr el & -anttih@ P'?léf-%‘é%%é&q%‘qromllléﬁgr TRRTHIRF 4 so-
par af f i nsh mai neygby22sdut i3a5°co m@‘tlﬂoarssnepght If tior amiti poinbufomit h
a mnor change | 0 e; Lo

somer s | ot bePSRFTRELAY B Horbion’ s ‘5‘9”8%%@4&"8@\ SR, ™
| ow pour 3 po?ﬁ?"ﬁ?m‘b’aiéor#hﬁsq tP§rP§5 parwiil be t@ﬁt £6' a' fower As

i ndi cat ed previ push ¥ng apdisskt Gidieps byg isbAprizetion andedgdeothacking if a
hydr ocr acki ng t a ul t and
any metal s presg‘xf’g"ﬁggmgmﬁa%‘%%a{gﬁgléga & ﬁj%ﬂ"aﬁ SR oy O
syst em Hy @hues edt i may dem dasigiablanbocheed yhe sgqqnd stage wit
conventionally QBﬁ&eﬁffﬂﬁetébrﬁvé}.bﬁ’dmif&actmbﬂl’séagﬁl as thepasathtbably

1SRN 581! LA DBrS, S8 LY S1n® e ) ¥ oo

this invention tREPEF) sbul Wlelclya@eé‘ﬁlﬂﬁdbﬁc#‘acl&#s*' 2‘?sbSt't E#E0 1Ry ) l‘?é‘d
hydrocracker. Aljh Q.Bstheabeét@m r&t &t deast 315°CEN600SFL he gemexaliy or

| sormeri zation step be b fromthis step may then be recycled to
t he hydrocr acke 34; €. ?%%‘8?; a naphtha rich in aromatics and napht henes.

When the distil mwm hydrocracking is used in t he
hydrocrackiyg st age, pehaxtAgVeay esbdurnaiding @ hiydroisomerization process,

a shape-selective dewaxing process, or both in series.
Both hydroisomerization and shape-selective dewaxing are
discussed below.
2 conditi 3 catalvst if Hvdroi izati .
20 Emploved. '
l. Catalyst
This stage is essentially a hydrocracking or
hydroisomerization step using a catalyst combining acidic
functionality based on a large pore zeolite such as zeolite
25 beta and hydrogenation functionality. The hydrogenation
functionality may be provided either by a base metal or a
noble metal. Nickel, tungsten, cobalt, molybdenum,
palladium, platinum or combinations of such metals are
suitable. Fluorided nickel-tungsten combinations are
30 particularly desirable. The acidic functionality is
preferably provided by zeolite beta which is a known
zeolite and is described in U.S. Pat. No. RE 28,341, to
which reference is made for a description of this zeolite,
its preparation and properties. Hydroprocessing catalysts
35 based on zeolite beta are described in U.S. Pat. Nos.
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contain relatively higher proportions of paraffins in the back end,
i.e., the relatively higher boiling fractions, e.g. 225[err] to 345C.
(440[err] to 650[err]F.). If the cut point for separating the portion
fed to the second stage is adjusted 5 accordingly, these paraffins wll
be shifted to VO 933684 boi l'i ng point range by isoneri zat | BET/ESHG/16231
hydrocracking if a hydr oi someri zation Catal yst is used in the dewaxing
st age. Thus, it may be desirable to feed the second stage with sone
of the converted fraction as well as the essentially 10 wunconverted
fraction. The cut point may be as | ow as 200C (390[err]F) but wll

general |y be at 4 pmst, 2205 ar,6bE, 986 44ndra |518), 488dand U.$N seasi Nmases wi | |
PSS! 515184463 CHPLEY Hopdpad Whilictpaes, sndSUEHH Cro upson
hydr oi soner i zat i ¥ffgencesds made foxprscyiptiiopeofcRaRl Hee R¥eess, or
both in series. nydrogitidessidfgocatapyseaivitictridysbapaséel Hettne qeanmiingg
S ot somy 5 BG4 S ene prplonE AL AP MoEhRl Ay desorivea 1y
stage i s essentiEhose Patpntser §bRi pyeterred fqﬁ%&r@fséﬁﬁiiﬁ%lb%#ﬁsﬁQﬁaﬁiﬁ ng
ol | L6 such a0 FepiE LG e e ot e T aae el L The
ﬁ;grgggnzgfon > éfii%ﬁiﬁ#ﬁ%%ﬁ?i%%gﬁéyg5é¥gfggﬁgééogﬁtﬁg?g%§e§é%gg%-netal or
a nobl e net$ilicdwdaminaygtien, of oal keasto5Pidcand preferahdy &t um
Pl Gkl T Ungo, on b BT e L Ob oL A e FodbieRy SL7s S0iEe sa0st,
functi onal ?t y i sﬁgy‘%e ﬁ'iseeg;ﬁgbp§d3705?g’&%?‘%§/izfe& t?aﬁgffgl%lisc?f"?%izg‘ﬁi%‘m
zeolite and is deeke¢tians iat the erppenseiof Frapkizg:, Thus, use of

appropriate silica:alumina ratios in the catalyst may,

together with controls of catalyst acidity, as measured

15 typically by alpha value and control of reaction conditions

may therefore be employed to vary the nature of the

product, particularly the conversion and accordingly the

guantity of the converted fraction from the second stage of

the process.

20 The catalyst used in the hydroisomerization step is
one which has a high selectivity for the isomerization of
waxy, linear or near linear paraffins to less waxy,
isoparaffinic products. Catalysts of this type are
bifunctional in character, comprising a metal component on

25 a large pore size, porous support of relatively low
acidity. The acidity is maintained at a low level in order
to reduce conversion to products boiling outside the lube
boiling range during this stage of the operation. 1In
general terms, the catalyst should have an alpha value

30 below 30 prior to metals addition, which preferred values
below 20. (See Example 1).

The alpha value is an approximate indication of the
catalytic cracking activity of the catalyst compared to a
standard catalyst. The alpha test gives the relative rate

35 constant (rate of normal hexane conversion per volume of
catalyst per unit time) of the test catalyst relative to



which reference is made for a description of this zeolite, its
preparation and properties. Hydroprocessing catal ysts 35 based on zeolite

beta are described in U S. Pat. Nos. WD 97/ 23584
19 PCT/ US96/ 16231 4,419, 220, 4,501, 926 and
4,518,485 and U.S. Ser. No. 379,421 and its European counterpart EU No.

94827, to whivedrornssse ef erence is nade for_ a description of pepusskasiet a
hydr opr ocessi ng catal ysts which may be usél in the dewaxi ng 5 st age of

the present integrated process. As described in t hose patents, the
preferred forns of zeolite beta for use I n hydroprocessing are the high
silica fornms, having a silica-alumna ratio of at least 30:1
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paraffins to | ess aetail in J. Sapalesisni g pravbiqssofat al ysts of this type
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rings. Large pore zeol;tes usually have at least one pore
15 channel with a major dimension greater than 7A. Zeoclites
beta, Y and mordenites are examples of large pore zeolites.
As indicated supra, the preferred hydroisomerization
catalyst employs zeolite beta since this zeclite has been
shown to possess outstanding activity for paraffin
20 isomerization in the presence of aromatics, as disclosed in
U.S. 4,419,220. The low acidity forms of zeolite beta may
be obtained by synthesis of a highly siliceous form of the
zeolite e.g. with a silica-alumina ratio above 500:1 or,
more readily, by steaming zeolites of lower silica-alumina
25 ratio to the requisite acidity level. They may also be
obtained by extraction with acids such as dicarboxylic
acid, as disclosed in U.S. Patent No. 5,200,168. U.S.
Patent No. 5,164,169 discloses the preparation of highly
siliceous zeolite beta employing a chelating agent such as
30 tertiary alkenolamines in the synthesis mixture.
The most preferred zeolites are severely steamed and
possess a framework silica-alumina ratio bove 200:1.
Préferably the silica—-alumina ratio is above 400:1 and more
preferably the silica-alumina ratio is greater than 600:1.
35 The steaming conditions should be adjusted in order to
attain the desired alpha value in the final catalyst and



bel ow 20. (See Exanple 1). , * The al pha value is an approxi mate

I ndi cation of the catalytic cracking activity of the catal yst conpared
to a standard catal yst. The al pha test gives the relative rate 35
constant (rate of normal hexane conversion per volune of cat al yst per
unit tine) of the test catalyst relative to WO 97/ 23584

20 WO 97/2§58%/ US96/ 16231 bhe standard cat al PSFURPRASEY s
taken as an al pha of 1 (Rate Constant = 0.016 sec[err]). The al pha test
Is described in U S. Patent 3,354,078 and in J. Catalysis, A 527
(1965); 6, 278 (1966); and 61, 395 (1980), to which reference is 5 nade
for a description of the test. The experi nental conditions of the test
used to determ ne:ytpiieaallphati/]aimatmospmefresreﬂ 10)0 ipe:tdém: steanf,i atiti on
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15 bridges. The minor amount of an element (alumina in the
case of alumina~silicate zeclite beta) is also coordinated
and forms part of the framework. The zeolite also contains
material in the pores of the structure although these do
not form part of the framework constituting the

20 characteristic structure of the zeolite. The term
"framework" boron is used here to distinguish between
material in the framework of the zeolite which is evidenced
by contributing ion exchange capacity to the zeolite, from
material which is present in the pores and which has no

25 effect on the total ion exchange capacity of the zeolite.
Zeolite beta possesses a constraint index between 0.60 and
2.0 at temperatures between 316°C and 399°C although
Cconstraint Indexes less than 1 are preferred.

Methods for preparing high silica content zeolites

30 containing framework boron are known and are described, for
example, in U.S. Patents Nos. 4,269,813. A method for
preparing zeolite beta containing framework boron is
disclosed in U.S. Patent No. 4,672,049. As noted there,
the amount of boron contained in the zeolite may be varied

35 by incorporating different amounts of borate ion in the
zeolite forming solution e.g. by the use of varying amounts



Pat ent No. 5, 164, 169 di scl oses the ptreparation of highly siliceous
zeolite beta enploying a chelating agent such as 30 tertiary al kenol am nes
in the synthesis m xture. The nost preferred zeolites are
severely steaned and possess a framework silica-alumna ratio bove
200: 1. Preferably the silica-alumna ratio is above 400:1 and nore
preferably tywe9estissga-alunmna ratio is grgat er than 600: 1. P8B/USY6/16231 The
steam ng conditions should be adjusted i R2order to attain the desired
al pha value in the final catal yst and WD 97/ 23584

21 PCT/ US96/ 16231 typically utilize atnospheres of
100 percent steam at tenperatures of from800 to 1100[err]F (427[err]
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15 zeolite containing at least 1 weight percent boron (as B,0;)
to result in an ultimate alpha value no greater than 20 and
preferably no greater than 10.
The zeolite will be composited with a matrix material
to form the finished catalyst and for this purpose
20 conventional very low-acidity matrix materials such as
alumina, silica-alumina and silica are suitable although
aluminas such as alpha boehmite (alpha alumina monohydrate)
may also be used, provided that they do not confer any
substantial degree of acidic activity on the matrixed
25 catalyst. The zeolite is usually composites with the
matrix in amounts from 80:20 to 20:80 by weight, typically
from 80:20 to 50:50 zeolite:matrix. Compositing may be
done by conventional means including mulling the materials
together followed by extrusion into the desired finished
30 catalyst particles. A preferred method for extruding the
zeolite with silica as a binder is disclosed in U.S.
4,582,815. If the catalyst is to be steamed in order to
achieve the desired low acidity, it is performed after the
catalyst has been formulated with the binder, as is
35 conventional. The preferred binder for the steamed
catalyst is alunmina.



25 effect on the total ion exchange capacity of the zeolite. Zeolite
beta possesses a constraint index between 0.60 and 2.0 at tenperatures
bet ween 316[err] C and 399[err] C al t hough Constraint |Indexes |ess than
1 are preferred. Met hods for preparing high silica content
zeolites 30 containing framework boron are known and are described, for
exanple, in UWOasehts Nos. 4, 269, 813. A, gret hod f or p PEPERT6/1§231
zeolite beta containing franework boron is di sclosed in U S. Patent

No. 4,672,049. As noted there, t he ambunt of boron contained in the
zeolite may be varied 35 by incorporating different amounts of borate ion
in the zeolite formng solution e.g. by the use of varying anounts

WO 97/ 23584 2.._CondiXions PCT/ US96/ 16231 of
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e R S o A il g i
as synt hesi zed. ﬁoii#%‘%rl?@ﬂ%son- Febarhieyedthis inedagdvely lowcatal yst is
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Ut mate al pha vaPoe i) Qb acere, LEbe yhekeas 1 § 67 engelRoe, | han
10. Thachieye 12 significansnbuikt eenversion mst wetlnaseai al to
formthe finishelyapbbsomdridutilon, rBhatvePPIeicir temipeeatihpegsl very
low-acidity matrig iBLET) 3 13UE 3B0°c. (570°F.) up to 450°C. (850°F.)

15 will be preferred. The balance of conversion as against
isomerization will also be determined by the general
severity of the reaction conditions including space
velocity which is typically in the range of 0.5 to 10 and
more commonly 0.5 to 2, typically 1 hr.™! (LHSV).

20 Because the bottoms fraction from the first stage
hydrocracking has a low heteroatom content, the process
conditions required in the second stage are generally quite
mild and may be easily accomplished at relatively low
pressures, typically below 15,000 kPa (2160 psig) and in

25 most cases, below 10,000 kPa (1,435 psig) or 7,000 kPa
(1,000 psig). This enables the second stage to be carried
out within the constraints of existing low pressure units,
for example, catalytic hydrodesulfurization (CHD) units
which typically operate at pressure below 15,000 kPa (2000

30 psig).

Total system pressure in the second stage may vary up
to a maximum determined principally by equipment
constraints and will generally, for this reason, not exceed
30,000 kPa (4350 psig) and in most cases will not exceed

35 15,000 kPa (2,160 psig). The isomerization function of the
zeolite beta based catalyst decreases at higher hydrogen
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bal ance of conversion as I NSt I somerization will al so be determ ned
by the general ' the reaction conditions including space

The unconverted bottoms from the hydrocracking stage

15 as previously discussed, contains quantities of the more
waxy straight chain, n-paraffins. There are also higher
melting non-normal paraffins present. Because these
contribute to unfavorable pour points in lubricants, and
because the hydrocracker bottoms will have a pour point

20 which is above the target pour point for the product, it is
necessary to remove these waxy components. To do this
without removing the desirable isoparaffinic components
which contribute to high V.I. in the lubricant product, a
shape-selective dewaxing catalyst is employed. This

25 catalyst removes the n-paraffins together with the waxy,
slightly branched chain paraffins, while leaving the more
branched chain iso-paraffins in the process stream. Shape-
selective catalytic dewaxing processes employ catalysts
which are more highly selective for removal of n-paraffins

30 and slightly branched chain paraffins than an isomerization
catalyst, such as zeolite beta. Shape selective dewaxing
is carried out as described in U.S. Patent No. 4,919,788,
to which reference is made for a description of this phase.
The catalytic dewaxing step in the present process is

35 carried out with a constrained, shape selective dewaxing
catalyst based on a constrained intermediate pore
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comonly 0.5 to 2, typically 1 hr.[err] (LHSV). 20 Because t he
bottons fraction fromthe first stage hydr ocracki ng has a | ow

het er oat om content, the process conditions required in the second
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psig). This enabl es the second stage to be carried out within the
constraints of existing |ow pressure units, for exanple, catalytic
hydr odesul furi zation (CHD) units whi ch typically operate at pressure
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(2,160 psig). 'thﬁemgnsﬁlzatchwmnakunawmmgoﬁ-mbmbered viuls .t e 2sSM=-23based

cat al yst decrseasq;:hea fﬁbﬁédhﬁ’é’éﬁlﬁi‘ for this purp XR-%-H other
24 6231 pressures as unsaturated
i nter medi ates in% Pé& PSﬁse ec?ﬁﬁﬁuﬂﬁQ&ﬁFﬁ@cﬁHﬁhniﬁe?%ﬂr SM548 or

i nterception by $ixeusyntbetic fermbaritres ZSM-3bsmapecakémrine dﬂﬂd’ abI eto
operate the lexpERialali QtR1 gl ‘éﬁ:'o\‘:kEOW QYﬂi@&ﬂhﬂxﬁsﬁa gaﬁatEB 5
many cases, satisfa tory u e ohtal ned bel ow
(1,435 psig) or §§rﬁ§ {Bgoa’%:f‘t% Rey b fi. Psed a5 ;gelectiys 1o 5 600
scf/bbl), prEﬁer&bNPX&QQ catalysts. n.|. [err] (2,800 to 5,600 scf/bbl)
are appropriate. Howeydle prefeiféa CéHEHlyéQf%S £6R0888 2] MarRliseibeflilD
accordance with %f ot.her aftro I ncl udi n acidity o e
catal yst, as des ﬂﬁaﬁ&n§b89§a ysts ZFE&Y?%% ?éh%ﬂﬁﬁﬁnﬁdDewaxrng
1. Catal yst intermediate pore 51ze zeolltes. Such preferred zeolites
have a Constraint Index in the range of 1-12, as determined
15 by the method described in U.S. Patent No. 4,016,218.
These preferred zeclites are also characterized by specific
sorption properties related to their relatively constrained
diffusion characteristics. These sorption characteristics
are those which are set out in U.S. Patent No. 4,810,357
20 for the zeolites such as zeolite 2ZSM-22, 2ZSM-23, 2ZSM~35 and
ferrierite. These zeolites have pore openings which result
in a specific combination of sorption properties, namely,
(1) a ratio of sorption of n-hexane to o-xylene, on a
volume percent basis, of greater than 3, wherein sorption
25 is determined at a P/P, of 0.1 and at a temperature of 50°C -
for n-hexane and 80°C for o-xylene and (2) by the ability
of selectively cracking 3-methylpentane (3MP) in preference
to the doubly branched 2,3-dimethylbutane (DMB) at 1000°F
(538°C) and 1 atmosphere pressure from a 1/1/1 weight ratio
30 mixture of n-hexane/3~methyl-pentane/2,3-dimethylbutane,
with the ratio of rate constants ky,/k;,; determined at a
temperature of 1000°F being in excess of 2.
The expression, "P/P,", is accorded its usual
significance as described in the literature, for example,
35 in "The Dynamical Character of Adsorption" by J.H. deBoer,
2nd Edition, Oxford University Press (1968) and is the
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di scussed, contains quantities of the nore waxy straight chain,
n-paraffins. There are al so hi gher mel ti ng non-normal paraffins
present. Because these contribute to unfavorable pour points in
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such as SAPO 11 gnd SAP used aS sel ective éwaxi'ng
cat al yst s. t ey are u ed 1n the present process.
15 The preparation and properties of zeolite ZSM-22 are

described in U.S. Patent No. 4,810,357 (Chester) to which
reference is made for such a description.

The synthetic zeolite 2ZSM-23 is described in U.S.
Patent Nos. 4,076,842 and 4,104,151 to which reference is

20 made for a description of this zeolite, its preparation and
properties.

The intermediate pore-size synthetic crystalline
material designated ZSM-35 ("zeolite ZSM-35%" or simply
WZSM~-35"), is described in U.S. patent No. 4,016,245, to

25 which reference is made for a description of this zeolite
and its preparation. The synthesis of SAPO-11 is described
in U.S. Patent Nos. 4,943,424 and 4,440,871. The synthesis
of SAPO-41 is described in U.S. Patent No. 4,440,871.

Other examples of the medium pore zeolites include 5 (U.S.

30 Pat. No. 3,702,886), ZSM-11 (U.S. Pat. No. 3,709,979), 2ZSM-
22, 2sM-23 (U.S. Pat. No. 4,076,842), ZSM-20 (U.S. Pat. No.
3,972,983), 2SM-48 (U.S. Pat. No. 4,375,573), ZSM=-57, and
MCM-22 (U.S. Pat. No. 4,954,325). The disclosures of these
patents are herein incorporated by reference. 2ZSM=-5 is

35 included because it may be employed without metals, in the
HZSM-5 form as discussed infra.



The preferred catal ysts for use as the shape-sel ective dewaxi ng
catalysts are the relatively constrained I nt ermedi ate pore size
zeolites. Such preferred zeolites have a Constraint Index in the range
of 1-12, as determned 15 by the nethod described in U S. Patent No.

4,016, 218 These preferred zeolites are al so characterized b ecific
sorption propeV2%23$¢| ated to their rel atipyel y constrained 'I‘%ﬂm on
characteristics. These sorption characteristics are those mhlch are
set out in U S. Patent No. 4,810,357 20 for the zeolites such as zeolite
ZSM 22, ZSM 23, ZSM 35 and ferrierite. These zeolites have pore

openi ngs which result In a specific conbination of sorption
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significance as desirlbed In the r at,ur e
Dynani cal Char act8P8¥ ﬁﬁgﬁﬁ?ﬁ*?ﬂPi upinosilicate 2S5 Ma¥ingi i on, Oxford
Uni versity RAless sildesyainding nddar ratio of 251 %d 23x34 although ratios

26 apoleT/bP20adP I used. & E%@&ayeza;ﬁsc%urc%t%ggeed as the
rati o of the part| pressure o rbate . to e vapor pressure of
sorbate at the °mP8H‘BEFa ?JYJen%fB‘ﬂﬂ%ﬁdoﬁuq’h%’-F%& iRRYofCOMRd SEat e
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: I nner fQF|
(51/ TFZE?] ) i (ells t?g}: Pgi ot %ﬁh@ z%&}i?}gbo ét}r‘at et%ognsstwé:nt% for 111ca CIay
conponent , f errfn|§°Fh umina blnde It is understood that other medlum
pore acidic molecular sieves, such as salicylate, silica-
aluminophosphate (SAPO) materials may be employed as
catalysts, especially medium pore SAPO-11.
U.S. Pat. No. 4,908,120 (Bowes et al) discloses a
20 catalytic process useful for feeds with high paraffin
content or high nitrogen levels. The process employs a
binder free zeolite dewaxing catalyst, preferably ZSM-5.
Medium pore zeolites are particularly useful in the
process because of their regenerability, long life and
25 stability under the extreme conditions of operation.
Usually the zeolite crystals have a crystal size from 0.01
to over 2 microns or more, with 0.02-1 micron being
preferred. Although ZSM-5 (> 40 alpha) can be used in its
metal-free form for selective cracking, in the case of the
30 other medium pore acidic metallo-silicates described supra,
it is necessary that they be modified with from 0.1 to 1.0
wt.% of a noble metal in order to be used as
hydroisomerization dewaxing catalysts. _
ZSM-5 is the only medium pore zeolite or medium pore
35 acidic molecular sieves that is practical to use for

commercial selective dewaxing without adding a noble metal.



contact tine and [err] is the fractional conversion of each conponent .

10 Zeolites conformng to these sorption requirenents I ncl ude the
naturally occurring zeolite ferrierite as well as the synthetic
zeolites ZSM 22, ZSM 23 and ZSM 35. These zeolites are at |east partly
in the acid or hydrogen form when they are used in the present process.
15 Thewy©pasgat | on and properties of zeolite ZSM 22 aoxnseénéeissscri bed
in US. Patent No. 4,810,357 (Chester) t #8hi ch reference is nade for
such a description. The synthetic zeolite ZSM 23 is described in

U. S. Patent Nos. 4,076,842 and 4, 104,151 to which reference is 20 nade
for a description of this zeolite, its preparation and properties.

The internmedi at ynghge t [ esi gnat ed
LA et tvgaegg{cﬁ%g, HRray §BefbGufFed Wil Beher nEBLEH %e%éjl st gna

"Z
patent No. 4, 01elegular, 52-9" nRBh°F§?%r%d?q“§)er‘r’&E§ag$Ft LU (FafEso b
this zeolite praanﬂ:alt A evedsar arhenadditei gy mfhas nebdé BHE o |21§M-5,

descri bed G l%ed | n%ﬁ §§0§t 61%%%% %fbg\eh%@léﬁlacﬂ\ﬁt%y%ﬁ@' S

of SAPO-41 is | es
of the medi Im ptREFRARES tYé§1idﬁcPﬁd€e‘Sa’f?5’ §“b§0 oids. Rk has heendgund, g\ 1,
(U.S. Pat. No. Bad®%WistdnoklSVinetals &fc AME® T BSH-2Bat ZSMeIS 4 SAED-GA2)

ZSM20 (U.S. P
Jom 57, and | eqclie. Sib BEeRiChyidiy Hihd Sroapslbandbrlly HUBE (oo
patents are her &PR ?%ﬁ%}orzﬁk&%?‘ﬂe?é?@n’ée mtgqms §§ -i nine fheic
because it may &¢ mﬁmyﬁtawydtoub gBéabscomes tdhe of thelZ&bbhomixsn as

di scussed i,pfra. 7/.235 wi 74
Bon Ueogs 14051 catalyst §Psalcarobdry widely w Ahin the inventive al |
descri bed FaneeRt ; jdepanding upeR PEogess D’%dlé’rlé’é‘ﬁ ap@ FPAEL AN ECULAR

SI EVES, John W keyuatdr&sonFinliShéd, cpagipstie Shdwihg M6 avei@ge maxiamin 625,

to which refereggfeis; SRUS fP'eP sdhS atkPhtoRefea.

- The dewaxing catalysts used in shape-selective

15 catalytic dewaxing include a metal hydrogenation-
dehydrogenation component; Although it may not be strictly
necessary to promote the selective cracking reactions, the
presence of this component has been found to be desirable
to promote certain isomerization reactions which contribute

20 to the synergy of the two catalyst dewaxing system. The
presence of the metal component leads to product
improvement, especially VI, and stablility as well as
helping to retard catalyst aging. The shape-selective,
catalytic dewaxing is normally carried out in the presence

25 of hydrogen under pressure. The metal will be preferably
platinum or palladium. The amount of the metal component
will typically be 0.1 to 10 percent by weight. Matrix
materials and binders may be employed as necessary.

2. _conditions

30 Shape selective dewaxing using the highly constrained,
highly shape-selective catalysts may be carried out in the
same general manner as other catalytic dewaxing processes,
such as those described supra for process employing
isomerization catalysts. Conditions will therefore be of

35 elevated temperature and pressure with hydrogen, typically
at temperatures from 250° to 500°C (580°F to 930°F), more
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as cat al yst sisuadpgcdad? ytorertiofm (570 BSARD8MDF) and in maestiS cages nhig.
4,908, 120 ( Boves ylgral) tH4hACS PHES @m%eﬁ Cai@éyédfeé)r&&%%% uﬁefcul fogo f eeds

W|th hi gh paraffin content or ni trogen |evels r.ocess
enploys a 2 bifkde(20y 885 KBR) « &ML enb‘sl:‘g?'éYy‘éP t?)r?e"—r@r (2Enp 88
Medi um por e zeol iXRes .ar 8ppaet velbait les saftendi iromeo.1 to mmdasSS (13S¥)se of
their'regenerabi ljdie w0891y 6923&? Fr St inﬂdﬁ UBQE&uiQ@uﬁ%t{a@&

conditions of operation. the zeg) |t stal s have a crystal
size from0.01 Yange,txem 590 rﬁ%r’oquo 3t imdre e h"' rﬁzuiu??r]c}f AP &on 400
preferred. At houg.u.ZI.SM_E) Refépentehiy made o Gsed Pateht 4,919 ,m88|fokr ae
formfor sel rd G aea'&%é‘g\f‘s&foiﬁo%f thi® sRlpe-SL I fRA ARG S0

aci di ¢ net al o 5| | cat.es descri S_necessar at tEey be
modi fied with frdRuexing,step. As ipdigafed, PreBALUALY ol NYF Mmay¥obge

used as hy dnisesbrisr anafinterbedeuengic dnabydes. to provide médimtim s t he
only medi um pore E&&Hérta‘i‘:u% HSHtP&Hpﬂ{ech%‘Srea%%Q' C ppyesmlA, Si¥ndaghhat
I's practical to use clal selective dewaxi ng, W't hout a ing a
nobl e net al . prlmar% g7p§33%4se1ect1ve catalyst, adds incremental
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The degree'of conversion to lower boiling species and
the choice of dewaxing catalyst in the shape-selective
dewaxing stage will vary according to the extent of
dewaxing desired at this point, i.e. on the difference

20 between the target pour point and the pour point of the
unconverted bottoms from the hydrocracking stage. It will
also depend upon the selectivity of the shape-selective
catalyst which is used. At lower product pour points, and
with relatively less selective dewaxing catalysts, higher

25 conversions and correspondingly higher hydrogen
consumptions will be encountered. In general terms
conversion to products boiling outside the lube range, e.g.
315°C-, more typically 343°C-, will be at least 5 weight
percent, and in most cases at least 10 weight percent, with

30 conversions of ﬁp to 30 weight percent being necessary only
to achieve the lowest pour points with catalysts of the
required selectivity. Boiling range conversion on a 650°F+
(343°C+) basis will usually be in the range of 10-25 weight
pexcent.

35 After the pour point of the product has been reduced
to the desired value by selective dewaxing, may be
subjected to treatments such as hydrotreating, in order to
remove color beodies and produce a lube product of the -



The noble netal is required with othér nedi um pore nol ecul ar sieves in
order to reduce catalyst aging rates to practical |evels. The addition
of a noble netal to ZSM 5, however, provides it wi th hydroi sonmerization
activity that 5 i ncreases yields of dewaxed lube oils. It has been found
t hat when noble netals are added to ZSM 23, ZSM 35, SAPO 11 and ZSM 5,
t he product wosiasssand VI are generally higher for ZSMPIUSS&M235 and
SAPC- 11 than from ZSM 5. The choice o whi ch cat al yst to use becones
one of the econom cs. 10 Cat al yst size can vary widely within the

I nventive concept, dependi ng upon process conditions and reactor
structure. Finished catal ysts having an average nmaxi num di mensi on of 1
to 5mmare prefgidigda characteri_ﬁlﬁl@wa@%t(iﬁhﬁ&:iéﬁStf\éi lo yed to
shape-sel ective 15 ﬁ ¥t|c ewam O? i nclude a rrg a %/ oig n tlon-
dehydr ogenat i orF TH5o neekF yotability| ficat essary
to pronote the sel emsmrdzatkongcamlystmsnmhas zeolpteslﬁtaa avie this

conponent has Regdiqyad e W‘E?Q' ESIQ@!?%\?%% eco?arert'iﬂg Efng{'g* Swdk rn‘cf’lc{}ﬁzl e,

| soneri zati on reacti ons

cat al yst delhaxi'RfrsPhegatedTha convert AQ%, ko 8p3% hﬁ°mtweéﬁﬂﬂ¥eﬁp*l &ads

to product 80¥proty ehentraxeipethal feed/ito ahe sbeberizytivh Widcess.
helplngtoretaﬁg(‘sq.‘tagelg e SHETEE ﬁm C
dewaxi ng i s normal | carr%zelggggge #;l@% r%stgntﬁ% ifne caﬁta og.en)éttflnder

pressure. The B¥t ntxﬁalslt'bE“’EFeFE’F%‘B V’e at rﬁF‘&f’Fﬁ%rﬁﬂb‘F "b%?ﬁ%d‘r"hﬁheThe
amount of the néxtait emd@pqlent boilingi ¢dnponentsl)l pEbehé. feéd tibyadycent by

i ght. M b
5! Lo £ 110, * rpaue il €1p8la® pBifie WS PohrROSHE THPLOMEIEL ARRESRATY.
constrai ned, lubeg. ghlxi't§ﬁ'5'691§EFeE‘?‘F‘€/es’€§t §F§1ﬁﬁysb‘é"%%r$‘¥“€ti a§ut in

t he sane (EipasM-2saposseasest inereamdrstiait |1csodewaza1ﬂgomrm;ﬁﬂsﬂsit1es
such as those a D g@é‘%pg ation
catal ysts. gﬁf%dnsq% thhgglg (e)réegge 0 e%}‘ vat e%lpaﬁfﬂe%ﬂét%re and

pressure wit h hydr og}'"e‘ﬁ“rleyﬂl dippytrates gne gf,the BFeterFeR enppdimentisy
500C (580[ &5 r ] Fot cid)Anvemtion. The fedll) WhizBS5HAdy be any hydrocarbon

PCT/ US96/ 16231 feedstock boiling above 343°C (see discussion supra) is
combined with bottoms material from the dewaxing process
and hydrogen from line 2 before being introduced to
hydrocracker 1. Hydrocracker 1 includes a catalytic

20 hydrocracking zone. This could also encompass hydrotreating
alone or a combination hydrotreating/hydrocracking zone.
Fixed bed reactors are preferred. Conditions are effective
to convert in a single pass at least 20% of the feed to
materials boiling below the initial boiling point of said

25 feed. The pressure at which the hydrocracking step of
Figure 1 operates is substantially higher than the pressure
employed in the dewaxing step.

The effluent from the hydrocracker 1 including excess
hydrogen passes to the high temperature separator 3 via

30 line 4 wherein hydrocrackate is separated from hydrogen
contaminated with hydrogen sulfide and ammonia. In an
alternate embodiment not illustrated, the effluent from
hydrocracker 1 is cascaded directly to the dewaxing stage,
without any interstage separation. Desulfurization and

35 denitrogenation frequently accompany the aromatics
saturation occurring in the hydrocracker. The contaminated



29 usually 300[err] to-450[err]C (570[err]F to 840[err]F) and in

nost cases not hi gher than 370C (700[err]F). Pressures extend up to

3,000 5 psi (20,685 kPa), and nore usually up to 2500 psi (17,238

kPa). Space velocities extend fromO0.1 to 10 hr[err] (LHSV), nor e

usually 0.2 to 5 hr%grr] Hydrogen circul ation rates range from 500 to

1000 n.l.l1[err¥ 8fore usual Iy 200 to 4QQ n.l.l. [errPCTURFBRYEnce

is made to U S. Patent 4,919,788 for a 10 nore extended di scussion of the

shape-sel ective catal ytic dewaxi ng step. As indicated previously,

hydr ogen may be used as an interbed quench in order to provide maxi num
. tenperature control in the reactor. Pt/ZSM 23, although primarily a

shape sel ective 8¥AzPgsn, iadprssed fnamithe pSch tewperatamte sepazphbr| $tyo

The degree of COﬂhﬂr&éﬁﬁei&tﬁﬁ&“ﬁeﬂ&ydﬂoEg659ﬁ5f33aagﬁbstantlhﬁepF?QiSE of
dewaxi'ng catalys% in_th stage var

£ shagt ge ect
according to the "B SRpTapinate ﬁgedggFPgﬁ Y1? on the
difference 20 |s¥ensualivepassekttopafif gasat Thedhydlusagmurlsppaaﬁeaf tbhe

unconver t ed lsott%& pke88bihe, *MEE:P%@&‘&B& thagfie ﬁ*d%%éxlac\’ﬁrcﬁﬁiée 9 e”d

upon the selecti f the ﬁmv e-sel ective I S use
| ower product po ft s, rocrag ereVéFPv%?ﬁeIQ%ﬁFﬁséP@EYF@e E@Wﬂ&lng
catal ysts, hi gherViESIineoﬂvecp s$tmn arteripperedpofioi nHlytherg remnokylir 6gen

consunptions wi | bahéseaﬁéuﬂiéﬁi‘?%dé“ %&%habaissfi?’fa Cﬂ] é‘éf SefghQ.
products boiling EI&? t he be ran iﬂa r e
typically 343[erF¥C ??riﬁk%ielﬁii§%55tﬂggﬂﬁb line 17 toeithe’ §ﬁﬂshnzﬂ@%t
cases at |ed$t 10fwérgbtipmation unit 1330in whigkrsilsaeele’ 14piko 30 melght
percent being neQ§§§§i¥e&n|¥he baﬁfﬂ% qghiﬁ¥ggégﬁ Léwgégaﬂg%ﬁfh ngééaE&

catal ysts of the uire ectivit con ers on
650[ err] F+ Pk Eﬁr? ‘g%?éﬁ’ge’whqtte gal |'9h%eh¥4r<tqr@qkaﬁ§e1§f 10 25
wei ght per cSubjegted to atmdsphertilce géstibpbaviomftd hemovedlighdes been

reduced to bb@lﬂﬁgl ESRp TS t&ﬁc%e|aﬁchh¥ﬁtﬂ§"‘% hadTeY dQStinate
subj ect ed tos tre%%ng such as hydrotreating, 1 n ord

col or bodi es "and “a | ube product of the
The hydrocracker bottoms pass via line 15 to the inlet

of the isomerization/dewaxing zone 16, where it is combined
with hydrogen from line 17. The isomerization/dewaxing
zone is a fixed bed reactor which contains a large pore

20 zeolite dewaxing catalyst such as zeolite beta or a shape-
selective catalyst(see discussion supra concerning dewaxing
catalysts). The dewaxer effluent is passed to high
temperature separator 18 for the removal of hydrogen, and
light gases, as previously described. The gasecus stream

25 is passed via line 19 to the low temperature separator 20.
These separators operate at temperatures between 100°F
(38°C)and 200°F. (93°C), where contaminant gases are passed
to off gas via line 21. cContaminant gases from the
hydrocracker section, line 11 are combined with these gases

30 in line 22. Hydrogen is ﬁassed via line 23 to compressor
24, where its pressure is raised before it is returned to
the hydrocracker via line 25. Effluent from the high
temperature separator 18 enters stream stripper 26 via line
27 for further removal, via line 28, of gases and light

35 ends, which combine with those of line 22 prior to entry
into flash drum 29, where some materials boiling in the C.-
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30 - desired characteristics. Fractionation may be enpl oyed to

renove |light ends and to neet volatility specifications.

| soneri zation catal ysts such as zeolite beta are effective for

sel ectively converting bul ky wax nmolecules 5 when operated to convert 40%
to 90% norewprsebsssably 50%to 80% of the wax in the fresaisseaseite

i someri zation process. The shape- sel 82tive internediate pore size

catal ysts are, by contrast, nore effective at renpving the waxes in the
front end (Il ow boiling conponents) of the feed thereby 10 reducing cloud
point and pour point in products such as | ubes. Internedi ate pore size

gg:ogglu: arsi eveRngd rdSremoved y It 300886588 SgddlC" SR Ast! B@MBRLZAL I ON

| t 0 "shape | ective dewaxin ab|I|t|e
Figure 1 illusthla® dEHE ngfw R e% %ﬂﬁd’!’\‘r’é‘?ﬂ’sz%%loi’ t fiegns of
i nvention. Thdineed?. mﬁnchuhaqaznrzaﬁﬁ IOy roecteriand , sulthbkdsfunkbmﬁyll ng
above 343[err] G %ﬁo@bacuﬁﬁé%é%ﬂuid%r ° tﬁQ”Pié‘%ij wne : bef e

material fromthe d XI nﬂ? process
d

being | ntr dducRPesss to ths GFlash portion ﬂ;df%e EERpation mnitgad
catalytic 20 neahsoofadkinag32oneThe ewaxed! éfﬁlsenﬁncmimﬁﬁs.gm:dendseat I ng

al one or a Comilégﬂdregn ﬂ%@é@%ﬁﬁr&wﬂ/ﬂx@ ?qr %kaﬂg ﬁgf'@om port:.%'nxg(il Qﬁg

reactors are pre d. "Condi t| ons are convert _in
singl e pass at ﬁ%ﬁ%@o‘ﬂ?‘ Fﬂ% Mo at"“’sl’ﬁ'ﬁ%'é‘i:l%%%t%ﬁ'qlﬁg"bé’%ﬂgt he
I nitial boilingepmnatedf fsemdtﬂé hydscrackalte pottons ebytbadfileh 1uhe

hydrocr ackif0. Sidibxlals posTLAY! fn IPSAhEhal SngU2AG1E | Adptatgher than

the pressure oye he dewaxi % | uent
fromthe hydroc’?% are; F\'E?‘B‘d?ﬂg e Kepa nmghb‘ﬂ?ﬁﬁ‘éﬂ%@‘%"t he hi gh
t enper at ure sepmrtErdal3 isi auiiﬁablélm&smmseunbhydantthamﬂc aadar at ed

from hydrogen b“eO’Peﬁn@\r tsga\’\lﬂk Wﬂ §.§' %ﬁ?ﬁo@@d alfi an

al ternate enbo mant not ustrat ed, eff uen Fom %‘1 ocracker 1
i s cascaded di r‘é‘f:t‘%h)’a t"é‘cf’ﬁgeﬂ*éﬁﬂx‘?ﬁ‘ﬁa’ﬁda@étenal WPy nbgit rersrySt &¥st age
separ at i onlS Desmgdns icfafline aadt85be chabiiedgenithi fneéh efemsh tpnicac donpany

‘égﬁt gﬁnoggt 'egs entry A/t BYaLEEHAEKEY By nledhs"bEr PEhaCES! - The
Figure 2 provides a slightly different embodiment.

The design in Figure 2 is intended to maintain complete
segregation of all products from the two reaction stages.

20 In some cases it may be beneficial to conduct the
dewaxing/iscmerization reactions at high pressure. Instead
of a single fractionation unit, two separate fractionation
units are employed, one following stripper 2 and the other
following stripper 6. Stripped hydrocracker effluent enters

25 fractionation unit 3 via line 5. Lighter products are
removed by atmospheric distillation and the hydrocracker
bottoms move from the bottom of the fractionation unit via
line 15 to the isomerization/dewaxer zone 13. Stripped and
dewaxed material passes from stripper 6 to fractionation

30 unit 4. As in Figure 1, the unconverted bottoms material
may be passed to lube base stock via line 12 or recycled to
the hydrocracker via line 7.

Figure 3 is an integrated process design which

resembles Figure 1, except that a make-up hydrogen

35 compressor is used to supply once-through hydrogen flow
between compression stages.
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hydr ogen i s passed from ure separator 5 to | ow
-tenperature separator mlmlm"ﬂlmmmﬂm portion of t he
cont am nat ed gases are renp¥edtvi® [fne 7 and eventual |y passed to off
gas. The hydrogen is passed to 5 conpressor 8, then returned to the
hydr ocr acker i WOSF23584 line 2. The hydrocrackate, w th SORUSHAGEH
renoved, noves via line 9 to steamstripper 10 for further renoval of
gases and |ight ends, which pass via line 11 to off gas. The
hydr ocr ackat e passes through line 12 to the flash zone 10 of fractionation
unit 13, in which a baffle 14 is installed. The baffle is intended to
separate hydrocraq&gnmg bottons from dewaxer bottons The hydrocrackat e

S subj ected to m)s e ve | ighter

boi | i ng conponents suc asRﬁagﬁ % dih@tggggré %t%r ssplfé’a'ucts
The hydrocracker 4R% regihdpasgasieil |W%aﬁb°ﬂh§eﬁﬂ$'@@¢=k havigiy @meinitial
i soneri zat i on/-devsdiliggz potnt 6of vdlerFeddt 1335¢0MDhE@th naphtiNal brodeeges

fromline 17. The Xd Mk f.i xed bed_reactor
whi ch contains a &Qﬁ%ltéabﬁggég@%nt&gdg\?ﬁylengﬁ%a’l’%ﬁ’%?{ 3 JiEF 8 Blite
beta or a shape- lub rlc@@FeE%’P@‘éC%atﬁ?%/QI(°§G§SdP9mnSS$m9=supra concer ni ng

?evvaxi n? cat al yst(a). K?Qrd@ﬂ?é@@ln rﬁ‘ﬂe;lﬁ Hgb&a?@é&eﬁédhﬂ&ﬁh over an
enperat ure separ al 0 ro

as previously desa?raﬁ{)a éé %%ie& eou °°§§FH‘ ggab%%ggba%ng B Qcigl't’o
the | ow t enper at dricddenpaity Qll}i hydropgenas igppdebydregenadriame at
tenperatures bet vnﬁmti%Enty, (S e¥ rﬂy@):%@?a%ﬁ@ g é&%iﬂ{dr@ at'@eh§drogen

fromtne  ChyaRibeaelopeasevrs of une Than, a8, 0hBHen and e Nete thdes 0

inline 22. wdr%éﬁlu@epaegwwl%pnvanslm to Zower desbking pra@uctiertoits
pressure is rai sefbrefaOh@phtha Spredutitlc@ Wastil1h68 PYSHRA 2GR aVbattbis

25. Effluent frorgrtatéqughggx}r%c?&?u ‘ﬂ?%t»ra,f% ga(r:g%}q?é G;}Ll_?‘_rﬁg’ntzgrs stream

stripper 26 via l of gases and
light 35 ends, which (®dnbPaRavating Hiwe nephthacprodyrt orthey Gdmti}late

product and the bottoms fraction:

(¢} hydroprocessing the separated bottoms fraction
over at least one hydroprocessing catalyst which performs
dewaxing;

(d) separating the effluent from step (c) into a
bottoms fraction and a fraction boiling below the bottoms
range, wherein at least a portion of the bottoms fraction
is recycled to step (a) and the lower boiling fraction is
separated into naphtha and distillate products:

: (e) the bottoms fraction not recycled to step (a) is
used as a lubricant basestock.

2. The process of claim 1, step (c¢), wherein the
hydroprocessing catalyst performs dewaxing by
hydroisomerization or by shape-selective means.

3. The process of claim 1, step (c), wherein dewaxing
is performed over a hydroisomerization catalyst and shape
selective catalyst in series.



into flash drum 29, where some nateritals boiling in the Clerr]-
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~range are renoved by I|ne““mﬁm“tl!ul“!“sﬂIII}I’he rest of the flash drum
ef fl uent passes to the butaniczen y means of line 32. In butanizer
31, C4- material, suitable for LPG I's renoved, and the remainder of
the flash drygeetifsgsient 5 passes to the flash portion of PCT/AIS616234t | on
unit 13 by neans of line 33. The dewad effluent, with |ight ends
renoved, noves through line 34 to the bottom portion of the
fractionation unit 13 for atnospheric distillation, being separ at ed
fromthe hydrocrackate bottons by baffle 14. 10 Materials boiling in the

napht ha and m ddl e dj stighl.a r r e T FOE]

unconvert ed demaxedq' T#&Lé??ﬁfs?s§€3?§g%F§"f%?Béégcééhﬁﬂ%rlcant ase

stock and - n¥ANRPLASeSFdng, Fatalyet 35 folavhasightpodarasdmFeor al |

or the unconverzesl devhyatoisbherizatibyn mtadywt!, ethbycdbal yetan hafing ne 36

to be combined ygtyd L210u8°dePhbL mble than & & t%e#@&ﬁ&(ﬁ%rﬁ%ﬁr by
Figure 2 provi ghtly di

means of |ine 22. es a sli rent

enbodi ment . hydrpgenadiion cAmpPRERE. 2 s intended to naintain conpl ete
segregation of all products fromthe two reaction stages. 20 In sone
cases it may be benefi ciqgl u [N ILNQL LS | zat |
eactions at hi gh pressais PReEEE ek tl¥iy 1 JRRURHERLCRIEOAALAN,
two separate fre@¢alrrk icomprises dealuninizad) Usfchaving aofibifalimingper
2 and the otherratio ¥s8d:d1qwi ng stripper 6. Stripped hydrocracker effl uent
-enters 25 fractionation unit 3 via line 5. Lighter products are

renoved by atnospheric distillation and the hydrocracker bott ons nove
fromthe bottom of the f & PEFRSEPENOENFIain £, whereipeths to the

| somer i zati on/ dryéwE] sty zhtioht EaBabgstébmpriseic\wastidtatbeta al passes
fromstripper 6 to fractionation 30 unit 4. As in Figure 1, the

unconverted bottons nateri al may be passed to | ube base stock via line
12 or recycled to 7- tIRhehpIoserscRErclaim|Instep (c), wherein the

hydroprocessing catalyst comprises a constrained
intermediate pore crystalline material having a metal
hydrogenation-dehydrogenation component for shape-selective
dewaxing.

8. The process of claim 7, wherein the constrained
intermediate pore crystalline material is ZsM-23.

9. The process of claim 1, step (c), wherein the
hydroprocessing catalyst comprises H2SM-5 for shape-
selective dewaxing.

10. The process of claim 1, step (b), wherein the
effluents of steps (a) and (c) are separated into products
by atmospheric distillation in a single fractionation unit,
in which bottoms products from step (b) are maintained
separately from the bottoms products of step (4).



Figure 3 is an integrated prooess design which resenbl es Figure 1,
except that a nmake-up hydrogen 35 conpressor is used to supply

once-t hrough hydrogen fl ow bet ween conpressi on stages.
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33 1. An integrated hydroprocessing process for %‘gﬁradl ng a
gas oil hydr oo pmIssscedst ock havi ng an initial boi l'i ng po??if 681 | east
315[err]Cinto a naphtha product, a s}hl | at e product boiling above the

napht ha range and a | ubri cant pr oduct 14 Be process conpri sing:

(a) hydrocracking the hydrocarbon feedstock over an aromatic-sel ective
hydr ocracki ng catal yst having an acidic functionality and

hydr ogenat i on- dehydr ogenati on functionality, under hydrocracking
conditions at a hydrogen partial pressure of |ess than 10,000 kPa and at
| ess than 50 rcent wonversion to | ower boiling products, to
form-a napht ha a distMlate product, &nd a.fotto?s flaction+
enriched in par 3 (b) {separ fting |t he nppht ha

product, the di ottqnms fractior; (c)
hydr opr ocessi ng| t he separated bottons fract|i on ovef at lIleast pne

hydr opr ocessi ngj cat al yst ewaxi ng; (d) t separat} ng
the effl uent Eson1step‘h bottomy frgctionland g frac{ion boifing
bel ow t he bot Mg : i | east| a portio* of tlhe bo{tons
fraction is recycl Qgr boilling flraction is
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2. The process of claiml, step (c), iwherein the hydr opr ocessi ng cat al yst
perfornms dewaxi ng by hydr oi soneri zati on or by shape-sel ective neans.

3. The process of claim1, step (c), wherein dewaxi ng is perforned over a
hydr oi soneri zati on catal yst and shape sel ective catalyst in series.
WD 97/ 23584 PCT/ US96/ 16231
34 WO 972384 pr ocess of claim 1, step (c), wherein tRGE/US6/16231
hydr opr ocessing catalyst is a Iom/acidigg |.arge pore zeolite
hydr oi soneri zation catal yst, the cataly éw%aving an al pha val ue of not
nore than 30 and containing a netal hydr ogenati on conponent.
5. The process of claim1, whereby the hydrocracking cat al yst conpri ses
deal um ni zed USY having a silicalalum na rati o >50: 1. 6. The
process of claim4, wherein the hydr oi someri zati on catal yst conpri ses
zeol i t'e beta. 7. The process of claiml, step (c), wherein the
hydroprocess”ﬁg yst copprises conskraipned A ikt erkedi at ehpodde ?
crystal | i ne npt havi ngva net al hyHr ogenat ijon- dehyfr ogenat i or
conponent for N\ ___dewaxi ng 8. |The] proces$ of] cl aijm
7, wherein th { nt er nedi jat pdre criystgllipe mategial} is
ZSM 23. o~
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9. The process of claiml, step (c),* wherein the hydr opr ocessi ng

catal yst conprises HZSM5 for shape- sel ecti ve dewaxi ng. 10.
The process of claiml1, step (b), wherein the ef fl uents of steps (a) and
(c) are separated into products by atnospheric distillation in a single
fractionation unit, i n which bottonms products fromstep (b) are
mai nt ai ned WegHRMBely fromthe bottoms products of step (BETAUSI6N6231
3/3
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