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UPGRADI NG, PROCESS  FI ELD OF THI S | NVENTI ON Thi s invention lg(?%@E@%‘)%«lﬁ t he
h‘ydrocrac‘,W Hﬂof%fﬁﬁ' subsequent dewaxi ng of petrol eum charges KS.
particular, it relates to an integrated fuels hydroprocessi ng schene

whi ch conprises hydrocracking, distillation, extraction, dewaxing and
hydr of i ni shing steps. BACKGROUND OF THE | NVENTI ON M neral oil lubricants
are derived fromvarious crude oil stocks by a variety of refining
processes directed towards obtaining a |lubricant base stock of suitable.
boi ling point, viscosity, pour point, vibcosity index (VI), stability,
volatility and other characteristics. CGenerally, the base stock wll be
produced fromthe crude oil by distillation of the crude in atnospheric
and vacuumdistill ation tow Slcrd desirabl e
aromati ¢ conponent ENAyAa4. - 2o\ bt a5 by dewaxi ng
and various finishing steps. Because multi-ring aromatic conponents |ead
to poor thermal and light stability, poor color and extrenely poor

Vi scosi tyJ-a4di T es of | ow hydrogen content or asphaltic
type cruM ﬁVEi\'lelrd)l!q[he yield of acceptable |ube stocks wll
be extrenely low after the |large quantities of aromatic conponents
contained in the |ubestocks from such crudes have been separated out.

Par af fi ni ¢ and Tiaphihenicn wlatds s thedksiracmckingeare! suhsequerttalemesxing of
aromatic treatnent procedures are necessary wth _feedst(gﬁ%i whi ch contain
pol ynuc! epetraleamchargeistocksddn panticuan vierelatgeto R EIEET246 $c conponents.
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hydroprocessing scheme which comprises hy&rocrackmg, distillation, extraction,

dewaxing and hydrofinishing steps.

BACKGROUND OF THE INVENTION

Mineral oi] lubricants are derived from various crude oil stocks by a variety
of refining processes directed towards obtaining a lubricant base stock of suitable
boiling point, viscosity, pour point, viscosity index (VI), stability, volatility and
other characteristics. Generally, the base stock will be produced from the crude oil
by distillation of the crude in atmospheric and vacunm distillation towers, followed
by the removal of undesirable aromatic components by means of solvent refining
and finally, by dewaxing and various finishing steps. Because multi-ring aromatic
components lead to poor thermal and light stability, poor color and extremely poor

* viscosity indices, the use of crudes of Jow hydrogen content or asphaltic type
crudes is not preferred as the yield of acceptable lube stocks will be extremely low
after the large quantities of aromatic components contained in the Jubestocks from
such crudes have been separated out. Paraffic and naphthenic crude stocks are
therefore preferred but aromatic treatment procedures are necessary with

feedstocks which contain polynuclear aromatics in order to remove undesirable

aromatic components.



in the case of the I ubri cant distillate fractions, generally referr®MAt #05
as the neutral s heavy neutral, light neutral, etc y tics
may be eXYP 42033 ‘{)y soI vent extraction using a sol vent sugﬁ&n%oﬁ{f? ural ,
n- met hyl - 2- pyrrol i done, phenol or another chem cal which is selective for
the extraction of the aromatic conponents. If the |lube stock is a

resi dual | ube stock, the asphaltenes will first be renpbved in a propane
deasphalting step followed by solvent extraction of residual aromatics to
produce a |lube generally referred to as bright stock- In either case,
however, a dewaxing step is normally nec@ssary in order for the |ubricant
to have a satisfactorily | ow pour point and cloud point, so that it wll
not solidify or precipitate the | ess soluble paraffinic corrponents under
t he |nfluence of low tenperatures. U.S. Pat. No. 5,27 aker t al ,
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5. 168 removed 1n a propane dcasphaltmg step followcd by solvent extraction of residual
aromatics to produce a lube generally referred to as bright stock. In either case,
however, a dewaxing step is normally necessary in order for the Jubricant to have a
satisfactorily low pour point and cloud point, so that it will not solidify or

precipitate the less soluble paraffinic components under the influence of low

temperatures.

U.S. Pat. No. 5,275,719 (Baker et al, heremnafter "Baker") disclosed a
process for producing a high viscosity index Jubricant which possesses a V1 of at
Jeast 140 from a hydrocarbon feed of mineral oil origin which contains nitrogen
compounds and has a wax content of at least 50wt% wherein the feed 1s
hydrocracked in an initial stage. A preferred feed in Baker is slack wax, which

typically possesses a paraffin content as great as 70% as illustrated by Table 1.



PNA,' M pct: Paraffins 70.3 Naphthenes 13.6 Aromatics 16.3 Si mullhf &MY 2005

distillation: %QOC ( OF) 5 375(710) 10 413(775) 440(82 860)
70 482(9‘('}9)"2’“9?)23500(932) 95 A fuels hydrocracking procesi C\H?ﬂ']ﬂ@qél al

liquid recycle is disclosed in U S. Pat. No. 4,983,273 (Kennedy et al.).
In this the feed (usually vacuumgas oil (V&) or light cycle oil (LCO)
is processed in a bydrotreating reactor, Then in a hydrocracking reactor
prior to being passed to a fractionator. A portion of the fractionator
bottons is then recycled to the hydrocracker. Yukong Limted has 0 9 MAY
2005 WD 02/059234 PCTI USQ /49943 -4- dfsclosed (International Application
PCT! KRI', 14/ 00046, U.S. Patent 5,580,442) a nethod for producing

f eedst ocks of high quality |ube base oil fromunconverted oil (UCO of a
fuel s bydrocracker operating in recy e. Catalytic dewaxi ng processes
are becom ng favored for the production of® lubricating oil stocks. They
possess a number of adv S‘,QQQNR?@PR@PERCM[ES'IN OENERSJ! vent dewaxirig
procedures. The catal yti<¢C waxl ng processes operate by selectively
cracking the normal and sligght!ly branched waxy pd&9affins to produce

Hydrogen, wt. pct. 15.14
Sulfur, wt. pct. 0.18
Nitrogen, ppmw 11
Melting point, °C. ( °F.) 57 (135)
KV at 100 °C., cSt 5.168
PNA, wt pct:

Paraffins 70.3
Naphthenes 13.6
Aromatics 16.3
Simulated distillation:

% °C. (°F)
5 375 (710)
10 413 (775)
30 440 (825)
50 460 (860)
70 482 (900)
90 500 (932)
95

A fuels hydrocracking process with partial liquid recycle 15 disclosed in U.S.
Pat. No. 4,983,273 (Kennedy et al.). In this the feed (usually vacuum gas oil (V GO)
or light cycle oil (LCO)) 15 processed in & hydrotreating reactor, then m a
hydrocracking reactor prior to being passed to a fractiopator. A portion of the

fractionator bottoms is then recycled to the hydrocracker. Yukong Limited has



| ower nol ecul arwei ght products whith may then be renoved by di st i 10 &MALH03
from t i_gher boiling |ube stock. Concurrently with sel [LYE
catalytﬂgongEﬁpﬁg of waxy nol ecul es, hydroi soneri zation @fﬁhﬁpﬁéngane
or different catal yst can convert a significant amount of |inear

nmol ecul es to branched hydrocarbon structure having inproved cold-flow
properties. A subsequent hydTofm shing or hydrotreating step is conmonly
used to stabilize the product by saturating |ube boiling range ol efins
produced by the sel ective cracking which takes place during the dewaxing.
Reference is made to U.S. Patent Nos. 33894, 938 (Gorring et al),
4,181,598 (Gllespie et al.), 4,360,419 (Mller), 5,246,568 (Kyan et
al.) and 5,2S2,958 (Santilli et al.) for descriptions of such processes.
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descri ptg f Q8RTPackes dpelfthg inlrekoclieanedeng Technol ogy and
Econor niggcglgyﬁd;{]ﬁ;lgéggbn Aasci a 4p( 8), %4- 709( 1994). in catalytic

dewaxi nc, processes of this kind, the catal yst becones progressively
deactivated- as the dewaxing cycle progresses. To co&pensate for, this,
the t enper at uCetaftic ldewhevmx prapessescarobecenpng deeersivier the produgtipn obr der

to 0 9 MAY 2005 NVO 02/0M34 PCT/ USQO /49943 t the target pour Rnoin
for the lwbsabng crhsp@ks-sTbeyinﬁ»iS%@ssmmgF{ Ofeﬁg\ﬁﬂt%ftst‘h‘é& "S’Eﬁﬂgyﬁﬁlﬂn@ﬁ can

be alsegybef g, L o opest el L E SRk ERAB s agsRpl €. For
cycl es \tﬂ%e.t]?‘iﬁ‘ér:fg}‘tc %@éﬁ?é&?d&&;?ﬂ%& t?l';/%l?gé bfarddhed Geashs Badiffih € gycs‘dueef rom

alows cy Ty in the range of about 4501F

to 525F (RRQUNLoRRalar weichl 4i6ducts ovkick nnal thearttk wineyed by dialiatioal foen
typi cal ly about 670-725 (Jabout 354-3850C), after which the cat alfyst S

react i vafiechigher boiinar hibedidde. Gonewremidy avith Tslpeiaed Fyialeereckips

catal ysts which enploy ZSM5 as the active ingredi s—;:.rlnt max
waxy moleches, %ydrmsomenzan on with the same or different Catalyst can convert
a significant amount of linear molecules to branched hydrocarbon structure having
improved cold-flow properties. A subsequent hydrofinishing or hydrotreating step
is commonly used to stabilize the product by saturating lube boiling range olefins
produced by the selective cracking which 1akes place during the dewaxing.
Reference is made to U.S. Patent Nos. 3,894,938 (Goming et al.}, 4,181,598

(Gillespie et al.), 4,360,419 (Miller), 5,246,568 (Kyan et al.) and 5,282,958 (Santill

et al.) for descriptions of such processes. Hydrocarbon Processing (Sept. 1936)

refers to Mobil Lube Dewaxing Process, which process is also described i Chen et

al "Industrial Application of Shape-Selective Catalysis” Catal. Rev.-Sci. Eng. 28
(283), 185-264 (1986}, to which reference is made for a further description of the

process. See also, "Lube Dewaxing Technology and Economics”, Hydrocarbon

Asia 4 (8), 54-70 (1994).

In catalytic dewaxing processes of this kind, the catalyst becomes
progressively deactivated- as the dewaxing cycle progresses. To compensate for

this, tbe temperature of the dewaxing reactor 1s progressively raised in orderto



be reactivated by hot hydrogen. O her dewax-ing catalysts may be dbgdibails
using air, or oxygen in conbination with N2 or flue gas. t 1S, which
cont ai n W& G823 ngr edi ents, such as ZSM 23 or SAYO 11, Fﬁf%ﬁé}’ﬁ%ss
active than ZSM5 containing catalysts may have start-of-cycle (SOC) and
end-of -cycle (ECC) tenperatures that are 25 to 50 ' C higher than those
that contain ZSI A-5. The use of a netal hydrogenati on conponent on the
dewaxi ng catal yst has been described as a highly desirabl e expedi ent,
both from obtai ni ng extended dewaxing cycle duration and for inproving-
the reactivation procedure. U S. Patent3- No. 4,683,052 discloses the use
of noble netal conponents e.g. Pt or Pd as superior to base netals such
as nickel for this purpose. A suitable catalyst for dewaxi ng and

i sonerizing or hydro-isonerizing feedstocks may gonfain Q.1-0.6.. 5%\ . %
Pt, for meesthnEgeROWgUR] fadtie ﬁrfeﬂ?@.‘- 3&@6 .ﬁﬁll{zg’é‘%’gé}]ﬁ ‘g,"g‘%‘ﬁ?ﬁﬁ;
4,689, 138; 4,710,485;, 4.8 2;..4,921 ; h 2, 986; -
5. 135, 634EMBEraldy e a1 besTaiorsl BHpTe m&ﬁofggj%é&fg}rlngég?&%ggg? '}f]{])]rlﬁs bet ween
liquid and gasequs r hicf d lih ¢ds 9bhiandllyngpératednat e
cont act HQ?&‘E@’E‘%Bﬁa@g%gﬁ%gsﬁgﬁf%ﬁwgr%%}Ftgz’rm conpli cate h)\/\,hen t he
desired r L0, | ir€ bR faetdiheRe eottsadf the chokehrbinua HovosarvAY
2005 V\o"gg%é’g%gﬁp%ﬁﬁééﬁ%w -a6- plhases with a solid catalyst. In
the oper fi9e10fSGOYVaNe, ersitaltpictieriange offabouphHE tosRorbabouts s
and |iquid under certain circunstances tend to. travel d'ffﬁﬁ,}qt QOV\{
pat hs. The 2gasChhasdinanend-aficynle(fiQ) velve OwieH N tép?roé dabou
resi stance; whereas the liquid ase flows b ravity i trickl th
over and 354rBRATE): alercwhigh e C@S"Hﬁ‘éﬁ égz.‘CtUﬁb%jr grcgﬁg&pﬁa %ds?t(’)rfe{ 'IL‘%\\I')‘VC F%ﬁl d
to gas ratigs, parallel channel -f1,0 I 1 Chi lve G &2 AFc nivBKe
the |i quiW?@Wﬁ{?ﬁ‘fwg GATAYSES PRieD g\%@g{&l’ %gi%gﬁ%ﬁc%ﬁ?&gf eSh cat al yst bed
underutili zed | q bl catabngemayiigséecoked using
Ci rcumstﬁ&@@?tg‘gaﬁﬁérgyc@ﬁiﬁggg‘%gregﬁeér?fd(l)@rrarﬁ% canﬁgi m}c.h poorer

air, or oxygen in combination with Ny or flue gas. Catalysts which contam active

ingredients, such as Z5M-23 or SAPO-11, that are less active than ZSM-5

containing catalysts may have start-of-cycle (SOC) and end-of-cycle (EOC)

temperatures that are 25 to 50 °C higher than those that contain ZSM-35.

The use of a metal hydrogenation component on the dewaxing catalyst has
been described as a highly desirable expedient, both from obtaining extended
dewaxing cycle duration and for improving the reactivation procedure. U.S. Patent
No. 4,683,052 discloses the use of noble metal components e.g. Pt or Pd as supenor
to base metals such as nickel for this purpose. A suitable catalyst for dewaxing and
isomerizing or hydro-isomerizing feedstocks may contain 0.1-0.6, wt.% Pt, for
instance, as described in U.S. Pat. No. 5.282,958; 4,859,311; 4,689,138; 4,710,485;
4,859,312; 4,921,594; 4,943,424; 5,082,986; 5,135,638; 5,149,421; 5,246,566,

4,689,138.

Chemical reactions between liquid and gaseous reactants present difficulties
in obtaining intimate contact between phases. Such reactions are further

complicated when the desired reaction is catalytic and requires contact of both fluid



than expected from | aboratory studies in which Dow conditions in dhhMAY 2009
pilot units can be nore uniform In refining of |ubricant IV from
PoTisyEs

petr ol eum%yﬂﬁy%‘t ionation of crude oil, a series of cata i ons

may be enpl oyed foi- severely hydrotreating, converting and renoving

sul fur and nitrogen contam nants, hydrocracking and isonerizing
conponents of the lubricant charge stock in one or nore catalytic
reactors. Polypuclear aromatic feedstocks nay be sel ectively hydrocracked
by known techni ques to open polynucl ear_rings. This can be foll owed by
hydr odewaxi ng and/ or hydrogenation (ml 06'hydrot reating) in contact with
different catalysts under varying reaction conditions. AD integrated
three-step lube refining process is disclosed by Garwood et al, in

U. S. Pat. . 4,283, 271.. | YR &al e s )Yz ' reactor,
the aver afB3Fas} &Lﬁoild Q?g?@ﬁt B’a@?@ﬁ%\gt{%eggg@glé%@ hggﬁ(\é@ﬁs Mout 1:4 to
20: 1 unde - L t4) § 4 icSiehfhsitsncey did fordvelt he
cat al yst {gle“a{]gﬁg%srreg?{ebq%’(}hg cﬂ;??Eéﬁ‘gﬁ ﬁﬁgyﬁ%&%é%(%wg}lﬂ}she voi d vol une. The

vol ume of eHEﬂodfedﬁétﬁé‘as FHUastphatdear Sphelr e ditectiopact least priessase t he
| i quid feedstock and gas pass through the reactor. Production of 0 9 MAY

2005  NVG&24ame) Whdredd th8011quHhaPiase fpoorsshy gravityoinmmtricde ptheverand,
et hane, propane and butane fromthe dewaxi ng reactions, adiabati c@%ﬁaﬁi ng
or expansarurchtheaiatalystf farticlashd ndsreepditponsivoniged 194825 RS PHRY IR

| nproved, integrated process for dTocr acki and ,dewaxi ng . hi-gh-, bgi l.i ng
paraf fi ni ehowneldistiy andigag frchang %éﬁrcépéﬁﬁﬁfq ﬁ%ﬂmﬁﬂf W|H°B%‘é‘?‘5‘g2‘ﬂl8t UShas
now been found. Vacuumgas oil:s,, light - I V. ad oils
e el | SR baPT Y D AN s e 1 e e e
scheme whj r.'ﬁ:%?];n AR C s Oh &l birh Al deCdhrilbe inucBeuaxar

f eedst ocks aexiﬁﬂ‘%% ci y r%ﬁgggggggut 13&2%% . Wf%re produced fromthe fuels
bydTocr acker &ffkcted from laboratory studies in which flow conditions in small pilot units

can be more uniform.

In refining of Jubricants derived from petroleum by fractionation of crude
oil, a series of catalytic reactions may be employed for severely bydrotreating,
converting and removing sulfur énd nitrogen contaminants, hydrocracking and
isomerizing components of the lubricant charge stock in one or more catalytic
reactors. Polynuclear aromatic feedstocks may be selectively hydrocracked by
known techniques to open polynuclear rings. This can be followed by
hydrodewaxing and/or hydrogenation (mild bydrotreating) in contact with different
catalysts under varying reaction conditions. An integrated three-step lube refining

process is disclosed by Garwood et al, in U.S.Pat. No. 4,283,271.

In a typical multi-phase hydrodewaxing reactor, the average gas-liquid
volume ratio in the catalyst zone is about 1:4 to 20:1 under process conditions.
Preferably the liquid is supplied to the catalyst bed at 2 rate 10 occupy about 10 1o
50% of the void volume. The volume of gas may decrease due 0 the depletion of

reaction H, as the liquid feedstock and gas pass through the reactor. Production of



subsequent |y dewaxed, hydrofinisbed and distilled. At |east 30 weilghMAY 2005
percent of the feedstock is converted to hydrocarbon pro j boi
bel ow t "EGR%?23¢  boiling point of the feedstock. The ingrﬁhgawgﬁggess
for producing lubricating oils fromlubricating oil feedstocks conprises
the steps of (a) passing the feedstock to a bydrotreating zone and
bydrotreating the feedstock under hydrotreating conditions to produce a
hydrotreated feedstock, (b) passin.- the bydrotreated feedstock w thout

di sengagenent to a hydrocracking zonc and bydrocracki ng the hydrotreated
f eedst ock under hydTocr acki ng conditions to produce a bydrocracked

feedst ock, wherein at |east about '10 wt. % of the feedstock is converted
to hydrocarbon products which boil below the initial boiling point of the

feedstock, (c assing .at_| east, .a porti r f k to
a separ anpﬁﬂ{g ;%%?%ga%%gfg{eﬁh@eg g@ég@h%%gx&%%}&égfa%% ¢ ri oE o ?'g% I?gggﬁ%t i on
contai ning_dj-stillLates: QRoilin : LRSS Mseyoldnge an unconvert ed
bydr ocr ac’%&g{‘éégagfi?%’%?‘cg’%@%ﬁ%r %8@1%’%6"?%21059234 PCT/ USO'/ 49943 (d)

assing at least a portion of the unconverted hydrocracked fraction to a
p g p y

vacuum di stillation zone and isolating at |least two fractions, (e)
passing agUMBFPARANOF JWEMNVENTIGNe fraction to a sol vent extraction
zone and exiracting the at least one vacuumdistillate fraction under

sol vent extraction conditions to produce a raffinate, (f) solvent dewaxing
the raffinate fromthe solvent extraction zone i vent . dewaxi ng zone

. |
under sol vent AsvisareyedontaaraisA PTEeessionhy Oﬁfa°%£§89ﬁ33§m " dewaxed
f tion, d dr of i ni shi t t | . -
fracti on bhbes Alyeatine gt Hinllne S REr S A olpeyREREhas |

bydrof m sRiN%een found. Vacuum gas oils, light cycle oils or even deasphalted oils as well

as other feedstocks may be hydrocracked in a fuels hydrecracker scheme whick
comprises a downstream vacuum distillation unit. Dewaxer feedstocks having
hydrogen about 13.5 wt.% are produced from the fuels hydrocracker and
subsequently dewaxed, hydrofinished and distilled. At least 30 weight percent of
the feedstock is converted 1o hydrocarbon products which boil below the initial
boiling point of the feedstock. The improved process for producing lubricating oils

from lubricating oil feedstocks comprises the steps of:
(a) passing the feedstock to a bydrotreating zone and hydrotreating

the feedstock under hydrotreating conditions to produce a hydrotreated

feedstock,

(b) passing the hydrotreated feedstock without disengagement t0 a
hydrocracking zone and hydrocracking the hydrotreated feedstock under
hydrocracking conditions to produce 2 hydrocracked feedstock, wherein at
least about 30 wt. % of the feedstock is converted to hydrocarbon products
which boil below the initial boiling point of the feedstock,

(c) passing at least a portion of the hydrocracked feedstock to a
separation zone and separating gases, a converted hydrocracked fraction
containing distillates boiling up to the diesel range, and an unconverted

hydrocracked fraction,



zone including a catal yst having metal bydrogenation function, to (b3 &Y
| ubricating oils. After subsequent distillation, the dewax ' [.Qguct
has Iess"t"ﬂé[?(”ﬁ”@z‘w.% preferably | ess than 5 wt. % ar onat ?ggﬂ%g#yﬁ)]g%j
enhanced oxidative stability, U/ light stability and thermal stability-
The product possesses a NOACK volatility of 30 wt.% preferably 20,,xt.%
or lower and a VI of 105 or higher, preferably 115 or higher.

Viscosities are in the range from2 to 12 ¢St at 100 T, preferably 3 to
10 cSt at 100 'C. NOACK volatility can be neasured by ASTNA D5 800-95. -
The preferred hydrofinishing catal yst t®-be enpl oyed subsequent to

dewaxi ng conprises at |east one Goup VIII A netal and one G oup VIA netal
(JUPAC) on a porous solid support such as Pt and/or Pd on a porous solid

2 porous alum na. - sudsaREsing SLicgsoapaR Lo PouRRfish ARG Gagked = ° o
fluorided. 0 9.MAY 7005 WD 024.059234 ; ions|

| ndi cated. pr ePerhEn AL CRTIIR N AP Lol ber Fasin GRReLCRE Y
ils, h as |ight ' ' d h
orls, such as '(aveé)\é?%nﬁgt %&%ﬂ@wﬂmeﬁﬁcﬁbh_té\é@@)vm eavy

vacuum gas oi | normal Iy contain significant [evels
of polycycli cegh TR S6ne Mo rira@RE: MelatQeadtiopbtvacyairedistillateyfractinn y
possess paraffin coritents of less than 30 w.% as illustrated in Table
2. TABLE 2 VCOuhi@peivestseitracGenenalitivrRito@radicya 28fmat®i stil | ati on-
-wt. pct. 225 - 3450C (437 - 6530F) 7.0 345 - 40Q0C (653 - .7527) 17.0
4000C+ (7520F+) 76. ¢f) solvent dewaxing the raffinate from the solvent extraction zone 1o
a solvent dewaxing zone under solvent dewaxing conditions to produce at
Jeast one solvent dewaxed fraction, and
{g) hydrofinishing the at least cne selvent dewaxed fractionn a
bydrofinishing zone under hydrofinishing conditions, said hydrofinishing
zone including a catalyst having metal hydrogenation function, to produce

lubricating o1ls..

After subsequent distillation, the dewaxed oil product has less than 10 w1.%,
preferably Jess than 5 wt.% aromatics and enhanced oxidative stability, UV light
stability and thermal stability. The product possesses a NOACK volatility of 30
w1.%, preferably 20 wt.% or lower and a VI of 105 or higher, preferably 115 or
higher. Viscosities are in the range from 2 to 12 ¢St at 100 °C, preferably 3 to 10
St at 100 °C. NOACK volatility can be measured by ASTM D5800-95.

The preferred hydrofinishing catalyst 10 be employed subsequent to
dewaxing comprises at least one Group VIIA metal and one Group VIA metal
(TUPAC) on a porous solid support such as Pt and/or Pd on a porous solid support.
A bimetallic catalyst containing ni.ckcl and tungsten metals on a porous ajumina

support is a good example. The support may be fluonded.



Sulfur W . pct 2. 28 Ni trogen, ppmw 550 Pour Point, 'C ('F) 18 D5y 2005

at St 5.6 P/NA ,w. pct. 29/21/50 After hydrogracki and
vacuum d“ﬁ?%ﬁéﬁ"on the dewaxed effluent is bydrof'ini Sﬁg&"gﬁ}&h%%

distilled, then is separated to recover a |lubricant product which boils
above 370 'C (698 'F) baving kinematic viscosity (KV) in the range from2
to 12 cSt at 100 'C. The product lube oil has good UV light stability
and an aromatics content of 10, preferably 5 wt.%or | ower. 0 9 MAY
?005 WD 02/059234 PCTIUSO /49943 A dewaxed product of inproved viscosity
i ndex, stability, color and |ower vol a3 i ty i s produced. The
hydrocracker i ncreases the hydrogen content.. reduces the viscosity and
| owers the boiling range of the bydrocracker charge stock. The sol vent

?lﬁﬁaﬁ%r?fe i Sheh Vs%i%g&!%?@&%% f ﬁp@eﬁ?ﬁas b B8 e lﬁﬁgﬁgﬁﬁgfe{*ﬁﬁ@he
Vo ad) uot 22815 Tk Do Heudites i Arpt s Satlym dah B (Y OD) ¥d eV oC
has | ow ag, g{m &%50310@@9%@1 |~9(\;ch#& }P\@Gq ?E@ﬂaﬁ%@nfﬁéﬁm levels of

propertie ndex OW Vo ty and excel | ent omfci:l_atl on
stabilityy, £ YYbSuh das ol &Ch icte oilagpienllp pasfassipararin
hydrocrac -llj'égw taﬁmgﬁgr useﬁ!ilJ n g t he i nstant }1 invention. A bydTotreater,
hydr ocr ackgptensedflest tian 30 aa8bnasdilestratedtindrableidi t, extraction unit,
dewaxi ng unit and hydrofi ni sher are illustrated. Figure 2 is a sinplified
di agram showi ng a series of vertical reactors with fixed catalyst beds,

showi ng maj or flow streanms-, Figure SAﬁg%litrates the rel ationship
bet ween boiling point and visc05|ty

VGO Properties in General

API Gravity 23.2
Distillation. wt. pct.

225 - 345°C (437 - 653°F) 7.0

345 - 400°C (653 - 752°F) 17.0
400°C+ (752°F+) 76.0
Sulfur, wt. pct. 2.28
Nitrogen, ppmw 550
Pour Point, °C (°F) 18 (95)
KV at 100°C, ¢St 5.6
P/N/A, wt. pet. 29/21/50

After hydrocracking, and vacuum distillation, the dewaxed effluent is
hydrofinished and distilled, then is separated 10 recover a lubricant product which
boils above 370 °C (698 °F) having kinematic viscosity (KV) in the range from 2 to
12 ¢St at 100 °C. The prociuct Jube oil has good UV light stability and an aromatics

content of 10, preferably 5 wt.% or lower.



for pure conponents and vacuumgas oils fromArab Iight crude. Fi gh8 &A%2005
presents_a conparison of the features of small pore, nedi ond

| ar ge poWQ‘Pé'“ #¥es.. or nolecul ar sieves. Fi gures 5 throul%ﬁ-ﬁai‘ﬁgr)gﬁma
hic plots of product properties conparing ~ p various PTQOCers
p2Taneters; for the inproved process and | ube products, 0 9 MAY 2005 WO
0210923-t PCT/ USO ! 49943 DETAILED DESCRI PTI ON OF THE | NVENTI ON Lubri cant
base stocks of high viscosity index (VI) may be manufactured by the
processi ng of fuels hydrocracker bottons. This route provides the
potential for the manufacture of base!stocks with\71 of 105 or greater-
The fuels hydrocracking schene of the instant invention not only

i nproves VI, but provides a neans to neet new international guidelines

regardi ng | ower .vol ati.l it ) , : . CF na lowehe
newy pr oposed\ QSP'Q%FﬂiHTQH‘FCBEﬁﬁFB’&r@‘%@ ﬁ%‘gsdm ienldt é%tﬁlrlrlotgh?&g?% n?i]%\k%ﬂ;r,

| ower boj | i ng. i ; efl coatantreduces
distill aY?’t?ﬁ'qﬁ%?ggéd‘?}?éé\ég'%%@Bﬁgg%#%ﬂﬁeg%% ri gaﬁtc basest ocks and
Lhi s | ncpgasReoliiPhnd 16hERABebOilisRRERRUSIbE hydri@hekertudiak goglocki Jher
viscosity nateri nmust al so be rénoved in the distillation procedures

i n ordergéleRBtiahaker vélecHedly Yembves waggrengidnenisehids the wedgr yi el ds and
narrower cuts of | ube basestocks. Distillation of _ the bé%_rocra keé
1 Teduces

bot t ons BedravrackatepThechydrefinishenbydioggnates asematirearg olffns, an

such as Throblreng bl eht SRETPBE Y o1 tRG 0P RBEES PHadtONEUoR 1§ HEST B 1 g
ot he' | oG Hbed s bsabdie hspdiior 81 PALURy e ton B FRL R eomiBaty) o
it LA BOP e R P Bk P o8 e biuce . | ube
st ock of vﬁﬂtm’@lfnd N dIfeat bRIJaGRa sebiB. stics. These feedstocks are

THE DRAWINGS

Figure 1 is a schematic diagram of a fuels hydrocracker suitable for use in
the instant invention. A hydrotreater, hydrocracker, separator, vacuum distillation

unit, extraction unit, dewaxing unit and bydrofinisher are i}lustrated.

Figure 2 is a simplified diagram showing a senes of vertical reactors with

fixed catalyst beds, showing major flow streams;

Figure 3 demonstrates the relationship between boiling point and viscosity

for pure components and vacuum gas oils from Arab light crude.

Figure 4 presents a comparisen of the features of small pore, medium pore

and large pore zeolites, Or molecular sieves.

Figures 5 through 21 are graphic plots of product properties comparing

various process parametere for the improved process and Jube products,



typi cal |y hydrocarbons haviDg a 10% distillation point greater thdhd B0
(653 'F)__and a viscosity of fromabout 3 to about 40 ceDtistokes at 100
T as can™R2V¢&¥r mined fromFigwe 3 or sinilar correl ati SAS/USREHded is
conventionally 0 9 MAY 2005 WD 02/09234 PCT/ US(11/49943 produced by the
vacuum di stillation of a fraction froma crude source of suitable type.
Cenerally, the crude will be subjected to an atnospheric distillation and
the atnospheric residuum (long resid) will be subjected to vacuum
distillation to produce the initial unrefined | ubE stocks. The vacuum
distillate stocks or "neutral" stocks-ahd bright stocks from propane
deasphalting the vacuumdistillation bottons are used to produce a range
of , %7j scosity products. In conventional solvent refining |ube plants,

t he feedstocks are subjected to solvent extraction to inprove their 10
and other qualities by selective renoval of the aromatics using a sol vent
which is ect i ve [ =1 ; phe-ol, or

n- met hyl - b\ D DESCRINT 3K &S é! v £ IV ] &‘.2 is subjected to
hydrocracki ng prior to dewaxing and hydTofinisbing to obtain the desired
product characteristics. The unrefined vacuumdistillates and propane

deasphal ted ol kA0 bl ol bAgh RidRKHY AASCATTIIneY b evafactured by

by&otreating t0 conver ndesira aromatic and heterocyclic conpounds
to nore dﬁﬁéﬁx%‘éh@siﬂgmtfb@fsi}s@r@d?ﬁcmmhbm.T16i§eeuteli>ranideetBepnfenayl for
These refined waxy m xtures are low in sulfur and nitrogen _contents and
may be adjhesinadufamtune cfcsetsyodiy velitls Ml Idfdt0i5or ggat@as&hi%%ﬁ@bé'aﬂdmfé?@kmg
Integrated all-catalytic lubricarit producti on\%re cesses,e

p
hydr ocr ackthemend theinstantiayeriEadt Prdy SURERES| He Buf RTQYI4es 8? Ing" Risst

4; 414,097 (Chester. et al..). 4,283 271 (Ga et al . 283112 -
(carwood BevaptGmationdFyddlnesssgaimlog Yol btk sloq B IETAG G

3’2/633 ’92322 %s%t Tﬁé 5&@9 G Spdsed vhiailid, ellhitemetts Fedifive 2R0RmMANR! of

lighter, lower boiling lube fractions than currently practiced in vacuum distillation

procedures for the preparation of lubricant basestocks and this increases their
viscosity. Consequently, higher boiling, higher viscosity material must also be
removed in the distillation procedures in order to maintain viscosity. This
generally leads to lower yields and narrower cuts of Jube basestocks. Distillation of
the hydrocracker bottoms can also improve the operability and efficiency of a
hydrocracker using bottoms recycle by removing undesirable components such as

polynuclear aromatics in the lubes fraction. In the following description, units are

metric unless otherwise indicated.

I. Feedstock to the Integrated Process - Overview

The hydrocarbon feedstock to the integrated process of this invention is a
Jube range feed with an initial boiling point and final boiling point selected 10
produce a lube stock of suitable lubricating characteristics. These feedstocks are
typically hydrocarbons having a 10% distillation point greater than 345 °C (653 °F)
and a viscosity of from about 3 to about 40 centistokes at 100 °C as can be

determined from Figure 3 or similar correlations. The feed is conventionally



-13- 11. Hydrocrack-ing sipp A Feed to Hydrotreating/ Hydrocracki b3 8% 2083
The hydrotreating/ hydrocracki ng process operates with a he ar bon
f eedst ocR'Y HéH ng distillates such as virgin |ight vacuuﬁ¥é§gxgﬁﬁﬁhnd
heavy vacuumgas oil, raffinates and deasphalted oils, oils fromtherna
cracking processes such as coker gas oils, extracts, slack waxes, soft
waxes (e.g. foots oils), or conbination of these, all boiling above
about 340 'C. Although these virgin oils are preferred, cracked stocks
such as light and heavy coker gas oils and |light and heavy FCC gas oils
may be added. Because |ube oils are gendially sold according to their

vi scosities and because hvdrocracki ng reduces viscosity, the feedstocks
to the hydi ocracker preferably have a kinematic viscosity at 100 "C, of

140 0c ( sBduay Be vacHndshlRfien caneaiar Eirr acmdthrgReBEsmIRIe g
. . 2 i et o

Prant cr v peBteliSe e e Ty BorBIPEyge AR phRsphenOaiuRalion el @

bydTocr ac@%#q%g;_c% e@%ﬁg@gﬁ@#&gh%@@@&wwvaaudrh_d@gimamd in

't he sepa hese heavy oils conprise high

ol ecul ar i’&ilﬂ:‘%ttﬁls(?ﬁﬂia@ hakTiRa labkistsckan dT i gheuimh distillate séocks oapimtieles
and aromaPl cs. The feed to the hydrotreating/ hydrocracki n&i@ﬁﬁst,em na
1

. y
contain  k@skstahdmbricht wodsfaomffropanddeaspheltatg de vachhm gH0R hREOms
fused ring aromatics which arc detrinental to _|ube oils sta ilitéﬁ .
During t herepusakmsproguce beahge ofi viscasity Rresttels-dB conyeRapma ol Yed Igppns
cracked bythe acidic catalyst and the paraffinic__crackin ,
| oget ber lwhenpleatsaithe fﬁ?@S%ﬂﬁE@ﬁ%ﬁ‘E@%‘Pgﬂﬁéoiﬁ‘fﬁtF?‘g C?%t%%&@i‘,’qguﬁggeyéo
conversion to jso-pgraffins,w.th so r I 1L ONER (g h@ht
mat er i al s?nmiﬁg ’ct}eér#’yoﬁel?%vepr&r@%fi Io?gﬁ%rgg)rlr}'a?ﬁlé:s a8 ?:Ia%!toa yztgfjhlgglt he
hydr or r mat j,Qn,:¢ nent facl Hi-habE whekat Kbg reéthivheyeotdanou imithe
Hydr ogena%%lgﬁn(‘)?@%gsat'u?tgc{%amgi%dfeu%ﬁg{?ﬁggoﬁ't be m)no?:yg?i ¢ Cracking
resi dues pﬁvé}nﬁmlyle% {QQBis subjected to hydrocracking prior to dewaxing and

bydrofinishing to obtain the desired product characteristics.

The unrefined vacuum distillates and propane deasphalted oils (DAO) are
refined by hydrocracking or severe hydrotreating to convert undesirable aromatic
and heterocyclic compounds to more desirable naphthenes and paraffins. (See
Example 3 infra). These refined waxy mixtures are low in sulfur and nitrogen

contents and may be adjusted for viscosity by distillation as described earlier.

Integrated ail-catalytic lubricant production processes employing
hydrocracking and catalytic dewaxing are described in U.S. Patents Nos. 4,414,097
(Chester et al.), 4,283,271 (Garwood et al.), 4,283,272 (Garwood et al.), 4,383,913
(Powell et al.}, 4,347,121 (Mayer et al)), 3,684,695 (Neel et al.) and 3,755,145

(Orkin).



WO 02/ 059234 PCT/ USO1/ 49943 -14- the original polycyclic conpounds)9 MAY 2003
provi des substituted nonocyclic aromatics which are highly desirable end
product sWOtRAxHvy hydr ocar bon oi | feedstock will norna”%?”ﬁ%ﬁﬁgpﬁs a
substanti al anount boiling about 340 'C (644 'F) and have a viscosity
about 3cSt at 100 "C. -11 wll normally have an initial boiling point
above about 400 *C (752 'F) and nore usually above about 450 'C (842
*F). The boiling range may be as broad as 340-700 OC (644 - 1292 T).
Ols with a narrower boiling range may of course, be processed, for :
exanple, those with a boiling range of dl3eut 400 to 500 'C (about 752 'F
to 9322 'F). Heavy gas oils are often of this kind as are cycle oils and
ot her non-residual materials. Cycle oils fromcatal ytic cracking
operations (FCC) and coking operations are not particularly useful as
sol e feedIl.comibydnocrackasg gtepduci ng | ube oils because they are so highly
unsaturated but they nay be blended into the virgin oils described above
as long as they neet the sane boiling and viscosity requirenents

described for the virgi,n ai.ls. The | . nag.) reating step using a
conventi onal by#r ot r%@@@%@%&%éﬁ%ﬁ%n and sul fur and to

saturate aronm *f???i‘?’ P&%ﬁﬂ%&%ﬁ,ﬁ%cr\é\%}f@ggﬁo%ﬁgf ; PltbS&vithod héd\s) Bydt@Carbon

conversion w || e ca mance and perm1t1 | ower
tenperat ur h9 184t0€ Sl eSS vir oM ghtPraeaiehy £ il andhbavat i ons
of these gg?\%ﬁtﬁkoﬁgﬁ?%ﬁggﬁsenpl oyed. Suilt%bl eg hydr ot r%ti ng catal ysts

general | y \Gonphi &8 &1, Fatfhatby 8o deaghiattad coity ailsrftom themsallgrackiggoup VI B,
or VIIl netal as described above e.g. cobalt-nol ybdenum

nj ck .
- ol ybdenprocesessisathad eoltéralas wilsoentzatts) dagioMaues. §eﬁr)ﬁ?>'tesed€g€-eflg?tﬁi°&1e§)=
8|2;J ?58;3?@%3;1%?5@;31@?1%5%3;}] %ﬁh,ega@'ve?bbéu? 3%0 °93. gAlYﬁgugl(l)g?cschm oils

are preferred, cracked stocks such as ight and heavy coker gas oils and light 2nd
heavy FCC gas oils may be added. Because Jube oils are generally sold according
{o their viscosities and because hydrocracking reduces viscosity, the feedstocks to
the hydrocracker preferably have a kinematic viscosity at 100 °C, of 3cStor
greater. This means that the preferred boiling range is above 340 °C (see Figure 3,
;nfra which shows a correlation of 50% boiling points and viscosities for pure
components and vacuum gas oils from Arzb light crude). Feedstocks boiling below
340 °C may be included in the hydrocracker feed, but their even lighter products
will be removed in the separator 20. (See Figure 1.) These heavy oils comprise
M@HMWmed@ng&wumﬁﬁmmdh@mdmﬂmwﬂmqﬂhms
and aromatics. The feed to the hydrotreating/bydrocracking system may contain
Jess than 50 wi.% paraffins The aromatics will include some fused ring aromatics
which are detrimental 1o lube oils stability. During the processing, the fused nng
aromatics and naphthenes are cracked by the acidic catalyst and the paraffinic
cracking products, together with paraffinic components of the injtial feedstock,
undergo conversion to iso-paraffins with some cracking to lower molecular weight
materials. Hydrogenation of the polycyclic aromatics is catalyzed by the
hydrogenation component and facilitates cracking of these compounds.
Hydrogenation of unsaturated side chains on the monocyclic cracking residucs of



Catal ysts suitable for use in pie] inminary hydrotreating step Ver{bIB)MAV 1005
Catal yst Type UOP HCH Ni Mo/ Al 203 Crosfi -.1d 594 NM/A 1 1-03

“1d 504- WOGNBPTE203  Ori terion HDNGO N Mo/ A1203  Oriteri oP.CBUé‘Pi”””

Ni Mo/ Al 203 Ni NWA120-A Criterion C-424 Criterim DN -190 NTi Mo/ Al'l -03
Acreol |l HR348 '1\'i Mo/ A1203 BR360 NI I NWA1203 Al CZO0 KF848 N Mb/ A1203 Akzo
KF846 Ni Mo/ Al, O, O her suitable byd-Totreating catalysts include bulk
netal catalysts such as those containing 3 0 xvt.% or nore netals (as
~nmetal oxides), based on catalyst, preferably greater than 40 -Art.% nore
preferably greater than 50 wt. % of netaj4s, based on catalyst wherein the
netals include at | east one Goup\TIB or Goup VII1 netal. Conventi onal

bl vdi otreati ng conditions include tenperatures of from 2500 to 450'C,
hydrogen partial pressures of from 900 to 3000 psja, liquid hourly space
vel oci ti g ofiginebpodycyrliceongpaunts muxdw@ﬂbgéﬁqur@&po 1G BXOERAHE 1 om

PCT/ LSOl miucisre Bighly Kesriile oA upGHciat EIsuesisireerERB Al TRERRLCER Qe

Fuel s hyBPBBRIE keRtERS ainiEsRUSREPORRE ROBFE Tk 20 -y eras Faap i é?ep

ustng a viscosity about 3¢St at 100 °C. 4t will normally have an initial boiling pomt above
about 400 °C (752 °F) and more usually above about 450 °C (842 °F). The boiling
range may be as broad as 340-700 °C (644 - 1292 °F). Oils with a narrower boiling
range may of course, be processed, for example, those with a boiling range of about
400 to 500 °C (about 752 °F to 932 °F). Heavy gas oils are often of this kind as are
cycle oils and other non-residual materiais. Cycle oils from catalytic cracking
operations (FCC) and coking operations are not particularly useful as sole feed
components for producing lube oils because they are so highly unsaturated but they
may be blended into the virgin oils described above as long as they meet the same

boiling and viscosity requirements described for the virgin oils.

The preliminary hydrotreating step using a conventional hydrotreating
catalyst to remove nitrogen and sulfur and to saturate aromatics to naphthenes
without substantial boiling range conversion will usually improve catalyst
performance and permit Jower temperatures, higher space velocities, lower
pressures or combinations of these conditions to be employed. Suitable
hydrotreating catalysts generally comprise a metal bydrogenation component,
usually a group VIB, or VIII metal as described above e.g. cobzlt-molybdenum,
nickel-molybdenum, on a substantially non-acidic porous support e.g. silica-

aJumina or alumina. These are listed in Table 3.



conventional hydrotreating catalyst to remove nitrogen, sulfur, arfhd 8} Heh
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ni ckel

or conbi nati ons of
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hydrotreating catal ysts suitphle for use in the
i nvention include al um na supported ni ckel - nol ybdenum cat al ysts,

al um na. Appropriate
i nst ant
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UCP HCH. Crosfield 594, and Criterion HDN6O, and USY supported nickel -
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cat al yst

S

is active netal.

such as UOP HC-24. Al so suitable are bul k netal

wherein greater than 30 wt Pabledeferably greater than 40 w. %
nore preferably greater than 50 wt. % of catal yst

A

vertical Catalysts ssiiable fi wndh psedsmarady Suppereaing YeRcked series of fixed

porous solid beds of hydrotreating catalyst,

as depicted by 12A through

12E. A chargestock 6 conprising vacuumagas oil, light cycle oil,
deasphal t-ed—et-—or—any—ecotbiat-gn_of —These 13 btTed W ih a
hydr ogen-Y¢#4pIgas 8 and introd?@é"ﬁy?to t he readt@&’ggo after undergai ng
approprilate beating nmeans 9. The conbi ned changestock and hydrogen-rich
gas fl ow downwardly through the catal yst beds. | Although 5 beds a
depi ct ed=pgms—exanpl €, t nef be nore bedNosslOgw as two,| Liquid
distri bdt‘pg)l?i n each bed is ag¢hi eved by any corventional techanigue, such
as distrj ] ‘gr ays 13A . B, [Gg4D. E, which priofdo/An®,liquid uniforny
onto 0 9 NA ]25(5 5 NVO Ov09234 PCT/US01/49943 -l17- .the catalyst—bed
surfaces| @ghfidd C. D, E. Typilc®4-K the gas and NiMol4ilfhases are
introduced into the reactor at a desired-+nlet-pressure ant—tenperafure.
The gas p@dterdidmui d t enper at urdidiplbe adj ust ed BoadehGat al yst befs by
e : .

Hhe A een Can NiMo/ALL0;

_C—]_-jteri on C-424 NiMo/Al 203

Cnterion DN-190 NiMo/Al;0;

Acreon HR348 NiMo/Al,0,

Acreon HR360 NiMo/Al 203

Ak_zo KF848 NIMO/A] 203

Akzo '_K_'F846 NIMO/A1203

Other suitable hydrotreating catalysts include bulk metal catalysts such as those

conaining 30 wt.

%% or more metals (as metal oxides), based on catalyst, preferably

greater than 40 wt.%, more preferably greater than 50 wt.% of metals, based on

catalyst wherein the metals include at least one Group VIB or Group VIII metal.

3]
Conventiona) hvdrotreating conditions include temperatures of from 250" to

450°C, hydrogen partial pressures of from £00 to 3000 psia, hqmd

velocities of from 0.1 to 10 b

SCF/B (90 to 1780 Nmm/m?).

hourly space

, and hydrogen treat gas rates of from 500 to 10000



hydr ogen-ri ch quench gas 14A, B, C, D or alternatively by heat excﬂﬂaMﬂHﬁBs
the liquid in an external flow |loop, thereby allow ng independent control
of the WOPBOW3Mre in any catal yst bed. A static m xer 15?&%”@,"”&,’“% or

ot her suitable contacting device nay be used to mx the liquid and gas
streans between catal yst zones, including quench gas, to obtain a
honogeneous tenperature. The bydrotreater effluent 16 passes through beat
exchangers (not shown), separators 18, and stripping or fractionation
equi pnent 20 to separate a recycle gas stream 22 and |ight conversion
products 24. These separations renove-byproduct NH3 and H2S, which woul d
ot herwi se poi son the hydrocracking catal yst downstream A purge gas stream
28 would typically be withdrawn fromthe recycle gas to renove |ight
hydrocarbon products. Gas scrubbing facilities (not shown) would

t ypi cal IN.Be Desdiptipnrainhe &'TelagredngMBOCINeHm t he recycl e gas stream
Makeup hydrogen 26 is added to conpensate for hydrogen consuned in the
hydrotreating reactions and purged in the gas and |liquid product streans
28, 24, and 30. Preferably. rotreat f Ve #SS®
directly to rEMMEE 182 SIfP lﬁgaﬁﬂggﬁ%‘bmhggtrh%qéjﬁyﬁ%j ]]va%tcg%uslﬁgcgﬁs)m nggt hr ough
stripper.1l nd fragtli . W Ol SSERing fepvisinds t hat the
cat al ystfuiefﬁ ﬁ%%@?&ac%%;gg&ﬁgino\i%?igéé %E’?wgg\%&aﬁggﬁfgnt contgai ﬁng anmoni a and
hydr 0gen, Gilebiiflfial yBichAL chitgdt 86 rahebt nioger sulfas, antoxygedot s a
stacked sSeries o? xe porous ‘solid beds of drocracking catal yst, as
depi ct eds Byradbblelfitisoaihardfifatict heitiind sWaﬁﬁ@Bboi{iogozngsggnwmw / 49943
bydr ocracking catal yst~ which may be nore than one c‘zt al yst.,. gither

adn- &ed wsually ingmpaeabehpdusradkang cateliss pariommagee 1h Pﬁ?éfto}i’g S ¥ECHot t ons

duct 30 i nbi ned i th hydr, -rigch 32 ' to th
Py dr oor aesibegies kY GTpTos R oF COMTIBRGTY Y B50r b heRe heERHOEEL O35
The conb Qﬁ&l?qﬂcﬂﬁﬁ%ﬁﬁ%@gg@ée%%sg l:&j?xpgﬁé 2l Lo ﬂ?ﬂfﬁ@ Hdb¥nt hrough the

cat al yst
component, usually from Groups VIII and VIB, such as cobalt-molybdenum or

nicke) molybdenum, on a low-acidity porous support such as silica-alumina or
alumina. Appropriate commercial hydrotreating catalysts suitable for use in the
instant invention include alumina supported nickel-molybdenum catalysts, such as
UOP HCH, Crosfield 594, and Criterion HDN60, and USY supported nickel-
molybdenum catalysts, such as UOP HC-24. Also suitable are bulk metal catalysts

wherein greater than 30 wt.%, preferably greater than 40 wt.%, more preferably

greater than 50 wt.% of catalyst is active metal.

A vertical reactor shell 10 encloses and supports a stacked senes of fixed
porous solid beds of hydrotreating catalyst, as depicted by 12A through 12E. A
chargestock 6 comprising vacuum gas oil, light cycle oil, deaspbalted oil or any
combination of these is combined with a bydrogen-rich gas 8 and introduced to the
reactor 10 after undergoing appropriate heating means 9. The combined
chargestock and hydrogen-rich gas flow downwardly through the catalyst beds.
Although 5 beds are depicted in this example, there may be more beds or as few as
two. Liquid distribution in each bed is achieved by any conventional technique,

such as distmibutor trays 13A, B, C, D, E, whick project the liquid uniformly onto



are depicted in this exanple, there may be nore beds or as few as B AT 2003
Liquid distribution in each bed is achieved by any conventi onal

t echni qu¥'0 BEPIAs  distributor trays 37A, B, C, D, E whPEABY¥EE the
liquid uniformy onto the catalyst bed surfaces 36A, B, C, D, E.
Typically the gas and |iquid phases are introduced into the reactor at a
desired inlet pressure and tenperature. The gas and liquid tenperature
may be adj usted between catal yst beds by the addition of hydrogeD-rich
guench gas 38A, B, C, D, or alternatively by heat exchange of the [liquid
in an external flow |loop, thereby allowlhg i ndependent control of the
tenperature in any catal yst bed. A static mxer 39A, B, C, D or other
suitable contacting device may be used to imx the liquid and gas
streans between catal yst zones, includin

qu«? ch gas, t .obha' n a
homogenediie cetatyerbad sustacend 2y &, Serldcker! Y8443 B’e 288 aﬁggé‘&l tﬂI}ilPBf(fgaﬁebeat
h ! t sh , t Q df ti ti i I t
separ at o BUOBBe] ENGAe S AACTind TN PEr SRt HLRSHAERE PPEdes 4hd
46. Th dr.- ked_f ti 0Ny:48. : .St irn th
gasol i ne HaHBITRGI TN Hrgs 20 dlch BEbpESTaighBt bedhPie Rlaitih o 12
iewaxed argddngQﬁ-%ihg%&%ﬂ gge 15De Bam r@@l‘féﬁ'ﬂﬁﬁré]}'ﬁ? HehBekéiudge dibhe 64.
purge gas stream woul™ typically be wthdrawn fromthe recycle gas

., ht hydrigeaahannrbeausl SowSRops terbly Blovwaed indepesddmaonsivdoefitheroul d  to
remove lig'typically be used to renove N133 and H2S fromthe recgcl e gas

stream Mekerprurdiangeatalidt bsd addemtit onixenpaAs B €, 13101 loyhierogetableons umed
in the bydrocracking reactions and purged in the gas and |iquid tioduct
streans SthmSetingsdevine nryobonsedromix kediquigroxigas SUsers %&9@3@ YSfg.
unconverted bofto roduct 52, proceeds to the |ybe v mdistillation
unit 54. ZWSI%BEPEGHSFC}HBQHWIO}??IBW %Bgmg@ni’ﬁ% oduct i on of
various narrow | ube fractions 56, 58-1 60-1 62, 64 of specific viscosity
(e.g. 60N, | OQON, 150ND and

The hydrotreater effluent 16 passes through heat exchangers (not shown),

* separators 18, and stripping or fractionation equipment 20 to separate a recycle gas
stream 22 and light conversion products 24. These separations remove byproduct
NH; and H,S, which would otherwise poison the hydrocracking catalyst
downstream. A purge gas stream 28 would typically be withdrawn from the
recycle gas to remove light hydrocarbon products. Gas scrubbing facilities (not
shown) would typically be used to remove NH; and Ho5 from the recycle gas
stream. Makeup hydrogen 26 is added to compensate for hydrogen consumed in

the hvdrotreating reactions and purged in the gas and iqumd product streams 28, 24,

and 30.

Preferably, hydrotreater cffluent 16 may be passed directly to reactor 34
without added hydrogen and without passing through stipper 18 and fractionator
20 (without disengagement) provided that the catalyst in reactor 34 can tolerate an

environment containing ammonia and hydrogen suifide.

A vertical reactor shell 34 encloses and supports a stacked series of fixed

porous solid beds of hydrocracking catalyst, as depicted by 36A through 36E. The



volatility. In the case of a Iight Jube fraction having the viscodi% b0}
about a 60ONT base oil, this fraction may be hydrotreated AP
convent i Oh8IM2A3¥A+bt reating conditions prior to dewaxing. Eggﬁ$gV%?fﬁity
| ube stocks with VI or at |east 105 can be produced. Al though five |ube
cuts are shown, there may be nore or as few as twd. These |ube
fractions, are passed f~omthé vacuumdistillation unit 54. In sone

i nstances it nay be desirable to recycle sonme of the unconverted

bydr ocracker bottons product 52 or unused fractions of this streamfrom
the. vacuumdistillation unit 56, 58: fﬂﬁ' 62, 64 back to the

hydr ocracker 34. This is shown as stream 66. Preferably, it is desirable
to send these unconverted bydrocracker bottons streans to the

Cacond by dnsipaekiie Sgvt stith Rty B ot T Bne cffalfis, PR adiEada W2
t he hydrocr acé% ng%ggg&cﬁ%eﬁg]ﬂ@?lﬁ%@&b%@i&%oﬁ%ﬁﬁ%cﬁﬁg% is combined

hydr of m shEHe vacutm I‘on Tn unit 54. 1n this enbodi nent,

catal yti Ca\*{‘}‘ﬁ%éﬁgﬁm c_%ﬁ@l??iﬂd“irﬁhﬂﬂc@d’%%é as/deserh agtog 3geiftert o

vacuum dis uni t n a preferred enbodi nent, the various | ube

fractions ﬁﬂd&%éﬁﬂg%&ﬂ'oﬁﬁiﬁb Hebtlhi AfeandidB. dfke pavdackd chargestoekand
extraction unif 70 with sol vent extracting of the lubes fractions under

sol vent exiydopemgichgraifiowdewmvardly thraughthiaeatelyst badai Althpughe beds
paraffins rich |ubes fraction and an extract rich in gromatics. The
sol vent exareatepitied ubtiss examwpiethergynahbe merededs armsdeyhag e kigudqg

N GRS R R M R T
xtract prasEiRes 37 508Gy T R arpi By Halrhibrn b e
Gevaxed 1 4 e e L P (oI & abat mo The. so ot
ext ract i onpiJAeeedifto ThE rarsorcatd desiredgnlsh prégsdrosad bnpéxdure. The gas and
liquid temperature may be adjusted berwcen catalyst beds by the addition of
hydrogen-rich quench gas 38A, B, C, D, or alternatively by heat exchange of the
liquid in én external flow loop, thereby allowing independent control of the
_temperature in any catalyst bed. A static mixer 39A, B, C, D or other suitable
contacting device may be used to mix the liquid and gas streams between catalyst

zones, including guench gas, 1o obtain a homogeneous emperature.

The hydrocracker effluent 38 passes through beat exchangers (not shown),
separators 40 and fractionation equipment 42 to separate a recycle gas stream 44
and converted hydrocracked fractions 46. The hydrocracked fraction 46 includes
distillates boiling in the gasoline range and the diesel range. The diesel range
fraction may be dewaxed and hydrofinished in the same manner as Tube fractions
56 - 64. A purge gas stream 50 would typically be withdrawn from the recycle gas
to remove light hydrocarbon products. Gas scrubbing facilities (not shown) would
typically be used to remove NH; and H,S from the recycie gas stream. Makeup
hydrogen 48 is added to compensate for hydrogen consumed in the hydrocracking

reactions and purged in the gas and liquid product sireams 50 and 46. The



streamwith a selective extraction solvent. The selective extractibhMA 2005
sol vent can be any solvent known to have an affinity for aronatic

hydr ocarO/OFH3pr ef erence to Dori-aromatic hydrocar bons PCEARHHIEL of
such solvents include, sulfolane, finfura. 1, phenol, N nethyl
pyrrolidoneWNI P). The solvent may contain fromO to 50 LV % water,
preferably 0 to 20 LV % water; nore preferably | to 20 LV % water. Wen
the solvent used is NN2, it nmay contain O to 10 LV% water, preferably I
to 5 LV %water. Contacting of the selective extraction solvent with the
hydrocarbon feed may be conducted usi-i§-any typical technique conmmmon to
the industry such as batch contacting or counter-current contacting,
preferably counter-current contacting. Counter-current contacting is
conducted in an el ongated tég:?ti ng zon

, | i cale.., Th
hydr ocar BBFORVERted RPtERME Prodnct ed. PLOGER ?gqr@l towg{v aBﬁ'iI%a ﬁﬁl%&r’l% hﬁﬁtsg\v\gre
while th | .' . t 1s_intyod d T, 4.4 tat
separ at | HITHE TR pim e bRSEE Frileo D SakiionslraoFiibg . ©
i ntrod bat t f : j ial i
i oducacHEns sbige. 86 8 ofspeciff Fscdh G4 FONTHEIGSTSON BRE L &1 1
forced tQoRAlRy. $OUN 8ol alBAL] b TrRMR KAVIRS tHewikbesityoupaboviid 60N

mgrating to the end opposite that of their introduction inresponse to
thei r reppecoilvibidfasiion afay beahiheteatsktundersionieniogaldtydrotrestengr omat i ¢
hydrocarbons are absorbed into the selective solvent. Q_9 MAY 7005 NVO
02/ 05923 ¢oRliTionSPibt 048 wazing. Vihew valatiljtNmbamstoaksev b Viear af lgastnilgdiiced
near the top of the tower while the hydrocarhon feed is introdyced near
t he bot t bEprodusadatAlhpBak ﬁ%’ﬁtlulﬁ%ulsr?yersge&’ﬂb T¢ 39T BHIESY a?&?\‘f Bhe

T ShiPer HESRAHE FrbhotonuPRNES Tl 8 yebtup B R 27 10 10
preferably about 50 to 150 T. a tenperature in the range 0 to '00 'C..
In some instances it may be desirable to recycle some of the unconverted

hydrocracker bottoms product 52 or unused fractions of this stream from the
vacuum distillation unit 56, 58, 60, 62, 64 back to the hydrocracker 34. This is
shown as stream 66. Preferably, it is desirable to send these unconverted
hydrocracker bottoms streams to the hydrotreater as part of the hydrotreater feed 6,
or a]trernative]y to a second hydrocracker, to a FCC unit, or to fuel. In another
embodiment, the hydrocracker bottoms 38 may be catalytically dewaxed and
hydrofinished prior to vacuum distillation in upit 54. In this embodiment,

catalytically dewaxed and hydrofinished hydrocracker bottoms are sent to vacuum

distillation unit 54.

In a preferred embodiment, the various lube fractions from vacuum
distillation unit are passed to a solvent extraction unit 70 with solvent extracting of
the lubes fractions under solvent extracting conditions to yield a raffinate
containing the paraffins rich lubes fraction and an extract rich in aromatics. The
solvent extracted lubes fraction may then be sent through line 71 and solvent
dewaxed in solvent dewaxing unit 72 under solvent dewaxing conditions and then

hydrofinished under hydrofinishing conditions in bydrofinishing unii 74. The



Counter-current extraction using NTWis t"Pically conducted under §9 MAY 2009

conditiops, such that there is a tenperature differential the top
and bottg‘rﬂ 0¥95%%% tower of at least ab-.,,;t 10 C., pref gfé\%gﬁg‘ﬂé?)ﬁ%east

40 T., nost preferably about 50 T. Overall tower tenperature is bel ow
the tenperature of conplete miscibility of oil in solvent. However,
counter-current extraction usirng NTMP may be conducted under conditions
such that there is no tenperature differential between the top and
bottom of the tower. The extraction solvent, preferablyNT1\1P.. is added
in a amount within the range of 50 to-ZB0O LV % sol vent, preferably
100-300 LV % nost preferably 100 to 250 LV % sol vent based on fresh
feed. Water can be added to the extract solution as a neans to inprove

Sorut | on oNEREH RgRseaonT et 2D ekek Serbroue Wl 7S50 SR SRS ERtker
water 2piPhaTie BogBtipe, 3f AU ihe ROVRK A B4 Efifite iy B8 rBlowcd
after It\lﬁﬁia‘%ﬁlﬂ??c éﬁlwagi{]gat er and is then Processed in an outboard

settler n al so att as an extra theoretical extraction stage. The
m xture separates into tw phases 1) a |light phase which is equival ent
inquality to the distillate feed and 2) a heavy extract oil phase. The
light phase i sThesolventetteadtion prostssacnpisesanatactingftbe dlydyocavbue feede
distillate feed inlet. The solvent rich heavy 0 9 MAY ?H5 NVO 02/ 059234
FCTI USO sttesmnwith2a seleakve extrantiopescdeentt The sglectivie extraction seluept eanbe
section. No intentional chilli nggpf, {.he ext r.ag solution.is regui red to
gener at e BpNSOIVERtSEINNT K By aE it aromatic BydRF Ao L i RrefHENE; %
yield effect. In this.case. [0 I | S 044 [ to
the t reaPQP’ad'Pé‘i’aéﬁl V?%&%&#’f%’@%@&@ﬁ@ﬁ .5}6%%1‘4 ‘ﬁ‘émdyag‘gﬁﬁ%é‘gy p! %aiées
are gene EEEQ}.'}@-n’iéﬂ:§al g,mo}égshéakmpm%ﬁvam@y Enthhatroabt # 8OV 9,
water springrrng Is achreved.

water, preferably 0 10 20 LV % water, more preferably 110 20 LV % water. When

the solvent used is NMP, it may contain 0 to 10 LV% water, preferably 1 to 3LV

%% water.

Contacting of the selective extraction solvent with the bydrocarbon feed may
be conducted using any typical technique common to the industry such as batch

contacting or counter-current contacting, preferably counter-current contacting.

Counter-current contacting is conducted in an elongated treating zone or
tower, usually vertical. The hydrocarbon feed to be extracted is introduced at one
end of the tower while the selective solvent is introduced at the other. To
facilitate separation of the materials in the tower the less dense matenial is
introduced near the bottom of the tower while the more dense material is
introduced near the top. In this way the solvent and hydrocarbon are forced to pass
counter-currently 10 each other in the tower while migrating to the end opposite that
of their introduction in response to their respective densities. In the canse of such

migration the aromatic hydrocarbons are absorbed into the selective solvent.



Water injection to the aromatics rich solvent extract takes place 0 %MD
absence of an}/ external cooling. The small volunes of water injected into
the sol Wad2BSB34ct do not result in any appreciabl e cool PhUSH PRt
extract. Such incidental cooling is less than 10 'F, non-Dally | ess than
5 "F. it is preferred that water injected be pre-heated for exanple,

wat er stripped fromwarm solvent. Wiile cooling may aid in phase
separation, it suffers fromenergy debits. Energy is required to chill
the solvent extract. In addition, recycle of the cooled raffinate from
phase separation may require beating to-4tninmze upset of operating
conditions of the extraction unit itself. Furthernore, in the case of
heavy, waxy feeds, cooling may cause any waxy paraffins in the extract

phase to separate out .as_a solid thereb | eading t ot ent,| o)
probl ens. O her WacaWSR& =@t§oﬁ°ﬁ\’ﬁ:}“d§ \élr{qﬁgcefi&gﬁﬁlgﬂgp Ogiébgk%‘ﬁéwﬁhg

I nvestment, i n the chil l.er, and, sol vent i nve cx T I m

sol vent elR¢ gé’ frosarhRg feadas lﬂgog%qe\%erﬁetar g%%ﬁé@@a?dﬁﬁﬁ ?ﬁ%@gﬁ{egﬁ

Dewaxi np ' X\fe?ﬁ o toEWRHT NgOo
conditi ong%ggﬁqrgéﬁggm\#e&nih%? gq%tloﬁgtk \e{S{t%h]égl‘raa |§1§? %hl?gﬁ%tﬁ#%?r?gt to ’
crystalli °@axyARE Elge! . 1hiideaéd Eabveate b tleude/epiomane
and keton@g?ﬁgg@ err%%(gt@oﬁ’e\gﬂ?ncl ugggpmlt byl ethyl ket o(?e, nmet hyl

i sobutyl keepijrrace M tieunege (tt00E0TC., Preferabl wabdut dill tot k50 7Gf f i nate nmay
be cooled in a reffigeration system0O 9 MAY 7005 WD 0210-59234

PCT/ USQ / 49943 -23- containing a scraped-surface chiller- Wax separated

in the chiller is sent to a separating_unit. such ?s a r‘ot+ar)(ﬂnfi|ter to
‘separate wax friofvefier-cumgpt extractgmuiyng B ARIFally copdicigd PAfLstr at e

of 2 I ube COROTRRAE PRLERE NI TP et yaSirenl o BRE hetod afa Bob' or

'h%regtc'r on -@fhbe g?gggég Qﬁgkﬂb{e&g‘?@b@y StefTh®1¥ 8t BRUSI0 W0.shdgt pFéferdblpabot
50 °C. Overall tower temperature is below the temperature of complete miscibility
of oil in solvent. However, counter-current extraction using NMP may be
conducted under conditions such that there is no temperature differential between

the top and bottem of the tower.

The extraction solvent, preferably NMP, is added in a amount within tbe
range of 50 to 500 LV % solvent, preferably 100-300 LV %, most preferably 100 to
250 LV % solvent based on fresh feed.

Water can be added to the extract solution as a means to improve the yield
of raffinate by transferring lube molecules {rom extract solution Jeaving the treater
back into the extraction zone. There are two ways to accomplish this: water
springing and water ipjection. In water springing, water or wet solvent is mixed
with extract solution afier it has left the treater and is then processed 1o an outboard
settler which can also act as an extra theoretical extraction stage. The mixture
separates into two phases 1) a light phase which 15 equivalent in quality to the
distillate feed and 2) a heavy extract oil phase. The light phase is recycled to the

extraction zone, preferably above the distillate feed inlet. The solvent rich heavy



conventional hydrocracking catal yst which enploys an acidic |arge bbMAY 2003

size zeolite within the porous support material with an 9
hydr ogend{® 8H#¥&by dr ogenati on function. Specific comrerci gfjfjﬁ a%&:)ggcki ng

catal ysts.. which may be used include UOP HC-22, and UOP HC-24. These are
Ni Mo catal ysts on a support of USY. |ICR209, a Chevron catal yst which
conprises Pd on a USY support, may al so be enployed. Table 4 lists

sui tabl e bydrocracking catalysts. The acidic functionality in the
bydrocracking catalyst is provided either by 2 |arge pore, anorphous
material such as alumina, silica-alumn&2r silica or by a large pore
size crystalline material; preferably a |arge pore size alumnosilicate
zeolite such as zeolite X Y, ZSM 1, ZSM 18, ZSM 200Tzcolite beta. The

X s N . IS\ 18, ZS |
forms. of BhgHers proeasen thyough e g ar Sy s, NoroRpidtaF LEIBA, b

I f jdic f [ Lity . | R I
condi 11 ondbe RGN 1girERaS BehaEi e RNEPatblE PhaRte W TR e
tability. 1 sal g 1e. 9. REX
stability P%’égﬁgﬁépb%gfeg M A {LIELHRRL R dhisl ALY BRT or 468l olwnt ise. 9

and REY a well “as the so-called ultra stable fai%lrhitEY
(USY) and;hi L GR i ferablydedbwitheifeedlinien Thedéghtiamdiieaey
mor deni te.lﬂ(fggédiﬂ&técg 0@\?8%3?%23- 1°PCT/ USC| 149943 - 24- %| ite ZSM 3
i s di scl ogpdsédare geneRakd itNeitu andibelddfmpraeahentcizsma that obtaine] upygterng,
3,950,496 and zeolite ZSM20 in U.S. Pat. No. 3,972, 983, to which

r ef er ence spsingiueisfanhievediescri ption of these zeolites, their properties
and preparations. Zeolite USY is disclosed in U S. Pat. No. 3,293,192
and RE-USY is disclosed in U S Pat. No. 4,415,439. Bydrocrackin.g

No. 4520, 402, Waimiererdphe e FuRt i ER PO R el R EIE P Sy e T

can ysts. e GALALYS bRl RoRRbY ThEShitiey Ghutie dTwtes Injastediihioche
solvent extract do not result in any appreciable cooling of the extract. Such
incidental cooling is less than 10 °F, normally less than 5 °F. It is preferred that
water injected be pre-heated for example, water stripped from warm solvent. While
cooling may aid in phase separation, it suffers from energy debits. Energy is
required to chill the solvent extract. In addition, recycle of the cooled raffinate from
phase separation may require heating to minimize upset of operating conditions of
the extraction unit itself. Furthermore, in the case of heavy, waxy feeds, cooling
may cause any waxy paraffins in the extract phase 10 separaie ovl as a solid thereby
Jeading to potential plugging problems. Other drawbacks of cooling are the

additional capital investment in the chiller and solvent Imventory.

The raffinate from solvent extraction may then be solvent dewaxed and
hydrofinished. Dewaxing may be accomplished by solvent dewaxing under solvent
dewaxing conditions using a solvent to dilute the raffinate and chilling to crystallize
and separate wax molecules. Typical solvents include propane and ketones.
Preferred ketones include methyl ethyl ketone, methyl isobutyl ketone and mixtures

thereof. The solvent diluted raffinate may be cooled in a refrigeration system



alumina or other netal oxides e.g. magnesia, titania, and the ratibd &Y 2003
bi nder to zeolite will typically vary from 10:90 to 90: 10, nore

comonl yMG &MM8bYut 30: 70 to about 70:30 (by wei,obt). TASITEUSIEAME ysts
Suitable for Use in Hydrocracldng Step Prior toDewaxing Vendor Catalys
LTe UOP BC-24 NMd/1jSY UCP DI-iCG32 NNWUSY Chevron | CR209 Pd/ USY
Acreon HYC 6' :~2 NinolzeOlite Acreon MC 642- N Mo/ Zeolite Acreon HYC
652 Ni Mo/ Zeolite Akzo KC-2301 N Mo/ Zeolite Akzo KC- 2601 NiWIJSY

Zeol yst Z-703 NiWZeolite Zeolyst Z-753 NiWZeolite Zeolyst Z-621
NiWZeolite 0 9 MAY 2005 WO 02/ 05923 -23PCT/ USQ / 49) 43 -25- | LD

Hydr ocracki ni z Process Consi derations This bydrocracki ng process is
carried out under conditions simlar to those used for conventi onal

hydr ocr acki ng., Process tenperatures about ' .G *F to
896F) rrayontamn@giaemra}yedyéuﬁ%dé}ﬁltfho%% %@%@@g%}f&%@%&& SEa" N2
(833F) will narmally not be | | nam cs of the
hydr ocr aé&PaTgHPBASHY %&Bﬁg@ ﬁﬁ?&&greggﬁééﬁ%ﬁgﬁp@g%/ures above this

point. Cenerally, tenperatures of about 315" C to 425' C (599" to 797F)
wi |l be enployed.

Tables S and 6 (See Examplel, infra) illustrate how the lube product from a2
hydrocracker can be tailored by the addition of a lube vacuum distillation unit, as

described in the instant invention.

11.C Hydrocracking Catalvst

The catalyst used in the present hydrocracking process may be a
conventional hydrocracking catalyst which employs an acidic large pore size
zeolite within the porous support material with an added metal
hydrogenation/dchydrogenation function. Specific commercial hydrocracking
catalysts, which may be used include UOP HC-22, and UOP HC-24. Thesc are
NiMo catalysts on a support of USY. JCR209, a Chevron catalyst which comprises
Pd on a USY support, may also be employed. Table 4 lists suitable bydrocracking
catalysts. The acidic functionality in the hydrocracking catalyst is provided either
by a large pore, amorphous material such as alumina, silica-alumina or silica or by
a large pore size crystailine material, preferably a large pore size aluminosilicate
zeolite such as zeolite X, Y, ZSM-3, ZSM-18, 75M-20 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
hydrocracking. Thus, forms of enhanced stability such as the rare earth exchanged
large pore zeolites, €.82. REX and REY are preferred, as well as the so-called ultra
stable zeolite Y (USY) and high silica zeolites such as dealuminized Y or

dealuminized mordenite.



Total pressure is usually in the range of 1200 *0 3000 psig (83175 % MAY 2005

20,796 kPa) and the higher pressures within this range o ig
(12; 512 WPIOMPF normally be preferred. The process is g’?&‘ﬁ@@”ﬁ% t he

presence of hydrogen and hydrogen partial pressures will normally be at
| east 1200 psia (8274 kPa), preferably 1200-3000 psia. The ratio of

hydr ogen to the hydrocarbon féedstock (hydrogen G rculation rate) wll
normal Iy be from 2000 to 10000 SCF/Bbl. (about 340 to 1700 NnB/nj ). The
space velocity of the feedstock will normally be from 0. 1 to 10 LHSV
(hr-"), preferably 0.5 to 5 LHSN7. At -R4w conversions, the D paraffins

in the feedstock will be isonerized to iso-paraffins but at higher
conversi on under nore severe conditions the iso-paraffins will be
converted to lighter materials. The conversion may be carried out by

contacting the feedstock with a fixed stationary bed of catal yst- A

ol (i Ci . trickle-b . . Cch. _.
211 ued To triBsalseBaNogis dsclostd ankty. Frxelp Dol 1A Gl ZEMEIB RS, s
this), Wit h . Crable. bo. L1hid -
react ] onU-SiEH Neoand ake b B 288 ZSbERIE Y Bpdh afe SO TR 1N bjen

i d th t : i t i i | yti

ot vi tyeIRch e Pttt e Elp R 3f s HeRGler BT AR, ¢
Pt Uso b gy%ﬁiar?sﬁzfeme REY S0SREIAEETh DYSCPAt N, 309%1 92 aheé RE-&IF¥ismt ur e

w th hy en gas, tor exanple, y burning in the presence of a
mxture gfschised iRy SoPan Mok il 6&3gadlydrbtracRansEytel ystOeompIIRg el s
(or Hydrodewaxi ng or Hydroisonerization Process Figure %%l | lystrates a
speci f i chemhndideentibadih EPIASE7 anddh8elat Noet.BRUAHENP W }\/’&:i"tﬁﬁﬂ%ﬁ 15
reactor shell 10 encloses and supports a stacked series of fixed porous
sol i d benwmdsflodewtescngtientodispek ,cak%iysa%pi cted by 12A through 12C. A

chargestock 6 conprising wax-containing liquid oil is conbined with a
bydrogen-rieb gas 8 and

The catalysts preferably include a binder such as silica, silica/alumina or
alumina or other metal oxides e.g. magnesia, titania, and the ratio of binder to
zeolite will typically vary from 10:90 to 90:10, more commonly from about 30:70
to about 70:30 (by weight).

Table 4

Catalysts Suitable for Use in Hydrocracking Step
Prior to Dewaxing

/ Catalyst Type
:/JS]I?OI HC-24 ‘ NiMo/USY
UOP DHC-32 NIW/USY
Chevron 1CR209 PWSY '
Acreon HYC 632 _ N;Mo/Zeolfte
Acreon BYC 642 NEMOIZeome
Acreon HYC 652 N!Moncol?tc
Akzo KC-2301 N}MoIZeohte
Akzo KC-2601 N].W/USY.
Zeolyst Z-703 Nl_W/Zeoh'te
Zeolyst Z-753 NiW/Zeolite

Zeolyst Z-623 NiW/Zeolite



introduced to the reactor 10 after undergoing appropriate beating hiMa$ 005
9. The conbined chargestock and hydrogen-rich gas flow downwardl v

t hrough WR029234 yst beds. Al though 3 beds are depicted it YHr8%Hnpl e,
There may be nore beds or as few as two. Liquid distribution is achieved
by any conventional technique, such as distributor trays 13A, B, C
which project the liquid uniformy onto the catalyst bed surfaces 12A,

B, C. Typically the gas and liquid phases are YP introduced into the
reactor at a desired inlet pressure and tenperature. The gas and Iliquid
tenperature may be adjusted between cat2dtyst beds by the addition of

hydr ogen-rich gquench gas 14A: B or alternatively by beat exchange of the
liquid in an external flow |oop, thereby allow ng i ndependent control of
the tenperature in any _catal yst bed. A static m xer 15A, B or other

sui t abl elk ackipgfeacessoansideraens o ni x t he | iquid and gas streans
bet ween cat al yst zones, including quench gas, to obtain a honbgeneous
tenperature. The hydrodewaxi ng reactor effluent 24 is heated or cool ed,

as necessary wi : : ; i t into
The hydr of | i hinyoERer e BGeE  MipRamR endpLeGRRRRAC GuiapE hse T
SUPPOT t Syde IR s BohshRirobiatRihe) Broeds #AHferatiMe ¢l chit 98840 480°C
PCT/ USO }]499- 13 -27- porous solid beds of hydrofinishing catal yst, as
depi ct ed($00°B28 §96°PY gtny3aimveitentlyl beused alttbughsiefripererdmsrakavelapotihr ough
the catal yst beds. t hough 3 beds are depicted in this exanple, there
my be moAs°MES36F) will hemmally mabbe eimployed sinse thothermodysamits ehibe by
any conventional techni que, such as distyjbutor tr%s @EJBA' . C. _Wwhich
proj ect bNeracragiiaguRpstsms Becemes Bhevera JIEMPETRTIRE BROXS RO C

D a1 e s Bnd LS 6 RHPS edt o WALICHRRTG YU LERBRAOyAL °
gﬁgntgﬁ ggg’%}k?%ﬂ%ﬁ%&%lﬁﬁ&%ﬁ&n&egﬁlﬂyo theo6sdiil @879%o PO SERPE)Y | ch
and the higher pressures within this range over 1800 psig (12,512 kPa) will

normally be preferred. The process is operated in the presence of hydrogen and
hydrogen partial pressures will normally be at Jeast 1200 psia (8274 kPa),
preferably 1200-3000 psia. The ratio of hydrogen to the hydrocarbon feedstock
(hydrogen circulation rate) will normally be from 2000 to 10000 SCF/Bbl. (about
340 10 1700 Nm3/m3 ). The space velocity of the feedstock will normally be from
0.1 to 10 LHSV (hr"), preferably 0.5 to 5 LHSV. At low conversions, the
n-paraffins in the feedstock will be isomerized to iso-paraffins but at higher

conversion under more severe conditions the iso-paraffins will be converted to

lighter materials.

The conversion may be carried out by contacting the feedstock with a fixed
stationary bed of catalyst. A simple configuration is a trickle-bed operation in
which the feed is allowed 1o trickle through a stationary fixed bed (Figure ]
illustrates this). With such a configuration, it is desirable to initiate the reaction
with fresh catalyst at a moderate temperature which is of course raised as the

catalyst ages, in order to maintain catalytic activity. The hydrocracking catalyst



or alternatively by heat exchange of the liquid in an external fl dh8 M3bp05

thereby allow ng independent control of the tenperature i | yst
bed. A sWRVWHer 35A, B or other suitable contacting d%Eﬁ@ém%§§gbe
used to mx the liquid and gas streans between catal yst zones, including
guench gas, to obtain a honbgeneous tenperature. The hydrofini sher

ef fluent 36 passes through heat exchangers (not shown), separators 40
and fractionation equi pnent 42 to separate a recycle gas stream 44,
converted fractions 46, and a finished | ube base stock 48. A purge gas
stream 50 woul d typically be wthdrawm26romthe recycle gas to renove

| i ght hydrocarbon products. Gas scrubbing facilities (not shown) woul d
typically be used to renbve NH3 and H2S fromthe recycle gas stream

Makeup hydrogen 52 is added to , conpensate for hydr N €0 in the
hydr odemmaugamenwmﬁ brseptagt ay axeﬁe@ﬁgmaﬁw%ﬂaﬁﬁ%ﬂr?ﬁéygi% f ﬂd

| i quid product. strea 50 and, 46. The_ centi nuous tlix Enashed &ds.
syst em ha® ek BEEEIEB%H‘%IB@E@H%PPFH arag;"sf\%le{:no #’qlhfrghgﬁages WI%] a
series of porous catal yst beds; however, it may be desired to have ot her
reactor configurations with 2-5 beds, The catalyst conposition nmay be

the same yn al |~ b o8RG A PRRELR  (or PRIERYSEwatihoics Fivdrdi sorbrzAlidn MAY
?005 WD 02/ 059Z34-+PC Inventive concept to have different
catal ysts and pegedskpn conditions in the separated beds. Design and

operation can be adapted to particul ar processing needs according to
sound chem cal engineering practices. The present technique is adaptable

to a variety of catalytic dewaxing_ optiqns. optjons particul anly.f

tlreat msgt of Iﬁ*bglircéhﬂ}usgﬁtj,’é %ﬁfﬁyﬁ%ﬁﬂé’ gnt %}F’dﬁsd&gﬂn{ﬁgﬁgitﬂibﬁénﬁg{s@at
speci al 1 PUTIcal BRSPS g SEPOT B THp RS DS offed porous |
to 30 Mol g 78 0r 4UBF 8 R U EE Ss diphiAbd ¥yhoin:bYgh 90@ bansangebtock 6

ni trogen.
comprising wax-containing liquid oil is combined with a hvdrogen-rich gas & and

introduced to the reactor 10 after undergoing appropriate beating means 9. The
combined chargestock and hydrogen-rich gas flow downwardly through the
catalyst beds. Although 3 beds are depicted in this example, there may be more
beds or as few as two. Liquid distribution is achieved by any conventional
technique, such as distributor trays 13A; B, C, which project the liguid uniformly
onto the catalyst bed surfaces 12A, B, C. Typically the gas and liquid phases are
introduced into the reactor at a desired inlet pressure and temperature. The gas and
Jiquid temperature may be adjusted between catalyst beds by the addition of
hydrogen-rich quench gas 14A, B or alternatively by heat exchange of the liquid in
an external flow loop, thereby allowing independent contro} of the temperature in
any catalyst bed. A static mixer 15A, B or other suitable contacting device may be

used 1o mix the liquid and gas seams between catalyst zones, including quench

gas, 10 obtain a homogeneous temperamre.

The hydrodewaxing reactor effluent 24 is heated or cooled, as necessary via
heat exchange or furnace 25 and cascaded directly into the hydrofinishing reactor

30. A vertical reactor shell 30 encloses and supports a stacked series of fixed



gases are available and useful herein, especially for high tenperdtLMAY 2005
hydr odewaxi ng at el evated pressure. Advantageously, the catal yst bed has
a voi d vOlQ#sPI34cti on greater than 0.25. Void fractions PAAIGRY M40 0.5
can be achi eved using | oosely packed polylobal or cylindrical

extrudates, spheres or pellets providing adequate liquid flowrate
conponent for uniformy wetting catalyst to enhance nmass transfer and
catal yti c phenonena. Catalyst bed depths nmay range from2 to 6 neters or
nore. In the present process.. a waxy |ube feedstock, typically a 32 1'C+
(about 61 O F+) feedstock is optionallp-contacted with an internedi ate
pore size nolecular sieve catal yst havi ng dewaxi ng and/or isonerization
or bydroisonerization functions in the presence of hydrogen to produce a
dewaxed | ube boiling range product of |ow pour p ASTM D- 97 or

~ pai_nt

equi val enoroes balid bedsoof bgdrafinighing yatakyst, a&dmﬂﬂ&wﬁéé&m%ﬂ%ﬁm
hydrogen feedrate at_the top of the dewaxin react or, .i,.s aho 67-534
Nm | m ( 25p0d spdgasdovedpymwasdby @é@uglbtherﬁﬂ?@%t b@- @@%@% -%6%5 A0
021059234 PCT/ USOl /49943 stability of the.dewaxed d ube boiling.range
mater al SR Hisgremnis thore ity Be Mg SR anfry B ki er ot 1y
carried out. .. Hydr odewaxin Proc ' 1 when
7o 51 s DHEEREPNIS SEDRBn B e aR ELRbRES R RSk RmbER TR 10
process b SCORRY ' L jieanehhd 8ltBY 3h&dydtbeldeiBidegs Bram
about 20 ’OB’4 Og@g%ﬁ%é%gﬁégggwlﬁlf%]@rgbl y terr%erat ure, usuall
from 2-153t0 385IcAAPie 4 AAdSHquid PhReecte gneoduddtime taeeuriareater i ty
necessary to achieve the target pour point foTthe product. -Wen ot hei
| ess act i diredtialey pressurer andusetherstoee.t Brepgasaand Bquiytempezsture MRy & hi gher
than for ZSM5. As the target pour _poinpf .for % &[oduct. f’ls decreasgg hhe
severity adjusthd between catalyst beds by the addition of bydrogen-nic quench gas 34A,

or alternatively by heat exchange of the liquid in an external flow loop, thereby

allowing independent control of the temperature in any catalyst bed. A static mixer

35A, B or other suitable contacting device may be used to mix the liquid and gas

streams between catalyst zones, inchiding quench gas, 1o obtzm 2 homogeneous

temperature.

The hydrofinisher effluent 36 passes through heat exchangers (not shown),
separators 40 and fractionation equipment 42 to separate a recycle gas stream 44,
converted fractions 46, and s finished lube base stock 48. A purge gas sueam 50
would typically be withdrawn from the recycle gas 10 remove light hydrocarbon
products. Gas scrubbing facilities (not shown) would typically be used to remove
NH; and H,S from the recycle gas stream. Makeup hydrogen 52 is added to
compensate for hydrogen consumed in the hydrodewaxing and hydrotreating

reactions and purged in the gas and liquid product streams 50 and 46.

The continuous multi-stage reactor system bas been described for contacting
gas and liquid phases with a series of porous catalyst beds; however, it may be
desired to have other reactor configurations with 2-5 beds. The catalyst

composition may be the same in all beds of each reactor; however, it is within the



dewaxi ng process is increased by raising the reactor tenperature sb ¥aY 085
effect an inci-easingly greater conversion of normal paraffins, so that
| ube yi eMP W#939234general Iy decrease with decreasing produckCHUSIH Bt as
successively greater anounts of the normal paraffins (wax) in the feed
are converted by selective cracking by the dewaxing catalyst to |ighter
products boiling outside the 'ube boilina ranee. The V.I. of the product
wi |l al so decrease as pour point is |lowered because the high V.I. nornal
paraffins and slightly branded isoparaffins are progressively converted.
In addition, the dewaxing tenperature i s28-ncreased thr oughout the

dewaxi ng cycle to conpensate for decreasing catalyst activity due to
catal yst aging. The dewaxing cycle will normally be term nated Wien a

t enper at ur. - .about T, . (ahqut 7501K but preferably about, 385*C
(725T) is 1{?%%{:‘}1@(1@(@1%@29%@%%gﬁ?‘i{egﬁ%?jfﬂéﬁw&ﬁfﬁg?%‘? FPRYAHOPE M MRfer sel y
affected I : S j : .
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active cababtyhisg tdmém%ﬂkﬁéﬁ%eﬁ%ﬁ&t%@& to 50*C hi gher. Hydrogen
pronot es extended catalyst life by a reddction in the rate of coke

| aydown on the dewaxi np catal yst. ("Coke" is a highly carbonaceous

hydr ocarbon which tends to accumul ate on the catal yst during the

dewaxi ng procesihe)present tpchugue i sdajiableftoraevariaty icddamiytic dewhringr esence

of hydrogen, typically at_about 2758 to 20,685 kPa bydrogen parti al
pressure CRBOLS.Pastovlapky fgr trestmeat ebluprisaniange heewg Dilsgvith2319 kPa
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poi nts. Space velocity will vary

gases are available and useful berein, especially for high temperature

hydrodewaxing at elevated pressure.

Advantageously, the catalyst bed has a void volume fraction greater than
0.25. Void fractions from 0.3 to 0.5 can be achieved using loosely packed
polylobal or cylindnical extrudates, spheres or pellets providing adequate liquid
flow rate component for uniformnly wetting catalyst to enhance mass transfer and

catalytic phenomena. Catalyst bed depths may range from 2 to 6 meters or more.

In the present process, a waxy lube feedstock, typically a 321°C+ (about
610°F+) feedstock is optionally contacted with an intermediate pore size
molecular sieve catalyst having dewaxing and/or isomerization or
hydroisomerization functions in the presence of hydrogen to produce a dewaxed
lube boiling range product of low pour point (ASTM D-97 or equivalent method

such as Autopour).

For typical waxy feedstock the hydrogen feedrate at the top of the dewaxing
reacior is about 267-534 Nm*/m® (1500-3000 SCF/BBL). In order to improve the



according to the chargestock and the severity needed to achi eve tHEJ MAY 2005
target pour oint but is typically in the range of 0.25 to 5 LHSV
(hr-1), PYRPEPBIY 0.5 to 3° LHSV for all catalysts Hydr oddwdisHg?943
~Cata)vsts Recent devel opnents in zeolite technol ogy have provided a
group of constrained nedium pore siliccous materials having simlar pore
geonetry. The preferred hydrodewaxi ng catal yst conprises a porous acid
nol ecul ar sieve having Pores conprised of 10 oxygen atons alternating
with predominantly silicon atonms, such as alumnosilicate zeolite. Mst
prom nent anong these internediate pore2%ize zeolites are ZSM5, ZSM 23,
ZSM 35, ZSM 48 and ZSM 57 which are usually synthesized with Bronsted
acid active sites by incorporating a tetrahedrally coordinated net 2|,
such 2is Al, Ga, or Fe, wthin The zeolitic framewgrk, Medium.0 9 NAY
7005 NAl @amirposmaewaxwwe/hmbngrar@f—matﬁmlﬁmm@m%’aﬁﬁ eBkdi ng
pore di nensions ahout 3.9 to 6.3 Angstrons are favored for shape

sel ect i vehydrodinidung piapsis BeREdeY c2 %tvant ages of medi um Por e.
structures may be utilized by enploying highly siliceous materials or
crystalline nolecular sieve having one or nore tetrahedral species

havi ng vafyi e,, pof ce&%ﬁjli]sti Ib e shape selective materials have
at | east LT POt €3 =t by ten-nenber rings containing
ten oxygen atons alternating with silicon and/or netal atons. The

catal ysts which have been proposed for shape selective catal ytic

dewaxi ng procepsgendray teriss)aflen ZSMpS issthe avtive conaporentirethedatalisththee a
pore size which admts the straight chain, waxy n-paraffins either alone
or with ocdtghytid deyikipglpraneisstepci Aiperased anpdeneonslitionhoale¥atebude nore

hi ghl b hed t i al d | [ i i i
D A salaseame 55 about 808 o Zo0 RoQIA® 107342 pbrebdby

from 235° to 385°C (455° to 725°F), depending on the dewaxing severity necessary

4 el‘ﬁ-[
O

to achieve the target pour point for the product. When other Jess active catalysts

are used, the temperature may be 25 to 50°C higher than for ZSM-5.

As the target pour point for a product is decreased, the severity of the
dewaxing process is increased by raising the reactor temperature so as to effect an
- increasingly greater conversion of normal paraffins, so that lube yield will
generally decrease with decreasing product pour point as successively greater
amounts of the normal paraffins (wax) in the feed are converted by selective
cracking by the dewaxing catalyst to lighter products boiling outside the lube
boiling range. The V.I. of the product will also decrease as pour point is lowered

because the high V.I. normal paraffins and slightly branded isoparaffins are

progressively converted.

In addition, the dewaxing temperature is increased throughout the dewaxing
cycle to compensate for decreasing catalyst activity due to catalyst aging. The
dewaxing cycle will normally be terminated when a temperature of about 400°C
(abotat 750°F) , but preferably about 385°C (725°F) is reached since viscosity and
product stability are adversely affected at higher temperatures. When ZSM 5 is the



are ZSM5 (US Pat. No. 3,702,886), ZSMI | (US Pat. No. 3,709, 979)03 MAY 2005
ZSM 22,  ZSM 23 (US Pal. No- 4,076,842), ZSM35 (US Pat. No__4 016q(2§15),
ZSN148 (U PHBA . No. 4,375,573). ZSM 57, MOM 22 (US Pat FCRGISHHIE
4,954,325), SAPO-I | S. Pat. No. 4,859.311), SAPO-41 and isostructural
mol ecul ar sieves. (See Fig. 4) The disclosures of these patents are
herei n incorporated by reference. Mol ecul ar sieves offer advantages in
catal yti c dewaxi ng over noncrystalline catalysts. Ml ecul ar sieves.are
broadly classed into small, nmedium (or _internediate), and |arge pore
materials as shown in Figure 4. The pordUsize is fixed by a ring of
oxygen atons. Snmall pore zeolites have ei ght-nmenbered ring openings,
medi um have ten-nmenbered systens and | arge have twel ve- nenbered systens.

Catal ytic_dewaxin erforpance.can al so be affect.e '

por 6 st r BEYE GoAALR FSPeTEDn SATRS averaif afie Mos e RATHERE P e 27
nat ure of td 5§°C%P§{E@el i ntersections. Severely constrained, small pore
zeolites are inef¥ective in 0 9 MAY 2005 NVO 02/ 0~9234 PCTI USI) 3149943
-32- lube oil dewaxing because they allow only small, normal paraffins to
penetrate the pore channel. In conparison, |arge pore zeolites permt
non-sel ective Hwlbbes prbmoteyexteieddd ehblgst lifieby anpdudtivrsin teulzta ofcoke

| ower yields than those from medium pore zeolites. HZSM5 is one of a
number ~ of laygdivemopdhe deiveaimpoitelyst (Mobke! wrahighbpbadonsteeualdrostibeni v
dewaxi ng. Ot her exanples include ZSMI 1, ZSMéé, ZSM 23, ZSM. %zsm 49
and ZSM 5Whighéersisrie ancopuilateconothe aatalssishawmaiths dewaing groesss. )y Hifet ant

e ol ek AN 0 SO0 SRYEDC 04SSR0 o 2758
physi coobt R ey e (400 L R e R e
their 9652 1c 17228 kPa (1400 to 2500 psia) more preferably between 1600 to 2200
psia (11032 to 15169 kPa) although higher pressures can be employed. Hydrogen
circulation rate is typically 1000 to 8000 SCF/bbl, usually 2000 to 3000 SCF/bbl
of liquid feed (about 180 to 710, usually about 355 to 535 Nm*/m” ) at the reactor
inlet additional H, may be added at the quench points. Space velocity will vary
according to the chargestock and the severity needed to achieve the target pour
point, but is typically in the range of 0.25 10 5 LHSV (br’™"), preferably 0.5 0 3

LHSYV for all catalysts

Hvdrodewaxing Catalvsts

Recent developments in zeolite technology have provided a group of
constrained medium pore siliceous materials having similar pore geomenry. The
preferred hydrodewaxing catalyst comprises a porous acid molecular sieve having
pores comprised of 10 oxygen atoms alternating with predominantly silicon atoms,
such as aluminosilicate zeolite. Most prominent among these intermediate pore size
zeolites are ZSM-5, ZSM-23, ZSM-35, ZSM-48 and ZSM-57 which are usually
synthesized with Bronsted acid active sites by incorporating a tetrahedrally
coordinated metal, such as Al Ga, or Fe, within the zeoliic framework. Medium



channel systens and pore di nensi ons enabl e effective de-waxi ng of FLMAL05

bydr ocracker bottons. Suitable nolecular sieves having a ‘g @gtlln ﬁd
met al oXVMEE2089234ica nolar ratio of 20:1 to 200:1, or h Gﬂ ]ﬁ&%/ be
used. Wth HZSM 5, for exanple,. it is advantageous to enpl oy
conventional alumnosilicate ZSM5 having a silica-.alumna nolar ratio
of about 25:1 to 70:1 although ratios above 70:1 nay be wused. A typical
zeolite catal yst conponent bavi Dg Bronsted acid sites nay consi st
essentially O Crystalline alurniDosilicate baying the structure of ZSM5
zeolite with 5 to 95 w.%silica, clayland/or alunmina binder. It is
under st ood that other nedium pore acidic nolecular sieves, such as
silica-al um nophosphate (SA. PO naterials nay be enpl oyed as catal ysts,
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crystal &I m abou to 2 microns or  nore, 1 micron

bei ng pr ejcs?(%{iw_dn%e@ctépﬁpe@elé@ﬁ&:én{atam@ hal-® be)eastaondehameb svithrpores

netal -free formrtor selective crack-ng, in the case of the other pedium
pore aci dogmedttal fenomentbier chtes conesmimighienl oz ygematongs aléerpREng MIBYSHIRER
they be nodified with from0O. 1 to 1.0 w.%of noble netal in order to
be. used amdiydmetadatemszati on dewaxing catal ysts. ZSM5 is the only
medi um pore zeolite or nmedium pore acidic nolecular sieves that is
practical to use for comrercial selective dewaxing w thout adding a

nobl e netal. The nobhe mehaly |5 PheleicptslPlorihSptistieqlbehtaIRH UM por e
dewaxing processes have usually comprised molecular sieves which have a pore
size which admits the straight chain, waxy n-paraffins either alone or with only
slightly branched chain paraffins but which exclude more kighly branched
materials and cycloaliphatics. Representative of the medium pore molecular sieves
are ZSM-5 (US Pat. No. 3,702,886), ZSM-11 (US Pat. No. 3,709,979), ZSM-22,
ZSM-23 (US Pat. No. 4,076,842), ZSM-35 (US Pat. No. 4,016,245), ZSM-48 (US
Pat. No. 4,375,573). ZSM-57, MCM-22 (US Pat. No. 4,954,325), SAPO-11 (U.S.
Pat. No. 4,859.311), SAPO-41 and isostructural molecular sieves. (See Fig. 4) The

disclosures of these patenis are herein incorporated by reference.

Molecular sieves offer advantages in catalytic dewaxing over noncrystajhme
catalysts. Molecular sieves are broadly classed into small, medium (or
intermediate), and large pore materials as shown m Figure 4. The pore size is fixed
by a ring of oxygen atoms. Small pore zeolites have eight-membered ring openings,
medium have ten-membered systems and large have twelve-membered systems.
Catalytic dewaxing performance can also be affected by the catalyst's pore
structure, whether it has uni- or bidimensional channels, and the nature of its

channel intersections. Severely constrained, small pore zeolites are ineffective In



mol ecul ar sieves in order to reduce catalyst aging rates to practithMAY 2003

| evel s. Tpe a_gdition of a noble netal to ZSM5, however, ﬁéﬂ icﬁlg@gjstWth
bydToi sondt 128 n  activi ty that increases yields of dewa I ils

It has been found that when noble netals are added to ZSM2 i. 2SM 335,
SAPO- I | and ZSM 5, the product yields and VI are generally higher for
ZSM 23, ZSM 35 and SAPO- 1 | than for ZSM5. Catalyst size can vary
widely witbin the inventive concept, depending upon process conditions
~and reactor structure. Finished catal ysts having an average maxi num
dinmension of | to 5 min are preferTed.-Xatal vtic Deivaxing Conditions In
nost of the catal ytic dewaxi ng exanples herein the catal yst enployed is
0 65 wt.% ZSM5 having an acid cracking (al pha) value of 105, and forned
as 1.6 nmdianeter extTudal e
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cat al yst Eln.g h to average width (L/D aspect) ratio of about ]:1 to
20:1 is ggﬁ%lﬁ 2 % St acked series of beds may be retained within the

same reactor shcll; however, simlar results can be achieved using

separate side-by-side reactor vessels. Reactors of uniform,hgrizo
cross secti onHaSMps &f ene offa nhobey of MeBWILRATE §13R %@AFF%H"&% %es&#gblc

al so be enployed, with appropriate adjustnenfs i e, b 14X g3§nd
cor r esponufi smpc&wte'ﬁrﬁwlnﬁ@ﬁi%@éﬁﬁzﬁ ling“lﬁlgr#%?é? ?? 1\{118731, u SMn
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per - for ner%agttan?stlxépaeuééie&?\lﬁgf,%ehﬁ&& hiGRaeS: L9 ehtexphision of bulky
nitrogen-containing catalyst poisons. HZSM-5, PVZSM-23, PA/ZSM23,
PYZSM-48, PUSAPO-11 and PUSAPO-41 with appropriately adjusted

physicochemical properties are preferred in the instant invention because their

channel systems and pore dimensions enable effective de-waxing of fuels

hydrocracker bottoms.

Quitable molecular sieves having a coordinated metal oxide to silica molar
ratio of 20:1 to 200:1, or higher may be used. With HZSM-S, for example, it 1s

advantageous to employ conventional aluminosilicate ZSM-5 having 2

silica:alumina molar ratio of about 25:1 1o 70:] although ratios above 70:1 may be

used. A typical zeolite catalyst compouent having Bronsted acid sites may consist

essentially of crystalline aluminosilicate having the structure of ZSM-3 zeolite with

5 10 95 wt.% silica, clay and/or alumina binder. It is understood that other medium

pore acidic molecular sieves, such as silica-aluminopbosphate (SAPO) materials

may be employed as catalysts, especially medium pore SAPO-11.U.S. Pat. No.
4,908,120 (Bowes et al} discloses a catalytic process useful for feeds with high

paraffin content or high nitrogen Jevels. The process employs a binder free zeolite

dewaxing catalyst, preferably ZSM-3.



greater than 5 hf', preferably about 0.5-3 hi~', over randomy padkiMAY 2005
beds of _extrudate catalyst of the medium pore type nolecul ar sieve
cat al yst?“i;wé"’)ﬁ’y)drocar bon feedstock to the catalytic dewd$dfUIdo%43
viscosity of 3 to 12 cSt at | OOOC. Advantageously, the liquid flux rate
for total feed rate (including optional wun preferably [liquid recycle)
is maintained in the range of "500-3500 po dsY ft2 -hr. 1000-3000
poundS/ft 2 -hr.). 111. Hvdrofm shing Foll owi ne De, ~vaxin In order to
i nprove the quality of the dewaxed | ube_products, a bydrofinishing step
(see Figure 2) follows solvent dewaxi ng-fh order to saturate |ube range
olefins as well as to renove heteroatorns, color bodies and, if the
hydr of m shing pressure is high enoi3gh, to effect wuration of residual
aromatics. The post dewaxing hydrofm shing is usually carried out in
cascade with the 0 9 MAY 2005 WD 02AF9234 PCT/ USO /49943 - 35- dewaxi ng
step. Ceneral | WMeditmsbaretzedlit it i S j i ed
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metal function on the bydrofinishing catalyst i1s e ura
aromat i c dswarongeelysthus, a

ZSM-5 is the only medium pore zeolite or medium pore acidic molecular
sieves that is practical to use for commercial selective dewaxing without adding a
noble metal. The noble metal is preferred for use with other medium pore
molecular sieves in order to reduce catalyst aging rates to practical levels. The
addition of 2 noble metal to ZSM-5, however, provides it with hydroisomenzation
activity that increases yields of dewaxed lube oils. It has been found that when
noble metals are added to ZSM-23, ZSM-35, SAPO-11 and ZSM-5, the product
yields and V1 are generally higher for ZSM-23, ZSM-35 and SAPO-11 than for
ZSM-5. Catalyst size cap vary widely within the inventive concept, depending
upon process conditions and reactor structure. Finished catalysts having an average

maximum dimension of 1 to 5 mm are preferred.

Catalvtic Dewaxing Conditions

In most of the catalytic dewaxing examples herein the catalyst employed is
65 wt.% ZSM-5 having an acid cracking (alpha) value of 105, and formed as 1.6

mm diameter extrudate; however, alpha values from about 1 to about 300 may be
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The invention is particularly useful in catalytic hydrodewaxing of heavy
petroleum gas oil lubricant feedstock boiling above 260 °C (500 °F). The catalytic
dewaxing treatment may be performed at a liquid hourly liquid space velocity not
greater than 5 hr'', preferably about 0.5-3 hr!, over randomly packed beds of
extrudate catalyst of the medium pore type molecular sieve catalyst. The
hvdrocarbon feedstock to the catalytic dewaxer has a viscosity of 3 to 12 ¢St at
100°C. Advantagecusly, the liguid flux rate for total feed rate (including optional

liquid recycle) is maintained in the range of 500-3500 pounds/ fi* -br, preferably
1000-3000 pounds/ft >-hr.).

I1%. Hvdrofinishine Following Dewaxing

In order o improve the quality of the dewaxed lube products, a
hydrofinishing step (see Figure 2) {ollows solvent dewaxing 1n order to saturate
lube range olefins as well as to remove heteroatoms, color bodies and, if the
hydrofmishiﬁg pressure is high enovgh, 10 effect caturation of residual aromatics.

The post dewaxing hydrofinishing is usually carried out in cascade with the
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Processes employing sequential lube catalytic dewaxing hydrofinishing are
described in U.S. Patents Nos. 4,181,598, 4,137,148 and 3,894,938. A process
employing a reactor with alternating dewaxing-hydrofinishing beds is disclosed In
U.S. Patent No. 4.597,854. Reference is made to these patents for details of such
processes. The hydrofinishing step following the dewaxing step improves product
quality without significantly affecting its pour point. The metal function on the
hydrofinishing catalyst is effective in saturating aromatic components. Thus, a
hydrofimishing (HDF) catalyst with a strong hydrogenation function that a noble
metal, nickel tungsten or nickel-molybdenum can provide, will be more effective
thap a catalyst comprising a weaker metal function such as molybdenum alone. The
preferred hydrofinishing catalysts for aromalics saturation will comprise at Jeast
one metal baving relatively strong hydrogenation function on a porous support.
Because the desired hydrogenation reactions require little acidic functionality and
because no conversion to Jower boiling products is desired in this step, the support
of the hvdrofinishing catalyst is of low acidity. Typical support materials include
amorphous or crystalline oxide materials such as alumina, silica, end silica-alumina
of low-acidic character. The metal content of the catalyst is often as high as about
20 weight percent for non-noble metals. Noble metals are usually present in
amounts no greater than 1. 2 wt.%. Hydrofinishing catalysts of this type are readily
available from catalyst suppliers. The mckel-tungsien catalysts may be fluorided.
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Control of the reaction parameters of the hydrofinishing step offers a useful
way of varying the stability of the products. Using 2 combination of Periodic Group
VIIIA and VIA (TUPAC Periodic Table) metals, such as Ni/W, hydrofinishing
catalyst temperatures of about 230°-300°C (446°-572°F) will minimize single-ring
aromatics and polynuclear aromatics. They will also provide products having good
oxidative stability, UV light stability, and thermal stability. Space velocity m the
hydrofinisher also offers a potential for aromatics saturation control with the lower

. velocities effecting greater aromatics saturation. The bydrofinished product

preferably contains not more than 10 wt.% aromatics.
EXAMPLES

The following examples are imtended to be descniptive only and are 1 no

way 10 be considered as imitng:

EXAMPLE 1

Table 5 provides an analysis of an atmospheric tower bottoms product from
a commercial two stage hydrocracker. Sucha hydrocracker possesses 2
hydrotreater reactor and 2 hydrocracking reactor, but does not employ the vacoum
distillation unit as described in the hydrocracking unit of the instant invention. The
product is roughly a 330-538°C (625-1000°F) cut and is very low in heteroatom and
aromatic content, particularly nitrogen. The hydrocracking catalyst employed was

fresh. A full range analysis of the drum of the atmospheric tower bottoms as
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- . . h
received is reported in the "total bortoms” column. The bottoms were broker down
into five equal volume cuts and analyzed for key properties. These analyses are

~ also provided in Table 5.

After the hydrodewaxing process, which includes catalytic dewaxing,
hydrofinishing, and distillation, the final product must possess the following

charactenstics:

Viscosity Index > 115
NOACK>6 <20

Viscosity  (4-5cStat 100°C)
Color (Saybolt) > 20

Pour Point < 25°F(-4°C)
Artomatics <35 wt%

Color stable in sunhght

In order 1o obtain a final product with these characteristics, it is desirable to
begin with a chargestock with as high a VI and as low a NOACK (or as high a flash
point) as possible. The hydrodewaxing procedure lowers pour point. In Table 3, the
more volatile fractions bad Jower pour points and the heavier, less volatile fractions
had higher VI. The most volatile fraction, distilied at 0-20% had a low viscosity

(2.77 centistokes at 100°C) and a VI below 115 and is therefore unsuitable for use.

It is desirable to obtain chargestock with characteristics in an acceptable
range in order 1o attain the above product properties. In the instant invention, a
vacuum distillation step is employed. As Table 6 illustrates, even the lightest, most
volatile fraction of the hydrocracked and vacuum distilled bottoms product is
suitable for use, having a VI greater than 115 and a viscosity greater than 4

centistokes at 100°C.



In

00

‘= V-) CD

cc G4 NrnC QO C C'%
00 00 zi

C~-W Ln fn

I -

' 5f

Ir -

~c O cl~c

fro ~Q- -=0 =C) G"'' 0O o0 00 U cyC rcc 0 O - 03 My 105
cuu-~r d)

F. UnilozbB20n Y. CS 3 MIKJ x 0 9 MAY 2005 WO 02/ 05P@B4s01/499.43

PCT/ USO /49943 39 CD Q)

00 Dc zi

00

en 00 C;

0Vl UU wa JUUo

>C7

c

91¢C
8LTE
S9t°L

0tl
88¢8°0
Lt
6'7¢
1'£C

7,001-08

=" Lyl Ctl

£l 6 9L
1) 4 290°C vl
L6V 1429 % 9¢v'L
- PeLl Lel

001 06 5L
85E8°0 £9£8°0 SLTBO
8'Le L'LE g6t
861 9781 16l
661 81 06l
%08-09 %09-0p %0¥-0¢

121
29
1261
0LL'T
te ol

09
08280
b6t
561
vel

%07-0

SNy SWInjo A -1enbiy § o3t uoen e[S

SUI0}10¢] LB 1US0IN Y 1O 8 100IPAH [E121a10)
§olqeL

Il
101
¢8C'T
OLL 'y
te6!
12y
0>
00f
62t80
P8t

1A
1,001 @ SNS
189 “D.00€ @ AN
189 “De001 @ A
159 ‘Do0t @ A
1o ‘W0 d YSBLI DOD
10100 WISV
J, ‘N0 J 10
1409/:609"15D" {8
IdV, ‘Kaern
EXLOHV
veIm
151 UO SP[3LK

swoylog eiol



C) C
59951‘%? o) 1

-<U~4 ~4 44 o0 ;> 0 9 MAY 200%% WD (12/09234 PCT/ USO /49943

TS

L6
o\% FC

Cn kn

00 CA cl~ c7, w C) LhMay0%

C-r- en
cx~ V) cn bo E
-10 '-FU 14 cv,

rn C) 00 r-

"IT CD & G

m126 @

34 :

-

00 00 rn

r
' 40

r,

~mIn 00

0 c CD WO @9

V5 P.

C tr)

00

. 2 | X A L ® s08
‘ 400 N
¥9¢ Tt oL1 LE1 €71 (4 :

. 65€°€C £€6°C 979'C €LET 80C'C 1S9 “D00€ @ A
i : - 'L189°0.001 @ A
ol 08b'L pSE9 0SS 868y S Do ]

- -- - -- OL'€T -~ 189D, 07 @ A

00S I, Iwod Yseld DOD
'€ 10[00 WISY
001 68 S8 <8 08 o1l Ao :__ow ._Jmm
L0980 CHS8'0 p0S8°0 €LYR 0 eS80 89¥8°0 %Saoo,ob.ms w
6°C¢ b€ 6vE 'S¢ 65 9'GE Hm<m g
1'% L8] L'81 L81 M% %t.w
e . . /91 ) -
$ve 681 L8l e oL
- %%,08-09 %,00-0t %0v-02 %020 Smonog
%%001-08 408-09 57,0000 ML
wnndep

SHI) 9ii]0 A-[enD7] § 0)UT WORELIISIA
3JEIIEII0IPAL] S[31ig] JO SUI0))0 (] WONEI[DSI(] Winnde A
9 Qe L




-40- EXAVPLE 2 Figure 5 illustrates the relationship of Viscosity 0h¥ak2003
v. Hydrogen content for |ube oils having a pour point of &2, Led n
t he oil sq%(g\‘)ém@égﬁ re BéTI%SWﬁ”ﬁ

fined either by solvent refining or
hydr ocracki ng. Each of the various waxy stocks conpared was sol vent
dewaxed to a -TC pour point. As the weight percent hydrogen present in a
| ubricant base stock increases, the VI, viscosity index, inproves. The Vi
i mproves sonewhat nore for hydrocracked stocks than for Solvent refined
stocks. T cks obtained by | ubes by ro%%?cking, | he enpty circles
represent lubesto. | d distillation, an®-sol vent dewaxi ng wi thout futiber
treatnent. Circles containing crossed lines represent |ubestocks refined
by fuels hydrocrack-ing, distillation, and solvent dewaxing. Squares
r epr esent beestgﬁ§§ that were solvent refined and solvent dewaxed.
Upright t E present vacuumdistillates obtained from paraffinic
crudes. Inverted triangles represent vacuumdi still ates obtained from
napbt beni ¢ crudes. It is apparent that fuels bydrocrackinga of a given

vacuum gas oi | Fgulsré 5 ik ?.ﬁé’ﬁﬂﬁi&@ﬁp ef Visahay Iitiet vahl ydrbgen content

bydrocrack-ng © ol'vent refining because fuels Irydrocracking is, nore
severe t hap || Hbefs RUGNRCA a5t peint of -TPE vilrereartheicilsdimiedreendeiiagd g her
I

| ubest ocks have a VI of” at” | east 105, preferably at |east aboyt 115,
Fr om Fi gupg sEjvehifefilgng e bydiydrpomdhog. Each of tiyeivaaews BENYSHOCKSrCOTAPITE s

about 14.1 At.%in order to obtain a N71 of 115 and a hydr n.co of
at | east wabgulveh8dgwaxeddd ar7% ppur peint.ohs m%@ggpggegcﬁﬁ;ﬁﬂgog%@feg%
hydrogen content the waxy, il is ahout,,0.2 to 0O - 94 hi |

hydr ogen onehmicankRase p,t@c]jép\g)gggesoﬂew},o\’,lS%%g,ﬁ}@%&ﬁ%‘?ﬁ?%ﬂ A

anal ysis of these |rydrocr i haWSoPsoldePrdidedt stoktshat
t hey poss@Er%eaéomd% ﬁ’&ﬁ’?kf?’g hS’ GRESACI Ot T oPso

onposition, sone having a high

par af 1 nf & nEQghRsiRh firhelch vk obisghed Bp mnmmpdr?qmc&ir)g,, others
distillation, and solvent dewaxing without further treaunent. Circles contaming
crossed lines represent lubestocks refined by fuels hvdrocracking, distillation, and
solvent dewaxing. Squares represent lubestocks that were solvent refined and
solvent dewaxed. Upnght triangles represent vacuum distillates obtained from

paraffinic crudes. Inverted triangles represent vacuum distillates obtained from

naphthenic crudes.

It is apparent that fuels bydrocracking of a given vacuum gas o1l will
provide lubestocks of higher Vi than lubes hydrocracking or solvent refining
because fuels hydrocracking is more severe than lubes hydrocracking. In the mstant
invention, dewaxed Jubestocks have a VI of at least 105, preferably at least about
115. From Figure 5, the dewaxed oil product has a hydrogen content of at Jeast
about 14.1 wt.% in order to obtaina VIof 115 and a hydrogen content of at least
about 13.7 wt.% for a VI of 105. Because dewaxing lowers hydrogen content the
waxy oil is about 0.2 to 0.5 wt.% higher in bydrogen content than the dewaxed oil
for 2 ZSM-5 catalyst. PONA analysis of these hydrocracked lubestocks on Figure 5
demonstrated that they possess wide vamations in composition, some having a high

paraffinic content and others having a high naphthenic coptent, others bemng m



NVO 0 2 1059 2 3 4 PCT/US01149943 -41- between. An infinite variet§9 &Y 2000
conpositions is therefore possible at any VI level and the variation can
be descriW@d2M5P24! r ange of hydrogen contents for any N1l | BGAUSHIAPRE
hydrogen content of 150 isoparaffins ranges from15.1 %to 14.6 % for
carbon nunbers ranging from{-, to C55, respectively. For

al kyl cycl obexanes, it is constant at 14.' )7% and for al kyl benzenes the
range is 12.4 to 13.69% Froin this it follows that the dewaxed oil
product nust be rich in high hydrogen content, isoparaffins and

al kyl cycl ohexanes. A fuels hydrocracker4lthat is, a hydrocracker that
operates in excess of 3)0% conversion to 345 C mnus |ight products, can
produce a 345" C plus product having the appropriate hydrogen content to

provi de a dewaxed oil . havin Vi scosity f 105. EXXI\/PL Figure
6 (parts Qﬁm&ﬁﬂaﬁﬂ iafingte ‘é‘“&%ﬁﬁﬂ%@‘ﬁﬁ?ﬁ@iﬁnéfs &’&EFJBIWB?%W%@“H glr? fue

or _hyd”’earﬁﬁ' i SRR e (racrned et o S, ER i ah i eveEle
var i ous cpiveralans, it oy rsaraaoggfrgms 148 19 gAY Extch of

t he 3450C us olls were t

sol vent Qﬁ%ﬁ rta{?ﬁmét;rgmcbéq)':@ s PRUpeAR mam RyVliokeashés, ésisandVi

wer e determ ne onver§ion tanoé from1l0 to a out 30% i S referred
to as thedndbas YA IELaEMi fog allatigenzanes iHeeraapavel 2dan Jraeee% f]Emm i [51 7

and higher is referred to as the fuels hydrocracking range. i s obvious
that to fallosisthat deendeceaxert oid produrawiugy be ridh mfhlglugl)tﬁly@lg% FERRPhg
conversi on of about 35%is required. The degree nversi.on req

i s dependenpanagbns andelkyirydlebexapes ndefuels hygrocy 1'=t at e @ﬁf%?é&

0L S Sod B oSt SRR 35 BT B B 380
hydTocr acg Satice & 3459 1u9%§0d‘\m¥ Qayﬁ(got%%%%ﬁr(?ﬁ;ﬂtyﬁs&@f&g%%&mem to provide a

dewaxed oil having a viscosity index of 103.

EXAMPLE 3

Figure 6 (parts 2, b, and ¢) is a demonstration of lubes hydrocracking and
fuels hydrocracking for a heavy vacuum gas oil derived from Statfjord crude oil.
The heavy vacuum gas oil was hvdrocracked in 2 pilot plant at various conversions
and the hydrocrackate was distilled to remove ali of the 345°C- (653°F-) materials.
The waxy 345°C plus oils were then solvent dewaxed to -18°C (O°F) pour point and
the viscosities and VI's were determined. The conversion range from 10 to about
30% is referred 1o as the lubes hydrocracking range and the conversion level from
30% and higher is referred to as the fuels hydrocracking range. It is obvious that to
attain a dewaxed product having a VI of 115 hydrocracking conversion of about
35% is required. The degree of conversion required is dependent upon the
viscosity index of the feed to the hydrocracker. Figure 6 also dernonstrates how

viscosity is reduced as hydrocracking proceeds. Figure 6 also shows that 345°C+

yields are low in fuels hydrocrackers.



-42- The data in Exanples 4 to 12 was obtained froma two reactor i MARHE)
for <catalytic dewaxing and hydrotreating. (See Exanple 5 for detail ed

di scussi O¥O2/M1834 first reactor contained a proprietary byBf&dSHERYHy
catal yst, HZSM5. The sane bydrodewaxi ng catal yst was used for both high
and | ow pressure operation. In the second reactor a comerci al
bydr ofi ni shing catal yst was enployed. In | ow pressure (400-600 psiQ)
operation, the hydrofinishing catalyst is designed only for olefin
saturation. Sone |evel of aromatics saturation is necessary for good -
oxidative and UV light stability, howe¥i@ . In high pressure (2500 psig)
operation, the hydrofinishing catalyst is designed for aronmatics
saturation. The hydrofm shing catalyst enployed at | ow pressure was al so

eval uated at 2200 psig_in order to provide onpari son The
NOACK vol ati | The dasin @emn&gﬂﬁ@%zww@w%ﬁgew mogsmﬁﬁ%'egsnﬁﬁ he
neat (unadditized) base stocks, fallo C L- =87 . Jam trpes of
Lubri cat catplytid éewavsmggandm@’d&@ﬁeku@a&re%Wé&sﬁ’ér‘?et?‘?‘ggm% V. ) pe

met hod neasures the wt. % evaporative,l L eprghg.s;at  250C (482F)
under a fostisaetor CQPFaéBﬁﬁ{prr%ﬁFe‘PW hgdﬁ?@?“gghﬁ C%%Wr%n nut'es. NOACK

vol atilities of the base stocks produced by high and | ow pressure

catal yti c dewaxing foll owed by hydrofinishing are shown on Figure 7. In

general , NOAGK Y, it edikiRe carlyse hadsatkedi foh bottehighr ardhiovo pressie 750F
in D2887 simi aetscegéﬁ%?]gﬁ?q ati o}ril)g(see)F Figure 7 and Table 7). For these

product s Jhaekifd. In #hé Sec@iiadackr aeloainencibih yrofINDATR CHRILE W4T y and the
10% point” (see Figure 8). 0 9 MAY 2005  NVO (12/059234 P%ﬁUSA%t]a?j}:“ 943
-43- Fl aghnpleiyed. anicvNpaessuneo490i 600 psiBk RRGALON. Hi laggrggnr P catelystis’ o,
0 il ; : ! D
::glr ?gfgt ic;ngigifé)d?drlﬂ;%c{g gloezflml Qa%ur%%logf Some 18961 6 Slo¥iatfde Wb faBoR i OYLASEar
for good oxidative and UV light stability, however. In high pressure (2500 psig)
operation, the hydrofinishing catalyst is designed for aromatics saturation. The
hvdrofinishing catalyst employed at low pressure was also evaluated at 2200 psig 1n

order to provide a comparison.

EXAMPLE 4

The NOACK volatility test (see Figures 7 and 8) which was conducted on
the neat (unadditized) base stocks, follows CEC L-40-T-87 "Evaporation Loss of
Lubricating oils" using the NOACK Evaporative Tester. In summary, the method
measures the wt.% evaporative loss of a sample held at 250°C (482°F) under a

constant stream of air for a period of 60 minutes.

NOACK volatilities of the base stocks produced by high and low pressure
catalytic dewaxing followed by hydrofinishing are shown on Figure 7. In general,
NOACK volatility can be correlated with the percent off at 750°F in D2887
simulated distillation (see Figure 7 and Table 7). For these products there is also
good comrelation between NOACK volatility and the 10% point. (see Figure 8).



poi nt and 5% boiling point. 0 9 MAY 7005 WD 021059234 PCTI USO / 4dbd ¥A% 3003
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Flash point and Noack volatility behave in an opposite fashion when related

to 5% or 10% boiling points respectively. Figure 9 provides a correlation of flash

point and 5% boiling point.
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2005 WO ,02/7059 923-1 PMUS01149943 -45- EXAMPLE 5 Both cat l)fmﬁ!'?%ét?ms
(hi gh pr&&%8®24t al ytic dewaxing + Arosat HDF catal yst- ?FI 1d&d

Ni - WAL, 03) and | ow pressure catal ytic dewaxi ng + HDF catal yst

(Mb/ A1203) easily net specification pour point and produced simlar |ube
yi el ds and viscosities with hydrocracked | ow aromatic, |ow nitrogen
feedstock. General cbaracterisbcs are sunmarized bel ow. Operation at
2500 psig (vs. 400 psJO reduces dewaxi ng catal yst aging from 2.3 to

0. 2*F/ day, greatly extending potenti al -‘%ycl e length and inproving unit
stream factor. Pour point reduction is twice as responsive to catalytic
dewaxi ng tenperature changes at the high pressure, which could

facilita p Lon of very |ow pour point base stocks, if desired.
(See Fi gMﬁ%e yields and VI's are relatively insensitive to
pressure (see Figure 11) ,
Both catalyst systems (high pressure catalytic dewaxing + Arosat HDF
catalyst (fluorided NiW/A1,0;) and low pressure catalytic dewaxing + HDF
catalyst (Mo/A 1,05) easily met specification pour point and produced similar Jube

yields and viscosities with hydrocracked low aromatic, low nitrogen feedstock.

General characteristics are summarized below.

Operation at 2500 psig (vs. 400 psig) reduces dewaxing catalyst aging from
2.3 to 0.2°F/day, greatly extending potential cycle length and improving unit stream
factor. Pour point reduction is twice as responsive to catalytic dewaxing
temperature changes at the high pressure, which could facilitate production of very

Jow pour point base stocks, if desired. (See Figure 10)

Lube yields and VI's are relatively insensitive to pressure (see Figure 11},
producing 67-72 wt.% yield of 121 VI, 116 SUS base stock at 5°F pour poini
(versus 82 wt.%, 129 VI, 107 SUS with solvent dewaxing on a dry wax basis).
Standard low pressure catalytic dewaxing allowed little adjustment 1n total
aromatics levels as determined by UV absorptivity at 226 nm (Figure 12). Use of
an aromatics saturation catalyst at 2500 psig allowed reduction of aromatics 10

equilibrium levels at 525°F HDF temperature, as determined by UV absorptivities.

The low pressure program was Tun in a two-reactor pilot plant with online
N, stripping capability. Reactor 1 was loaded with 225 cc of dewaxing catalyst
containing HZSM-5. Reactor 2 was loaded with 225 cc of hydrofinishing catalyst
(Mo/A1,05), which is designed for olefin saturation and low desulfurization (critical

for maintaining oxidation stability of conventionally-refined Jube base stocks).



producing 67-72 wt.%yield of 121 NI, 116 SIJS base stock at 5 F dbhMAY 2003
poi nt versus 82 ivt.% 129 VL 107 SUS with sol vent dewax @ ery wax
basi s) . (w%t"éfﬁif’é?ﬁ | ow pressure catal ytic dewaxi ng al |l owed Iﬁﬂs{a@ﬁ”g
adjustnment in total aromatics levels as determ ned by UV absorptivity at
226 nm (Figure 12). Use of an aromatics saturation catalyst at 2500 psig
all owed reduction o 'l aromatics to equilibriumlevels at 5250F HDF
tenperature, as deten-nined by UV absorptivities. The | ow pressure program
was ran in a two-reactor pilot plant wwth online N2 stripping capability.
Reactor | was | oaded with 225 cc of dedéxi ng catal yst containing HZSM 5.
Reactor 2 was | oaded with 225 cc of bydrofm sbing catal yst (M/AI, 03),
which is designed for olefin saturation and | ow desul farization (critical
for maintaining oxidation stabjlity of corivention2lly-re:rne ube base

st ocks) . Botlpcamlyszopsre M@%ﬁlmﬁheﬁ@bgﬁéiiﬂ 943’"“3-@%9”58?%1%19{{ al ysts
were 1/16" cylindrical extrudates and were commercially produced. The | ow
pressur episiiedas done at 400 psig total pressure using pure H -) (415
psi H, partial pressure) and | LHSV (each reactor), with 2500 scf/B H2
circulation. Three HDF tenperatures (465" F. 525*F, and 550'F) were

i nvesti gat ed ificatlQn. i tdtl dreaqicetusi iHaIm
treating seveJi%;agpoﬁefs%@gﬁg{lnggﬁggﬂleiagﬁ%)@?{ag@bl e blgrsge st ocgl.E lnIiﬁmg;h

pressur eF@ﬁ gl gaH%Wéé%ﬁr d PEHIVRescH reaatdr)owith@506rscHiB By pl ant .

React or was | oaded with 262 cc of dewaxi ng catal yst . This cat al.ést was
the sanecHewRsiong TieealJBF temperiturashé465FandstRi apaSiF bwers Invieigaisd 2
was | oaded with 62 cc of a comrercial hydrofjnishi ng. cat alley.si %h

excel | entt spemification pawupeint 6510 4p bEagket jdB ORNUARHIAF§atING SEVELH fhercial | y

Geve ngpredicaon s Nishats st deak. Breserrer Ry Rs I e 3 LT 1o
partial pressurk,3N8d 1l iRt laik ReRlok 1 whb Wba0Rith 262 cc of
dewaxing catalyst. This catalyst was the same dewaxing catalyst used in the
standard pressure run. Reactor 2 was Joaded with 62 cc of a commercial .-
hydrofinishing catalyst with excellent aromatics saturation capabilities (Arosat). It

is commercially available as a 1/16" quadrulobe extrudate.

The high pressure catalytic dewaxing was done at 2500 psig total pressure
using pure Ha (2515 psi H; partial pressure) and 1 LHSV (each reactor) , with 2500
scf/B H, circulation. Four hydrofinishing temperatures (625°F, 575°F, 525°F and

430°F) were investigated at specification pour point (5°F) to bracket an optimurn

treating severity for producing UV light-stable base stock. The data of Figure 12

clearly demonstrate that good aromatic saturation catalysts are needed in the

hydrofinisher following the dewaxing reactor.



scf/B H2 circul ation. Four bydrofinisbing tenperatures (6250F, 575dEMAY 2005
5250F and 450' F) were investigated at specification pour_point (5 F) to
bracket MR Y%Pt424m treating severity for producing W Ii@g?&§?ﬁﬁpg base
stock. The data of Figure 12 clearly denonstrate that good aromatic
saturation catalysts are needed in the hydrofinisher follow ng the
dewaxi ng reactor. 0 9 MAY 2005 WD 02/"9234 PCT/ USQ /49943 -47- EXAVPLE6
SUNLI GHT STABI LI T17 DESCRI PTION OF METHOD In this test, the neat
(unadditized) base stock is exposed to natural sunlight in a glass bottle
and observed periodically for haze.. pgpcipitate, and col or change. All
sanpl es were run sinultaneously at the sane |ocation. RESULTS Light
stability of the high pressure catalytically dewaxed and bydrotreated
base stocks is excellent when the aromatic saturation catalyst is used,
with no ERAMMBIESD e after 42 days (see Figure 13). Products from | ow
pressure catal ytic dewaxing and hydrof m shing and al so from sol vent
dewaxi ng have very poor light stability, deteriorating badly and about

equal 'y withi - i, would indicate that the light instability
IS not awgﬁcfsmmﬁg&occurri ng in the catalytic dewaxing step, but
VPRI O SRR 158 ponents in the hydrocracker bottons. Such
i nst abi | PERGRIE A AR, D ated with 3+ ring aromatics, whicb can be
MD [t OTed bypihgighaerinb éhd HalidideanBhee b eX irbafyseltomairal sisfiightihese
conpounds oxi di ze to produce free radical chain initiators, which
subsequeablaés boRde hndobberotd peribiitaligdobhaze, poeqipiiatec end ackmapiange.adillds .
In I ow aromati c stocks such as these, solubility of these oxidation

pr oduct ssamplesw eradun isEpulbancniysiy 2itthe same 1Teation.gh pressure catal ytically
dewaxed and bydrofi ni shed base stocks have

RESULTS

Light stability of the high pressure catalytically dewaxed and hydrotreated
base stocks is excellent when the aromatic saturation catalyst is used, with no
precipitate after 42 days (see Figure 13). Products from low pressure catalytic
dewaxing and hydrofinishing and also from solvent dewaxing have very poor light
stability, deteriorating badly and about equally within 2-3 days. This would indicate
that the light instability is not a result of anything occurTing in the catalytic
dewaxing step, but rather a result of unstable components in the hydrocracker
bottoms. Such instability is generally associated with 3+ ring aromatics, which can
be monitored by UV absorptivity at 325 nm. After absorption of light, these
compounds oxidize to produce free radical chain initiators, which subsequently
react with other hydrocarbons to produce carboxylic acids. In low aromatic stocks

such as these, solubility of these oxidation products is low and they precipitate out.

The high pressure catalytically dewaxed and hvdrofinished base stocks have
UV absorptivities @ 325 nm that are several orders of magnitude below the other
samples (see Figure 12 and Table 5). Note that the standard catalytic dewaxing

hydrotredting catalyst, even at 2200 psig, is not well suited for removal of these



UV absorptivities @325 nmthat are several orders of magnitude bdl HiAY H@
other sanples (see Figure 12 and Table 5). Note that the s ard

cat al ytl‘c‘f d’é{ﬂéﬁé‘ﬁg bydrotreating catal yst, even at 2200 d"f-'gﬂgqlggﬁat

well suited for renoval of these 0 9 MAY 2005 WD 02/U9234 PCT/ USO /49943
unst abl e conpounds. The light stability results of Figure 13 correlate
with the W results of Figuré 14. EXAMPLE7 The RBOT testing for
oxidation stability (Rotary Bonb Oxidation of Turbine Gls) followed
ASTM Met hod D2272- It was done using thg, base oils plus 0.3 )Ag. %

| rganoxNI L820, which is a comercial ly™&Vailable turbine oil additive
package. In the test the sanple is placed in a pressure bonb along with
wat er and a copper catal yst coil. The bomb is pressured with oxygen to 90

psi, placed a ( ne.
The numbansbd s hplats Gt Dk 8y e igH X3 S8 vilh eV
reported Q@@ ghﬂp results indicate superior oxidative stability.
(See Tabl'& anJ: I'gure 15). RESULTS RBOTperformance of high pressure
catal ytically dewaxed and | ow pressure catalytically dewaxed base stocks
are conpar abl e and good (see Figure 15). Solvent dewaxed oils fromthe
samre compxahpifegd also perforned well, but were marginally | ower on

average. Relative to the catalytically dewaxed stocks, the solvent
dewaxed hydrocracked sanples were fair to poor. and showed a general

bot tom. vs. . FUNa RAUARECHE Bercetae) SahU W eias) ﬁé’h’l&@%@%@e&%%

So1C hoos A Bbima aue) fetiued Eg??wfaemérﬁzz% R4 SPRhe ubing HEBas08s VIO
plus 0.3 wt.% lrganox MIL820, which is a commercially available turbine oil
additive package. In the test the sample is placed in a pressure bomb along with
water and a copper catalyst coil. The bomb 1s pressured with oxygen to 90 psi,
placed in a 150°C (302°F) bath, and rotated axially on an incline. The number of
minutes required for the pressure to drop 25 psi is reported; hence, higher results

indicate superior oxidative stability. (See Table 5 and Figure 15).

RESULTS

RBOT performance of high pressure catalytically dewaxed and low pressure
catalytically dewaxed base stocks are comparable and good (see Figure 15) .
Solvent dewaxed oils from the same commercial feed also performed well, but
were marginally lower on average. Relative to the catalytically dewaxed stocks,
the solvent dewaxed hydroeracked samples were fair 10 poor. and sbhowed a general
trend of decreasing RBOT stability with increasing boiling range (25% bottoms vs.

full range hydrocrackate) and increasing hydrocracker catalyst age End of Run

(EOR) vs. Start of Run (SOR).



EXAMPLES Table 7 illustrates via extremely | ow LN absorptivities ( MG
rimthat polynuclear aromatics (PNA) are |argely absent in | ubes which
have beeWQ ¢2H¥Zd with hi gh pressure catal ytic dewaxi ng fFETOHRAIYY
hydrofinishing with an aromatics saturation catalyst. This correl ates
with the sunlight stability results oil Figure 13. EWPPLE 9 Dewaxi ng
catalyst aging is significantly lower at 2500 psig than it is at 400

psi. In addition, |ube pour point is 2.3 tinmes -inore responsive to
dewaxi ng tenperature changes at the higher pressure. The aging
difference is attributed to |ower rateggof coke formation at the higher
pressure. Catalyst agingis depicted in Figure 10. Hydrodewaxi ng reactor
(reactor]) tenperatures (actual and corrected to 57 pour point) and pour
poi nt are shown versus days on stream As is typical for |ow nitrogen
stocks, ag@YAaMPl@s8are low relative to conventional, solyent-refined

st ocks. | AGH PRESSURE CATALYTI C DEWAXI NG RUN' At 2500 psi,o the catal yst
lined out at 545F within the first two days on stream Aging rate

h h he 36-d gl R |
PO e 28 S RSO, o O S
PCT/ USO / 49943 -50- LOWN.P CATALYTI.C t
of cycle PORFBICH aﬁ%Omcm%%ggqynﬁsegfyg@ﬁngl%rhgt%}el%gge%%gggeé&gr

with a transi to a_l QUKitR@nnt
correcti o™ a? fn_g% %‘6?5‘158&%%5’&@ cﬁ%(}:‘er?git ﬁlﬁ%r@i?ﬁ@ﬁ%%@r Fat {JI’ e was
effective Ec%an? R O lglsherﬂ'@l:é(r‘fera&%%ﬁh thegBek ghtstebidiay fesiitts oRour
poi nts rangi hg from OF t

Figure 13.

EXAMYLE 9

Dewaxing catalyst aging is significantly Jower at 2500 psig than it is at 400 -
psi. In addition, Jube pour pointis 2.3 times ‘more responsive to dewaxing
temperature changes at the higher pressure. The aging difference is attributed to

lower rates of coke formation at the higber pressure.

Catalyst aging is depicted in Figure 10. Hydrodewaxing reactor (reactor 1)
temperatures (actual and corrected to 5°F pour point) and pour point are shown
versus days on stream. As is typical for low nitrogen stocks, aging rates are low

relative to conventional, solvent-refined stocks.

HIGH PRESSURE CATALYTIC DEWAXING RUN

A1 2500 psig the catalyst lined out at 545°F within the first two days on
stream. Aging rate throughout the 36-day run was negligible. Consequently,

extremely long cycle lengths are expected at 2500 psig.



After 29 days on stream the pressure was -increased to 2200 psi. 08 MAY 005
4 days, the catal yst recovered a substantial anpount of it iV, and
t he agi nWQ &€924r opped to near-zero. This woul d suggest t]ﬁ%ﬁﬁlgwéb;%

i ncreased aging at 400 psig resulted from higher coking rates, and sone
of this coke is easily hydrogenated or desorbed when the pressure is

i ncreased. EXA-MPLE 10 In general, increasing catalytic dewaxing
operating pressure tends to reduce distillate y~ield and correspondi ngly
increase C5 mnus yields. Lube yield is relatively insensitive to
pressure. Conpared to sol vent dewaxi ng-§8D V~D there is about a 10
-,N.%debit in [ube yield at 5F pour point, 70-72 wt.%for catalytic
dewaxi ngwith ZSM5 catal yst vs. 82 w.% for solvent dewaxing (dry wax

basis). However, it must be recoem zed that gost solvent dewaxing units
produce Q% PREQSERMMEDO% oil. Thus, actual

sol vent dewaxing yields are in the range of 74 to 80% Product yield
distributions indicate that there is non-selective cracking g occurring

over the hi~gh activity, hi ressur i t i NR; t@at
625F. 0 9 MAY ébgéb Rﬁ@céﬁ%ggﬁgﬁciﬁf’%@ﬁ‘%}géﬁb- sl Ufﬁbgﬁgfﬂqei}ag rops by
6 Wt.% as s i n. Fi.gqur . i is rattePS 6atRIdey. A riviogntr e 17
(Vi scosit“ﬁa%gg%o\ﬁflﬂ%sﬁ?#gtl@e_ﬁgEct}(yéla?gm nstant Pour POi n?j.tgh E‘l\_/bst of
this |ossco§;w® g%.q%d SEAPELHANSE i FIDW yéaelct. tefipddatrs hiak effachve doe
properties a A hydrotreati ng Ferrper ature al so indicate non-sel ective
cracki ng.spThnougheut tHOBD Wirehdier bmiperfure slaten fprayar ROTRY TRBBEHE 18XPI or ed,
vi sconmetric properties of both the low and high pressure catalytic

dewaxi ng .pabe 1o pBGEECts are similar (Figure 18). At 57 pour point,

viscosity is 116 SUS @I 00'F k4.6c¢cSt @ O000Qand' NTIisl2_ 1. Sol vent
dewaxed oil viscosities are 'l ower and

After 29 days on siream, ihe pressure was increased to 2200 psi. Within 4
days, the catalyst recovered a substantial amount of its activity and the aging rate
dropped to near-zero. This would suggest that the increased aging at 400 psig

resulted from higher coking rates, and some of this coke is easily hydrogenated or

desorbed when the pressure is increased.

EXAMPLE 10

In general, increasing catalytic dewaxing operating pressure tends to reduce
distillate vield and correspondingly increase Cs minus yields. Lube yield is
relatively insensitive 1o pressure. Compared 1o solvent dewaxing (SDW) there 1s
about 2 10 Wt.% debit in Jube yield at 5°F pour point, 70-72 wt.% for catalytic
dewaxing with ZSM-5 catalyst vs. 82 wi.% for solvent dewaxing (dry wax basis).
However, it must be recognized that most solvent dewaxing units produce waxes

that contain anywhere from 10-30% oil. Thus, actual solvent dewaxing yields are in

the range of 74 to 80%.

Product vield distributions indicate that there is non-selective cracking

H 3 )
occurring over the high activity, high pressure aromatic saturating catalyst at 625 .



V'1's are higher, which is consistent with the differences in the H/\&MMHM

the two processes achieve their goal. It is apparent fro | Y,
propert i B @A§9344el ds di scussed supra that there is non-?gﬁagf’f’\a;@%

cracki ng occurring over the Arosat hydrofinishing catalyst at 625 F. Lube
viscosity drops off significantly, with a corresponding 3-5 nunber drop
invVl. (See Figures 17 and 18.) Major differences between the properties of
| ubes made with low and high pressure catalytic dewaxing are a result of
the degree of aromatics sataTation in the hydrofinishing reactor -- a
consequence of differences in (1) the 13jpe of hydrofinishing catal yst used
and (2) the hydrogen pressure. These differences are even greater for
aromati c feedstocks, e.g., deeper cut bydrocracked bottons or

end-of -cycl e hydrocracked product. Sol vent dewaxing prefereptially renoves
t he heavileube piejdhdroysooy 6wex’ésas shaves saEiHue dlﬂ&l@e(ﬁ\ﬁﬁVﬁgPWPﬂaégﬁfS

preferenti ally Cracks the smaller, normal 0 9.MAY 700 34

PCT/ USOv4askBiguse 1 7paY mﬂslm\’%ﬁwﬁgﬂalmﬁﬁv?wé%g% Ii%% %&% to

achi eve the sane .pour points. .As a result, th L\ xed

li ght neu¥ost of thie %Sé?‘@?’sé%?oasvpcgaé'?‘gal%’é%}? yl%]_%\;%vt"}% g)réf%esggét[gu?heﬁ?}é?corret ric
performance of .for d.catal.vti : L S=1adtRreSetBekingr to
Col vent  dERRRBIPSCHHLSof TRqTtaN ik EpLls B S fuaihE AR ) ARy COHBRE

absorptivity, as well as product appearance, was relied on for screening
U faushing reactor conditions during the pilot plant studies.

Absorpti vir~, ghrdictRout Wddt bfthe hydvafialsbivg bperating 28ngeexploxd, 325, and
400 nni -- are used as qualitative indicators of the arm\l)an of argmatics,
W th 226 wigeeetsproptirties dHbdthitbe law andthigls presspxsreatalyic\ e axing sPCor
nore rings and four or nore rings arg[,}j ndi cat.ed bg/ o 6 SUS @ 100°F

products are similar (Figure 18). At 5’F pour point, v1 cosity 1s 11 @

(4.6 ¢St @ 1000C) and V1 is 121. Solveni dewaxed oil viscosities are lower and

VT's are higher, which is consistent with the differences in the way that the two

processes achieve their goal.

It is apparent from the lube properties and yields discussed supra that there
is non-selective cracking occuﬁing over the Arosat hydrofinishing catalyst at

625°F. Lube viscosity drops off significantly. with a corresponding 3-5 number

drop in V1. (See Figures 17 and 18.)

Major differences between the properties of Jubes made with low and high
pressure catalytic dewaxing are a result of the degree of aromatics saturation in the
hydrofinishing reactor -- a consequence of Gifferences in (1) the type of

hydrofinishing catalyst used and (2) the hydrogen pressure.

These differences are even greater for aromatic feedstocks, €.g., deeper cut

hydrocracked bottoms or end-of-cycle hydrocracked product.

Solvent dewaxing preferentially removes the heavier, higher pour waxes,

whereas catalytic dewaxing with ZSM-5 preferentially cracks the smaller, normal



absorptivities at 325 nmand 400 run, respectively. Lube aronaticd hMaf 2003
reduced  dramaticall y over the Arosat HDF catalyst. The standard

catal yti NV EHE? bb catal yst, which is designed for ol EFTHJS(”"W‘B
saturation, is nuch Iess effective, even at 2200 psig (see Figures 12
and 21). As seen in Figure 12, absorptivity at 226 nm (which correl ates
with total aromatics) goes through a mninmumfor the high pressure

catal yti c dewaxi ng near 525*F -- marking the crossover froma
kinetically-limted to an equilibrium-limted regine. This m nimum
shoul d nove toward higher BDF tenperat-6€es (and hi gher UV
absorptivities) as feed aromatics increase. The standard catal ytic
dewaxi ng HDF catalyst is kinetically limted for saturating aromatics in

%Fan%t: ??ﬁ%ﬁé‘?ﬁ AR s aner ?@ezgwé : w%?e” PdTn 5%@%%? ;ﬁéﬁ%ﬁ?ﬁm
\%) eg ; ;,l B gg f:lj @ggﬁp&aﬁﬁqg%ﬁéﬁﬁ é?&ﬁg%’f%&l lg gﬁ’gé 1? Iglen 5 %Aeg{‘

hydr ogen pgsgm@agﬂpfvgsct%ﬂéetﬁ I&%’fl%ﬁ'; Hbé% g?%wer @Ef 8% caﬁ#%agg d19
and 20 SHOUAL bl 00 F?%]%Nﬁggéfxgﬁkéd/bﬂwe qARRIBtvGScoBity, Rowevénr two

di fferent ocrac w aromatics content and the other
possessed high aromatics content. The data clearly denonstrate that high
pressure and aromatic saturating bydrofinishiDg catalyst is better than
| ow pressEneAMPEEPi1ni shing with standard hydrofinishing catal yst (See
Tabl e 8.)"TABLE 8 Conparison of Product Char2eteristics RDNNJ HDF
Pressure, )Alt. % Lube Lube Fractional Yield Tenmp7 Tenp, Psig Aronatics

'n Pour vieJd, Uqf a%-ggrlpot%%}pgs wc]ras pro Bet ap]gpgz}rance was(7eti28 on for screening

hydrofinishing reactor conditions during the pilot plant studies. Abscrptivity at five
wavelengths - 226, 254, 275, 325, and 400 nm - are used as qualitative indicators
of the amount of aromatics, with 226 nm corresponding to total aromatics.
Aromatics with three or more rings and four or more rings are indicated by
absorptivities at 325 nm and 400 nm, respectively. Lube aromatics are reduced
dramatically over the Arosat HDF catalyst. The standard catalytic dewaxing HDF
catalyst, which is designed for olefin saturation, is much less effective, even at
2200 psig (see Figures 12 and 21). As seen in Figure 12, absorptivity at 226 nm
(which correlates with total aromatics) goes through a minimum for the high
pressure catalytic dewaxing near 32 5°F -- marking the crossover from a
kinetically-limited to an equilibnum ".limited regime. This minimum should move
toward higher HDF temperatures (and higher UV absorptivities) as feed aromatics
increase. The standard catalytic dewaxing HDF catalyst is kinetically limited for

saturating aromatics in the temperature range examined.

In general, saturation of polynuclear aromatics (400 nm) is relatively easy
and the reaction is equilibrium limited in the normal range of bydrofinishing

temperatures &t high pressures, i.e., polynuclear aromatics decrease and then



(Chg = 143) F Aromatics i Lube Yield)/ (Charge Aromatics) 602 4 QBAY 2005
--~0-0 15-3 -5 -86 0.9 N 7 -50 76 1.1 4255 400 1) 623 425 2200 1.7 5 88
0.1 01 MANPIE2I8 Al t hough many of the exanpl es above havBUEWSYIGYEH
RZSM5 as the dewaxing catalyst, other catalysts, described supra, may
al so be used as dewaxing catalysts. This is illustrated on Figure 20
where the dewaxi ng catal yst was Pt on ZSM 23. Figure 18 shows that |ube
VI and yields obtained with PVZSM 23 are about tb@g3ne 2s or better
Than those obtained by sol vent dewaxing. 0 9 MAY 7005 WD 02/059234

PCT/ US(11/49943 -54- EX6, MPLE 14 A nunbgy3.of medi um pore nol ecul ar sieves
were tested for their abilities to convert a normal paraffin that is
representative ofwaxes in waxy light |ube oil base stocks. Tbe nor nal
paraffin was n-hexadecane. The nol ecul ar sieves that were tested with
this conpinoreasewehsMr6inZEingEmEsrhus. MighsAydoogen presruressaifythe
activity of the catalysts, as neasured by 'the "ALPHA" test, was varied
for the mouddhriun teilewesvaiueher in the synthesis of the sieve or by
stearning, wch is knowmn to reduce the activity of nolecular sieves. A
noble nmetal, nanely platinum was added to each catal yst made fromthe

nmol ecul ar si ever.lslggﬁjéggg:)%ﬁ gaiéﬂgwggﬁeg%S&témo\@ﬁ@@V%;&nmomerﬁhe

si eves. The fol
for two different hydrocrackates. One had low aromatics content and the other
possessed high aromatics content. The data clearly demonstrate that high pressure

and aromatic saturating hydrofinishing catalyst is better than low pressure

hydrofinishing with standard hydrofinishing catalyst. (See Table 8.)

TABLE 8
Comparison of Product Characteristics
HDW HDF | P y Wt.% Lube Lube Fractional Y_ield
Temp, | Temp, r;sssi;re Aromaties in Pour Yield, Of Aromatics
°F | °F Lube Point, wLY% (Lube
(Chg = 14.3) °F Arormatics x
Lube Yield)/
{Charge
Aromatics)
602 425 400 153 5 86 0.9
634 425 400 20.7 -50 76 1.1
623 425 2200 1.7 5 g8 0.1
EXAMPLE 13

Although many of the examples above have employed HZSM-5 as the
dewaxing catalyst, other catalysts, described supra, may also be used as dewaxing
catalysts. This is illustrated on Figure 20 where the dewaxing catalyst was Pt on
7SM-23. Figure 18 shows that lube VI and yields obtained with PVZSM-23 are

about the came as or better than those obtained by solvent dewaxing.



nol ecul ar sieves, their platinumcontents and their "ALPHA" acti vilt9 MaY 2005
TABLE 9 Cbar2cteristics of Ml ecular Sieves Mlecular Pt. W. % "Al pha"
Tenper at W02/0023H vit-j For 9570 Sieve 0/ Conversion, at POFVESPERAE
ZSM 23 0.5 30 547 ZSM 23 0.2 30 570 ZSM23 0.5 1 603 ZSM 48 0.83 5 619
SAPO-11 0.7 i9 V600 ZzZSM5 1.1 8 554 ZSM5 0.4 1 603 ZSM5 0.5 280 445
at 3.0 1 1 LBSV 0 9 MAY 2005 WD 021059234 PCT/ US(11149943 -55- Al of

t hese nedi um pore nol ecul ar si eves are capabl e of high conversions of a
waxy conpound such as n-bexadecane. The activity of the catal yst nade
fromeach nolecular sieve can be signifycantly different dependi ng upon
the activity of the nolecular sieve in the catalyst. The platinum
content also affects the activity. Product selectivities are affected by
the type of sieve, platinumcontent and "ALPRA" activity. Figure 21 is a
pl ot of ipEaEXPPEFANE conversion versus tenperature requirenents. Figure

22 is a prot of the yield of isoneric D bexadecane conversion conpounds
having 16 carbon atons versus bexadecane conversi on.

A number of medium pore molecular sieves were tested for their abilities to
convert a normal paraffin that is representative of waxes in waxy light Jube oil base
stocks.The nérmal paraffin was n-hexadecane. The molecular sieves that were
tested with this compound were ZSM-5, ZSM-23, ZSM-48 and SAPO-11. The
acid activity of the catalysts, as measured by the "ALPHA" test, was varied for the
molecular sieves either in the synthesis of the sieve or by steaming, which 1s known
10 reduce the activity of molecular sieves. A noble metal, namely platinum, was
added 10 each catalyst made from the molecular sieves. The platinum

concentration was varied with some of the sieves. The following table lists the

molecular sieves, their platinum contents and their "ALPHA" activities.

TABLE 9
Characteristics of Molecular Sieves
Molecular Pt, Wt. % "Alpha” Temperature
Sieve Activity For 95%
Conversion, at
04LHSVF
ZSM-23 0.5 30 547
ZSM-23 0.2 30 570
ZSM-23 0.5 ] 603
ZSM-48 0.83 5 619
SAPO-11 0.7 9 600
ZSM-5 1.1 8 554
ZSM-5 0.4 1 603
Z8SM-5 0.5 280 445 at 3.0
LHSV




This figure shows that ZSM 48 and SAPO-1 | give the best sel ectivi&ﬂlMN)m%
| soparaffins. in general. If a high alpha ZSM5 is used, the selectivity
is very WowWosBdever, Figure 23 shows that ZSM 23 gives PRE/UNYHI943
selectivity to the nono-branched isonmers of normal bexadecane. This type
of selectivity may be inportant in determning the VI of |ubricant
products. Thus, it is clear that the conversion of nornmal paraffins, or
waxes, to isoneric conpounds of the sanme nol ecul ar wei ght requires

optim zation of the noble netal content, and the acid activity and the
pore structure of the nolecul ar sieve f-9P- each nol ecul ar sieve used in
trialung a finished catalyst. 0 9 MAY 2005 WO (121(h9234 PCT/ USO /49943
-56- EXAMPLE 15 Extract sofution was obtained from NWextraction of a |
OON bydrocracked distillate according to the follow ng conditions and
dewaxed oil properties. EXTRACTION Tenperatare, (T/B)C 60 H20 i nNTW

1% 5 0L G458 mBE ol bl o LU o

Density, $a%yQddidffAmd\éuch RATRNMIEcRat VTIRe At ihih6Pehkloalalyst made from each
molecular sieve can be significantly different depending upon the activity of the
molecular sieve in the catalyst. The platinum content also affects the activaty.
Product selectivities are affected by the type of sieve, platinum content and
"ALPHA" activity. Figure 21 is a plot of n-hexadecane conversion versus
temperature requirements. Figure 22 is a plot of the yield of isomeric n-hexadecane
conversion compeunds having 16 carbon atoms versus hexadecane conversion.
This figure shows that ZSM-48 and SAPO-11 give the best selectivity to
isoparaffins in general. If a high alpha ZSM-5 is used, the selectivity is very low.
However, Figure 23 shows that ZSM-23 gives the best selectivity to the
mono-branched isomers of normal hexadecane. This type of selectivity may be
important in determining the VI of lubricant products. Thus, it is clear that the
conversion of normal paraffins, or waxes. to isomeric compounds of the same
molecular weight requires optimization of the noble metal content, and the acid
activity and the pore structure of the molecular sieve for each molecular sieve used

in making a finished catalyst.



Ref Index, 75C 1.4429 Density, 15C 0.8454 Visc, cSt/600C 9.86 \i SHAY 2005
cSt/1 OOC 4.10 DFWAXTD RAFFINATE Dry Wax Rern'd, wtQ'o 17.4 Ref |ndex,
75C 1. 4499 02923y 15C 0. 8467 Visc, cSt/40C 20.90 vi scFCTESHC
4.32 wvi 113.9 Pour, C-9 Aniline Point, C 109.7 Sulfur, w%0.0021
Basic N, NVPFM 0.6 Silica Cel-Metbod FLS Saturates, w % 92.47

Arom+Pol aTs. wl% 7.53 0 9 MAY 2005 WD 02W9234 PCTAI S01/ 49943 -57- 2.6
LV% wat er was added to the extract solution to provide a |ight phase
yield of 2.2 LV% and having an Rl @75'C quality simlar to the feed.
From these results the increnental rafbbnate yield fromwater springing
can be estimated as follows: 2.2 LV% Li szbt Phase on Extract Solution -
2.2/ EXOL' % 2.2/0.053 ~ 41.5 LV% on Extract Q.

EXAMPLE 15
Extract solution was obtained from NMP extraction of a 100N hydrocracked

distillate according to the following conditions and dewaxed oil properties.

EXTRACTION

Temperature, (T/B)C 60
H20 in NMP, LV% 1.01
C/C Treat. LV% 155
C/C Yield, LV% 91.7
EXTRACT

Carryunder, LV% 0
Solv Rem'd, wt% 953
EXOLV,LVY% 5.3
Ref Index, 75C 1.4801
Density, 15C 0.8992
WAXY RAFFINATE

Solv Rem'd, wt% 11.6
Ref Index, 75C 1.4429
Density, 15C 0.8454
Vise, ¢St/600C 9.86
Visc, cSv100C 410
DEWAXED

RAFFINATE

Dry Wax Rem'd, wt% 17.4
Ref Index, 75C 1.4459
Density, 15C 0.8467
Visc, cSt/40C 20.90
Visc, ¢St/100C 4.32
Vi 113.9
Pour, C -9
Aniline Pomt, C 108.7
Sulfur, wt% 0.0021
Basic N, WPPM 0.6
Silica Gel-Method FLS
Sarurates, wt% 92.47

Avom+Polars, wi% 7.53



41.5 LV% Li ght Phase on Extract G| = 41.5 x Extract Yield 41.5 ) DMOBH0L
= 3.4 LV%on Fresh Feed. This translates into 91.7 + 3.4 = 95.1 LV% yield
on FreshWEE¥H92H 4 LV nore Fresh Fred = 3.4 x Raffinate REEHNAIHI4
0.917 = 3.1 LV% Increnental Raffinate. 0 9 MAY 2005 WD 02/059234
PCTYUSO1/ 49943 CLAIMS: A process for producing lubricating oils froma

| ubricating oil feedstock conprising the steps of. (a) passing the
feedstock to a hydrotreating zone and hydrotreating the feedstock under
hydrotreati ng conditions to produce a hydrotTeal ed feedstock, (b)

passi ng The bydrotreated feedstock w th§W di sengagenent to a

hydr ocr acki ng zone and bydrocracki ng the hydrotreated feedstock under
hydr ocracki ng conditions to produce a hydrocracked feedstock, wherein at

| east about 30 wt. % of the feedstock is converted to hydrocarbon
products which boil below the initial boiling point of the feedstock,

(c) passing at,leeagty, dA6F a@Bdesd tdehebendrant saluitien hgedsideckligit phase
separation zone and separating gases, a converted hydrocracked fraction
contai ni ng di s{jeld 8L DAIY%i g havitan Rl @ 25U qnabiyesimaled e thefeednkiiom ed
hydrocracked fraction, (d) passing at |east a portion of the -unconverted
bydTocracked fHeRereants theanmementaldiatbindieat eldiromieatsh PIBBPEBAR at

| east two fractions, (e) passing at |east one vacuumdistillate fraction
to a sol vent egstimetadoas 0dlevsand extracting the at | east one vacuum
distillate fraction under solvent extraction conditions to produce a
raffinate,

2.2 LV% Light Phase on Extract Solution = 2.2/EXOLV =
2.2/0.053 = 41.5 LV% on Extract O1l.

41.5 LV% Light Phase on Extract O1} = 41.5 X Extract Yield =
41.5 x 0.083 = 3.4 LV% on Fresh Feed.

This translates into 91.7 + 3.4 = 95.1 LV% vield on Fresh
Feed.

1.4 1.V% more Fresh Feed = 3.4 x Raffinate Yield= 3.4 %
0.917 = 3.1 LV% Incremental Raffinate.



(f) solvent dewaxing the raf finate fromthe sol vent extraction zdh®MAh2005

a sol vent dewaxi ng zone under sol vent dewaxi ng conditions 0 at
| east onWGBIARMH dewaxed fraction, and (g) hydrofinishi ng’gé)?fﬁgiggﬂﬁéast

one sol vent dewaxed fraction in a bydrofinishing zone under
hydr of i ni shing conditions, said hydrofinishing zone including a catalyst
havi ng netal hydrogenation function, to produce Ilubricating oils. 09
MAY 2005 -19 ,ing zone conprises a 2. The process of claiml wherein
"he hydiotrCBL , b drotreating catalyst and tenperatures of from 250 to-
450' C, hydrogenpartial jya | - pressusds of from800 to 3000 psia; space
velocities of fromO0.1 to 10 LHSV and hydrogen treat gas rates of from
500 To 10000 scf/bbl. O The process of claiml wherein The hydrocracking
conditions conprise a hydrocrackingy catalyst and tenperz"Lres of from3
1 -5to 489 .8IM8drogen partial pyeSSI,eSO0' ' | G pS a~ Space -%

e'CCl: eSa 0. 1tol10TESVY and.OM 1-Q0 10 i} .l | k

hvdr ogen It.r eai Agaecess o5 Pmd%@@ﬁﬂ?fmf@@é@lgscﬁ?%ﬁl J_luﬂrfda_tfngfﬂ %%S}p&.

rocess of claim1, wherein the separation zone conprises a separator and
a fracti ©oapRsing the g cess of claim| wbe-ein the fractions from

i bevacuum di stil | at k@ﬂpa%%ﬁ}%%agﬁa‘%P"@f@%@%ﬁ’ﬁwé hlll@hzdltolfatin'gon

and a bottons fract process o eTeirr the distillate
fraction has agviscqsity AlePRedtbtreating conditions to produce a hydrotreated

feedstock,

(b) passing the hydrotreated feedstock without disengagement 1o a
hydrocracking zone and hydrocracking the hydrotreated feedstock under
bydrocracking conditions to produce a hydrocracked feedstock, wherein at
Jeast about 30 wt. % of the feedstock is converted to hydrocarbon products
which boil below the initial boiling point of the feedstock,

(c) passing at least a portion of the hydrocracked feedstock to a
separation zone and separating gases, a converted hydrocracked fraction
containing distillates boiling up to the diesel range, and an unconverted
hydrocracked fraction,

(@) passing at least a portion of the unconverted hydrocracked
fraction 1o 2 vacuum distillation zone and isolating at Jeast two fractions,

(c) passing at Jeast one vacuum distillate fraction to a solvent
extraction zone and extracting the at least one vacuum distillate fraction

under solvent extraction conditions 10 produce a raffinate,

(f) solvent dewaxing the raffinate from the solvent extraction zone in
a solvent dewaxing zone under solvent dewaxing conditions to produce at
least one solvent dewaxed fraction, and

(g) hydrofinishing the at Jeast one solvent dewaxed fraction n a
hydrofinishing zone under hydrofinishing conditions, said hydrofinishing

-one including a catalyst baving metal hydrogenation function, to produce

lubricating o1ls.



a 60' TNl base oil. 7. The process of claim6 wherein The 60N bascdl HMAY 105
bydrotreated prior to dewaxing. S. The process of claim|l wherein the

sol vent extraction zone produces an extract rich in aromatics. 9. The
process of claim8 xvhelein tbe extract 3's senito a fluid catabrtic
Cracker. 0 9 MAY 2005 110. The p,-ocess of claiml|l wbe,-eir the sol vent

exz3ctioll condi bons inclade &a phenol, and' -N-inetb-, | p)7-,o0lidone.
sol vent selected frona at |east one of furfuial, 7 13. The ujocess of
claiml vAerein the solvent extraction Zone includes an | extraction

solvent to -, A bicb has been added from39-to 20 voll/O of walei. 12. The
process of claim8 wherein water is added to said extract rich in
aromatics in an anmount such that the tenperature of the extract is

| owered by no nore than I O'F. 11. The process of claiml wherein said
catal yst in said hydrofinishing zone conprises at |least one Goup VIIIA

and at |east one Goup VIA netal (IURAC) on . a porous_ soal| rt. 14.
The procegs of Teprockss aheleynn @&ﬁéﬁl@é%%ﬁyé%off)%%ﬁ %Prby%?’ﬁ#i%gi ng zone

conprises at |east one noble nmetal The process,-@f. clgio bzl be
j ubi ~cat i hydodtreatimgicetel ek ARBIFBPERFTICS Y I%IPS’ ;al tiOtAyﬁadap £ e};yderygglg se o

sunh-2bi :and anbi air, for | days. . D: %@%Sc ol 0. FaitmIHSY and
-~,, beTei DTQqulqggiogélgiorQ-tﬁ %fq)o }ﬁ%ﬁ@%%h\é%ggﬂgol - upoxlﬁnt 'rj ibe ipnge
from-50"C to -4'C 17. T S H@hMsé f/b. beTtin SO VePl1
&V- - Xi ng TivaregFn H\?@ngace:si&;;??ﬁ ;5;06’3063@@{? ng under catplytic dewaxing
conditions. 0 9 MAY 2005 WO (12/0n9234 PCT/ USOY49943

3. The process of ciaim 1 wherein the hvdrocracking conditions comprise 2

i j atu £ from 315 to 425° vérogen partial
hydrocracking catalyst and temperaiures o from 315 to 425°C, hydrogen pai

T
Elatatel |

A i e apteaislas o0 Y 10 10 THSY and
pressures of from 1200 to 50U psia, space velocities of 0.1 10 10 LHSY &

hvdrogen treat gas rates of 2000 to 10000 scf/obl.

4 The process of claim 1, wheremn the separation zone COMPIIses a SEParatos

and 2 fractionator.

5 The process of claim 1 wherein the fractions from the vacuem distillation

M : i £ 1
zone comprise at least cne distillate fraction and a botioms Iraclion.

6 The process of claim 5 wherein the dictillate fraction has 2 viscosity of 2bout

a 60N base ol

7 The process of claim 6 wherein the 40N basestock is hydrotreated

prior to dewaxing.

8 Tbe precess of claim | wherein the solvent extraction zone produces an

extract rich in aromarics.

9 The process of claim 8 wherein {he exmact is sent o a fhaid catalync cracker.



-6)- 18. The process of claim 17 wherein the catal ytic dewaxing 09 MAY 2005
conditions include tenperatures of from 205 to 400'C, hydrogen parti al
pressures of from 400 to 3000 psia, space velocities of from0.215 to 5
LHSV and hydrogen treat gas rates of from 1000 to 8000 scf/bbl. 19. The
process of claim 18 wherein the catal ytic dewaxi ng conditions include a
dewaxi ng catalyst which is a 10 ring, internmedi ate pore nol ecul ar sieve.
2 0. The process of claim 19 w herein the nbJecul ar sieve is selected
fromZSM 5; ZSM 22, ZSM 23, ZSM 3)5, ZS. NI -48, ZSM 57, MCM 22, SAPO- | |
and SA-PO- 41. 21. The process of clai mé0wherein the hydictreated
feedstock is passed to an initial separation zone to separate gases and
| i ght conversion products prior to passing to the hvd-ocracker. 22. The
process of claiml wherein at |east a portioDof the unconverted

hydr ocracked fraction is recycled to the feedstock to the hydrotreater.
13. The process_of claim2 wherein the hydrotreating.catal yst_ is:. & |_k
net al catlzﬁ-yst%W%S‘épglcéﬁﬁlﬁ' %mcﬂé}s#ﬂﬁ 5&?&?9913 cpg&ﬁécgréﬁ 1?"“’??.’5 The

D 0cess. Ohethen AL oL i GIEHPAEOL B s bt

ThepTOCCSSof claim 12 wherein water is added as part of the solvent in
the formof wet solvent. 0 9 MAY 7005 WD 02/059234 PCT/ USQ /49943 -62-

26. The prigeessypl pfbald YRG! Phibeahabe Qb @hneeribaizohegnsiidesat | s
added to ‘the extract phase, 1 n the absence of cooling, to produce a

phase sepasaidHRn@FHititBavhich HR®egerdced ifom df tea? by di%oarbeterr i ch
pseudo-raf f mat e phase. 27. The process of claim 26 wherein the
pseudo-raffinate is recycled to the

12.  The process of claim 8 wherein water is added 1o said extract rich in aromatics in

an amount such that the temperature of the extract is lowered by no more than 10°F.

13.  The process of claim 1 wherein said catalyst in said hydrofinishing zone comprises
at least one Group VIIIA and at least one Group VIA metal (JUPAC) on a porous solid
support.

14.  The process of claim 13 wherein said catalyst in said hydrofinishing zone

comprises at least one noble metal.

15 The process of claim 1, wherein tbe jubricating oil product exhibits UV light

stability afier exposure 1o sunlight and ambient aw for 10 days.

16.  The process of claim 1, wherein the Jubricaiing oil product bas z pouwr point

ip ihe 1znge from -50°C 10 -4°C.

17. Th-e orocess of clzim 1 wherein solvent dewaxing 1s {foliowed by catalyiic

dewaxing under catelytic Gewaxing conditions.



extraction Zone. 0 9 MAY 2005

WG 02/059234 PCT/USUT I3

61-

18.  The process of claim 17 wherein the catalytic dewaxing conditions inchude
temperatures of from 205 10 400°C, hydrogen partial pressures of from 400 to 3000
psia, space velocities of from 0.25 to 5 LHSV and bydrogen treat gas rates of from
1000 to 8000 sci/bbl.

19.  The process of claim 18 wherein the catalytic dewaxing conditions include

a dewaxing catalyst which is a 10 ring, intermediate pore molecular sieve.

20.  The process of claim 19 wherein the molecular sieve is selected from ZSM-
5. ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-57, MCM-22, SAPO-11 and SAPO-
4],

21.  The process of claim 1 wherein the hydrotreated feedstock is passed 10 an
initial separation zone 1o separate gases and light conversion products prior to

passing to the hydrocracker.

22, The process of claim ] wherein at Jeast a portion of the unconverted

hydrocracked fraction is recycled to the feedstock to the hydrotreater.

23.  The process of claim 2 wherein the hvdrotreating catalyst is a bulk metal

catalyst having at least 30 wt.% of the catalyst is metal.

24.  The process of claim 23 wherein the hydrotreating catalyst is 2 bulk metal

catalyst having at least 50 wt.% of the catalyst 1s metal.

25 The process of claim 12 wherein water is added as part of the solvent in the

form of wet solvent.



0 9 MAY 2005

WO (2/059234 PCT/US01/49943

-62-

26.  The process of claim 8 wherein water or water containing solvent is added to
the extract phase, in the absence of cooling, to produce a phase separation resulting

in the generation of a hydrocarbon rich pseudo-raffinate phase.

27.  The process of claim 26 wherein the pseudo-raffinate is recycled to the

extraction zone.





