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UPGRADIN@E65§§E§S FIELD OF THI' S I NVENTI ON Thi s invention pet/asesiso the
hydr ocr acki ng- and subsequent catal ytic dewaxi ng of petrol eum
chargestocks. In particular, it.relates to an integrated fuels

hydr opr ocessi ng schene which conprises hydrocracking, distillation,
catalytic dewaxing and bydrofini shing steps. BACKGROUND OF THE | NVENTI ON
M neral oil lubricants are derived fromvarious crude oil stocks by a
variety of refining processes directedijtowards obtaining a |ubricant

base stock of suitable pour point, viscosity index (VI), stability,
volatility and boiling point, viscosity, other characteristics.

General ly, the base stock will be produced fromthe crude oi.l by
distillation of tENTRGRATERIWEBRIGANTOE G y QCESON towers,

foll owed by the renoval of undesirable aromatic conmponents by neans of
solvent refining and finally, by dewaxing and various finishing steps.

Because multi-ring aromatic _copponents |ead to poor thermal and |ight
stabi | i tﬁ%ﬁ&&ﬂl&ﬁﬂi&bﬁﬁ y poor viscosity indices, the use of
crudes of | ow hydrogen content or asphaltic type crudes is not preferred
as the yield of acceptable |ube stocks will be extrenely low after the

| arge quantiti.es. of ' @Eﬁ\g | L basiacks from
such crudes ha %sk}%%ﬁ@%@g&eﬁg@g{ﬁp@% I n?%ﬁgnsgﬂﬁl% htnheni ? crude
stocks argwhigh %ffg{e?roﬂ’éwﬁﬁ sk stk sanamRtiCulef, deteIBRt tpradndgrated Ards
necessary w t)h Feedstocks whith contain pol ynucl ear aromatics in order
to renovedepsddealing sahenmetvwhichaomperisstisdrociBehng. 7008lation, catajytic

dewaxing and bydrofinishing steps.

BACKGROUND OF THE INVENTION

— -

Mineral ol lubricants are derived from various crude oil stocks by a variety
of refining processes directed towards obtaining a Jubricant base stock of suitable
boiling point, viscosity, pour point, viscosity mdex (V1), stability, volatility and
other characteristics. Generally, the base stock will be produced from the crude oil
by distillation of the crude in atmospheric and vacuum 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 arcmaric
components iead to poor thermal and light stability, poor color and extremely poor
viscosity indices, the use of crudes of low hydrogen content or asphaltic type
crudes is not prefesved as the yield of acceptable Jube stocks will be extremely low
after the Jarge quantities of aromatic components contained in the lubestocks from
such crudes have been separated out. Paraffinic and naphthenic crude stocks are
therefore i:refened but aromatic treatment procedures are necessary with feedstocks

which contain polynuclear aromatics in order 1o TEmMove undesirable aromatic

COIIPODNENLS.



WD 412/ 3870n PCT/US01/31841 In the case of the |ubricant distillat83MAY 2003
fractio nerally referred to as the neutrals, e.g. h . |,

| i ght nreﬁpr' ﬁ” Uetc the aromatics nmay be extracted by s%yu{lﬁ}ihﬁ
extraction using a sol vent such as farfural, n-nethyl-2-pyrrolidone,
phenol or another chem cal which is selective for the extraction of the
aromati c conponents. |If the |ube stock is a residual |ube stock, the
asphaltenes will first be renoved in a propane deasphalting step

foll owed by solvent extraction of residgal aromatics to produce a | ube
generally referred to as bright stock. Tn either case, however, a
dewaxi no step is normally necessary in order for the lubricant to have a
satisfactorily | ow pour point and cloud point, so that it will not
solidify or ghabeRat@bftlidiabrieast @z@huﬁhe:rmmfsf% izaliprefenedtiis autider t he
i nfluence of low tenperatures. U S. Pat 75,719 (Baker et a],

her ei naf tretraBalkear. Heaty sebtakdight npnbek st f the apomatics n@ydamc:gmmeckbpa ty

i ndex | ubricant ich possesses a VI of at |east 140 from a_hydrocarbon
feed of sohemalextiattion uging abolyentcaehaisfurfural; sgeathybanpwuntidonsm phrael a
wax cont ent of at | east, 50, Mowherein the feed i.s ydrocracked in an

initial <¥agethex gheansalwhichdsgelechveiy ei"ém@l‘:BER Qe AFPYE typical y
o Ay 2088 TS Hhe Tebruorind Feiai 1anrbek GeRREIE RN Be i v
CENCTAL BB G B e oyl sion B i
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 Iubricant 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 Jow

temperatures.

U.S. Pat. No. 5,275,719 (Baker et al, bereinafter "Baker") disclosed a
process for producing a high viscosity index lubricant which possesses a VI of at
Jeast 140 from a hydrocarbon feed of mineral oil origin which contains nitrogen
compounds and has a wax content of at least SO0wt% wherein the feed is
hydrocracked in an initial stage. A preferred feed in Baker 1s slack wax, which

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



KV at 100 OC., cSt 5.168 |1'NA ,w pct: Paraffins 703 Napht henes 0.9 MAY 7005
Aromat i o olf/a379Si nul ated distillation: % OC. (~F) 5 -3 ﬁly:h%m-léo
413(775) 30 440(825) 50 460(860) 70 482(900) 90 500 ( -D-S)) 95 A
fuel s hydrocracking process with partial liquid recycle is disclosed in
U S Pat. No. 4,983,273 (Kennedy et a].). In this the feed (usually
vacuumgas oil (VGO or light cycle oil (LCO) is processed in a
hydrotreating reactor, then in a hydrocracking reactor prior to being
passed to a fractionator. A portion of .the 0 9 MAY 2005 WD 02/38705

PCT/ USO1/ 31841 -4- fractionator bottons is then recycled to the

hydr ocracker. Yukong Limted has disclosed (International Application
PCT/ KR94/ 00046, U.S. Patent 5,580,442) a nethod for producing feedstocks
of high quality |ube base oil fromunEsbleekted oil (UCO of a fuels

hydr ocracker operating in recycle node. Catal ytic dewaxi ng processes are
becom ng favored for the production of |lubricating oil stocks. They

possess a nunber of advgfk?ﬂg%w%RgbeEﬁ?fﬁ@?ﬁ'@ﬁﬁlEm

API 39
Hydrogen, wt. pct. 15.14
Sulfur, wi. pct. 0.18
Nitrogen, ppmw j1
Melting point, °C. ( °F.) 57 (135)
KV at 100 °C., ¢St 5.168
FPNA, wt pct:

Paraffins 70.3
Naphﬂuenes 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 hqmd recycle is disclosed m U.S.
Pat. No. 4,983,273 (Kennedy et al.). In this the feed (usually vacuum gas oil (VGO)
or light cycle oil (LCO)) is processed in a hydrotreating reactor, then in a

hydrocracking reactor prior to being passed to a fractionator. A portion of the



sol vent dewaxi ng procedures. The catal ytic dewaxi ng processes operﬂ@@“&ﬂ%5
sel ectivegl acking the normal and slightly branched waxy, f.i to
produce ‘%&géwﬁblecular wei ght products which may then béwﬂZ“gbgyﬂ y
distillation from the higher boiling |ube stock. Concurrently with

sel ective catalytic cracking of waxy nol ecul es, hydroi sonerization with
the sane or different catal yst' can convert a significant anount of

| i near nol ecul es to branched hydrocarbon structure having inproved

col d-flow properties. A subsequent hydrgfinishing or hydrotreating step
is commonly used to stabilize the product by saturating |ube boiling
range ol efins produced by the selective cracking which takes pl ace
during the dewaxing. Reference is made to U. S. Patent Nos. 3,894,938
(Gorring ftacadngtor BottGhs 2OBen (& ydl€d 1 thetiyd@bepackéds. 38QkEAL LaMiteldaras,
5,246,568 (Kyan et a].) and 5,282,958 (Santilli et al.) for descriptions
of such pdochkssé{Initipdtona rApplidationAET AGRHSON46986]. Patehied S804 hi |
Lube Dewaxing Process, which process is also described in Chen et al

"| ndust r | metigbfarqpreduring feedstosks of high pualitydube pese oil Exom| uncravertet pil

Eng. 28 . A85-264 (1986), to which reference is nade for a further
descri ptié}ﬁéﬁ) qf#ﬁﬁfﬁ%@fi%@%@@%%}g "q_{%é’cfﬁe‘i% Fng Technol ogy and

Econom cs", Hydrocarbon Asia 4 (8), 54-70 (1994). In catal ytic dewaxing
processes of this kind, The catal yst becones progressively deactivated-

as the dewaxin : , Lend

02/ 38705 PCT/ 1%%%%%@%:}@j;??ﬁcess%sg%gdrggtsal@gag?v@ﬁcei‘}ggmdﬁéxﬁrﬁgﬁrggg%t\‘i?r is
progr essi Kfricatial T8 stbéksO IRy pddsedtarhumber bABARInt BRI 0RQIthE cbBVertitmal
product. There iS a limt, however, to which the tenperature can be

rai sed befalwvent dewvpringerddedaresf Theecapalytiodewrmdngrproosnsesoapratel |y For
this reason, the catalytic dewaxi n‘g 1process is usually operated in
cycl es wi seleetively engsding eaopmiahgnd alighidy brandbed wanysparefiiphto pyRduge f r om

a lowstart- of-cycle (S val ue, typically in the r e ,of..about. 450" F
fo Sor (lavuenmolsbals WaEEarogyctS it ridhuinen G epved iy G EBER e,
typicall yth%%ﬁher%&li%é?&be( &B&Ht Concurrently with selective catalytic cracking of

waxy molecules, hydroisomerization 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 takes place during the dewaxing.
Reference is made to U.S. Patent Nos. 3,894,938 (Gomring et al.), 4,181,598
(Gillespie et al.), 4,360,419 (Miller), 5,246,568 (Kyan et al.) and 5,262,958 (Santilli

et al.) for descriptions of such processes. Hvdrocarbon Processing (Sept. 1986)

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

al "Industrial Application of Shape-Selective Catalysis" Caral. Rev.-Sci. Eng. 28

(283), 185-264 (1986), to which reference is made for 2 further description of the
process. See also, "Lube Dewaxing Technology and Economics”, Hvdrocarbon

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



354-385"'Q after which the catalyst is reactivated or regenerated B 8/MAY 7005
new cycl e pi.cal ly, dewaxing catal ysts which enploy ZSM5 as the
active iﬁ&r"@g‘?‘@ﬁt may be reactivated by hot hydrogen. Q%&T’@\}\ﬁiﬁ%g
catal ysts nmay be decoked using air, or oxygen in conbination with N, or
flue gas. Catal ysts which contain active ingredients, such as ZSM 23 or
SAPO-1 1, that are |less active than ZSM5 containing catal ysts nay have
start-of-cycle (SOC) and end-of-cycle (EOC) tenperatures that are 25 to
50 ' C higher than those that contain ZSWM5. The use of a netal

hydr ogenati on conponent on The dewaxi ng” catal yst has been described as a
hi ghly desirabl e expedi ent, both from obtaining extended dewaxing cycle
duration and for inproving the reactivation procedure. U S. Patent No.

4, 683, 053hidl 86 Rafferitiee BE theOdeDh E rERIR 1sGRIPRRENEDy faifed M order R as
superior tO0 base'netals such as nicCkel for "thi's purpose. A suitable

cat al yst rhest tHewagenpownsbint farntae pzodigt 0T hisyedise Iiadtydowzavey, tberkbich dhks
may contain 0.1-0.6, w.%Pt, for instance, as described in U S. Pat.
No. 5, 282emperatdress9, 13d daised] beorel @@; prapartes 483he prodiict beeamea21: 5, 246.
41859, 312- 4~921,594- 4-9432424; 5,082,6986- 5,135. 566; 4,689, 138. ..
Cheni cal unaseeptable. daanibisirerseuile eatalygisstenaring peocass 35 preabreperated in

1 P hAd B A o
li cat i t] i t j £no i sact

of "ot h fAFNTE FROCTvERR, BHlcART fitehds 6P 400 4 P A0 S0 iy 232

convent | qgal7490NGH HYihal, B OHRISETECKEPIANE, 1ybR@IAL ARG 0L TUATH (uBelar

certain circunstances tend to travel “differént flow paths. The gas phase
can fl ow353-388°Q) afeit whichothel catesystps esstivetedr@giegenaated fortricrasytlae

| iquid phase flows by gravity in a trickle path over and i
Typically, dewaxing catalysts whick employ ZSM-5 as the active ingredient may
be reactivated by hot hyvdrogen. Other dewaxing catalysts may be decoked using
air, or oxygen in combination with N, or flue gas. Catalysts which contain active
ingredients, such as ZSM-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 1o 50 °C higher than those that contain ZSM-3.

| 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. Ptor 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 descnibed in U.S. Pat. No_. 5,282,958, 4,859,311; 4,689,138; 4,?]0,485;
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 Jiquid and gaseous reactants present difficulties

in obtaining intimate contact between phases. Such reactions are further



around the catalyst particles. Under conditions of low liquid to gB§ MAY 2005

ratios, Rarall.el. channel flow and gas frictional drag ca [{W‘Fﬁ
liquid fﬁ?’vﬁrjl"é’ﬁ']-buni formy, thus eaving portions of the crt)a a 'y’slltahﬁéd

underutilized due to |lack of adequate wetting. Under these

ci rcunst ances, commercial reactor performance can be nmuch poorer than
expected from |l aboratory studi‘es in which flow conditions in small pil ot
units can be nore uniform In refining of lubricants derived from
petrol eum by fractionation of crude oilg a series of catalytic reactions
may be enpl oyed for 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

react or s. cdiaplivaet astieratherddsiredfregefdiog kataivyc bed sejuitisiooatact by boticfladked
by known techni ques to open polynuclear rings. This can be foll owed by

hydr odewephiasgs aviti asohidaatadestatinahe epetadohyodroonvestiomad conoumentt act with
different catalysts under varyi n? reaction conditions. An integrated

t hr ee- st epultiphasestacioryy thpgavasd hiquidnnder cegainsiraumsipeeesdend 10 trapel

U S Pat. -No. 4,ﬁ83, 271. Jgﬂ a tygi cal | ti.- phage hydro ﬁewaxi ng react or,
the aver agjdtegaat oy paths., She gas phesecantlowandag irpehon ghieaskPEBIE 1: 4 to
20: 1 under._process .condjti Qns.. referab the..ligquid 4:S .S ' o the
cat al yor Tssiuaices WHEREE ediiag pRAfO AP E o SRRy S IckE R RV bEid o ' The
vol une of r ; ' : |

[ Tquid  cAaondTEY ABTLIBARANE, LdehRoltRLR, bR s liguid 38 Hes atet, P8 v

7005 WO 3l GRovPald UB0 #ig3sihl drdg cxppfake the HguidfloRticruaifommh) dns,
et hane, propane and butane fromthe dewaxi ng reactions, adiabatic

heat i ng oOleaeiapsitions ednhakstal vt bed undemiizkdnae to fdiRdageatHretting.

| NVENTI ON An i nproved, integrated process for hydrocracking and

hydr odewakindgr these circumstances, commercial reactor performance can be much poorer
than expected from laboratory studies in which flow conditions in small pilot units

can be more uniform.

In refining of lubricants derived from petroleum by fractionation of crude
oil, a series of catalytic reactions may be employed for severely hydroteating,
converting and removing suifur and nitrogen contaminants, hydrocracking and
isomerizing components of the lubricant charge siock 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 hydrotreating) in contact with different
catalyéts 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-hquid
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 a rate to occupy about 10 to
50% of the void volume. The volume of gas may decrease due to the depletion of

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



hi gh-boi ling paraffinic wax-containing liquid petroleum | ubricant BB MAY 2005
char gest,g .has now been found. Vacuumgas oils, |ight l kig$y OF
even dea\ggﬁgf"?g% oils as well as other feedstocks nmay beﬁﬁgﬁggf?gg ed in
a fuels hydrocracker schene which conprises a downstream vacuum
distillation unit. Catalytic dewaxer feedstocks having hydrogen about
13.5 wt.% are produced fromthe fuels hydrocracker and subsequently
dewaxed, bydrofinislied and distilled. At |east 30 weight percent of the
feedstock is converted to hydrocarbon products which boil bel ow the
initial boiling point of the feedstock. The inproved process for

produci ng diesel fuels fromlubricating oil feedstocks conprising the
steps of (a) passing the feedstock to a fuels hydrocracker under _

hydr ocr ackipigs éandifoimaton of peshiaree ethanyg dpmpaae ked bheensironkhe ewesing at

| east about 30 wt. % of the feedstock is converted to hydrocarbon

product s reabiichs, edisbdtisl heetingeriaxpansipn isehlalspafeat the volumee f eedst ock,

(b) passing at |east a portion of the hydrocracked feedstock to a
fractionation zone and separating fromthe hydrocrack-ed feedstock a
converted r i Ld converted hydrocracked fraction
cont ai ni rsﬁi‘%'ﬁ y } N iling point range, (c) separating
the fraction containing distillate boiling in the diesel range fromthe
converted hydrocracked -fraction, (d) passing the distillate fraction

boi ling in theadi n | i8¢ hedinessQaesad Rgdrsdesvaise MAY
2005 NvVO 0’ .‘1%"8@1%0@103%1&7 %%%Jé“rlgge?&{%@%%)%%g}drodemxi ng thg distil I%t e
fraction b’%‘hl-bdﬁﬁrﬂgrpdrhﬁhﬁb es®l-comageng hqual petralewt labrdemaihghagestoksder
catal ytic dewaxi ng conditions to produce a dewaxed diesel fractiaoqn,

wher ei n t has tawdieen fouddwdkiouync garioils, dight icielewuls of even gsasphaliedgilsas

medi um pore_nol ecul ar sieve catal yst~ an . .
P well as other feedstocks may be ﬁyé:ocracil(ed in a fuels hydrocracker scheme

which comprises a downstream vacuum distillation unit. Catalytic dewaxer
feedstocks having hydrogen about 13.5 wt.% are produced from the fuels
hvdrocracker and subsequently dewaxed, hydrofinished and distilled. At least 30
weight percent of the feedstock is converted to hydrocarbon products which botl
below the initial boiling point of the feedstock. The improved process for
producing diesel fuels from lubricating oil feedstocks compnsing the steps of:
(a) passing the feedstock to a fuels hydrocracker under
hydrocracking conditions to produce 2 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,
(b) passing at least a portion of the hydrocracked feedstock to a
fractionation zone and separating from the hydrocracked feedstock a
converted hvdrocracked fraction, said converted hydrocracked fraction
containing distillate in the diesel boiling point range,
(c) separating the fraction containing distillate boiling in the diesel
range from the converted hydrocracked fraction,
(d) passing the distillate fraction boiling in the diesel range to a

catalytic hydrodewaxing zone,



(f) hydrofinishing the dewaxed diesel fraction in a hydrofinishing 3 Mh&0
under hydf@hdpi-shi ng conditions, said hydrofinishing zone p@ghughgan
aromatics saturation catal yst having nmetal hydrogenation function, to
produce a diesel fuel. In another enbodi ment, the process of the invention
for producing diesel fuels froma lubricating oil feedstock conprises the
steps of: (a) passing the feedstock to a hydrotreating zone and
hydrotreating the feedstock under hydrotreating conditions to produce a
hydrotreated feedstock; (b) passing at.d-east a portion of the
hydrotreated feedstock to a hydrocracki ng zone and bydrocracki ng

t hehydrotreated feedstock under hydrocracking conditions to produce a
hydrocracked feedstock, wherein at |east about 30 w. % of the feedstock
is converted in the (ebyodosdevaniing thry distiladkiciprrboidingtio thy diaschrapgn in
products which boil below the initial boiling point of the feedstock; (c)
passi ng at | eagtcatalybe devnxvig zaae npdeneatakykis depasdng 6erditpng to produce a
fractionation zone and.separat.ing fromthe hydr.ocyacked feedstock
converted hydr &@M@é&@glﬁfﬁegg&aﬂ;ﬁl}, ‘é’g?@%m%&ic HYW%@QE%%P%H&(B a
containing distillate in the diesel boilin gl nt e, (d) separating
the fraction céh?%‘? ﬁ%ﬁ%ﬂ\’ﬁ,g}g@ 1P’él’t}é°1lgdp?]ieﬁgﬁ?ﬁlet‘ﬁecag‘?gg‘e?nérange fromthe
converted hydrocracked i : i chino

PCT/ USO1/ 31841 - 9- @) hé’ﬁﬁ@%@ﬁ?ﬁgh‘gP%ﬁf%@?gs?fr\ka%%‘é}ﬁﬁéi(hiyiﬁﬁ%ﬁ?’ﬁm?ﬁe

di esel range tgue ug@bAhy&iofinitEhOLenamions, edBydfdinifidicodeisdntdirgen

distillate fraction boiling in the diesel rTange in _ _
aromatics saturation catalyst having metal hydrogenation function, to

produce a diesel fuel.

In another embodiment, the process of the invention for producing diesel
fuels from a Jubricating oil feedstock comprises the steps of:

(a) passing the feedstock to a hydrotreating zone and hydrotreating
the feedstock under hydrotreating conditions to produce a hydrotreated
feedstock;

(b) passing at least a portion of the hydrotreated feedstock to a
hydrocracking zone and hydrocracking the hydrotreated feedstock under
hydrocracking conditions to produce a hydrocracked feedstock, wherein at
least about 30 wi. % of the feedstock is converted in the
hydrotreating/hydrocracking zones 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
fractionation zone and separating from the hydrocracked feedstock a
converted hydrocracked fraction, said converted hydrocracked fraction
containing distillate in the diesel boiling point range,

(d) separating the fraction containing distillate boiling in the diesel

range from the converted hydrocracked fraction,



a catal ytic dewaxi ng zone under catalytic dewaxing conditions to pﬁ&c&%éﬂ%
a devaxgg (Ehﬁ%l fraction, wherein the catal ytic dewaxi nQﬁﬂJ%i]Biﬁ?s
S S al'y

i ncl ude a ape sel ective, nedium pore nol ecul ar sieve cat st, and (Q)
hydr of i ni shing the dewaxed di esel fraction in a hydrofinishing zone
under hydrofinishing conditions, said hydrofinishing zone including an
aromatics saturation catal yst ‘having netal hydrogenation function, to
produce a diesel fuel. After subsequent distillation, the dewaxed di esel
fuel product has less than 10 w.% preferably Iess than 5 w. % -
aromati cs and enhanced oxidative stability and UV light stability. The
preferred hydrodewaxi ng catal yst conprises a nol ecul ar sieve having
pores conprised of 10 oxygen atons alternating with predom nately silicon
atonms, such as al ufd)npassirigctheaisteddie festibahongng hethetdiasd] wargofo ZSM 5,
ZSM 23, ZSM35 or ZSN4-48. O her non-zeolitic nol ecul ar sieves, such as
SAPO 1 1, bavigatalysichividzsedewating gone, are al so suitable catal ysts. Wth

the exception of ZSN -5,.it is desjrable that the catalyst conprise from

0.1to 1.2 wt. % nog‘b ehm;péwamﬁgﬁh%3:%&%3&%%&5% Inghy digse] Tapgeqs pt

and/or Pd is preferred, The preferred hydrofinishing cat.alyst to he

el oyed subs iR e HRNEE  TAPeCHTisT ey dr i coR R IowPRcs ¢ a

and one G oup : ( ) ‘ b, SURPOL .

and/ or Pd on a&ém&g%?liﬂ stfégpg?{ér éﬂqgé %@@g}o@&\%ﬂegg@gg@% itk -

PCT/ US01/ 3184 L}ra}@-sefrcBvEEmBHINS pofd AloYadu] £1006w SR shisggel and tungsten

netals on a porous alumna support is a good exanple.” The support may be

fluorided. As previ{@)shydiofiisbatedhe geeieasd didsdldeationintabydrodingshing

hydr ocracker are vi rdgi n gas oils, such as |light vacuumgas oil_ (LVGO),.

vacuum gas oi |zqngadeadydhefanighing conditions, said hydrofinishing zone including an
aromatics saturation catalyst having metal hydrogenation function, to

produce a diesel fuel.

After subsequent distillation, the dewaxed diese] fuel product has less than
10 wt.%, preferably less than 5 wt.% aromatics and enhanced oxidative stability

and UV light stability.

The preferred hydrodewaxing catalyst comprises a2 molecular sieve having
pores comprised of 10 oxygen atoms alternating with predominately silicon atoms,
such as aluminosilicate zeolites having the structure of ZSM-5, ZSM-23, ZSM-35
or ZSM-48. Other non-zeolitic molecular sieves, such as SAPO-11, having similar
pore size are also suitable catalysts. With the exception of ZSM-5, itis desirable
that the catalyst comprise from 0.1 to 1.2 wt. % noble metal. In the instant

invention, 0.2 to 1 wt.% Pt and/or Pd is preferred.

The preferred hydrofinishing catalyst to be employed subsequent to
dewaxing comprises at least one Group VIILA metal and one Group VIA metal

(TUPAC) on a porous solid support-such as Pt and/or Pd on a porous sclid support.



vacuumgas oil (HVG) . VGO and H VA normal |y contain significant D 8\MAY J005
of  pol ygy@lslg;@romatics. Vacuumgas oil or light cycle oigctyphigaddsy
possess paraffin contents of less than 30 wt.% as illustrated in Table
2. TABLE2 17CO Properties in General APl Gavity 23.2 Distillation.
"Oyt. Rct. 225 - 3450C (437 - 6530F) 7.0 -345 - 4000C (653 - 7520F) 17.0
4000C+ (7520F+) 76.0 Sulfur, INt. pct. 2.28 Nitrogen, ppnw 5 50 Pour
Point, "C('F) IS (95 Kvat I OOCC, cSt 5.6 P/ NA w. pct. 29/21/50
Advant ageously, the dewaxi ng stage and-tydrofi ni shing stage are operated
at substantially the sane pressure, and the entire dewaxed stream from
the dewaxing stage can be passed directly to the hydTof m shing stage in
a cascade operation. 0 9 MAY 2005 WO QVA705 PUPUSO01l/ 31S41 A dewaxed
product oA bimetalliedastpdiiddntsinmgnicheland smgsictuneldls Tha parpus simisker

i ncreases the hydrogen content, reduces the viscosity and | owers the

boi | i ng rsupperois a peodbsxpmpleackks supargaaybsdiuorded.cat al yti ¢ dewaxer

sel ectively cracks and/or bydroi sonerizes the waxy hydrocrackate. The
hydr of i ni sher hydrogenates aromatics and ol efins, and reduces the

ultraviolet |ight absorpt. vt f e r . I

di esel product 'SSPIE}SJIOBF]I% ! C%%‘g HTS@;]%’P gﬁ%@gﬁ% 1€ Byardbfacker de'Viftn
gas oils, such as light vacuum gas oil (LVGO), vacuum gas oil (VGO) and heavy
vacuum gas oil (HVGO). VGO and HVGO normally contain significant levels of
polycyclic aromatics. Vacuum gas oil or light cycle oil typically possess paraffin

contents of less than 30 wt.%, as illustrated in Table 2.

TABLE 2
VGO Properties in General

API Gravity 23.2
Distillation. wit. pel.

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 350
Pour Point, °C (°F) : 18 (95)
KV at 100°C, cSt 5.6
P/N/A, wi. pct. 29/21/50

Advantageously, the dewaxing stage and hydrofinishing stage are operated
at substantially the same pressure, and the extire dewaxed stream from the
dewaxing stage can be passed directly to the hydrofinishing stage in a cascade

operation.



content, inproved cold flow properties and excell ent oxidation st agﬂIWtWﬂﬂS
THE DRAWLNGS,sFhgure | is a schematic diagramof a fuels hygdr acker

sui t abl \ﬁp(??/sggg in the instant invention. A hydrot reater'f1 'ﬁ%'ﬂ tHacker.
separator, vacuumdistillation wunit and hydrofinisher are illustrated.
Figure 2 is a sinplified diagramshow ng a series of vertical reactors
with fixed catalyst beds, showing major flow streans; Figure 3
denonstrates the rel ati onship bet-ween boiling point and viscosity for
pure conponents and vacuumgas oils from Arab |ight crude. Figure 4
presents a conparison of the features of small pore, nedium pore and

| arge pore zeolites, or nolecular sieves. Figures 5 through 21 are
graphic plotsOf product properties conparing various process paraneters
for the inprovadepaxedpsodud ol ibprevaiistabiity @nd I 16GR6duY¥. 0Ph88705
PCT/ USQO Y31841 -12- DETAI LED DESCRI PTI ON OF THE | NVENTION 1. Feedstock
to the | dtvdgecrackerrinoresss thedydragancaitentyethmearthoniscesity andRowersthe
integratg&,]orocess of this invention is a  |ube range feed with an
initial 11

I ganas; o the heydrecraskes sihar grgstpeln  heetataly e dewaxgr selecavedy | ube
Cypi oal | YT B L ORQDIE R dor PEEEAEp R GTORRbet han 345
'C (653" ' S| . ISt t
100 ¢ adIpfind HoBREL s Rlefi i reics P IRMMIA NS BBAGRASRS e
feed is Ctﬁauewake@g}ddﬁcz.pme%@ﬂﬁﬁ dﬁé&%&%ﬂﬁ%i@i@kﬁhés@thglﬁ l’:lf’orfﬁt?c%ti on
froma crude source of suitable t%pe. nerall'y, the ctude w be

subj ect edonterpimprovspeld flooi opehtiisiaad eedllbhcoxidhtios ghdiligy. r esi duum
(long resid) will be subjected to vacuumdistillation to

THE DRAWINGS

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

unit and hydrofinisher are illustrated.

Figure 2 is a simplified diagram showing a series 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 comparison 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 parameters for the improved process and lube products.



produce the initial unrefined |ube stocks. The vacuumdistillate B 8 A 2005
or "neutygl :0cks and bright stocks from propane deasp ' t
vacuun1d5§t|(rzblon bottons are used to produce a range gﬂ¥@p§ﬂggpﬁy
products. In conventional solvent refining |ube plants, the feedstocks
are subjected to solvent extraction to inprove their \1 and other
qualities by selective renoval’ of the aromatics using a solvent which is
~ phenol, or n-methyl-pyrrolidone. In the selective for aromatics such a
farfural. invention, the feed is subjecged to hydrocracking prior to
dewaxi ng and bydrofinishing to obtain the desired product
characteristics. The unrefined vacuumdistill ates and propane deasphalted
oils (DAO) are refined by hydrocracking or severe hydrotreating to
convert UDBFRIIBDEDESORIPTION O SBEINNEENT KBRpounds to nore

desi rabl e napbt benes and paraffins. (See Exanple 3 infra). These refined
waxy m xtures are low in sulfur and nitrogen contents and may be

adj usted for viscosity b dlstlllatlon as descrlbed earlier. 0 9 MAY 2005
WO 02/ 38705 Pdigadstodicienthe IntegratedPageesseddvenviewt al ytic | ubri cant
production Processes enpl oyi ng hydrocracklng and catalytlc dewaxi ng are
described in U S. Patents Nos. 4,414,097 (Chester et al.), 4.283,271

) a a7, 100 b Erod sk iie B %ﬁé%q PR Of&g%#V§§5’§§’f%%5et

(Orkin). 1&1%% %Vrgfé'ﬂ%ﬂﬂﬁﬁh%ﬁ i8R b%nlmogs ah8 qqﬁsz%eﬂ{ mﬂ%maeg%rackl ng

System The bcracki ng process operates w ft hydr ocar
f eedst oc broﬂm@d 4t b sidicktdf uhble Inbeibatse vhagtreristight Thequferigaskoire and
heavy vacuum gas oi l

typically hvdrocarbons 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
produced by the vacuum distillation of a fraction from a crude source of suitable
type. Generally, the crude will be subjected to an atmospheric distillation and the
atmospheric residuum (long resid) will be subjected to vacuum distillation to
produce the mitial unrefined lube stocks. The vacuum distillate stocks or "neutral”
stocks and bright stocks from propane deasphalting the vacuum distillation bottoms
are used to produce a range of viscosity products. In conventional solvent refming
lube plants, the feedstocks are subjected to solvent extraction to improve their VI
and other qualities by selective removal of the aromatics using a solvent which 1s
selective for aromatics such a furfural, phenol, or n-methyl-pyrrohidone. In the
invention, the feed is subjected to hydrocracking prior to dewaxing and

hydrofinishing to obtain the desired product characteristics.

The unrefined vacuum distillates and propane deasphalted oils (DAO) are
refined by bydrocracking 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.



raffi nates and deasphalted oils, extracts, slack waxes, soft waxesweMﬁ.mS
foots oi{,g) 3594z conbi nation of these. all boiling above @gguisn$;3)s0d ' C.
Al t hough these virgin oils are preferred, cracked stocks such as |ight
and heavy coker gas oils and Iight and heavy FCC gas oils may be added.
Because lube oils are generally sold according to their viscosities and
because hydrocracki ng reduces viscosity, the feedstocks to the

hydr ocracker preferably have a kinematic Viscosity at 100 'C, of 3 ¢St or
greater. This neans that the preferred-b®iling range is above 3 )40 'C
(see Figure 3, infra which shows a correlation of 50% boiling points and
viscosities for pure conponents and vacuumgas oils from Arab |ight
crude). Feedstocks boiling below 340 *C may be included in the

hvdr ocracker feed, but their even lighter products wll be renoved in

the separator 20. (See Figure 1,). These heavy oils comprise . high

mol ecul ar wei ghutegemes alatal e kgt HFRije“r?iU Hmﬁ?eegéﬁﬁngrppiﬁwlﬂgnapht henes
and aromafic¢s. The feed to . the. hydrotr ' Gk QA THY97
contain h&é@oﬂgﬂngén ?%hﬁéﬁ g&%@gfﬁ%%é%fﬂ&?ﬁé?ﬁﬁ%?ﬁ%ﬁ e Somd
fused ring.aronmt | hG; dd 25927906 2pivbEd Bt ah), 14,383,913
Duri ng thgcﬁ?sgﬁ%%tsﬁg‘f‘ﬁ%g"ﬁf]ﬁ@aﬁﬁoﬁga%%%ﬁ ’?oog WO (121381705

PCT/ USOl/gﬁ&é y @I?J?TIP.P @r el hegBRIs6Ss @V edl @t kkyahg 34158, 45 di c
catal yst and %lr%ee%égz’af 1dic %l(\:@;cki ngh)|tbr oducts.. together with paraffinic
conponent gogfinhhe initial feedstock, undergo conversion to iso-paraffins
with sonme cracking to | ower nolecular weight materials. Hydrogenation of
the polycyclic aromatics is catalyzed by the hydrogenation conponent and
facilitates cracking of these conpounds. Hydrogenation of unsaturated

si de chai d6 on HydrommsekHigstER crack-1ng resi dues of the ori ginal

pol ycycl i c conpounds provides substituted nonocyclic aromatics which are
hi ghly desirable end products. The heavy hydrocarbon oil feedstock wl|

normal |y cont aiﬂ:s 2 BURSH3MN R rea AR vd28t oL Ris e 8D@EM 340 " C (644 *F) and

have a

The hydrocracking process operates with a heavy hydrocarbon feedstock
including distillates such as virgin light vacuum gas oi) and heavy vacuum gas oil,
raffinates and deasphalted oils, extracts, slack waxes, soft waxes (e.g. foots oils),
or combination 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 Jube oils are generally sold according
to their viscosities and because hydrocracking reduces viscosity, the feedstocks to
the hydrocracker preferably have a kinematic viscosity at 100 °C, of 3 ¢St or
greater. This means that the preferred boiling range is above 340 °C (see Figure 3,
infra which shows a correlation of 50% boiling points and viscosities for pure
components and vacuum gas oils from Arab 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
high molecular weight long chain paraffins and high molecular with naphthenes
and aromatics. The feed to the hydrotreating/hydrocracking system may contain
less than 50 wt.% paraffins The aromatics will include some fused ring aromatics

which are detrimental to lube oils stability. During the processing, the fused ning



viscosity about 3cSt at 100 'C. It will normally have an initial Hb9MAJIH
poi nt abq,y@uzgggut 400 'C (752 'F) and nore usually above ppoyik.f9@ds; C
(842 'F). The boiling range may be as broad as '340-700 'C ?644 - 1292
"F). Gls with a narrower boiling range may of course, be processed, for
exanple, those with a boiling range of about 400 to 500 'C (about 752 OF
to 932 OF). 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 coki ng operations .afe not particularly useful as
sole feed conponents for producing |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 requirenments

descri bedafamatitseand ngbtnheixe.%aretrtmkpdgiyithﬁmaﬂﬁldcmthlmtr thagasafésiusi ng a
conventional hydrotreating _catalyst to . renove nitrogen, and sulfur_and to
saturat e &raskang produstnipgrtherwah paraffsig C%@D@ﬂﬁ?ﬁﬁi@ﬁbﬁ)éﬂlpﬁhéeﬂémgs

e e
o e SEREGHLCTR G RSP B e A 2
8 R e A ol bt 0 © b

2005 PCT enurn, “on a substantially

non- aci di ¢ \RbEkTatfPELEksBudtedSitd ERain@biThe maiodicluicrackiny esstdweseof
listed in Tablé 3. Table 3 Catal ysts suitable for use in p_reTi m nary
hydr ot r eatlegrigirap polieydiic cCatpmupds piypdes LilRtitdied MivboachoRromadss i el d
594 Ni Mo/ Al ' 03 . .
which are highly desirable end products. The heavy hydrocarbon oil feedstock will

ndrma]ly contains a substantial amount boiling about 340 °C (644 °F) and have a
viscosity about 3¢St at 100 °C. It will normally have an initial boiling point above
about 400 °C (752 °F) and more usually above about 450 °C (842 °F). The boiling
range mav 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 10 932 °F). Heavy gas oils are often of this kind as are
cycle oils and other non-residual materials. 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 Jong as they meet the same

boiling and viscosity requirements described for the virgin oils.

The preliminary hydrotreating step using a conventional bydrotreating
catalyst to remove nitrogen and sulfur and to saturate aromatics to naphthenes
without substantial boiling range conversion will usually improve catalyst
performance and permit lower temperatures, higher space velocities, lower
pressures or combinations of these conditions to be employed. Swtable
hydrotreating catalysts generally comprise a metal hydrogenation component,

usually a group VIB, or V11l metal as described above e.g. cobzlt-molybdenum,



C-Osfield 504-K N'M o/ A 1203 Criterion HDN 60 Ni Mo/ A1203 CriteribfMAY 2003
C- 411 N/ ALk30 Criterion G424 N Mo/ Al1203 Criterion ng-éﬂ%“wf‘) [ A] 203
Acreon HR348 Ni Mb/ Al ,03 Acreon HR360 N Mo/ A1203 Akzo KF 2 I Vb/ A1103
.Al,zo KF846 Ni Mo/ A1203 O her suitable hydrotreating catal ysts include
bul k netal catal ysts such as those containing 30 w.%or nore netals (as
met al oxi des), based on catal yst, preferably greater than 40wt.% nore
preferably greater than 50 wt.% of netals, based on catalyst wherein the
metals include at | east one Goup VIB.g5- G oup VIII nmetal. 0 9 MAY 7005
NVO 02/ 387(h PCT/USO /31841 -16- Conventional hydrotreating conditions

i nclude tenperatures of from 250" to 450'C, hydrogen partial pressures
of from800 to -1000 psia, liquid hourly space velocities of from0.1 to
10 h-1. anukial-madgetenunsan gasbstanted]yoion-aodiGPOraus suppoy e.SGHIE-(90 to
1780 NM3/nB)'. 11.13 Description of the Preferred Enbodinent Figure | is a
si mpl i fi edlimung$r alimyg. okhesgarg hsedip dableedct or systemfor the fuels
bydrocracker of this invention. A prelimnary hydrotreating step using a
conventional hydrotreating catalyst to renove nitrogen, sulfur, and
oxygen and to saturate olefins and ics wthout substantial boiling
range conversion wll usually inpro hydr ocr acki ng cat al yst

Do f o mance And PRCHlAydl ARRLIEACE: MY OiIAS hRUBEaRIESRYT o5, O

conbi nati ons of these tonditions to be- e

Vendor Catalyst Type

UOP HCH NiMo/A1,0;3
Crosfield 594 NiMo/A1,0;
Croshield 504-K NiMo/Al,04
Criterion HDN60 NiMo/A1;04
Cnterion C-411 NiMo/Al,04
Criterion C-424 NiMo/Al20;
Criterion DN-190 NiMo/Al,0,
Acreon HR348 NiMo/A1,0;3
Acreon HR360 NiMo/Al,05
Akzo KF848 NiMo/A1,0;
Akzo KFR846 NiMo/Al50;

Other suitable hydrotreating catalysts include bulk metal catalysts such as those
containing 30 wt.% or more metals (as metal oxides), based on catalyst, preferably
creater 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 VII metal.



Sui tabl e hydrotreating catal ysts generally conprise a netal hydr ogua%ekw &W-‘l

conpone "‘O{Hﬁak’ﬁllﬁl y fromGoups VIII and VIB, such as CObalﬁc’ﬂPéMBﬂﬁ?um or
| nickel "nmol'ybdenum on a | owacidity porous support such as

silica-alum na or alum na. Appropriate commercial hydrotreating

catal ysts suitable for use in the instant invention include alumna
supported ni ckel - nol ybdenum cat al ysts, such as UOP HCH, Crosfield 594,
and Criterion HDN6O: and USY supported nickel - nol ybdenum catal ysts, such
as UOP HC-24. A vertical reactor shell 1@_encloses and supports a. stacked
series of fixed. porous solid beds of hydrotreating catal yst, as

depi cted by 12A through 12E. A chargestock 6 conprising vacuumgas oil,

| ight cycle oil, deasphalted oil or any conbination of these is conbined
wi th a hydrogeConvehtigasl Bydroteitinig ooditidnt indlbée t tures1 6f frbtre250° to
under goi ng appropriate heating neans 9. The conbi ned chargestock and
bydr ogen- rA5RCghydfogen prrtimhpredhwres lof drogh 80040 SA0AIpsia, ligaud hoarly space 2005
WO 02/ 38705 PCT/US01/31841 -17-, Al though 5 beds are de?i cted in tBia
exanpl e, tvedoatieapldromd).btdad ornd dyirageadtreatgas rates of drom S0Pite dO0YY i n

each bed i i eved scofiventi onal technique, such as distributor
trays 13A.§@?f£,@ét°éy&ﬁ§h%ﬁrbj ect the liquid uniformy onto the
catal yst bed surfaces 12A, Br C, D, E. Typically the gas and liquid
phases are introduced into the reactor at a desired inlet pressure and

t enper at ufleg  Thes 1 @Ef 1l Peirdrd. RhMNeg: MaY be adj usted between

cat al yst Eéds ] i en-rich quench gas 14A, B, C D

or alternatively by heat exchange of the Iliquid in an external flow

| oop, thereby allow ng independent control of the tenperature in any

catal yst bed. Kigtmtl s arsineplifiesn]uBratpn Of the preferred o¢acsdn systamw ferdei ng

devi ce mai\%l be used to mx the liquid and ?as_ streaps between cat al g/st

els hydrocracker of this invention. A preliminary hydrotreating step using

conventional hydrotreating catalyst to remove nitrogen, sulfur, and oxygen and 10
saturate olefins and aromatics without substantial boiling range conversion will
usually improve the hydrocracking catalyst performance and permit higher space
velocities, lower pressures, or combinations of these conditions to be employed.
Suitable hvdrotreating catalysis generally comprise 2 metal hydrogenation
component, usually from Groups VIII and VIB, such as cobalt-molybdenum or
nickel molybdenum, on 2 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.

A vertical reactor shell 10 encloses and supports a stacked series of fixed .
porous solid beds of hydrotreating catalyst, as depicted by 12A through 12E. A
chargestock 6 comprising vacuum gas oil, light cycle o1l, deasphalted o1l or any
combination of these is combined with a hydrogen-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.



zones, including quench gas, to obtain a honbgeneous tenperature. B-A MAY 7005

hydrotr .l uent 16 passes through heat exchangers ( ,
separ at g?é%%?;ﬂand stripping or fractionation equi pnent 288f18§@2%g)r1ate a

recycle gas stream 22 and |ight conversion products 24. These
separations renove byproduct N113 and H-S. which woul d ot herw se poi son
t he hydrocracking catal yst downstream A purge gas stream 28 woul d
typically be withdrawmn fromthe recycle gas to renove |ight hydrocarbon
products. Gas scrubbing facilities (notj7shown) would typically be used
to renmove NTH3 and H,S fromthe recycle gas stream Makeup hydrogen 26
is added to conpensate for hydrogen consuned in the hydrotreating
reactions and purged in the gas and liquid product streanms 28, 24, and
30. Al terAkhough), bodpdiredephited irefhis eveanhpleStheny nixy pasweeibelds rcas! fpwt as
reactor 34 wthout added hydrogen and w thout passing through stripper
18 and f rewae.i brgtiddistbutiaintih @ath bed enapdgeneinity apy oonvindionahtechmgue,
catalyst in_reactor 34 can tolerate_an environnent cont&ini g ?nnonia
it g

and hydlr ofeh @Lﬂlﬁnﬁwﬁ?lotr@ywi\’&fq@eﬁ, Dgf,wmshm@scp@r/h%n YAPI:tOf |
i 4 . i i
por ZLE:so{h%?p%%@&g%%‘ TGS 2 C o B s PrCalty et g sk T RBRER P gh
36E. T : i i G
o ther admRpaieEd 3RS B8 LaHE 4o gt IBlei B C1eliRa e TRLOE
bot t ons p]é@ﬁii‘dctkﬁgﬁﬁélgré -tiggtguﬁealbeﬁwééfpéﬁﬂ &t hddb PR adiditasiflof
to t yar ocr acki n

i ntroduce reactor 34 after undergoing appropriate
heating neadi®ged-richguerriibiares RS GeBt@citeamatively bydgenexdhahgegabtifel ow
downwardly through the catal yst beds. Al though 5 beds are depicted in
this exanbipad inteer extenopl fowrioap, tketeby pllowingindgpendant congol of the
distribution in each bed is achieved by any convent|qnal techniqye, such
as di st ricHResature y3ny patalyst bed. g SEPCWH1%&&%%0}116&&\“&83% formy
onto the contacting device may be used to mix the liquid and gas streams between catalyst

zones, including quench gas, to obtain a homogeneous temperature.

The hvdrotreater 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 H,S from the recycle gas
stream. Makeup hydrogen 26 is added to compensate for hydrogen consumed in
the hydrotrearing reactions and purged in the gas and liquid product streams 28, 24,

and 30.

Alternatively, bydrotreater effluent 16 may be passed directly to reactor 34
without added hydrogen and without passing through stripper 18 and fractionator
20 (without disengagement) provided that the catalyst in reactor 34 can tolerate an

environment containing ammonia and hydrogen sulfide.



catal yst bed surfaces 36A, B, C, D~ E. Typically the gas and quui%lg MAY 7005
phases aga ¢t/péHoduced into the reactor at a desired inletppigsgyigsand

tenperature. The gas and |iquid tenperature nmay be adjusted between
catal yst beds by the addition of hydrogen-rich quench gas 3 SA, B, C, D
or altematively by heat exchange of the liquid in an external flow | oop,

t hereby al |l owi ng 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 mx the liquid and gas strearg-bet ween catal yst zones,

i ncl udi ng quench gas, to obtain a honbgeneous tenperature. The
hydr ocr acker effluent 38 passes through heat exchangers (not show
separators 40 and fractionation equi pment 42 to separate a recycle gas
stream 44 and converted hydrocracked fractions 46. The hydrocracked

fraction 46 includes distillates boiling ip the sollne rar P

di esel ][angg ‘Iﬁfé’%%?@lrﬁ@c‘?’h g‘} CHOSSTANG SHIROTTRA Stagked %ﬁﬁ%ﬁ@f ?e(tp to
750 'F i

oo oS P B ot oS 8 o SR e

¢ .

T63ct! on EARSAERBR AN, SO B DU RASE RRSCSd sAg oo B WA

di esel fragphoRe Beys, 1%&9@336%&56@1%&8%@5@} bbishe bauhh:eo RO DReGCT

as | ube fractions IS not necessary to pass the diesel

fraction tiitle laQi}cﬁlbsém-HchtgaQ I32LHiia‘t intrbduéed Uogke badratackany FeactorB4 after
typically be wt hdrawn fromthe recycle gas to renove |ight hydrocar bon

product s. WBdersangtappnoprize beating me@ns 33 s Hdvngombined chaygsstett gnde used
to renmove NTI-13and HS fromthe recycle gas stre eu en 48
'3 adied by eRpE s HoupotsEG ralikis GeTElNE: Bisth oA YBERER g Deds
cact| oS Z0GGBULAES) i D3Rt A L hSEALNE L FSOTR R IS T
uni't 54. gistribution in each bed is achieved by any conventional technigue, such as
distributor trays 37A, B, C, D, E, which project the liquid uniformly onto the
catalyst bed surfaces 36A, B, C, D, E. Typically the gas and liquid phases are
introduced into the reactor at a desired inlet pressure and temperature. The gas and
liquid temperature may be adjusted between catalyst beds by the addition of
hydrogen-rich quench gas 38A, B, C, D, or alternatively by heat exchange of the
liquid in an extemnal flow loop, thereby allowing independent contro] 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 quench gas, to obtain a homogeneous temperature.

The hydrocracker effluent 38 passes through heat 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 boiling range of
diese] fuels may be from 250 °F up to 750 °F for diesel fuels used in heavy duty
engines. A typical diesel fue] will have a boiling point in the range from 300 °F to

700 °F. The diesel fraction may be separated from the hydrocracked fraction using



This additional distillation step enables the production of var i ou8 SrY 18
| ube fraatoomsed6, 58, 60: 62, 64 of specific viscosity Qﬁﬂ@USﬁgNNII QOQN,
MOND and volatility. In the case of a light lube fraction having the
viscosity of about a 60N base oil, this fraction may be hydrotreated
under conventional hydrotreating conditions prior to dewaxing. Low
volatility | ube stocks with NTI or at |east 105 Can be produced. AhbOU2h
five lube cuts are shown, there nay be nore or as few as two. These | ube
fractions, are passed fromthe vacuumdistillation unit 54 to the

catal ytic dewaxing process as illustrated in Figure2. hi sone instances it
may be desirable to recycle sone of the unconverted hydrocracker bottons
pr oduct 5 unusg& actlons of this streamfromthe vacuum

di still atu'@ﬁ“&ﬁ?‘tor b8, separatsidiess) frpsblontrozy Heerhbeidownsedkend 34. This is
shown as e ernatively, e desiraple to send these
unconvert drq?‘fggb‘%ﬂ H'b‘i‘hgrsa g5 éﬁgrgﬁaénﬁ’ﬁ%% otlt dnpet necessagy to of
thebdro r .t ego dr ocr cker to a FCC unit, or to
fuel. y §5§sf‘f1§rdlréﬁ%gaa?°ﬁé’ﬁﬁﬁf@#§ ‘ﬁ?@g Eé bottoms 38 may be

cat al ytlcally dewaxed prior to vacuum di Stl llation in unit 54. In this
enbodi nent, catalytically dewaxed bydrocracker bottons are 0 9 MAY 7005
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vacuum di sti |l | at Fgﬁg unit 54. The Ubgq‘ raé%?gnsltm?mfé%tl;ﬁqu%%ﬂ %Jérztlot 54
are then sanove dlghhhy&l;cd:ladfompmﬂung Loseschubibihg JBcitities (ot shownlabdhdd 5 and
6 (See Example 1, infra) illustrate how the | ube product from a
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unconverted bottoms product 52, proceeds to the lube vacuum distillation unit 54.
This additional distillation step enables the procduction of various narrow lube
fractions 56, 58, 60, 62, 64 of specific viscosity (e.g. 60N, 100N, 150N) and
volatility. In the case of a light lube fraction having the viscosity of about a 60N
base oil, this fraction may be hydrotreated under conventional hydrotreating
conditions prior to dewaxing. Low volatility lube stocks with VI or at least 105 can
be produced. Although five lube cuts are shown, there may be more or as few as
two. These lube fractions, are passed from the vacuum distiliation unit 54 to the

catalytic dewaxing process as illustrated in Figure2.

In some 1nstances 1t 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, 38, 60, 62, 64 back to the hydrocracker 34. This is
shown as streamn 66. Alternatively, it may be desirable to send these unconverted
hydrocracker bottoms streams to the hydrotreater as part of the bydrotreater feed 6,
to a second hydrocracker, to a FCC unit, or to fuel. In another embodiment, the
hydrocracker bottoms 38 may be catalytically dewaxed prior to vacuum distillation

in unit 54. In this embodiment, catalvtically dewaxed hydrocracker bottoms are



zeolite within the porous support material with an added netal 09 MAY 2003

hydr ogenggigeagdehy&ogenati on function. Specific conmerci alpdyydénaraski 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 enploved. Table 4 lists

sui tabl e bydrocracking catalysts. The acidic functionality in the

hydr ocrael dng catal yst is provided either by a |arge pore, anorphous
material such as alumna, silica-alumrpg-or silica or by a large pore
size crystalline material, preferably a |l arge pore size aluntinosilicate
zeolite such as zeolite X, Y, ZSM 3, ZSM 18, ZSM 20 or zeolite beta. The

zeolites mmy be used in various cationic _and other fornms, preferably
forms of sengkefractpasior Afyandshan te yapweingdisudaieniunit &4. ahlee RS

| oss of acidi¢ functionaljty nder the influepce of the hydrothernal
condi ti ongoBnRistiNaEPRAREH s heR sehtribe ﬂaev@rzpﬁaxshrn&%qnq @m\;ﬁim Eindhced
stability such as the rare earth exchanged |arge pore zeolites, e.qg.
R-EX and REY are preferred, as well as the so-called Utra stable

zeolite Y (US ' &L ht | iR ‘
doal um ni zed maFARNt R GRS RSeB60 " BB MlsRetRR MRl Tron 2
Zeolite cta k@i 86 BE eslldred YySheRRditi W of 3. 1486vddfom Betlidtiorddht. B8 i n
U S. Pat. . 3,950,496 and zeol'ite ZSM20 in U S. Pat. No. 3,972, 1083,

t o whi ch desefibedrineh¢ mstmdant@rtianh.descri pti on 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, 438.

Hydr ocr acki n% catal ysts conprising zeolite beta are described in EP94827
and U. S. Ibds Hudsocrackme Gatlveto which reference is made for a
description of such catalysts. The catal ysts preferably include a binder
such as silica, silical/alumna or

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/dehydrogenation function. Specific commercial bydrocracking
catalysts, which may be used include UOP HC-22, and UOP HC-24. These are
NiMo catalysts on a support of USY. ICR209, a Chevron catalyst which comprises
Pd on a2 USY support, may also be employed. Table 4 lists suitable hydrocracking
catalysts. The acidic functionality in the bydrocracking catalyst is provided either
by 2 large pore, 2morphous material such as alumina, silica-alumina or silica or by
a large pore size crystalline material, preferably a large pore size alununosilicate
zeolite such as zeolite X, Y, ZSM-3, ZSM-18, ZSM-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 Joss of acidic functionality
under the influence of the bydrothermal conditions encountered during the
hydrocracking. Thus, forms of enhanced stability such as the rare earth exchanged

‘ large pore zeolites, €.g. 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.



al um na or other netal oxides e.g. nmagnesia, titania, and the rati%gcwM 2005

bi nder two @eghite will typically vary from10:90 to 90: ;
commonly from about 30:70 to about 70:30 (by weigght). Tab Te@{‘&4é| ysts

Suitable for Use in HydrocraeWwg, Step Prior to Dewaxing \7endor

Catal vst -T)2e UOP HC-24 N MoAJSY UOP DHC-- NiWIJSY Chevron | CR209
Pd/ USY Acreon HYC 6321 N Mo/ Zeolite Acreon HYC 642 Nino/zeolite Acreon
MI' 652 Ni Mb/ Zeolite A3Czo KC-2301 Ni Mo/ Zeolite Akzo KC 2601 Ni W USY
Zeol yst Z-703 NiNV/ Zeolite Zeolyst Z-753_.NiWZeolite Zeolyst Z-623
NiWZeolite 0 9 MAY 2005 NVO PCT/US01/318-:1 -22- ., Process

Consi derations |LD Hvdrocracking This hydrocracking process is carried
out under conditions simlar to those wused for conventional

hydr ocr acki nge.Zéalde S8Vt 2npdrsataseesn bk SabatuNw 6041 3,83 ¢1a80lte LSBBI§F i o

896F) may__conveni entlg be used al though tenperatures above about 445'C
(833" F) wHLb. Pasr M. 13y 5{6996@ndrﬁ§pbsﬁe&§M—a@én the. Prle N dyhEhioed, br whick

reference 1s made for a description 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. 4,415,438, Hydrocracking catalysts comprising zeolite
beta are described in EP94827 and U.S. Pat. No. 4,820,402, to which reference is

made for a description of such catalysts.

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

Vendor Catalvst Type

UorP HC-24 NiMo/USY
UQP DHC-32 NiW/USY
Chevron ICR209 P4A/USY
Acreon HYC 632 NiMo/Zeolite
Acreon HYC 642 NiMo/Zeolite
Acreon HYC 6352 NiMo/Zeolite
Akzo KC-2301 NiMo/Zeolite
Akzo KC-2601 Niw/USY
Zeolyst Z-703 NiW/Zeolite
Zeolyst Z-753 NiW/Zeolite

Zeolyst Z-623 NiW/Zeolite



hydr ocracki ng reacti ons becones unfavorabl e at tenperatures above Bﬂi"w 1005
poi nt . getg)ﬁf&i;w tenperatures of about 315 C to 425' C (588Tnik0i/3184)
[

797F) ' %, , e enployed. Total pressure is usually in the range of
1200 to 3000 psig (8375 to 20,786 kPa) and the higher pressures within
this range over 1800 psig (12,512 kPa) will non-nally be preferred. The

process is operated in the presence of hydrogen and hydrogen parti al
pressures will normally be at |east 1200 psia (8274 kPa), preferably
1200- 3000 psia. The ratio of hydrogen ta@2-he hydrocarbon feedstock
(hydrogen circulation rate) will normally be from 2000 to 10000 SCF/ Bbl .
(about 340 to 1700 N8/ m D ). The space velocity of the feedstock w |
normally be from 0. 1 to 10 LHSV (hr), preferably 0.5 to 5 LHSN7. At |ow
conver si O$,D Fhalrooraskimef Piogess Qommtide tock will be isonerized to

i so-paraffins but at higher conversion under nore severe conditions the
iso-paraffins will be converted to lichier materials. The conversion nay
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of course catal yst ages, in order to nmaintain catal ytic

activity. Zhschydsognashl femeahehyste Onpldved s2e@Sthe XvemedBeaoss of the
PCTUSO1/ 31841 nmay be ‘regenerated by contact at el evated tenperagture with
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and the higher pressures within this range over 1800 psig (12,512 kPa) will

normally be preferred. The process is operated w the presence of hydrogen and
hydrogen partial pressures will normelly be at least 1200 psia (8274 kPa),
preferably 1200-3000 psia. The ratio of hydrogen to the hydrocarbon feedstock
(hvdrogen circulation rate) will normally be from 2000 to 10000 SCF/Bbl. (about
34010 1700 Nm3/m3 ). The space velocity of the feedstock will normally be from
0.1 10 10 LHSV (hr'"), preferably 0.5 10 5 LHSV. AtJow 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 10

lighter materials.

The conversion may be carried out by contacting the feedstock with a fixed
stationary bed of catalyst. A simple confi guration is a trickle-bed operation in
which the feed is allowed 1o trickle through a stationary fixed bed (Figure 1
illustrates this). With such a configuration, it is desirable to initiate the reaction
with fresh catalyst at 2 moderate temperature which 1s of course raised as the

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



series of fixed porous solid beds of dewaxing catal yst, as depicte@93VW2W5
12A thro Adfe= A chargestock 6 conprising a diesel fracgi frQn
fractiongﬁgyzﬁgﬂér wax-containitig liquid oil is conbined ﬁ;ﬁﬂsgBQHh

hydi ogen-ricb gas 8 and introduced to the reactor 10 after undergoi ng
appropriat te heating nmeans 9. The conbined chargestock and

hydro2en-ricb gas fl ow downwardly through the catal yst beds. Al though 3
beds are depicted in this exanple, there may be Mdre beds or as few as
two. Liquid distribution is achieved by.28ny conventi onal techni que, such
as distributor trays 13A, B, C, which project the liquid uniformy onto
the catal yst bed surfaces 12A, B, C Typically the gas and |iquid phases
are introduced into the reactor at a desired inlet pressure and

t enper at urTBay PREegRneraled i eamtartaé ﬁb@a@damlperﬂyrwngd}mew et fRten
cat al yst beds t he addi.ti on_of hydrogen-rich quench gas 14A._ B or

al ternati veaawﬁga sy DBITEAG By oo SRee 4 G PHETIFE BinaedPBIORSR APAE Bisp.

t hereby all owi ng i ndependent control of the tenperature in any catal yst
bed. A static mxer | 5A, B or other suitable contacting device may be
used to mip t hecall il BeadimAP ot &R I RE IR inB R Wodr kRS zdRG! Udi ng
guench gas, to Obtarn a honNDgeNeou enper at ur . ' Ny
reactor effluerRroddsd)s heated or cool ed, as necessary via heat exchange
or furnace 25 and cascaded directly into the bydrofinishing reactor 0 9
MAY 2005 WO 02/38705 PCT/USOM841 30. A vertical reactor shell 30
encl oses and supports a stacked series_of fixed _pqrous solid beds.of
hydr of i ni shi ng Jo@ves ydtusteatesia specilae empodimentplohginsiant inygation iaaail%ln%d
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are introduced into the reactor at a ‘ _
wax-containing liquid oil is combined with a hydrogen-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 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 liquid 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 liquid temperature
may be adjusted between catalyst beds by the addition of hydrogen-rich quench gas
14A, B or altemnatively 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 15A, B or other suitable contacting device may be used to mix the
liquid and gas streams between catalyst zones, including quench gas, to obtain a

homogeneous temperature.

The hydrodewaxing reactor effluent 24 is heated or cooled, as necessary via

heat exchange or fumace 25 and cascaded directly into the hydrofinishing reactor



desired inlet pressure and tenperature. The gas and |iquid tenperallérMAY 2005
may be ®=d)umiwos bet ween catal yst beds by the addition of p@fﬁﬁgﬁﬂkhiCh
guench gas 34A, B or alternatively by heat exchange of the [iquid I'n an
external flow |l oop, thereby allow ng independ*ent control of the
tenperature in any catalyst bed, A static mxer 35A, B or other suitable
contacting device nay be used to mx the liquid and gas streans between
catal yst zones, including quench gas, to obtain a honbgeneous

tenperature. The hydrof m sher effluent 8-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 would Typically be )xrithdrawn fromthe
recycl e gag- \’%ﬁgﬁ@aﬁ%ﬁﬁelﬁfﬁ@rm@ndgupym 8 stackedserigblof figed
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catalyst 0 9 MAY 7005 WO 02/38705 PCT1US01/ 3! S4j "Conposition may he the
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processi ng _needs. accordin 0 sound chem cal engineering practices. The
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enpl oyi Ngor 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, including quench gas, to obtain a 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 a finished lube base stock 48. A purge gas stream 50
would typically be withdrawn from the recycle gas to remove light hyvdrocarbon
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 has been described for contacting
gas and liquid phases with a series of porous catalyst beds; however, it may be

desired to bave other reactor configurations with 2-5 beds. The catalyst



hydr ogen, especial]), petroleumrefining, enploy recycled inpure gBS MAY 2005

cont ai ni @y d0387449 30 nole % or nore of inpurities, usuall )f,C].IJ @%}ﬁ 31541
hydr ocarbons and nitrogen. Such gases are avail able and useTJu erein,

especially for high tenperature hydrodewaxing at el evated pressure.
Advant ageousl y, the catal yst bed has a void volune fraction greater than
0.25. Void fractions from0.3 to 0.5 can be achi eved using | oosely packed
pol yl obal or cylindrical extrudates, spheres or pellets providing
adequate liquid flow rate conponent foeg5uniformly wetting catalyst to
enhance mass transfer and catalytic phenonena. Catal yst bed depths may
range from2 to 6 neters or nore. In the present process, a waxy | ube
feedstock, typically a_ 32 |'C+ (about = 610" F+) feedstock-is contacted
with an i REBIReSHIR Baydedbe same o pHads of spely seacter Apyevenavisnyithiahei ng
and/ or isonmerization or drolgoneri zation functi.ons in. The presence of
hydr ogen IHE)V%IW&L%CSPH%Q %I] ﬁﬁfﬁé‘t B%‘ia,XSFﬁgalP ‘gﬁ’@éuﬁﬂ &Qnextioms 1p pour
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s about s86tdinid NEBIThehASALHIANRRERBB)s | n order to improve the
stability of the 0 9 MAY 2005 NN/0 02I38705 I§CT/ USO1/ 31841 -2) 6
dewaxed | ube boiling range materials in the dewaxed effluent, a
hydrofinishing step is generally carried out. HYDRODEWAXI NG PROCESS
CONSI DERATI ONS Tihe presant aechnaquesis adhpiabkaNd & vagetyrof catalitie deswaponent i n
t he cat al , the catg,} ytic dewaxi ng process step is operated under

condi ti onéﬁtﬁq@t‘@%vﬁﬁ@a Flyipergpiment E@F‘}I“TIQW h;@ﬂ‘f}f@ﬂﬁ I&B@Ut 205' to

dependi ng ¥ Gt £ Fvbyed LRMSaRye RaddRnl nlarteres Frdigour

poi Nt T or h{e RO Bstselcial MG IR refifify, BRIHING r&BcRd R fure gas containing 10
to 30 mole % or more of impurities, usually light hydrocarbons and nitrogen. Such
gases are avallable and useful herein, especially for high temperature

hvdrodewaxing 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 Joosely packed
polylobal or cylindrical extrudates, spheres or pellets providing adequate liquid
flow rate component for uniformly 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 contacted with an intermediate pore size molecular sieve
catalyst having dewaxing and/or 1somerization 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 bydrogen feedrate at the top of the dewaxing reactor is about

267-534 Nm’/m’ (1500-3000 SCF/BBL). In order to improve the stability of the



are used, the tenperature may be 25 to 50T hi gher than for ZSM 5. B@MM@UUS
target pousoepsi-p¢ for a product is decreased, the severitypefkh®isn
dewaxi ng process is increased by raising the reactor tenperature so as to
effect an increasingly greater conversion of normal paraffins, so that

| ube yield will generally decrease with decreasing product pour point 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 boilidgg range. The V.I. of the product
mll also decrease as pour point is |lowered because the high V.I. normnal
paraffins and slightly branded isoparaffins are progressively converted.
I n addition, the dewaxing tenperature is increased throughout the

dewaxi n. g d@walxed tebecborisgsange foatedelsnn aks dganedieffiuenica hydnofingshing siep
catal yst aging. _The dewaxing cycle will normally be term nated when a
terrperatuﬁ% &?ﬂﬁ%biﬁamﬂ OUE (about 750T) , but preferably about 385' C
(725T) is reached since viscosity and product stability are adversely

af fected at higher tenperatures When ZSM 5 is 0 9 MAY 7005 WD 02/387/05
PCT/ USO01/ 3384 Yo &b & 46 (6 with | ess active

cat al yst s; ' e res—tray —be er. Hydrogen
pronot es ext ended catalyst life by a reduction in the rate of coke

| aydown on t he dewaxi ng catal yst. ("Coke" is a highly carbonacelL. us

hydr ocar bon \Aﬂh(%@néﬁﬂl@@wﬁ@ vaga L FBMa s e 4dievecadrapyséntduthegatahst, the
dewaxi ng process The process is therefore carried out in the presence
of hydrogeata]yt;mdcwhkmgqnoabmﬁtep75@peramdzmd@850kﬁ3alommf@@@rat rtial

02500 pAmperaowe, BREASI RDES S Bov o be%%@dﬁ?fig & 1208] oefisea8 100
kPa) alt h%uo%l 2'35g 5385 fﬁ%g &3 ﬁ%%f%epé%lﬁz on thwd?awagung severity necessary

to achieve the target pour point for the product. When other less 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 10 lighter products boiling outside the Jube
boiling range. The V.1. of the product will also decrease as pour point is lowered
because the high V.1. 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 1o catalyst aging.
The dewaxing cycle will normally be terminated when 2 temperature of about
400°C (about 750°F) , but preferably about 385°C (725°F) is reached since viscosity
and product stability are adversely affected at higher temperatures. When ZSM 3 is



circulation A-ate is typically 1000 to 8000 SCI Fl bbl, usually 20000 8 MAY 2005
3000 SCH// L of liquid feed (about 180 to 710, usuall , 55 to
535 Nm "(‘;&qg{ﬁtj‘%e reactor inlet additional H2 may be addﬁ@%'yélg%uench
poi nts. Space velocity will vary according to the chargaestock and the
severity needed to achieve the target pour point, but is typically in
the range of 0.25 to 5 LHSV (hr-1), preferably 0.5 to 3 LHSV for all
catal ysts. HYDRODEWAXI NG CATALYSTS Recent devel opnents in zeolite

t echnol ogy have provided a group of constrained nmedi um pore siliceous
materials having simlar pore geonetry. Ile preferred hydrodewaxi ng
catal yst conprises a porous acid nol ecul ar sieve having pores conprised
of 10 oxygen atons alternating with predom nantly silicon atons, such as
al um nosi thecatteve eathiytie. in el e rvonth hexstacave egtal yoes ehéssttemperitates mpay ke
size zeolites are ZSM5, ZSM 23, ZSM 35, ZSM 48 and ZSM 57 which are
usual Iy 2yiteESCAdghen.t h Bronsted acid active sites by incorporating a
tetrahedrally coordinated netal, such as Al, Ga. or Fe, within the
zeolitic framework. Medium O 9 MAY 2005 WO 02/38705 PCT/ USO1/31841 -28-

pore ol el a5 R R L TR TSP e RO
of nmedi UM RISy § rt#?ﬁl%v%ﬁiﬂméétﬁ’i sHt("(tbl@diﬁtéyhjEHBJ %b%é&bg?h?dl%claﬂﬁﬁlous
material s or crystalline ndl ecurar “sieve havifigZone or nore tetrahedral

speci es hahifly tadsoz el feonahe catll (iitdbrinphBe desia pelcesy ) Yhe
mat eri al s have at | east one channel with pores forned by ten-nenber

ri ngs conpeiqeisags themefoxy gamieatmrtenah¢ prasahcagf hydrogen,| tiypmall yaet about 3#8al
atons. The catal ysts which have been proposed for shape selective
catal yticto 20,6 85y kPa hydrogen partial pressure (5)00 to 3000 psia), pref?arably between
9653 10 17238 kPa (1400 to 2500 psia) more preferably berween 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’ ) 2t the reacter
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 ip the range of 0.25 to 5 LHSV (hr' "), preferably 0.5 10 3
LHSYV f{or all catalysts.

HYDRODEWAXING CATALYSTS

Recent developments in zeolite technology have provided a group of
constrained medium pore siliceous materizls baving similar pore geometry. The
preferred hydrodewaxing catalyst comprises 2 porous acid moleculer 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-3, ZSM-23, ZSM-35, ZSM-48 and ZSM-57 which are usually
synthesized with Bronsted acid active sites by incorporating a tetrahedrally

coordinated metal. sach as Al, Ga, or Fe, within the zeolitic framework. Medium



dewaxi ng processes have usually conprised nol ecul ar sieves which hG.d A% 2005

pore sizg hLeh.admts the straight chain, waxy n-paraffi f L al one
or with oﬁ?;{/@s@i ghtly branched chain paraffins but which gé—{:ﬁéygﬁ%ﬁre

hi ghly branched materials and cycloaliphatics. Representative of the
medi um pore nol ecul aTsi eves are ZSM5 (US Pat. No. 3,702,886), ZSM 1 |
(US Pat. No. 3,709,979), zZSM 22, ZSM 23 (US Pat.No. 4,076, 842), ZSM 35
(US Pat. No. 4,016, 245), ZSM 48 (US Pat. No. 4,37/5,57/3), ZSM 57,

MCM 22 (US Pat. No. 4,954,325), SAPO-1 124U S. Pal. No. 4.859.3] 1):
SAPO 41 and isostructural nolecular sieves. (See Fig. 4) The disclosures
of these patents are herein incorporated by reference. N ol ecul ar sieves
of fer advantages in catal ytic dewaxi ng over noncrystalline calalysts.

Mol ecul ar poreviesleaniarisievgd havo gpsredimensiossabbyt I¥diound (Aargstroms are
internediate). and |l arge pore materials as shown in Figure 4. The pore

si ze is fija@rediprabapsgelsctive pehcasalyss, hawaver, the edvaatagas«f mediam pore
ei ght - nenbered ring openings, . nmedium have ten-nenbered systens and | arge
o vl v SRR A B S REd by GBIy T GBI SRES G TG AR 06 COATIENS o e
affected b he,cat.al '.S pQre _ struc e et her, it i -

bi di mensi oM N TS Bhuifig R Rbln b Eare SR htind SEciBe deBlsss of
Severely c , & , I ‘] , j ' [ Y 7005
W0 021 35708 AR R E ST RS e L e M e e o
only smal | forfd®} teRanrhiiengided danghindtien bh9gePofcing Basmatingwith silicon
conparison, large€ pore zeolites permt non-sélective cracking of sone
desi rabl e hmd'er nmtgoatentss resulting in | ower yields than those from

medi um pore zeolites. HZSM5 is one of a nunber of nedium pore size
zeolites which are capable of shape-selective dewaxing. O her exanples

7 uotur 6 of  ZSWPS BIAHATIGH Bave Rt roposed TOY shapBBEleERVE ranfit® POr€
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 highly 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,
Z8SM-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.
Pal. No. 4.859.311), SAPO-4] and isostructural molecular sieves. (See Fig. 4) The

disclosures of these patents are herein incorporated by reference.

Molecular sieves offer advantages in catalytic dewaxing over noncrystalline
catalysts. Molecular sieves are broadly classed into small, medum (or
intermediate), and large pore materials as shown in 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 svstems 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



reactant shape selectivity, reduced coking tendency and exclusion B MAY 2005
bul ky ni ontai ning catal yst poi sons. HZSM 5, Pt/ ZSM

Pd/ zsnu%’(%g@?@ SM 48, Pt/SAPO- | | and Pt/S.A-PO-43 with Bﬁb’ruéb’r’f]éﬂ’ely
adj usted pbysicoebernical properties are preferred in the instant

i nvention because their channel systens and pore di nensions enable

ef fective de-waxing, of fuels’ hydrocracker bottons. Suitable nolecular

si eves having a coordinated netal oxide to silica nolar ratio of 20-1 to
200: 1, or higher may be used. Wth HZSMqgp. for exanple, it is

advant ageous to enpl oy conventional alum’nosilicate ZSM5 having a
silica:alumna nolar ratio of about 25:1 to 70:1 although ratios above
70:1 may be wused. A typical zeolite catalyst conponent having Bronsted

aci d sit edubayilcdnsishg besagatthey howlort ¥aladl hoheap #Mm;étd p&RiRtdiel ng
the structure of ZSM5 zeolite with 5 to 95 Ww.%silica, cl ay and/ or

al um na biputerchanneli &n umuipassquanghqxorotab@lutenpdnnmnqms&}eaw&itnacmlgeifu| ar
si eves, such as silica-al um nophosphate (SAPO materials may oyed
as catal y@me égq@éaéqlg fube ¢rsapanantpieseltano-lowergielpathandose /ﬁrmmegim
(Bowes et % fcl oses a catalytic process useful for feeds with high
paraffin &RPES: high nitrogen levels. The process enpl oys a bi nder
free zeolite dewaxing catalyst, preferably ZSM5. 0 9 MAY 2005 NN O
02,' 3870. ~ PCT/USQO /33841 -30- Medium pore zeolites are parti cularly

useful in the PHOSIES RAERUTS AlmbR mehRASRSIARLLLE M PAchihecae

stability under the extrene con trons o ration

crystals ma\sqaage%le%hale deiagingl Qfﬂné‘rbt%ﬂm e@inﬂﬁdazwrlqnszm 224 t h
0.02-1 micron being preferred.” Although ZSM5 ( > 40 al pha) can be used

inits metZEM-BeeZEM-Bfand Z3VeST.iMe poreckiuegireiof 23Md-5 psevides bivalaich ef

medi um Pore acidic netallo-silicates described supra, it is preferred

that t hey TBectaBbsapegelectivity, reduced coking tendency an exclusion of bulky
nitrogen-containing catalyst poisons. HZSM-3, Pt/ZSM-23, P&/ZSM23,
Pi/ZSM-4§, PUSAPO-11 and PU/SAPQ-4] 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.

Suitable molecular sieves having a coordinated metal oxide to silica molar
ratio of 20:1 to 200:1, or higher may be used. With HZSM-5, for example, it is
advantageous to employ conventional aluminosilicate ZSM-5 having a
silica:alumina molar ratio of about 25:1 to 70:1 although ratios above 70:1 may be
used. A typical zeolite catalyst component having Bronsted acid sites may consist
esserntizlly of crystalline aluminosilicate having the structure of ZSM-5 zeolite with
5 10 95 wt.% silica, clay and/or alumina binder. 1t is understood that other medium
pore acidic molecular sieves, such as silica-aluminophosphate (SAPQO) materials
may be employed as catalysts, especially medium pore SAPO-11.U.S. Pat. No.
4,908,120 (Bowes et al) discloses a catalvtic process useful for feeds with high
paraffin content or high nitrogen levels. The process employs a binder free zeolite

dewaxing catalyst, preferably ZSM-5.



with from0.1 to 1.0 wt.% of noble netal in order to be used as 03 MAY 2005
hydr oi so{®y §zaion dewaxi ng catal ysts. ZS3\4-5 is the onl gCediuirspor e
zeolite or medium pore acidic nolecular sieves that is practical to use
for comercial selective dewaxi ng without adding a noble nmetal. The noble
nmetal is preferred for use with other nmedium pore nolecular sieves in
order to reduce catalyst aging rates to practical |evels. The addition of
a noble netal to ZSM5, however, Provides it with hydroisonerization
activity that increases yields of dewaxeif)-l ube oils. It has been found
that when noble netals are added to ZSM 23, ZSM 35, SAPO-1 | and ZSM 5,
the product vyields and VI are generally higher for ZSM 23, ZSM 35 and
SAPO- I | than for ZSM5. Catalyst size can vary widely within the

i nventive concept, depending upon process conditions and reactor

structure. Finished catal ysts having_an,avera . i i L I to
5 min are pref MH]MEE?%%E@EF\@}%@TM} &%ﬁﬁ%%@ﬁ%ﬁgﬂgu
catal yti c dewaxi ng. exanpl,es hereif i R i joffo ZSM 5
havi ng. an EFREIEPHLR: TG DG SR Saf e e CoMBH b of Bpertiiol
di anet er ; r HE5s15¢ A BBt ¢.01 Qo2b@idrogdor mey be
09 MAY2ggém%@ﬁ%@%ggﬁgﬂ?bggﬁf\ggﬁ%%%ﬁ usggl.:al tReactgr cor{?i guration
i's an i MpokhaNty RN HerRicren befhd prefeesd. grltidugh Z8diS (disilyhgpandei ng
system Inits sinplest form a vertical pressure vessel s grow ed with
2 seri esl (@ded i_ﬁaiﬁsltméialdfeﬁfcﬁnk_&d Seﬁtmlvys::radiﬂdg,l llnfthﬁbm’awlr)ﬁﬂ'@r@ 8L B¥EUHn.
typi cal vertical reactor having a total catalys ed | ength to average
wi dt h ( L/ Dporasqoeds 't:)mctaﬂbesibcatabdgscr_n.bedlsuum20151Pr|e§'er5‘? that :‘hgﬁ’hb%f%@kﬁ%ﬂa
series of beds may be retained within the sa [ eact on g
simlar revithtfowahlfe 1@ I"N‘eg’ég nﬂ@keﬂ'ﬁe@t’dbﬁ)ﬁ RY %&&SgE}?‘g @?gkorl%%%\%?ﬁ{m

vessel s. Rgact ors of unti form horizontal cross
ewaxing catalysts.

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
addstion of 2 nobie metal to ZSM-3, however, provides it with hydroisomerization
activity that increases yields of dewaxed lube oils. 1t has been found that when
noble metals are added to ZSM-23, ZSM-35, SAPO-11 and ZSM-5, the product
yields and V] are generally higber for ZSM-23, ZSM-35 and SAPO-11 than for
7SM-5. Catalyst size can 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.

CATALYTIC 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



section are preferred; however, non-uniformconfigurations may al 5%9131@7 2005

enpl oyedyg ¥ jdpappropri ate adjustnments in the bed flux ra{,@.nﬁsﬁj] 31843
correspondi ng recycle rates. The invention is particularly use u[’ I'n

catal yti c hydrodewaxi ng of heavy petroleumgas oil |ubricant feedstock
boi l i ng above 260 'C (500'F). The catalytic dewaxina treatnent maybe
performed at a liquid hourly I'iquid space velocity not greater than 5
hr" preferably about 0.5-3 hr- 1, over randomy packed beds of extrudate
catal yst of the medi um pore type nol ecul®r sieve catalyst. The '
hydr ocar bon feedstock to the catal ytic dewaxer has a viscosity of 3 to 12
cSt at 100' C. Advantageously, the liquid flux rate for total feed rate
(including optional liquid recycle) is maintained in the range of

500- 3500 meaﬁa&ﬁacftor confhgurapor iesabnportagooensidostipounthsy design ofia. ) . 111.
Bvdr of i ni shinp Follow ng Catal ytic De,;Naxin2 In order to inprove the
qual i ty ofORHBUGRSIH CRETAIMERISIEM. 18 By YnRleFisiormga verasal psessurs yessel 19)

E\EL%S@B hgt%tég‘lc’)iﬁtfeiéﬁﬁi% e?’i‘?%%%&e%_étdﬂn@i St ar bt AR Tyt PresE ey
devai ng P BR VirtER s8Rt BELiR, Rial FRaGCos I RERL e R BRI D
devaxi ng. Sig) SRPERLYK 107 B PROSA PR BETOYRRM B 52 ot

start-of-c ydrofini e carried out at tenpératures

f rom aboutretaidd Withth 8fGanfe reaeefrehelll HoweOerl shnilad@siltabsh Besithieved
preferably 220 T to 300 T. Total pressures are typically from 2859 to

20786 kPa u§aigsepaddld side-Bpeiepsagior vesspis.dR tantors yof spaisemvkonzontgl drosg he
hydrotreater is typically from0O. 1 to 5 LHSV_(hr") , preferably 0. g to
3 hi". Pr&teieRsrepisieyedfoeyisamoriniiona walehyatiensdagy aispgbe employed,
hydr of i ni shi

and 3, 89 4,vg§§_gp§f0%ri53€§ {Jist?r?gntis T HiesbeéD ﬁ%l?{nrtatse al}ll%sc'ori}é5%3%%1&11511%81‘ec§CIle?foe%.48

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 hously 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
hydrocarbon feedstock to the catalytic dewaxer has a viscosity of 3 10 12 ¢St at
100°C. Advantageously, the liquid flux rate for total feed rate (including optional
liquid recycle) is maintained in the range of 500-3500 pounds/ f* -hr, preferably
1000-3000 pounds/ft *-hr.). |

111. Hvdrofinishing Followine Catalvtic Dewaxing

In order to improve the guality of the dewaxed products, a hydrofinishing
step (see Figure 2) follows catalytic dewaxing in order 1o saturate olefins as well as
to remove heteroatoms, color bodies and, if the bydrofinishing pressure is high
enough, to effect saturation of residual aromatics. The post dewaxing

hydrofinishing is vsually carried out in cascade with the dewaxing step. Generally,



enpl oying a reactor with alternating dewaxi ng- hydrofini shing beds 0§ MAY 2005

di scl oseehyq@ 0238495 Patent No. 4,597,854, Reference is made S
patents for details of such processes. The hydrofini shi ngpéﬂé}snﬁﬂﬁflovm ng

t he dewaxing step inproves product quality wi thout significantly
affecting its pour point. The netal function on the hydrofinishing
catalyst is effective in saturating aromati c conponents. Thus, a
hydrofirtishing (HDF) catalyst with a strong hydrogenation function that
a noble netal, nickel tungsten or nickefs.-nol ybdenum can provide, wll
be nore effective than a catalyst conprising a weaker nmetal function
such as nol ybdenum al one. The preferred hydrofinishing catalysts for
aromatics saturation will conprise at |east one netal having relatively
strong hydtogjertsafroycie uthethiyamofinishingowdlise sapizdrdut at Benperseureh &rode sbowd
hydrogenatign reactigns require little acidic functionality and because

no conver sh 7&20 G tp Pollet, praferaidy P8 dGdo $4Bs Cierd mest pmfcmblsﬁl A28’ C tchz00
t hydr of i ni shi t al ' I idity. Typical
Subport e RGNt BR85S Y PaTFS kBa dabert 40 Bridiopsign
| um ng&,: Sidi d sil.ica-al um f | L di h
not al " contaabidpoRiy Phechoionty B A WvaBenet it SOIGS EOME LE sHSY
per cent f‘{ﬁr‘ ;ﬁ?%ﬁwaﬂis ble nmetals are usually present in

anounts no greater t -t.% Hydrofinishing catal ysts of this
type are readily available fromcatal yst suppliers. The nickel -tungsten
catal ysts nmay be fluorided. 0 9 MAY 2005 NN70 112/3870-, PCT/US01/31841
-33-  Cat al ystPioayssel emplogingdegbehtialiebatatahttial gobaxidg dexirbfedishing e as
hydrotreatjng  catalyst. Control of the reaction paraneters of the

hydr of i ni gleserabed &pUb$s Ratents Newidul 81,088: 137a#§iand 3,824,938 8bAlnirogesst t he

Igre(r)?ggf (S: -fzgsﬁlg uﬁ%g gqr:%:!tgrg{yl na(;ge%p\%%,ré Wqu%_%@ﬁ@%lskég ne%s\{ls ﬁis(cllolélzécl;n
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
hydrofinishing (HDF) catalyst with a strong hydrogenation function that a noble
metal, nickel tungsten or nickel-molybdenum can provide, will be more effective
than a catalyst comprising a weaker metal function such as molybdenum alone. The
preferred hydrofinishing catalysts for aromatics saturation will comprise at least
one metal having relatively strong hydrogenation function on a porous support.
Because the desired hydrogenation reactions require hittle acidic functionality and
because no conversion to Jower boiling products is desired in this step, the support
of the hydrofinishing catalyst is of low acidity. Typical support materials include
amorphous or crystalline oxide materials such as alumina, silica, and 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-tungsten catalysts may be finonded.



catal yst tenperatures of about 23 )0'-300' C (446'-572F) will i ni md3eMAY 2003
si ngl e-r iy -pyati cs and pol ynucl ear aromatics. They w | | .brovi de
pr oduct s“krltg'\;zlf%{;]gggod oxidative stability, LTV |ight st abiquﬁ'ﬁéﬂé’ﬁ’&?
thermal stability. Space velocity in the hydrofinisher also offers a
potential for aromatics saturation control with the lower velocities
effecting greater aromatics saturation. The hydrofini shed product
preferably contains not nore than 10 w. % aromati cs. EXAMPLES The
follow ng exanples are intended to be dgscriptive only and are in no way
to be considered as Iimting: EXAMPLE | Table 5 provides an anal ysis of
an at nospheric tower bottons product from a comercial two stage

hydr oCTacker. Such a hydrocracker possesses a hydrotreater reactor and a
hydr ocr ac Kratglyst arayoalso etudiomslkmoetag nptbyytst descxibed abovel s hiyBtatdaangur ~t
as described in the hydrocracking unit of the instant invention. The

pr oduct i§aiﬁib@ql y a 330-538*C (625-1000'F) cut and is very lowin

het eroat om and aromatic content, particularly nitrogen, The

hydr ocracki ng catal yst enpl oyed was fresh. A full range analysis of the

drum of the at her i - bottons. a 9 .VAY 2905. PCT/US01/31841 .34
"Dt ocei ved | CORBG IRt PR P BRI RS of v e oBRHing Yhe V0TS G o
br oken do hat,o-fdy : : ies.
These. anal 0s0r yAih el BT Wi s SRR U et SRR RhS
process, WIILA andcVLe eRIRATEP i ddic dRbdihétels, BYE 88 NaWhhD8rofBighing
distillation, the final product nust pdssess the follow ng
char act er icatdlgst: 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 in the
hydrofimisher also offers 2 potential for aromatics saturation control with the lower

velocities effecting greater aromatics saturation. The hydrofinished product

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

The following examples are intended to be descriptive only and are in no

way to be considered as limiting:

EXAMPLE 1

Table 5 provides an analysis of an atmospheric tower bottoms product from
a commercial two stage hydrocracker. Such a hydrocracker possesses a
hvdrotreater reactor and a hydrocracking reactor, but does not employ the vacoum
distillation unit as described in the bydrocracking vnit 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 botioms as



Viscosity Index > 115 NOACK > 6 < 20 Viscosity (4-5cSt at 100' C U&(M%rmf'
(Saybol t w@o2s-our Point <-')5F(-4'"C) Aromatics < 5 iAt. %T&%ﬂglsﬁt abl e
in sunlight In order to obtain a final product with these N
characteristics, it is desirable to begin with a chargestock with as
high a VI and as | ow a NOACK (or as high a flash Z~ --h point) as

possi bl e. The hydrodewaxi ng procedure | owers pour point. In Table 5, the
nore volatile fractions had | ower pour points and the heavier, |ess
volatile fractions had higher NTL The mpst volatile fraction, distilled
at 0-20% had a |l ow viscosity (2.77 centistokes at 100'C) and a N1 bel ow
115 and is therefore unsuitable for use. It is desirable to obtain
chargestock with characteristics in an acceptable range in order to
attai n t hgeegive@ prepoued iprtbeStataldsottams't teduimmst Bhe botivertvwene, brekenvdownm
distillatioon step is enployed. As Table 6 illustrates, even the |lightest,
nmost  vol abig TS!W egedli wlupre qute ang andlyred kedieyproperiesn Thesei drlabdebare ons
product is suitaé)ldﬁ. f%r use, having a VI greater than 115 and a

vi scosi ty Ap0RkayIdsd ableunt i ot okes at 100C. 0 9 MAY 2005  NVO 0238705
PCT/USO , 131841 35 00 00 00 C~, cq rr~r-~ O~ "

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

characteristics:

Viscosity Index > 115
NOACK >6 <20

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

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

Color stable in sunlight

In order to obtain a final product with these characteristics, it is desirable to
begin with a chargestock with as high a V1 and as low a NOACK (or as high a flash
point) as possible. The hvdrodewaxing procedure Jowers pour point. In Table 3, the
more volatile fractions had lower pour points and the heavier, less volatile fractions
had higher V1. The most volatile fraction, distilled 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 1s desirable to obtain chargestock with characteristics in an acceptable
range in order to 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.
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PCPUS01/ 5‘?8%3@3',’7- EXAMPLE 2 Figure 5 illustrates the rel ?ftci Z%’H‘ugé)"%gf

Vi scosity Index v. Hydrogen content for |[ube oils having a pour point of
-7'"C wherein the oils have been refined either by solvent refining or by
hydr ocracki ng. Each of the various waxy stocks conpared was sol vent
dewaxed to a -7C pour point. As the weight percent hydrogen present in a
| ubricant base stock increases, the VI,_ajiscosity index, inproves. The VI

I nproves sonewhat nore for hydrocracked stocks than for solvent refined
stocks. The enpty circles represent |ubestocks obtained by | ubes

hydrocracki ng, distillation, and sol vent dewaxi ng without further
t r eat nent . EXANJRISE Qont ai ni ng

Figure 5 illustrates the relationship of Viscosity Index v. Hydrogen content
for lube oils baving a pour point of -7°C wherein the oils have been refined either
by solvent refining or by hydrocracking. Each of the various waxy stocks compared
was solvent dewaxed to a -7°C pour point. As the weight percent hydrogeri present
m a Jubricant base stock increases, the VI, viscosity index, improves. The VI
improves somewhat more for hydrocracked stocks than for solvent refined stocks.
The empty circles represent lubestocks obtained by lubes hydrocracking,
distillation, and solvent dewaxing without further weatment. Circles containing
crossed lines represent lubestocks refined by fuels hydrocracking, distillation, and
solvent dewaxing. Squares represent lubestocks that were solvent refined and
solvent dewaxed. Upright triangles represent vacuum distillates obtained from
paraffinic crudes. Inveried triangles represent vacuum distiilates obtained from

naphthenic crudes.

It is apparent that fuels hydrocracking of a given vacuum gas o1l will
provide Jubestocks of higher VI than lubes hydrocracking or solvent refining
because fuels hydrocracking is more severe than Jubes hvdrocracking. In the instant
invention, dewaxed lubestocks 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 least
about 14.1 wt.% in order to obtain a VI of 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 10 0.5 wt.% higher in hydrogen content than the dewaxed oil
for a ZSM-5 catalyst. PONA analysis of these hiydrocracked lubestocks on Figure 5
demonstrated that they possess wide varations in comj:osition, some having a high

paraffinic content and others having a high naphthenic content, others being 1n



crossed lines represent |ubestocks refined by fuels bydrocracki ng,[]g MAY 7005
di still ahicphzgaied sol vent dewaxi n2. Squares represent | ubgsR&lsskiat
were solventrefined and solvent dewaxed. Upright triangles represent
vacuum di still ates obtained from paraffinic crudes. Inverted triangles
represent vacuumdistillates obtained from naphtbenic crudes. It is
apparent that fuels hydrocracking of a given vacuumgas oil wll provide
| ubest ocks of higber VI than | ubes hydrocrack or solvent refining because
fuel s hydrocracking is nore severe than.jgibes hydrocracking. In the
instant invention, dewaxed |ubestocks have a '\/I| of at |east 105,
preferably at |east about 115. From Figure 5, the dewaxed oil product has
a hydrogen content of at |east about 14.1 wt.%in order to obtain a VI of
115 and a bepecegeAndofindatvanetyaef ¢amnpositiabsia thesefprewpessibleraseny WA leyel 105.
Because dewaxi ng | owers hydrogen content the _waxy oil is about OéFI to 0.5
. Ng. % hi gread the aytiegasndniesaribed by a 19828 &fdnenozsn contgrtsdoyany /1 level.

32&3'%? at ﬁ?ﬁ%ﬁé&%&éﬁ?ﬁﬁ%@%ﬁ%ﬁﬁgfr!o_‘ﬁ?iihﬁ%ﬁ P68 £ ng
ot hers bori oo SBERRYFI0SH 0k arog mh AR D e EERS: e een.

An infinit&muanh %&MFB“?%%@Q%? aligggn%ﬂzénémre%ﬂgg 1PP32i181 18 60%ABrovh tHisHe!

and the varration can be descri by a range hydrogen contents for any

VI | evel . follaershihdt gaeedevepiydant pafdutbaniss Beaidf in iightadgeger comedf. 1 % to
14.6 % for carbon nunbers ranging from Cl7 to C55, respectively. For

al kyl cycl abepaafins and akytordtlentnes. Adusihyirdcfamker|thet iseayydescragker
range is 12.4 to 13.69% Fromthis it follows that the dewaxed oil
product mibat grerateshniexchsgdf Hldrcopyarsiamteas C mippahght prrdugky can

per at oo HOBRECES 437 CHY; BEHHE BroRERDe BRARAES A SPatIap POy o

dewaxed oil having a viscosity index of 105.

EXAMPLE 3

Figure 6 (parts a, b, and c)‘ is a demonstration of lubes hydrocracking and
fuels hydrocracking for a heavy vacuum gas oil derjved from Statfjord crude oil.
The heavy vacuum gas oil was hydrocracked in a pilot plant at various conversions
and the hydrocrackate was distilled to remove all 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 to as the Jubes hydrocracking range and the conversion level from
30% and higher is referred to as the fuels hydrocracking range. It is obvious thatto
attain a dewaxed product baving 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 demonstrates how
viscosity is reduced as hydrocracking proceeds. Figure 6 also shows that 34 5°C+

yields are low in fuels hydrocrackers.



produce a 345C pl us product having the appropriate hydrogen conten@gt'*ﬂ)lwm5
provi de wo @ewaed oil having a viscosity index of 105. EXAVAIYIZI} gure

6 (parts a, b, and c) is a denonstration of |ubes hydrocracking and

fuel s hydrocracking for a heavy vacuumgas oil derived from Statfjord
crude oil. The heavy vacuum gas oil was hydrocracked in a pilot plant at
various conversions and the hydrocrackate was distilled to renove all of
the 345C (653F-) materials. The waxy 345C plus oils were then sol vent
dewaxed to -18C (COF) pour point and thé%9viscosities and VI's were

determ ned. The conversion range from 10 to about 30%is referred to as

t he tubes hydrocracki ng range and the conversion | evel from 30% and

hi gher is referred to as the fuels hydrocrackhggoran

e. It is '
that to attai ke dataax Exapipiesd to AawasgoRaine Iflasg}i%?"%%?raﬁrg’?#é%?
conversion of about 35%is, required. The._degr CONY: k- '
i s dependeratalype dﬂ’t\’ﬁémgﬁir&(ihg%eﬁﬂﬁﬁxéﬁ E?’ﬁ%‘ﬁée%ﬁ%ﬂ%?ﬁé@?%%ﬁ%? k’gl?é
Figure 6 also denonstrates how .vi scpsi LS gcracki ng
proceeds. IHSHIfaEIQE C&P%%“%‘iﬁ\%"?ﬂ%@%ﬁg%@é Vi }e‘p‘g&%ﬁ Sﬁ?\}vﬁ?ﬁ& 1(‘5 uel s
bydrocrackers. 0 9 MAY 7005 NVO 02/387/05 PCT/USQO /31841 -39- The data
in Exanples 4 to | was obtai ned fromat\N/70 reactor process for

catal ytic dewaxif)gsand nWpursdivw Hahi Botal {sbeasisadfbebdt bighdatddopepressure
di scussion.) The ?I rst“reactor contained a proprietary b%dTodewaxi ng
catal yst, sKSWisn Thaheaseotyshaottewedimyeraaldhydrofinjdhangse@ Y™ aot h hi gh
and | ow pressure operation. In the second reactor )gjc}m ner ci aIc 13
hydr of i ni sémpipyedt & st pv%sureeﬁﬁﬁ)loo@féhps@}lop’?ﬁﬂluﬁpe@i}? @@6&)51%% %gllyéo
operation, the hydrofinishing catal yst i esj gn I . e
sat ur at i onde owydor efeli SARTANOE- SQP@QY%O# ?q?ﬁﬂ%%gss)ségjfrgﬁ m?gsreﬁég q%sozlary
oxidative gnd (N Light, 5PN g DRBANS nolBvdt HRANPRRUGEE(2500psiE) 0)
operation, the hydrofinishing caialyst s desi gned for aromatics saturation. The

hycrofinishing catalyst employed at low pressure was also evaluated at 2200 psig in

order to provide a comparnison.

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 wi.% evaporative Joss 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
catalvtic dewaxing followed by bydrofinishing are shown on Figure 7. In general,
NO};CK volatility can be correlated with the percent off at 750°F in D2887
éimulated distillation (see Figure 7 and Table 7). For these products there is also

good correlation between NOACK volatility and the 10% point. (see Figure 8).



operation, the hydrofinisbing catalyst is designed for aromatics 09 MAY 2005
sat ur at i Wy oFBgoshydrof i ni shing catal yst enployed at |ow p

al so evaluated at' 2200 psig in order to provide a conparlggﬁﬁgﬁﬁxﬁng 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" usi'ng the NOACK Evaporative Tester. In

sumary, the nmethod neasures the NN-L. % evaporative | oss of a sanple

hel d at 250' C (482'F) uDder a constant -gfream of air for a period of 60
m nutes. NOACK volatilities of the base stocks produced by high and | ow
pressure catalytic dewaxi ng foll owed by bydTofini shing are shown on

Fi gure 7. e&g gF NOACK voIatllé can be correlated with the

per cent off at atirppint ppddyoack valn hébb@itasfteunlaatumsnsé@hmgudmtehmﬂ

Table 7 t he raducts.there i s S correlatlon bet ween
NOACK vZal &Poﬁr"’ g@é%@tg%@%%i@ﬁpect@éé %l pyovidesa payelation ofNfash
02/ 38705, 40-_Fl ash poi nt and Noack vol atility behave in
an opp05|ﬁfqazéﬁa§ﬁskﬂéHLr8Pﬁ?ed to 5% or 10% boiling points
respectively. Figure 9 provides a correlation of flash point and 5%

boiling point. 0 9 MAY 2005 NVO 02138705 PCT/USI|1/31841 41 C In 0 C -
C G-V O0GC>c) 0 v
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EXAMPLE 5

Roth catalyst systems (high pressure catalytic dewaxing + Arosat HDF
catalyst (fluorided NiW/A1,0;) and low pressure catalytic dewaxing + HDF
catalyst (Mo/A1,05) easily met specification pour point and produced similar lube
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 Jength and improving unit stream
factor. Pour point reduction is twice as responsive to catalytic dewaxing
temperature changes at the ugh pressure, which could faciliiate production of very

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

Lube vields and V1'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 point
(versus 82 wt.%. 129 VI, 107 SUS with solvent dewaxing on a dry wax basis).
Standard low pressure catalytic dewaxing allowed little adjustment in 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 Jevels at 525°F HDF temperature, as determined by UV zbsorptiviues.

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

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



O Ccregq Uunc) ~r 0rdaLbn NC o mrd4 Nrdre) -,z L) u >1 @3 MAY 2005

C <ccti) < MZ 4 EO0O9 MAY 1005 WO 02/38705 PCT/USO
EXAMPLE %)OBBPH“I: at al yst systenms (high pressure catalytic ggﬁé%ﬁblsi?

Arosat HDF catalyst (fluorided Ni WAl 203) and | ow pressure catalytic
dewaxi ng + HDF catal yst (Md/ A1203) easily net specification pour point
and produced simlar lube vyi€lds and viscosities with hydrocracked | ow
aromatic; low nitrogen feedstock. GCeneral characteristics are summari zed
bel ow. Operation at 2500 psig (vs. 400'Qﬁlg) reduces dewaxi ng catal yst
aging from 2.3 to 0.2F/ day, greatly extendlng potential cycle length and
i mproving unit stream factor. Pour point reduction is tw ce as
responsive to catal ytic dewaxing tenperature changes at the high

pressure, h%&tﬂ%k‘ﬂs%éx@@/hé‘t afimd@ieett@leOhnd er werd oympasitiaflyi nt base
stocks, if desired. (See Figure 10) Lube yields and VI's are relatively

i nsensi ti MRolgcdd.essure (see Figure 11) ,

The low pressure work was done at 400 psig total pressure using pure Ha
(415 psi H, partial pressure) and 1 LHSV (each reactor), with 2500 scf/B H,
circulation. Three HDF temperatures (465°F, 525°F, and 550°F) were investigated
at specification pour point (5°F) to bracket an optimum treating severity for
producing UV light-stable base stock. High pressure catalytic dewaxing was
performed in a two reactor pilot plant. Reactor 1 was loaded with 262 cc of
dewaxing catalyst. This catalyst was the same dewaxing catalyst used in the
standard pressure run. Reactor 2 was loaded with 62 cc of 2 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 Hy (2515 psi H; partial pressure) and LHSYV (each reactor) , with 2500
sci/B H, circulation. Four hydrofinishing temperatures (625, 575°F, 525°F and
450°F) were investigate.d at specification pour point (5°F) to bracket an optimum
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.



producing 67-72 wt.%vyield of 121 VI, 116 SUS base stock at 5F poud 3 pHY 40
(versus 82 wt.%_129\7j, 107 SUS with sol vent dewaxi ng on pcgk¥eMa¥s

basi s). “é?%ﬂg?’?j | ow pressure catalytic dewaxing allowed little
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
al l owed reduction of aromatics to equilibriumlevels at 525F HDF
tenperature, as determ ned by UV absorptivities. The | ow pressure program
was run in a two-reactor pilot plant wi th4online N2 stripping
capability. Reactor 1 was |oaded wth 225 cc of dewaxi ng catal yst

contai ning HZSM 5. Reactor 2 was |oaded with 225 cc of bydrofinishing
catal yst (Md/ A1203), which is designed for olefin saturation and | ow
desul furi zgtxaMPEE §ical for maintaining oxidation stability of
conventionarty-refrned | ube base stocks). 0 9 MAY 2005 NA10 02/ 387W-
PCT/ US01/ 31841 Both catal ysts were 1/16" cylindrical extrudates and were
comercially produced. The | ow pressure work was done at 400 psig total
pressure uSUNLAGRTISTABELEINsi H2 partial pressure) and | LHSV (each
reactor), with 2500 scf/B.B2  circulation. Three HDF tenperatures (465F,
525F, and JHGSERIBFION QEMEXHOD o1 specification pour point (5F) to
bracket an opti treatj | s H™ d icohitusdiabhBgiase
stock. Hi gh pre %tﬁgt%%%elzg&ggﬁadﬁl#g)\%gé egjlg?(flgrg)L dééi natwo IEY;IaCt'(I)ﬂI;I]I]
pil ot plant. I o heee Ofrecipgtanxiang cabakhaige. Tali s
cat al yst M&lﬁiﬁé@ﬁeahﬁmi*ﬁg catdzgill%/ds]{)zﬁ)ged igﬁthe standard pressure
run. React %Bﬁﬁ)]w&ef@ﬁﬂes@mﬂlthhe&&m@t dfe snoohowational  hydr of i ni shi ng

catal yst with excellent aromatics saturation capabilities (Arosat). It

is commercially available as a 1/16" quadrul obe extrudate. The high
pressure catal yti c dewaxi ng was done at 2500 psig total pressure using

pure H~ (2RESRHLTE, partial pressure) and | LHSV (each reactor) , with
2500

Light stability of the high pressure catalytically dewaxed and hvdrotreated
base stocks is excellent when the zromatic saturation catalyst is used, with no
precipitate after 42 days (see Figure 13). Products from Jow 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 occurring 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 hydrofinished 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 hydrotreating catalyst, even at 2200 psig, is not well suited for removal



scf/B H, circulation. Four hydrofinishing tenperatures (625F, 57570 9448 2005
and 450Q' F) were investigated at specification pour pointpﬁi ol 8shr acket
an optiﬁhﬂwz@§@éting severity for producing W ligglit-stalblée 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 \A1O 02/38705 PCT/USQO /31843 -44- EXAMPLE
6 SUNLI GHT STABILITY DESCRIPTION OF METHOD In this test, the neat

(unaddi tized) base stock is exposed to_patural sunlight in a glass
bottl e and observed periodically for haze, precipitate, and col or change.
Al sanples were run sinmultaneously at the sanme | ocation. RESULTS Light
stability of the high pressure catalytically dewaxed and hydrotreated
base st ockiHese ars@bleetdmpbends. Mhedidnatabilisatesnhs bbhigae dBywirelae widd,
with no precipitate after 42 days (see Figure 13). Products from| ow
pressure g dVidsalts déWagiraddand hydr of i ni shing and al so from sol vent
dewaxi ng have very poor light stability, deteriorating badly and about
equally within 2-3 days. This would indicate that the light instability
is not aresult of anything occurring in the catalytic dewaxing step,

but rat heENAMRLEI7 of unstabl e conponents in the hydrocracker bottonms.
Such instability is generally associated with 3+ ring aromatics, which
can be nonitored by WV absorptivity at 325 nm After absorption of

I nese e HTIRHEAS Y 1EPok PaBbRYUERI A (RotsarBeAT ORiaonruft | at or s,

whi ch subseque react "wrt e ns ‘to produce carboxylic
acids. |Inq I8 foFioWeCKS TM Meéithad DIEER, Iswknkdohe uyingfthe beseoils

oxi dati on %ﬁcts is low and they precipitate out. i . )
plus 0.3 wt.% Irganox ML.820, which is a commercially available turbine ail
additive package. In the test the sample is placed in a pressure bomb along with
water and a copper catalyst coil. The bomb is 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 perfom{ance 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 hydrocracked samples were fair to poor, and showed a general
trend of decreasing RBOT stability with increasing boiling range (25% bottoms vs.

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

(EOR) vs. Start of Run (SOR).
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have WV sorptivities @' :)25 nmthat are several order i tude
bel ow the\?’Bd]tzhg ’:‘sanpl es (see Figure 12 and Table 5). Not eﬁfﬂ&{sﬁlﬂ‘g”
standard catal ytic dewaxing hydrotreating catal yst. even at 2200 psig,
is not well suited for renoval 0 9 MAY 2005 WO PCT/ US01/ 31841 -45- of
t hese unstabl e conpounds. The light stability results of Figure 13
correlate with the UV results of Figure 14. EXAMPLE 7 The RBOT testing
for oxidation stability (Rotary Bonmb Oxidagtion of Turbine Gls) followed
ASTM Met hod D2272. It was done using the base oils plus 0.3 wt. % I rganox
MUM which is a commercially available turbine oil additive package. In
the test the sanple is placed in a pressure bonb along with water and a
copper cat ghysMPPHE 8 The bonb is pressured with oxygen to 90 psi,
placed in @ I50°C( 302'F) bath, and rotated axially on an incline. The
nunmber of mnutes required for The pressure to drop 25 psi is reported,
hence, higher results indicate superior oxidative stability. (See Table
i éO nmt%at
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rend of decreasing sta ity wth 1 ncreasing boi'ling range (25%

bott oms VSE;pfglyl3 range bvdrocrackate) and increasing hydrocracker
cat al yst age End1 of Run (EOR) vs. Start of Run (SCOR).

EXAMPLE 9

Dewaxing catalyst aging is significantly lower at 2500 psig thar it 1s at 400
psi. In addition, lube pour point is 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 higher 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

At 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. Conseguently,

extremely long cycle lengths are expected at 2500 psig.
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pol ynucl\égr"‘@%‘ﬁati cs (PNTA) are largely absent in |ubes which have been
treated wth high pressure catalytic de-waxing foll owed by hydrofinishing
with an aromatics saturation catalyst. This correlates with the sunlight
stability results on Figure 13. EXAMPLE 9 Dewaxing catal yst acing is
significantly [ower at 2500 psig than it is at 400 psi. In addition, |ube
pour point is 2.3 tinmes nore responsive.4n dewaxing tenperature:chances
at the higher pressure. The aging difference is attributed to |ower rates
of coke formation at the higher pressure. Catalyst aging is depicted in
Figure 10. Hydrodewaxi ng reactor (reactor]) tenperatures (actual and
correct ed @ VWPRESS WRENCA PAL YIRC DEWAXINE shown  versus days on
stream AsS 1S typical for Tow nitrogen stocks, aging rates are | ow
relative to conventional, solvent-refined stocks. H GH PRESSURE CATALYTIC
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rate

smoothing out the HDW reactor temperature data for pour points ranging from

-22°F 10 +39°F.

After 29 days on stream, the pressure was increased to 2200 psi. Within 4
days, the catalyst recovered a substantial amount of its activity and the aging rate
dropped 1o 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 yield and correspondingly increase Cs minus yields. Lube yield 1s
relatively insensitive to pressure. Compared to solvent dewaxing (SDW) there is
about a 10 wt.% debit in lube vield at 5°F pour point, 70-72 wt.% for catalytic
dewaxing with ZSM-5 catalyst vs. 82 wt.% for solvent dewaxing (dry wax basis).
However, it must be recognized that most solvent dewaxing units produce waxes
ihat contain anywhere from 10-30% oil. Thus, actual solvent dewaxing yields are In

the range of 74 to 80%.

Product yield distributions indicate that there is non-selective cracking

. .. . : . nzo
occurring over the high activity, high pressure aromatic saturating catalyst at 625°F.
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pour poi Qf rection of -1.3F pour/1'F change in HDWrea 131841
t enper at S’P%"%’L’"’effecti ve for snoothing out the HDVVreactg{rS?{Ug(r’r]perature

data for pour points ranging from -220F to +390F. After 29 days on
stream the pressure was increased to 2200 psi. Wthin 4 days, the
catal yst recovered a substanti‘al ampunt of its activity arid the aging
fate dropped to near-zero. This woul d suggest that the increased agi ng
at 400 psig resulted from higher cokinggrates, and some of this coke is
easi |y hydrogenated or desorbed when the pressure is increased. EXAMPLE
10 I'n general. increasing catal yti c dewaxi ng operating pressure tends to
reduce distillate yield and correspondingly increase C5 minus yields.

Lube yi el d_jise yieR] @iidpy®y¥6 wgeNad dloven froFipues § 6r{Eubednedd s Tonpenatse)
dewaxing (SDW= theré is about a 10 wt.%debit in |ube yield at 5k pour
poi nt, 70-ad Riguréd 7 ofVisagsatyyes. Hvdteharhntg SevanitysiSassantdl q}gth;gt_.) 82
\,,,t.%for solvent dewaxing (dry wax basis). _I—ﬁifz\gver, i El.iﬂ#St uge
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anywhere from 10-30%oil. Thus, .actual sol vent de in i , L
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i s non-sel ective cracking occurring over the high activity, high
pressure aromatic saturating catalyst at 625F. 0 9 MAY 2005 WD 02/ 38-705
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(Lube Yield vs. ature I gure i scoSity vs.  Hydrofinishing
Severity a;,-sggﬂﬁfrwrogeﬁ{es%mh)me Mlﬁhn@higm?fesbmeﬂﬂgm dewaxgng lube
i ncreased dll stillate yield. Sudden shifts in lube_ properties é@?%%o
hydr ot r eat prighicenpe sahilae(Rifse 18)dis6fE pmn-mmeémc\saélwrladﬂﬁrﬁﬁ F
(4.6 ¢St @ 1000C) and V1is 121. Solvent 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.

1t is apparent from the lube properties and vields discussed supra that there
is mon-selective cracking occurring 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 Jow and high
pressure catalytic dewaxing are a result of the degree of aromatics saturation in the
hydrofinishing reactor -- a consequence of differences in (1) the type of

hydrofinishing catalyst used and (2) the bydrogen pressure.

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

hydrocracked bottoms or end-of-cycle bydrocracked product.

Solvent dewaxing preferentially removes the heavier, higher pour waxes,

wherezs catalytic dewaxing with ZSM-5 preferentially cracks the smaller, normal
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visconetric properties of both the | ow and high pressure |yt
dewaxiné*@ﬂygsmgroducts are simlar (Figure 18). At 5F po E*gﬁxﬁ??“
viscosity is 116 SUS @I OOOF (4.6 cSt @l OOOC) and VI is 121. Sol vent
dewaxed oil viscosities are lower and VI's are higher, which is
consistent with the differences in the way that the two processes
achieve their goal. It is apparent fromthe |ube properties and vields

di scussed supra that there 1is non-seleggive crackinc, occurring over the
Arosat hydrofinishing catal yst at 625 F. Lube viscosity drops off
significantly,,,vith a corresponding 3-5 nunber drop in\71. (See Figures
17 and 18.) Major differences between the properties of |ubes nade with

Low and Wy gRrrid 888 U 8 refidleidves dRURP AR SodIGoN theGanidpoutegnets. of

aromatics saturation 1n the hydrofini'shinge reactor -- a consequence of
di f ferencgs 4 feshlt) thfeftﬁtatlylﬁ)@l?f déyaxeaf liphisidutra) lolbe sieyds ands ¥d'saamel 1qW9r. t he
hydrogen pressure. These differences are even greater for aromatic

f eedst ockbowetegnperameperscomitribperformanteed fonmiated satadydcalty dywpked

bydr ocracked product. Solvent dewaxing preferentially remvesg The

heavi er, picghets peEupRERE, solvigntrdeyedest Gils/e @%‘é@&ﬁ(’h’é%%%" T
preferentially cracks the smaller, normal 0 9 MAY 7005 WO 02/ 38705

PCT/ USQL/ 31541 -49- paraffins and as a result renpoves nore paraffins to

achi eve Lﬁﬁéiﬁiﬁggfﬁi points. As a result, the catalytically dewaxed

| i ght ne 4 elds and VI's are lower. Low tenperature

vi sconmetric performance of fornulated catal ytically dewaxed products are
superior to solvent dewaxed oils of equival ent viscosity, however.

EXAMPLE 11 W abgabeéiphvity, agselield prasupr gsheatamaepeas aeled ondef streemingn

ror ser eeggfg?ofmishing reactor conditions during the pilot plant studies. Absorptivity at five
wavelengths - 226, 254, 275, 325, and 400 nm -- are used as qualitative indicators
of the amount of aromatics, with 226 nm correspornding to tota] 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 dewaxmg HDF
catalyst, which is designed for olefin saturation, 1s much less effective, even at
2200 psig (see Figures 12 and 21). As seen in Figure 12, absorptivity at 226 nm
(which correlates with tota] aromatics) goes through a minimum for the high
pressure catalytic dewaxing near 52 59F -- marking the crossover from 2
kinetically-limited to an equilibrium'-limited regrme. This minimum should move
toward higher HDF temperatures (and higher UV absorptivities) as feed aromatics

increase. The standard catalytic dewaxing HDF catalyst is kinetically linuted 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 hydrofimishing

temperatures at high pressures, i.e., polynuclear aromatics decrease and then
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Absorptiyity .at five wavelengths -- 226: 2_54. 275, 325. , --
are usedyxa(ixﬁfa}dpﬁ ative indicators of the anmount of aronat?@gfpé'?]\?ﬁlgﬁ] 226
nm corresponding to total aromatics. Aromatics with three or nore rinlas
and four or nore rings are indicated by absorptivities at 325 nm and 400
nm respectively. Lube aromati'cs are reduced dramatically over the
Arosat HDF catal yst. The standard catal ytic dewaxi ng HDF catal yst, which
is designed for clefin saturation, is nugfL | ess effective, even at 2200
psig (see Figures 121 and 21). As seer) in Figure 12, absorptivity at 226
nin (which correlates with total aromatics) goes through a m ni num for
the high pressure catalytic dewaxi ngnear 525F -- marking the crossover
from a ki ninetéaseabith yybiofitisngdemperquid. i Brghemhytiogenquessagenshiftthe s

i ni ni ni um shoul d nove toward hi glier HDF tenperatures (and higher UV
absor pt i vi ¢equakipriam tekoverrvahees.cs i ncrease. The standard catal ytic
dewaxi ng HDF catalyst is kinetically limted for saturating aromatics in
the tenperature range exam ned. In aeneral, saturation of polynticlear
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aromatics content and the other possessed high argnmatics ggntent. The
dat a cl ear hydadimoskingarich steadard hydrofiaishing calghyst(S6/ekabée 84t ur at i ng

hydr of i ni shing catalyst is better than | ow pressure

Table 8
Comparison of Product Characteristics
HDOW HDF | Pressure, Wi.% Lube Lube Fractionzl Yield
Temp, | Temp, Psig Aromatics in Pour Yield. Of Aromatics
°F ‘F Lube Point, Wi.% (Lube
(Chz =14.3) °F Aromatics X
Lube Yield)/
{Charge
| Aromatics)
602 425 400 15.3 5 86 0.9
634 425 400 20.7 -50 76 1.1
623 425 2200 1.7 5 88 0.1
ENXAMPLE 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 2¢ where the dewaxing catalyst was Pt on
ZSM-23. Figure 18 shows that lube VI and yields obtained with P/ZSM-23 are

2bout the same as or better than those obtained by solvent dewaxing.
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Tabl e 8 @on of Product Characteristics --WD> NN ure,
. % LuBgBEp J{I on2l Yield Terop, Ternp, psio. Aroinati e?cliﬂ‘g—‘yg Vi el d,

Of Aromatics T T Lube Point, W.% (Lube "I'L A 7T/. (Cbg = 14.3) T
romatics x Lube Yield)/ (Charge ATOVRtics) 602 4-25 400 15.3 5 86 0.9
634 425 400 20.7 -50 76 1.1 623 425 2200 1.7 5 88 0.1 + EXAMPLE 13

Al t houoh many of the exanpl es above have enpl oyed HZSNI -5 as t he

‘dewaxi ng catal yst, other catalysts, descyl-bed supra, may al so be used as
dei ~,axing catalysts. This is illustrated on Figure 20 where the

dewaxi ng catalyst was Pt on ZSM2 1. Fiaure 18 shows that | ube VI and
yi el ds obt al ned with Pt/ZSM 23 are about the same as or better than

t hose obt E2AMBYLEdHvent dewaxing. 0 9 MAY ?Ws  NVO 02/ 38705

PCT/ US41/ 31841 -51- EXAMPLE 14 A nunber of medi um pore nol ecul ar sieves
were tested for their abilities to

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 lube oil base
stocks.The normal 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 mezasured by the "ALPHA" test, was varied for the
molecular sieves either in the synthesis of the sieve or by steaming, which 1s known
to reduce the activity of molecularsieves. A noble metal, namely platinum, was
added.to each catalvst 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
0.4 LHSVF
ZSM-23 0.5 30 547
ZSM-23 0.2 30 570
ZSM-23 0.3 1 603
ZSM-48 0.83 5 619
SAPO-11 0.7 9 600
ZSM-5 1.1 8 554
Z8M-5 0.4 1 603
ZSM-5 0.5 280 445 at 3.0
LHSV




convert a nornmal paraffin that is representative of waxes in waxy W&Wmf‘

| ube oil "Qf‘% gt ocks. The normal paraffin was n-bexadecaneCirusiossdcul ar
sieves th 3Yeé tested with this conpound were ZSM 5, ZSM 23, ZSM 48
and SAPO 1 1. The acid activity of the catalysts, as neasured by The
"ALPHA" test, was varied for the nolecular sieves either in the
synthesis of the sieve or by steaning, which is known to reduce the
activity of nolecul arsieves. A noble netal, nanely platinum was added.to
each catal yst nmade fromthe nol ecul aTsi €¥ks. The plati num concentration
was varied wth sonme of the sieves. The follo,,ving table lists the

nol ecul ar sieves, |beilplatinumcontents and their "ALPHA" activities.
Table 9 Characteristics of Ml ecular Sieves Mlecu~ Pt,"W. % "Al pha,,
Tenperature Sieve Activity For 95% Conversion, at 0.4 LHSV F ZSNI -23 0.
3 0547 zZSmM23 0'? 30 570 ZSM23 0.5 1 603 ZSM48 0.83 5 619 SAYO I 1
0.7 9 600 ZSIM5 1.1 8 554 ZSI\1-5 0.4 1 603 ZSM5 0.5 280 445 at 3.0

VL0 %HNOAIX thzegg ?ned}'\\l/l% ;g)ozr{e %6]@9\?13}3 SLLEShLd éa:?J]a%felof high conversions of a
waxy compound such as n-hexadecane. The activity of the catalyst 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 activity.
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 vield of isomeric n-hexadecane
conversion compounds having 16 carbon atoms versus hexadecane conversion.
This figure shows that ZSM-48 and SAPO-11 give the best selectivity 10
isoparaffins in general. If a high alpha ZSM-5 is used, the selectivity is very Jow.
However, Figure 23 shows that ZSM-23 gives the best selectivity to the
mono-branched isomers of normal hexadecane. This type of selectivity may th3
important in determiming the V1 of lubricant products. Thus, it is clear that the
conversion of normal paraffins, or waxes, 10 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.
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conversions of a waxy conpound such as n-hexadecane. The activity of the
catal yst made from each nolecul ar sieye-can be significantly different
dependi ng upon the activity of the nolecular sieve in the catalyst. The
pl ati num content al so affects the activity. Product selectivities are
affected by the type of sieve, platinumcontent and "ALPHA" activity.

Fi gure Eé]_‘i il\f!‘sﬁpl ot of n-bexadecane conversion versus tenperature
require n#s. igure 22 is a plot of the yield of isoneric n-hexadecane
conver si on conpounds having 16 carbon atorns versus bexadecane
conversion. This figure shows that ZSM 48 and SAPO- I | give the best
selectivity to isoparaffins in general. |f a high,al pha ZSM5 is d,
the sel ekti vi Ayprocesy forproduging diggeiists qmém@%‘*’g%i SO °°£§W:SE§EE§ ves
the best selectivity to the nono-branched isoners of normal bexadecane.
Thi s typgclggfofsel ectivity may be inportant in determning theVl of

| ubri cant products. Thus, it is clear thal the conversion of nornal

paraffins, or @?gﬁ%‘ﬁe ?&;&%Eft fo £ RVIeHOEHg 9bné finl Inainstreating cleafeedstavki cht

requires opti 0 nobl € meta) content, and the acid activity
and the pore structure of. the nol ecul i f h nol ecul ar sieve
used i nuBdgkhygroyeating @HQB“’E%\I%PS‘@P‘FC Pyt RSt e T 1 A
process for producing diesel fuels fromlubrijcatin il feedstocks,.
conpri sing thé) pssséngﬂnfhyd(@l)‘:atsﬁ&qdﬁ@‘:k%ag@b&lﬁd&@ga&&r gn%ﬁy@rpp@@flpﬁg
zone and hydrotreating the feedstock under hydrotreati ng conditions to
produce gofyisRith pRédude h bpdintacked febdstpuks whemgirt dtdeasy ahayt BB atteth ¢fdb&ist ock
to a fuels hydrocracker under hydrocracking conditions to produce a

hydrocr agkqd fiegdahosted t4h§aRdkAbah phadets vilie boiBBelutv. théanifialttlodling point of

the feedstock,

(c) passing at least a portion of the hydrocracked feedstock to a fractionation zone |
and separating from the hydrocracked feedstock a converted hydrocracked fraction, said
converted hydrocracked fraction containing distillate in the diesel boiling point range,

(d) separating the fraction containing distiliate boiling in the diesel range from the
converted hydrocracked fraction,

(e) passing the distillate fraction boiling in the diesel range to a catalytic
hydrodewaxing zone,

(f) hydrodewaxing the distillate fraction boiling in the diesel range in a catalytic
dewaxing zone under catalytic dewaxing conditions to produce a dewaxed diesel fraction,
wherein the catalytic dewaxing conditions include a shape selective, medium pore

molecular sieve catalyst, and

() hydrofinishing the dewaxed diesel fraction in a hydrofinishing zone under
hydrofinishing conditions, said hydrofinishing zone including an aromatics saturation

catalyst having metal hydrogenation function, to produce a diesel fuel.



feedstock is converted to hydrocarbon products which boil beIOM/thQQNMY2m5
initial boiling point of the feedstock, (c) passing at |east a portion
of the hydrocracked feedstock to a fraé#ronation zone and separating
fromthe hydrocracked feedstock a converted hydrocracked fraction, said
converted hydrocracked fraction containing distillate in the diesel
boi i ng point range, (d) separating the fraction containing distillate
boi | i ng 2.n t hEhapresess of alajra 1f whereitihe hgdrovackiag féeddiook hack $8%fdistitlation,

(e) passing the distillate fraction boiling in the diesel range to a
catalytillgﬂin giio0awas srg zone, (f) hydrodewaxing the distillate fraction
boiling 1n the diesel range in a catalytic dewaxing zone under catalytic
dewaxi ng conditions to produce a dewaxed diesel fraction, wherein the
catal yti c dewaxi ng conditions include a shape sel ective, medium pore

nmol ecul ar sieve catal yst, and (g) bydrofinishing the dewaxed diesel

fracti ondin albgprogessiof slaimd \zhmema%ﬂbydrmmﬁ@ﬂsfzpmﬁ SHMPTFes 3 MYATOIEHING saj d
hydr of i ni shing zone including an aromatics saturation catalyst having
net al hyehtalge and teperatandsiof front 25(I0GISOUE, hydetiges phrtibliplessubesoforn 800t - 54
2. The process of claim1l, wherein the hydrocracking feedstock has a 10%
distill aq - ol I ' 3 i erein
the. hydr SPasiE Spitk SRR or IR0 P4 LY, NP RRORERE ga iy Br ot

t enper at ures ro 50 to 450' C, hydrogen partial pressures of from 800
to 30 cﬂgﬂgboéﬁgg%&velocities of from0. 1 to 10 LHSV, and hydrogen
treat gas rates of from 5 00 to 10000 scf/bbl. 4. The process of claim!l
wherein the bydrocracking conditions conprise a bydrocracking catal yst
and tenperatures of from 315 to 425*C, pressures of from 1200 to 3000
pfsi a, spéce VehopiocessDfefaifl.1 dhéreinkRe hydpdtracking bymditigsrompeiat agas rat es

of 2000 to

hydrocracking catalyst and temperatures of from 315 to 425°C, pressures of from 1200 to
3000 psia, space velocities of 0.1 to 10 LHSV, and hydrogen treat gas rates of 2000 to

10000 scf/bbl.

5. The process of claim 1, wherein the separation zone comprises a separator and a

fractionator.

6. The process of claim 1 wherein the catalytic dewaxing conditions include
temperatures of from 205 to 400°C, hydrogen partial pressures of from 400 to 3000 psia,
space velocities of from 0.25 to 5 LHSV, and hydrogen treat gas rates of from 1000 to 8000

scf/bbl.

7. The process of claim 1 wherein the catalytic dewaxing conditions include a

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



10000 scf/bbl. 5. The process of claim1l, wherein the separation z%ﬂé‘m 2005
conprises a separator and a fractionator. 6. The process of claim!l
wherein the catal ytic dewaxi ng condittéhs include tenperatures of from
205 to 400' C, hydrogen partial pressures of from400 to 3000 psia, space
velocities of fromO0.25 to 5 LHSV, and hydrogen treat gas rates of from
1000 to 8000 scf/bbl. 7. The process of claim| wherein the catalytic
dewaxi ng8.condTté prosess bf tlaite 7avheleinale molecalanbiyed iswblected iftona ZSM-5 ] ZRM-

i nternedi ate pore nol ecul ar si eve. 0 9 I\/AY 7005 55 8. The process of
claim?7 tmm%gﬂ K firn0 SM 22,

ZSM 23, %%S%WZSM 487 ZSng’?zsmv I%g@q ny de %%ﬁ% 9. The
process of claim?7 wherein the dewaxi ng cat al yst aI so contains at |east
one noble netal. 10. The process of claim7 wherein the nol ecul ar sieve
material is |oaded with from about 0. 1 to 1.2 wt. %noble netal. 11.
The proc®ss ofhepratess of laim i whertin the devaxingscatalyst aksoicontainstas laast one
conprises at least one Goup VIIIA and at | east one Goup VIA netal

(1 UPAC) mubleémpt.ous solid support. 12. The process of claim| wherein

t he dewaxi ng zone and hydrofinishing zone are operated at substantially
the sanme pressure, and wherein the dewaxed fraction fromthe dewaxing
zone is passed directly to the hydrof i ni shing zone. 13. The process of
claiml mj n the de one co lé‘rs s at | east. {.\Aﬁ%qatal beds.
14. The Ptocesie RJpeess FIBithe MAcalAbHAYS watesiat iloaded Vithamy st
conprises at |east one nobI e netal. 15. The process of claiml| wherein
t he hydrabont@kda 1 2ewd$% nelde metalher conpri ses an

11.  The process of claim 1 wherein the aromatics saturation catalyst comprises at least

one Group VIIIA and at least one Group VIA metal (IUPAC) on a porous solid support.

12.  The process of claim 1 wherein the dewaxing zone and hydrofinishing zone are
operated at substantially the same pressure, and wherein the dewaxed fraction from the

dewaxing zone is passed directly to the hydrofinishing zone.

13.  The process of claim 1 wherein the dewaxing zone comprises at least two catalyst

beds.

14.  The process of claim 11 wherein the aromatics saturation catalyst comprises at least

one noble metal.

15.  The process of claim 1 wherein the hydrocracked feedstock further comprises an

unconverted fraction.



unconverted fraction. 0 9 MAY 7005 -56 16. The process of C|ain]ﬂ%9FMYZ%5
wherein at | east a portion of the unconverted fraction from the

hydr ocracked feedstock is recycled to-the feedstock to the bydrotreating
zone of claim1l. 17. The process of claiml| wherein the hydrotreated
feedstock is passed to the fuels hydrocracker w th di sengagenent. 18.

The process of claim| wherein the hydrotreated feedstock is passed to

the hydrgcr aTlkeprovess g dlaifli1SeigRER AERbst alp%m&h@ftﬁé QFEMSedd Fhction fom
wherein the hydrotreating catalyst is a bulk netal catal yst havi ng at

e oA ML o B TR e H B ARG S R,
| east 50 wt. %of the catalyst is netal.

17.  The process of claim 1 wherein the hydrotreated feedstock is passed to the fuels

hydrocracker with disengagement.

18.  The process of claim 1 wherein the hydrotreated feedstock is passed to the

hydrocracker without disengagement.

19.  The process of claim 3 wherein the hydrotreating catalyst is a bulk metal catalyst

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

20.  The process of claim 19 wherein the hydrotreating catalyst is a bulk metal catalyst

having at least 50 wt. % of the catalyst is metal.





