WO 2012/ 005976PCT/ US2011/ 041749 CATALYTI C PROCESSES AND SYSTEMS FOR BASE
O L PRODUCTI ON FROM LI GHT FEEDSTOCK This application clains the
benefit uwmden123B546C 119 of Provisional Application No. PET/B2@,164849f 1 ed
June 29, 2010 and Non- Provisional Application No. 13/159,634 filed on June
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loss in yield due to the production of | ower nolecular wei ght hydrocarbons,
such as nmiddle distillates afi@gLEveOR THHMNEENCIONpr oduct's, wher eas

hydr oi soneri zati on generally provides higher yields by m nimzing cracking.
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having at |east two 1sonerization ca sts Irst catalyst has a
channel dianeter of at least 6.2 A and a second catal yst has a channel
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smal | crystallite MIT framework nol ecul ar sieve. U S. Patent Application
Publ i cati on No. 2009/0166252 di scl oses | ube basestock production using two
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such lubricants. Therefore, it is necessary to upgrade crude oil fractions otherwise unsuitable
for lubricant manufacture. As an example, high-quality lubricating oils must often be produced
from waxy feeds. Numerous processes have been proposed for producing lubricating base oils
by upgrading ordinary and low quality feedstocks.

Hydrocarbon feedstocks may be catalytically dewaxed by hydrocracking or
hydroisomerization. Hydrocracking generally leads to a loss in yield due to the production of
lower molecular weight hydrocarbons, such as middle distillates and even lighter C4. products,
whereas hydroisomerization generally provides higher yields by minimizing cracking.

U.S. Patent No. 7,384,538 discloses hydroisomerization of waxy feed for base oil
production in an isomerization zone comprising a catalyst bed having at least two
isomerization catalysts, wherein a first catalyst has a channel diameter of at least 6.2 A, and a
second catalyst has a channel diameter not more than 5.8 A. U.S. Patent Application
Publication No. 2008/0083657 discloses dewaxing a hydrocarbon feed with a metal-modified
small crystallite MTT framework molecular sieve. U.S. Patent Application Publication No.
2009/0166252 discloses lube basestock production using two isomerization catalysts, wherein

a first catalyst has a Constraint Index (CI) of not more than 2, and a second catalyst has a CI

greater than 2.



Apart from product yield, another inportant factor in the catalytic
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I n anot her enbodi nent, the present invention provides a |ayered catal yst
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catalyst may consist essentially of a refractory oxide binder, the molecular sieve, and the
Group VIII metal. The first and second hydroisomerization catalysts may be disposed in the
same reactor. The base oil product may have a pour point of not more than about -12°C and a
pour-cloud spread of not more than about 5°C.
In another embodiment, the present invention provides a layered catalyst system
comprising a first hydroisomerization zone comprising a first hydroisomerization catalyst,
and a second hydroisomerization zone comprising a second hydroisomerization catalyst.
Each of the first hydroisomerization catalyst and the second hydroisomerization catalyst may
comprise a 1-D, 10-ring molecular sieve and a Group VIII metal. Each of the first
hydroisomerization catalyst and the second hydroisomerization catalyst may be selective for
the isomerization of n-paraffins. The first hydroisomerization catalyst has a first level of

selectivity for the isomerization of n-paraffins, the second hydroisomerization catalyst has a

second level of selectivity for the isomerization of n-paraffins, and the first level of
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Applicants have now denonstrated that |ayered catal yst systens of the
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In an embodiment, the first hydroisomerization catalyst may be in a first
hydroisomerization layer or zone of the catalyst system, and the second hydroisomerization
catalyst may be in a second hydroisomerization layer or zone of the catalyst system. The first
hydroisomerization catalyst and the second hydroisomerization catalyst may be in the same
reactor. The first hydroisomerization catalyst and the second hydroisomerization catalyst may
be disposed in separate beds in the same reactor. Alternatively, at least a portion of the first
hydroisomerization catalyst may be in the same bed as at least a portion of the second
hydroisomerization catalyst, and/or at least a portion of the second hydroisomerization catalyst
may be in the same bed as at least a portion of the first hydroisomerization catalyst.

Applicants have now demonstrated that layered catalyst systems of the present

invention comprising first and second hydroisomerization catalysts with a combined volume, V,

can provide superior results, e.g., overall greater isomerization selectivity as determined by
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WO 2012/ 005976PCT/ US2011/ 041749 The terns "guard | ayer" and "guard
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parameters, such as the feed composition, the feed rate, the operating pressure, the formulation

of the catalyst system, and the “age” of the hydroisomerization catalysts.
Definitions

The following terms used herein have the meanings as defined herein below, unless
otherwise indicated.

The term “hydrotreating” refers to processes or steps performed in the presence of
hydrogen for the hydrodesulfurization, hydrodenitrogenation, hydrodemetallation, and/or
hydrodearomatization of components (e.g., impurities) of a hydrocarbon feedstock, and/or for
the hydrogenation of unsaturated compounds in the feedstock. Depending on the type of
hydrotreating and the reaction conditions, products of hydrotreating processes may have
improved viscosities, viscosity indices, saturates content, low temperature properties,

volatilities and depolarization, for example.



WO 2012/ 005976PCT/ US2011/ 041749 The term "hydroi soneri zation" refers
to a process in which n-paraffins (n-al kanes) are isonerized to their nore
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adsor begdsuobaiow @flel béRrotRl 86n@fioR FAOh&S point may UeletdVRHRIRAA S fJROT €
di aneter: determ ned by N2 adsorption at its boi'ling tenperature. Mesopore

pore dicamepby ASITMBIS860.at ed from N2 i sot herns by the BJH net hod descri bed
in EEP. Barregtt, L.G Joyner and P..P.. Hal end "The deterym nation gf pore
vol ume and andsehParaoly o the g ok Bt paweting T RHRLORE R T om

ni t r oggRodw@tRItRECt pbur HBInt ShRAEraBPtoss IR kbout3:1087 3m3qPpicdnnplRsraape fir st
pre-treated at 400C for 6 hours in the presence of flowng, dry N2 so as to
el i m ndtam abgutad9dr bed>76l atiles |i ke water or organics. (e) Tot al

P0G 101 VI SELSILNES, Bl 1o PRREPL A AU 8, ETRELGRMES o P Po
of fl owepins teldyvelid Shazass the ¢l is kbolal anderypadsat daditionk aflid dsud pdiex ofat er or
or gani Chsl‘t')e beys\g 0i21(1)51 go/n?glgr?lzgtggljc/o lijt%Zp%lll} {)Oolﬁtl 7Cll‘rogud point may be determined by, for
example, ASTM D5773.
The “pour point/cloud point spread,” or “pour-cloud spread” of a base oil, refers to the
spread or difference between the cloud point and the pour point, and is defined as the cloud
point minus the pour point, as measured in °C. Generally, it is desirable to minimize the
spread between the pour and cloud points.
The Periodic Table of the Elements referred to in this disclosure is the CAS version
published by the Chemical Abstract Service in the Handbook of Chemistry and Physics, 72"
edition (1991-1992).
“Group VIII metal” refers to elemental metal(s) selected from Group VIII of the
Periodic Table of the Elements and/or to metal compounds comprising such metal(s).
Unless otherwise specified, the “feed rate” of a hydrocarbon feedstock being fed to a
catalytic reaction zone is expressed herein as the volume of feed per volume of catalyst per

hour, which may be referred to as liquid hourly space velocity (LHSV) with units of

reciprocal hours (h™).



Where permtted, all publications, patents and patent applications cited in
this application are incorporated by reference herein in their entirety; to
t he ext erwo=oriosd7scl osure is not inconsistent w th thePpraseo/osrnention.
Hydrotreati ng Catal ysts In an enbodi ment, catal yst systems of t he

present invention a hydrotreatin e form
of a guard | dfrm %‘E&t%ﬁt@ﬂ@n c‘é&éﬁ?ﬁ@%@gt E:l‘é’s%aﬁt‘f%ng\(/féﬁ k?%?? Ay
conpri SgorReriRH 1@ R ork 'B?a[n%&i Eoutk: s%HHFé%rEseﬁB@o@hﬁfr&géﬁ ovkdd metal. The
oxi de support nmay al so be referred herei'n as a bi'nder. The support of

t he hydrydtmmemgtlma(dmwsmg)tm}alb@ pr epar ed fromor conprise alum na,

silica, sili esi zirco nd the |like
conbi nat | ons e P rer s FRERESH e fpS BEHE eSS miS st S
mat er i aotpoBénts frah W High AR RAVidha coRpoii Bl PREtLRNT cbpbRGits cdaXnelcegdof
anor phous materials include, but are not |limted to, anorphous alum na,
amor photinteiderl sainchide e mossibls isnh-gencgicwambinatigngof the listed gomponents atnd an
enbodi t: G

conblna ﬁ%%@%@%@8f9§§§a eu%@ﬁgéégﬁgﬂ%#splgﬁb f%ﬁ%o hM%ﬁ@% aluntna

i n the rseippion of iteiys ea Bittihest thotngensusfothchékeitagetaotay also bsﬁweful

enbodi nents, the support. may consi st qof an alumna gel in which is
d|sper§B§“¥H@£§?$t%%Pﬁﬁﬁ¥m%éWﬁpﬁﬁ¥H§0f3Fs5W9ﬁﬂﬁa base material. The support
may 2l S0 oM @hdit Lol ARLAiTBLELHAL PG AGh IR Bfiowd: 1 ca, such as
for exanpl e other 1norganic oxides or c ay artlc prOV|ded t hat such
materials do not adversely affect the hydrogenatlon act|V|ty of the final

cib- enpod L - <P PGt SRR e S bissd SAR PRac

about 90nNky godf)@lgreﬁéﬁ@s BHRRRNhRE tHeReis Ry AN RbiheALih 'ﬁ% i%@h’él Y @t the 3Wfle tdtioSOMe
embodi nents the support may be at |east substantially all silica or all

al um naf sitegae dluesis sfinfihty. liythet ake.shppotaculansievd alcommrlsetdeesh@zﬁtaﬂtf oéalli ng
cat al yst the hydrotreating catalyst used in processes and catal yst systens
of the bligsent invention wll typically have |ow acidity. Were

appropri at e,(b§ he Qgfadé hiva OdetériBn IR ddseatiohat ti@sdslﬁag eghRyatlileeBETENt W t h
al kali and/or al kaline earth netal cations. Various crystalline and

non- cr y&tfacq graeiscatoalajest bystlip parointregteed ﬁIP§P¢T19t05ﬂaQ/O$ﬁa 0ug8d0.i163. rwléctu cing
the pr 3

| evel s%ﬁg} Sh@ﬁﬁgt&eﬁ%}ﬁ ﬁe efila??%%agfgﬁgﬁglﬁ élléﬁll%r? r? Iéé)ecoﬁt a%{slgaa%pﬁort are
descri bgedo e]nmﬁratermydidmgbed:mlﬁt likasaicgoecrghhiSs. Pat ent Application

Publ i cation No. 2011/0079540, the disclosure of ch@g i ncor porat ed by
reference hdfki n Yifronase xplpmeagqiernygs by By %@8@?’9@@’@@ ng fenperatere. The
G oup t fL a i se

ol at 1 Uy S e by e (e o et PP} b SR LT

hydr ot rke200. Sgmpkes atey&rﬁt wofipaicd as 4@0°atfon6 hman dn thelpresdheenofifiaving, d?y Nedor ati o
in the range from abag Sdllto aPﬂgut 1:5, tgl%l cally fromabout 3:1 to about
1:3, arfd 'OFYRGPpnadaghied Yolatley b yater 9 ¥8 e Group VIl nmetal content of
the hydrotregfi navie@hpsteiire aﬁme&@n@et&hhﬂedb@y NPa&sBﬁ)tﬂbﬁ%ﬁs béiapy about 0. 01
Ww. %to about 5 wt. % typically from about O. . %to about 2 wt. % In
an enbd@lmp@rﬁture tM@sopWIp@ter damiiey Isccatcalapert frszdmtbtrmé)yﬁheBJHunmtmd a

concent ti from ab " t % al I adi um
ot COrRtR b b MirRrES, 1030 PROP.BiliptS "3RE Y ae of Tt VR, 5

sub- errbmdlaf@rttlsmbtttﬁ)nbyldp@bn@atbsfagc@sat dorFiutdiRys EOAPHitrs Lertild@Mbrnkk" I, M. %

pl ati num and about % pal  adium Hydrotreating catalysts of the
present kem/§ﬁf|1t9ﬁlg@aé?ét389 SewHles are ﬁtﬂtptﬂ-tf@?’éfrcb%té‘ﬁ@é? fps Gors igdhdii gh

cat al y:ﬂeas‘[ ﬁgé 6fvﬂ aP%s(%ry rré 58 ath &ﬁp(ﬁgfe tddsotr gd \glé)tﬁgs ﬁﬂel \!vatgpéfclréﬁflcst he

hydr ot I ng ca be di sp erse on t I norgani ¢ oxl upport.
nunber of n'E(EhOdSTcﬁﬁIQ)okmmdlﬁmbfﬂdtdftﬁm@&’dtb}th ﬁtBDQﬁioh ap{tabolnugrteﬁmqﬂalmeml I ad| um

metal, or cqnpaunds conprjsing platinuma or palladium ontqg the support;
such welt/ﬁq)agrq%ﬂcwa%let YA fjlé%@ﬁ%tﬁs@e Pt-ft%%g%r q gt ge Ettstiwé@tglptvat&on. I'n

an embqgi, RERE » J@lﬂllﬁ@ﬂé%ﬁ?%&éo% oldth& IWQL&IM %Hl&l atinum and/ or

pal | adi u neta be pertorned at a control val ue. Typically, the
pl ati num and/ or palladluntnay be added to the |npregnat|ng solution as a
netal salt, such as a halide salt, and/or an am ne conplex, and/or a salt
of a mneral acid. Amonium salts have been found to be particularly useful
in preparing solutions for Goup VIIl Tretal inpregnation. Other exanples of
netal salts that may be used include nitrates, carbonates, and

bi carbonates, as well as carboxylic acid salts such as acetates, citrates,
and formates. Optionally, the inpregnated support may be allowed to
stand with the |npregnat|ng solutlon e.g., for a perlod |n the ‘range from

I T ”~ a1 I o - Y a1



In an enbodi ment, processes of the present invention use a | ayered catal yst
system conprising a first hydroi sonerization catalyst and a second

hydr oi sorwoi2aetiosrecat al yst, wherein the first hydroi soreriusatilom7eat al yst
may be di sposed upstream fromthe second hydroi sonerization catalyst. In an
enbodi ment , th of Ihg fa&%ﬁ.and second hydr oi so ri.zati.oa.V\ﬁaéS

2012/ 005976 PSS TG opplicafions Ratentsapd natent apritcations qilge i

| Somer i 436 fin Afe MeHPbAkdd BiSrekdled 3@ RIIARSE BRHkefye lthe LRtcANRIRAREIIRRL . the
first and second hydroi sonmérization catal ysts have different fornul ations,
and mayis hetvacaiststeat with theprebant ofventsmmeri zati on sel ectivity. In an

enbodi nent, the first hydroi sonerization catal yst may have a hi gher |evel
of selectivity for the isonerization of n-paraffins as conpared with the
second IndEb@dasaR€Rialkats on catal yst. Each of the first and second

hydr oi sonmeri zatron catal ysts may conprise a nol ecul ar sieve and a G oup
VIIl metal. In an enbodi nent, the nol ecul ar sieve of each of the first

hydr oi somer i i t I b ion catal yst may
conpri se a i oRkBl Ko BTt NE R BE BRSSP R AL, CF' P2t Tt
and sedgidebtieyhicodasayeerd. @ ahitifoerdtofh paird lamy. H@@dagtg pdtalstnohthe padséadi um
or a conbination thereof. In an enbodi nent, each of the first and second
hydr oi SBYREFIPY Btay SAMPHESY [pdietonaporeanis oxisle spprowh angeronp YIHmedolle 1.5 wt. %
of the & i cal : : . % and
usual | y0 (%t)%) ‘%’ﬁ)%%lta ggfsgggr%%&ééﬁ%&% 1)éilLI{ %SQ{/‘&I A)ug%eosiuﬁ%&%%ﬂ%ﬂ%ﬁr%tlrga#e al. In an
enbodi nmatalyst aky be asipaed éroaf ort doenplise slimiyed sitics eriies/hlating titanét, alagstsiaand t he
second hydr.oi sqnerij.zation catal yst further conprise a netal difier
sel ect G CPRBTATNE: HrcoRi owRienens gt Tt Collys spporgay RompHSe gorDRHs o
and conRiRadil, QRRtAIRR RAErial$ WP 86ARhAR s YndSo raESERHIREH BRI Bttt _
Typically, each of the first and second hydroi sonerization catal ysts w |
still fineludrebuicwepetilpeitel tesgmparphous aluniingemorfitees silipp emorphes sibapr i se a
refractgr .inorqﬁnﬂc oxi de. Suitable inorganic oxide supports for the
hydr oi SOMBPRRE 8K €t al ysts i nclude silica, alumina, titania, magnesia,
zirconia, Sith ia@&n@b&{fﬂeﬁ@thesshtlﬁcﬁ’ﬁmﬁﬁ%}ﬁﬁtﬁs%,anfoirlbﬂcﬁﬁahhﬁ@dﬂliWhenagﬂﬁlgtahe l'ike,
and conbi nati ons thereof Each of the first hydroi somerization catal yst and
t he secondinyign of §bereandaiumian, thadisiripytiomelsiliempd abeing Brthepapertmaydeabout
95 wt. 9 | eV ] I I . bout 15
o aboutnaerifoeSa ity S fuTBaRENF Iy S b ERERE D pbf R bl BTHE
about 7hunina gébiafwHidheis disbased the sibic&\sdica/Ringng lok yluniitia base atwaial. dpieous t o

m nim ze the nol ecul ar. si eve conponent for econonm c reasons, provided that

the catS#PRtmapplse fantpifgetiastisy PrErRe Qi thanahmisa Peeticd, pEh 3Sd0etxempiEach of
the fir ] j: i i ] i i .on
ot al yherBALRICORE o oy AR A FLo A, LIof pRRGANIO N LN ONPAIE Pl

mat er i dlydregaohtiwnraetitiyypifabd fiyal Catelystadydedd t& delotcabaudradkingnf. th®feedstock. | n an

exenpl ary cat al yst tem for dewaxi ng. hydrocarhon feedstacks ac ding to
e saey oth AU BABREM, O Gr Tl i Va0 B REA B bobirie trsL ety P08 o
cat al ysy, oangd ¢ rﬁ@fgﬁé‘ﬂy&}bft@éagihggi‘fﬁl%tsiﬁ{lc% iﬁ@o&éfeﬁib}ééﬁneﬂ%l)fh@ﬁilﬁ%ﬂt $fydehr D,

10-ring nol ecular sieve and oup metal . The nol ecular siéve of at
| east deast gfbstahiallyi allstilidayod el iebones. Regaridtess efdhafyps of sunportmeateriat omidie

hydr oi soneri zation.catalyst may. conpri.se a. mediumpore zeglite, e.d., a WO
20121 0058 pusede T Balt el Dlinf IRV HAG Dy oGS B EniEeaefins Rt ange
from abpedenOindéhtiomwil typally hlve/locidity. WheRSUp@LipiaIR! the@aiahy of thbRepdoirt St

hydr oi soneri zati on catal yst and the second hydroi sonerjzation catal yst may
f ur t hercag bapegreascd by Hrapeutwioh dkai gird/ongllabing pyth metalgations. p| at i num

Exanpl es of S g ' - ' | east one
of the. 111 st Bisdl Hykfe fiERod-O3kalMRY AR bty LAl T Bhk B Rl e e

Si eves pafictichg thiprefanaimeamtidn, hywell enitle quaititioatis BARD deldityIARG: B, mShbS,

SM 6; %§ well as zeoljte type naterialsgg% the MIT or TON codes. Mol ecul ar
si eves 18F nquifaliffieracio gisesimdicrgtlsippart asgiesebed i copgending, commgply Kz- 1.

Mol ecul agio§ddQY §SpAEnt AW i LEAInGRBECARANITBY 1 DE79580 Uhe 4iIQACH ChiBgist he

pr esent |%vent|on Include Theta-1, 151-1, KZ-2, NU-10, and ZSM 22. The

par anetiecspahtelVbY refotndONre¢iy preitsoitectyl ar si eves are further described in
the Atlas of Zeolite Framework Types which is published by the
International Zeolite Association (I1ZA). In an enbodi nent, at |east one of
the first hydroi sonerization catal yst @and the second hydroi soneri zation
catal yst contain zeolite SSZ-32. In a sub-enbodi nent, each of the first
hydr oi soneri zati on catal yst and the second hydroi sonerization catal yst
contai ns SSZ-32. Processes of the present invention are not limted to any
particul ar hydroi sonerization catal yst fornul ati ons. Metal Loading of

7~ 1+ 1 a




In an enbodi ment, at |east one of the first hydroisonerization catalyst and
t he second hydroi sonerization catalyst may further conprise one or nore

met al nodwoi2er®59761 n a sub- enbodi ment, both the first rgaruseeomerdzati on
catal yst and the second hydroi sonerization catalyst may each conprise a

metal nodifier. Typjically, the netal npdifier(s) may be selected fromthe
group consi SR W@P@FO@P?H@BE@ G thq hy drepfe, it B FOBBIBT nat i ons
t her eofpihuth, SHRIAH A BB B Ran B Eln JHhilddherTAke GABISRe Mtk an

id
enbodi ment, a netal - ified catalyst of the present 1nvention may conprise
f r om alvoatprigesdlatouabangtpaladumtwitttg BfPdugtiorin thic margefmmahbovb dilftd ebgus )l ;5,

typically from about .0.5 to about 2.5 .9 nd, usual | rom ab 0.9 to
wout - SEcyb RRPNP bfudrLiibe nchBimePly il ol 1 ARRENN; o,

t he hydh@his@aRht ghé Rytir®frcaling cathlysthisl %&@fa_ﬂ? e iLOE $4126 HFroAC SRILED 09 wht Opan
enbodi mrent of the present invention, the first (i.e., upstream

hydr oi Se8BUt2art tm tydigaly yiom sheyt §.Aavtuddo abers Lart. ol 41 @pbaskinerit b from t he
group ISt J: L Nd (]2 0] [ ons
t her eo%%gér%%%{é Ca?%\égygﬂeag gﬁ%lpﬁlﬁg pelﬁ?nu oe\t/nas(f%}n 8% atlﬁ@glrt(% gagggﬁpgla@{é{l@ic ?ﬁ al yst

may at dbeastt.0 st ) @idtpalidiymlaas korei@dtivh intdirhngrfronShissued.2db bbarterstwvty, in an
enbodi nent a netal npodifjer conpaonent selected fromthe group consisting of

My, Ca,”°gina sph;emeodiment,phe hyduotssatngratphst nfy qoRyIrise akput A-3tHe ¢ plptsum

hydr oi i Zatd Ono I : j - -

20121 0008 1ene e S EEN BT 4 Sihrclh LERh L Ot P enton genepaty o
non- | i nixhibitgubxaoiekance bhecll by lsph batallyoe sameityi zat i on cat al yst may conprise a
1-D, 10-ring nol ecul.ar sieve, s as SS7-32; a xou 111 noble netal,
such as. pl adh AGFPDNHEea: HEGPuR Al kg SL A Aot ataGralin TeN CEERPPRL . ¢ he
second AL RoRRARI xR duBPort A RINEd: PR tHoBD Sl Kho®f $EMHNCIaR! th MeRsit Platinfin
10-ring nolecular sieve, a Goup VIII netal, and a refractory oxide

suppor tand/or palladiym frstaiadr apinpoursls camatisisg plotingaead/gspallsgise mibdhe dppaki ng

cul ar, sj.ev nd an

processes, of .t he. sent invent.ion, a.m xture of. a nol )

P e Bty Bietiods B e AR R en iy, Kid o @i oS B Gheitiitd, §E”, ange
of physipadgnsitanEshAfgpsit WeMDIQsm dnd/oR Pal@Hnas iniBel imaytR@efsinidddate or
particle nmay be dried and calcined prior to nmetal | oadi gﬁ? Cal ci nati on may

be per feonptigltpdatH vedup drvatcale she plpiinan pyd/orpatlpdivingnayebes sddad tibeit 390F to
bout 1 9 ' ' i 5 t
Sbout ARtk a9 el 8 B R Whefbe ST SR DL ESMBEI a0 | P

be | oadell ot tifineil deRladinmerdumBhla havo dedn feund ®l trfaattufarlgriséfaEingrepapng
consisting of Ca, Cr, My, La, Na, Pr, Sr, K, Nd, and conbi nations thereof.
Whi | e r§8{u%8%§ frg CooumYlibietah gwrygnaél%hoﬁq\@f sranieyefengtdcpinbrymaebaNsedt he
nunber iﬁélu&’é:ﬁigatéé,tc%oﬁﬁfst, b&d EE'B%I%S & asWEY &5 &irb&x?ﬁc A&Y %lfsrmgﬂ dd Rbates,
hydr oi soneri zation catalyst, thereby increasing the catalyst's selectivity
for i sonmteatész and fonmbteer sus cracki ng) of n-paraffins in the feed. The

| oadi ng of di.fyi,ng, netal (s) on the catal yst my b cconpli shed b
oo S0 MRer R IpP e e Dbt b T TRt v (R e e e, | on
exchanggfies iy aees tpEﬁ(FH nahd aang@ﬁ%}a%o agbitd Holl. BXtdWHRtBpeEndpBRt | Cl e

with a solution containing a salt of the desired netal cation(s). A variety
of et aif thradxids; supperh watb theaGragie sy lmetplathegmpengdatedibuppped san bagrigskandged i n

this regard. | 1. owi ng contact, with salt .solution t he desired netal
cat + oncatmipn St B P B2 Shelh s Badiisd G CilRoa The PG EFEIMEHATR 26 1
t he ranggeducodmnath Oytirolsf) fas iscoab@ition QR the(#66 tnd Pladbd ifdh-sertie. ext rudat e or
particle may thereafter be further | oaded with a Goup VIII netal conponent
of the catal yst. I n an enbodi nent, a nol ecul ar sieve or catal yst of
the inventlo tibeCEarsfpregnated with a nodifying netal and a Group VIl
nmet al . rer&fl%rn'g—Moup VIIl and nodifying netals, the catal yst may
be calcined in air or inert gas at tenperatures in the range from about
500F to about 900F (260C to 4%2)@ The preparation of nol ecul ar sieve

cat al ysts cé’f‘rﬁ?? L N i %ﬁesqnéll’dF%t&Wéalqyﬁre@dﬁW%ﬁF /S8 gned
Uus P : i g | cﬁBQi i : iicati on No.
2008/ 086803 tg%wgt%%%ﬁé??%g}f?%ggfn%gggﬁt %@V\ﬁi@ %’:Ih i slrélnglcg}%érrg%trlgrygéélg% reference
her ei n wheré¢ih sheefisti y@toisomdNGa 2@l Gt HPH 8iaG BETI PSR bbbV AOmesvsxomy Cat al yst
Syste . Accordin an e di t of. th resent invention, a

et Ty ekt sty ehin: o 3 SOpEET BHOCY i ot g g PR geton
hydrocarbon feedstock may be described with reference to FIG 1, as
follows. Catalyst system 10 may be a | ayered systemconprising a plurality
of hydroi soneri zation catal yst layers. In an enbodi nent, each of the |ayers
of hydroi soneri zation catal yst may have a different formulation, activity,
and/ or n-paraffin isomerization selectivity. By "n-paraffin isonerization

o o, . " . I o, v o -




Cat al yst system 10 may include a hydrotreating zone or guard |layer 12, a
first hydroi sonerization zone 14, and a second hydroi soneri zation zone 16.
Guard | aywo 2022/005976st hydr oi sonmeri zati on zone 14, and s@C®$2011/041749

hydr oi sonmeri zati on zone 16 nmay contain, respectively, a hydrotreating
catalyst 18, a first hydroisamerization. catalyst 20 nd second

hydr oi ;Cawi»fsisza%x l_ewelegt{é@f § hepsomeszafien ?fal}zg%ra%f%ls ﬂ-ﬁa\ile hégrap%rg%@agﬁg@flr eam
from fidyodiivgh QhS AREEAPRESRIMyHRSi NG izatCh ca@ltghtd hdve ity el 26 BRIMRIong ahl On
catal yst 20 may be di sposed upstream from second hydroi soneri zation

cat al yshaylive drifaentdeviebdif nsomteriagtiontsolentivity. B @ embodgmentdthe yser 12, fir st

hydr oi soner.i zati on zon 4 nd second hydroi s rrzati.on zone 16.nmay be
noused AR R PR by B oA RERR RGBS KR VE e i RSt

descri hpehfihd & dosfpareaREth the sdchid hyldraSo@eiRkibe caglyttwo hydr oi sonmeri zati on
zones and adggard | ayer, other nunbers of zones and | ayers are al so

possi bl e und@eh phidic hire gpthsecpid yrrpisemerization cafallists may gpMoHsT 2@glep@anay be

i nt rodyg i i i i i regen gas may
pe- 1 i roguand bR §rFiRheaf iR ohnbdlidhs SRR R G PUARED D07 2
feed 2thydaysdntrieatidnacitatykt whd the Bydhd by dratsomgrieaivalcytalysthiay corifigepriebgnce of
hydr ogen to provide a hydrotreated feedstock 30. Hydrotreated feedstock 30
may be Womteaelaulas tisver ThaErawy v b aefmertithatiishindsseendhydropspmeigation i r st

hydr oi . . L ons i f e . .

A P ol B L S P
be contecheefirstrnidsesmddiydroivpdreoizstameratakyatsi roay catalsy $tonPdboun@lérto stemohd

hydr oi someri zatjon itipns.i econd hydroi someri zation, zon 6 to

ot ovi deva aeiafireonar st Poredy hogniet 89S 6L 0okl SiHErRDutPen st r eam
34 may BEuf ©$h8 aBodltItf /. LDbSE CRoMV I (RN, 18 AR WboditheRf, VLA ofle Stthé abl e
quality and yield of the desired base oil product. The base oil product nmay
have a fpsthydposomerizationndatithest anchtha sedood hydroGpmeypition ichtplysionathfugther t han

bout -12C.. and |l t hjgher. th bout. -1 h il duct
oy havrriss bR SRR oo Rt AR Rling o e, SR B gt PRARET t nan
about -GCanddthiisdtidht theRoF, stb@ditially hadesaliddtherein 86w, The base oi |l product
may have a pour-clou not nore

' d ;$read of not nore than about 7C, tyﬁ%palgé
t han about 5@picaty cachuell thy firss endhiseend hyalroisprpeizaen catdyanwdhpsdldiupbert | t he

ot T oastREGY St BbatnERRHEMARER RS  FNGRR AR Gy o)

be a hiigbrgadit bxide yuppeitaliyrsiic napsibdreerivhtiopedtayitnmcrilt sitiva, \winyinattiténia,
relatively high hourly liqujd space velocity (e.g., LHSY >1 hl) and at a

t enper d0RENESIRrICAR Ay Siligel WG AlifduneesER SlFadbtit. ang o lkeg®d t 0 3990). The
hydr ot r&ayi g BlEaéio I OGEHRYaf % to about 30%
by voIJ%ebg%/?ﬁ25?%¥aﬁaéd@nggfﬁvg?éﬁg@%?.es,gtﬁggﬁggﬁga%gggfng cat al yst
may corydig®niaraatiabatdysBtay combost fr@d W aft Stthebeu 96 eft. Yolve nwot ofthe of t he
hydrotreati catal yst plus_.the vol une the first hydroi sonerization

ot ol y SEoIpr U sfe CoBPemBr ity R0 R Py it GRUbRER- ZA0] B ORIy SE Ve

Typi calahm,us&am? fondEiRdut 2atd AHBuchs @t Y5 b B nIQIRE ke [P ats 5% to about
20% of the tofal catal yst volune, and usually from about 5% to about 15% of
t he t otadvandegeahyotmmohgerthe molecularisievagomndysaf fag neonoreraagansoprofideddiaty ol une
of the first roi soneri.zation catalyst .tq the_vql f the second

nyar o BrERty R BRTEER RO SR T Ei B Bt ' 773" F o about

317, t ideAddnerizhedn Qbowt arkd Be b&coal BidroRomeriidn WstdBkl Hay Eciprab@itdin S: 4 to
about 4:5. In a sub-enbodinent, the ratio of the volunme of the first

hydr oi SbRQ Pa0pePScuk i 9fdhe supper eajesialsad grore typicaBy: aen 49l diosbaer90zat i on
cataly pay be about 1:1. Feed for Base G| Production The instant
invention rmay be used to dewax a wide variety of |ight and nmedi um

hydr ocar bon I erds¢mslks;. catabysa By segrh fish deeakingthyerdeydho o dexdsonkd Reoslinpctss can be

descri bed as y feeds. having pour, points generally above about 0C, and
havi ng R&O@%w\éﬁﬁv RrgseabINV Lo, eﬁfﬁ@é ithsi érét %Xd%%lﬁo%? igp setakystanddhs i o

par ti culad s MRAGLEG PG4y ahe isol 2D i DRl dledltR 1AL hadis, el ther
al one or mjtﬁanP§ slféﬁgfy graﬁ%hgg&%ﬁ%in péraff?ns,ehaviﬁg 16 or nore

car bon Gitoop®/1Haycthle The netacebir sievhef dilensasnonexks firsThedrbmedistizagionwitalystisual | y
be a Cl0+ feedstock, generally boili above .about .350F (177C). The

ot e entIERE P S e atn Sek bAbE PO oSG W G819 at e
stocks such as nmiddle distillate stock® including gas oils, kerosenes, and
jet fuels, lubricating oil stocks, heating oils, and other distillate
fracti ons whose pour point and viscosity need to be naintained within
certain specification limts. Feedst ocks for processes of the present
invention may typically include ol efin and naphthene conponents, as well as

o o o, o, o o



WO 2012/ 005976PCT/ US2011/ 041749 nol ecul ar wei ght n-paraffins and slightly
branched paraffins. During processes of the present invention, the degree
of crackiwg 20f2/spar affins and slightly branched par af f iPag/useotttioe17ieed i s
strictly limted so that the product yield loss is mnimzed, thereby

preservin he. econom ¢ val ue of the feedst ) I n enbodi ment, the
f eedst &GRgth‘FVllﬁ‘&éé’OB? PSHERhs E?ﬁg?rg;?mcag’ﬁﬁ? ﬁggénﬁl tPiaBH‘t“rbf-’ZB’al: Hetein, the
term "l dyglldich @Rk acABY tHREIMIBArdi Q& lAliof Satdly Ml AN K RBGSSASKMBET €1 N
at | east about 80% of the conponents have a boiling point” bel ow about 900F
(482C) .camkatrplag Suntifer cpghtisd Bemsibeuti G335 wt. oto ghoatt mdi hglathenpr esent
invention include light neutral (100 tol50N),.and ium neutral (200 to
250N . e P el Doy BE R P et P oot

i nvent i fxt diYceagiyaldisoniadizatich BAME st RichideaRAVAIHRGievaNef the AFINBaREReL ment s
above about 20C. In contrast, the base oil products of processes of the

pr esenttypneasist sush as SAPA-11.56 RO Pyidt SMdnes welhes eneliteivas matprists af e

f eedst . [ r.. POINt S i I 4,0 ut -12C,
and of ﬁglrI:Tbogﬁgﬁv\l g%%e\étmgeiﬁﬁ%&w& qfﬁﬁean en‘g’\%?ﬁ%‘h‘{?ﬁ@ﬁg% égggtzogggfe)?ﬁpl oyed

i n prodssdemdH ZiIndgierseRicvedwahé TON cale the ntayvigxyscfud @tprabiichg thent ai ns
nore than about 20% wax, nore than_about 50% wax, or even greater than
about T0%CREIRYCNNEnelyds Thetay, [N He KeadNWilG apchASMi- 27 fihs mrsmstars gbs t o about
30% Wa)ﬁ\/IT'?‘SdnHSl?’N E}ﬁie‘?{n&ec&lé}%i § M AN JYGHRE A &%faﬁ’%}d?%&%ﬁ A8k ncl ude
pl ant waxes and arinmal derived waxes 1 n addition to pettoleum derived
waxes. Types whehas pubigh¢dbyothe laspatonaZeohte Aosesanin ([AXeih koambadimede range

of feeds,may be used to produce |l.ubricant base oils in high.yield with good
per o ke g 45 et BRSO R FHADT i Br-opet MdtoRaleERsa pol nt , OFow
pour - cl Qudly s PERAH zcRNE SBZAD Vit § SAREMYodiRREX cachT tBUALst hydrBREm¥iglt@dnof the

| ube base oil product of the instant invention nmay depend on a nunber of

f act or scatalyst hndiihageddnd hiydromeineerizatmonodatal st chytdne iSSErEY: Praceison ottt prgssits
conprising.the | ayere at al yst. tens. and.the configuration of the
ot yabvhupRe ¥ aas sy Yo RSt eiR Ay SN RER B or ' e

present invention, the quality and yield of the |ube base oil product nmay
depend on the orientation of the different hydroisomerization catalyst

| ayer s MptahLeadinmef Catelysthe feed stream Applicants have now di scovered that
a hydroi sonerization catal yst having a higher |level of isonerization
selectivity may be di sposed upstream from a hydroi soneri zation catal yst

havi ng a | owedn ¢rab@limeit, hsleas bh af the firsdlydidovidriyaticn qutayitded brsecsid
products wi.th inproved characteristics and at increased yields, as conpared
Wi th cdidEHsanesiRtion %@ggé%aYafv&hgwm? oRpPEBOETMetahmPditisrtls IRavELal so

obser V%ﬁoﬁﬁhe&t,“&‘otﬁ’Hggztjatt@d%'kcﬁﬂé&ta{i&? cﬁ&la/kt*h%dW@ée@hﬁ@ﬁ%r{;i%&h&%ﬁ%ﬁt alysts

with respect to the tream nmay provide inferior results, e.qg.
decr easwthlyptialay tegclacuahiise quagtsli hydifitr. Baprealdy,lthgomotliotodifBy(s) mppbdsi t e

orientatjon” in this WO 2012/ 005976PCT/ US2 041 egard i.s neant a
cat ol y S¢S R DG THARe PO Yidiet i S5 Fivch0rSSrerd-5t FETFOCHPEr havi ng
a hi ghaperk& @ a Qlb-EBBoRmcZ@H QR8BS bV inhY chispSicSgSRtindoymiheam from a
hydr oi soneri zati on catal yst having a | ower” | evel of “i sonerization
sel ect in¢telymotéisd xitalysPeichbeprseent invention may comprise from about 0.5 to about 3.5

wt. % of Mg or other metal modifier(s), typically from about 0.5 to about 2.5 wt. %, and

usually from about 0.9 to about 2.5 wt. % of Mg or other metal modifier(s).

In a process for the hydroisomerization of a light hydrocarbon feedstock according to

an embodiment of the present invention, the first (i.c., upstream) hydroisomerization catalyst

may include a metal modifier selected from the group consisting of Mg, Ca, Sr, Ba, K, La, Pr,

Nd, Cr, and combinations thereof, whereas the second (i.c., downstream) hydroisomerization

catalyst may at least substantially lack a metal modifier. Stated differently, in an embodiment

a metal modifier component selected from the group consisting of Mg, Ca, Sr, Ba, K, La, Pr,

Nd and Cr may be included in the first hydroisomerization catalyst, but omitted from the
11



According to one enbodi mrent of the present invention a catal ytic dewaxing
process for the production of base oils froma |ight hydrocarbon feedstock
may i nvolwe 20reosaiaci ng the feed into a reactor contai niPOT/US2aenaung
catal yst system Hydrogen gas may al so be introduced into the reactor so

that the prqcess nay. be perfornmed in the presence of hydrogen, e.qg., as
descr i BEEHEPETHIBR (ol £ o anoe g bs sxa;smﬁ&e@% ﬁb%ﬁzﬂﬁ%g}%ﬂ’&?za ion
Wt hin dheyd ﬁﬁ(jrc_@ﬁlpriﬁé@l-flf’,g@-ﬁ?@’mgfecﬁlgﬂﬁ@s% Sebnstdy Za3 v dsRLp 8atTidagicat al yst

under hydrotreating conditions in a hydrotreating zone or guard layer to
pr ovi denetalhyehhais péaineoh; fedd stetrd knod@ntsadh asygagrveiufre dul serdekt, ttictsacaride

hydrotreati.ng catal yst in the quard | ayer rve to effectively

hydr ogd AP R ity seneak e b O 10nue RECURESEY 8bnt ai ni ng
CoMPoUNGiBup NaMhétel, hepdreffloRiLbyidps@pRet i ng the first and second

hydr oi sonmeri zati on catal ysts of the catalyst system By "effectively

hydr ogenat e laf@raldtioga cpglyyeerrratalyhsystoreion dewotipgpiocergescditld gretent s able to
decr eas r i t e t t. . 20% The
nyar o S Sa ABRYS BLE R0 Shud 19 aRRRIR el B RTINS RS oo
br anchegtrudophsaid & Rede hddofphveizal speemid ditnchyipns &l dyerabodiag! thabout 20%
The hydrotreated feedstock my be contacted with the first.

hydr oi <&HEAItS Q% pasticle By dricd; Arbral qingdsrion joimstak Dading Al sipinaixi g

conditi | j i ce Yl i opl O Vi ozl $dqo

" somer 1A TR & At B ReaR) B Heffletont AR SO RIMAE | POl F LB Clo e
cont act®3° Wi fohpdrivels sEidmn dangygy foirs abmit 0 2ab iabout Satoatsy st mored®he sdonetd

hydr oi soneri zat . on dewaxi ng conditio i.n a,second hydroj.sonerization zone
o br oV BBULE SLleBHEs FUBHE Py AR 19f RN HES G e e ROt e Pt

hydr oi spaBiolB %ﬂs@éﬁn%%?@h)’@é MANE, NP SR WA BhSHIBOAZREICON VeRcaly st may
all be diSposed witRAin a single reactor. The hydrotreating and

hydr oi Semglionad by theonn dichinetsls naateffietyveheredeeedhd numbaodhgitl isikesdembxi ng
processes, _of the present .inveption, are describ erei n bel ow. The
Cecona Tosrra3e PER il BRnRiimpFAEOR SRt TRy RETPE s or ovi de
a sui t afata@yseuadlédiivitdfish iydrdra@dn GBBuSSENRE) IWasRrdtihs PriRdfey.. Such a

hydr of i ni shing step, may renove traces Of%%éi aromatics, olefins, color

bodi es, and Thadoqdineeofimasifyingemesalés opithe gt may he a¢ppabphadibyhi ng unit may

i ncl ud i.ni shi . - Si .

5015/ ogea b AL TS SPYPAY R R Mo B hhee, 1on exchange techniques. |
pal | aditypicalprinpdlas contanting tiecaxirudat bopartidlt bithal sohgion Gonthiningr safbbdiement , t he
e [ LBIRL A00noE & HElSt ST eIt SY S GA 1 FirBi AN e E8 DRbout
0.6 Ww. .. %: - - A . of the
Dot useh i (b TolIbR BRI PitFa Lt BRI oBum dWbinedhotal carion R AR

cat al ysixtrodate copapti¢ls enag be-dbed, Qe rat ragnpendteesi inghe singy &oaraboat 1F00K o AHolut

nmetal , e, subs ially as, described herei n_.abov nder )
"ryar oi DBIGSGRT ST e PRl el it A R PG St it P
cat al ysyipmetat iensReend ty@didygoneri zat i on catal yst may be sel ective for

the isonerization of n-paraffins in the feedstock, such that feedstock
conponent s dnen pmbd&ment, k aldlgeulas ses pirethlyshphide inveanorcmay ke eo-

Accordi.ng to one.aspect..of the present inventio the first.and cond

nydr of somene @ MR DR pfis LY REGRum IYIReRT AreV e IR R VGRS o
the i songdifysat metlsothe RatABs@hiy Bscadldinddia afree deiaek at empaRnesdiadhomenie the
first hydroi sonerization catalyst may be nore selective for the

i somer i‘%lQﬁ' plnt SPOH-tp abeit POAT (2R0' (e 488 &ds T RepyatiRfaneeculirsieve he second
hydr oi s i |,-ON: . . di rRently, in an
erbodi renp R d xR thod G, fcifhen i byl ps SRS ALIR LY Vet
may havelH ,529raat in EVE IPaeht Appleation/Pdbtichtion NH.2008/00836G57 atht discloburaopedcaf f i ns
in the feedstock and the second hydroisonerization catal yst may have a
second 9fexhash igfnceriogated By teferense hefedn indtsifdtietat i on of n-paraffins in the

f eedstock, wherein the first level of selectivity may be higher than the
second | evel of selectivity. FIG 2A schematically represents a

| ayered dewaxi ng catal yst system 10A, according to an enbodi nent of the
present invention. Catal yst system 10A conprises a first hydroi sonerization
catal yst 120 di sposed upstream from a second hydroi soneri zati on cat al yst
122. In an enbodi nent, first hydroi soh®rization catalyst 120 may have a

hi gher | evel of selectivity for the isonerization of n-paraffins as
conpared with second hydroi sonerization catalyst 122. FIG 2B schematically
represents a | ayered dewaxi ng catal yst system 10B havi ng the sane
conposition, but the opposite orientation as conpared with catal yst system

A~ AN Y 1 o~ T Y .Y oY N o o -, . T




hydr oi soneri zati on catal yst 120 di sposed upstream from second

hydr oi soneri zation catal yst 122 (e.g., FIG 2A) can provide a superior base
oi | prodww0,20e006806pared with the inverse configurati onPCFIUS2012/8)1749

Accordi ng to anot her aspect of the present invention, applicants have al so
f ound tgat t he .conbi Sati on of the first hydroi sonerization catal yst

upstre Shydr oi someri zati on catal yst can provide equal or
superior results, as conpared with the sane volunme of catalyst of either

the first hydroisomerization catalyst alone or the second

hydr oi soner i&ebidng tetnadnylaidimtnied tespreseneinyentiohabdewaying Fételystgystcinol)
results.referred.to herei bov i th respe o_the use.of, | ayer.ed

ot al yapt 5 radinotel Fi s FPRsr it Rad osk S e S8R B RS

i ncr easg@I@r DAY ES1ow € Cdtabist sy3tew0 10 MK B dapir@HiGtentltdhpridi®sa pedity 6F 9.
Table 2). In an enbodi nent, the present invention provides a base oil

pr oducthyflrasamecrigaign ¢4tefbist Ligeny de ar pahodiseat, sechofithelagesiof about 89% wherein
t he ba i: i f .- . of i ndi tions
The condRitonFaBePCutt SRRt s st Ppuitholust i, KRB RARAAP TS, 1| 20
out W likorgeaimatiah keledtivitl UBe “@pheffelsaingrigatioh tsbicttivdty” angeardtionpabeoisity 390F t o
about 800F (199C to. 427C). In an enbodi nent, each of the first and second
hydr oi SoBHERT LAY ¥ 0 HEMEREHh s eppRsrd forrack. norairfbas B thefisdstatkire in the range

from about f eapf@j? i ment, the
t enper at ur e%r:‘r%%y%%y?[%gmoeﬁggﬁéga? rgg;%alg)ﬁ%%%%@o&l?%{ gu% cl)%}t%?p?’SF glOC to
357C) . hidenigmessatien nene ldeanda sdvend hydyeisbmonzaioo wbnd 56.t(@uaad tiytr BY)Gdstpsi g
(0.10 to 20.68 MPa), and typjcally in the range from about 100 to about
5500 pebgi i o actsa i clond ny PeRel AR 2pReld GRASPHER 1o the
cata Y%Esp%}éﬁ\tfe@ﬂiarlﬁi@%ft@atigéj%dtﬂ stgi%"\@ﬁ'rﬁﬂ%@ﬁo%%ﬁ §ti1c9{clg|ES t R0 S sebdhent 1 on

I e
may be in the Tange from abou 1 to about 20 h- , and usually from
about Ohydraispnadyzatiorscdialyst2ASGuardd menr AR Inyay pedigpoisedupptioemdwems fioh t he pr esent

i nventi,on are perf.or i.n the presence of .hydrogen. icall t he
nyelr 0odNOrE Ry RPRESH EBflvi20r 8% BHPRERT o rAigh 2R 2By Boebored” about
10, 000 \gphaamhaFrdnttbbid heRbisbideRtioR dithgkt 1By th € ahbedimeaiud suswalid ¥1d.rom
about 2500 to about 5000 standard cubic feet H2 per barrel hydrocarbon.

The abairerdlereri k2 6 hrdipisamsriyation zope 1hyaad seecadthyAtpiwarmdizetiarnzongflot he
hydrotr ' . h i ' i.an. c Lt 1aps, of the
frrst ang SORRETRiAR I Shole PRk 2 USRI SO, Bl L ARl 21

ot her ptfeeess tPBIGIMTEis@bMpABKZ\TA0 Yy Wi sdaik2iz 09760 BCIdUIS201d (4344 6d4fdr accor di ng
to factors such as the nature of the hydrocarbon feedstock used and the
desi r edUEHgFR{Zepsssanddayqrparg alsopgsyiblssinder the prssent dicAtion-v ) and yiel d of

t he base oil r ! bal - Oiegposed
upstream f ro%ﬂgﬁgeﬁ%l} geiegggen-r{%ggoaem{gﬁ&ﬁccg?a df/g% sCﬁ)gr%g V|¥arsfE Pﬁgxoslgﬁnuet%rs ghct or as

t he hydvioicslomesgenahs ony bati@todsitsd intrecactoedbodiarsendnd @ntleihPdb.aW ithia

di fferenc exi st between e first and second dr oi sonmeri zati on zones.
For exdffie T4 fedrbre argclnett brditadnanhay (B G oo

t enper afydrdxcA RS plol RicEHARGA RNAOLBRIR B30 ZAY dB e A0 RcARYCOR) Ahy Be Second
tenperature, wherein the second tenperature nay be from abo;ﬁl 20F to about
60F hi gleatactcHarith finst hiydresomengsdipnceeky st Hbwlet fipsit brdrioisometpatineandiBoRs t o
about 50FE higher, and usual |y from abou 5F to about 45 i.gher than the
firet compuraffisontiRattt Betant PRARDhCRbusRrRf et a2k B0L syot om o
the pras@idridativeida@n3?2 fag be cbitects@ G detyrdedesRidrzatibrotutayt@amntieom t he
second hydroi soneri zation zone, may be further treated bi hydr of i ni shi ng.
Such hygfad ydedisareeriratiommeonséiang iniegond hy ¢reispresatiioa zonc 46 Ipiovgedat i on

cat al ysstecorﬁlsisdlrﬁerjfﬂ%\ﬁ'sﬂr&lﬁ?f art. The hydrogenation catal yst used for
hydrof inishing may conprise, for exanple, platinum palladium or a

conbi nat i on SdoeeBbmotizaidnatreurh 3d nsdypatd to 4 hedrbfidisiohg nh# ihotghomy) toe
performed at a tenperature i.n the range from about 400F to about 650F (204C
to 343¢)OVi ﬁa%}tagﬁl% Peandyigldeot t “?4%@??&!)‘615?&]%6@ pgf ¢l p@@&ﬁtm%ooo
psig (3, 38 MReher VAL OG5 A9 ot BEnBr AESdRDI 2, hitbr i cati ng
oils is aggg ?]il%%odl, fog/ﬁ?geigrrpl e?édlt?%bsﬂg%a?élr?t %o&r 3, 85]$2d,u207, tf hlgp

di scl osundlyofotwighehthias abowtet 4761 dhe dadpyoil phdue mey Haee eicloudBase nGi highrroduct

than about -5°C, typically not higher than about -7°C, and usually not higher than about -
13



I n an enbodi nent, processes of the invention provide a high value, high
quality lubricant oil in good yield froma | ow val ue waxy hydrocarbon

f eedst ockwOThe/dosdysi cant oil s of the present invention WwCIUSgIpiogeHd y have
a pour point |less than about 9C, usually less than about -12C, and often

| ess thap ahout -14C e.g., as neasured by ASTM DO97. In an enpodi ment, the
| ubri caCol e‘baéﬁaﬂ@ﬁoq?rﬁgmﬁagéveaa%ﬁrcm%fe rﬁ%ﬁ@nﬁﬁﬁg@ fhedi oot - 10C to
about -30C1yTRR oS0 dHG Do &f 5N En PELERN hol ANRNEAPILOM SdC IpnerAldodihiane
viscosities’in the range of 3 to 30 ¢St at 100C, and a VI in the range from
about 9Be bocalquoduc? baasg theabayeprobgrtiASTRY bd 4btained at a yisdd ofoat dehshaost n

above, 82?2/3 dewaxed second hydroi soneri zation stream (FIG 1) may be further
hydr ot r ‘L"_ed, for exanple, over one or nore hydrofinishing catalysts to
obtain a fingakn bwbsdieRAL hpdrbtr@mﬁg@@thlylam Mgy bhehidasitias, Ghdyseedabledfi Cs. As
an exanple, at |east a portion of the second hydroi somerization stream may
be hydrapeiating hdertivelyrag posletivehyhish herboliqwd eacavdodhdedr LEBWydhohaaate any
aromati_c | €S. | r 0 3 i +&d b opl Il gpeci fi cations
and/ or attg&g%%tuge\sllg tﬁ%engfggﬁ alb%testosfo llt:l Te' %E{s’yeﬁolf ki{%r%goﬁ%ﬁ? 85I'hTé1§f ol | owi ng
Exanpl @s/didtictsiyg @itatydd (huattblap@) nlay wtéuply Honpilese 8o tb Ab@n B0 by WwiiivPbESe
Exanple 1 Hydr oi soneri zation, catal yst A was_ prepared as fol |l ows.

Zeol i t dodbgarayst xgimeo g ol8e Drdrolpatne srRIYSaaY erprrigifpan abawt KYoip 8beWint ai ni ng
45 . i i . i i d A
W vz ﬁ’ég% Lém ofl“}% vbhﬁné%ﬁﬁééﬁ%g&@&uﬁ% gétglg?&lus%é ESumBof ﬂﬁ:gdr I né

met al - nodi catalyst was t repar i'npregnating t ried and
cal ci ndgdsitomediabtéonvdataiysapis thet vobume ofithasarond hjboilsompt@datinn natalgst. magnesi um

The co-jnpregnated catal yst was then dried and cglcined to provide an

over al 1RVl by SaGT gL SFtal 38y SRmprsy e Shonbaias P PSRN BR1 2. 5 we
% caldflf GOIGRABBIIZREAIBTGREBIN SV, B 083 1BYEPANEbtARataBld Wieme 20l i te

SSZ- 32 was conposited with alumna to provide a m xture'containing 65 w. %

zeol i te, andnamemhpdimgnte thegaticexdt thedeldmedf thedirstdrydrassingsirizatehn CRtpdystita thel and

cal ci ned, extrudat e | mpregnat.ed with a sol.ution containing platinum and
Che Pt CHEPLBHAR SfotERud-RRRERALER et B Gl e PafC B B DloPinp
pl at i N ltpaeiiRFroMabslt 3250 Wheut %3, and usual gl Fief 4boshs A Ssfual ¥stn Esvms
prepared by inpregnati n% silica-alum na (SIRALc)-40, Sasol) with Pt and Pd

to gi vembodeent e wrioof thopolume ghithe fist bydreisomerizgipe catglyet te drepiobims ons of
t he hy%9ée%%ﬁ%dé@ﬁérﬁ%ﬁﬁ@téf%ffggﬁg’eb%%%&?1‘ nd the hydro finishing catal yst

(C) are sunmari tal'yst Conpositions

Feed for Base Oil Production

The instant invention may be used to dewax a wide variety of light and medium
hydrocarbon feedstocks. In an embodiment, the hydrocarbon feedstocks can be described as
waxy feeds having pour points generally above about 0°C, and having a tendency to solidify,
precipitate, or otherwise form solid particulates upon cooling to about 0°C. Straight chain n-
paraffins, either alone or with only slightly branched chain paraffins, having 16 or more carbon
atoms may be referred to herein as waxes. The feedstock will usually be a Cyo+ feedstock
generally boiling above about 350°F (177°C).

The present invention may also be suitable for processing waxy distillate stocks such as
middle distillate stocks including gas oils, kerosenes, and jet fuels, lubricating oil stocks,
heating oils, and other distillate fractions whose pour point and viscosity need to be maintained
within certain specification limits.

Feedstocks for processes of the present invention may typically include olefin and

naphthene components, as well as aromatic and heterocyclic compounds, in addition to higher
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molecular weight n-paraffins and slightly branched paraffins. During processes of the present
invention, the degree of cracking of n-paraffins and slightly branched paraffins in the feed is
strictly limited so that the product yield loss is minimized, thereby preserving the economic
value of the feedstock.

In an embodiment, the feedstock for base oil production may comprise a light feed.
Herein, the term “light feed” may be used to refer to a hydrocarbon feedstock wherein at least
about 80% of the components have a boiling point below about 900°F (482°C). Examples of
light feeds suitable for practicing the present invention include light neutral (100 to150N) and
medium neutral (200 to 250N).

In an embodiment, the hydrocarbon feedstocks of the present invention may generally
have a pour point above 0°C, and in some embodiments above about 20°C. In contrast, the base
oil products of processes of the present invention, resulting from hydroisomerization dewaxing
of the feedstock, generally have pour points below 0°C, typically below about -12°C, and often
below about -14°C.

In an embodiment, the feedstock employed in processes of the present invention can be
a waxy feed which contains more than about 20% wax, more than about 50% wax, or even
greater than about 70% wax. More typically, the feed will contain from about 5% to about 30%
wax. As used herein, the term "waxy hydrocarbon feedstocks" may include plant waxes and
animal derived waxes in addition to petroleum derived waxes.

According to one aspect of the present invention, a wide range of feeds may be used to
produce lubricant base oils in high yield with good performance characteristics, including low
pour point, low cloud point, low pour-cloud spread, and high viscosity index. The quality and
yield of the lube base oil product of the instant invention may depend on a number of factors,
including the formulation of the hydroisomerization catalysts comprising the layered catalyst
systems and the configuration of the catalyst layers of the catalyst systems.

In an embodiment of the present invention, the quality and yield of the lube base oil
product may depend on the orientation of the different hydroisomerization catalyst layers with
respect to the feed stream. Applicants have now discovered that a hydroisomerization catalyst
having a higher level of isomerization selectivity may be disposed upstream from a
hydroisomerization catalyst having a lower level of isomerization selectivity to provide base oil
products with improved characteristics and at increased yields, as compared with conventional
processes and systems. Moreover, applicants have also observed that the opposite orientation of
the hydroisomerization catalysts with respect to the feed stream may provide inferior results,

e.g., decreased quality and/or quantity of base oil product. By “opposite orientation” in this
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regard is meant a catalyst system configuration wherein a hydroisomerization catalyst having a
higher level of isomerization selectivity is disposed downstream from a hydroisomerization

catalyst having a lower level of isomerization selectivity.

Dewaxing Processes

According to one embodiment of the present invention a catalytic dewaxing process
for the production of base oils from a light hydrocarbon feedstock may involve introducing
the feed into a reactor containing a dewaxing catalyst system. Hydrogen gas may also be
introduced into the reactor so that the process may be performed in the presence of hydrogen,
e.g., as described herein below with reference to the process conditions.

Within the reactor, the feed may be contacted with a hydrotreating catalyst under
hydrotreating conditions in a hydrotreating zone or guard layer to provide a hydrotreated
feedstock. Contacting the feedstock with the hydrotreating catalyst in the guard layer may
serve to effectively hydrogenate aromatics in the feedstock, and to remove N- and S-
containing compounds from the feed, thereby protecting the first and second
hydroisomerization catalysts of the catalyst system. By “effectively hydrogenate aromatics”
is meant that the hydrotreating catalyst is able to decrease the aromatic content of the
feedstock by at least about 20%. The hydrotreated feedstock may generally comprise Cg: n-
paraffins and slightly branched isoparaffins, with a wax content of typically at least about
20%.

The hydrotreated feedstock may be contacted with the first hydroisomerization
catalyst under first hydroisomerization dewaxing conditions in a first hydroisomerization
zone to provide a first isomerization stream. Thereafter, the first isomerization stream may be
contacted with the second hydroisomerization catalyst under second hydroisomerization
dewaxing conditions in a second hydroisomerization zone to provide a second isomerization
stream. The guard layer, the first hydroisomerization catalyst, and the second
hydroisomerization catalyst may all be disposed within a single reactor. The hydrotreating
and hydroisomerization conditions that may be used for catalytic dewaxing processes of the
present invention are described herein below.

The second isomerization stream may be fed to a hydrofinishing unit to provide a
suitable quality and yield of the desired base oil product. Such a hydrofinishing step, may
remove traces of any aromatics, olefins, color bodies, and the like from the base oil

product. The hydrofinishing unit may include a hydrofinishing catalyst comprising an
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According to one aspect of the present invention, the first and second
hydroisomerization catalysts may have different levels of selectivity for the isomerization of
n-paraffins in the feedstock. In an embodiment, the first hydroisomerization catalyst may be
more selective for the isomerization of n-paraffins in the feedstock as compared with the
second hydroisomerization catalyst (see, e.g., FIG. 2A). Stated differently, in an embodiment
of the present invention the first hydroisomerization catalyst may have a first level of
selectivity for the isomerization of n-paraffins in the feedstock and the second
hydroisomerization catalyst may have a second level of selectivity for the isomerization of n-
paraffins in the feedstock, wherein the first level of selectivity may be higher than the second
level of selectivity.

FIG. 2A schematically represents a layered dewaxing catalyst system 10A, according
to an embodiment of the present invention. Catalyst system 10A comprises a first
hydroisomerization catalyst 120 disposed upstream from a second hydroisomerization
catalyst 122. In an embodiment, first hydroisomerization catalyst 120 may have a higher level
of selectivity for the isomerization of n-paraffins as compared with second
hydroisomerization catalyst 122. FIG. 2B schematically represents a layered dewaxing
catalyst system 10B having the same composition, but the opposite orientation as compared
with catalyst system 10A of FIG. 2A, i.e., in catalyst system 10B hydroisomerization catalyst
120 is disposed downstream from hydroisomerization catalyst 122.

With further reference to FIG. 2A-B, a waxy hydrocarbon feed may be contacted with
hydroisomerization catalysts 120 and 122 in the presence of hydrogen to provide a base oil
product. In particular, catalyst system 10A provides a dewaxed product A, while catalyst
system 10B provides a dewaxed product B, wherein product A is, surprisingly, substantially

superior to product B. Accordingly, applicants have found that the combination of first
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base oil product was 87% (wt. % 600F) with a pour point of -14C and a VI of
107 (Table 2).

Reaction Conditions

The conditions under which processes of the present invention are carried out will
generally include a temperature within a range from about 390°F to about 800°F (199°C to
427°C). In an embodiment, each of the first and second hydroisomerization dewaxing
conditions includes a temperature in the range from about 550°F to about 700°F (288°C to
371°C). In a further embodiment, the temperature may be in the range from about 590°F to
about 675°F (310°C to 357°C). The pressure may be in the range from about 15 to about 3000
psig (0.10 to 20.68 MPa), and typically in the range from about 100 to about 2500 psig (0.69
to 17.24 MPa).

Typically, the feed rate to the catalyst system/reactor during dewaxing processes of
the present invention may be in the range from about 0.1 to about 20 h™* LHSV, and usually
from about 0.1 to about 5 h™' LHSV. Generally, dewaxing processes of the present invention
are performed in the presence of hydrogen. Typically, the hydrogen to hydrocarbon ratio may
be in a range from about 2000 to about 10,000 standard cubic feet H, per barrel hydrocarbon,
and usually from about 2500 to about 5000 standard cubic feet H, per barrel hydrocarbon.

The above conditions may apply to the hydrotreating conditions of the hydrotreating
zone as well as to the hydroisomerization conditions of the first and second

hydroisomerization zones. The reactor temperature and other process parameters may vary
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temperature difference may exist between the first and second hydroisomerization zones. For
example, the first hydroisomerization zone may be at a first temperature and the second
hydroisomerization zone may be at a second temperature, wherein the second temperature may
be from about 20°F to about 60°F higher than the first temperature, more typically from about
30°F to about 50°F higher, and usually from about 35°F to about 45°F higher than the first
temperature.

The effluent or stream from a catalyst system of the present invention, ¢.g., the second
hydroisomerization stream from the second hydroisomerization zone, may be further treated by
hydrofinishing. Such hydrofinishing may be performed in the presence of a hydrogenation
catalyst, as is known in the art. The hydrogenation catalyst used for hydrofinishing may
comprise, for example, platinum, palladium, or a combination thereof on an alumina support.
The hydrofinishing may be performed at a temperature in the range from about 400°F to about
650°F (204°C to 343°C), and a pressure in the range from about 400 psig to about 4000 psig
(2.76 to 27.58 MPa). Hydrofinishing for the production of lubricating oils is described, for
example, in U.S. Patent No. 3,852,207, the disclosure of which is incorporated by reference

herein.

Base Qil Product

In an embodiment, processes of the invention provide a high value, high quality
lubricant oil in good yield from a low value waxy hydrocarbon feedstock. The lubricant oils of
the present invention will typically have a pour point less than about 9°C, usually less than
about -12°C, and often less than about -14°C, e.g., as measured by ASTM D97. In an
embodiment, the lubricant oil product may have a pour point in the range from about -10°C to
about -30°C. The products of the present invention will generally have viscosities in the range
of 3 to 30 ¢St at 100°C, and a VI in the range from about 95 to about 170 as measured by
ASTM D445.

As noted herein above, the dewaxed second hydroisomerization stream (FIG. 1) may be
further hydrotreated, for example, over one or more hydrofinishing catalysts to obtain a final

lubricant oil product having the desired characteristics. As an example, at least a portion of the
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second hydroisomerization stream may be hydrofinished to remove any colored materials
and/or to hydrogenate any aromatic species in order to meet the desired lubricant oil
specifications and/or to improve the stability of the base oil product.

The following Examples illustrate but do not limit the present invention.

EXAMPLES

Example 1

Hydroisomerization catalyst A was prepared as follows. Zeolite SSZ-32 was
composited with alumina to provide a mixture containing 45 wt. % zeolite, and the mixture
was extruded, dried, and calcined. A metal-modified catalyst was then prepared by
impregnating the dried and calcined extrudate with a solution containing both platinum and
magnesium. The co-impregnated catalyst was then dried and calcined to provide an overall
platinum loading of 0.325 wt. % and a magnesium loading of 2.5 wt. %.

Hydroisomerization catalyst B was prepared as follows. Zeolite SSZ-32 was
composited with alumina to provide a mixture containing 65 wt. % zeolite, and the mixture
was extruded, dried, and calcined. The dried and calcined extrudate was impregnated with a
solution containing platinum, and the Pt impregnated catalyst was then dried and calcined.
The overall platinum loading was 0.325 wt. %.

Hydrofinishing catalyst C was prepared by impregnating silica-alumina (SIRAL®-40,
Sasol) with Pt and Pd to give a loading of 0.2 wt. % Pt and 0.16 wt. % Pd. The compositions
of the hydroisomerization catalysts (A and B) and the hydrofinishing catalyst (C) are

summarized in Table 1.

Table 1

Catalyst Compositions

Wt.% Mol.
Catalyst ‘ Support % Pt % Pd % Mg
Sieve
A 65% SSZ-32 alumina 0.325 - -
B 45% SSZ-32 alumina 0.325 - 2.5
C - silica-alumina 0.2 0.16 -
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Comparative Example A

Dewaxing Light Feed using Hydroisomerization Catalyst B Alone

A waxy 100N light hydrocrackate feed having an API of 34, a wax content of 12.5%,
a viscosity at 100°C of 3.92 ¢St was dewaxed over 8 cc of catalyst B (crushed 24/40 mesh) in
a */s inch diameter stainless steel down-flow reactor under isothermal conditions. The
hydroisomerization conditions were 1.6 h™ LHSV, a once-through hydrogen rate of 3900
standard cubic feet per barrel (scf/bbl) gas/oil ratio, and a total pressure of 2000 psig. The
temperature was adjusted to 610°F to achieve the target pour point in the range of -12 to -
14°C. The dewaxed effluent from catalyst B was subjected to hydrofinishing over 8 cc of
catalyst C to provide a base oil product at a yield of 86% (wt. % 600°F) with a pour point of -
12°C and a VI of 107 (Table 2).

Comparative Example B

Dewaxing Light Feed using Hydroisomerization Catalyst A Alone

The light hydrocarbon feed as described in Example A was dewaxed over 120 cc of
catalyst A (whole extrudate). The hydroisomerization conditions were 1.6 h™ LHSV, a
hydrogen recycle rate of 3000 scf/bbl, and a total pressure of 2000 psig. The dewaxing
temperature was adjusted to 650°F to achieve the target pour point in the range of -12 to -
14°C. The effluent from catalyst A was hydrofinished over 120 cc of catalyst C to provide a
base oil product at a yield of 88.5% (wt. % 600°F) with a pour point of -13°C and a VI of 108
(Table 2).

Comparative Example C

Dewaxing Light Feed using Layered Catalyst System B/A

The light hydrocarbon feed as described in Example A was dewaxed using a layered
catalyst system comprising 4 cc of catalyst B (crushed 24/40 mesh) disposed over 4 cc of
catalyst A (crushed 24/40 mesh), such that catalyst A was downstream from catalyst B (see,
e.g., FIG. 2B). The dewaxing conditions were as described in Example A, except the gas/oil
ratio was 3000 scf/bbl, and the temperature was adjusted to 630°F to achieve the target pour
point. The effluent from the layered catalyst system B/A was hydrofinished as described in
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Example A to provide a base oil product at a yield of 87.3% (wt. % 600°F) with a pour point
of -13°C and a VI of 106 (Table 2).

Example 2
Dewaxing Light Feed using Layered Catalyst System A/B

The light hydrocarbon feed as described in Example A was dewaxed using a layered
catalyst system comprising 4 cc of catalyst A (crushed 24/40 mesh) disposed over 4 cc of
catalyst B (crushed 24/40 mesh), such that catalyst B was downstream from catalyst A (see,
e.g., FIG. 2A). The dewaxing conditions were as described in Example A, except the gas/oil
ratio was 3000 scf/bbl, and the dewaxing temperature was adjusted to 625°F to achieve the
target pour point. The effluent from the layered catalyst system was hydrofinished as
described in Example A to provide a base oil product at a yield of 88.9% (wt. % 600°F) with
a pour point of -14°C and a VI of 108 (Table 2).

Comparative Example D

Dewaxing Light Feed using Catalyst System B/A with a Temperature Differential

The light hydrocarbon feed as described in Example A was dewaxed as described in
Example C, except a 40°F temperature difference was maintained between catalyst B (613°F)
and catalyst A (653°F). The yield of base oil product was 87% (wt. % 600°F) with a pour
point of -14°C and a VI of 107 (Table 2).

Example 3
Dewaxing Light Feed using Catalyst System A/B with a Temperature Differential

The light hydrocarbon feed as described in Example A was dewaxed as described in
Example 2, except a 40°F temperature difference was maintained between catalyst A (595°F)
and catalyst B (635°F). The yield of base oil product was 89% (wt. % 600°F) with a pour
point of -12°C and a VI of 108 (Table 2). The superior results, as expressed by yield and VI,
obtained using the layered catalyst system configuration of Example 2 were once again
evident during dewaxing in the presence of a temperature differential within the catalyst

System.
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combined with a more expensive catalyst to form a catalyst system that provides equal or
better performance at a lower cost, as compared with the same amount of the more expensive
catalyst alone.

Numerous variations of the present invention may be possible in light of the
teachings and examples herein. It is therefore understood that within the scope of the
following claims, the invention may be practiced otherwise than as specifically described or

exemplified herein.
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a), contacting the hydrocarbon feedstock in a hydrotreating zone under
hydr ot rigat ibergerestian siremis aplt h a hydrotreating catalyst. 9. The process

according t | ai m. 8 0., t. i i a guard
| ayer conpr ?Dg %ﬂ%ﬂa%ng af%y r%{) ?@E@Fﬁ&ﬁ%ﬂrgﬁ léogﬁ%ﬁ%ﬁ%%%%rngﬁln@{eﬁéﬁguar d | ayer,
the fi rigidrdiyahi@izatorzincaindornsczomnehydasisorhfiézasion dowlatiygceridstiomvigad i on zone
are disposed within a single reactor. 10. The process according to claim
8, whers8fondhydroismatzaton Faiyyetde Arapdde ainepd ewcHzton sEBIB Yhsadregehi ¢

about 011 o SaRahy S igh kel iR flooly ARMEROLALRR LN b RS e
range fa b, aboun Mol2cutle sidyound i .(Gowp VIPometal, and the second hydroisomerization
catalyst further comprising a metal modifier;
wherein the first hydroisomerization catalyst has a first level of selectivity for the
isomerization of n-paraffins in the feedstock, the second hydroisomerization catalyst has a
second level of selectivity for the isomerization of n-paraffins in the feedstock, and wherein

the first level of selectivity is higher than the second level of selectivity.
2. The process according to claim 1, wherein the 1-D, 10-ring molecular sieve of each of
the first hydroisomerization catalyst and the second hydroisomerization catalyst comprises

zeolite SSZ-32.

3. The process according to claim 1, wherein at least about 80% of the feedstock

components have a boiling point above about 900°F (482°C).

4. The process according to claim 1, wherein the metal modifier is selected from the

group consisting of Mg, Ca, Sr, Ba, K, La, Pr, Nd, Cr, and combinations thereof.

5. The process according to claim 4, wherein the metal modifier comprises Mg at a

concentration in the range from about 0.5 to about 2.5 wt. %.

6. The process according to claim 4, wherein the second hydroisomerization catalyst at

least substantially lacks a metal modifier.
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11. The process according to claim@8, wherein the hydrotreating catal yst
occupies a volune in the range from about 3% to about 30% of the total

vol une ofwohe1par7et reati ng catal yst, the first hydroi secgnis2atioarv4cat al yst
and the second hydroi sonerization catalyst. 12. The process according to
claim wherein the ratj.o of the volunme of .the first hydroisopnerization
catal yst to TR AsOBAng eclaige brigh ey a s Wshiydroisemn a&atlam@?tq in the

range ftfl@ﬁ@c@ﬁ’@?&dr%isgmkﬁzaﬁgﬁ%gta%}sgare g%%o%éahﬁitlﬁﬁg%ﬁ@e Re&BFding to claiml,

wherein each of"the first and secon ydroi soneri zati on dewaxi ng conditions

includes a tenperature in the range from about 550F to about 750F (288C to
399C). , 14. The process accordi.ng,t laim1l,.wherein the first

nydr o1 Somer | DRBHSS Seriee B ARPL o Bifor2hieripT e, “t he second

hydr oi soner i tibPid FGNG, tentating tKSGARCLaHRDMIBER Ik S a BDGoWBATRI Ank Dedgecond
tenperature is fromabout 30F to about 50F higher than the first

t enper dtydraircating corklitians addsshytetsraiinggatelysel aim 1, further conprising: 25
d) contacting the second isonerization streamw th a hydrofinishing
catalyst in the presence of hydrogen to provide a base oil product having a
pour pdadl.nt Ofhen@bca’®icotdiagntoaddgivt §,-wiidisin aichy’lrgedating kenecosiprdada gliardot nor e
t han about 5C. 16. The process according to claim15, wherein the base oi

pr oductlayes cempHping thedtydiotigating ceplysts andwhercmyhegugddayen thanfitst ocess f or

cat al ytﬂyﬁ?&i%ﬁ&%‘ﬁ%ﬁ%eaary@t?g g%)éqa ﬂi@fo%ﬁleﬁgﬁﬁt ?15 are?cﬁ%%rs.é@{;vﬂgfn a a)

contacting carbon tock in a ftirst hydroisonerization zone
under fsingd¢ rdagtdr.oi soneri zati on dewaxi ng conditions with a first

hydr oi soneri zation catalyst to provide a first isomerization stream

b) contacting at |least a portion of the first isonerization streamin a

second oy ARl ONBS AZBLdifZNE SINARECIS BRANMAr ML RE SARRLI RatHRE; dewaxi ng
conditions with a second hydroi sonerizati on catalyst fo provide a second
i somer irzfatdtory igongemmoxaiadn combination with 1) platinum at a concentration in the range

from about 0.1 to about 1 wt. %, and ii) palladium at a concentration in the range from about

0.2 to about 1.5 wt. %.

11. The process according to claim 8, wherein the hydrotreating catalyst occupies a
volume in the range from about 3% to about 30% of the total volume of the hydrotreating

catalyst, the first hydroisomerization catalyst and the second hydroisomerization catalyst.

12. The process according to claim 1, wherein the ratio of the volume of the first
hydroisomerization catalyst to the volume of the second hydroisomerization catalyst is in the

range from about 3:2 to about 2:3.

13.  The process according to claim 1, wherein each of the first and second
hydroisomerization dewaxing conditions includes a temperature in the range from about

550°F to about 750°F (288°C to 399°C).

14. The process according to claim 1, wherein the first hydroisomerization zone is at a
first temperature, the second hydroisomerization zone is at a second temperature, and wherein

the second temperature is from about 30°F to about 50°F higher than the first temperature.

15.  The process according to claim 1, further comprising:
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c) contacting the second isonerization streamw th a hydrofinishing
catalyst to provide a base oil product, wherein each of the first
hydr oi sorwoi2aetiosrecat al yst and the second hydr oi soneri raTiusaoicalehy st

conprises a 1-D, 10- ring nol ecul ar sieve and a Goup VIII netal; the first
hydr oi someri zation.c st has a first |evel e i Vi for
i soneri zat | Cartaﬁt%tﬁr GoRd 1§oefiRRiqneRtgamaikh a L}ﬁ%b Err athlysCin

hydr oi spaRhéZét fsﬂfbg%ﬁtt@*)ﬁb%ide%s@o mﬁ%@t hEWR) a pctur% I%rh(wrﬁarreft@arn t he
i somerization of n-paraffins erein the frrst | evel of selectivity is

hrgherzbhaMJQﬁéa@é@qmuﬁbbuébm@ade%m3¢mnvﬂmyﬁbowéP£]rst hydr oi sonmeri zati on
catalyst is doped with a netal nodifier selected fromthe group consisting
of Mgy, Ca, Sr, Ba, K La, Pr, Nd and Cr; the second hydroi sonerization

cat al ysts. congi r§ce@§§@ﬂ¥d1ﬁé {oycrmn B5, e F S RSOl g dattig ebtairchat AplcRE Ul ar
sieve and the VITI metal; the first and second hydroi someri zati on
catalysﬂgﬂbﬁﬁabpg ed in the sane reactor, and wherein the base oi

product has a pour point of not nore than about -12C and a pour - cl oud
spread of not nore than about 5C. 18. A | ayered catal yst system conprising:
afir st1mydrm'pmmrfozadtalgﬁcaz@r&w@mgrai waxythydrddartoh fhyddtook somrisiagt i on

catal yst; and ond hydroi sonerization zone conprising a second

hydr oi somer |a2é9?%ﬁlf@éhﬁh¥%f903fmfe€ﬂﬁ0@<d@ﬁ‘ figpt h}rﬁ*@lﬁqm@rzaﬁ@ar@r% i3kt i on
|
cata y%{y ecu{#’zaﬁ&ﬂ?&%w éd?lldgﬂ)lﬁgwlﬁlaat ﬁ@m%l?é%ﬁﬁzaﬁﬁmﬁﬁ%ﬁg%r&l@ a

10-ring ar sieve and a VI e se
hydrordhmammnaMwnnnsmmmmyst further conprising a metal nodifier; WO
2012/005976@5T/U82011/241749 mge ein each of the. first

hydr oi soner i 2&PMEH it 2735 PAHAN ChEICI BRI YA OF SB77at I"ZCRM! cat al yst i
sel ect iNArdi YmdrS AL kcﬁﬁtdn%‘r &Eoﬂﬂ' m&ﬁgém&%a‘u&ﬂ Behlisg cohdMicHsSANRL | zati on
catal yst has a first level of selectivity for the isonerization of

n- par afsecons|, hyﬁmsmmatiomwalmtsomieaa $e@nnctaomb§lmtloha§ean,s%miond | evel of
selectivity for t i.soneri ar af erei he first
evel of suiegone RERolf BehEaf ot Badu i P B RE LBl Uy, The
first hyeviat 8 BERIdiZ@bHGN, wikieini cacklbsRe Fiesd hypidoarAziticiNatdigst a8€ aied

hydr oi someri zati on zone, and wherein the first hydroisomerization catal yst
and t hescenddndraigainesizs bom eatalysticompeiagsed {8t 19r1‘élgd11@19@d@foﬁlwetaﬁﬂﬁ Grogpngl e
ceact oty hr el AHALELBALALR L. AKRL FIDARSPLILNG L RL B 48, wher e 1.
the fi 3r0|soner S \ |er

|on ca conprises a ne sel ect ed
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20. The catal yst system accor 0 claim'18 rther conpri sing:

a guar ds Hepeelrwith & pese thadpsdriseleoed fiom thhgrdupreonsibydy ofi Men@a,iStaBa, dq Lzone,

wher ei | ayer ,conprises. a. hydrotreating catalys ch conpri ses
T Tt DA St B e PR oD i i ey s Silbate Mgt about 3
W . % Rixadd t1HdRramd nidldculdr Qv 8 RANthe Gréu vrﬁbl%rar ﬁleﬁirwand%%&ﬁhl adi um and

wherein the guard | ayer is disposed within the single reactor.
hydroisomerization catalysts are disposed in the same reactor, and wherein the base oil

product has a pour point of not more than about -12°C and a pour-cloud spread of not more

than about 5°C.

18. A layered catalyst system, comprising:
a first hydroisomerization zone comprising a first hydroisomerization catalyst; and
a second hydroisomerization zone comprising a second hydroisomerization catalyst,
wherein each of the first hydroisomerization catalyst and the second hydroisomerization
catalyst comprises a 1-D, 10-ring molecular sieve and a Group VIII metal, and the second

hydroisomerization catalyst further comprising a metal modifier;
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wherein each of the first hydroisomerization catalyst and the second
hydroisomerization catalyst is selective for isomerization of n-paraffins, the first
hydroisomerization catalyst has a first level of selectivity for the isomerization of n-paraffins,
the second hydroisomerization catalyst has a second level of selectivity for the isomerization
of n-paraffins, and wherein the first level of selectivity is higher than the second level of
selectivity, the first hydroisomerization zone is disposed upstream from the second
hydroisomerization zone, and wherein the first hydroisomerization catalyst and the second

hydroisomerization catalyst are disposed within a single reactor.

19.  The layered catalyst system according to claim 18, wherein:
the first hydroisomerization catalyst comprises a metal modifier selected from the
group consisting of Mg, Ca, Sr, Ba, K, La, Pr, Nd, Cr, and combinations thereof, and wherein
the ratio of the volume of the first hydroisomerization catalyst to the volume of the

second hydroisomerization catalyst is in the range from about 3:2 to about 2:3.

20.  The layered catalyst system according to claim 18, further comprising: a guard layer
disposed upstream from the first hydroisomerization zone, wherein the guard layer comprises
a hydrotreating catalyst which comprises a refractory oxide binder in combination with 1)
from about 0.1 to about 1 wt. % platinum and ii) from about 0.2 to about 1.5 wt. %

palladium, and wherein the guard layer is disposed within the single reactor.
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