WD 2010/ 077351PCT/ US2009/ 006737 - 1 - SOUR SERVI CE HYDROPROCESSI NG FOR
LUBRI CANT BASE O L PRODUCTI ON FI ELD [0001] This invention provides a
cat al yst woadom/resshod of using such a catal yst for processiusgooofodmdgh
sul fur and/or nitrogen content feedstocks to produce |ubricating oil
basest ocks. BACKGROUND [ 0002] Nuner ous processes are available for

production of lubricatjng oil hasestq ?{éﬁﬁﬁ&é EJ&‘td) ns. Such processes

of ten invol ve hydropr og€es ot aet+ on—such as
hydrotreating or hydr ocdoVBRIahNd & O3 BRADUCTHAN: sol vent

extraction, followed by dewaxi ng of the hydroprocessed fraction. A
hydr of i ni shing step of sonme type is also typical to inprove the properties
of the resubtiyng | ube basest ock. [0003] One net hod of classifying

| ubri catifng~orl basestocks is that used by the American PetroleumlInstitute
(API'). APl Goup Il basestocks have a saturates content of 90 wt % or
greater, pOMifur Thit éntenfibnnptovides at bawalydt Ghdwva%netitodh ofl ugngatueh han
80 but less than 120. APl Goup IIl basestocks are the sane as G oup Il
basest ocksatakseplort processing \of ihiglt sulBisand/@o. nifrqgesc 688test HEREstetkh s t he
one detail ed abqve .is.typicall uitable for production of Goup Il and

G oup IIIPH&%@§36Q%%?QQ&%%I ﬁ“ﬁéﬁi@priate feed. [0004] Unfortunately,
conventional mnethods for producing a | ube basestock are hindered due to
differing sensitivities for the catalysts involved in the various stages.
This |im BACKEGROUND| on of feeds which are potentially suitable for use
in formng Goup Il or higher basestocks. In conventional processing, the

catal ysts for,the initial hydroprocessing of t QL | i of yen
have a rel(ﬁﬁﬁiel y NiYgHeTey é‘.}rgﬂ%sggsr &Fgc%ﬁ{% en%’r{t éroscﬂlgH?»gsofsE@ﬁLdra‘ﬁ@g bl

ni t rogen. r : | f kS Shauerd S byrauebdiae from
& 1 ont of Bk ol R B T BB oy Soarare. 2 -
particul aggmdewpei bf cikt fhotéérg bindt a3r hydnitenated oo pkoesmvarsionaof |theby

i somerization are typically quite sensitive to the,armunh &’fé’ sul fur and/ or
ni trogen pafésate fiom a sobeant extragtipnafallnred byrdewaxdag of the hydgrreesssgdand

sel ectivi of th e Lng, catalyst .wi || be reduced. [.00 T. date
the di ffe%‘%ﬁtjo‘?'olgr gwﬁaé‘gﬁf&gh?’ﬁe_s@ét af yome ?¥Rﬁo|‘§/é“ 9 ﬁyﬁlﬁﬂfe)?%dgf‘evgﬁggkrm
producti o i : Kypically incorporated into the
basestockgﬁgl%gﬁ%{%{#%\gdf%ggég%# rsgsfé,%&?:he hydr opr ocessi ng step (such as
raf finate hydroconversion) is run under sufficiently severe conditions to
convert mpeg03qf thenermattiod ficfassifving Iubtricatieg dihbasestdakedsithebuses hyi | e
conpounds, such as H2S and NH3. Second, a separation step is used between

the hydr ofreodewmsioay Rateglewmdnstinite 60K fyPlbspumHi Raseponks b3ve aisdtHatesal | y
all of these con inapts priogr to the dewaxing step. The i tep
requi res EXREHL 85351@?{&&? of (gr%ageﬁsaeﬂll r?%e?th%pflﬂtbgj%ﬁ? gl?ﬁftﬁ l%?ﬁ&?%ﬂ?r&ﬁ

I ncreases . i PIEC AL G%Gl%g TiBRkb ks Bfe the same as
hydr opr occ\a/tslzgrﬁg%gttg%d r%gy tal\e/§eS %Hc? be (?un for converting tche contam nants to
a gaseous GrenpLbassstovks exgepethat dunviltis ansedshap0 otAh prod¢ess sobededutb aseet
the | ube basestock specifications such as viscosity, viscosity index, and
sul fur cotheone derefled, aboneris typically sedablgrfor pedicsioncek Girgen &I arddirHY
processeséﬁnd catg{sy ts for use.in such processes that elimnates the need
for a sephddapesto e%ommopﬂgtenieg oprocessi ng process and the dewaxi ng
process, and thus minimzes yield | oss due to overconverting the | ube
feedst ock ggpgjhe h 09 vEh Sl Hhetodd Upt PodEQHP o lubRMshskbtock

| ubri cant %@sﬂstoc@lf@?%l?nﬁrg%fc;angtées, hyd?ogr acker%g%ottogfs or waxy feeds.
Dewaxed | yheh@iderad @éhelto diffdrige sensitivizies fontheheatalyssxinnglvednia. the various

stages. This limits the selection of feeds which are potentially suitable for use in
forming Group II or higher basestocks. In conventional processing, the catalysts
used for the initial hydroprocessing of the oil fraction often have a relatively high
tolerance for contaminants such as sulfur or nitrogen. By contrast, catalysts for

catalytic dewaxing usually suffer from a low tolerance for contaminants. In



SUMVARY [ 0006] A process is provided for producing a |lubricant basestock. A
nmet hod for producing a |ubricant basestock includes contacting a

hydr ot r eawedofoagdsst ock and a hydrogen contai ni ng gas w PoTASd@9andi78y

catal yst under effective catalytic dewa®i-ng conditions. The combined tot al
sul fur in liquid and gaseous forns is WD 2010/077351PCT/ US2009/ 006737 - 3
- greater than 1000 ppm by wei ght on the hydroércﬁﬁi ed feegstock bﬂgi ﬁ The
dewaxi ng bagtiemas; dewpuass w@alyessthainarfottt§ededintha PR U P SRS S¥al

10- nenber. ri ng. . . . I :

ow surt alSeTTEBTORaa DBkl Priter Rt o o T B Ao Chincaga, | "

present dgfééleﬁtsgf 8 fe@d."8F Q?ﬁ'tafnﬂhaﬂtrsoéjr@?r@ﬂarﬁ, {Hebadthant ahdserkceoktyigfcthedes:
a hydrotreated

contactin eedstock and a hydrogen containing gas with a
dewaxi ng dewakigtcatalgerwitf beceduwedcat al ytic dewaxi ng conditions, wherein
the conbined total sulfur in liquid and gaseous forns fed to the contacting

step is greater than 1000 ppm by wei ght. on the hydrotreated feedstock
basi s, ant00Ifdrei nTerscaBRdatg thﬁ@é&?@’@g it‘ﬁ]@FW@g ofit pecgizﬁygﬁénvolveg n

nondeal um nat ed, uni di nensi.onal 10-ne e fd I one
G oup VI ﬂu%ﬁaﬁestgﬁ Iggg}l%té%?’a@ﬁe%ngwqgg i é@g&ag%;%fég'}} E)I%Ogg& I}a(lg r gé:t? ory
bi nder. [ §0g), éht@él@tﬂ}%uét%ﬂn;ﬁr%éﬁ? PFRSE the dh§alopest@sing RRIPGSudioras
produci ng a | ubricant” basestock includes: contacting a hydrotreated

f eedst ockraffiglate hydioogaversiom)as munguigles swifitientlyeesziengonditiohy 40 conyert

effective catal ytic dewaxi ng conditions, wherein Pri or to the contactjng
step, themufstpfidhe orgams shldungad mitregen Hythe kedilatq ¥elatile gempeyEES.GEh gh

D Froent 5 Brzcd Niffo: SCSURS RoeParisy oF S5k BPoflert IR MYPoBIGERIRE
conbi ned Eggfdgﬁﬁ%;%%@%é 'E%#i \ghﬁfﬁdr_eﬂ?&@e@ USib5@nRIY 8l dPtHebe copahaatnRg

step is gre y weli ght on the hydrotreated feedstock

basi s, angriohesahe dehaxigyasidpng That wpysitionnstepdequits kestratequapment to be
non- deal um nat ed, uni di mensi onal 10-menber ring pore zeolite, at |east one
G oup VI | bsebdlatingrthe dub¢ preduction, Mduck ungrgasesahe overtl £osbef the PEIGEaSt or y

bi nder. BRI EF.DE | PTI.ON, OF THE .DRAW NGS [ Q009] Fi gur es an he
sel ecti vi tflor@jlggafgﬁt hYArORERCEPYIBESSIEP WP %Fo%ggl%%%sﬁg%‘é?%gg% - 4-
100111 H g BnitnsliWR AreRebld (bACuh®r ik WoefALBhYRichs (HAR18IHERIee S
shows t he hydroprocessi product yre vVer sus pour poi nt . _
needed to meet the lube basestock specifications such as viscosity, viscosity
index, and sulfur content. Hence, there is a need for improved catalytic dewaxing
processes and catalysts for use in such processes that eliminates the need for a
separation step between the hydroprocessing process and the dewaxing process,
and thus minimizes yield loss due to overconverting the lube feedstock in the
hydroprocessing step for producing Group II and III lubricant basestocks from

raffinates, hydrocracker bottoms or waxy feeds. Dewaxed lube oil yield is also

maximized in the dewaxing zone.

SUMMARY

[0006] A process is provided for producing a lubricant basestock. A method
for producing a lubricant basestock includes contacting a hydrotreated feedstock
and a hydrogen containing gas with a dewaxing catalyst under effective catalytic

dewaxing conditions. The combined total sulfur in liquid and gaseous forms is



for various catalysts. [0013]Figure 6 schematically shows one enbodi nent of
a process schene for producing a |lubricant basestock froma sour service

f eedst r eawot20100d1835dewaxi ng process (al so referred to asPhirgis2@ewes7dt y

di rect cascade process schene). [0014] FPgure 7 schematical |y shows a second
enbodi ment of a process schene for producing a Iubr| cant basestock from a

lié"grer?f;lv'g?%érﬁﬁﬁaééﬁﬁab‘"séﬁaﬁﬁﬁ.%E@ﬁé&%s@e SerbRupARoser b Pess bR
e t ot.al

e Y SeNSLRS Ik, B R RSBl B, SHSOALRL RS,
toral 11a4h %%BQPF%P@% RN, eft% %ﬂ@@?o&ﬁmmﬁk@alfﬁfd EtXR:@Eﬂ FRE1Gw5- 8

di scl osed herein ure’10 s ows | ube yield versus total liquid

product peukfagiohret, irx@tal\b&ﬁd@t&frab@@@dbiaﬁerfor Experiments 9-12 di scl osed
herein [0018] Figure 11 shows |ube yield versus total quu!d product pour

2&8&223 TN ac{@ta@dtﬁora{ fé@@&%é&&%&%ﬁﬁ casedio] %ﬁgﬁ%ﬁé&% 8
raffinate ‘ﬁy&%&&ﬁ l%ﬁ‘ U({Jegwgég 5 %ﬁ%ﬁg@%ﬁgﬁ@g #fggﬁ | na?g&lo e
i g 0o g et S,
ver sus t otghdikiogsll Whereial uké cpﬁllfm@btcﬁt'al fulfur in liquid and gaseous forms fed to
the contacting step is greater than 1000 ppm by weight on the hydrotreated
feedstock basis, and wherein the dewaxing catalyst includes at least one non-

dealuminated, unidimensional 10-member ring pore zeolite, at least one Group

VIII metal and at least one low surface area metal oxide refractory binder.

[0008] In another form of the present disclosure, a method for producing a
lubricant basestock includes: contacting a hydrotreated feedstock and a hydrogen
containing gas with a dewaxing catalyst under effective catalytic dewaxing
conditions, wherein prior to the contacting step, the effluent from the
hydrotreating step is fed to at least one high pressure separator to separate the
gaseous portion of the hydrotreated effluent from the liquid portion of the
hydrotreated effluent, wherein the combined total sulfur in liquid and gaseous
forms fed to the contacting step is greater than 1000 ppm by weight on the
hydrotreated feedstock basis, and wherein the dewaxing catalyst includes at least
one non-dealuminated, unidimensional 10-member ring pore zeolite, at least one

Group VIII metal and at least one low surface area, metal oxide refractory binder.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figures 1 and 2 show the selectivity of comparative catalysts.

[0010] Figure 3 shows the activity as a correlation between hydroprocessing

temperature and pour point for various catalysts.



an integrated raffinate hydroconversion -dewaxi ng process for a 130N
raffinate at 1000 psig reactor pressure. DETAI LED DESCRI PTI ON 100221Al |
nuner i calwoabwag7isit hi n t he detail ed description and t hecThmseo/oheasei n are
nodi fi ed by "about" or "approxi matel y" -tthe indicated value, and take into
account experinental error and variations that woul d be expected by a
person havi ngi ordinary skill in the art.. Process C%/Fréiﬁew [0023] I n vari ous
enbodi menf®113 pr oBiise Ashemsanjaging satefop yaHPPORABHYSE oup 11 and hi gher
basest ocks that includes catalytic dewaxing of the feed in a sour

envi ronme SOUE. i i | i I i fur

| evel s | nmql&@i d alrel1 %Séésse%wg})}rlén@ y?f;b%élr)é;egyg{gc Pﬁ@%%%‘bﬁ%baﬁgﬁwton

t he hydr ofgeptrRflsfcaedsstock basis. The ability to performthe catalytic
dewaxing in a sour environment offers several advantages. The nunber and
types of initial oil fractions available for |ube basestock production can
be exioiandmmaq.? tﬁthwetéoS@Twﬁaimla;leSmlo’m ant m&h@iﬁmnﬁ !ﬁ}i_ajémﬁ@?@ép. The
overal |l cqgst of the process shou wer, as the abiljpty to perfarm
dewaxi ng fof Rrediging ¥ lMGRSaRL %ﬂ?‘l’ﬁlto&%ofg%@ tahéo'érqugﬁb‘ﬁ'ﬁﬁt%er‘?é%ta f the
processing. Finall e Ni.el t.he p [

irrprpv_ed,g?al‘é’a)flﬁl B?{%%eésgs{axhégoecrgrf]él q(}?sa%m' %hbée‘gégﬁgcta 2891: %%rg}eédzjten?g%%gd
speci fi cajiipge). @s opposed to selecting conditions to avoid the exposure of
t he dewaxing catal yst to contam nants.” [ 0024] The i nventive process involves
t he use of a dewaxing catalyst suitable for use in a sour environnent. The
dewaxi ng (004 yst sFigee Acscbeniatigalliy showsi avsasondnembeodinentapf e pro¢asy

and/ or selectivity advant agglrel ative to cgnventi onal .

2010/ 07738mEg &Sﬂ@ﬂ@g‘pg@r@@ brigant bagksiasky Ogh?épyéts‘%r"i“%vf\io f@?QSES?aéQéHéBeo;
my. i nci OB A PEGRRBRY Bitsd AR BLRERedtmC R hiak SRERUC epdtadbf?l

or at |ea%¥oc@ss5%eﬂli€)‘. of sulfur, or at least 2,000 ppmof sulfur, or at
| east 10,000 ppm of sulfur, or at |east 40,000 ppm of sulfur. For the
present disclosure, these sulfur levels are defined in terns of the total
combi ned HMOISHr i nFigugei8dskeonwis dabe fmldeersus totalt hiquideproduay pevageintrfopar t s

per mllion (ppm by ight on the hydrotireated.feedstock basis. [0025] This
advant agevﬁréQ%%tévéﬁvfﬁ‘y%t"lﬁ@“H@%i'%g‘éﬁﬁoéf@g?reé%ﬂpri sing a 10-menber ring
pore, one-dinensional zeolite in conbination with a | ow surface area netal

oxi de ref L(}?gi%ir Y DbRpagdel 9 9?(%\9% 2@%«%"’9.1&@ \)%?ﬁlssﬁltzﬁclti(iﬂdt o@l%t&k?gtaptﬂhﬂrfo? atio

of mcrop urfacé ar éa surface area. ternati e zeolite
has a | owsibiscentilgsal foRExpefinidnts S Théisclosea hagisat al yst further includes a
nmet al hydrogenation function, such as a Goup VIII netal, preferably a
Goup VIII noble netal. Preferably, the dewaxing catalyst is a )

one- di menHl0d7hl 10FigenddP shoveg hibeeyigkt werpus ,totgﬂhﬁualspmwow peaNifos.

[ 0026] The ext er nal surtf aée ar.eanzng l?rh‘gl g]irocr(?gore surface area refer to one
way of ch¥AARYSeratalyats toREXPETHIenis /s leclisglosed BFTCI cat al yst. These surface
areas are cal cul ated based on analysis of nitrogen porosinetry data using

t he BET for n,
M. L B e S T L0 g B P er <

t o surfacgn afitegraled raffirtate hydicbonwesianal dpeadaggirotéss foed60Ne and FI0N
dewaxi ng catalyst. Only the zeolite in a catalyst will contribute to this
porti on ofaffinatesat 1 86@ paigergactphi®ressted-nal surface area can be due to either
zeolite or binder within a catalyst. [0027] The sour service catalytic

dewaxi n Ss y be. preceded by .a hydroconversi e e e
ent i re or SR °orFine a9 PE8ETrarriBe NaLEr BIMRLSnEE REERES s SRSl
process (ffe,fi GFatkd) raffRIE HyArdRPALAT L Ol DA AGES pritbye@p 4 MRHON

hydr oconversion process and the“catal yti c dewaxi ng process which allows for

si npl i fi caiffiameof hardware and process paraneters. In still yet another
form the hydroconversion and dewaxi ng processes nmay be integrated into a

[0020] Figure 13 is a depiction of the high severity direct cascade process

scheme of Figure 6 with hydroconversion'followed by dewaxing and then



WO 2010/ 077351PCT/ US2009/ 006737 - 7 - single reactor (wth hydroconversion
occurring prior to dewaxing) to further sinplify process hardware. In yet
anot her opoi20m/07t35¢ ef fl uent of the hydroconversi on stepcmags2ime/ob@d’to a

hi gh pressure separator in which the gaseous portion of the effluent is

di sengaged fromthe liquid portion of the effluent. The resulting effluent,
whi ch cont ai ns_ di ssol ved H2S and possi bly organigc sulfur, is then,.

r econbi nedydiafinighifg dodgsatinsie afqﬁdﬁﬁe’b‘ﬁg. torhBrafigF o ﬁuporﬁaiaﬂﬁn&l%kﬂ may
contain H2S. The conbined mxture is then fed to a sour service dewaxi ng
step (see ﬁeﬁﬁﬂ%s?). In all three of these forns, a hydrofinishing process
step follows the hydroconversion and dewaxi ng steps Alternatively in each
of these fgyrg. a FiastiAaidis e Prld Retsudesdtapliguid peodict gfoue paitiefor
hydr of i ni shing process. The feed to the process nay be a raffinate, a

hydr ocr ac kriinfegtdtedrsaffinate pdrocénversiameadevdxdng precaseffphad 39NN raf@npiesi d
recovered after. a solvent extraction of a distillate fraction. A

hydr ocr ac kBP0 pote: §AStOr PESSHES-def i ned as the liquid fraction boiling above
600F, preferably 650F, recovered by stripping, distillation or
fractionation of the total liquid product of a hydrocracking process. These
processes DEBAPEDi BESGRIPTEONct i vel y for producing Goup Il or 111 |ube
basest ocks. A wax feed may be sl ack waxes, Fischer-Tropsch waxes, and

conbi nat i hereqf . Feedstocks 1002810ne exanmpl.e . of .a.process acgordi ng
to the cl i‘?@eﬁ invg‘rklt PBWGPHGFIYB Sr‘ﬁftﬁfr}?;\f%%ﬁ%gggc%wgpglgi}nangﬁfeoﬁgmgy
catal ytic I i & » I OR : j ; oi |
o aubj ec e B BB o B o e e o 1
basest ock intdhRcslmRspesitdial sder shd Vatihwdrisothal aloubd pbexpectdiddiyi 4 patsonn

and/ or vacuumdistillation), solvent extraction to forma raffinate,

hydr oconvaesingrordoarakkill o ewaki ng, hydr of i ni shing and fractionati on.
1002911 n an exanpl e including both an atnospheric and a vacuumdistillation
step, the_hi gh goi I i.ng petrol eum fractions from an atnospheric distillation
are sent EEUGESYSOIWCH stillation unit, and the distillation fractions from
this unit are solvent extracted. The residue fromvacuumdistillation which
may WO 2?&@7735 Q?r#é%%@&%@@ﬁﬁéﬁs; a88fo&§’s deasiadd®dot Hro@iétid oft her
pr ocessi ng. her Teeds suitable for solvent extraction include waxy
streams s@bupdl daddigherobasesticlts fthat mchides .caf1980 |dEnaxsnd wérhe daed achi on

process selectively renoves nulti-ring aromati c_and pol ar  conponents in an
extract pheweenwirananenavA sgur igBvireRBEphiaene i whighintitlscombmedulfusat e

hase. Napht henes. ate di,stri but bet.ween the e t and raffinate ,phases.
el 2Bt gl B veteons, Fpubs iprerraret it shAfcadtichy Alsigf bR REseS

N- met hyl j | -1 t i At i i on
enper at uf SRR FecdROokAISED  THBSBINEG REDUSEm e Satal Y, RwaRiid AER OF
can contr gburt fiviftaghes offfeiseieaealliaivaheigese THeheuabtr and topmes offrfitiabhor

phases. [0031] The raffinate fromthe solvent extraction is preferabl

under - ext factiens avadablet for hsber basestaeki prashuctipa dcasubeverpandedndue itorfdesuch
that the ragffinate yield.is maximzed while stil] renovin of the

| owest qu&?élF‘Ea?C?rlf%Eﬁ’PtégnF?%lPHg]e gvd‘?‘l%fﬂﬁpnai‘lée W'Eﬁ%l ﬁ&}%}’ﬁﬁ??ﬁsﬁed by
controlli t | I s AR £xi I i ; t to
oil treat Q@%@?oge:g&dy%? agce{([:lrgeagt}éfl? th[ hg{fgﬁir acti&érrllg%igrfag\éggﬂt glrg‘gfr@@ﬁgﬂﬂr a ?i nat e
fromthe s@lucenthee¥qiipaidn®mdedetl for piodeming. oFimdlyyant gietd tfoertheelnbet o a
first hydroconversion unit containing a hydroconversion catalyst. This

raf f i nat epfakdticapracetewaxebe vinprovesk as ithq/prmwngfcondmmnam&ﬁ berseleetedbout

105, a final boiling,point_not to exceed about 650C, pref.erably |ess,than
500G, “as HorRisti RSl Ay PRSHIAEDR, ancPTRourSdoielSrDE POUHHENS dotaridthg,

100C. [ 00321 Thie bAffd 8 ity cardi Y6 BohtarlrdfiecONt @ N cont ami nants,” such as

sul fur

[0024] The inventive process involves the use of a dewaxing catalyst suitable
for use in a sour environment. The dewaxing catalysts used according to the

invention provide an activity and/or selectivity advantage relative to conventional



and nitrogen. The sulfur content of the raffinate can be from 100 ppm by
weight to up to 4 wt% or nore of sulfur. In various enbodi nents, the
raf fi nat ewoomaTésmed wit h a hydrogen contai ning gas. TireTrisbdooned7e7 and
hydr ogen contai ning gas mixture can incPude greater than 1,000 ppm by
wei ght of sulfur or nore, or 5,000 ppm by wei ght of sulfur or nore, or

15, 000 ppm by wei ght of sulfur or nore. Ln yet anot her .enbodj nent
sul fur nagewaxiggeatalysisringthe Rygsenss 9f sul eanﬁpd% ﬁ%gb‘ﬁ cogterxtt toﬁe

present di,scl osure, | ev

D030/ 07388 Penr deg b onans deetgnb ﬁ‘éﬁ‘dg ngﬁ‘d ifife, PP e it §1E3tT and
gas for msyf,ad§ RirOr 8t #98t 11500 rﬁd&%lmrl br@meapuomooo ioght on
t he hydrot}{reat e(g) #)eed(giféggk rbagr s. [0033] I%1er types of suitable ?pé'éﬁs can

i ncl ude hy@f@ac ack éeasbd0i0DPsppave figulfurs ot AtteasbAO SO0 pmntdfeesuﬂﬁm(gje&)r the

di scl osed above for raffinates as well as_s|ack wax. quri]ie a;iropsch waxes

may be prprf@gsedlspwsetmﬁhm $ldﬁlrvrhet\’ﬁlso@ﬂﬁéie finedqisy Ems Rigfce of

a sour hydr.agen contai cont ai

hydr ot r eat W&t INdf ‘f‘gé‘ﬂ‘ [ g{]‘hg f}f%é?‘ga’flpgﬁfpatg:gzﬁs%qr&eﬁ étr%ll ion (ppm)
process ( r%gﬁ erBjeSfEHEfeé&‘s‘%chQBaé’i@Xy feed) can then be exposed to
a suitabl e’ hy oconversron cat al yst under hydroconversion conditions. In
anot her alternative form the raffinate or hydrocracker bottons feed stream
my be ex[i2s] i n Ths sdvantpgedeschiayedt hgetheruseeaftocatabystheomprising a

hydr oconver si on process foll owed by the catalytic dewaxin cess.

Hydr oconvéfgnembemriagpare, enedimerdord esilite ch ePeRAtANEY g@‘[ fi) (Sb‘égaéﬁ on

the Periodic T bl d b her .S
VIT1 et ariss mepn oe e fagDey bindd HomRar hishy ftb: ssFded 18, dtpincq High?
met al s Oradﬂ%{,f;flﬁ(é)r)?pgr&%ﬁéc% AL t&x&rafMf&d@é&ﬁen&u&ma&u@wn&&&ub%@es on

refractor e supports. Suitable netal oxide supports include | ow
aci di ¢ oxades siliva ®sakinhinaaratial uiheadewatingacdtalyspfefthenimoludésuai matal
Preferred alum nas are porous alum nas such _as gamma or eta havi ng average
pore si zebydrogenation dupgigon, syshe g @abirgup sV msﬁlaAPreJe@@rlY é’c%rﬁr‘BaVH

to 1.0 oniple Beukeraslgabvsh Oséx%a%ﬁ%%t@{ﬂffégso%sp bl T oBnekl yonﬁf’

pr onot ed [ am this generally increases the
acidity om%%e?%ggég%?’%u%%%i gre %??e rrea%él catal ysts include

cobal t/ nol ybdenum (1-10% Co as oxi de, 10-40% Mo as oxi de) nickel/nol ybdenum
(1-10% Ni [(0269xi deThd @x#dfalGuremecared@hddahe mickepore sngfice ar¢d rdéfopddonas

oxi de, 10-40% W as oxide) on alum na. WD 2010/ 077351PCT/ U82009/ 006737 - 10

- Especi amay qfrdrasaqtedziagdhaitetad spraes Beraneing satabysystlhese shrfase preag aue

KF- 848 or e KF- 8 KF- 8

(0036 Al t SRASIATSHL g5 1 ARgAF5cin Dioge, Pty AT o Odd TR s, BET gastapd

catal yst, f§'g t drdeds SYHRRLhE b I

catal yst. f(% @f#@@b@%ﬁéa@ﬂre@xﬁ%ﬁn@g?? tfhat tn‘ri?elecat al ;E/)gigdgrqg u}rgs}ﬁpp%fataed
wher ei n t 52, 425 K1028R) yThe paidropbesswudager aca 2Perk0d surfadsd afeaadud easheone
Goup VIl non-noble netal and at |east one Goup VIB netal, based on the
total wei yhidimensinaalpemrs e4the gealitgan the dewaxing %&!ralarsfeooakv thstzaol lrtﬁdfblés and

wherein the bul k .cat al par t,i.cl es .hav surface are t as

morg. It paaRst BB ffrwom%rr o il SUFeRhardl “ G ftbuad Aprate
catal ysts, S61 g&@vghﬁpgugt W. % and even nore
pr ef er abl y}éggcgaﬁ)%@eﬁgc%ﬁtz 00 Wt . ¢ Bin of at egs one G oup VIII

non-nobl e nmetal and at |east one Group VI B net aI based on the total weight
of the pa[0027les, Thtcohaterias catiplic dewdamg ]Stmcessmnmy bef pacedpd WyBa and

Goup VIII non- nobl e netal s can easily. be determ ned VI B TEM EDX.
[ 0037] Bul hy@r@panmlq;bwp@m WHRES t{f@rﬁmrrg.erfgu%mfeomdpvdwwn\rmoﬁd@aeorret al

dt Go t f f
e TR Tl BB Pl TR ATl P, o
surface aﬁéﬁv bgor?\?érﬁbﬁ ro@é’sEst hid €8e bﬁtaf‘%ﬁd‘ﬁ@%ﬁﬁmgdﬂfddégs Yafich The
nolar ratro Grou VIB to Gro non- nobl € netal s ranges generally

from 10: 1allo\ilz§> f@ndnmlﬁi@lt@hqumardmase ﬁnd pBocdsa pahemeizse i stll get ansther |
structured particle, these ratios of course apply to the netals contained
in the shfimm, the hpdwcopxersin andodewaxiBEnBIQESSES Byt AR nddesTatadhdtBup k
catal yst particles, the ratio of the different Goup VIB netals is
generally not critical. The sanme hol ds when nore than one G oup VIII
non-noble netal is applied. In the case where nol ybdenum and tungsten are
present as Group VIB netals, the nolybenumtungsten ratio preferably lies
in the range of 9:1-1:9. Preferably the Goup VIII non-nobl e netal
corrprrses nrckel and/or cobal t. It |s further preferred that the Group VI B

. o I L Y e ~ . 1




ni ckel / nol ybdenum t ungst enandcobal t/ nol ybdenum t ungst enand WO

2010/ 077351PCT/ US2009/ 006737 ni ckel / cobal t/ nol ybdenuni t ungsten are used.
These typweo 20fo/qrisei pi t at es appear to be sinter-resistalrCI/UShe®/004782 acti ve
surface area of the precipitate is mai ntai ned duri ng use. The netals are
preferably present as oxidic conpounds of the corresponding netals, or if
the catal yst conposition has been syl fided, .sul fidi &)c(?%ound

) of .t he
cor r espondingly weades (Witho DfrecanyeriaR Qe ARg dof1er, a’ﬂﬂgi tetugpher
hydr ot r eat.i nqg..cat al ysts ,used _her ei e f r of n2/ g
and nore W@ﬂéﬁatﬂrﬁ%sfs &a?&vggs. 101(5')11 E}%y g.aﬁf)ﬁ%:}sggﬁgg’ glglgi reggh(tﬂhtgtaﬁt htggpore
size di st hi{HdcbRDe@on BRpPwhdy R #bd ¥ dlighapiotguieatharatos inewhich the
approxi mately the same as the one of conventional hydrotreating catalysts.
More in pgasdous! portionhefehbuttflueat a digehgagedafrony thatlxuidt portine of the

preferably a pore volume of 0.05-5 m /g, nore. preferably 0.1-4 m /g,
still nor effpraster dibeyrespltmg -etlpenty ‘é{h@hwﬁglﬁtaﬁgefjéﬁsﬁaeg 8)2% Qn&d l??fSlblg

det erm ned by.nitrogen ,adsorption. . Prefe er are
not pres eﬂ’fg.a%?—‘h Py 1% ey rﬁ&@%‘bb%ﬂwr@t a’a{&%fére 8{% %Eelgﬁrllﬁlgaécdast aT@é;?gdl%g@H]

pr ef er abl ' et Br,S of he® Mnixture"R thelr fidetfcall souat

| east 1008%121@}&13%3 g?r%glltng?aﬁ y no?rzﬁorgﬁ% #ggﬁgogo 1. 1n’rleand r?or e preferably
not nore toaiced@BPaxing skpe(seomiguier Bt enadll three bé thesdifarmpaa hydicdimdskingt er

lies in the range of 0.1-50 1AM and nost preferably in the range.of Q.5-50
lim [003piadess stepnfaliavs the dydrgennyeruan Andodewaxingestapsr Hdicaatiiehy in

catal ysts. These catal.ysts typically contain sulfided e, et al cidic
support s, e%&bi?ééheéﬁof%%%sas fPFE%n%{Phrﬁ‘ﬁ%, Q‘Eel&ch(%g ?8%% i %s??tegmi fied
al um na. . i di.e S r ar ] b bt al

oxi des su&&g@[{iﬁﬁgng?&%?ﬁngﬂgrFes%idl itga.mei( Ogg]ésgwggggo%e?s%@?gﬁibti ons
in the fipslrdeystkes dOMBRR G waki A reffide fecddspefiatd ae tief liguidmedaered

420C, preferably 340 to 395C, a hydrogen partial pressure of 800 to 3000
psi g (5. 6after a3obvaPkiraptien ef biistila® fracti@no Apbydracsadker doitoms fged)is g
space velocity of from0.2 to 3.0 LHSY, preferably O 0 LHSV and a
hydr ogen definedas the liguidriragtion Ig@@ng@\épg c &g’@gfs&rﬁéer@hé' %go%%ecrﬂ?’fﬁ@f By
preferably 1800 to 4000 Scf/iB (320Q0.t0 4 .
D010/ 07735 R ‘6%5’6%‘3‘3‘96‘1‘?(%‘-0“[ ?J%%‘%]WW@HQ@% mrréi\r@?% of 8 hyfirqgracking
raf 11 nat e phydocPRUEE SiRssddlatt BaARlulad LIRURRAL!TBH peadilide Grolip aHlof A
hydroconvgr5| on wl ave a netal oxide supportthat is non-acidic so as to
control chaskbagstobksseAuvasfatd mdy aeistadky whaaes,cEisehgrsTropissh baaeas, andt he
i soneri zation of 2-nethyl-2-pentene as described by Kramer and MVicker, J.
Cat al ysi s combinadBBS1be®Pf. I n this scale of acidity, 2-nethyl2-pentene is
subjected to the catalyst to be evaluated at a fixed tenperature, typically
200 degregﬁ ﬁl ai us. In the presence of catalyst sites, 2-nethyl 2-pentene
fornms a c ion. The isomerization pathway of the carbeniumion is
indicative of the acidity of active sites in the catalyst. Thus weakly
aci di ¢ si jggdjor m drtidanipld oFanieeessiiebaing 36 ten playmed gV ention @gludesul t
in a skeletal rearrangement to 3-nethyl-2-pentene with very strongly acid
sites for mfffimaf Bydhiooenhersioh fltleevel b vatalplie dewtakingin 3-seut kpyvironment-ene
2-pentene_ can be corre|lated to scal e

to 4-nmethyl f acidity. This acidit
scal e rané’é§u¢h gmbodiments4a grudgpy 15,84Riegt tiooqeé/egqqtrggc%siqu ﬁﬁQ%llQ/QT(f?lésl Y

0.0 t VA | di it il p i
700 The IhriaRE, 5 INeRANS i ShGR:  prpeterinsan, Sheffifl SHRTPRABRAC
I ess than g@hQsbhlrie difliRmed/ot 9aculals@ipfitn) Osdlvenhextaadtibn o frnivat al

oxi de supports can be controlled by adding pronoters and/or dopants, or by
control | i rgffinate, hytrsenotrsitw catdlgtic deivdaing) ydraefinishigg, arsyfractranagioni ng t he
amount of silica incorporated into a silica-alumna support. Exanples of
pronoters and/ or dopants include hal ogen

speci al | | uori ne, phosphorus,
boron, yt19029] rar & eaR t BXHRPife SnghIRE P -ga_n :j}tgﬁ%pé?rgc slﬁ%(ﬁ ﬁgvﬂ‘é %ﬂegs

generally in ase {he iﬁ% et i t i i sic
dopants SGNTBBR; slebh BF' M SRR ReerPhEE FUARHS) ot of, FihEiphehiey
supports. JRBAbARRe 38AS IWAHRED AkeiIRtion WiQ@aghé distiliatiahlfeadtions fekiing a
Goup Il and/or Goup I'll lubricant basestock froma raffinate feed or a

hydr ocr aclklgs unit hrensol{ etdexdractedvathef residue Byomovkcupim distilkatioat whishomay he
hydr opr ocessi ng step, other types of feeds can be used and/or products can
be made using the inventive configuration. Wth regard to the initial
hydr opr ocessi ng step, rather than hydroconverting a raffinate feed,

hydr ocracker bottons feed, or waxy feed, a severe hydrotreatnent step or a
hydrocracki ng step can be used. A severe WD 2010/077351PCT/ US2009/ 006737 -
13 -



hydrotreatment step is defined as one in which boiling point conversion to
fuels is greater than 5 W% Still another alternative is to use a

deal kyl atworrosveepssiwhere the prinmary reaction is to renmpce/tskéogloocsbai ns
fromaromatic conmpounds in the feed. suéh a deal kyl ation step results in

| ess conversion of heteroatom conpounds, so nore organic sul fur and
nitrogen would remain _in the effluent after a eaIF I tiogﬁ@rqiess as

conpared b6 @eaphaléediv esent da PthsE S¥OCCISIRE t o0 rSg rOF WP SFRbunt s,
i L vi deal k ti i f duci
2 B oup 1 ek R PR KiRppS Buth P deRUXBEOIRERITHREMIG, L0 icct f Fom

t he hydroconversion is then directly cascaded into a catal ytic dewaxi ng
reaction 70080] Unl The omRimyerkirabibn PpHesess, selectieplyr atchtovdss meRisiingd
bet ween the hydroconversion and catal ytic dewaxi ng stages. Elimnation of
t he separatomatistamgl pakracompoeentsoin aonsugacnpbase Whike degeng ths e
separation itself, no addit.ional__equi nt | eded. In.sa odi nent s,
the hydr oB8FAFERL ePMBPRGRHS dAP FHENALG EHE -C@BH&?P% aLg g‘&éﬂﬁﬁgﬁﬁg&t}”%& ed
in the sa reactor.. Ald-ernatively, rSi BYS
deventi ng. DoRRabechd, PHFRRD BhaEY eyl R T SR b ERC R E AR
separatio ghéﬁ&lp fSRY2$ ahAN-A&hY1 p12611H6NES BRioht@disig tansblabaotoaidiatso,any
need to repressurize the feed. Instead, the effluent fromthe

hydr oconv exgactiorsteageeratune had méthodiofedntictipgdeed 0 be eptrastedrveih aslveng
effluent is delivered to the dewaxing stage. [l(_)l0441 El i%ng{;\gf%n tqg%(g

separ at i oAN§cap cpairakdl dagiedebsrnaraih beleeathe eytract lﬁgteaﬂ Stheans

that any sulfur in the feed to the hydroconversion step will still be in

the efflu that is _pa ro e ro rsi : tQ t ytic
dewaxi ng i%] [Oozng %@?‘gﬁagen orﬁ'&{ﬂ he@c{)?gasﬁoﬁg&gul £ gﬂa?tﬁlg hel%f eg)ge‘%gﬁ@ke
hydroconvghgéQakipd@ed,Wi.é.! (e ek@BMESH 8¢ chaRidd) Sutdihddi9cdndifnonoOBUER Shanthe
Simlarly, organic nitrogen in the feed will be converted to anmoni a.

However, vaffinate yield esanmiximizest shilet kell HEM@idg NHBst @fnthe  thwestgquality
hydroconversion will travel with the effl uent tg the WD

2010/ 07735wbesylestowry) theefesd. - Ratfinage ndelde mayqbgasmianimzedghy aourelipg of a

separation_st al so,.;reans- that _a | Iaht S P j

v ocon B Sl BBRT Toh SRRl b 1BWerEBE sblient Sl akdiiFEfo BT D
sul fur frge&&ﬁﬁngwﬁé%%&ﬁ&ﬁlt%pemﬁl%?sme rAfi Akt O EGH the | dotvbifl dx@fabtignd gas
phase (hydrogen sulfide) nay be greater than 1,000 ppm by wei ght, or at

| east 2, OQfitppstrippeded fidul yerarangt theaasht to 8 @stpipydroyomesrgion, urit cantaireagt
10, 000 ppm by wei ght, or at |east 20,000 ppm by weight, or at |east 40,000
ppm by weRdhdrogmversien satadysie s ealdinate feadnasea dewvayed pd Wpeosiieindexi ned

in ternms of .the tot comhi n ul far Jin Liquid and gas fornas f he
dewaxi ng QEéﬁ)énia&?Ongpsm%ouﬁﬂlq%i’ 61an’?le]?811115@ RAPG AL &ef(ﬁ%e%%??ge@gd

f eedst ock ,Rgst by |QAQ4RIFEO0Matd RteRhiRdIRPAKGNI DBST AR HE188Hy of fi

hydr oconvgir:%?c?% }én an%ﬁ?/dtjﬁi ¢ dslewa>e<i nlg izd%gnabl ed in part by tlﬁ}éoabfolnilty of
a dewaxi nd tedRajStsit 100°@mi ntain catalytic activity in the presence of

el evated | evel s of sulfur. Conventional dewaxing catalysts often require

pre-treatnent of a feedstreamto reduce the sulfur content to |ess than a
few hundr 8P3dm i nThe daffinase yeilntyaigrllyupso woatain sostAIBIaEE, SHCh a8 T't han
80 wt % By contrast, yaffjnates o dr ogt.acker t .ons waxy. fe reans
"n conbi ndbd airveen’ EhAsalEEAREBhoRYi RTHAE ot iR B by TR 550
ppm by velgly (PUalyopehi g B! Sllfur N 1hi Gt dhsABRbEARMEALTINO FaRThAY ik he
feedstream can be eftectively processed using the inventive catalysts to
create a tombird withladsydrogeh eontaising§asWThe rafifigate amdddidregen comeirting al

conmbi ned sulfur content in liquid and gas forns of the hydrogen containing
gas and r &8 nHxtuse cen inglndscgraates thawtli (s ppm huawyeigBeak SHEHMOE 4an01se OAt

520 S ] LT Sl P G o
content Ny, De f&; ‘thﬁme?Bérﬁﬁcﬁ?{gé?xﬁa@EEMfgﬁ'EWBe ?%@s%%t ih 904 £hs Bnf the

alternative enbodi nent, a sinp pressure separation st’ep

Wi t hout stiguidbonly d¢ralyothe Per ther preserminditdleseicf thugatsutfupietdie ahy definediaer si on
reactor w thout depressurizing the feed. In such an enbodi nent, the high
pressure separation step allows for renmoval of any gas phase sul fur and/or
ni trogen contam nants in the gaseous effluent. However, because the
separation is WD 2010/ 077351PCT/ US2009/ 006737



- 15 - conducted at a pressure conparable to the process pressure for the
hydr oconver si on or dewaxi ng step, the effluent will still contain

subst ant i 2armIm3ss of di ssol ved sul fur. For exanpl e, tReTArsRW00EHB7

di ssol ved sulfur in the formof H2S can’be at |east 100 vppm or at |east
500 vppm or at |east 1000 vppm or at |east 2000 vppm [ 0048] Hydr ogen

tc%Eta : oiféﬁhzq' %Z?nsg%@?ngtﬁfuﬁgryﬁ@ o FRS el Lol 35%5&;%3 Siers
ver Sl . ]
Che 1 oE e ke S35 O A R ol e oy

section of the unit. In the sinple flash configuration, treat gas can be
suppl i ed ygpImral | efthdro thnish ofhsuibabile ofeay e¢i dAckudd hhérodeaker npottemst or
in both once through or Circulation node. In circul ati on node, make-up gas
can be puhavinga stifurwonterdny wheranges dﬁs«:éosteidgﬂbowcefsls[ﬁfﬁn@tqscaSiWelbﬁ%ﬁlélﬁEbl y
into the dewaxing reactor zone. In circul ation de, O'H)be treat S be
scrubbed Waxh oPSARET-bIOPSRY WAKeY BaY t BhIRIOSEHSEE | th ipatieh e MBSOl N

I n anot her._ f t he.treat anche i ol ean :

scr ubbi ng?eeﬁég{og’(ﬁa?rellﬁ ,tﬁgi%%g?srﬁ: [ 8f et f ?ﬁﬁ%&d%&b%gg{é‘%%egﬂ vvir&ﬁﬁegnr;r}ay
hydrogen ggnbhf{ ALYY dgas, including but not limted to H2S containing gas.
Make- up hydrogen"can be added into the process unit anywhere in the high
pressure section of the processing unit, preferably just prior to the

cat al yt i clmiéabhydrotreatpent/dfd¢ed Pr ef er abl y, the dewaxi ng catal ysts accordi ng
to the invention are zeolites that performdewaxing primarily by

LZSF?%? W1 LB reflnaifairoporas spPsDt Gracugn BorE Py S FFHE e
10- ] ' I Bh & oM 11,
zsws7, NP SRR TRl FRod e i B Groofg d bl by dsRepif

ZBM 30, ZoMafBt WHdefSWddcodwrikibh icontfinspr dheanéther Ndtegnitivd farmeahet e
havi ng the ZSM 23 structure with a silica to alumna ratio of from about

20:1 to abaffina0ot kyirosmekei roedtomes fe¢d ratrednt anayg benexposed in the same
2010/ 077351PCT/,US2009/ 006737 - 16 - SSzZ-32. O her nol ecul %51 Si e%ﬁg téﬂat are
i sost r uct BFRAESSINE hstege Abswctomter the Bydmoogyersigiprogessnipligveg Py dheyz. 1

and NU- 23, 50],Ln vari odi t c S,,,ac i 1 he
Mvent: onctaRtiereailsdtieqa ai S nubifors S Ya el BRUE Bhathibl
hydr ogenagg:gf, O em&als (basdd/ Bhahk!Berdi€ quble/buBRsHer b FaleiSoehtifiogt al .
: o

referably, the netal hydrogenation conponent I1s a Goup VIII noble netal.

More pref endiion-noble Geoap Villdrmgeaist i.on compookait dnsl RickePdand mixtwiest ur e
t hereof . {0051 The netal hydrogenation conponent may, be added to .the
catal yst thereefy dbssemetals omARsrenod metehh At ymedlly pacsegt 5o rdes o

o ; ; REF=T | '
oy e ol S B ERG ork Fagh At By EBar e SHE8G (i) SXARppoBl ifilude,
extruded (g ek Bkl shdhtaks Ghigs:, alhfff GlaiiﬁhYaitqr@ﬁz'iéBI‘}'a?ém@ﬁd! phaBrrbe

exposed to a solution containing a suitable netal precursor. Alternatively,
met al canaheniadsiade poroinealumiaby suchyasi gameractiapehavingr @vezagee pate pizesur sor
is added to a m xture of zeolite (or zeolite and binder) Erior to

m

ext r usi onfroppE82pHY Asueterdily nix ta 159 /iyh% suEage gEsa tram HR0 4o 30087 1

% b d I 1 0.15 % ' 9
least 0. 2BREGPIor gk ¢ clall /8 e 5pSeull, 8b S Dibudeat GheBEE vt
The amunt}référa 8139 B e cht ! Yifle S@pRB ée%Péfarablf%t bAsaBRNwaa &l yst .,

or 2.5 wt%or less, or 1 ww%or less, or 0.75 W% or "l ess. For enbodinents
wher e t hehategeah sich B¢ fluBtine as ohib een€radlypinvidakesntiiel azidiey af theosuppoconbi nat i on
t hereof, the amount of netal is preferably from0.1 to 2 wt% nore

preferably 0.25 to 1.8 wt% and even nore preferably fromoO, 4 5 wm %
[ 0053] Pr 10350, y, Predededanetaly ca@d&ﬂ%%%lud%é‘&b?l{?%? bdsngm é’céb%i 3o the

i [ . i th |. i i i : 1 a1 nFEffo | e,
For - 2w 480den {0700 315 a¥liad AR bRy 15 E04 81 B BRI 10ER &8
200: 1, orgd sﬁﬁeé Bfﬂic]ﬂ:gh;ngs%n (123694 Raas bRRYel 1040%EWsas HidePBh hluMind. €ss
than 80:1. In preferre



WO 2010/ 077351PCT/ US2009/ 006737 - 17 - enbodinments, the ratio of silica to
alum na can be from30:1 to 200:1, 60:1 to 110:1, or 70:1 to 100: 1.

[ 0054] ThewOdewsmi7nggicat al ysts useful in &r ocesses accor dipag/useomioes7B3nvent i on
can also include a binder. In sone enboddments, the dewaxi ng catal ysts used
in processs according to the invention are fornmulated using a | ow surface

area binder, a |ow surface area pbinder, represents a bin It rface
area of 1B58Pe@ally Bfefpg§§,ar%|n“§@1}|‘j@9qéfg€?m} §§‘,ta?}5$ts R ﬁ'@%e@gig or
[ 0055] Al terpativel w, cthe ohi é it particle size are sel ected
to provi dESQ?CiSS@F%’f 'tgalga%qﬁgg%aéra ?g&gf 2‘r?icr opore surface area to
total surface area. In dewaxing catalysts used according to the invention,

the m cropyFp]sur f AtRrMtR21 Otk SRRtk versihf estalyat ecarf rbemat fhalk metal
uni di mensi onal pores of zeolites in the dewaxing CatS'lgf/tS)t' The t ot al

surface coatabsponds combihation of spankedsheadsaefesuppesteg) Kk Betdr gadplystr f ace

area. Any_binder used.in the catalyst wiJl not contribute to the, mcrppore
surface aPyabaltamgtaly ity rrsqaghﬁbfitc pafalyists, Ags ENSURPOriSea rhﬁ[ﬁl?jbg bika of

e ol TR LGSR0 BRETE oo e iAo

the bi ndep,andafal IdRt GAR GRIAIY MIB fhekdl, based ahubie abtdl heeight @frtak tulkf ace
area. Pre erab?y the ratio of mcropore surface area to total surface area

for a dewextahgt q%ﬁr&ibLeel oaldulated esjumktal coxidesyranat evheraem thgobulkooaw] yst
zeolite can be conbined with binder in any gonveni ent, manner. FEor (fﬁ%rrpl e,
a bound chemiojest hawma surfaee @l By leashd Pimgewi EAs %BKXB%‘P’%OT&PYGS?W t

°! Ry IFe o !
oo a e PR BT Bt Tt uisRE pbln RBNAAISS AP sBideblR B0 | O
of a desi Wd%izﬁg em rrh'éﬂeogre@é%gﬁaﬂo@ﬂ $0 theattned JoowaD g fof hihReagk bhySi on

fl ow properti@s zeollte and binder m xture. The anount of framework
al uni na i Grote Wl adysiobtesnetalngel 4trloast@nt Goouh VIBtgtabrbased anothg tetaddy or
0.3to 1 w% WO 2010/077351PCT/ US2009/ 006737 - 18 - low surfa re
bi nder i swsightefdbe pagicdes, salouhtad @p ansial grdepedbegmegnt of W&Pﬁ‘?{ﬁéﬁ

For m g aCPYEY ot naR Bl caibuBe kiRl T EREER o ar e

the proportions of each netal oxide in the binder are |ess inportant. Wen

two or mojgIFt al Bﬁ:llgec%taEIXQ US@osRions" sBrApRLiAgebne tGROUPMV ITE ndh-oblees
can be inCorporated Into the catalyst by any conveni ent nethod. For

exanpl e, artalbinddero Gaoup¥ 1Bi methlsvatehprefarat oltihae bdem fonnd thaten thus case, t he
zeolite powder, such as during spray. dryiir{:}géi The spray dried %eolite/ i nder
powder cathe belk ¢asalypkpartiglesnarerdneaingn@sisiangy  HrsIdeAGiyS, SUskacsrared o
extrusi on 059] Process _cgndi.tions. i.n e .catal ytie de i ng z i ngl ude
a terrperaf}l% guﬁ(f L‘W‘Bﬁf ?ﬁﬁm’ﬂSS 4%6@1%??%?(&:588% 0 ;[%‘64188 , %%ﬁy(gf;&ééﬁﬁ
partial prggsyge MO 1n&nnBbRA RetdlR rh SQ0Q P, 1071ef apabhy 4. 8
to 20.8 ngg gélng({)}il% %r?@lsggce veel ocirtéé%f tg?Irlom .1 to 10 v/v/hr,

pref er abl gr&eﬁablyafrbnm:lamm almhthdroage of aicoteHshtll structated particlgrthés tatiog 781. 5

n8/ m3 (200 to 10000 scf/B), preferably 178 to 890.6 nB8/n8 (1000 to 5000
scf/B). wbcowse/apphatltheTnesiooon@osrsn the shell. If more than one Group VIB

metal is contained in the bulk catalyst particles, the ratio of the different Group
VIB metals is generally not critical. The same holds when more than one Group
VIII non-noble metal is applied. In the case where molybdenum and tungsten are
present as Group VIB metals, the molybenum:tungsten ratio preferably lies in the
range of 9:1-1:9. Preferably the Group VIII non-noble metal comprises nickel
and/or cobalt. It is further preferred that the Group VIB metal comprises a
combination of molybdenum and tungsten. Preferably, combinations of

nickel/molybdenum/tungsten and cobalt/molybdenum/tungsten and



-19- Hydrofinishing [0060] The hydroconverted and dewaxed raffinate or
hydr ocr acker bottons or waxy streamis then conducted to another reactor
where it we8uj7essted to a cold (mld) hydrofinishing sPep/ustie/oeesal yst in
this hydrofinishing step may be the sant as those described above for the
first hydroconversion reactor. In a preferred enbodi nent, the catal yst for

the hydrofinishing step can be a sul fided pa netal hydrotreatin

cat al yst . niokel/ w@ﬁ%m%nb&mﬂwg%% agg,gs d&ﬁ?f‘%h@?ﬁsn gxiegaalfaéek%%e%_
[0061] Conditions in the.r t O for Lpishi ng: d: i ntai

t enper at uEOe c BW??rr' IS ﬁ?ﬁlﬁ?ﬂ@?&gg]gf Sglrr %EF% E%Bptﬁ%gglﬁgé ﬁ%‘? 1ong;[aelrrll ed
partial pagsaypr&eof ThOMeak tape JFErablyd ptesefit ta8 dRidic Mampownidsf ef ahky 800
to 1800 psig (5.6 to 12.6 MPa), a space velocity of fromO0.5 to 5 LHSV,

pr ef er abl yortespondirg bGMsand if thy dratajgst cempesitionahdsobesn sulidedo sufidiooo
Scf/B (8.9 to 890.6 nB1nB), pre_ferabl){ 1800 to 4000 Scf/B (320.6 to 712.5
n8/ nB). Peo@psyndmebthierratespontingd®slEnbhodi nent 1 [0062] Figure 6
schematically shows one formof a reaction systemsuitable for carrying out

dewaxi ng mssout{eﬁ%}ggté{gﬁé@m el Glkeel? RRIBEENISE CatdlYsts disegCt

cascade p sc I I'S process schene, there are " three reactors
(hydr oconygfesh fve bN@RfAde R4 BY atldhst 5O flnh?di&l@fﬂnaf@ prafapably bifi at keasen00r e
effluent fromthe hydroconversion reactor fed to the dewaxi ng reactor under
sour condif’igns It $oulse odgitedotisatatle ¢uire ngde adistritpitiont &if thenthiuble dmetalt ur
in liquid organic form and/or gaseous for T,Of reater than 1000 g&lm b

wei ght, ohy@iotreating casakysisphe APPRREatelyo the a2y theygmepphoopv ‘@)‘Hﬁ or

at least 10,000 m b i ght ,,0 5, b i .

east 20, Bodraiants. sehnts oM M affihiabosis B el Aldroauifl
40, 000. p ' ' ). i, thb® Preg&ably 6f odl-gsure,
t hese sul ? %Rl)égé\,/\g?g]gﬁeef gﬁ ﬁ d&??(%r%l?géﬁg% Otsﬁje % P Y

2010/ 0773l RCTEUIB20{0é OpfiTarably 26X -0.1-3 ahl/goahd nedbss upreterably 10. i dnbgd gas
forms fed to the dewaxing stage in parts per mllion L‘pprg b?ﬁ]wei %ht on the
hydr ot r eatlel@rminagsby aktrogen gdsqrptien] | Preteighlhe rores smadgs thay iy pgre fot

provided with hydrogen 611 .to ur nac eat exchange

source 61878y H&g{fﬂ’éofeeﬁl‘fé? ?bélillfnlﬁ% af Bygrogree& 1}1%0%1%13%1{% %%fﬁé%?gﬁé e.
The hydrogen; sRihMet Lof SatP atsfh%l Yin O MRASE BreFerabYr RIRMAsE @D dnhy dh@gen
contai ni ng gas source 615. The hydrogen contai ni ng gas source 615 may
contai n Hafefef@bly avahlote thams@00gen auppiore poefiecabld iyt mase thapei00apum.
hydrogen containing gas to a furnace, heat exchanger, or other hea6 source
610. The Fyenseens mofarably e medmn partighecdiapeterniigs iBohedrageS0. -0
enbodi nent _shown in. Figure 6, feedsty 605 is a raffinate feedstream

Al ternati 9’%&\?}05{ Héer}fe’éaé’g&‘? gherﬁaggﬁloitoni'%gmdrocracker bottoms streamor a

waxy feed. [0064] The heated feedstreamthen flows into a hydroconversion
unit 620. Lﬂd@‘lhydf RYnveRTo Ratal 68 B8 As6 ahéluaatieydiyerekaipy eatlyaes. uni t,
or alternatively a hydrotreatnment or hydrocracking reactor can be used. The
hydr oconv@hsi®aatahists sppasbscartein sdlfidedttase anethlsdrmecidok suppots, sush@s waxy
feedstreamto a suitable catalyst, such as a_catal yst includi both a
Group VI amorghauspsilica plyming, ZeohesrsushfasctSve %yb%@é&%vw%#-ozg%%mqsrﬂons.

[ 0065] The entire effluent frgmthe hydrqgconyversign, r tor s ional ly
m xed wi tﬁ"lglftj'rg‘c‘f’%(?{éﬁ S FHSGENCT PEHE ‘ﬁ&grntég’h ngeg[alr 82%5%“6%89%%% ’OWs
into dewaxiflg, heaticqr 630. Because no separation step is used between
hydr oconversion reactor 620 and dewaxi ng reactor 630, any sul fur or

nitrogen contam nants in the effluent fromthe hydroconversion reactor 620
wi |l al so[@049) i nt Hydevenversioe@ohditict3(n thhdast Bydfogonwersmint noganclude

contam nants may be in a different fromthe ori 8i n;lﬂ f°§fdéln?jf t he )
hydr oconvertemparateisael frors 339 1o 428361 prafarablyy AP do A b adiwAiragen Bgeirlbei ng
converted into h n fide i fo T from
t he hydr oBEﬁ*ﬁ'érres‘%/fg%&?g%é@ Qb PSE &%B ;{Pmm@@@é@\%%@%@r g’a@? %gfp%‘:‘%&ﬁéder
effective M )C ANEPdcb NS ocity A Fréint 2R B LN dbrefatably 0.3 to 2.0
hydr oconvtedrjg??}(l rea)(’:'t ofb 620 afr)l%l1 %ewaii ng reactor 630 rrgy bea Y °

LHSV and a hydrogen to feed ratio of from 500 to 10,000 Scf/B (89 to 890

m*/m?), preferably 1800 to 4000 Scf/B (320 to 712.4 m*/m’).




WO 2010/ 077351PCT/ US2009/ 006737 -21 - conbined to forma single reactor

Wi th separate zones for hydroconversi on and dewaxi ng. 100661The effl uent
from t he wewawvaigsnieact or then flows into a hydrofi ni shipag/use@otes73640. Due
to the difference in reaction conditionk between a dewaxi ng and

hydr of i ni shi ng process, hydrofinishing reactor 640 cannot be conbined with
dewaxi ng reactor 630. The_ effluent from i ng reactor itsp{ag) osed to

) . e d
a hydrofi H0Hilng cht smbodimgats, invphdpg i rgHIRAIE MY AT UHCRJORo R any
Optional | a r.Qgen. suppl ource 613. i ect Wielg {+ni ng
gas to th@@%&%‘?‘faﬁ?@ﬁ?gnﬁgﬁﬁﬁig&%cmy e?%%wlllhﬂgvgﬁ uggt gg%ﬁ?lﬁ%}%ﬁdt
hydrof i ni §hjBa ERACKS asi D LdMRFOISGREKIAECIA| iNePulVeal O S atldity Bt Edtalykisoigat or
650. These cuts can I nclude, for exanple, gas phase products fromthe
previ ous pageessnithg isompsizition ofhDwdthyh2!lpeyierer a$ wekcrilygrb byr Kdamer «adh as

a naphtha cut 660, a lighter fuel type Eroduct .such as a diesel cut 6170,
and a desMa&Vickabelb yoisk Put 3880983¢h 48 thitysale 19f, aexdilyy FaetBYl-Gr oup

ermbod ment TOSRer hRRRLbR i b i P BRI, ADASTRE CBhsFanrey

as nediu t i e e.sapa i ce$s itesFi i hvl-
schenmat i g}zfﬁff gzﬁyep%locqqs&%rgégn%i@gt iqgnﬂ?%rﬁ gseﬁ{;:gr ggo%%tgpgiﬂ?ﬁterséactor 20 and
a subsequejenidiBhfaness watbestpa@r @i oMhddvémerizatiorFpathveay? of the certieinivem
effluent fromthe hydroconversion reactor 720 is passed _into at |east one
hi gh pressur & wdpeativei afntheeacidisy of activasitehén phe eatglyshi ghusrweaklyeacidic

. (2 d 723. The hjgh j.on.devi di h
Gae. phasesibB [9gh omebhd- GPERISER: W PEBR SO Gt DNES SO 1Brd PO

resul ting._gef 3 M 9] B d n Ha] ‘gani c

sul fur i Srﬁx@g&?@%g&tﬁvﬂé‘éﬂlﬁ@?%&@fﬁ %ggdr}ﬁgglneggi ?#% : ag?ﬂgﬁszﬂeﬁyg?%g

cont ai ni ng PYarmémyl-2titand) Hahe TheleCoariu neftl 3rinetivle2-psntehentd edintiethgl-sour

service catal yti c dewaxing step. The effluent fromthe dewaxing step is

then fed 2epemténedeart baiconictased dact sealeod acidty. Whis acidity scale ranges from

2010/ 077351PCT/ US2009/ 0067 - 22 - separated into vario cuts by a

fracti onaBi’r to 'ﬁh@s eQISEDf VY  Aeeggatess B'Fﬁet}?é’ﬁp]"%l}‘eﬁé?aﬁﬁzgeWbFE?(?gc‘fegyf rom

t he previ ik . i ght such
PHEn ST s SRR Wy S Alfbnc s O, e St SARRITAAEL

as a naph te such as a cut, and a

desired | BReecRAPASISS hatllacsdie) vatusd 6F 4P thhn aBoau.3,| predérablylegss! thhncut .
The high pressure separation wll renove sone gaseous sul fur and nitrogen

fromthe ebéutu@ridt, The ebidiy pérmoadl cigda sipportgasans beeeontrdled by addinger
treatment. However, .the separated effluent 734 that_.is passed.to the
dewaxi ng Bromaiessader dopediag g Ay copirolinghecnatis: of m‘?a‘%e?%@@f“iﬁ)?ﬁﬁﬂp%i ght
of total [ fur,i I QUi . f . V.alr ot

Feedst ookERaa LERHLh e frlouitief sfRs {HOGmopiel D 4 Shchumiasidor,

of the ef EkifiMlesCdT promneNess tam/GCtldophhts anstid@ hdlbgdn, mespycidlhe fieovind,ng
catal yst, as the dewaxing catalyst will be exposed to a | ess severe sour
envi r onmephosphooes; slsorbnh odfiriae mare3eartp 089des apé tmagesher Ritomeoterst syeh as

mbodi f f ing d i ng.und ondi ti , L. . :

hyar oconbalogsnt Brecaly e edElEY R RE-@Rae PR PLEGRAKbY bR o o

ydr oconvERk ERAY | He
The i wo afbeits Srioet sty of Al B @Rl 8 Aelleald M RRRA G SR LRI 7 1EG"

to as single reactor high severity direct cascade node. In this form the

raf finat eppga2)hydr Phé ablseé hgtrovdnyefseell ptaceasid suitaile for takintgh &Giop@ciior
wher e hydroconversion fol |l owed by dewaxi ng occurs. The entire effluent from

t he si ngl end/eactmup §lIt hibmichet! bascdodly droni airafifinater fegdt or aahydravsacker
separated, into various cuts a fracti,onator, These s cap i nclude, for
oo P aoms Bkl vy g BTGt PaERS el ePrSrsE Bk om)
a lighter fuel L ght f :

o oduot - SHE guietPEpBE Y febas AR Be e diRplithuctcuh UYL Flade ik HBE

Goup |1, ifFeAtiPe |dohf@uriXcHiP With fighrd t9\@h@QART0 TR APAMCTLITRORWNGNRF - 23
than hydroconverting a raffinate feed, hydrocracker bottoms feed, or waxy feed, a

severe hydrotreatment step or a hydrocracking step can be used. A severe



PROCESS EXAMPLES: [0070]1n the process exanples that follow, experinents
1-5, 10 and 12 are sinulated experinents of a raffinate hydroconversion
process (Wb2o1o0dgzisgnat ed RHC) fol |l owed by catal yti c dewakirng2¢olosc3?
designated CDW. Experinents 1-5, 10 antb12 sinulate the integrated process
schenmes of Figures 6 and 13 with a sour service feed stream however the
total liquid product fromthe sinulated RHC LOI | owed by CDW Ogtl%s was not

] y roc
hydr of i ni Biétptreaiapent sigpis defipgiagone &n diph atlmzep%l%éﬁﬁmé%fs%&rt Elsnis
service feed ere. a. glean,;service feed.repr i
separ at or §" e{figm@fzpfip&é r/I % S_H“b%’%‘ikb%rna‘iﬂ&g%% 9%%?/\% ? ée%c‘%%?‘fgl?ﬁg?%féeéj 3%/%#}%_
liquid pr ﬁ@ﬁﬁﬁlafrg%%&mm f@ﬂefrﬁoﬁe ANE 1S HARAE Rt abylhRE iddngitamhds Bxpdei ment
11 is also a conparative exanple for t’he case of using a conventi onal
non- i nvenféade d@weki agdealkslatiin witdph @sshwirinsdess aonfversiion Esxpehétemmatam?7 and

11 are sinul ated experinents for raffinate hydroconversion (RHC fggl | owed
by hi gh prerpanadsessamarcopreants sWw aad a1ijnogen deqildi FRnaly e phec eHAueTH
Figure 7 di u everity high pressure separati on prog e
total |i qéﬁgr Br@?@@%ﬁgu?? é’ﬁ?@%ﬁéﬁl cRippared tongy hydrogan eﬁd&i’%?%? Fﬁibgﬁgg .

[ 0071] Expgid berioh? | ye i IWRILa LR 1SA 08 et Gfay be

raf finat eﬂ{méag@g%rb?%%‘?%%oﬁ og%r@i’fl@{sf \réep?gt%g%)yﬁ cd vvgxi ngl§>§r (;gesséﬁdi sc}i osed
herei n. | norveshilable foepashring h Grvapflaype ubdinobasstosknt step, such as
hydr oconversi on, preferably prior to dewaxing, followed by a hydrofinishing
step, as shown in Figures 6 and 13, to |lower the aromatics and thus

i ncrease Deavaxeng Brocege of saturates to an acceptable level for Goup Il or
Goup Il lube basestocks. [0072] I n Experinents 1-5, 10 and 12 a series of

catal ysts test.ed uskn spi.ked ,f ee . S| . i - HC
fol |l oned Bq}? pri§8?§9al?i’q§g(?rf2§'he ?‘ggﬁoqogw‘%’gsﬂ)&éggﬁh%}eﬁ%%&? f%trsgg{egj 1a%lgo N
RHC pr Odueataiﬁﬁddé\pmﬁ%r%&ibrﬁ%ﬁé. 20h1iRé a3hyRAt¥hANrd8edsO ndrePEffion keed
wi th about 0.7 to 0.8 % sul fur, and about 40 to 65 ppm by wei ght of

ni t r ogen. réquifedpsstiveentlse Hydmndohtersiommdkeatalyiedlevesing sthges. dilmuinatien RHC
fol |l oned b{ hi gh pressure separation and then catal ytic

2010/ 077381 Fhe/ sgpogwmosaB has a4 varigingki eRPSEIUSHSEIN iWit\gogﬁgftrdﬂO he

spi ked feed shown.in the table helowrefers to 130 R ct. f.eed
b1 ked i PEPABo JP1f5 S At iR b i pesisle I rdlul SrPRARE 681 (o
0.2 % s : [ oo in th
Speri menf e egnieicit St thd il RaRRMC UKL sQieclinhl aE TocdX in the
separ at or sara8d redctop pesltanativel yb ethee drydribidravetsiGVand acttatytic Tdwvatiagn

service feed was a 130N RHC product feed containing |l ess than 10 ppm by
wei ght of pragessas map taks placein SEPPE BsacieisghElisrnaiing dhe seppiptioRpEEP nent

9, hyd d. 130N ffi h i n Tabl bel
G 2 oot e eSS0 Lol 5 SOl TP d LG R
RHC- Dewax gy atnsé@a?ig ftl?é Sl fANHeH b%ﬁ%&ﬁg&%@&ﬂ Bedhahtfite@SH.

three reactors, I nat e hydroconver si on reactor, catalytic

dewaxi ng pfIAdfsing peéssureares thy dfdhéntiis deligeredaotthe dewakmgr stagé.n seri es
according to Figures 6 and 13 at operating conditions of 1800 psig. in

anot her experinent, designated as 130N I ntegrated RHC- Dewaxi ng at 1000

psi g, twol004ddt or sElimipaiing nthee sgparafiehysied dietyreir) hydrRaamversien cardl yt i c

el o ThetSaDtica i ra0k A mort dhatBRL S Eer BT B3pF dVibetBirtbng
2010/ 0773%%@%11%@?@84@9@%@@1@ tht iy ?Qés%d]fromjtﬁg MNyrsbriveAs6h Bicpad thei ked

130N RHC ct* I mul at Figure 6
catalytic dewaxing step.

D)

[0045] A portion of the organic sulfur in the feed to the hydroconversion step
will be converted to H,S during hydroconversion. Similarly, organic nitrogen in
the feed will be converted to ammonia. However, without a separation step, the

H,S and NH; formed during hydroconversion will travel with the effluent to the



Spi ked 130N RHC Product* (Sinulated Figure 7) 130N RHC Product (C ean

Servi ce Conparative Exanple) 260N Raffinate Feed (260N I ntegrated RHC
Dewaxi ng)w020N/R2af5fi nat e Feed (130N I ntegrated RHC Dewakirruspoo2®0dd37

Raf fi nate Feed (RHC only Conparative Exkhple) 700 F+ in Feed (W% 96 97 97
99 96 94 Sol vent Dewaxed G| Feed Pour Point, C -18

catalytic dewaxing stage. The lack of a separation step also means that any light
gases (C; — C4) formed during hydroconversion will still be present in the effluent.
The total combined sulfur from the hydroconversion process in both organic
liquid form and gas phase (hydrogen sulfide) may be greater than 1,000 ppm by
weight, or at least 2,000 ppm by weight, or at least 5,000 ppm by weight, or at
least 10,000 ppm by weight, or at least 20,000 ppm by weight, or at least 40,000
ppm by weight. For the present disclosure, these sulfur levels are defined in terms
of the total combined sulfur in liquid and gas forms fed to the dewaxing stage in

parts per million (ppm) by weight on the hydrotreated feedstock basis.

[0046] Elimination of a separation step between hydroconversion and
catalytic dewaxing is enabled in part by the ability of a dewaxing catalyst. to
maintain catalytic activity in the presence of elevated levels of sulfur.
Conventional dewaxing catalysts often require pre-treatment of a feedstream to
reduce the sulfur content to less than a few hundred ppm in order to maintain lube
yield production of greater than 80 wt%. By contrast, raffinates or hydrocracker
bottoms or waxy feedstreams in combination with a hydrogen containing gas
containing greater than 1000 ppm by weight total combined sulfur in liquid and
gas forms based on the feedstream can be effectively processed using the
inventive catalysts to create a lube at yields greater than 80 wt%. In an
embodiment, the total combined sulfur content in liquid and gas- forms of the
hydrogen containing gas and raffinates or hydrocracker bottoms or waxy
feedstream can be at least 0.1 wt%, or at least 0.2 wt%, or at least 0.4 wt%, or at
least 0.5 wt%, or at least 1 wt%, or at least 2 wt%, or at least 4 wt%. Sulfur

content may be measured by standard ASTM methods D2622.

[0047] In an alternative embodiment, a simple flash high pressure separation
step without stripping may be performed on the effluent from the hydroconversion
reactor without depressurizing the feed. In such an embodiment, the high pressure
separation step allows for removal of any gas phase sulfur and/or nitrogen

contaminants in the gaseous effluent. However, because the separation is



-12 -18 -21 -19 -19 Solvent Dewaxed O | Feed 100 C Viscosity, cSt 4.2 4.5
4.2 8.2 4.8 4.9 Sol vent Dewaxed Ol Feed VI 119 118 119 86.4 94.4 89.4
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conducted at a pressure comparable to the process pressure for the
hydroconversion or dewaxing step, the effluent will still contain substantial
amounts of dissolved sulfur. For example, the amount of dissolved sulfur in the
form of H,S can be at least 100 vppm, or at least 500 vppm, or at least 1000
vppm, or at least 2000 vppm.

[0048] Hydrogen treat gas circulation loops and make-up gas can be
configured and controlled in any number of ways. In the direct cascade, treat gas
enters the hydroconversion reactor and can be once through or circulated by
compressor from high pressure flash drums at the back end of the dewaxing
section of the unit. In the simple flash configuration, treat gas can be supplied in
parallel to both the hydroconversion and the dewaxing reactor in both once
through or circulation mode. In circulation mode, make-up gas can be put into the
unit anywhere in the high pressure circuit preferably into the dewaxing reactor
zone. In circulation mode, the treat gas may be scrubbed with amine, or any other
suitable solution, to remove H,S and NH;. In another form, the treat gas can be
recycled without cleaning or scrubbing. Alternately, the liquid effluent may be
combined with any hydrogen containing gas, including but not limited to H,S
containing gas. Make-up hydrogen can be added into the process unit anywhere
in the high pressure section of the processing unit, preferably just prior to the

catalytic dewaxing step.

[0049] Preferably, the dewaxing catalysts according to the invention are
zeolites that perform dewaxing primarily by isomerizing a hydrocarbon feedstock.
More preferably, the catalysts are zeolites with a unidimensional pore structure.
Suitable catalysts include 10-member ring pore zeolites, such as EU-1, ZSM-35
(or ferrierite), ZSM-11, ZSM-57, NU-87, SAPO-11, and ZSM-22. Preferred
materials are EU-2, EU-11, ZBM-30, ZSM-48, or ZSM-23. ZSM-48 is most
preferred. Note that a zeolite having the ZSM-23 structure with a silica to

alumina ratio of from about 20:1 to about 40:1 can sometimes be referred to as



Organic Sulfur in Feed (ppm by weight) 7,278.4 1,512 <5 12,000 8,200 11, 700
Organic Nitrogen in Feed (ppm by weight) 48.4 11 <5 113 52 74 Experi nent
Nunber 1-W0 2000713517, 11 6, 8 260N I nt e1g6r ated RUC- DewapCmgsat0o086¥37 psi g

SSZ-32. Other molecular sieves that are isostructural with the above materials

include Theta-1, NU-10, EU-13, KZ-1, and NU-23.

[0050] In various embodiments, the catalysts according to the invention further
include a metal hydrogenation component. The metal hydrogenation component
is typically a Group VI and/or a Group VIII metal. Preferably, the metal
hydrogenation component is a Group VIII noble metal. More preferably, the

metal hydrogenation component is Pt, Pd, or a mixture thereof.

[0051] The metal hydrogenation component may be added to the catalyst in
any convenient manner. One technique for adding the metal hydrogenation
component is by incipient wetness. For example, after combining a zeolite and a
binder, the combined zeolite and binder can be extruded into catalyst particles.
These catalyst particles can then be exposed to a solution containing a suitable
metal precursor. Alternatively, metal can be added to the catalyst by ion
exchange, where a metal precursor is added to a mixture of zeolite (or zeolite and

binder) prior to extrusion.

[0052] The amount of metal in the catalyst can be at least 0.1 wt% based on
catalyst, or at least 0.15 wt%, or at least 0.2 wt%, or at least 0.25 wt%, or at least
0.3 wt%, or at least 0.5 wt% based on catalyst. The amount of metal in the
catalyst can be 5 wt% or less based on catalyst, or 2.5 wt% or less, or 1 wt% or
less, or 0.75 wt% or less. For embodiments where the metal is Pt, Pd, another
Group VIII noble metal, or a combination thereof, the amount of metal is
preferably from 0.1 to 2 wt%, more preferably 0.25 to 1.8 wt%, and even more

preferably from 0.4 to 1.5 wt%.

[0053] Preferably, the dewaxing catalysts used in processes according to the
invention are catalysts with a low ratio of silica to alumina. For example, for
ZSM-48, the ratio of silica to alumina in the zeolite can be less than 200:1, or less

than 110:1, or less than 100:1, or less than 90:1, or less than 80:1. In preferred



130N I nt egrat ed RHCDewaxi ng at 1800 psig and at 1000 psig 9 [0074] The
catal ysts used for the various experinments are shown in Table 2 below. WO
2010/ 077350RAIVI3SHD09/ 006737 - 26 - Table 2 Ex erinent pCatuskomwiodZat al st
Paraneters 1 0.9 % Pt/33'Y ZSM 48(90: 1-5i02: Al 203)/67% P25 Ti2 0.9 w %
Pt/0.37 wt % Framewor k Al 203/ 67 wt % P25 Ti2 2

embodiments, the ratio of silica to alumina can be from 30:1 to 200:1, 60:1 to

110:1, or 70:1 to 100:1.

{0054] The dewaxing catalysts useful in processes according to the invention
can also include a binder. In some embodiments, the dewaxing catalysts used in
processs according to the invention are formulated using a low surface area
binder, a low surface area binder represents a binder with a surface area of 100

m?/g or less, or 80 m?/g or less, or 70 m*/g or less.

[0055] Alternatively, the binder and the zeolite particle size are selected to
provide a catalyst with a desired ratio of micropore surface area to total surface
area. In dewaxing catalysts used according to the invention, the micropore
surface area corresponds to surface area from the unidimensional pores of zeolites
in the dewaxing catalyst. The total surface corresponds to the micropore surface
area plus the external surface area. Any binder used in the catalyst will not
contribute to the micropore surface area and will not significantly increase the
total surface area of the catalyst. The external surface area represents the balance
of the surface area of the total catalyst minus the micropore surface area. Both the
binder and zeolite can contribute to the value of the external surface area.
Preferably, the ratio of micropore surface area to total surface area for a dewaxing

catalyst will be equal to or greater than 25%.

[0056] A zeolite can be combined with binder in any convenient manner.
For example, a bound catalyst can be produced by starting with powders of both
the zeolite and binder, combining and mulling the powders with added water to
form a mixture, and then extruding the mixture to produce a bound catalyst of a
desired size. Extrusion aids can also be used to modify the extrusion flow
properties of the zeolite and binder mixture. The amount of framework alumina

in the catalyst may range from 0.1 to 2.7 wt%, or 0.2 to 2 wt%, or 0.3 to 1 wt%.

[0057] In yet another embodiment, a binder composed of two or more metal

oxides can also be used. In such an embodiment, the weight percentage of the



1.2 % Pt/ 65% ZSM 48(90: 1 Si 02: Al 203)/35% P25 TiO2 and 1.2 % Pt 133%
ZSM48(90:1 Si02: Al203)/67% P25 TiO2 1.2 wt% Pt/ 0.72 wt % Franmewor k

Al 203/ 35 w2 PAB73BI1CO2 3 0.9 A Pt/33 1/0 ZSM 48(90: 1 Si 0PCTAIS2@8)00&31%
Dt-51D TiC2 0.9 wt % Pt/ 0. 37 wt % Framewolt& Al 203167 % Dt-51D TiO2 4 0.9 %
Pt 1331% ZSM 48(90: 1 Si 02: Al 203) 167% Cat apal -200 Alumina 0.9 wt % Pt/ 0. 37

wt % Framewor k Al 203167 wt % Cat apal - 200 Alumina 5 0.6 ' Yo Pt/ 33% ZSM 48(90: 1
Si 02: low surface area binder is preferably greater than the weight percentage of the

higher surface area binder.

[0058] Alternatively, if both metal oxides used for forming a mixed metal
oxide binder have a sufficiently low surface area, the proportions of each metal
oxide in the binder are less important. When two or more metal oxides are used
to form a binder, the two metal oxides can be incorporated into the catalyst by any
convenient method. For example, one binder can be mixed with the zeolite during
formation of the zeolite powder, such as during spray drying. The spray dried
zeolite/binder powder can then be mixed with the second metal oxide binder prior

to extrusion.

[0059] Process conditions in the catalytic dewaxing zone include a
temperature of from 240 to 420°C, preferably 270 to 400°C, a hydrogen partial
pressure of from 1.8 to 34.6 mPa (250 to 5000 psi), preferably 4.8 to 20.8 mPa, a
liquid hourly space velocity of from 0.1 to 10 v/v/hr, preferably 0.5 to 3.0, and a
hydrogen circulation rate of from 35 to 1781.5 m*/m’ (200 to 10000 sc{/B),
preferably 178 to 890.6 m’/m’ (1000 to 5000 scf/B).
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Versal -300 Alumna, 0.6 wt% Pt/ 0. 72 wt % Framewor k Al 203135 wt %
Hydrofinishing

[0060] The hydroconverted and dewaxed raffinate or hydrocracker bottoms
or waxy stream is then conducted to another reactor where it is subjected to a cold
(mild) hydrofinishing step. The catalyst in this hydrofinishing step may be the
same as those described above for the first hydroconversion reactor. In a
preferred embodiment, the catalyst for the hydrofinishing step can be a sulfided
base metal hydrotreating catalyst. One preferred catalyst for the hydrofinishing
step is KF-848.

[0061] Conditions in the reactor used for hydrofinishing include temperatures
of from 170 to 330°C, preferably 200 to 300°C, a hydrogen partial pressure of
from 250 to 3000 psig (1.8 to 13.9 MPa), preferably 800 to 1800 psig (5.6 to 12.6
MPa), a space velocity of from 0.5 to 5 LHSV, preferably 1 to 3.5 LHSV and a
hydrogen to feed ratio of from 50 to 5000 Scf/B (8.9 to 890.6 m’/m’), preferably
1800 to 4000 Scf/B (320.6 to 712.5 m*/m’).

Process Embodiments:

Process Embodiment 1

[0062] Figure 6 schematically shows one form of a reaction system suitable
for carrying out dewaxing under sour conditions (also referred to as high severity
direct cascade process scheme). In this process scheme, there are three reactors
(hydroconversion, then dewaxing and then hydrofinishing) with the entire effluent
from the hydroconversion reactor fed to the dewaxing reactor under sour
conditions. Sour conditions are defined as the total combined sulfur in liquid
organib form and/or gaseous form of greater than 1000 ppm by weight, or at least
2000 ppm by weight, or at least 5000 ppm by weight, or at least 10,000 ppm by
weight, or at least 15,000 ppm by weight, or at least 20,000 ppm by weight, or at
least 30,000 ppm by weight, or at least 40,000, ppm by weight. As previously

described, for the present disclosure, these sulfur levels are defined in terms of the
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Versal -300 Alumna 0.6 W% Pt/ 0.72 W % Framewor k Al 203135 wt % Ver sal - 300
Al uni

Hm na 1%otal combined sulfur in liquid and gas forms fed to the dewaxing stage in parts

per million (ppm) by weight on the hydrotreated feedstock basis.

[0063] In Figure 6, a feedstream 605 is provided with hydrogen 611 to a
furnace, heat exchanger, or other heat source 610 to bring the feedstream up to a
desired reaction temperature. The hydrogen supply 611 is partially composed of
hydrogen from a hydrogen containing gas source 615. The hydrogen containing
gas source 615 may contain H,S. Optionally, a hydrogen supply source 612, may
inject a hydrogen containing gas to a furnace, heat exchanger, or other heat source
610. The hydrogen containing supply source 612 may contain H,S. In the
embodiment shown in Figure 6, feedstream 605 is a raffinate feedstream.
Alternatively, the feedstream could be a hydrocracker bottoms stream or a waxy

feed.

[0064] The heated feedstream then flows into a hydroconversion unit 620.
The hydroconversion unit can be a raffinate hydroconversion unit, or alternatively
a hydrotreatment or hydrocracking reactor can be used. The hydroconversion
unit exposes the raffinates or hydrocracker bottoms or waxy feedstream to a
suitable catalyst, such as a catalyst including both a Group VI and Group VIII

metal, under effective hydroconversion conditions.

[0065] The entire effluent from the hydroconversion reactor is optionally
mixed with additional hydrogen from a hydrogen source 615, and then flows into
dewaxing reactor 630. Because no separation step is used between
hydroconversion reactor 620 and dewaxing reactor 630, any sulfur or nitrogen
contaminants in the effluent from the hydroconversion reactor 620 will also flow
into dewaxing reactor 630. These sulfur or nitrogen contaminants may be in a
different from the original feed, as the hydroconversion conditions will result in
organic sulfur and nitrogen being converted into hydrogen sulfide and ammonia,
for example. The effluent from the hydroconversion reactor is catalyticaliy
dewaxed in reactor 630 under effective dewaxing conditions. In an alternative

embodiment, hydroconversion reactor 620 and dewaxing reactor 630 may be
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combined to form a single reactor with separate zones for hydroconversion and

dewaxing.

[0066] The effluent from the dewaxing reactor then flows into a
hydrofinishing reactor 640. Due to the difference in reaction conditions between
a dewaxing and hydrofinishing process, hydrofinishing reactor 640 cannot be
combined with dewaxing reactor 630. The effluent from the dewaxing reactor is
exposed to a hydrofinishing catalyst under effective hydrofinishing conditions.
Optionally, a hydrogen supply source 613, may inject a hydrogen containing gas
to the hydrofinishing reactor 640.

[0067] The effluent from the hydrofinishing reactor is then separated into
various. cuts by fractionator 650. These cuts can include, for example, gas phase
products from the previous processing steps (not shown), a lighter fuel type
product such as a naphtha cut 660, a lighter fuel type product such as a diesel cut
670, and a desired lube basestock cut 680 such as a Group II, Group II+ or Group
III cut.

Process Embodiment 2

[0068] Figure 7 shows an alternative embodiment for performing dewaxing
under sour conditions (also referred to as medium severity high pressure
separation process scheme). Figure 7 schematically depicts a configuration for a
hydroconversion reactor 720 and a subsequent high pressure separation device. In
Figure 7, the entire effluent from the hydroconversion reactor 720 is passed into at
least one high pressure separation device, such as the pair of high pressure
separators 722 and 723. The high pressure separation device disengages the gas
phase portion of the effluent from the liquid phase portion. The resulting effluent
734, which contains dissolved H,S and possibly organic sulfur is then recombined
with a hydrogen containing gas. The hydrogen containing gas may contain H,S.
The combined mixture is then fed to a sour service catalytic dewaxing step. The

effluent from the dewaxing step is then fed to a hydrofinishing reactor and then
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separated into various cuts by a fractionator. These cuts can include, for example,
gas phase products from the previous processing steps (not shown), a lighter fuel
type product such as a naphtha cut, a lighter fuel type product such as a diesel cut,
and a desired lube basestock cut such as a Group I, Group II+ or Group III cut.
The high pressure separation will remove some gaseous sulfur and nitrogen from
the effluent, which is removed as a sour gas stream 732 for further treatment.
However, the separated effluent 734 that is passed to the dewaxing stage can still
contain, for example, more than 1000 ppm by weight of total combined sulfur in
liquid and gas forms on the hydrotreated feedstock basis. This partial reduction in
the sulfur and nitrogen content of the effluent can improve the activity and/or
lifetime of the dewaxing catalyst, as the dewaxing catalyst will be exposed to a

less severe sour environment.

Process Embodiment 3

[0069] In yet another alternative embodiment for performing dewaxing under
sour conditions, the hydroconversion process and the dewaxing process may be
integrated into a single reactor because of the elimination of the separation
process between the two and the proximity of process pressures. This mode is
also referred to as single reactor high severity direct cascade mode. In this form,
the raffinates or hydrocracker or waxy feedstream is fed to a single reactor where
hydroconversion followed by dewaxing occurs. The entire effluent from the
single reactor is then fed to a hydrofinishing reactor and then separated into
various cuts by a fractionator. These cuts can include, for example, gas phase
products from the previous processing steps (not shown), a lighter fuel type
product such as a naphtha cut, a lighter fuel type product such as a diesel cut, and

a desired lube basestock cut such as a Group II, Group II+ or Group III cut.
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PROCESS EXAMPLES.:

[0070] In the process examples that follow, experiments 1-5, 10 and 12 are
simulated experiments of a raffinate hydroconversion process (also designated
RHC) followed by catalytic dewaxing (also designated CDW). Experiments 1-5,
10 and 12 simulate the integrated process schemes of Figures 6 and 13 with a sour
service feed stream; however the total liquid product from the simulated RHC
followed by CDW process was not hydrofinished. Experiments 6 and 8 are
comparative examples for clean service feeds where a clean service feed
represents the case of having separators and strippers in between RHC and CDW
reactor(s). The total liquid products from Experiments 6 and 8 were not
hydrofinished. Experiment 11 is also a comparative example for the case of using
a conventional non-inventive dewaxing catalyst with a sour service feed.
Experiments 7 and 11 are simulated experiments for raffinate hydroconversion
(RHC) followed by high pressure separation and then catalytic dewaxing as
depicted in Figure 7 (medium severity high pressure separation process scheme).

The total liquid products from Experiments 7 and 11 were not hydrofinished.

[0071] Experiment 9 is a comparative example where the sour service
raffinate was subjected to only the catalytic dewaxing process disclosed herein. It
‘would be necessary to perform a hydrotreatment step, such as hydroconversion,
preferably prior to dewaxing, followed by a hydrofinishing step, as shown in
Figures 6 and 13, to lower the aromatics and thus increase the percentage of

saturates to an acceptable level for Group II or Group III lube basestocks.

[0072] In Experiments 1-5, 10 and 12 a series of catalysts were tested using a
spiked feed to simulate the integrated RHC followed by CDW process. A spiked
feed in Table 1 below refers to a 130 N RHC product feed spiked with Sulfrzol 54
and octylamine to produce a feed with about 0.7 to 0.8 wt% sulfur, and about 40
to 65 ppm by weight of nitrogen. In Experiments 7 and 11, a spiked feed was

used to simulate RHC followed by high pressure separation and then catalytic



--- area nm2l. m1l. area %./cc 1 0.9 A Pt133% ZSM 48(90:1 Si02: Al 203)/67%
P25 Ti Q2 67 148 45%0.87 2 1.2 % Pt 165% ZSM 48(90: 1 5i 02: Al 203)/35% P25
Ti @2 and WO2040R7183/ 0 ZSM 48(90: 1 Si 02?54 Al 203) / 67% P25 PTIr@&2@0000479% 51%

dewaxing as shown in Figure 7. The spiked feed shown in the table below refers
to a 130 N RHC product feed spiked with Sulfrzol 54 and octylamine to produce a
feed with about 0.1 to 0.2 wt% sulfur, and about 10 to 15 ppm by weight of
nitrogen. In Experiments 6 and 8, a clean service process was simulated in which
separators and strippers are in between RHC and CDW reactors. The clean
service feed was a 130N RHC product feed containing less than 10 ppm by weight
of sulfur and less than 10 ppm by weight of nitrogen. In experiment 9, a non-

hydrotreated 130N raffinate, as shown in Table 1 below, was directly dewaxed.

[0073] In two experiments, designated as 260N Integrated RHC-Dewaxing at
1800 psig and 130N Integrated RHC-Dewaxing at 1800 psig, three reactors, a
raffinate hydroconversion (RHC).reactor, catalytic dewaxing (CDW) reactor and
hydrofinishing reactor, were run in series according to Figures 6 and 13 at
operating conditions of 1800 psig. in another experiment, designated as 130N
Integrated RHC-Dewaxing at 1000 psig, two reactors, a raffinate hydroconversion
(RHC) reactor and catalytic dewaxing (CDW) reactor, were run in series at
operating conditions of 1000 psig. The 260N and 130N raffinate feeds are shown
in Table 1 below.



0.72 3 0.9 % Pt/33% ZSM 48(90:1 Si 02: Al 203)/67% Dt-510 Ti 2 46 141.2 33%

below.

0.66 4 0.9 %Pt/ 33% ZSM 48(90: 1 Si 02: Al 203)/67% Cat apal - 200 Al um na 60
137 44% OWe20B/07H1A Pt 133% ZSM 48( 90: 1258i 02: Al 203)/ 67¥CPAB2000026737
Table 1
130N Feed | Spiked Spiked 130N RHC 260N 130N 130N
Description | 130N RHC | 130N RHC | Product Raffinate Raffinate Raffinate
Product* Product* (Clean Feed Feed (130N | Feed (RHC
(Simulated | (Simulated | Service (260N Integrated | only
Figure 6) Figure 7) Comparative | Integrated | RHC- Comparative
Example) RHC- Dewaxing) | Example)
Dewaxing)
700° F+ in 96 97 97 99 96 94
Feed (wt%)
Solvent -18 -12 -18 -21 -19 -19
Dewaxed
Oil Feed
Pour Point,
°C
Solvent 4.2 4.5 4.2 8.2 4.8 4.9
Dewaxed
Oil Feed
100 °C
Viscosity,
cSt
Solvent 119 118 119 86.4 94.4 89.4
Dewaxed
Qil Feed VI
Organic 7,278.4 1,512 <5 12,000 8,200 11,700
Sulfur in
Feed (ppm
by weight)
Organic 48.4 11 <5 113 52 74
Nitrogen in
Feed (ppm
by weight)
Experiment | 1-5,10,12 | 7,11 6,8 260N 130N 9
Number Integrated | Integrated
RHC- RHC-
Dewaxing | Dewaxing
at 1800 at 1800
psig psig and at
1000 psig
[0074] The catalysts used for the various experiments are shown in Table 2
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Table 2
Experiment Catalyst Catalyst Parameters
0.9 wt% Pt/0.37 wt%
0.9 % Pt/33% ZSM-48(90:1 SiO,: Framework Al,04/67 wt%
1 Al,0,)/67% P25 TiO, P25 TiO,
1.2 % Pt/65% ZSM-48(90:1 SiO;: 1.2 wt% Pt/0.72 wt%
Al,05)/35% P25 TiO,and 1.2 % Pt/33% Framework Al,03/35 wt%
2 ZSM-48(90:1 Si02: Al203)/67% P25 TiO2 P25 TiO,
0.9 wt% Pt/0.37 wt%
0.9 % Pt/33% ZSM-48(90:1 SiO;: Framework Al,03/67 wt%
3 Al,0,)/67% Dt-51D TiO, Dt-51D TiO,
0.9 wt% Pt/0.37 wt%
0.9 % Pt/33% ZSM-48(90:1 SiO,: Framework Al,0;/67 wt%
4 Al,0,)/67% Catapal-200 Alumina Catapal-200 Alumina
0.6 wt% Pt/0.37 wt%
0.6 % Pt/33% ZSM-48(90:1 SiO,: Framework Al,0,/ 67 wt%
5 Al,0;)/67% P25 TiO, P25 TiO,
0.6 wt% Pt/0.72 wt%
0.6 % Pt/steamed/65% ZSM-48(90:1 Framework Al;0,/35 wt%
6 Si0,: Al,03)/35% Versal-300 Alumina Versal-300 Alumina
0.6 wt% Pt/0.72 wt%
0.6 % Pt/65% ZSM-48(90:1 SiO,: Framework Al,03/35 wt%
7 Al,0,)/35% P25 TiO, P25 TiO,
0.6 wt% Pt/0.72 wt%
0.6 % Pt/steamed/65% ZSM-48(90:1 Framework Al,03/35 wt%
8 Si0;: Al,0;)/35% Versal-300 Alumina Versal-300 Alumina
0.6 wt% Pt/0.72 wt%
0.6 % Pt/65% ZSM-48(90:1 SiO,: Framework Al;01/35 wt%
9 Al,0,)/35% P25 TiO, P25 TiO,
0.6 wt% Pt/0.72 wt%
0.6 % Pt/65% ZSM-48(90:1 SiO,: Framework Al,03/35 wt%
10 Al,03)/35% P25 TiO, P25 TiO,
0.6 wt% Pt/0.72 wt%
0.6 % Pt/steamed/65% ZSM-48(90:1 Framework Al,0/35 wt%
11 Si0,: Al;0;)/35% Versal-300 Alumina Versal-300 Alumina
0.9 wt% Pt/0.48 wt%
0.9 % Pt/65% ZSM-23(135:1 SiO,: Framework Al,04/35 wt%
12 Al,03)/35% P25 TiO, P25 TiO,
260N Integrated 0.9 wt% Pt/0.37 wt%
RHC-Dewaxing at 0.9 % Pt/33% ZSM-48(90:1 SiO,: Framework Al,O,/67 wt%
1800 psig Al,0,3)/67% P25 TiO, P25 TiO,

130N Integrated
RHC-Dewaxing at

0.9 % Pt/33% ZSM-48(90:1 SiO,:

0.9 wt% Pt/0.37 wt%
Framework Al,0,/67 wt%

1800 psig Al,0;3)/67% P25 TiO, P25 TiO,
130N Integrated 0.9 wt% Pt/0.37 wt%
RHC-Dewaxing at 0.9 % Pt/33% ZSM-48(90:1 SiO,: Framework Al,03/67 wt%
1000 psig A1,0,)/67% P25 TiO, P25 TiO,




48(90:1 Si02: Al 203)/35% Versal -300 Al um na 50 232 22%0.5 9 0.6 % Pt 165/0

ZSM 48(90: 1 Si 02: Al 203)/35% P25 Ti 2 100 195 51%0.57 10 0.6 % Pt 165'3/0
ZSM 48( 90w 28i002735A1 203) 135% P25 Ti 2 100 195 51% 0. 57 PETAISB009BHEY37
Pt / st eaned/ 65' 3/ 0 ZSM

Table 2 (continued)

BET Micropore
Total surface
Micropore | surface | area/Total
surface area, surface Density,
| Experiment Catalyst area,m’/g | mg area, % gl/cc
0.9 % Pt/33% ZSM-48(90:1
1 Si0,: Al,0,)/67% P25 TiO, 67 148 45% 0.87
1.2 % Pt/65% ZSM-48(90:1
Si0,: Al;03)/35% P25 TiO,
and 1.2 % Pt/33% ZSM-
48(90:1 SiO2: Al203)/67%
2 P25 TiO2 100 195 51% 0.72
0.9 % Pt/33% ZSM-48(90:1
Si0;: Al,03)/67% Dt-51D
3 TiO, 46 141.2 33% 0.66
0.9 % Pt/33% ZSM-48(90:1
Si0,: Al,0:)/67% Catapal-
4 200 Alumina 60 137 44% 0.68
0.6 % Pt/33% ZSM-48(90:1
5 Si0,: Al,0,)/67% P25 TiO, 67 148 45% 0.82
0.6 % Pt/steamed/65% ZSM-
48(90:1 SiO,: Al,03)/35%
6 Versal-300 Alumina 50 232 22% 0.5
0.6 % Pt/65% ZSM-48(90:1
7 Si0,: Al,03)/35% P25 TiO, 100 195 51% 0.57
0.6 % Pt/steamed/65% ZSM-
48(90:1 SiO,: Al;03)/35%
8 Versal-300 Alumina 50 232 22% 0.5
0.6 % Pt/65% ZSM-48(90:1
9 Si0,: Al,03)/35% P25 TiO, 100 195 51% 0.57
0.6 % Pt/65% ZSM-48(90:1
10 Si0,: Al,0,)/35% P25 TiO, 100 195 51% 0.57
0.6 % Pt/steamed/65% ZSM-
48(90:1 SiO,: Al,05)/35%
11 Versal-300 Alumina 50 232 22% 0.5
0.9 % Pt/65% ZSM-23(135:1
12 Si0,: Al,0,)/35% P25 TiO, 161 244 66% 0.47
260N
Integrated
RHC-
Dewaxing 0.9 % Pt/33% ZSM-48(90:1
at 1800 psig | SiO,: Al,03)/67% P25 TiO, 67 148 45% 0.87
130N .
Integrated
RHC-
Dewaxing 0.9 % Pt/33% ZSM-48(90:1
at 1800 psig | SiO,: Al,03)/67% P25 TiO, 67 148 45% 0.87
130N
Integrated
RHC-
Dewaxing 0.9 % Pt/33% ZSM-48(90:1
at 1000 psig | SiO,: Al,0,)/67% P25 TiO, 67 148 45% 0.87




48(90:1 Si 02: Al 203)/35% Versal -300 Alumina 50 232 22%0.5 12 0.9 ")/0
Pt/65(1/0 ZSM 23(135:1 Si02: Al 203)/35/0 P25 Ti G2 161 244 66% 0. 47 260N
| nt egr at eWORMG/O7DENaxi ng at 1800 psig 0 9 % Pt/ 33(1/ 0 Z8WWABL@O/006737 02:
Al 203)/67% P25 Ti Q2

[0075] In one integrated process configuration (designated herein 260N
Integrated RHC-Dewaxing process at 1800 psig), reactor 1 (also designated RHC
or R1 unit), was operated to establish organic sulfur less than 300 ppm by weight
prior to starting the subsequent dewaxing reactor (also designated CDW or R2
unit). The RHC was operated with 100 cc KF-848 catalyst, a feed of 260N
raffinate as described in Table 1, pressure = 1800 psig, 1 LHSV, 2500 SCF/B for
hydrogen gas to feed ratio, and temperature @ 115.5 viscosity index = 387.4°C.
These RHC conditions were end of run conditions due to an operational problem
(valve stuck in the open position during start of run). The CDW R2 unit was
operated with 100 cc 0.9%Pt/ ZSM-48 (90:1 SiO,:Al03)/ P25 TiO, catalyst,
pressure = 1800 psig, 1 LHSV, 2110.5 SCF/B for hydrogen gas to feed ratio,
temperature = 363.5°C at total liquid product pour point of -20°C. The
hydrofinishing reactor (also designate HF or R3 unit) was run with 28.5 cc KF-
848 catalyst, pressure = 1800 psig, 3.5 LHSV, <2110.5 SCF/B for hydrogen gas
to feed ratio, and a temperature = 250°C. The RHC, CDW, and hydrofinishing

reactors were run in series in an integrated, direct cascade configuration.

[0076] In another integrated process configuration (designated herein 130N
Integrated RHC-Dewaxing process at 1800 psig), reactor 1 (also designated RHC
or R1 unit) was operated to establish organic sulfur less than 300 ppm by weight
prior to starting the subsequent dewaxing reactor (also designated CDW or R2
unit). The RHC R1 unit was operated with stacked bed of 50 cc KF-848 catalyst
and 50 cc Nebula-20 catalyst, a feed = 130N raffinate as described in Table 1,
1800 psig, 1 LHSV, 2500 SCF/B for hydrogen gas to feed ratio and temperature
@ 115.4 viscosity index = 341°C. The CDW R2 unit was operated with 100 cc
0.9%Pt/ ZSM-48 (90:1 Si0,:Al,0;3)/ P25 TiO, catalyst, 1800 psig, 1 LHSV,
~2150SCF/ B for hydrogen gas to feed ratio, temperature = 353°C at total liquid
product pour point of -20°C. The hydrofinishing reactor (also designate HF or R3
unit) was run with 28.5 cc KF-848 catalyst, pressure = 1800 psig, 3.5 LHSV,
<2150 SCF/ B for hydrogen gas to feed ratio, and a temperature = 250°C. The
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229 .
RHC, CDW, and hydrofinishing reactors were run in series in an integrated, direct

cascade configuration.

[0077] In another integrated process configuration (designated herein 130N
Integrated RHC-Dewaxing process at 1000 psig), reactor 1 (also designated RHC
or R1 unit) was operated to establish organic sulfur less than 300 ppm by weight
prior to starting the subsequent dewaxing reactor (also designated CDW or R2
unit). The RHC R1 unit was operated with stacked bed of 50 cc KF-848 catalyst
and 50 cc Nebula-20 catalyst, a feed = 130N raffinate as described in Table 1,
1000 psig, 1 LHSV, 2500 SCF/B for hydrogen gas to feed ratio and temperature
@ 114 viscosity index = 350°C. The CDW R2 unit was operated with 100 cc
0.9%Pt/ ZSM-48 (90:1 SiO,:Al,05)/ P25 TiO, catalyst, 1000 psig, 1 LHSV,
~2099 SCF/ B for hydrogen gas to feed ratio, temperature = 349°C at total liquid
product pour point of -20°C. The RHC and CDW reactors were run in series in an

integrated, direct cascade configuration.

[0078] Experiments 1-6 and 12 were conducted on a 100 cc single reactor,
pilét plant unit in an upflow configuration and Experiments 7-11 on a 10 cc single
reactor, pilot plant unit in an upflow configuration using a variety of clean and
sour feeds. Clean feeds simulate the case of having full gas stripping facilities
between RHC and the CDW reactors and provide for comparative data to the
inventive integrated, direct cascade process of the present disclosure. The

dewaxing process conditions are shown below for each experiment.

[0079] Experiment #1 was conducted under the following conditions:

Simulated RHC-Dewaxing integrated process using a spiked 130N RHC product
feed as shown in Table 1. Catalytic dewaxing conditions: catalyst — 100 cc
0.9%Pt/ 33% ZSM-48 (90:1 Si0,:Al,05)/67% P25 TiO,, 1800 psig, 1 LHSV,
2500 SCF/B for hydrogen gas to feed ratio, Temperature = 349°C at total liquid

product pour point of -20°C. The catalyst was loaded into the reactor by volume.



0.9 '"3/0 Pt133% ZSM 48(90:1 Si 02: Al 203y67/0 P25 T102 67 148 45%0.87 WO
2010/ 077351PCT/ US2009/ 006737 - 28 - [0075]1n one integrated process

conf i gur avpanio{idessignat ed herein 260N | nt egr at ed RHC- Dewaxiusgoopnacess at
1800 psig), reactor 1 (also designated ¥4C or Rl unit), was operated to
establish organic sulfur |ess than 300 ppm by weight prior to starting the

subsequent dewaxi ng reactor (al so designated CDW o R% ni }{g The,. RHC was
oper at ed #1089]100 ExpegangnR %twaysppnguqt@@duaderzdgm %lkl‘?‘i" COitiRS i bed
in Table Q, =, 1800 psi 1 LHSV, 2500 S ¢ to
:‘eed_ rati é‘mghgg(fgiﬁﬁ(;‘r]% Vt‘ﬁ?’é‘n%)sllﬂ%ﬁr%tebi@88%%%%191{1%%2{?%%&_@@6%(1%@% s
condi ti ong.efeqefith of Tk gor@étrslﬁ%d%%ihgu@ﬁd%ﬁ%@ch% t PEBBUESD C¥al ve

stuck in the open position during start n). The CDW unit was

oper at ed ¥f 12%0066% TSMEAY (ABM i) A0CL)/SE 8% P220RD,, Al abodR Matalofst ,
pressure = 1800 si%, 1 LHSV, 2110.5 SCF/ B for&gydr,ogen as to feed ratio,
t enper at uﬁé%P@Kg’./oS SM-480(H: 11 $ikdi: Aly00062%0 Fdr THeni 8 psppycl HHeV,

hydrofi ni shing reactor (also designate HE or R3 unit) o LU ith.28.5 cc
KF848 cat 35%%,CF;{Be§§uh Qg@mcwsp}gi %,egsr?!s‘%weré%m ?’32&,% t\fl)\n{?ﬁq%fiogen
gas to feed yatio, and a.t rature = 250C, The .

hydr of i ni B’Fﬂ‘i\’ﬁ% PRULPYNL Ogéf(gg&ﬁ Jﬂlq gﬁglézﬁzgés F?chﬁ 15@%‘5&%&8 ?'Bgivroé%?lec ascade
configuration. [0076]1n another integrated process configuration

(desi gnat ﬂﬂ)s*iif el ”E}ge%lnkzgf egs ahad REGARAUEX LRGeS © 38116V inkB Qo ridiichls:
reactor | (also desi e or RL unit) was operated to establish

or gani ¢ s8irhulatddeR C-xewa0g iptegkytedprotyss prsiny at spikedl 8OMNgRHHE psadhis quent

dewaxi ng reactor (also designated COWor R2 unit). The RHC Rl unit was
oper at ed fiednasshoradimdmbid 150 Catakpticsdgwesing gandisieassgatadysieh ). 8o

CE S ek SIS0, 2SS0 R S L b B Bty
Jon s (o000 SETTBA SOl T D Bl plRT ERNEE 555 PR i &
f hyd : (0, 5 AW d
o "o EFRRERBLATEI LA, THETRIALS adRBugi Aoty
unit) was run with 28.5 cc KF-848 catal yst, pressure = 1800 psig, 3.5 LHSV,
<2150 SCF|008B2for hEfpagesnya#d t wakeedndwdted, uader ahe efipéowing econdtb@B: The

WO 2010/ 077351PCT/ US2009/ 006737 - 29 - RHC, CDW and_hydr of i ni shing
react ors Sinelated RHCJeewasingnntggratedepriosessausing raepiked L3N eRE&N ProfdHcat i on.

0077] I h i f,i i . i d.h i 130N
[t ogr at lbeRes sbiis i Tl B o CainigoaseRkMe PRadfigRtYOReRG: "Gad et ca
RHC or Rlggnt by 3‘3’%‘2@@?14@@@1Si@?%ﬁkbj)%m?%@ﬁﬁ ﬁl-?gbfAHhrﬂiﬁﬁ,?lgd!ﬁﬁsiépp ppm

by weight prior to starting the subsequent dewaxing reactor (also

desi gnat eg HIWV D50(RRCIWBt for hiideodICei taifddd 1o, earapéataaew: Bi653Catkothl bed
of 50 cc KF-848 catal yst and 50 cc Nebul a-20 catal yst, a feed = 130N

raf fi nat eligsiddesducbpdur poifatife-20°C1008e patajystiwhiHR4ded5000 HE@FfdEictar by
hydrogen gas to feed ratio and tenperature @114 viscosity index = 350C
The CDW Reolymia was operated with 100 cc 0.9%°t/ ZSM 48 (90:1 Si02: Al 203)/
P25 Ti 2 catal yst, 1000 psig, 1 LHSV,. -2099 SCF/ B for hydrogen gas to

f eed i = I guj i . - 20C.
The RHe a983E ;s fiogne 5 fhs | BbRuddfodt KL FosReing® Ybisons:
cascade CcQihhGHERHULDAWHARE EHRRSrAtER Précdss sl a pik&S e36RNRHE BfbRizta 100

cc single reactor,
feed as shown in Table 1. Catalytic dewaxing conditions: catalyst — 100 cc

0.6%Pt/ 33% ZSM-48 (90:1 Si0,:AL;0;)/ 67% P25 TiO,, 1800 psig, 1 LHSV,
2500 SCF/B for hydrogen gas to feed ratio, temperature = 352°C at total liquid

product pour point of -20°C. The catalyst was loaded into the reactor by volume.

[0084] Experiment #6 (comparative example) was conducted under the

following conditions: Simulated RHC-hot separation and stripping-Dewaxing



pilot plant unit in an upflow configuration and Experinments 7-11 on a 10 cc
single reactor, pilot plant unit in an upflow configuration using a variety
of cl ean woaomoar3sieeds. Cl ean feeds sinul ate the case eCThseemgod7at | gas
stripping facilities between RHC and thel COWreactors and provi de for
conparative data to the inventive integrated, direct cascade process of the

present disclosure. The de i ocess cpnditians ar.e b .or
each expePlafEht usmoaiﬁl%ﬁ%hg%ﬁ@@@g%%ﬁgm @P%d@rf%rlﬁ&'oﬁ%ﬁﬁ

condi tiong;  Siyul at ed. RHC- Devwaxi int b lNOg &o,SPrdedad 30N
RHC pr odua?w?’élélg a ngf’;[b%l%'i n@g%?% 1. @jt'g(%é;?? ? Ogewax?ﬁlgh{:]ogg%t %%@4&
catal yst (GEAOARD.9,996 kI BAtEL): 1805 HRigALT QIS 07 DSBOSSTFIR, fot 800
psig, 1 LHSV,” 2 00’ SCF/ B f or hydrogen gas to feed ratio, Tenperature = 349C
at total hi@reenrraedudeedeatio,nomperaviire- 20C0°Che total diquad pradict padegointt o
the reactor by volunme. WO 2010/077351PCT/ US2009/ 006737 - 30 -

[ 0080] Expef i-2@ICE. #Phisasompardtive ezkpenaeentt thewsol0QiFiy lwenpiald dps:a seanl at ed
RHC- Dewaxi ng i ntegrated process using a spi ked 130N RHC product .feed as
shown i n TRINIGS Proaess ooyt ¢RMBBAEY Ag EYRBNYE G1P8T %Y‘&Fy@?oc-es%oglcscgﬁeac of
1. 2%t 165% ZSM 90:1 .Si 02 Al;203) / %.P [ d about 50 cc of

1. 20t / 339528 ige%é .YLSt§Y%§21.°ﬂfi‘i‘g§itP té‘%%%ﬁ%@%{“nﬁoo psig, 1 LHSV, 2500
SCF/ B for hydrogen gas to feed ratio, tenperature = 343C at total liquid
product payigsp0i Nt ERberidleft ANewast 2balctv@s uhdadatiei folowhey reacivondy
volume. [0081] Experinment #3 was conducted under the follow ng conditions:
Si mul at ed SRhGtaBsvaiedinmntSeyertyedl Joc8&d$Cuprodpcd  $ppd eand 3dig epruduct

feed as shown in Table 1. Catal ytic dewaxing c ndlb,ttj ons: cat al(%/st .~ 100 cc
0. 9%t/ 3Separelipagwity:imtegratedAlditesy/ caseasiey - aataliitisy devgping ssgditionsygy,

[ qui 0 pr GRABE! podp Poodt by sSsEMES (Bt SIS ROD B P05 et o

by vol une,_.[0Q8 P8k} $a5h ct dgr er; 1

conditi ong§lésﬁn§ha%ﬁgﬁmlﬁi ng ﬁl&@%at gg7g¢o%eg(étaug§ﬁg gmsdsgﬁepé)féON
RHC produgh;f g¢do@ec shown in Table 1. Catalytic dewaxing conditions:
catalyst = 100 cc 0.9%t/ 33% ZSM 48 (90:1 Si 02: Al 203)/ 67% Cat apal - 200

Al um na, 1800 psig, 1 LHSV, 2500 SCF/ B for hydrogen gas to feed rati o,

t enper at uf@086]365CEapetinieat #8 qeothparative texamplepovag aoindug@d. under dheal yst
was | oaded into the reactor by vol rre.g[e0083] Experi ment #5 was _conduct ed
under t hefollowing sgndigeast i §H§!113$¢(¥r1ﬁlé WW%\A&&W\@ SHIIRET &0V PHBBess

o9 2 Spked LSO 81 094K 050,00, 0000 A0LTARLS e G
Si 02: Al Zoa):{vaﬁi%toé) PeohdtiiOrs: J&Qﬁgﬁﬁi 9, 1h LESV0 RRPYSRAM&EN/ ®5%Yy ZINEA8gas

to feed rati o, Tenperature = 352C at total |iquid product pour point of
-20C. The(Si@,aAlLE)k;) VBSYd Vaded-300t Althena,ebfA0bpsizy VAHS¥E, 2500 SCF/B for
2010/ 077351PCT/ US2009/ 006737 - 31 - process using a Cl ean 130N RHC product
feed as shydrogen graispdead ratin, depperatawyiadilAgCqs iatal lignsd pradugt peur pomto cc
0. 6%t/ St eamed/ 65% ZSM 48 (Si 02: Al 203) /35% Ve{)ééal - 3&8&AI UQT ga 1800 psi g,
1 LHSV, 29002&% BlRiSrcapRiglys GRSTHRF T S@WsaiVY FrieRe Higld dor a3¢lsensy

total |iquid.product pour paint of -20C_This co ratiy ri hows
700 F+ 1 ubE Vit PaoGess "R craBriagh Vet SR LR RS Uk De Ve
Sour ser Vigeidr Presattydivsd 108860 HRbShE realist L8l Was | oaded into the
react or by vol une. 00%5] Experinment #7 was conducted under the foll ow ng
conditions: Sinulated Medium Severity 130N RHC product feed and Hi gh
Pressure {8 ati oBxpetimenh#8gvas eshduttedcenderabe dddowiiag adyditionstehrdatg
conditions: catalyst - 10 cc 0. 6%t/ 65% ZSM 48 (?0: 1 SiQ2: A 203)11 gf% P25
Ti 02, 180deyaxig of amunipsisotrented gl 30N Baflnaie efeedz gy shawn gnailapigdi o

d i f.-20C. { i j .
P onduct eqcHmeht e pdpg mdiioRs e RaRT gt 0P et ERTRYS A S ATRRAL 50
stri ppi nggai@ 4{@9/3@%@%%@}, Ng08 gsianL LXON H¥d0 SCe8 Thr Bg@ﬂ)g%ﬁ galayn in

Tabl e 1. tal yti¢ dewaxing conditions: catalyst - 10 cc 0.6%t/ Steamed/

65% ZSM 48 ddSabid, AtmpPenaturd5Y38erSadt-t36:0 1-juidipAeduct §r giigt, ofl-2096V, TRE00
SCF/ B for hydrogen gas to feed ratio, tenperature = 315C at total liquid
product poatalysdwas lodded2im® thkhfeacayareluinge experi ment shows 700 F+ | ube
yield for a clean service process for conparison to inventive sour service
processes disclosed herein. The catal yst was | oaded into the reactor by

vol une. [0087] Experinment #9 was conducted under the follow ng conditions:
Direct dewaxi ng of an unhydrotreated 130N Raffinate feed as shown in Table
1. Catal ytic dewaxing conditions: catalyst - 10 cc 0.6%t/65% ZSM 48 (90:1
Si 02: Al 203)/ 35% P25 Ti 02, 1800 psig, 1 LHSV, 2500 SCF/ B for hydrogen gas to
feed ratio, tenperature = 380C at total liquid product pour point of -20C

T B - o - . e




WO 2010/ 077351PCT/ US2009/ 006737 - 32 - [0088] Experi nent #10 was conducted
under the follow ng conditions: Sinulated RHC Dewaxi ng integrated process
usi ng a swoket/@3BN RHC product feed as shown in Tabl e PCT@Eab@bwpbira?

dewaxi ng conditions: catalyst - 10 cc 03%%t 165% ZSM 48 (90: 1

Si 02: Al 203) / 35% P25 Ti 02, 1800 psig, 1 LHSV, 2500 SCF/ B for hydrogen gas to
feed ratio, tenperature = 372C at total _ I|iquid product Hour. goi nt .of -20C

The cat al J4988las | Expedment o kthewasaeansiuctid vBdgRethg dOEO NS S oNHHPNS 1 1
t | onduct ed d he..f ol | Qw b .
S at e SRR RIS SRR el HiPheb OB g HOd 13RSI Blpguer
duct f o | : { had; dicht L t -
D0 e 0. oot & S i g o e B e amne”” 1800

psig, 1 LBYY%PZ68D BSH-BS(90: IS 0a80-Y85% B26EM,r 4800 psigeided&8My2808 335C
at total liquid product pour point of -20C. This conparative experinment
shows t haSGHB foohydrugenngds toaficat] yatiodempenaturara M2 Cnatytiogaldiquid predust
environment. The cat aloyst was | oaded into the reactor by vol une.

[ 0090] Expepuipeint o 20%s Theeatalxsd wasdeadedmte ¢he gacHy BoKaiuiGns:
Si mul at ed RHC- Dewaxi ng i ntegrated process using a spi ked 130N RHC product

f eed i Tabl e.l. | yti d i it : - 0
050t 1 6o AGN o Exagisment 3T, (SoSpRRK -8R ERRY' WaTRondif A Yiler )
2500 SCF/ ﬁélﬁarvi y@drﬂﬁﬁanﬂa%iﬁﬁ%tgamah&, s%;ﬁﬁﬁ%@mx?néﬁ&@b Usti@h

| i quid product pour polnt of - The catalyst was |oaded into the reactor
by vol unespike@8I0NnREE®! pradlucel feed theshoeaulins Thblemicat Glayalytic ddewaaxing
experinments at specified conditions shown above are degi cted. Experinent

0

1-6 and 1gonditiensugatalyst 6010 cor 8L0BY Stearssy i6Ant £BVHERINPe dhleQ3)
tal yti i f f | in, Tabl e 2 jnclpdi
convent | oxarsaadieaRgnig. 30PCanier badTSYT a0k SeBME o ndign e HUNE %,
d 2 sh ' i : j f - | i
Tabl & 5 R Gk fufie SHSSSCER [FITHAER! opSqut pELTBLIRNALITIC PIRLT | o

bet ween O¢ m?ﬁﬁht@e%ﬁ’ﬁe%méﬁteswgﬂkhdtQh@Cddi)vléﬂtibﬂél edtalyie doat aloy Shaintdin
Experinents and 2 were tuned to produce WD 2010/077351PCT/ US2009/ 006737

- 33 - si gidldin Z80&+ehvibenert. dEhasatahyst saspeaded wto theemacks by vdumeanpl e
in Experinent 6. In addition, the ratio of mcropore surface area to total

surface a f all. the catalysts used jn perjnments and 2 is greater

t han 25% i‘? 2] Ean‘Haﬁ C@Efaﬂ”@?f ct e\IéQngn%Je?%ﬁ%ffﬁce f or
di fferent 10 T ' i ked.: § R uct
feed cont g?ﬁ%%@@&ﬁ%@%@%ﬂ% 1@%%%‘%‘_0?953%9 lgéé %lg/égdj‘méﬁgenm ﬁ §&<g) t he
catal yst @sgidas Rh&wRein Mable 3. (T84 ytit aded£ang adtthditiorsx peyatatest —41 (0 c68
granms/cc) was |lower than the density of the catal yst used in Experinment 1
(0. 87 gr af6RY65PxpEM-ABrtlS S11- 310wl 1) (35% P20 Ti6y.1800epsigs®iSdilldS¥o0 F+

| ube yields for both Experinments Befand 4 were |ower than {he 700F+ | uhe
yi el d” f or 2E0Q &GlBnforthygogan sy teetegddatia, imapdatureranddsCidt okl lighdi ¢y

of the catal ysts. Experi 3..and 4 may need,to.he run a slightly
e Lrrasict RRUEBEEE of 20T dTRa R R fidBaded g heFrerdLxelie  or
the density differences in order to produce a simlar 700 F+ | ube yield as

in Experi [ﬁg)r'ﬁelrltl- [ BPP3bIRP Bel S NMhe reS RV o e tal{1iC dE&MRI Ex R thenlBiRCe

for a dif
specified conditions shown above are depicted. Experiment 1-6 and 12 were run

in 100 cc reactors. Experiment 6 demonstrates the catalytic dewaxing
performance for a catalyst shown in Table 2 including a conventional binder with
a clean feed using a 100 cc reactor. Experiments 1 and 2 show catalytic dewaxing
performance for different catalysts shown in Table 2 using a spiked sour 130N
RHC product feed containing sulfur levels between 0.7 and 0.8 wt%. The metal

to acid ratios of the catalysts in Experiments 1 and 2 were tuned to produce



catal yst shown in Table 2 using a spi ked sour 130N RHC product feed
containing sulfur levels between 0.7 and 0.8 Wt % The catalyst in

Experi mnerw0O20i7mstt as optimzed in terns of netal to a®Cw/usamwoEs7t he
catal yst used in Experinent 1. The resulting | ower 700 F+ | ube yield may be
due to the nmetal to acid ratio of the catal yst used in Experinment 5 as

conpared to the catalyst used in Experinment 1. [0094] Experinment 12 shows
catal yti cSidilaixi799°Ber feharayiekist @s theli ¢araparative aclgads SCEHEGNCXaMAlgH 1B 2
using a spi ked sour 130N .RHC prodyct feed containin Lfur \i ween
- 7"an OCBPRRUERY he 18404 the fatef FiePORS Srled Ry p sl Sifae féhe
opposed t M Sdedll liﬁgg: | R&i byent 12 was run at
0.54 LHSVB{guacco%tﬁlt}%F%r thlél nsﬁ’?@ ?ﬁdﬁrﬁgc%égtee?)ﬁmen t he catal yst used
in Experinment 12 (0.47 granms/cc) and the catal yst used in Experinment 1 .
(0.87 grap@9a2j). Thepeminghtst 3 amidd 4 ahbo wasalyticedewaxing performance fone

netal to acid ratio of the catal gst used in Experinent 1. The resulmtiag
| oner Wodifterenovatabyssohovse oodabls? 3ming 3 4pikedour- 300b BHA diradeethicgded in

Experinment 12. as conpar.ed .t eriyent 1 e dye to the differ S
bet ween ZW@?‘%&&“@MI%‘?IS %ﬁ'g?’i S r?é‘ldeo'g? é’iﬂg‘rrgﬁlet ﬁ%{ﬁl%ﬂf% gﬁ%«’%&on

t he hi ghe e ! g i § as
compar ed P B P 3 PRSI BIRS) PrdirE SmEARY (O ERanyCE vl
react ors. [gw@etliaiedic Yedsiopnst that estalyze wat ainy Expedawaxi ng08ar goamwloce f or
a catalyst shown in Table 2 including a conventional binder with a clean

f eed usi ngxperitents 1 edcwvere rimperl V7 Thouwsswtingl 3A0°cFdwagiyglds for

per formance using a spiked sour 130N RHC product feed containing, sulfur

| evel s beboihelxperimang Joard dewere tawenthan the g 09¢Fd lube yisldfor Raperamgnt &t

d in Experiment 7 t optinized for high 700 F+ | ybe yiel.d of
T R e A e e e C

Experi nmen i i J s oduct
Food cont S ERyRET S Pe St ol gNEir TS S e mea e Aoy s
acid rati gesso " nlidi 16 aecodmr fori e dé&dity+diffdrenseselrd ord GORS pExdasel aent
11 is a conparative exanple using a conventional catalyst shown in Table 2.
As for Expenilarett0°F+ Ebeeyickieast inlBxsdronentcht al yti ¢ dewaxi ng perf or nance
using a spi ked sour 130N RHC product feed containing sulfur |evels between
0.1 and 0.2 wt% This conparative expfzri nt shows that the conﬁﬂti onal
catal yst U¥31not kuperiment yi shayvs fatgldis, dewayingoperiprmanges fofi 2 ditigrradt s

Phe donst 938k S dn 1R AU spikeBRuPIBBN REL pld i Fed CotaliRE, 0
and the bindear 1edeRIbéNech"®7CHPOWS W98 BPHRetAtaRRE il ExperiMeiita i$86t as

Alum na. The density of the catal yst used in Experinment 7 is 0.57 g/cc and
t he densi optimfizedhia teahs by stctalstecacid rafxpas theeratalyat usedinExgperunenthle lhe of a
| ow surface area, netal ooxi de refractory binder for the catalyst in

Exper i mentesulting lawere 700 i-debe ndeldemayebe dugdadheimetab e asil Tatenesihe t han
t he conventional bjnder, which_has a higher.surface area sed for ,the

cat al yst pehta%gbgq,q Xpefiment %BEF?WBF}{&Q{] ethFé:?Iaiy fusﬁﬁél? FEMEN dace area
to total surface area for the catalyst used in Experinment 11 is |ess than
25% as_compitd {OERdchiben: PXRRDWIRMaITtic GRUALS peibiflafcd 81 8 diMEent
2010/ 077300 BCF Us2GRRT BB, T2 RRgRETHa thnl‘iccropgrlzé petforiaficc for # ditfbien
surface agsalysf sigyweatieTablad weinges ypiketsonb 33 OByR IO piatiuch €tddcomeairfing mance
in sour environnments than catala:sts with a ratio of m.cropore surface area

‘to total swifyraleyels betwsen| @dsanh &8 259%6. 1000 FatydrinnExpenmenbid Bsasat yti c
d i i ng 130 ffi d tainjng sulfur |evel

et ween 128Miad ET5 0k 5 PREOISbNORA! 12 A T Sails B e RS 9 was
not hydroE&g@IIiﬁgm -lirig“lsa%”%(rf %P .9h CHISA) %ot ac@und _r”}h’e”dé—x?st?%ﬁ difereped in

Experi ment was use periment 10. The main difference between

Exper i menbawRearttle tatalgsttudad in Expepenéntel® (0147 geahydepanéahedathB@Nusedd was
dewaxed and in Experinent 9, an unhydrotreated 130N feed was dewaxed. The
per cent agi® Bkperamgntail €8.&/ogramased)i mptalstozasid ratie wem tupd to desemilage of

saturates for Experinent 10 i.s, abou 8% . By.not . hydrotreating .the feed
prior to U’eﬂ%&ﬁﬁ%ftq ﬁ‘égrrégﬂlolfi%lﬁ C%B’SEHS% B%E@?erb‘in n{]gt E[ﬁgerps ppgiﬁ?ﬁef)ved
specifications for percent saturates of greater than or equal to 90%for a
Goup Il or Goup Il lube. WD 2010/077351PCT/ US2009/ 006737 - 36 -



Table 3 Prelimnary Lube Basestock Specification S Experinen ti Experinen
t2 Experinmen t3 Experinmen t4 Experinen t5 Experinmen t6 700 F+ Lube Yield
(Wt % at wotaalo/dzrawi d Pr oduct Pour Poi n3t4 of - 20C 87 88PCT/US2009/006737

700° F+ lube yield achieved in Experiment 12 as compared to Experiment 1 may
be due to the differences between ZSM-23 and ZSM-48. ZSM-48 is more
preferred than ZSM-23 based on the higher 700° F+ lube yield achieved at a
higher LHSV in Experiment 1 as compared to Experiment 12. |

[0095] Experiments 7-11 were run in 10 cc reactors. Experiment 8
demonstrates the catalytic dewaxing performance for a catalyst shown in Table 2
including a conventional binder with a clean feed using a 10 cc reactor.
Experiment 7 shows catalytic dewaxing performance using a spiked sour 130N
RHC product feed containing sulfur levels between 0.1 and 0.2 wt%. The metal
to acid ratio of the catalyst used in Experiment 7 was not optimized for high 700°
F+ lube yield of greater than 80 wt%. The same type of catalyst, shown in Table
2, used in Experiment 7 was used in Experiment 10 using a spiked sour 130N
RHC product feed containing sulfur levels between 0.7 and 0.8 wt%. Again, the

metal to acid ratio was not optimized for high 700° F+ lube yield.

[0096] Experiment 11 is a comparative example using a conventional catalyst
shown in Table 2. As for Experiment 7, Experiment 11 shows catalytic dewaxing
performance using a spiked sour 130N RHC product feed containing sulfur levels
between 0.1 and 0.2 wt%. This comparative experiment shows that the
conventional catalyst does not maintain yield in a sour environment. The
differences between the catalysts in Experiment 7 and Experiment 11 are the
binder and the density. The binder used for the catalyst in Experiment 7 is P25
TiO, and the binder used for the catalyst in Experiment 11 is Versal-300 Alumina.
The density of the catalyst used in Experiment 7 is 0.57 g/cc and the density of the
catalyst used in Experiment 11 is 0.5 g/cc. The use of a low surface area, metal
oxide refractory binder for the catalyst in Experiment 7 may have provided better
performance in sour environments than the conventional binder, which has a
higher surface area, used for the catalyst in Experiment 11. In addition, the ratio
of micropore surface area to total surface area for the catalyst used in Experiment

11 is less than 25% as compared to 51% for Experiment 7. Catalysts with a ratio



83.4 82.4 85 89.4 700 F+ Lube Pour Point, C-20 -20 -18 -24 -14 -15 700 F+
Lube 100 C Viscosity, cSt 4.3 4.3 4 4.1 4 4
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of micropore surface area to total surface area of greater than or equal to 25% may
provide better performance in sour environments than catalysts with a ratio of

micropore surface area to total surface area of less than 25%.

[0097] Experiment 9 shows catalytic dewaxing performance using 130N
Raffinate feed containing sulfur levels between 1.1 and 1.2 wt%. The 130N
Raffinate feed used in Experiment 9 was not hydrotreated. The same type of
catalyst, as shown in Table 2, used in Experiment 9 was used in Experiment 10.
The main difference between Experiments 9 and 10 is that in Experiment 10, a
hydrotreated 130N feed was dewaxed and in Experiment 9, an unhydrotreated
130N feed was dewaxed. The percentage of saturates for Experiment 9 is about
72.5%. The percentage of saturates for Experiment 10 is about 98%. By not
hydrotreating the feed prior to dewaxing, the resulting 700° F+ product did not
meet API approved specifications for percent saturates of greater than or equal to

90% for a Group II or Group III lube.
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Molecular Weight)]*100 where Molecular Weight is calculated based on Kinematic Viscosity at
100° C and 40° C of the 700° F+ Lube.
**04 Saturates (wt%) = [1 — (Total Aromatics of Total Liquid Product (moles/gram)*Calculated
Molecular Weight)]*100 where Molecular Weight is calculated based on Kinematic Viscosity at
100° C and 40° C of the 700° F+ Lube.
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[0098]  The preliminary lube basestock specifications are shown in Table 4
below for the 3-reactor integrated run using real raffinate feeds, and not simulated
feeds. For the 3-reactor integrated run, raffinate hydroconversion (RHC) was
performed in reactor 1. The entire effluent was sent to reactor 2 without any gas
stripping or separation taking place between reactors 1 and 2. Catalytic dewaxing
(CDW) in a sour environment took place in reactor 2. The entire effluent was
then sent to reactor 3 without any gas stripping or separation taking place between
reactors 2 and 3. Hydrofinishing (HF) took place in reactor 3 in a sour
environment. Two experiments were run using the 3-reactor integrated
configuration. The first experiment used a 260N Raffinate feed and the second
experiment used a 130N Raffinate feed. For both experiments, the reactor
pressure for the RHC, CDW and HF reactors was 1800 psig. The RHC conditions
using the 260N Raffinate feed were end of run conditions due to an operational
problem (valve stuck in the open position during start of run) resulting in a

slightly lower percentage of saturates in the resulting lube basestock.

[0099] The preliminary lube basestock specifications are shown in Table 5
below for the 2-reactor integrated run using a real raffinate feed, and not
simulated feeds. For the 2-reactor integrated run, raffinate hydroconversion
(RHC) was performed in reactor 1. The entire effluent was sent to reactor 2
without any gas stripping or separation taking place between reactors 1 and 2.
Catalytic dewaxing (CDW) in a sour environment took place in reactor 2. A
130N raffinate feed was used for the 2-reactor integrated run. The reactor
pressure was 1000 psig for both the RHC and CDW reactors. Running at 1000
psig as opposed to 1800 psig resulted in a higher overall integrated 700° F+ lube
yield for 130N integrated RHC-Dewaxing. In both the 1000 psig and 1800 psig
130N integrated RHC-Dewaxing experiments, the 700° F+ lube % saturates were

greater than 95%.
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Table 4.

Preliminary Lube Basestock Specifications 260N* | 130N**

Integrated 700° F+ Lube Yield (wt%) (R1-R2-R3) at Total 67 67

Liquid Product Pour Point of -20°C

Dewaxing 700° F+ Lube Yield (wt%) (R2) at Total Liquid 84.4 87
Product Pour Point of -20°C

700° F+ Lube Pour Point, °C -19 -20
700° F+ Lube 100 °C Viscosity, ¢St 5.7 4
700° F+ Lube VI 1155 | 1154
700° F+ Lube % Saturates (wt%)*** 93.6* 99.2

*EOR KF-848 RHC conditions with 260N

**KF-848/Nebula-20 for RHC with 130N

*%%04 Saturates (wt%) = [1 — (Total Aromatics of 700° F+ Lube
(moles/gram)*Calculated Molecular Weight)]*100

where Molecular Weight is calculated based on Kinematic Viscosity at
100° C and 40° C of the 700° F+ Lube.

Table 5.
Preliminary Lube Basestock Specifications 130N*
Integrated 700° F+ Lube Yield (wt%) (R1-R2) at Total Liquid 69
Product Pour Point of -20°C
Dewaxing 700° F+ Lube Yield (wt%) (R2) at Total Liquid Product 89
Pour Point of -20°C
700° F+ Lube Pour Point, °C -22
700° F+ Lube 100 °C Viscosity, ¢St 4
700° F+ Lube VI 114
700° F+ Lube % Saturates (wt%)** 96

*Reactor pressure = 1000 psig

**04 Saturates (wt%) = [1 — (Total Aromatics of 700° F+ Lube
(moles/gram)*Calculated Molecular Weight)]*100

where Molecular Weight is calculated based on Kinematic Viscosity at
100° C and 40° C of the 700° F+ Lube.

[00100] Figures 8, 9 and 10 demonstrate the total liquid product pour point
versus yield characteristics for the experimental conditions shown above over a
broader range of pour points. More particularly, Figure 8 shows yield versus total
liquid product pour point for the various catalysts used in Experiments 1-4 above.

Figure 9 shows yield versus total liquid product pour point for the various
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catalysts used Experiments 5-8 above. Figure 10 shows yield versus total liquid

product pour point for the various catalysts used in Experiments 9-12 above.

[00101]  Figure 11 shows the integrated lube yield versus total liquid product
pour point for an integrated raffinate hydroconversion — dewaxing process at 1800
psig using 260N and 130N raffinate feedstocks relative to the processes depicted
in Figures 6 and 13. Figure 11 further shows the dewaxing lube yield versus total
liquid product pour point across the dewaxing reactor. The experimental results
of lube yield versus total liquid product pour point shows that dewaxing yields
under sour service conditions are similar to clean service dewaxing yields. Figure
12 shows dewaxing reactor temperature versus days on stream for an integrated
raffinate hydroconversion — dewaxing process for a 260N raffinate relative to the
processes depicted in Figures 6 and 13. The experimental results show that there

is no sign of aging of the dewaxing catalyst under sour service conditions.

[00102]  Figure 14 shows the integrated lube yield versus total liquid product
pour point for an integrated raffinate hydroconversion — dewaxing process at 1000
psig using a 130N raffinate feedstock relative to the processes depicted in Figures
6 and 13 except no hydrofinishing took place. Figure 14 further shows the
dewaxing lube yield versus total liquid product pour point across the dewaxing
reactor. The experimental results of lube yield versus total liquid product pour
point shows that dewaxing yields under sour service conditions are similar to

clean service dewaxing yields.

Dewaxing Catalyst Synthesis

[00103] In one form the of the present disclosure, the catalytic dewaxing
catalyst includes from 0.1 wt% to 2.7 wt% framework alumina, 0.1 wt% to 5 wt%
Pt, 200:1 to 30:1 SiO,:Al,O5 ratio and at least one low surface area, refractory

metal oxide binder with a surface area of 100 m%/g or less.

[00104) One example of a molecular sieve suitable for use in the claimed

invention is ZSM-48 with a Si0,:Al,O; ratio of less than 110, preferably from
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about 70 to about 110. In the embodiments below, ZSM-48 crystals will be
described variously in terms of “as-synthesized” crystals that still contain the
(200:1 or less Si0O,:Al,O; ratio) organic template; calcined crystals, such as
Na-form ZSM-48 crystals; or calcined and ion-exchanged crystals, such as

H-form ZSM-48 crystals.

[00105] The ZSM-48 crystals after removal of the structural directing agent
have a particular morphology and a molar composition according to the general

formula:

(Il) SiOzIAleg,

where n is from 70 to 110, preferably 80 to 100, more preferably 85 to 95. In
another embodiment, n is at least 70, or at least 80, or at least 85. In yet another
embodiment, n is 110 or less, or 100 or less, or 95 or less. In still other
embodiments, Si may be replaced by Ge and Al may be replaced by Ga, B, Fe, Ti,
V, and Zr.

[00106] The as-synthesized form of ZSM-48 crystals is prepared from a
mixture having silica, alumina, base and hexamethonium salt directing agent. In
an embodiment, the molar ratio of structural directing agent:silica in the mixture
is less than 0.05, or less than 0.025, or less than 0.022. In another embodiment,
the molar ratio of structural directing agent:silica in the mixture is at least 0.01, or
at least 0.015, or at least 0.016. In still another embodiment, the molar ratio of
structural directing agent:silica in the mixture is from 0.015 to 0.025, preferably
0.016 to 0.022. In an embodiment, the as-synthesized form of ZSM-48 crystals
has a silica:alumina molar ratio of 70 to 110. In still another embodiment, the
as-synthesized form of ZSM-48 crystals has a silica:alumina molar ratio of at least
70, or at least 80, or at least 85. In yet another embodiment, the as-synthesized
form of ZSM-48 crystals has a silica:alumina molar ratio of 110 or less, or 100 or
less, or 95 or less. For any given preparation of the as-synthesized form of ZSM-

48 crystals, the molar composition will contain silica, alumina and directing agent.
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It should be noted that the as-synthesized form of ZSM-48 crystals may have
molar ratios slightly different from the molar ratios of reactants of the reaction
mixture used to prepare the as-synthesized form. This result may occur due to
incomplete incorporation of 100% of the reactants of the reaction mixture into the

crystals formed (from the reaction mixture).

[00107) The ZSM-48 composition is prepared from an aqueous reaction
mixture comprising silica or silicate salt, alumina or soluble aluminate salt, base
and directing agent. To achieve the desired crystal morphology, the reactants in

reaction mixture have the following molar ratios:

Si0,:Al,0; (preferred) = 70 to 110

H,0: SiO; =1 to 500

OH-: SiO, = 0.1t0 0.3

OH-: SiO, (preferred) = 0.14t0 0.18
template : SiO, = 0.01 —0.05

template: SiO, (preferred) = 0.015 to 0.025

[00108] In the above ratios, two ranges are provided for both the base:silica
ratio and the structure directing agent:silica ratio. The broader ranges for these
ratios include mixtures that result in the formation of ZSM-48 crystals with some
quantity of Kenyaite and/or needle-like morphology. For situations where
Kenyaite and/or needle-like morphology is not desired, the preferred ranges

should be used, as is further illustrated below in the Examples.

[00109] The silica source is preferably precipitated silica and is commercially
available from Degussa. Other silica sources include powdered silica including
precipitated silica such as Zeosil® and silica gels, silicic acid colloidal silica such
as Ludox® or dissolved silica. In the presence of a base, these other silica sources
may form silicates. The alumina may be in the form of a soluble salt, preferably
the sodium salt and is commercially available from US Aluminate. Other suitable

aluminum sources include other aluminum salts such as the chloride, aluminum
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metal hydroxide, preferably sodium or potassium hydroxide, ammonium
hydroxide, diquaternary hydroxide and the like. The directing agent is a
hexamethonium salt such as hexamethonium dichloride or hexamethonium
hydroxide. The anion (other than chloride) could be other anions such as
hydroxide, nitrate, sulfate, other halide and the like. Hexamethonium dichloride

is N,N,N,N' N' N'-hexamethyl-1,6-hexanediammonium dichloride.

[00110] In an embodiment, the crystals obtained from the synthesis according
to the invention have a morphology that is free of fibrous morphology. Fibrous
morphology is not desired, as this crystal morphology inhibits the catalytic
dewaxing activity of ZSM-48. In another embodiment, the crystals obtained from
the synthesis according to the invention have a morphology that contains a low
percentage of needle-like morphology. The amount of needle-like morphology
present in the ZSM-48 crystals can be 10% or less, or 5% or less, or 1% or less.
In an alternative embodiment, the ZSM-48 crystals can be free of needle-like
morphology. Low amounts of needle-like crystals are preferred for some
applications as needle-like crystals are believed to reduce the activity of ZSM-438
for some types of reactions. To obtain a desired morphology in high purity, the
ratios of silica:alumina, base:silica and directing agent:silica in the reaction
mixture according to embodiments of the invention should be employed.
Additionally, if a composition free of Kenyaite and/or free of needle-like

morphology is desired, the preferred ranges should be used.

[00111]  The as-synthesized ZSM-48 crystals should be at least partially dried
prior to use or further treatment. Drying may be accomplished by heating at
temperatures of from 100 to 400°C, preferably from 100 to 250°C. Pressures may
be atmospheric or subatmospheric. If drying is performed under partial vacuum

conditions, the temperatures may be lower than those at atmospheric pressures.
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1-18, preferably Groups 6 and 8-10. Examples of such metals include Ni, Mo,

Co, W, Mn, Cu, Zn, Ru, Pt or Pd, preferably Pt or Pd. Mixtures of hydrogenation
metals may also be used such as Co/Mo, Ni/Mo, Ni/W and Pt/Pd, preferably
Pt/Pd. The amount of hydrogenation metal or metals may range from 0.1 to 5
wt.%, based on catalyst. In an embodiment, the amount of metal or metals is at
least 0.1 wt%, or at least 0.25 wt%, or at least 0.5 wt%, or at least 0.6 wt%, or at
least 0.75 wt%, or at least 0.9 wt%. In another embodiment, the amount of metal
or metals is 5 wt% or less, or 4 wt% or less, or 3 wt% or less, or 2 wt% or less, or
1 wt% or less. Methods of loading metal onto ZSM-48 catalyst are well known
and include, for example, impregnation of ZSM-48 catalyst with a metal salt of
the hydrogenation component and heating. The ZSM-48 catalyst containing

hydrogenation metal may also be sulfided prior to use.

[00114] High purity ZSM-48 crystals made according to the above

embodiments have a relatively low silica:alumina ratio. This lower silica:alumina
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They also have environmental benefits from the standpoint of health effects from

crystal form and the small crystal size is also beneficial to catalyst activity.

[00115] For catalysts according to the invention that incorporate ZSM-23, any
suitable method for producing ZSM-23 with a low SiO,:Al,O; ratio may be used.
US 5,332,566 provides an example of a synthesis method suitable for producing
ZSM-23 with a low ratio of SiO,:Al,0;. For example, a directing agent suitable
for preparing ZSM-23 can be formed by methylating iminobispropylamine with
an excess of iodomethane. The methylation is achieved by adding the
iodomethane dropwise to iminobispropylamine which is solvated in absolute
ethanol. The mixture is heated to a reflux temperature of 77°C for 18 hours. The

resulting solid product is filtered and washed with absolute ethanol.

[00116]  The directing agent produced by the above method can then be mixed
with colloidal silica sol (30% Si0,), a source of alumina, a source of alkali cations
(such as Na or K), and deionized water to form a hydrogel. The alumina source
can be any convenient source, such as alumina sulfate or sodium aluminate. The
solution is then heated to a crystallization temperature, such as 170°C, and the
resulting ZSM-23 crystals are dried. The ZSM-23 crystals can then be combined

with a low surface area binder to form a catalyst according to the invention.

CATALYST EXAMPLES

Catalyst Example 1. 0.6wt%Pt(IW) on 65/35 ZSM-48(90/1 S10,:Al,0,)/TiO,

[00117] 65% ZSM-48(90/1 Si0O,:Al,0;) and 35% Titania were extruded to a
1/16" quadrulobe. The extrudate was pre-calcined in N, @1000°F, ammonium
exchanged with 1IN ammonium nitrate, and then dried at 250°F, followed by
calcination in air at 1000°F. The extrudate was then was loaded with 0.6wt% Pt

by incipient wetness impregnation with platinum tetraammine nitrate, dried at
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velocities. Results are provided in Table 7.

Catalyst Example 2. 0.6wt%Pt(IW) on 65/35 ZSM-48(90/1 Si0,:Al,0;)/Al,O4
(Comparative)

[00119] 65% ZSM-48(90/1 SiO,:Al,0;) and 35% Versal-300 ALO; were
extruded to a 1/16" quadrulobe. The extrudate was pre-calcined in N, @1000°F,
ammonium exchanged with 1N ammonium nitrate, and then dried at 250°F
followed by calcination in air at 1000°F. The extrudate was then steamed 3
hours at 890°F). The extrudate was then loaded with 0.6 wt% Pt by incipient
wetness impregnation with platinum tetraammine nitrate, dried at 250°F, and
calcined in air at 680°F for 3 hours. Table 6 provides the surface area of the

extrudate via N, porosimetry.

[00120] A batch micro-autoclave system was used to determine the activity of
the above catalyst. The catalyst was reduced under hydrogen followed by the
addition of 2.5 grams of a 130N feed. The reaction was run at 400 psig at 330°C
for 12 hours. Cloud points were determined for two feed space velocities.

Results are provided in Table 7.

Catalyst Example 3. 0.6 wt% Pt (IW) on 80/20 ZSM-48(90/1 Si0,:A1,0)/Si0,

[00121]  80% ZSM-48(90/1 Si0O,:Al,05) and 20% SiO, were extruded to 1/16"
quadrulobe. The extrudate was pre-calcined in N, @I1000°F, ammonium
exchanged with 1IN ammonium nitrate, and then dried at 250°F followed by
calcination in air at 1000°F. The extrudate was then loaded with 0.6 wt% Pt by
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total Ii qgwmgod UL bREN miRed-BhtdPhvesystéth Al toaddtémaine thy deaeiap\ofr si on
- dewaxi ng process at 1000 psig using a 130N raffinate feedstock rel ative
to the prdresbes deplwtedThe dataystewad radacet3Burderebydrogehyidllomasi byithg t ook
pl ace. Figure 14 further shows the dewaxing | ube yif d ver suiéd;% ?I E?qui d
product padditioni oft 2 dcgesrs 1 BBNdekagiraectiarnias runtHe Uk paig et Gi“ I¥sdft's of

| ube yield vers total |iqui r oduc our i 0 &qm’

yi el ds ungg‘r‘rssoﬁfo%‘gp%né%w%& © qrgﬂge(i‘fgr E‘V%H?%#]EP%&C?I/\@%R?& \c}? ce gg%gxi ng
yi el ds. g l.yst Synthesis [00103]In one formthe of the present
di scl OSUPEWE‘E@};@% f%bis'c dewaxi ng catal yst includes from0.1 wt%to 2.7
w % framework alumna, 0.1 wt%to 5 wt% Pt, 200:1 to 30:1 Si02: Al 203 ratio
and at | e@atalgste Exampdeird. ace.6amede BtefIVEE toor 6538 dSMx4Q00k fxieh: AdbOn)/ a
surface am@a0h 1 dBha®/ g or less. WO 2010/ 077351PCT/ US2009/ 006737 - 40 -
about 70 To about I10. In the enbodi nents below, ZSM 48 crystals will be
descri bedy@iqus! pgd hoEi@f alu@sing W0k @aicted a€1pebet ot bdtvest it o a
contain tLQéﬁ(Zz‘fgo: 1?3&}@&3@3@%}1073& 283 rati o)C organic tenpl ate; cal ci ned
crystal s, |euehsiasadycarbatietd PHasd® asrgahparsd torthe ghnime phaselaiuomnexshdaged

tal s, h H-f ZSM 48 tal s. 00105] The .ZSM 4 tal ft
eroval * otha hder findiaraplodt RbOYEn ot Z SN A QR SiOsth aOs M EAAAe) and
| iti di to t,h o/ f | a; i : 0
n s frontbcapinedcIan e aicle ey uged s L daV o L layayBfipgt e T ©
anot her e@?ﬁglri%fgn%vas nPfei%aﬁf;iéfe?i‘g{ OI‘rZQ’atO%@‘tF,l gadtodm ¥xcBAngRRPSHitBOINI N

yet anot her e di men | ess, or 100 or less, or 95 or less. In

still ot hgmnesikiasi Mmemate, ahid tey Heedeqtl 2867F WyllGwednisly Alaloingtidre ineqk aated by
Ga, B, Fe, Ti, V, and Zr. [00106] The as-synt hesized form of ZSM 48 crystals
i s prepar ¢800om Eharextrudatehaes e loaded, withugionwt”n BE dyamgipienta meinesai um

| di i .. 1 enbodi . h | i . l.
i r ect | ng TgERAEPN i INEENETeReamaing Tab: (e § o0 Fo M itk in
0.025, or PlrgxﬁﬁSbhﬁ'TOPS%rs.l !TFBQ% :ﬂg&{lﬁgpﬁf@ fRPce 4rBg oFPhREXtr@ddte vid N,

structura ecting agent:silica e mxture is at least 0.01, or "at
| east O. Opbrostinettly. | east 0.016. In still another enbodi nent, the nol ar
ratio of structural directing agent:silica in the mxture is from0.015 to

0. 025, preferably 0.016 to 0.022. In an enbodi ment, the a_s-sillnt hesj zed. form
of ZSM 48[@0K24 ai s Anbatch micro-gutenlavg sistem|vues vead o dgterminedghe agtivity adt i | |

2111 ca ol O ABOTG CatIg: | Sha oAl TFeRE rsfncif und bl telohuet Pyde o5
Ve S S U, 108, STBAhNS 4 A0 79 gl ganas

silica:al um na ess, or 100 or or 95 or less.
For any ghyer. pCenal Fbirﬁ@\w‘rem&:r&ﬁns&%haﬁbiew tpice otloéds8 Regdtsadrs, t he
nol ar conposition will contain silica, alum na and directing agent. WO
2010/ 0773p1rated)8rdebled06737 -41 - It should be noted that the

as-synt hesi zed formof ZSM 48 crystals may have nolar ratios slightly
different fromthe nolar ratios of reactants of the reaction m xture used
to prepare the as-synthesized form This result may occur due to inconplete
i ncorporation of 100% of the reactants of the reaction mxture into the
crystals forned (fromthe reaction mxture).



1001071The ZSM 48 conposition is prepared from an aqueous reaction m xture
conprising silica or silicate salt, alumna or soluble alumnate salt, base
and di recwDngloagesst. To achi eve the desired crystal norplo®iusgyo9/ovdre7
reactants in reaction mxture have the- 4%l |l owing nolar ratios: Si02:Al 203
(preferred) = 70 to 110 H20: Si02 =1 to 500 O+: Si02 =0.1to 0.3 OH:
SiQ2 (preferred) = 0.14 to 0.18 tenplate : Si02 = 0.01 - 0.05 tenpl ate:

Si 2 ( prefetalps)Exampleg s M@ﬁwﬁﬁ&mwe rati os, two ranges
are provi (i1 S0, 1dt@; ¥ Aecbmse: silica ratio and the structure directing
agent:silica ratio. The broader ranges for these ratios include m xtures

t hat resu|[00125]t he6$% ABM-48(20/1 25, 481,05Y shad BS YoiZtifcontare egei gntrinded &d a

Kenyai te and/ or needl e-1i ke norphol ogy. For situations where Kenyaite
and/ or nedHi6d-quadeulobephbhogxtiudateowas quecettingdhén N2 (@1 0QRSH, ATy@ONEHBuY| d

be used, as is further illustrated bhelow in the Exanples, 01091 Th
silica soexehangedpwithel Noprpmerisipinigas and thop Qﬁ’&g})%t ?éﬁﬁr’%’?‘&w% By

avai |l abl e from Degussa. . silica saources include. po r LliG

i ncl udi ngCHCHALONIBalEa% ﬁ&@ -sﬂé‘ﬁ eééfu%ét?sWPf then, s é&ﬁ@gﬂ TR Rt
acid collgidal.sili h ) 0r 1 Qi I i can: t resence
of a base, ~ytlﬁ18g)éerbtt ﬁ%ﬁeggllin@%egg%?&(%s& lntg)}) l&éﬁﬁﬂsﬁfﬁgmfgg I‘}ﬁgﬂ%’l gﬁ‘ieﬁa&rray
be in the | ' iS&! 480°PT Bk 8 RRIrY. tMelseProvidesithe sndadsarea
commer ci a W@vagﬂ %@gw?}é%lﬁ% éAlgourri nat e. é her sui Sjarlbl e al um num sour ces

i ncl ude obfeie @lttianemasHl perssieltrgs t he chloride, al um num WO

2010/ 077351PCT/ US2009/ 006737 - 42 - al cohol ates or hydrated al um na such as
gama al um na, pseudobohenite and col |l oidal alum na. The bastgPused. to

di ssol ve {MH26bt al Aokatal reisFO-BELQShV S YSIET Wras wiednpaieseame the @clyity Qf

sodi um or ,potassi um r oxj. de, ni.um hydrpxide, . di e [ raxi de
and the 1 HRoaO%i: CBRALT | b Sguiry B8 TRHCHERRA: b @IRh I Rhved 85" e
hexanet hophilofl b 81 LAt 30RXATRE et Wedaik! AC400TRSiga IB0OIbeN2t han
chl oride) cou e other anions such as hydroxide, nitrate, sulfate, other
hal i de andotfe Cldirl polexaneird determinéd fbotwode¢d space velocities. Results are
N,N, N N ,N,N -hexamet hyl-1, 6- hexanedi ammoni um di chl ori de. [00110]In an
embodi menprovided ot ¥8blgls obt ai ned fromthe synthesis according to the

i nvention have a norphology that is free of fibrous norphol ogy. Fibrous
nor phol ogy is not desired, as this crystal norphology inhibits the

catal ytic dewaxing activity of ZSM48. |In another enbodi nent, the crystals
obtained fromthe synthesis according to the invention have a norphol ogy
that contains a | ow percentage of needl e-Iike norphol ogy. The anmount of
needl e-| i ke norphol ogy present in the ZSM 48 crystals can be 10% or |ess,
or 5%or less, or 1%or less. In an alternative enbodi nent, the ZSM 48
crystals can be free of needle-like norphol ogy. Low anobunts of needl e-1ike
crystals are preferred for some applications as needle-like crystals are
believed to reduce the activity of ZSM 48 for sonme types of reactions. To
obtain a desired norphology in high purity, the ratios of silica:alumna,
base:silica and directing agent:silica in the reaction m xture according to
enbodi nents of the invention should be enployed. Additionally, if a
conposition free of Kenyaite and/or free of needle-like norphology is
desired, the preferred ranges should be used. [00111] The as-synthesi zed
ZSM 48 crystals should be at | east partially dried prior to use or further
treatment. Drying nmay be acconplished by heating at tenperatures of from
100 to 400C, preferably from 100 to 250C. Pressures may be atnospheric or
subat nospheric. If drying is perforned under partial vacuum conditions, the
tenperatures may be | ower than those at atnospheric pressures. WO

2010/ 077351PCT/ US2009/ 006737 - 43 -




1001121Cat al ysts are typically bound with a binder or
Bi nders are resistant to tenperatures of the use desired and are

to use.
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cations (such as Na
The al um na source can be

sodi um al um nat e.
such as 170C, and

The

the resulting ZSM 23 crystals are dried. The ZSM 23 crystals can then be

conbined with a | ow surface area binder to forma catal yst according to the
CATALYST EXAMPLES Cat al yst Exanple 1. 0.6wt %t (IW on 65/ 35
ZSM48(90/1 51O :AL701)/Ti O, 100117165% ZSM 48(90/1 Si 02: Al 203) and 35%

i nventi on.

Titania were extruded to a 1/16" quadrul obe.
in N2 @O000F, ammoni um exchanged with 1IN amoni um nitrate,
foll owed by calcination in air at 1000F. The extrudate was then

at 250F,

The extrudate was pre-cal cined
and then dried

was | oaded with 0.6wt % Pt by incipient wetness inpregnation with platinum

tetraanm ne nitrate,

dried at

and calcined in air at 680F for 3 hours.
of the extrudate via N2 porosinetry.

WD 2010/ 077351PCT/ US2009/ 006737 -

45 -

250F,

Tabl e 6 provides the surface area



[ 00118] A batch m cro-autocl ave systemwas used to determine the activity of
t he above catal yst. The catal yst was reduced under hydrogen followed by the
addi ti on wb 2810%7g3sans of a 130N feed (cloud point 31). Phe/use@odEA7 was run
at 400 psig at 330C for 12 hours. O oud*points were deternined for two feed
space velocities. Results are provided in Table 7. Catal yst Exanple 2.
0.6Mm %t (IW on 65/35 ZSM48(90/1 Si07: A1703)/ A1703 1Conparati ve)

[ 00119] 65% ZSM 48(90/ 1 Si 02: A 203) antabded; Ver sal - 300 Al 203 were extruded
to a 1/ 1 —euadrutobe—The—extrudate re=catcijned 1008
anmoni um exchanged with 1IN anlmnnl um nWﬁ%? and t|hen :l %Pﬁnt‘@%@:
fol | owed gy carcimarion In affr at 1000f ] Ine extrudate was fhRen steaned (3
hours at| 890F). The extrudate was then Ioaded with 0.6 wt% Pt by i nci pilent
wet ness | gpregnation with platinumtety@amm ne nitjirate, dri &b at 250F, |and
calcinedlin air at 680F for 3 hours. Table 6 provildes the surface arealof
the extrpu@ate via N2 porosinetry. [001Q0PA bat ch i cro- aut oe3tve system was

used to Hetermne the nr‘fl\llf\/ of the above-—cata :\I\cf ho ~at alvct a

lllu CAT y\.)l. V\I(AJ
reduced pAder hydr ogen foll ov¢ed by theNéfﬁldl tion of 2. 5 gr anIl§.~,T &f a 130N
feed. Thefeact+on—was—rur—at; 400 pal 9] 330€Cfor—i2+hours ;,,,I oud pUI mts
were detg 13m ned for two feed {space veI gltles Regqults are é?ovi ded in
Tabl e 7. tatyst Exanpte 3. [0.6 W[U/ol-’ﬁ 'W—on 80720 ZSM48{P0/ 1
Si 02: A1, D3)/ Si 02 [00121] 80% ZSM 48( 90/ i 02: Al 203) and 20% SI 02 were
extruded| go 1/16"™ quadrul obe.| The extr(t)l,date was prle-cal ci nedskn N2 @OQOF,
ammoni um_exchanged with IN anmpniumnitrate, and tlhen dried at 250F

fol |l owed| By calcination in aifr at 1000E03The extrudate was tkhken | oaded|with
0_ 6 Wt % h\l AD 7n1n/ n77’2R1 D(‘T/ | |Q7009’/ 006737 R | hCI nl nnt wnt nacd

i mpregnat Son with platinum t et r aanmi nel- ﬁ'ﬁt rate, dried at 256B* and cal ¢i ned
inair a SSSGF for—3—hoturs—THable—6 plo} des—the—surface dl_gg*m tte
e”via N2 porosinetry.| [00122] A ggtch m cr g- aut ocl aveé~syst em was

ext rudat g
used to determne the activity of the above catal ySt. The catalyst was
reduced under hydrogen foll owed by the addition of 2.5 grans 130N. The
reaction was run at 400 psig at 330C for 12 hours. C oud points were
determ nefD(TIQBFtV\DNbﬁﬁdlaiﬂﬁC&bleWQ(ai valas.ofR4SeCtizpagsentr thiei lded end ofathte 7.
Cat al yst Exanple 4. 0.6 % Pt (IW on 65/35 ZSM48(90/1 Si 02: A1,03) 1
Thet a- Al unieasurefient 730£e o thso fresiurecnt] usednt Weasers tiendgudtpoiobo&loud

t it t | f het h dtoth
e &l Ui @geﬁx“r’ééwﬁﬁéxa fiae” ithoanaanerse Gy bEORRI &0 = Brisnt b1
Si 02: Al 20§éte§1n(gn qIf ﬁq@qngfgﬁﬁfeﬂe%a{éf%gﬁ ther @Hﬁ’ftcﬁ%g(FgoYﬂtt%IQe %%E’VA to
es uda e

1/ 16" quadr he extr te VWas pre-calcin OF, anmoni um

exchangedp w&:&mﬂ%emm sHovw it Thble Girdl ofihe ditalﬁsts it 2 @htid of npershdry
cal ci natlon in air at 1000F. The extrudate was then | oaded with 0.6 wt % Pt

by i nci pi surfackearicese Bliprtetphsurfane WQ%O@Eét%mmpeq,rmadm%a miredugtevithr i ed
at 250F, cal cined i t 680F for 3 Tab 6 Rprovi t he
sur f ace a&@dloéi‘fesf Hetesta bﬁ%&iﬁ‘lj‘w’él N A58 ¥ r?i?‘?lgy nd&b5s' y GG ast, the

catalyst from Catalyst Example 2, a ratio of micropore surface area to BET total

surface area of less than 25%, produced a cloud point of only -26°C for a space
velocity near 0.75. Note that the alumina used to form the catalyst in Example 2
also corresponds to high surface area binder of greater than 100 m?/g. At the
higher space velocity of about 1.0, all of the low surface area binder catalysts also

produced good results.



[ 00124] A batch m cro-autocl ave systemwas used to determine the activity of
t he above catal yst. The catal yst was reduced under hydrogen followed by the
addi ti on wb 2810007g35ans 130N. The reaction was run at 400PprpSius2@/08308C for 12
hours. C oud points were determned for°%wo feed space velocities. Results
are provided in Table 7. WD 2010/ 077351PCT/ US2009/ 006737 - 47 - Catal yst
Exanple 5. 0. 6w %t (IW on 65/35 ZSM48 90/1 Si. 07 A )
1001251 65%atdmt 4Brample § o Hygdrodgway AAlySEs . 3, [ :
1/ 16" quaRan@f@omﬁhzatme’brudate was pre cal Ci ned in N2 @OOOF ammnl um
exchanged with 1N amoniumnitrate, and then dried at 250F fol | owed by
cal ci nati (00129] ai r Additi@0Fcatalyst eovaluations wese t tamicdasut o2rePmparative 6 w %
Pt by incipient wetness inpregnation W|th pl atj num t et.r aamm ne mtrﬁg

es

dried at o®alystsahevingla eeelitei withi ¢ high sgime Ptooplumifg jatio. TApFaalyshob

o 29235‘% %aé e izt EER ) SiBeDAPRL YACTIO vo KRRk Philoe
cat al ySt gglgﬁk%pw&dﬁ?@'u%dc&%ﬁybnbﬁ%’ %ﬁﬁlef Qdalsoé{l@é' éhf pared agigption

of 2. grams 1 reacti on wa psig at 330C for 12 hours.
d oud poi Aﬂ&)mrs%ad@félh@anedné}oprddmweaemhtaslgmcef 0.6l wt%tl?te:m 65BSLIM-48 e
provided in Table 7. WD 2010/077351PCT/ US2009/ 006737 - 48 - Table 6.
Exanmpl e 680/ 181 @b: A2 OriVegyal MOEY Hpbhse

[00130] An extrudate consisting of 65% (180/1 SiO,/ Al,O;) ZSM-48 and
35% Titania (50 grams) was loaded with 0.6wt% Pt by incipient wetness
impregnation with platinum tetraammine nitrate, dried at 250°F and calcined in
full air at 680°F for 3 hours. As shown above in Table 5, the TiO2 binder
provides a formulated catalyst with a high ratio of zeolite surface area to external

surface area. The TiO, binder also provides a lower acidity than an Al,O; binder.

[00131] The above two catalysts were used for hydrodewaxing experiments on
a multi-component model compound system designed to model a 130N raffinate.
The multi-component model feed was made of 40% n-hexadecane in a decalin
solvent with 0.5% dibenzothiophene (DBT) and 100 ppm N in quinoline added
(bulky S, N species to monitor HDS/HDN). The feed system was designed to

simulate a real waxy feed composition.

[00132] Hydrodewaxing studies were performed using a continuous catalyst
testing unit composed of a liquid feed system with an ISCO syringe pump, a
fixed-bed tubular reactor with a three-zone furnace, liquid product collection, and
an on-line MTI GC for gas analysis. Typically, 10 cc of catalyst was sized and
charged in a down-flow 3/8"stainless steel reactor containing a 1/8" thermowell.
After the unit was pressure tested, the catalyst was dried at 300°C for 2 hours with
250 cc/min N, at ambient pressure. The catalysts were then reduced by hydrogen
reduction. Upon completion of the catalyst treatment, the reactor was cooled to

150°C, the unit pressure was set to 600 psig by adjusting a back-pressure regulator



SA (n2/g) Mcropore SA/ BET Total SA (n2/0 1 0.6% Pt on 65/35 ZSM 48 (90/1
Si 07: Al 203) / P25 TiQ2 200 95 48 2 0.6% Pt on 65/35 ZSM 48 (90/1

Si 02: Al 208D 201008r3sal - 300 Al, 03 232 50 22 3 0.6% Pt on 8@CZWSZBVNA@3T 90/ 1
Si02: AL203) / Silica 211 114 54 -51-

and the gas flow was switched from N, to H,. Liquid feedstock was introduced
into the reactor at 1 liquid hourly space velocity (LHSV). Once the liquid feed
reached the downstream knockout pot, the reactor temperature was increased to
the target value. A material balance was initiated until the unit was lined out for 6
hours. The total liquid product was collected in the material balance dropout pot
and analyzed by an HP 5880 gas chromatograph (GC) with FID. The detailed
aromatic component conversion and products were identified -and calculated by
GC analysis. Gas samples were analyzed with an on-line HP MTI GC equipped
with both TCD and FID detectors. A series of runs were performed to understand

catalyst activity/product properties as function of process temperature.

[00133] All catalysts were loaded in an amount of 10 cc in the reactor and
were evaluated using the operating procedure described in Catalyst Example 6
above at the following conditions: T = 270-380°C, P = 600 psig, liquid rate = 10
cc/hr, H, circulation rate = 2500 scf/B and LHSV =1 hr'.

[00134] The n-hexadecane (nCs) isomerization activity and yield are
summarized in Figures 1 and 2. Figure 1 shows the relationship between nCs
conversion and iso-C;s yield for a clean feed and spiked feeds for the alumina
bound (higher surface area) catalyst. Figure 2 shows similar relationships for the
titania bound (lower surface area) catalyst. In general, the catalysts with higher
and lower surface area binders show similar conversion efficiency. The low
surface area catalyst (Figure 2) has slightly lower conversion efficiencies relative
to yield as compared to the higher surface area catalyst. For each of these feeds,
the temperatures needed to achieve a given nC, conversion level were similar for

the two types of catalyst.



4 0.6% Pt on 65/35 ZSM48 (90/1 5i02: Al 203) / Theta-alum na 238 117 49 5
0.6% Pt on 65/35 ZSM 48 (90/1 Si02: Al203) / Zirconia . 225 128 57

[ 00127] TawbeoB/gmsns t hat the catal ysts from Catal yst ErampiSe®onp6737 4, and
5 all have a ratio of micropore surfacelarea to BET total surface area of
25 % or nore. WD 2010/077351PCT/ US2009/ 006737 - 49 - Table 7 WHSV d oud

Point (C
( )Catalyst Example 7. Hydrodewaxing over 0.6 wt% Pt on 65/35 ZSM-48
(90/1)/TiO, using 130N feed

[00135]  This example illustrates the catalytic performance of 0.6 wt% Pt on
65/35 ZSM-48(90/1 SiO,/ Al,O;)/ TiO, versus a corresponding alumina-bound

(higher external surface area) catalyst using 130N raffinate.

[00136] An extrudate consisting of 65% (90/1 SiO,/ Al,03) ZSM-48 and 35%
Titania (30 grams) was loaded with 0.6wt% Pt by incipient wetness impregnation
with platinum tetraammine nitrate, dried at 250°F and calcined in full air at 680°F
for 3 hours. A corresponding sample was also prepared using Al,O; instead of

Ti0O,.

[00137] The catalysts were loaded in a 10 cc amount in the reactor and were
evaluated using the operating procedure described in Catalyst Example 6 at the
following conditions: T = 330-380°C, P = 400 psig, liquid rate = 5 cc/hr, H;
circulation rate = 5000 scf/B, and LHSV = 0.5 hr. The catalysts were exposed to
the 130N raffinate which contained 66 ppm nitrogen by weight and 0.63 wt%
sulfur.

[00138] Figure 3 shows the relative catalyst activity of the 0.6 wt% Pt on
65/35 ZSM-48(90/1 SiO,/ Al,03)/ TiO, catalyst and the corresponding alumina
bound catalyst. For the 130N raffinate feed, compared with the corresponding
alumina bound catalyst, the 0.6 wt% Pt on 65/35 ZSM-48(90/1 Si0,/ Al,0;)/ TiO,
catalyst showed a 20°C temperature advantage (i.e. more active at 20°C lower
temp) at the given product pour point. Note that Figure 3 also shows data for a
130N raffinate feed with half the nitrogen content that was hydroprocessed using
65/35 ZSM-48 (180/1 SiO,/ Al,03)/ Al,O3 with 0.6 wt% Pt. (This is the alumina
bound catalyst from Catalyst Example 6.) Even at twice the nitrogen content, the
lower surface area 65/35 ZSM-48(90/1 SiO,/ Al,0;)/ TiO, with 0.6 wt% Pt

catalyst achieved a substantial activity credit.
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WO 2010/077351 s3. PCT/US2009/006737
[00139]  To further demonstrate the benefit of the low surface area, low silica
to alumina ratio catalyst, Figure 4 shows a TIR plot for the 0.6 wt% Pt on 65/35
ZSM-48(90/1 SiO,/ Al,O3)/ TiO, catalyst and the corresponding alumina-bound
catalyst. The TIR plot shows that the aging rate for the 0.6 wt% Pt on 65/35
ZSM-48(90/1 SiO,/ AlLO3)/ TiO, catalyst was 0.624°C/day compared to
0.69°C/day for the corresponding alumina-bound catalyst. Thus, when exposed to
a nitrogen rich feed, the low surface area and low silica to alumina ratio catalyst

provides both improved activity and longer activity lifetime.

[00140]  Figure 5 provides the lubricant yield for the 0.6 wt% Pt on 65/35
ZSM-48(90/1 SiO,/ Al,03)/ TiO, catalyst and the two alumina bound catalysts
shown in Figure 3. The 0.6 wt% Pt on 65/35 ZSM-48(90/1 SiO,/ Al,O3)/ TiO;
provides the same lubricant yield as the corresponding alumina-bound (higher
surface area) catalyst. The VI versus pour point relationships for the lower and
higher surface area catalysts are also similar. Note that both the 0.6 wt% Pt on
65/35 ZSM-48(90/1 SiO,/ Al,O;)/ TiO, catalyst and the corresponding alumina
catalyst provided an improved pour point versus yield relationship as compared to

the higher silica to alumina ratio catalyst.

Catalyst Example 8: Mixed Binder Systems

[00141] This example illustrates that the advantage of a low surface area
binder can be realized for mixed binder systems, where a majority of the binder is

a low surface area binder.

[00142] An extrudate consisting of 65% (90/1 SiO,/ Al,O3) ZSM-48 and 35%
of a mixed binder was loaded with 0.6 wt% Pt by incipient wetness impregnation
with platinum tetraammine nitrate, dried at 250°F and calcined in full air at 680°F
for 3 hours. The 35 wt% binder in the extrudate was composed of 20 wt%

alumina (higher surface area) and 15 wt% titania (lower surface area).

[00143] A second extrudate consisting of 65% (90/1 SiO,/ Al,0;) ZSM-48

and 35% of a mixed binder was also loaded with 0.6wt% Pt by incipient wetness



-45* 4 1.03 -12 5 0.73 -45* 5 0.99 -45* [00128] Note that in Table 7, a

val ue of -45C represents the | ow end of the neasurenent range for the

I nst rumerwouswd7rzsineasure the cl oud p0| nt. Cl oud poi nt POEASA0QNBGTES
indicated with an asterisk are believed4o represent the detection limt of
the instrunent, rather than the actual cloud point value of the processed

f eed. Asshownln Table 6, .all of the catal ysts, wi | 0 ,0f m crapore
sur 1;1 aCﬁ alepregnagerr wish Qlaté@}imat@éfa&m@&méfmggt%ddfeirﬁtr 25 6% gad @lciged 1 Bduct
with the t cI Qu | [ B
cont rast , Fhaiicat L FF oo o Ot Yechg tatgaag. e 33 kpoibinter Wast
surface a A t 185%%palagriag d hagidroud
poi nt of E@ybgzcgg-ff%fhg/sgig%:ﬁeﬁ\cﬁ?‘ggf?gﬁﬁ%%??%a%%@mte t hat theqa?gljmrna
used to fgoirfadd@regnt al yst in Exanple 2 also .corresponds to high surface

area binder of greater than 100 n2/g. At the higher space velocity of about

1.0, all of the low surface area bi nder catal ysts al so pro uced go
resul ts. [034010/ Dhe3zebuity udodbeoabesy ca yats catas| i€ axdﬁplae gat"h

Hydr odewaxi.n t h-Hi Si.| f. t
ooy vt o RSt oo Pt i AGRREH 15
catal ysts t8 h I
o 0, e I i e P B s et
accor di ngah@ rehecddolihdor hgdrogen ethltcnveébqoﬁueeahhndnrcg? 2angtamsial aap@GBN

prepared using Al, 03 instead of Ti 02, which produced a cat al f. 0.6 wt%
Pt on 65/ ﬁ@dzsmlms(Tllfséi)QN5fec¢stczd®)d/ SNeifay aytsg Aéezel@ct%[ gmyg%?ﬁnfeedg

0,
extrudat °The Qﬁsﬁz%e' ogo(c)lfty 6gvg)s (1%49 an d§|.(%2 4656"60% y.Z%e r%a@tn&l was run at 400
psig at 345°C for 12 hours. The resulting cloud point of the total liquid product
was -18°C at 1.03 WHSV and 21°C at 3.09 WHSV.

{00145] For the catalyst with a binder of 25 wt% titania and 10 wt% alumina,
212.57 mg and 69.75 mg of catalyst were loaded in separate wells and reduced
under hydrogen, followed by the addition of 2.5 grams of a 600N feedstock. (The
600N feedstock had similar N and S levels to the 130N feed.) The “space
velocity” was 1.02 and 3.10 respectively. The reaction was run at 400 psig at
345°C for 12 hours. The resulting cloud point of the total liquid product was
45°C (detection limit of cloud point instrument) at 1.03 WHSV and 3°C at 3.09
WHSV.

[00146] The above activity tests parallel the results from Catalyst Examples 1
to 5 above. The catalyst containing a binder composed of a majority of high
surface area binder behaved similarly to the catalyst with high surface area binder
in Example 2. The catalyst with a majority of low surface area binder resulted.in

a much more active catalyst, as seen in Catalyst Examples | and 3 — 5 above.

[00147] Applicants have attempted to disclose all embodiments and
applications of the disclosed subject matter that could be reasonably foreseen.

However, there may be unforeseeable, insubstantial modifications that remain as



35% Titania (50 grans) was | oaded with 0.6w % Pt by incipient wetness

i npregnation with platinumtetraammne nitrate, dried at 250F and cal ci ned

in full awvo:2at0/683F for 3 hours. As shown above in Tabl @CH/USkéve/0T4702 bi nder
provides a fornulated catalyst with a h?%m ratio of zeolite surface area to
external surface area. The Ti O, binder also provides a |lower acidity than

Al 203 binder. [00131] The ab | . dfor . .
Py odowa RSalESer R S1OATGoRL MBI IRED FHSReT DED b SERGMSYOP Mt

desi gned t L.a 130N i It e : d
of 4096 n- PeSeAecsnamPiTY GRbHIRLDS, UBfsoTu is GRARAH Mat JRORY JIRER S gr

and 100 pypdiitatichs ARl vagiaBeaHedillbd dppafentMoIREsd Sa11kE inwine herin HHt DN .
The feed system was designed to sinulate a real waxy feed conposition.

[ 00132] Hy chieofteegoingglestuipiies witdront gepadmgefiomsihegsparitonsé theaprasgnst
testing unit conposed of a liquid feed systemw th %P | SCO %yringﬁ %gﬁp,
fi xed- beddisgsugg. rAcsordinghy.t theprepericdiselpauneyisniadended; to, erbEacsydl suc

col l ection, and an on-dine_ M| faqr ' TVRI Ly 10 cc of
catal yst GHEALOREM HHJIC@ﬁlgpé’e%lq%réﬁﬁ)d&%ﬁftﬁg\%té?%agttaéll¥§Id(égésljl%tti%ge"I react or
containing a 1/8" thernowel|. After the unit was pressure tested, the

catal yst y@p148]i edadt péHes | Q6st2 phocddurdd, t And SOthee/ @ddurhéntat caedi kerein,
pressure. The catal ysts were then reduced by hydrogen reduction. Upon

conpl et i oimadfidingepatin} detumentt meatfnlly hacogarsted bragefosencedta ¢ha 3aENtt he
unit pressure was set to 600 psig by adjusting a bacgagre sure regul at or

WO 2010/ 0575 dcliosusy sonpbowpasistent with thistinuenien apdfonad JSHSEOES fRom N2
to H2. Lig@{ f eedst ock mgs Lntroq_cgd into the reactor at 1 liquid hourly
space vel ST§§4§9?HXEB BUHECYEG  feed reached the downstream knockout
pot, the reactor tenperature was increased to the target value. A materi al
bal ance wogoi4u)t i atebrlRhidericaP 16WeE [MaiSs !ahﬂefﬂlrﬁéﬁciloﬁdplﬁarhﬁﬁﬁt%- arEhBsteat al

| i quid product was collected in the materi al bal ance dropout pot and

anal yzed hyream raPg&8A0nmasy dwemhandacoaply (pEE) limiit Arer¢antemipdatdds ai | ed
aromati ¢ conmponent conversion and products were identified and cal cul ated
by GC analysis. Gas sanples were analyzed with an on-line HP MIl GC

equi pped with both TCD and FID detectors. A series of runs were perforned
to understand catal yst activity/product properties as function of process
tenperature. [00133]All catalysts were |oaded in an anmount of 10 cc in the
reactor and were eval uated using the operating procedure described in
Cat al yst Exanple 6 above at the followi ng conditions: T = 270-380C, P = 600
psig, liquid rate = 10 cc/hr, H2 circulation rate = 2500 scf/B and LHSV = 1
hr-1. [00134] The n- hexadecane (nCl6) isonerization activity and yield are
summari zed in Figures 1 and 2. Figure 1 shows the rel ationship between nCl6
conversion and iso-Cl6 yield for a clean feed and spi ked feeds for the

al um na bound (higher surface area) catalyst. Figure 2 shows simlar
relationships for the titania bound (lower surface area) catalyst. In
general, the catalysts with higher and | ower surface area binders show
simlar conversion efficiency. The | ow surface area catal yst (Figure 2) has
slightly | ower conversion efficiencies relative to yield as conpared to the
hi gher surface area catal yst. For each of these feeds, the tenperatures
needed to achieve a given nCl6 conversion |evel were simlar for the two
types of catalyst. WO 2010/077351PCT/ US2009/ 006737 - 52 - Catal yst Exanple
7. Hydrodewaxi ng over 0.6 wt% Pt on 65/35 ZSM 48 (90/1)/Ti 07 using 130N
feed [00135] This exanple illustrates the catalytic performance of 0.6 w%
Pt on 65/35 ZSM48(90/1 Si 02/ Al 203)/ Ti Q2 versus a correspondi ng

al um na- bound (higher external surface area) catalyst using 130N raffinate.
[ 00136] An extrudate consisting of 65% (90/1 Si 02/ Al 203) ZSM 48 and 35%
Titania (30 grans) was | oaded with 0.6wt % Pt by incipient wetness

i npregnation with platinumtetraammne nitrate, dried at 250F and cal ci ned
in full air at 680F for 3 hours. A correspondi ng sanple was al so prepared
using Al 203 instead of Ti02. [00137] The catalysts were | oaded in a 10 cc
amount in the reactor and were



eval uated using the operating procedure described in Catalyst Exanple 6 at
the following conditions: T = 330-380C, P = 400 psig, liquid rate =5

cc/ hr, Hawoizooui7adsion rate = 5000 scf/B, and LHSV = 0. 5pramr/usiée/ocasal yst s
were exposed to the 130N raffinate whitH¥ tontai ned 66 ppm nitrogen by

wei ght and 0.63 wt % sul fur. [00138] Figure 3 shows the relative catal yst
activity of the 0.6 wt% Pt on 65/35 ZSM 48(90/1 Si 02/ Al 203)/ Ti O catalyst
and the C@ﬂfﬁﬁ@?ﬁndi ng al um na bound catalyst. For the 130N raffinate feed,
conpared wth the correspondi ng al um na bound catalyst, the 0.6 w% Pt on
65/ 35 ZSM48(90/1 Si 02/ Al 203)/ Ti 2 catal yst showed a 20C tenperature

advantage (i.e., nore act, ve-at 20C | ower t. ' -product pour
poi nt. Note th<];1t Fi gnplgiﬂgngosrd)rgﬁ%gg&aughﬁ g}r?t)%aas%g(tggﬁrcaw&%é % feed with
hal f the nitrogen content that was hydroprocesse gsi ng 65/35 ZSM 48 (180/1
Si 02/ Al 203)/ Al 203conterting @ hydreeated feedstock anfha AyAregsR eiiHIIRES vst

f Cat al yst |l e 6, t i i 3 the |

Surtace. aMd warERs BRIy SoReeiisE spBfy R ieBeE e B s, b caral yst
achi eved a substantial activity credit. V&ZO 0/0 735:1PCT/ U§2009/0 6737 -
53 - [00139] To furt Nderelatbaspimbined intalanirriip liguid gad gaseausiegms fed i | ow

Pt o 65/ 46 SeiaeEupe 1SRl han PRt ePeboE ARIBy o S Aboslled. CConding

al um na- baundieRtiak¥Shnd The TIR plot shows that the aging rate for the 0.6

Wt % Pt on 65/35 ZSM-48(90/1 Si 021 Al 203)/ Ti Q2 catalyst was 0.624C day

conpared to 0.69C/ day for .the corres j 1.Das talyst. Thus,
r}}l? I%gwaf(g%gﬁﬁﬁ)gp ﬁlcﬂcﬂa@ a?‘?ezg? 'ng nodt

when exposed to a ni 5%}8 ow strface area and low silica

to al um “aeélaﬁiﬁateat@Aiﬁﬁheﬂgiaﬁaldﬁﬁm&rlrmg?y&dzwm,\muws@@ﬁe IProapr
activity [rfetinme. [00140]Figure 5 provides the lubricant yield for the 0.6
W % Pt onVGH/rB6tal Sivll 48[261 dnSldR surkh@dBeh met@Roxaleakfrattoapdindsr. t wo al unmi na
bound catal ysts shown in Figure 3. The 0.6 Wt % Pt on 65/35 ZSM 48(90/1

Si 02/ Al 203)/ Ti 2 provides the sanme lubricant yield as the correspondi ng
al um na- bound phi ghgheshéthag®flAa 1 Gticikinsthe hiideotréatv feeds takuis choker
relationships for the | ower and hi gher surface area catalysts are al so
sim|ar. fonheathlydtodratkerthostoss awa thimtte cnwas /@8 @sibingtions these@2/ Al 203)/

Ti Q2 catal yst and the correspondi ng al um na catal yst provided an inproved
pour point versus yield relationship as conpared to the higher silica to

al um na ratio gatal Tae.méthbdlofslaibx anpheged thyhyeldo gimgey isShetenmrom a
[00141] This exanmple illustrates that the advantage of a | ow surface area

bi nder cahydretreatedi gasEffluentriaxdenrvhydroges gos.cncCydlecgas andnegrabinafions t he

bi nder is a Iotw surface area binder. [00142] An extrudate consisting of 65%
(90/1 Si 0B¥r9903) zSM 48 and 35% of a m xed bi nder was | oaded with 0.6 wt %
Pt by incipient wetness inpregnation with platinumtetraanm ne nitrate,
dried at 250F and calcined in full air_ at 680F for 3 hours. The 35 W %

bi nder in the #xtrudaeencihed odpbused, wheren fhohydrotcateddeedsieck &ur f ace
area) and, 15 wt% titania (/| r surface area). \

2010 07738 BEResestsoR b AR v P ST pondifions cBpss AR ¢ et r aarmi ne
nitrate, j F i i i f\ar 3 hours. In the
second ex??‘?ﬁg?g?eltgﬁ%’ ggﬂ%&é’é&?hgﬁ% er? U&g@ %rg’rr%%(ggggg El51](50%\'/\& %titania

(l ower surface area) and 10 wt % al um na (hi gher surface area). [00144] The

activity of the aboyg.Galaby$F3iNEs tfﬁﬁhgrdcdrﬂpﬁsiggth%roﬁnishing the

dewaxed lubricant basestock under effective hydrofinishing conditions.

6. The method of claim 5 further comprising fractionating the
hydrofinished, dewaxed lubricant basestock under effective fractionating

conditions.



m cro- aut ocl ave system For the catalyst with a binder of 20 wt % al um na
and 15 wt% titania, 208.90 ng and 71.19 ng of catalyst were |oaded in

separ at e wol2on/E@n$ir educed under hydrogen, foll owed by trhe/wsdaobiaar of 2.5
grans of a 600N feedstock. (The 600N fe®dstock had similar N and S |evels
to the 130N feed.) The "space velocity" was 1.04 and 3.03 respectively. The
reaction was run at 400 psig at 345C for 12 hours. The resulting cloud

poi nt of the tetal hirgui ; - : it o3hE delvare89
Trsv. [o0L45] Far -t ha eap T T e e o

al um na, Ribtidaht basesdkbthded efzctit e Cricbystingveorditioasled i n separate wells
and reduced under hydrogen, followed by the addition of 2.5 grans of a 600N
feedst ock. (The 600N feedstock had simlar N and S levels to the 130N
feed.) The "spgce velaGhtmodWildin?? faRfleBedBpfigiRasidréahishidhee eact i on
was run at 400 psig at 345C for 12 hours. The resulting cloud point of the
total |iqfiadtipnaddcdewmsdlubricdet easestonk lundet effecttvobydipdimshingst r ument ) at
1.03 WHSV and 3C at 3.09 WHSV. [00146] The above activity tests parallel the
resul ts feomdiiansl yst Exanples 1 to 5 above. The catal yst containing a

bi nder conposed of a majority of high surface area binder behaved simlarly
to the catalyst with high surface area binder in Exanple 2. The catal yst
with a majorit$. of [The methbdad daiea | binetein thedyidretteatingamdi dawasing act i ve
catal yst, as seen in Catalyst Exanples 1 and 3 - 5 above. [00147] Applicants
have att efi§PeQcew i sungkegeastorenbodi ments and applications of the

di scl osed subject matter that could be reasonably foreseen. However, there
may be unforeseeable, insubstantial nodifications that remain as WO

2010/ 077351PCTA0S200%e006thed of daim 1ewhierain ¢he dewuhingecattlysipeaBpFises a

i nvention has heen descr. bed_] junct i ith specifjc, exenplar

enbodi mnenf¥le¢EaEygeve having %%i@é%&%ﬂ&f‘oﬁ;&%waf f‘é?ﬁﬁi ?OWBHﬁ‘%?trgﬁlons,

and vari agi,on i | 0 1t ot illed inthe art in light of the
f or egoi ngbt}e‘gg)@w&jl%ﬁﬁvﬁg?lﬁ%et%(g é(p'g}llq}%%%m the spirit or scope of the
present disclosure. Accordingly, the present disclosure is intended to

enbrace all su alterations, difigcations, .and variati.ons. t he above
detail ed descri Igti oh?le[rﬁf)@‘ﬂa]oﬁa%tl _@n‘fv_ erqi the B’PX%%’&%H%SYC BEYstner
document Stzgyi%% Q%p\ﬁlﬂ 29\ $81N00.- 97,1 2SVLY2 degWrERy S 1, ZBM-3b) SM-48,

i ncorporated by’referernce to t’he ext’ent such disclosure is not inconsistent

W th thi sZSM3 bea contbihatiomtlergof.i sdi ctions in which such incorporation
is permtted. [00149] When nunerical lower |imts and nunerical upper limts
are listed herein, ranges fromany lower limt to any upper limt are

contenpl ated. YO 26}Q/hda HiCl4iHP2009hEREH 3fe modeudarFiéVdis EU-2, EU-
11, ZBM-30, ZSM-48, ZSM-23, or a combination thereof.

13.  The method of claim 10, wherein the molecular sieve is ZSM-48,

ZSM-23, or a combination thereof.
14.  The method of claim 10, wherein the molecular sieve is ZSM-48.

15.  The method of claim 1, wherein the metal oxide refractory binder

has a surface area of 100 m?/g or less.

16. The method of claim 1, wherein the metal oxide refractory binder

has a surface area of 80 m?/g or less.



| . A nethod for producing a |lubricant basestock conprising:

contacting a hydrotreated feedstock and a hydrogen containing gas with a
dewaxi ng watalywr3sunder effective catal ytic dewaxi ng comRdTItiSeeS/006737
wherein the conbined total sulfur in |i¥%uid and gaseous forns fed to the
contacting step is greater than 1000 ppm by wei ght on the hydrotreated

f eedst ock basis, and wherei n the dewaxi ng catal yst includes at
| east one nondeal um el [ il S BRERa foxié t6ry2siaket e, at
| east one Grou?ﬁVl Imlmr@retnffgpognry lélﬁf]z’a‘gs}p@{%‘iaf ow sur%xédéﬂ&% net al oxi de

ref ract or jadh BeEhce area of 7. mifecoritesiod of claim 1 wherein the hydrotreated
feedstock is chosen froma hydrocracker bottons, a raffinate, a wax and
conbi nati ons t hereof. 3. The method of claim 1l wherein the hydrogen

gas is chosen f5om ahBYAcAbEAIBInIRSWRENER! deRatinganillydagapigas

recycl e gas and conbi nations thereof. e nethod of claim1,

wher ei n t hclopdr@suraiecdteh ee dsthbaleface dryaobgrantesthed ouredeal ©f2¥61 i ve
hydr oprocessi ng conditions chosen from hydroconversi on, hydrocracking,
hydr ot r eawinergin thatbtalesurfageareaaquals the sgiacprreaef fepiedenal ZEMIE RIYF t her

conpri sing hydgrofini shj t he dewaxed | ubri.cant basestock under effective
hydr of i ni gﬁ%’ﬁé&&?ﬂ?q pf)ﬁ%_metal ox1 .Y#W&y%tbﬁ%%ﬂof claim5 further
conprising fractionating the hydrofinished, dewaxed | ubricant basestock
under effective fractionating conditions. ., WO 201Q/07¢351PCT/ u%oaw 006737
- 57 - 719The Thstmeodof@laimml 1whgrein the E}‘}F?arqxé GEFIFacieny BIRLET Ky t he
dewaxed | ubri cgnt .basestock. under eff.ect ilv irLe{/aCti onating conditions.

8. The metH68 YPIENG; HARI APERRA: RLRGFF S Wg’ 7dr of i ni shing the
fractionated, dewaxed |ubricant basestock under effective hydrofinishing
condi ti ons. 9, The nmethod of claim1 erein the hydrotreating and
dewaxi ng st eps28ccul hednethed pficdaippicw pyem\{me me %.OX’rﬁ%f‘?vfgﬁw dSﬁgai m 1,

wherein t d ' t al I | '
107 Al 20l THT BRSS! eyl s5APOLRETAATPLEBIAEE aTeEiERL IEH) 0% B, o
framewor k Ak AQX g0 Fdfefttory binder.11. The nethod of claim 10, wherein the

nol ecul ar sieve is EU-1, 'ZSM 35, ZSM 11, ZSM 57, NU-87, ZSM 22, EU- 2,
EU- 11, ZBM 30, ZSM 48, ZSM 23, or a conbi nati on thereof. 12. The

met hod of cl ai By 10, hn ot i i | , ,
ZSM 48, ZSM 232 or g“‘féﬁﬁnﬁ?’ﬁé{*tﬁ%ﬁ%%@% %esegfgng%éalngﬁé egrf%%ol?gu m 10,

wher ei n t g depheautaralgingys titanidSMrédSniaZ&Milda-atiminaconbi nati on t her eof .
14. The nethod of claim 10, wherein the nolecular sieve is ZSM 48.

22.  The method of claim 1, wherein the dewaxing catalyst includes from

0.1 to 5 wt% platinum.

23. A method for producing a lubricant basestock comprising:

contacting a hydrotreated feedstock and a hydrogen containing gas

with a dewaxing catalyst under effective catalytic dewaxing conditions,

wherein prior to the contacting step, the effluent from the
hydrotreating step is fed to at least one high pressure separator to separate the
gaseous portion of the hydrotreated effluent from the liquid portion of the
hydrotreated effluent,



15. The method of claim1l, wherein the netal oxide refractory binder has a

surface area of 100 n2/g or |ess. 16. The nmethod of claim 11, wherein
t he net alwoxne7rasir act ory bi nder has a surface area of PBO/USRI0Y/00673T eSS.
WO 2010/ 077351PCT/ US2009/ 006737 - 58 --39- 17. The method of claiml,
wherein the nmetal oxide refractory binder has a surface area of 70 nR/g or
| ess. 18. The nethod of claim1l, wherein the dewaxi ng catal yst

conprises a mcr Opome?ﬁgftgg%ofl{tﬁﬁe RthrhAturSH{REE afd gas@usTordk $6d than or

equal to 25% wherein otal surtace area equals the surface area of the

ext er nal Mdm&tﬁiﬁ@eﬁ *ils?%ﬁdatérahau 406a ppin bhevdighodn the kipdroakatedt or y
bi nder. 19. e od of claim1, wherein the netal oxide refractory

bi nder i sfesidsiock baalsyandha, titania, zirconia, or silica-alumna. 20.
The nethod of claim1, wherein the netal oxide refractory binder further
conprises a second geieaéinake dewaringcatalyyt hichetos atilédseoant from the first
met al oxide refractory binder. 21. The nethod of claim 20, wherein

t he secondomslealunoinatid, nafdimensiopabi aaembsr Bngipese zedlitgi ableast Angni a,
zirconia, Or si ica- al um na 22. Tthe met hod | of cldai m 1¢ whgr ej n the
dewaxi ng S4pwp ydil maral ggdatisaskPpe lov Sufage 9155 Jtal ppide retractoby BINGeL, 1o g
for producing a lubricant basestock conpri sing: contacting a

hydrotreated feedstock and a hydrogen cont ai ni % gas with a dewaxi ng
cat al yst under 24f f edhevactbadafyalaien dd webarais thesdflienifgom the at least ongper ej n

Ped t o at MEBHERosHs srpga Beirs oEepliinys aTbbirAltCoRARENR.S 0O r i on

of the hydrotreated effluent fromthe liquid portion of the hydrotreated
effluent, WD 2010/ 077351PCT/ US2009/006737. - 59 - erein the
conbi ned t ot al 28ul f diheimethogntelaine 24 adkaein thgetluertfron theat deast 98¢ i ng

bt s, anthANBPE e SR AT T R i P Gt B oy, 2ot "

non- deal um nat ed, uni di nensi onal 10-nenber ring pore zeolite, at |east one

Go VIIl netal and_ at | east one | surfac rea, netal oxide refractor
bi nggr_ %6. S}he method of claim %Vw}lljerelﬁrll t?le%y%rogen contaln)frllg gas y

includes H,S.

27.  The method of claim 23 wherein the hydrotreated feedstock is

chosen from a hydrocracker bottoms, a raffinate, a wax and combinations thereof.

28.  The method of claim 23 wherein the hydrogen gas is chosen from a
hydrotreated gas effluent, a clean hydrogen gas, a recycle gas and combinations

thereof.

29.  The method of claim 23, wherein the hydrotreated feedstock is
hydroprocessed under effective hydroprocessing conditions chosen from

hydroconversion, hydrocracking, hydrotreatment, and dealkylation.

30. The method of claim 23 further comprising hydrofinishing the

dewaxed lubricant basestock under effective hydrofinishing conditions.



24. The nmethod of claim 23 wherein the effluent fromthe at | east one high
pressure separator includes dissolved H2S and optionally organic sul fur.
25. The meohow/wof3sel ai m 24 wherein the effluent from thecatusb@asve7one hi gh
pressure separator is reconbined with &%ydrogen contai ni ng gas. 26.
The net hod of claim 25 wherein the hydrogen containing gas includes H2S.
27. The nmethod of claim23 wherein the hydrotreated feedstock is chosen

froma hydroor agker gLhoRBA it AT S03hanerdiiriSRg FRMIMABNEane ther eof

28. The nethod™of claim wher el n 1S chose froma

hydr ot r eahpgr@isiRid Hewaked BubH@an bhsdtadkaimdereffeativ e ¢hactiongdsg and
conbi nati ons t her eof . 29. The nethod of claim?23, wherein the

hydr ot r eatendifiensist ock i s hydroprocessed under effective hydroprocessing
condi tions chosen from hydroconversi on, hydrocracki ng, hydrotreatnment, and
deal kyl ati on. 30. The nethod of claim 23 further conprising

hydr of i ni shing3phe d@eanetiodwirdsiant3 Fagket ankprisiagrfraftionating ¢he

hydr of i ni shing conditions. WD 2010/077351PCT/U82009/006737 - 60 -

31. The ndeweaxediubsicanhba@stasktunsier ebleptive fagtionating eerdifiggst he
hydr of i ni shed, dewaxed | ubricant basestock under effective fractionating
condi tions. 32. The nethod of claim 23 further conprising
fractionating BBe d@hexamethbdlfict#ini 3Dderhenakmprisiag lfdretinisheng thect i onat i ng
condi ti ons. 33. The nethod of claim 32 further co [

hydr of i ni §lactignatad, devsaneddnhrieant brsgsteek undpr Pﬁfﬁﬁﬂveolax@%@&inﬁ&der

ef fective h(ﬁroflnlshlng condi tions. 34. The nethod of claim 23,
wherein tﬁ%l¥ 8ﬂ8§|ng cat al yst conprlses a nol ecul ar sieve having a

Si 02: Al 203 ratio of 200:1 to 30:1 and conprises fromO0.1 wt%to 2.7 W%
framewor k Al 203 content. The met hod of claim 34, wherein the

mol ecul ar si evé4i s gbemethggofes alZSR/ﬁal“l’he@gM dewpxigg cagadyptopmpises a

h
ret ot of M s G Bk TR hRudaNE ST SO comprizes B
ZSM 48, Z§I\{+@,§)/o 82 2 v BiaRRi ¥R ADE. é%htent 37. The net hod of cl a| m 34,

wherein the nol ecular sieve is ZSM4 ZSM 23, or a conbination thereof.
38. The met hod of cl a| m 34, wherein the nol ecul ar sieve is ZSM 48.

St e et 00381 o0 TR Théthod MLt 3k EnERIRInOHALIA!BRE frpubl nder Das @

surface area of 100 I'ess aim 3 “wherein
the netal 7@Mds 7V ACH, CZ[SMbS’D(NfU gAY SMVsD? R0 aEal 1IQfZB01-8/ BSM-48ess.

ZSM-23, or a combination thereof.\

36. The method of claim 34, wherein the molecular sieve is EU-2,

EU-11, ZBM-30, ZSM-48, ZSM-23, or a combination thereof.

37. The method of claim 34, wherein the molecular sieve is ZSM-48,

ZSM-23, or a combination thereof.
38. The method of claim 34, wherein the molecular sieve is ZSM-48.

39.  The method of claim 23, wherein the metal oxide refractory binder

has a surface area of 100 m%/g or less.

40. The method of claim 23, wherein the metal oxide refractory binder

has a surface area of 80 m*/g or less.



WO 2010/ 077351PCT/ US2009/ 006737 41. The nethod of claim 23, wherein
the nmetal oxide refractory binder has a surface area of 70 n2/g or |ess.
42. The meohot/wof3sel ai m 23, wherein the dewaxi ng cat al yPCTAS2ELI08637 a

m cropore surface area to total surface area of greater than or equal to
25% wherein the total surface area equals the surface area of the external
zeolite plus the surface area of the netal oxide refractory binder.

43, The methodagf Chiehéfiod IRIARN SIFhERIRINOIEE didd AFHRESBinder |
silica, alum na "titania, zirconia, or silica- um na The met hod

of cl ai m Bg 3 When&d gyehhﬁméjl ardeske refract ory bi nder further conprises a
second netal oxide refractory bi nder different fromthe first netal oxide

refractory binder. 45. The net hod of claim 44, wherein the second
metal oxide refpact qiy rﬁéﬂﬁ@ﬁroﬂcﬁalﬁi b3 C@he&'lﬁ‘fﬂé"@ewﬁ)hhg@a?al%@t'do@l%hs%s aor
silica-al um na. The met hod of claim 23, whefein the dewaxing

cat al yst mfietopdes sﬁﬁf@cm z&ei td cotal yur¥agel axta ofigreater than or equal to 25%,
wherein the total surface area equals the surface area of the external zeolite plus

the surface area of the metal oxide refractory binder.

43.  The method of claim 23, wherein the metal oxide refractory binder

is silica, alumina, titania, zirconia, or silica-alumina.

44.  The method of claim 23, wherein the metal oxide refractory binder
further comprises a second metal oxide refractory binder different from the first

metal oxide refractory binder.

45.  The method of claim 44, wherein the second metal oxide refractory

binder is silica, alumina, titania, zirconia, or silica-alumina.

46. The method of claim 23, wherein the dewaxing catalyst includes

from 0.1 to 5 wt% platinum.



