; e3eéheT4 4T6TJR3 D JUL 2002 PROCESS FOR MAKI NG A LUBE BASESTOCK FI ELD OF

. THE I NVENTION This invention relates to the hydroisonerization of $dkyul 2002
- feeds including slack wax, slack wax isonerate, Fischer-Tropsch wax,

Fi scher Tr opsch hydr0|sonerate waxy rafflnates and waxy distillates to
produce a tube oil basestock or bl ending Ist ock. More specifically, this
invention relates to the conversion of a waxy feed using a m xed cat al yst
having a presel ected acidit capable of oronDtlno t he fornatlon of a

basest ock having a pr eBROGESSH FOR MAKING AnLE ASESTEQ) BACKGROUND OF
THE | NVENTI ON The perfornance criteria for Iubrlcants such as those used in
automatic transm ssion fluids and passenger car engine oils has becone

i ncreasi ngl b ISRf S requiring basestock that provide better
wear protecggfu Q?ﬁﬂ?@%@ﬁ‘?@?ﬁ.. ity and | ow tenperature properties. Waxy
feeds can be converted to liquid products using well known catal ytic
dewaxi ng catal ysts; however, in these instances the selective cracking of
paraffins typically  This invehtiomrdlates to the/hydrofsonyeri2dtibnvafl wixy feeds
undesirable. In contrast, isonerization of waxy feeds using nol ecular sieve
based cat al mluchn@slanhmx, |s}a@krwax tsopmmtes thcuﬂ'eepq@hmgbsczhﬂue

basest ocks mnth loss in VI t hese ﬁataly ts,.offer eflt over

t hose used ’?PPSC Mdgngpmgraﬁ%\n@xy 1ates, an é‘ eteste@rw&

| Al w * 2%
Nl Al BB L8800 oA CO02 iR thisTAlEnsidn, e@@%ﬁ&é@-ﬂm. "

a predeter VAR F‘,HE\QE@R% ention
rel at es toregiﬁngtﬂ%%b¥ %g}g{%}i?g%ﬁ?m ng ¥a%s-{|ﬂ ee pro uce |mlg>yoved
yield of a dapab mﬁ@hmﬂng/mbcfbmm bﬁﬁfhasesw(tlahimg atprederemirfede@/Iynder
hydroi sonmeri zation conditions with a catalyst conprising a unitized m xed
powder ed pewithin zrangeyofiVlimaving ( 1 ) a first dewaxi ng conponent sel ected
from8, 10 and 12 ring nol ecul ar sieves and m xtures thereof; (2) a second
i sonerization conponent which is an anorphous inorganic oxide and (3) at

| east one g 4 . Cbh nmetal hydrogenation conponent,
wherein the ' =t ) are present in a ratio such that
when eval uated in the conversion of nethyl cyclohexane at 320C to

1, 1-di et hyl cycl opent ane, 1, 2-di net hyl cycl opent ane,

1, 3-di met hyl cycl opent'mneparfdlmhmd erjtetiafonivbritantsisuchaisahyst useid in provi de a
traps 1,2-/traps-1, 3-di met hyl cycl opentane ratio of less than 1 and a

sel ect i vi t \putematie {angmissiasfluids andspassenges saeergiog oilsthagtberemet about 50%

The inventi,on also,relates to a_nethod faqr. dro izin feed to
oroduce | miRERFASINGINROES SEVers yath VSars reﬁmengiﬁeeess%@{@@t)ex@‘ﬁqe DALY WEd0i ng
nmet hod: wher, nmbodi ments of the

i nvention \qu Hbcggﬁﬁmz}égggg W‘ﬁlﬁﬂﬁg’ﬁp‘%@ &Q@THE DRAW NG Fi gure
1 is,a schematic drawi ng show ng the conversion of met hyl cycl ohexane to
vari dus cycl opent ane conpounds at 320C. 3 0 ~u~ i~Z -3 DESCRI PTION OF THE
| NVENTI ON The feed suMaxplfeedsicanhbe pomvertedetodiquid productseusingrwelhknown

i ncl udes maxgd drocarbon oil s such as sl ack wax, slack wax isonerate,

Fi scher - Tr 68 moMﬁwesdnethgseemar@ﬁyesf&memg caarkingxy

distillates a uch feeds w have t.s_of, 15%or nore.
The prefer M@#@@g‘ chaﬁ&ggsu&tsdptarlga%ﬂf X’r’?ﬁo ‘g%'ﬁﬂéﬁfmgﬁ%ﬁ‘ %l ow about
20 wppm or nore. The preferred feed will have a nitrogen and sul fur content

each bel ow about 20 wpopm Indeed, if the feed contains higher amounts of
sul fur and nitrogen, w&nhqeglmmﬁdnr@ﬂwwjaf%&ﬂn@mbmwﬁm ng under

typi cal hydrotreating conditions to reduce the sulfur and nitrogen
contents. /Auagedtatalyst dmt\hame lineant Ithretsh'aamrcsgpmduaeg/hﬂ)s hmnstbek!’enpl oyed
Like Ni/M on al um na,_ N/ n aI um n tl\}/“b g e%lggm na. er words any
of the GrOIYHﬂ!mE Qﬁﬁ%p ilq these satglystpetieeben OVérﬂ@nsE“ﬁ Uherei nafter
are those ne% af t he g{IOdlcﬁﬁﬁBFe of El enent Sar entVéIﬁ
Co.) on metARAIRs dewaKe, Hiese potcislhss IEmapsan BOVE IS
exanpl es of such are identified as HDN- 30 and KF-840 Fydrotreatlng is
conducted so as to lower the sulfur and nitrogen
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*166166* *G00D002*

S%bentlflc



contents to levels of 20 wopm or' |l ess nitrogen or 20 wppm or | ess sul fur
especially 10 ppmless nitrogen and 10 ppmor |ess sul fur and nost
preferably to Ievels below 5 ppmfor nitrogen and 5 ppmor less for gy .fllﬂ.rlﬂﬂl
Waxy feeds secured from natural petroleum sources contain quantities of

sul fur and nitrogen conpounds which are-Rrown to deactivate wax

hydr oi soneri zation catal ysts. To prevent this deactivation it is preferred
that the feed contain no nore than 10 ppm sul fur, preferably |less than 2
ppm sul fur eomvertingwaxytfeeds & lmbebasestoclsthapeat be tdilored ¢s pracume 1 ppm

ni t rogen. ~ 0 ~~t toot -4 To achieve these limts the feed is preferably
hydr ot r eat ebasestacks bawing apredetemmingdauality 9gdyieldnt ent . Hydrotreating can
be conducted using any typical hydrotreating catal yst such as Ni/M on

al um na, Co/M on alum na, Co/Ni/M on alumna, e.g., KF-840, KF-843,

HDN- 30, H ; ) imlarly, bulk catalysts conprising
Ni / Mh/ Mo (?Wm—smﬁggggi bed in U S Patent 5,122,258 can be
used. Hydrotreating is perforned at tenperatures in the range 280C to 400C,
preferably 340C to 380C at pressures in the range 500 to 3000 psi, hydrogen
treat gas rate in theThianpventionfélates tdaGhethol/fobhydmdsamétizing aelvaxy ty in
the range 0.1 to 5 LHSV, preferably 1 to 2 LHSV. The hydrotreated waxy oil

i s stri ppedfeed toproduceimpraved yirld af g luhel basestookswhigh) campprasess qomtacting

hydr oi somerj,zati on

rocess,of t.he pr.esent inyention, The catal yst. enpl oyed
0t e by BiecumeY PRk sier by drgisgmPHERon o Rgns MDA Gataly St RRMBHSTER

- - - A - .. - n H H dll
s used her SRR riiER BoRdeFel B RablyHayile, CFLFFXY qerlalfink SolfpoliBht | ST
together a qgusted Fom '8! 30 aﬁﬁmﬁﬂg‘hld&é\ﬂa@sim&ﬁiﬁ%%eféﬂip%?ﬂt and

pelletizing the m xture to producé pellets each of which contarn all of the

powder conpsecentddsgmenization gompondnt dvhidhés amamiorphbusainatgmiic orideheandr epar ed
by starting with individual finished powdered conponents pulverizing and
powderi ng s(@tatileast oncofr GroupsYERiand mOnewp YIlmetahhydragepatior: ed
rraterialsto(gﬁther to,forma .t he

~ ~U~ ~ -5 h ;
conpr essi ngfARPPRRAtWhern e first: ayl sac0nd CORMARERE TR PTesnt i & 4G Fich
ooy ar ! A J : | .
ol 111 ot PR At RREi B B BidsEof e HRIGHERAY s SR 3B 550
| Than 108.x . ! t J (
cgrsnsaoneﬁ? ig’gl udi r%yl §¥§1;5P grln{aih%’?’%, 10 ainggl ?gﬁﬁl?%&ng?g%ﬂl}%gﬁﬂ S e\t/)ggr'xtane
Crystal | i neambéthyloyeiopr thecdtaiyst will prdvide adrams-1,24/transvd, dirhethybs,

al um no phosphates and silicoal um nophosphates. Exanples of crystalline
al umi no si | ¢ysdepentang rativeofzless thansl anda selectvity to ethyleycdopentans, ar 4006,

sy e | 1RREEP R 8 lspabay o e syl lse i B ohotloe o
Sabo)3,  prbibeiriAE Ay BB pRABRE BT Fog R F SV af ) ¢

feirieritespybanasebk Eﬁﬁlérﬂﬁe g%&éﬂ%&éﬁiﬁh@'ﬁﬁ@ﬁ@@ﬂ%ﬁt ran be any of
the typical isonerization catalyst such as those conprising anor phous

refractory nmetal oxide support base (e.g., alumina, silica, zirconia,
titania, silica-magnesia, silicaalumpna, etc.) on which has been preferably
deposi ted a cat al yti cZhisyandcotheeembodimenys of thesinventiommwillpedisgussed oup VI |
B, Goup VIJI. netals and m xtures thereof, preferably Goup VIII, nore
preferably lPR;BWe Goup VIII, nost preferably Pt or Pd and optionally

i ncluding a pronoter or dopant such as yttria, rare earth oxides, from
e.g., La, Ce, etc., boric, magnesia, etc. The catalytically active netals
are presentBRIEFTSESERIPTION OP FTHRIRAWRIGrably 0.1 to 3 wt% nore
preferably T.T 10 2 W% nost preferably 0.1 to 1 wt% The pronoters and
dopants are used to control the acidity of the isonerization catalyst.
Thus, when the isonerjzation catalyst enploys_ an acidic nmaterial such as
silica-alunmna, acidiFiguse 1@ schematie drawingshpwing the eonnessiopwladdi ti on of

oo La dBelBeyeioRie to anals cxslabemang climonits ROERVRE 1270 of

silica:alumna in the silica-alum na. The netal hydrogenation conponent can
be deposited on either the first dewaxi ng conponent, the second

i sonerization conponent or preferably on both the first and second
conponents. The netal is selected fromat |east one of Goup VIB and G oup
VIIl, preferably Goup VIII, nore preferably Pt or Pd. The anount of netal
can range fromO0.1 to 30 wt% based on catalyst. If the netal is Pt or Pd,
the preferred anount is fromO0.1 to 5 w% based on catalyst. In order to
maxi m ze catalyst utilization, it is preferred that the netal dispersion be

o, o, . A NN - a ~\ - N — .




30~ a ~ roar pronmote maxi numyl el ds of basestocks whereas ratios in the
range of greater than about 1 pronote nmaxi mum VI. The second fact of0ij¢| ign
the catal yst, inpregnated with about 0.5 wt% Pt and eval uated in converting
met hyl cycl ohexane to various cycl opentane conpounds at 10% conver si on,
exhibits a selectivity for ethylcyclopen@ane (ECP) formation above at | east
50% This technique is further explained as follows. The reaction of MCH
over the catalyst to various cycl opentane products is shown in Figure 1. As
indicated in Figure 1, the products of MCH deconposition include

et hyl cycl opent ane, . Gi z [ ar - di_met hyl cycl opent ane, cis- and
traps-1, 3di &8 RIJON OF JHE ENVENBION et hyl cycl opent ane. Thi's t echni que,
al so known as the MCH test is used to define relative acid site
concentration, strengths and active site constraint for the catal ysts

according to the inveny i c (1
t ot al cogversi on of &b?gerd gﬁgﬁ%gﬁl g%%@g@?@agpmﬂ@g%ﬁ@gﬁlm (D

i ndi cation wiaxyhgydicdarbory 6ils sudless sthckowak, slack wax BbmeeateCFischény TispstRP, at
10% conversion, is a neasure of the relative acid strength wherein high ECP
sel ect i vi t ywaa] BisshemTrapsch dsdmevatecwaxy raffingtds andowhxyvdistitlates. Eypically,

I i ndi i id h: d (3 h i f -1, 2- DCMVP
o L Tt ot o 1ok . e o BT g
R R AR WERERI LN 4 B e M L
act| ve. st Clecd il Bav¥ £ARRIgeR A% Hur o SHOPLAGSERRINSIO b, ldecd] Ve

high yield, the ratio o Lo trap usted to

| ess than if3h€ fded tdntain6 higler anbmusits df pulfatoamdaintdgenpthecfesd cah lberfgrsbot h
t he nunber and strength of the anorphous isonerization conponent. It is

g{)ﬁ:‘/g;;:f] Twhjigtedl ,s{y thaeftaﬁ\!/;vigIruig‘dgI aci.nm ze VI ?,s od Cté%ﬂ%t@cl:cgggzgls?? n?he
acid str e%g% fa-qadké‘t@%i‘ ﬁ%ﬁgsph‘gg}é."fmf? 9%@“@3§g{ hY‘ﬂ‘Pge P—éﬁéﬁ?"iﬁ(ﬁtﬁ 0 gse
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1. The hydr g herinaftr iade those aratalsfithé PefiodidEalslatof Bleinefifs; Safzent-esent
invention is conducted at tenperatures between about 200C to 400C,

pref er abl y Wlch Soiepific Caponmoetal pxide actrbttprsapparts mBp beamplpyedgen

partial pressures between, about 350 tp 5,.0Q0 j .4 34.6 nPa),

pref erably ‘YOBWREIE 256@Plf§i‘8usé‘?g@f?@0°l‘?:ﬁ%8lﬂ5 ,gﬁgﬁf&éc%g‘r&@as treat ratio
of 500 to 10,000 SCF H2/bbl (89 to 1780 nB/nB), preferably 2,000 to 5,000
SCF H2/ bbl (356 to 890 nB/nB) and a LHSV of 0.1 to 10 v/v/hr, preferably
0.5 to 5 v/v/hr, and HRdeotRéating idebiidicted sd ay/ty iower the sulfudlahdmigbgen

enbo& ment of the present invention the waxy feed is first subject to

sol vent deweotitentstto leveboaf 2 sippm of less mitvoger o020 wifpth or 1¢sswattur The

dewaxi ng sol vent used may include the C3-C6 ketones_such as nethyl ethyl

ket one ( VEKgsPeriallyy10 ppmidass mitnogen aad (10 ppap or desstsulfuz apd mest preterahlpito
aromati c hy rogﬂrg:ﬁ)on Iikgtol uene, %tures ]%f goeto s and aromatics |ike
MEK/ t ol uene V& UV S R AOT QRPN andiy, phm QF; Jg8s tor i xtures of 3 ~J U
| 2002 -9 sanme with ketones or aromatics. Simlarly, liquefied, normally
gaseous hydrocarbons |i ke propane, propylene, butane, butylene, and

conbi nations thereof WakyofeedsSétured frogn Aturaljetrdie@h@oakdes doataifiol vent
enpl oyed will be an equal volune m xture of nethyl ethyl ketone and nethyl

i sobutyl kequandities\ofisubfut gnd hitrogennconapeurtds whicheme knewndaowleattivate yeax
between 1 to 10 ,and preferably will be about 1:3. The dewaxed feed is then

subj ect ed thydrpisomertzationcatdyss doqueventdhisddeactvasinmit iypeelgrred dhat the
invention i enonstrated bel ow.in the non-I|jm.ti exanpl es. VPLES
el o1 Tioed CORBAD @ pTe D J0utprh REIFGF. dretolaly TesshaRE S SOHPRABE  acker
distillate ﬁp{!ﬁ} Sy WM ' t acidity in the
anor phous c%ﬁpﬁgoggﬁd ??g p ys(?é‘c%g'l pl\;,)grf%%gg{ gefggh%?l %ﬂgg*?glr%ggirlacker distillate
(Feed A) are shown in Table 1. Table 1: Properties of Hydrocracker
Distillate Feed A Viscosity, cSt at 100C, 5.19 Viscosity, cSt at 135C,
2.994 VI 150 Wax Content, w % 33.5 Boiling Range, (5/95% C 235-533 The
catalyst in Table 2 (columm B) was nmade by conbining the zeolite theta-1

(TON) in the powder formw th alum na (BET Surface Area 190 n2/n8) in the
powder formfollowed by intimate mxing so as to forma




3 0J UL 20D2 - to honpgeneous: powdered m xture and then formng into
catal yst pellets by pressing in a die and sizing to the required gl 302e.
Both the TON and the al um na had been | oaded with palladiumin the powdered
* formusing aqueous palladiumtetraamne dinitrate (at pH = 10) and

pal | adi um di chl ori de respectively before- tei ng interm xed. The catalyst in
Table 2 (colum C) was nade by conbining the zeolite TON with
silica-alumna (Si-A) using the sanme technique as used in colum Ato
produce a honpbgeneous powdered catal yst before formng into pellets. In

this case, the palladiym | oaded. (as ,pall gdi um tetraamne dinjtrate) on
to the finished unitizE@ag XFﬁseﬂyﬁtﬁéfep*esaﬂsmflﬁ@ivﬁmt@aﬂedﬁ%m a
conpari son qf ,actj.vity-and,se]l ectivit f these two catal ysts for

hydr odewaxi r{ﬁd\}‘é‘?gﬁss“i%ﬁr\%‘ﬂtm 8%?%&%{1€O| um A). The acidity differences

of each catal yst conponent and the corresponding finished unitized
catalysts is al so shown using the reaction of nethyl cycl ohexane at 320C.
The table clearly shovydftreatifif®andei cbnduclednBdieany typiedl I8/dioredtthg
strength) silicaalum na catalyst (colum C) gives |ower yield but mich

hi gher VI caapaystcsuchtas NifMoven gluntiwa ,CoMVMbyorealaminat €o/NifMo ail alwinrina,
(colum B) which results in high yield but a dehit in VI.  TABLE 2 Feed:
Hydr ocr ackerc-Bh Ki-BAt KF84RETIONT A0 KR 606 Critena et hb. o6 Simslatlyionlks 0. 25

wt % Pd Alum naQ. 3 wt % Pd. TQN./. .0 wt % Si.l i ca- Al.uni na DI, Tl erature,
C340329Pr o5 SHAYSS COBRSEIRG o B R Me RelidSs B8 Arialbedon s oo BRBLCT
PROPERTI ESYi % 2 1 117119122Vi scosit at 100C,

cSt 5. 455. 4549% i §§%§$%§tﬁﬁggt cSt 30. 2329. 9724. 09Pour Point, G 33- 37-
38MCH (m croporous) Conversion at 320C19. 219.20.5 wt % Pt on

TOECP6161traps-1, 2/trans-1, 3 DMCPO. 160. 16MCH anp hous su ort Conversi on at
32000. 1> 8ECPn/ aS O r dfydibtating ns perfermidorttemperatoresuini the raugec286IC to

SO SHBcar bty SI5 AL M el ifre e Ao fdeiar ot e
ol d- _ : Ll ity of
Fu St <00, A AR PR ORISR b
(Feed B) ar haporanked PSS CASVERPRRFINGR 2 LS o O o e acker
Distillate Feed B Viscosity, cSt at 100C, 3.99 Viscosity, ¢St at 135C,
2.366 VI 127 Wax Content, wt % 22.4 Boiling Range, (5/95%, C 325-475

TABLE 4 Feed: Hydr ocr aEhechydiotieatedawaxyBolRCsitipped Y6 TSnbve amneniaxandAd, S ON
(25) /

and then is subjected to the hydroisomerization process of the present invention.

) The catalyst employed in the hydroisomerization of waxy feeds in

| accordance with the present invention is a unitized mixed powdered pellet
catalyst. The term "unitized" as used here and in the claims means that each
pellet is one made by mixing together a powdered first component with a
powdered second component and pelletizing the mixture to produce pellets each

of which contain all of the powder components previously recited.

The unitized catalyst can be prepared by starting with individual
finished powdered components pulverizing and powdering such individual

finished components, mixing the powdered materials together to form a



"Pt Al O75Pd TON (25) / Si-Al 75Aver a Reactor Temerature, C

-314329Pressure, si- -10001000v/v/hr- -1.01.0TG Rate, scf/bbl - 30 JuL 1M
- 25002500PRODUCT PROPERTI ESYi el d, 350C+758074VI 110113117Vi scosi at 100G,
" cSt3.943.933. 75Viscosi at 40c, cSt- -- -- -Pour Point, G 21- 23- 18MCH

(mi cropor ous) Conver si on at 320C19. 219. 2055 wt % Pt on \

TONECP6161trans-1, 2/trans-1, 3 DMCPO. 160. 16 MCH anp hous su ort Conversi on at

320Cn/ a0. 1<, 8ECPn/ an/ aSQtrans-1, 2/trans-1, 3 _DMCPn/ a< 1> 1MCH unjtised catal

st Conver si ohOTHPEENENYS M3ss; then commpressng oxrading ang pelletiag thus pradueingthes 1. 48
2001, = 14. The

wwOr NOQ.N , 3.0 J t hods .of .making tmwo of these
catal ysts (PRHEHHBEHCLEAAT, LulVeTizng RRL QOMREERg 5 Faa FOISIRMs B and C i n
Table 4 all gw: ' . | el : ' t

catal yat o, SAPARERSE0PElnil oF ol 5o BBFvet el Bo Ve a e Bt
yields wt VR siYe |3 gﬁmp Crhi¥on t he higher acidic catalyst (colum Q).
Exanple 3 ?%%rg ex%rrpres urt erﬂlllﬁo?}gtrat es the yield-VI trade and shows a
conparison of activity and selectivity of tw catal ysts for

hydr oi soneri zation a %Iv]dr ocraker distillate (Feed B) versus sol vent

dewaxi ng. Thi s exanpl €he firststompanent fsa catplyticadayvaxing component includingint s of
m cr opor ous conpone t,éi)o (g:wrphous coppponent the oyerall acidity of the
unitized ca‘E‘XF@!-“"a and, 1§ singmelecpiar sigves. (rys Wpleculas| SIEVES conpar es
two unitiz bot h_pf .whi ¢l have: bheen de conbi ning the
powder ed zé‘%ﬁ@‘%iﬁ%ﬁﬁﬁaﬁ*é-oaﬁ’fb‘}’o\ﬁﬁf‘f?t?asng“u%ﬁ}?eﬂ&fpg%F ﬁmgﬂs conponent in
di fferent rg@jitOanAito dj tc@)ﬂ!iﬂbtgﬂiﬂ' LS i I ng

pl ati hum tes';ﬁrlg% ne oé%ﬁ?gétle%ega%g@?% shows g@onpaél%gﬁwéﬁﬁglgp?vi ty and
sel ect i vi t yzdobites Siheasaaionlites thabiaeite (ESNASNESNEATOZSAGKS, Thewd-11(Z8Me- B, the
physical properties of which are shown in Table 3, with solvent dewaxing.
The cat al ys22), £SMi23xZSM+a5, ZSM«A8 naturad and syathetigferrierie OMIM-57,ibetaf | ess

than 1 shows hjgher vield but_|lowey VI, than_ the_catalyst in cqlum C which
has a tr apdnerdshite and. offeetifsy Exsmples f caystalingalymino- and gifteoalupinor.

Hydr ocr ack LRLd L L ate %_ T [ 440 | L §%§ ) [/
Silica-Al uﬁ#hr?gbgé{ls% l‘%‘%ﬂgs qd/?’ Wéﬂ%ﬁqg&gﬁgﬁ Prf%i{é ver dé§ eact or
Tem er at ur eprefettdd BRARRZSRAB! BSMLDS, ZSM-231 AAAAARAY hid BAPO-1.101. OTG Rat e,
scf/bbl - -25002500PRODUCT PROPERTI ESYi el d, 350C+7565 SOb5 45VI 110106 102112
109Vi scosi at 100C, cSt3.944.1 4.053.83 3.81Viscosi at 40c, cSt18.5619.528
19.8417.33 17. 306Pour_Point, G 21- 23 -43- 20 - 36MCH .

(i cr opor ous) Conver si Bhe sgcopdasomerization; cospopentpande any of the typical

ZSM- 5ECP5252trans-1, 2/trans-1,.3 0. 020..02MCH a hous,. su ort ver si on
at 320C12. fi%iﬁ%ﬁ?@ﬁgsﬁc%%g% COMBTISNAAMATPhOYS FEFREODLMEt Ay cat al

oo N S surbbid allind ity ARSI b Mica bl ital 2 ©
that \good rygioeiess.) 8 wHLR had beas pRErblP demsiier ackca ety BUAVE aedlly St

conveér si on. However, the netal in a m xed ‘powdered catalyst can be
di spersed aeldcted from Gpoupdd B, GroupeViIl By Gooug WEI metals and mixtures

thereof, preferably Group VIII, more preferably noble Group VIII, most

(¢

preferably Pt or Pd and optionally including a promoter or dopant such as yttria,
rare earth oxides, from, e.g., La, Ce, etc., boria, magnesia, etc. The catalytically
active metals are present in the range 0.1 to 5 wt%, preferably 0.1 to 3 wt%,
more preferably 0.1 to 2 wt%, most preferably 0.1 to 1 wt%. The promoters and
dopants are used to control the acidity of the isomerization catalyst. Thus, when
the isomerization catalyst employs an acidic material such as silica-alumina,

acidity of the resultant catalyst is reduced by addition of a basic material such as



anor phous conponent. The catalysts in Table 6 were nmade by conbining the
zeolite theta 1 (TON) in the powder formwi th alum na (BET Surfac§qxr§ﬁ]z 7
1902/ mB8) in the powder formfollowed by intimate macing so as t d @
honbgeneous powdered m xture and then formng into catal yst pellets by
pressing in a die and sizing to the requbred nesh size. The TON in the
catalyst in colum A had been |loaded with platinumtetramne dinitrate
before being interm xed with alumna. The TON in the catalyst in colum B
had been | oyitieal rare eartinbkalesufromne.glh &.ap Qerletoecbdria or mmgnesiagudyus pal | adi um
tetraam ne di nltrate (at szlO) before being interm xed with alum na. The
TON in the entenlling theratisl ewilica:pbunipa dn the silisa-almmngal | adi um in the
powder ed form usi ng aqueous tetram ne dinitrate (at pH=10) before being
interm xed with platinumloaded (as platinumdichloride) alum na. The
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catalysts ifirspdewaxindccdirpbenithalsebetd ﬁs&rénzaaoﬂ cémiﬁolneﬁpeﬁ refér%bl)paﬂed

only on the TON zeolite conponent. The Pd TOV al um na cat al yst (col’'um B),
whi ch has lasthithe firstdimpsecond compenetitswTheanbtal és saledted dvam atddast ong of or
pour point reduction than the Pt TOV al upi na catal yst (colum_A) which has

65% net al  WERR YiBand L@Mpnﬁﬂ&durfqr@blxﬁmupo}/llﬂacm@m pwéer@bwhar Bdnponent
(Colum C, .and Colu ectlv ves,, t t|V|t
cat al yst toﬁgq@npgggnfglptatl 5’9&10 lﬁgé& g ad: éé@e
Hydr ocr ack 0 % ON (25)
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A12030. 25 vin%rier t thimize\eHalydt ORBERGH, ¥ is réﬁ?feﬂ'tﬂﬂtﬂi&xﬁ@fﬂ)ﬁfs@@ﬁ&i 65 /
--0.12 / --0.12 / 0.940.12 / 0.741Average Reactor Tenperature, Poi nt,
C VIYield de atdeast 0,8 {@varscale where 100% metal dispersion is 1.0) if the metal is

only on one component. If the metal is on both components, then it is preferred

that the metal dispersion (D) times the metal concentration (C) (i.e., D x C) on

one of the components be at least 0.08.

The first and second components are combined in a ratio sufficient
to promote wax isomerization and naphthene destruction without substantial
decrease in V1. The zeolite to amorphous inorganic oxide ratios for catalysts

) according to the invention range from about 1:1 to 1:20 by weight, subject to the
MCH test described below.

One technique for determining the proper ratio of first and second
components in the catalyst is based on an evaluation of the combined
components containing about 0.5 wt% Pt in converting methylcyclohexane
(MCH) to various cyclopentane compounds. Catalyst that at 320°C provide a
ratio of trans 1,2-dimethylcyclopentane to trans-1,3-dimethylcyclopentane
(trans-1,2/trans-1,3 DMCP) in the range of less than 1 have been found to
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Good netal dispersion on zeolite - excellent catal yst activity. Poor netal
di spersion on zeolite - poor catalyst actiivity. Poor netal dispersion on
zeolite, good netal dispersion on support - good catalyst activity b
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powdered pellet catalyst having (1) a first dewaxi ng conponent sel ected
from8, 10 and 12 ringhenkesnd fictd iSWifenathe catalyst! Reprebrardiwith dbodt second

| soneri zation conponent which is an anorphous inorgani ¢ oxide; and (3) at

| east one 00.5awt%Rtandlévahratedhinkanvertifig metstleyclbhekangaoatarions conponent ,
wherein the first and second conPonents are present in a ratio such that

when eval uaexelopentane compounds atnl B convession; gxhihitsaasalectivibofic t o

and ot hyl cySIRIGHRB It (E I rpeRon APV LR ys Y /el opentane

traps-1, 2-/traps-1, 3-di net hyl cycl opentane ratio in the range of less than 1
and a selectivity to ethylcycl opentane, at 10% conversi on, of at | east
about 50% 2. The net i @thigae B furteeexphihétPasfollows) STh igfidRlofl s at

| east 'one of a 10 ring and 12 ring nol ecular sieve. 3. The nmethod of claim
1 wher ei n t MCHsuvee thezcatalyst toovgroousdyclapeatanegaretiuctsas sliown lin Fagural luni na,
titania, zirconia, siligca-alun na and silicanagnesia., 4. The met hod of

cl ai m 1 whefsitndicated;in diiguie hthe prednietoptMCH degompesitiondneluge ethyl-ca,
| umi na, titanpi d zi. ia 5 .T thod of claim 1 ingh
ot zat | SPIRBTIAN fio- e - dnegiyOicloBonihé Gt ald a0, 3

i soneri zat i Bf
dimethylcyclopentane and 1,1-dimethylcyclopentane. This technique, also

known as the MCH test is used to define relative acid site concentration,

strengths and active site constraint for the catalysts according to the invention.

The key factors are summarized as follows: (1) total conversion of
MCH for a given catalyst weight at 320°C is an indication of the relative number
of acid sites; (2) selectivity to ECP, at 10% conversion, is a measure of the
relative acid strength wherein high ECP selectivity values indicates low acid
strength and low ECP selectivity values indicates high acid strength; and (3) the
ratio of trans-1,2-DCMP to trans-1,3-DCMP correlates with the constraint at the
catalyst active site wherein a high ratio (>1) indicates little or no physical
constraint at the active site and a low ratio (<1) indicates a physical constraint at

the active site.

In the present process, to produce a catalyst that will give high
yield, the ratio of trans-1,2-DCMP to trans-1,3-DCMP is adjusted to less than
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cl ai m 1 whepbout § predamipantbeby centellinghothdhenumben and sgengthfrtheof up to
+10C before _hydroi sonerization. 12. The t hod of, claim 10 wh in the

i orot er _or SOREHRUS SO ComBIRGHE: B Prteripd., P Thpncid sHamed ang
magnesia. 1 , i %g jng a waxy feed to produce inproved
yield of a ?rgboﬁa asre@?no‘%ﬁ{e\lflvt%c cﬁca?)h’rrprl s@s’: contacting the waxy feed under
hydr oi someri zation conditions with a catal yst conprising a unitized m xed
powdered pellet catalyst having (1) a first dewaxi ng conponent sel ected
from8, 10 and 12 rin@onvesely, arcasdlgstahaewill maximizesVi iseprediiced By a second
i sonmeri zation conponent which is an anorphous inorganic oxide; and (3) at

| east one oincreasingithe\icil stmength @f dhe andorphonstpliasey dn tyscasd vns prefpoadnt |
wherein the f rst, 3 Y, Jul 2002 -2 and second conpongnts are present in
BTatl 0 suct BHRREhRARd SHFDERATIOPhONS COBPOBPUS SHOBRS tagAlupasPfexane at

13- ai et hy PSR SeABRRES, Ao SR bmkife ShaPE bR is by changing; e .

traps-1, 2-/ hE@ﬂIOE% ‘(r‘lyscé&pg(;ﬁ WopN! f st 1
and alsel ecﬁc?iatﬁ?ﬁfgthgt y yt opent nee,mg? H%%}?gmhﬁgrg?ioo , o?pastuallglég%?
about 50% thsurAtiz&d éd@lySthds & trads-1/%traht= 1/ BDMCRIALbL.ofpA.. Af. A A 3. A As

. Al 9/ 1H#?} U7vEOR\ ng~X )| vgl gb\ W ca] c*a] ca] ca] ca] ca] c”a]ca]ca]c

alcaU caU c:a]c:al c:a]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c”a]ca]ca]crhalchal
ca )jvzNv[ _AQswee?"""

gL]c gL]c gL]c ch ch al g aL g %g M&F@éﬂ%} process wilizing the catplyst of thewresent) cga)
ajcal™" VW#&&]D(V)C*@Q%’}‘S-P nqucted.af s mpsEAYSs %%%%%%?Wéc\ffﬁo@ao& a]ca]calcalc

o o] cal cof BEHEAPRA2SSCRLSRET HEAMBH IREARSGIIR €T SBE-E @i drogen
<<>b>UQ @ @l@@ﬁ?ﬁsmmwmsmd@ﬁig@m%@ﬂ.s MPH pecttadlyal ca

] ca] ca] ca] c™a] caf ca] ca] ca] ca] ca] ca] ca] caJ ca] c*a] ca] ca] ca] ca] ¢af c*a] c~a

7 DDDDDE@EVE] JoBBH) 12500Hisid-{F- it &2 inPa) NI droget gatrbat rdtibasfai ajoc H),66P ca] c
a] ca] ca] ca] ca:ca] cal cal calﬁ caljca cal] ca] ca] c"a] ca] ca]Oce§ c"a] ca].ca] ca] ca] c"a
] ca] ca] ca SCF Ha/bbl (89 to 1780 m>/m>), preferably 2,000 to 5,000 SCF H,/bbl (356 to

YINEN - do T T UYLI7 \Jr ZU cg] cal,cal cal cal ca] ca
] ca] (C:;e\ll]g ((:J;] c ane & gga(]fc(gr3%ﬁ£‘]/¥%\é/’]\%/%ggg§é'aétg}ljte aY/g’]/hI’ B e

a] cal,ca] ca] g~ ! Y| AB\WY\ _\b\g\WM\\$ b " " . aaaaab@Wb} x
s]ni d]_)ZU} ca} @%e?%:é?%ﬁ%?c'at iicma] cal E:a][ E:g][ ca] ca] ca] ca] ga] ca] cal] cal] ca] ca] c"a% c
aU] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca! WbbbcNcccc- doddd" ef g

gh\$ b " . aaaaab@W} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal] ca] ca] ca] ca] calica aké¢matecerthbadinednt aff thd prdsent mabnton th?waky feed

109%&' ()- S10%&' ()- 109& {)- 109%&' ()- ylo%&' ()- MLO%&' ()-& 10%& ()-}U7vi K-1
010%&' () - L- Bifixsgsybject to solvent dewaxing to a pour point of the order of +10°C or

lower.

The dewaxing solvent used may include the C3-Cg ketones such as
methy] ethyl ketone (MEK), methyl isobutyl ketone (MIBK), mixtures of MEK
and MIBK, aromatic hydrocarbons like toluene, mixtures of ketones and

aromatics like MEK/toluene, ethers such as methyl t-butyl ethers and mixtures of
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same with ketones or aromatics. Similarly, liquefied, normally gaseous hydro-
carbons like propane, propylene, butane, butylene, and combinations thereof
may be used as the solvent. Preferably the solvent employed will be an equal
volume mixture of methyl ethyl ketone and methyl isobutyl ketone. Typically
the isomerate to solvent ratio will range between 1 to 10 and preferably will be
about 1:3. The dewaxed feed is then subjected to hydroisomerizing as described

hereinabove.

The present invention is demonstrated below in the non-limiting

examples.

EXAMPLES

Example 1

This example illustrates the yield-VI trade-off on a hydrocracker
distillate (Feed A) for catalysts with different degrees of acidity in the
amorphous component. The physical properties of the hydrocracker distillate
(Feed A) are shown in Table 1.

Table 1: Properties of Hydrocracker Distillate Feed A

Viscosity, ¢St at 100°C, 5.19
Viscosity, cSt at 135°C, 2.994
VI 150
Wax Content, wt% 33.5
Boiling Range, (5/95%) °C 235-533

The catalyst in Table 2 (column B) was made by combining the
zeolite theta-1 (TON) in the powder form with alumina (BET Surface Area

190 m2/m3) in the powder form followed by intimate mixing so as to form a
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homogeneous powdered mixture and then forming into catalyst pellets by
pressing in a die and sizing to the required mesh size. Both the TON and the
alumina had been loaded with palladium in the powdered form using aqueous
palladium tetraamine dinitrate (at pH = 10) and palladium dichloride respectively

before being intermixed.

The catalyst in Table 2 (column C) was made by combining the
zeolite TON with silica-alumina (Si-Al) using the same technique as used in
column A to produce a homogeneous powdered catalyst before forming into
pellets. In this case, the palladium was loaded (as palladium tetraamine
dinitrate) on to the finished unitized catalyst by incipient wetness.

Table 2 shows a comparison of activity and selectivity of these two
catalysts for hydrodewaxing versus solvent dewaxing (column A). The acidity
differences of each catalyst component and the corresponding finished unitized
catalysts is also shown using the reaction of methylcyclohexane at 320°C. The
table clearly shows the higher acidity (greater number and acid strength) silica-
alumina catalyst (column C) gives lower yield but much higher VI compared

) with the very low acidity associated with alumina (column B) which results in
high yield but a debit in VI.
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Columns B and C in Table 4 allow a comparison of the yields and

2109%6&
210%6&

VI's obtained by both catalysts. Again the least acidic catalyst (column B)
exhibits higher yields with lower VI's compared with the higher acidic catalyst

(column C).

) Example 3

This example further illustrates the yield-VI trade and shows a
comparison of activity and selectivity of two catalysts for hydroisomerization a
hydrocraker distillate (Feed B) versus solvent dewaxing. This example
illustrates that by changing the relative amounts of microporous component to
amorphous component the overall acidity of the unitized catalyst an be tailored

to maximize yield or VI.

Table 5 compares two unitized catalysts both of which have been

\ made by combining the powdered ZSM-5 (Si/Al ratio 110) with the powdered
amorphous component in different ratios and then loading platinum by incipient
wetness using platinum tetraamine dichloride. Table 5 shows a comparison of
activity and selectivity for these catalysts for dewaxing hydrocracker distillate B,
the physical properties of which are shown in Table 3, with solvent dewaxing.
The catalyst in column B which has a trans-1,2/trans-1,3 DMCP ratio of less
than 1 shows higher yield but lower VI than the catalyst in column C which has
a trans-1,2/trans-1,3 DMCP ratio greater than 1.
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210%7n& ( )(column B), wa1ch112 138086 @spWh% to have much lower
activity for pour point reduction than the Pt TON/alumina catalyst (column A)
which has 65% metal dispersion.

Loading additional Pt or Pd on the alumina component (Column C,
and Column D, respectively) improves the activity of the catalyst to the level of

that observed in Column A.
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1. A method for hydroisomerizing a waxy feed to produce
improved yield of a lube basestock which comprises: contacting the waxy feed
under hydroisomerization conditions with a catalyst comprising a unitized mixed
powdered pellet catalyst having (1) a first dewaxing component selected from 8,
10 and 12 ring molecular sieves and mixtures thereof; (2) a second isomerization
component which is an amorphous inorganic oxide; and (3) at least one of a
Group VIB and a Group VIII metal hydrogenation component, wherein the first
and second components are present in a ratio such that when evaluated in the
conversion of methyl cyclohexane at 320°C to 1,1-dimethylcyclopentane, 1,2-
dimethylcyclopentane, 1,3-dimethylcyclopentane and ethylcyclopentane, the
catalyst will provide a trans-1,2-/trans-1,3-dimethylcyclopentane ratio in the
range of less than 1 and a selectivity to ethylcyclopentane, at 10% conversion, of

at least about 50%.

2. The method of claim 1 wherein the dewaxing component is at

least one of a 10 ring and 12 ring molecular sieve.

3. The method of claim 1 wherein the isomerization component is
at least one of silica, alumina, titania, zirconia, silica-alumina and silica-

magnesia.

4. The method of claim 1 wherein the isomerization component is

at least one of silica, alumina, titania and zirconia.

5. The method of claim 1 wherein the isomerization component is

alumina.



210%7n& () -2Z2zz27Z ?1 3 210%M7n& 3 210%M7n& ()-3 210%%M7n& ()-3

2109%7n& () -3 210%m7n& ()-3 210%7n& ()-3 210%m7n& () - ZZZZZZJJ*’>/3

210%7n& () -3 210%7n& ()-3 210%7n& ()-3 210%7n& ()-Y 'Cc 30 Jy

#' ++.2277777[ _?/3 210%3 210%7n& ()-3 210%7n& ()-3 2109%m7n& ()-3 L 2007
210%7n& ()-3 210%7n& ()-3 210%7n& ()-[[ [ [[[E*?/3 210%7n& ()-Y 'Cc

# ++.23 210%7n& () -3 210%7n& ()-3 2:@W7/n& ()-[Y[[[[WW]|[9/3 210%! 8
f&1109%9q70q7& ()- 3 f&L10%7& ()- 3 :F10%97& ()- 3 $ $10%7& ()- 3

#10%7& ()- 3Y IMO%7& ()- Y\_\"\a\b\g\w\\gP/3 3 S 1096 & ()- 0

310%& ()-7 3y10%& () -Fy Y00 (bl 110047097, 10907 007,: 1090 00TL 8
is a Group VIII metal.

7. The method of claim 6 wherein the metal is Pt or Pd.

8. The method of claim 6 or 7 wherein the metal is dispersed on

both the first dewaxing and second isomerization components.

9. The method of claim 8 wherein the metal dispersion on at least

one of the components be at least about 0.3 wt%.

10. The method of claim 1 wherein the Group VIB and Group
VI metal hydrogenation component is promoted or doped.

11. The method of claim 1 wherein the waxy feed is solvent

dewaxed to a pour point of up to +10°C before hydroisomerization.

12. The method of claim 10 wherein the promoter or dopant is

selected from yttria, rare earth oxides, boria and magnesia.

13. A method for hydroisomerizing a waxy feed to produce
improved yield of a lube basestock which comprises: contacting the waxy feed
under hydroisomerization conditions with a catalyst comprising a unitized mixed
powdered pellet catalyst having (1) a first dewaxing component selected from 8,
10 and 12 ring molecular sieves and mixtures thereof; (2) a second isomerization
component which is an amorphous inorganic oxide; and (3) at least one of a

Group VIB and a Group VIII metal hydrogenation component, wherein the first
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