10

15

20

25

30

35

DEWAXI NG PROCESS USI NG ZECLI TES MIT AND MIwW BACKGR(lJND
THE | NVENTI ON Thi s application clainms the ben

OF
WOZPT91496 by ovj sj onal Application Serial No. GBF?/@@ZTQ/Q”ISG

filed August 4 , 2005. Field of the Invention The
presen

hydr oc PR RMEPR OGS S UGN ZECASTES T ARDARIV
zeolites MIT and MIWas a catalyst. State of the Art

Because of thei ' [-ex| hﬁv stics, as
well as their MMHHG

mol ecul ar sieves and zeolites are especially useful in
appl i cations such as hydrocarbon conversion, includin

Thisvarplicption digichsolberhenefit ebds3. dtieyisiated Hpuod;gaﬁlmysan@l 0.
ugi e haze point in feedstocks such
%ﬁ?gﬁp%&%‘ggu%‘gg@b@f or exanple, U S. Patent No.

6,051 ,129, issued April 18, 2000 to Harris et al., in
whi ch zeollte EU-1 in_conbi nation with ZSM 48 and/or
SSz-32 is used to rediigl ¢fdhe Ipyerdiongnt st ock. This
patent is incorporated by reference herein inits
entirety.) Al though many different crystalline

ol ecCliHeapresealpwehtior rdlates tdipsod:ased fot dewaxing hydrocarbon
cont.i nui n eed for new zeol esi

TBPaTEPt BRIt g FoTanBAT sl ek T Sab MM G gatalyst.
and ot her applications. SUNNARY OF THE I NVENTION I n
accordance with the present invention, there is

provi ded a dewaxi ng pr oStaig of thepAitsi ng contacting a

hydr ocar bon feedstock under dewaxing conditions with a
catal yst conprising a conbination of zeolites having

the Mdcaard JftNéir uamwé(vm% RRbeMiasstidel Hoadiiae thee
connectivity of their tetrahedral atons (referred to
cwéalatmpm g8, Hsyatting maclemuipr sieves andiaesiites algespreially

ﬁﬂliiﬁ SPpMond NS IPhydibéSbof TonvBAoR ifciThfyWewaiify of

hydrocarbon feedstocks. Zeolites may also be used for reducing the haze

point in feedstocks such as bright stock. (See, for example, U.S. Patent No.
6,051,129, issued April 18, 2000 to Harris et al., in which zeolite EU-1 in
combination with ZSM-48 and/or SSZ-32 is used to reduce haze in bright
stock. This patent is incorporated by reference herein in its entirety.) Although
many different crystalline molecular sieves have been disclosed, there is a
continuing need for new zeolites with desirable properties for hydrocarbon

and chemical conversions, and other applications.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is provided a dewaxing
process comprising contacting a hydrocarbon feedstock under dewaxing
conditions with a catalyst comprising a combination of zeolites having the
MTT and MTW framework topologies defined by the conneciivity of their
tetrahedral atoms (referred to herein simply as MTT and MTW) wherein the
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and MIW zeolites are preferably predom nantly in the
hydrogen form The present invention also includes a

wonroeaasiobor i nproving the viscosity index of acuasa00ed30156
product of waxy hydrocarbon feeds conprising

l\)f'?f‘taﬁ&tl\h ﬁé}ﬁltél@Mv@&q{rgﬁgf %]9% rl]éss%\?tmﬂ?ﬂ e chrqn The MTT

I soneri zation dewaxin a cata

andrigTWszedites amtplraﬁaltabdmpm‘domnémﬂ)em tNEﬁydmngeMT form.
preferably predom nantly in the hydrogen form wherein
the MIT and MITW zeolites have a crystal size |less than

0.1 mhe f8serflRveitfsitalso i égg)r(géﬁfésrﬁf ihpro\itiPthed

process for producing a C2o+ froma C20+
visicesitynindew @f @odﬁwam gradsistret waky ydrmicarsirefeiedsfoseprising

BBfiink MG Waks PrHEfeRRR ket i SomBrgRid #8laxing
c@ﬁﬂiﬂbﬁ@thﬁr‘a ehtalecbhitisMbla ebﬂ\bMEdeMtﬁfz@oﬂtésfMTWa'ﬁd

and MIW zeolites have a crystal size less than O.

M8 grefenemdy E@ﬂqmlégnﬂw he ptdseeseh fat Wharainithe NITT and
I\h"ﬁ\ﬂfr Aafited RAVE 5 c&ﬁ%Fﬁ{@@&qh% Yoh} Ehisni nvention,

e 1's also rocess for catalytlcally
dewaxi ng a hydrocarbon 0|I feedstock boi |'i ng above

abo 3500F and ta ht cha d sl
o1 s TP TERI T H Lo T BIRGoe Gt BCRI o e
hEB/éjBiPFréﬁpé’@z&' 6leﬁﬁ$é’éd eérlﬁﬁhgmgh%n%ﬁﬁ P&RiPblekindesd under

ydrogen gas at a hydroge ssure o about 15-3000
|$mnemzatbnacomdttadr5%mvecrmpa’cabfshgompmslegat leasd oGedaroupl Vil

Befand Ao uaaen AbrealySy Michend FEnd0inéEh Mo YT and,
mw 2oliter o Vd MVcrRRhl i8S IdMAan (0T Hedh. FThécohis rhiphe

0.1 mcron. Further included in this invention is a
predeainantly in theohydrpganifeim.dewaxi ng a raffinate
conprising contacting said raffinate in the presence
of added hydrogen with a catalyst conprising at |east
one @&jadpordahte withathisindenatioqithéersit iakso pfovidawl & pescdds TFor

c%?aogyt'i\g;\l/l\{/ \é\j'galraiiin% yp\?/dmz:grggr(\j oil}ﬂfré/gdzs?gé&g tt)giﬁng above about 350°F
and containing straight chain and slightly branched chain hydrocarbons
comprising contacting said hydrocarbon oil feedstock in the presence of
added hydrogen gas at a hydrogen pressure of about 15-3000 psi with a
catalyst comprising at least one Group VIl metal and a combination of
zeolites MTT and MTW, preferably predominantly in the hydrogen form,

wherein the MTT and MTW zeolites have a crystal size less than 0.1 micron.

Further included in this invention is a process for isomerization
dewaxing a raffinate comprising contacting said raffinate in the presence of
added hydrogen with a catalyst comprising at least one Group VIl metal and
a combination of zeolites MTT and MTW wherein the MTT and MTW zeolites
have a crystal size less than 0.1 micron. The raffinate may be bright stock,
and the zeolites may be predominantly in the hydrogen form.
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predom nantly in the hydrogen form The present
i nvention also provides a process for reducing the

i n al 5o educi ng

Cont TrbSeft indedt SERTMOMARSERBRI fokirffucing the cloud
pmﬁjt:uf apioydrocarbbniféeah gonmjeilsint}_:p&tﬁﬁﬁ?tmg & h??ﬁb{@bﬂ%c)ﬁi bil

S e (o risin co )l nati.on o azeO|_e avl n
RSO O B Aa8 8 A QLB OB eIt VamADOSE M3 ohlsbsssi n

: Pt ) tal i

SRt ESmBREIEaRBIaieh oIy fodiid huuhg MPT 160837 ghB
zeolilgshauihg VW dopalogy whebDeEfAhe BT DESERIPIV £20IBEs fible a

I NTI [N, hydr.odewaxi n ne target is t .
h{RPOUEn S . 1 B0 Ay uPBesin st Borlop aigaid
fadsieclaisecdrebitegnconverted, they can cause haze in the
product. The haze is quantified by cloud point. The

G bbs free energy of adsorption for n-al kanes
guantifies b|E% ; Eeylh.an, . zeoll
structure ' SSor-br-Ag—atid
al kanes. In order to reduce the cloud point, it is

advant %ggous to enploy zeolites that inpose a
i

si gnilf h¥drpdeyaxifge PNEjtaraet is kxhydrargpv it thedopepst on on
hgd}ﬁégbéﬁs @Hﬂ@?@é’d.thtr@%%réreqéﬁglhegﬁver@op kﬂ'\?\ﬂe\{ é&r? cause haze

nergi es of adsorption can be determ ned
irc thesprodent yherfthzeds guaotifiedosroid iebpaint.t hese

determ nations are presented in "Journal of Physical
Chem stry B" (2004), 108(33), 12301-12313. These

det eMie@ibbeted éﬁiér@??d‘r‘ ab88fptiohGoFhIdIRIrRRGUARITIE $he ability
absorbi ng and converting a l'ong n-al kane and a short

ohaatierdar zeddig piructurerfor selertivebr avrorbing aviTeanyesting

g eSS I bR ng SRl B s ol OB . Kiimlov
zboligsanat inlpost asighiisariy lovieri GibBy fiekl sridigy bhad&bmiisn on a
free energies of adsorption of these zeolites

IQhah sPpaged taughprhnaifangll y

Gibbs free energies of adsorption can be determined with consistency
and accuracy. Examples of these determinations are presented in “Journal of
Physical Chemistry B” (2004), 108(33), 12301-12313. These determinations
indicate that the difference between absorbing and converting a long n-alkane
and a short n-alkane is only minimally different for MTT-type zeolites. The
MTW-type zeolites exhibit the maximum difference in Gibbs free energy of
adsorption between long and short n-alkanes. It is surprising the Gibbs free
energies of adsorption of these zeolites demonstrate such a markedly
different response to the variation in n-alkane chain length. By employing
MTW-type zeolites in addition to MTT-type zeolites, the conversion of heavy
wax (long n-alkanes) can be significantly increased, thereby lowering the
cloud point of the product.



5

10

15

20

25

30

35

di fferent response to the variation in n-al kane chain
| ength. By enploying MIWtype zeolites in addition to

wORMtgpwe zeol i t es, the conversion of heavy warCfiusa@e/030156

n- al kanes) can be significantly i ncreased, thereby

navi ries TR Mo BT a Bl PRy preffins For example
tiex 2eplite, dasignated ' S2- &%awemgmzwrn?m%mmmd in
U485 Bfere Yo, 4 08E 378, 28ued Botoersh, Yag g Anesripis patent

e DS IGHES mesﬁfbﬁé%?uohhﬁ z@bﬁﬂ%aSQZl@ué]ﬁ? 289U16\RerSaiky PN -

usi ng | ower al kyl - i sopropylim dazol i um cation
wranyldn@iaapburgtqau@n @seanitigeniq sisuciyendirgating)agent (SDA)

SN e Baitl Pl HaP! 23S FallrtNo 3 TR2P. iles

R@bﬁ:@ém 1978 tp rFa@@lt at alodisdlosdettreplcbhratitRsofanatzedlite
ZSM 23" a zeolite with a structure simlar to

designated u%$M92%1 @aaqobte With eV Gtyrsnsimiar i PEZne2, asintha
Hon JFILAYER B ing 4 EMTR, Zec eIty AR ar
carrm*nemgrreferrm:tjtqm kating dne MTNC fraprvadrk doprogy . rBdiIh of the
AT biensr Har e Ara dsrBotated Rt by seterents I Ber eritirety.
|ﬁ%au&mt &d 378ktak, MRfdlSoR owd@efmargsrek}ss Mfé@z ﬁ%ﬂé’ Laeltes

he zeolite designated EU-13 i s descri bed
dgﬁtgﬂaé@% &I-@andll& 1 /&s| haying thBeMTTt ’r@pslogweWoe lzew@es

sl FER 3R HediingS R A Shar s M 2 e

H@ameemksr yp@!sn@t NEliszd Edities, 20081, kewational Zeskemsdociation
Pat ent . 4,222,855, issued Sept enber 16, 1980

alsd“qyé'l‘g fheeMdT ‘QPOIOQMI scloses a dewaxi ng process using

ZSM 23 or ZSM 35. Likewise, U S. Patent No.

5, 376, 260, issued Decenber 27, 1994 to Santilli et
mbwwkmg psocessesasingMiasites iarenignawre Halexample, U.

4ARENOT8. 22255, issuesl9eombes dOun dad Ta e e H, =
dlscloses a dewaxmg process using ZSM-23 or ZSM-35. Likewise,
U. S. Patent No. 5,376,260, issued December 27, 1994 to Santilli et al.,
discloses a dewaxing process using a catalyst containing SSZ-32. U. S.
Patent No. 6,663,768, issued December 16, 2003 to Miller, also discloses a
dewaxing process which uses ZSM-23 or SSZ-32 in the catalyst. U. S. Patent
No. 4,601,993, issued July 22, 1986 to Chu et al., discloses a dewaxing
process using a combination of ZSM-23 and zeolite Beta. ZSM-12 (MTW) is
mentioned as a possible catalyst, but the combination of ZSM-23 and ZSM-12
is not disclosed.

Zeolites having the MTW topology are also known. For example, the
zeolite designated ZSM-12, disclosed in U, S. Patent No. 3,832,449 issued
August 27, 1974 to Rosinski et al. (incorporated by reference herein in its
entirety), has the MTW topology and is said to be useful in catalysts for a
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dewaxi ng process which uses ZSM 23 or SSZ-32 in the
catalyst. U S. Patent No. 4,601,993, issued July 22,

wo2BE/meChu et al ., discloses a dewaxi ng procees/uss006930156

a conbi nation of ZSM 23 and zeolite Beta. ZSM 12 (MTW

| t
Vel DRIR PSR ARERLI Aol kon ol dosinate

Q&5 (disciosad ingUKIR0RE MBS band dE-Gilieats iisaterashin o$.

TRBENG. ¢ a1 A0 e b A Rl 00270 1858 g vrw

RARENSIK toPblcdy: W IS Faitdritrig. o360, 41 of Rsase Ndventier 23) 1982
Its entirety), has the MTWto ol og¥zand is said to be

toddiflel, diselasesad Jewaxmgrpragess @$|99 Hrn@dr ocar bon
conversi on reactions. Likew se, the zeolites

desi gnated CZH 5 (disclosed in UK 2,079, 735) and

TEA- 3| $ chaient tos @l 3724116 risdliedIMaREt ¢ht 1986, HsclarEs2®d4)

?ME%%%@J%Q%B%%%@T& taSGogsies (tkneand
T@\% aré%@ﬁ de [ 5'l|§f of i@o?@ésoﬁl%? cén %@V@ﬁglﬁged but the

pr OCGS usi'n Pat ent

ccsgbladtlmme:ZSMZSMSMr&IW@SCIMM ng process
using a conbi nation of two catal ysts. ZSM 23 (MIT) and
ZSM 12 (MW are included in a list of zeolites that

can hg snphneMo. sod he2 qmmMIE/WWBESZ@Me?Bdmwsesa
ZSM12 is not disclosed. U S. Patent No 599, 162

duad wathlystiopsgade dgwaxingyracess. Jo Exaawles doithe Srstisjage of
@ascgggggﬁﬁ@g %sca JUOF Sgﬁblda%oﬁ)&?%l\ﬁsl Zﬁ%l% Z’SR/PZ@ lf# Sbmixture

qe process useS a co nat |

gssfﬁelé’al_b ’calivté‘f1 Z—ﬁi%é\ﬁerl thegelm llmb drsekmlfré béa(‘BMLWZSM 23
wever ere no di scl osure o ZSM 12/ 7S

enbination ahwhmﬁe&wﬁﬁbs'é@ Sm zeg| %Sgr'eﬁﬁéh .%Céon-

is less than 0.1 m cron. The MI'T and MTerolltes are

used in the present invention in conbination. As used

her ei The MET bad rMW\bmlrm agnusechiol thd geesendtinyadiopfin

%c{}ﬁpfwgﬁp%t %Hspa)fm@gg ?rpg'gcgrln'bfn%%bnpfnc?@c}/esoﬁw%&ures of the
zeolites, layers of the zeolites, or any other configuration in which the feed
comes in contact with both zeolites. For example, the combination may be a
graduated mixture in which the feed initially contacts a portion of the mixture
which comprises essentially all one of the zeolites. The concentration of the
second zeolite can be gradually increased, and the concentration of the first
zeolite gradually decreased, in successive portions of the mixture until the
mixture becomes essentially all second zeolite. Depending on the feed,
reaction conditions, and desired product, the combination may be such that
the feed initially contacts the MTT zeolite first or the MTW zeolite first.

The combination of MTT and MTW zeolites may also be used in layers.
The use of catalyst layers is disclosed in U. S. Patent No. 5,149,421, issued

September 22, 1992 to Miller, which is incorporated by reference herein in its
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cones in contact wth both zeolites. For exanple, the
conbi nation may be a graduated m xture in which the

woeed/oimioti al | y contacts a portion of the m xtBCE®US06/030156

conprises essentially all one of the zeolites. The

SRRERS frhgtdre?@r S thkhsyseGRag bémﬁﬁfagﬁg 1BGer% Rd NAhAn a

I NCr ease and the concentration o first zeolite
spbseqakhlylager os afeedversa. successi ve portions of the

m xture until the m xture becones essentially all
second zeolite. Depending on the feed, reaction

condi Dépéﬁdin@fﬂl%oﬁ%é eturel sTake foed Aed GRNBESIAS] BrodIRIs, the

be such that the feed initiall contacts the T

Md dl anceMTVY zeotiiestane’ arempdayeic everiar wide renge of
ﬁ?oﬁ{q%'nﬂ%{ibﬁggﬁge %%él)%? gglg/{gyeﬁy@ﬂ r115a§ éomisél 1289 Q\%i@e&r{cent

ayers. rstis disclos

MTTSedhts end 9801 weight petent MTWSzadlitssept enber 22, 1992
to MIller, which is incorporated by reference herein
initsentirety. The order of the layers may be MIT in

a fi r?ﬁ%gﬁbé?ﬂ ST MRY AT TRRUATO E?Gﬁtﬁé FYR5s tRan B! fﬁ\icron,
ver sa. endi ng upon the nature of the feed and the

ide stheddngesidlimessionhaf IV Tryatal isfasszbahi. ¢ miceom. be

enpl oyed over a wi de range of concentrations. The

catal yst conbi nation may conprise 1-99 wei ght percent

MIT zeigd chitanse RPFTLang Nl eaY 66 Dbed/BYSptddifed, Dig

crystal size of the MIT and MIW zeolites is | ess than

preferabbyriif bei thermatintreptasestcinadieHsually, dfis desirabledpal
eind 5P 8 Bl oy RSS2y BB 3 [ ocen,

aimenarmdy ot amyptedirdd adatanied) Thélsealite oani Be leaicHed iwithol e

to renove the al kali netal catjon bP/ i on _exchang@ and
shelatingagents; e49- kAT AgrAlulgAeidisoiiions, iiciRase B silica to
Sl e 02 LI 80 0 b Bt g b Bitabice
thecorgstallinehattise Ito attathk frhuatida. nol e rati o. The zeolite
can al so be steaned; steam ng hel ps stabilize the
crystalline lattice to attack from aci ds.

The zeolite can be used in intimate combination with hydrogenating
components, such as tungsten, vanadium, molybdenum, rhenium, nickel,
cobalt, chromium, manganese or a noble metal, such as palladium or

platinum.

Metals may also be introduced into the zeolite by replacing some of the
cations in the zeolite with metal cations via standard ion exchange techniques
(see, for example, U.S. Patent Nos. 3,140,249 issued July 7, 1964 to Plank et
al.; 3,140,251 issued July 7, 1964 to Plank et al.; and 3,140,253 issued
July 7, 1964 to Plank et al.). Typical replacing cations can include metal
cations, e.g., rare earth, Group A, Group lIA and Group VIlI metéls, as well
as their mixtures. Of the replacing metallic cations, cations of metals such as
rare earth, Mn, Ca, Mg, Zn, Cd, Pt, Pd, Ni, Co, Ti, Al, Sn and Fe are
particularly preferred.
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The zeolite can be used in intimte conbination with
hydr ogenati ng conponents, such as tungsten, vanadi um

woubymdersm rheni um ni ckel, cobalt, chrom unmpPCT/US2006/030156

manganese or a noble metal, such as palladi um or

pl ati mug hywégérﬁ AFRYoRILFS aha m@tfai egm Sﬁeh@tdéri]ﬁ‘@lon-

zeolite by replacing sone of t ecat ons I n
g¥ehangediinintheszenlitesatinerzeadlites scamaldarte impregrateangith the

b8, S8 Bflhicot iy BV s grunlal epiied vt the

2edites 28ihg stanéararubihods, kibdavtd eRirgnk et al .; and
3,140, 253 issued July 7 , 1964 to Plank et al. )

Typ| cal replacing cations can include netal cations,

ot al VPS8! B pPhaRbR Perhu s PYBVE SofReaaR el with 2

seluabh|cxc>ntaamngraassalt:edthherdesmfedrrepmlcmmbna@r dations. Although a

S0 Py ot 53 salts r“s’?u|b§r¢rp§f9wsfﬂe?hlead%anwaﬁsgmdes 'acetates,
4 TFEed 4 ffatRiAb Zp%femgaﬁﬂ)?eféﬁgd bfhd Qé‘&ﬁéé‘ any ﬁgléélw 0

the zeolites. The eolites can also be nmpregnat e
@rlcinecheriordo dhe ;omethwgmrabedmrtobenm;aghe alrygniamaatier in

Ui B A SR8 slhiaPe. S Rl ot hea B gBecive fon

eRethmgy) %préy@itdﬁlé@ﬂt@@wbﬂgeﬂ@@nrﬁ@%é HRSdi%klbBed in a wide
sol ution containing a salt of the desired replacin

valietyof patents inphadingyU.Ro Rgierd Nasd 8, 140,249 gssueds,bulst% 1964 to
CR A e AL 0 P gkt S a0 25

[ssabdromedlly Thé9@4td Plaak etrad. usual |y cal cined prior to

the ion-exchange procedure to renove the organic
matter in the channels and on the surface, since this

r esul FolidwigBintad Wit V&l ﬁluﬁ&?@%gedeswe d.replaging cation,

Repr esent at Ve I on exc ange techni ques are
the zealitearealypisally wfaspat evitrs wiater|andi dTgacUatSenRaatramres ranging

40, 24 SHe ul 1964 tq. Pl ank
W05 s i pRe AU3HE Gt whshing: 1P rdlites B ke caliipb in air or
ihetigas’aBtemperatures ranging from about 200°C to about 800°C for
periods of time ranging from 1 to 48 hours, or more, to produce a catalytically

active product especially useful in hydrocarbon conversion processes.

The zeolites can be formed into a wide variety of physical shapes.
Generally speaking, the zeolite can be in the form of a powder, a granule or a
molded product, such as extrudate having a particle size sufficient to pass
through a 2-mesh (Tyler) screen and be retained on a 400-mesh (Tyler)
screen. In cases where the catalyst is molded, such as by extrusion with an
organic binder, the zeolite can be extruded before drying, or dried or partially
dried and then extruded.
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issued on July 7, 1964 to Plank et al. Follow ng
contact with the salt solution of the desired

woepl7aa9rg cation, the zeolites are typically wrashseos030156

with water and dried at tenperatures ranging from 65C

to abqyub 2 caN Eébor:h?égité’cQWiﬂq"tﬁhéreMaitér?a?s Fé’é?stgﬁt té) the

calcined in air or iner as at tenperatures rangin
taroperabives argootoet conditons aupiyedon qrgamniodenuérsionre

BR800 ek (B B Pl RO A B ol ana
bynthetiabbeatraiy ec&irfing Reoktes 3eswell 8¢ i ghhit efatefBisOsuch as
formed into a w de vari ety of physical shapes.

elaysr gllics and sagiphexidenExabaples ©f shgh raterialstand thermanner in
Ay o 106 0BRCAB 7D 8L PERSE NGRS g, Jsuec
Mayd2@l 99 (Rtordares(dhydl cand 5. cRateatNob6, 316t 263 dskuel a

400- 1mes Tyler) screen, | ases where the catalyst
M d@@,(“ ‘éﬁﬂka&?% bt phiwfish W'ﬂcqﬁoataﬁiaydeference
' Helee ite can be extruded before drying, or

ﬁ?@g‘notr E)arrftﬁg}yl'y dri ed and then extruded. The

zeolites can be conposited with other materials
.ot her .condition

i h t
el o708 VT g BT eRafes BfEHeRT stec VxR dygrodabongesous
feridetdaksS Hyted dfiSorisdelos feddbtbBIarEdMain @ErBbh ¥opdids and
synthetic or naturally occurring zeolites as well as

ca Pgdrare mankdiffgrentseurcass suckips virgin petsolguan fractions,

. Cop o i
RYERpe BB flctns, Yidlo B fidddhich M, B SaR Bl SyitReti
pbra%&ﬁ@nﬂﬁo,ire@%awéﬂ l;?gti@féedbw&k'\s/g bri@bﬁiﬁ&cilggzigdt;herandpsch
U.S. Patent . 5,316, , .Lssued., , 0
Yiaxas Ko, WUNRLIG HakRs BN TPRLS RANEr d4oBSEh erocPthoe

gavk ! oo T g
pererBy Bypinselc g EAE T pUABHERS i s
alyautotl bpand eioigenesaldeam bk sanyararhom contalining deegsiocids

%@%ega%glﬁqu %%(ﬁﬁf) gﬁgﬁiytgc' glefv%ﬁﬂé rSactions. De%gﬁ in%sonv%hregtlyge of
processing the hydrocarbonaceous feed is to undergo, the feed can contain
metal or be free of metals. It can also have high or low nitrogen or sulfur
impurities. It can be appreciated, however, that in general processing will be
more efficient (and the catalyst more active) the lower the metal, nitrogen, and
sulfur content of the feedstock. Preferably, after treating the feedstock in
accordance with the present invention, the cloud point of the feedstock

(depending on its original composition) is reduced to not more than 10°C.

The dewaxing of hydrocarbonaceous feeds can take place in any
convenient mode, for example, in fluidized bed, moving bed, or fixed bed
reactors depending on the types of process desired. The formulation of the
catalyst particles will vary depending on the conversion process and method
of operation.
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recycle petroleumfractions, shale oil, liquefied

coal, tar sand oil, synthetic paraffins from NAG,
woecsyoiedepl asti c feedstocks, bright stock, PCT/US2006/030156
Fi scher-Tropsch waxes (i.e., synthetic waxes derived

f rom Fybicardenadingres&tidr &frﬁﬁtﬁons‘\hﬁﬂ‘cﬁﬁﬁ% lbe%‘?nplo?/ed when
oxygenate contai ning Fischer Tropsch process, ng

yeingwaidysts cmmorrgln@ﬁwommn@;wfazeonmwa” any l\/tE/n\/bzo the

SO B AN RUBRAT  4 RefRgbioralil

Bbwsscngrdféﬁﬂtwdbm&fm laSprfeSQQrd &f AUt NGe3aD psig,
th feed can contain netal or free of netals. It

erabipabewte2 44- §90%psqgoanﬂ.atlrldévrpf@\boyupfwo preferably

bl’ﬁ)%ltl es. It can be appreciated, however, that in
general processi ng will be nore effi ci ent (and t he
catal yst nore active) the | ower the netal, nitrogen,

d t f eedst Preferably —af
fr eat 1 hg RS SeddTvBerrphaBBopiricy! SR
hydregeh QGrmtébﬂ”n BE QdEd RO HBWaQ%yHF&JrSSHééé&I@ f@@&@%ydi ng

on iIts Orlgl nal corrp03|t|on) i's reduced to not
selaatively Gmoviegdmghtrahait parpéiinse diybisadly cibesvisaosity indax of

RS FabASFlE, FASERL R m E yS TBb b e wasy

flpiais donthoted Wit 4 gombiritionodeeshed MTT &hd M/ under
formu| ation of the catalyst particles will vary

BepsiEAtign SeWaNL ePRAENi%n process and net hod of

oper ati on. Typi cal dewaxing reaction conditions which

may be enpl oyed when using catal ysts conprising a

conbi Hheicatalgtic dewbkmgszowﬂl'foas@ré/lﬂép'endédmandamnheasure on

eacti,ons o hi s ntion include a te eratureo
eRpa ez dedh hiRaetedl ROl RARL badIome Pralerably
gf&%ﬁurrﬁhg;rﬁae@%ﬁ ééée agﬁ@;; grfé g%tgmne&.%}@!é@g Emeféer "

bydrogen tqies lcalﬁdymal}yctheeatabmt Spf)@fn@lr awrbqt

5@,@@'%1@@%&@ ﬂ%rgie cOI feggagr E;?rr pre?era%lyg'b ut 1%00 to

about 20,000 SCF/bbl. Generally, hydrogen will be separated from the

product and recycled to the reaction zone. Typical feedstocks include light gas

oil, heavy gas oils and reduced crudes boiling above about 350°F.

A typical dewaxing process is the catalytic dewaxing of a hydrocarbon
oil feedstock boiling above about 350°F and containing straight chain and
slightly branched chain hydrocarbons by contacting the hydrocarbon oil
feedstock in the presence of added hydrogen gas at a hydrogen pressure of
about 15-3000 psi with a catalyst comprising a combination of zeolites MTT
and MTW and at least one Group VIl metal.

The hydrodewaxing catalyst may optionally contain a hydrogenation
component of the type commonly employed in dewaxing catalysts. See the

9-



10

15

20

25

30

35

sel ectively renoving straight chain paraffins.
Typically, the viscosity index of the dewaxed product

wo2007mpseed (conpared to the waxy feed) when POE/US200$/030156

feed is contacted with a conbination of zeolites MIT

FO VI oHedew. S stent Rat 4 O odRaaid 0. S aPalicht NesS 5, 3182753 for

catal yti ¢ dewaxi ng condi tions are dependent in large
ensasplee obthasedhydsegenglian egrdpopiist he desired pour

poi nt. Hydrogen is preferably present in the reaction
zone during the catal ytic dewaxi ng process. The

hydr opgnhydrogeadtio@tbmponehyigipgrasent ineinveftsttiabamowitdo
and about 30,000 SCK/ bbl (standard cubic feet

avider 1 ceaher s UasBYn FOOONBOIaBR ZaBopsatNst
TR B0 n A7 DS HLOAIRER Lo TABPRRRIE, P Lhest may

recycle on “zone
e agsinosch a ndede |hc@aSegaxjewdxmg13’amﬁ epensiel of caaeking
é)&ﬁced crudes boiling above about 35Q0F. A typical
XMhg process is the catal ytic dewaxing of a
hydr ocarbon oil feedstock boiling above about 35Q0F

and contai ning straight chain and slightly branched
chai nTm@‘éﬁasbmaachesh\@ocmkadxfpﬂgweﬂ dytieyaxdag bbhis dype of two

o8 RSl QPR O ERE TR Knd SHiiols B adsdeath I s
Patapt Nl a@2a shsaaid Mayof, 1200Ito MikedVivhicnid iNEYYporated
at | east one Group VIII nmetal. The hydrodevvam ng

berein hyrefaencspniemtirgtyeont ai n a hydrogenati on
conponent of the type commonly enpl oyed i n dewaxi ng
catal ysts. See theaforenentioned U S. Patent No.

4, 910Th® GombihatioR. of T € randNd TVB n%’n?alé’ﬁﬁeflmedeboaimaas

ARSI A o G ok SR FRRToRS St CrragBapged i
e e
Blincyrpesatgt by referenes heyain imdgebliretyun i n such a rmde
to increase i sodewaxi ng at the expense of cracking

It is often desirable to use mild hydrogenation (sometimes referred to
as hydrofinishing) to produce more stable dewaxed products. The
hydrofinishing step can be performed either before or after the dewaxing step,
and preferably after. Hydrofinishing is typically conducted at temperatures
ranging from about 190°C to about 340°C at pressures from about 400 psig to
about 3000 psig at space velocities (LHSV) between about 0.1 and 20 and a
hydrogen recycle rate of about 400 to 1500 SCF/bbl. The hydrogenation
catalyst employed must be active enough not only to hydrogenate the olefins,
diolefins and color bodies which may be present, but also to reduce the
aromatic content. Suitable hydrogenation catalyst are disclosed in U. S.
Patent No. 4,921,594, issued May 1, 1990 to Miller, which is incorporated by
reference herein in its entirety. The hydrofinishing step is beneficial in
preparing an acceptably stable product (e.g., a lubricating oil) since dewaxed

-10-
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reactions. The feed may be hydrocracked, followed by
dewaxi ng. This type of two stage process and typica

woydrmas@cki ng conditions are described i n U SpCPaiSens/030156

No. 4,921 ,594, issued May 1, 1990 to MIler, which is
@ Ky dcr Ré&% i

LORRCRop R e 0 o8 S0 g 68T 1 B ena

ligiitfeingbliend to fferen sltidggs Bpogtﬂneguebflandmmieklycondl tions

such as those disclosed in U S. Patent No. 4,181, 598,

I ssued January 1, 1980 to Gllespie et al., which is

i ncor ng@bﬂ%é;ybé pfeyred Q:strry@bamwatroﬁ SdolitdsyMTitand
is often desirable to use ml ydr o%enatl on

Vel phexmelees led- lubeall mﬁurb@rmﬁdg yngt_ymsaZngcaija olefin
B By R P b e B PEAMERATEL Ao E.
pf(eé@rab&nplreplba‘flmmﬂyl iy thé thgdrodaydionhi ang it kgast ®ne Group VI
qé%@‘: clhlleaiedeb et BLTRPS e Ao rapGas e o

B BeRihi e e g ha e o AesdoiB o hitin A efiEht
dQDptisingF0ydBekrasked olthand getabygmadly dewaxﬂtgaihyﬂfﬂuent ata
P bETe L 3t et SpouOR S8 of S pisonte GRfrel RGUIED Psig to
%5“ 3 Ioe? ﬁé{% |@{tﬁe°pr§ageﬁ8§|BF§ 486 hgglgﬁgh Sgccﬁsc\ﬁirt’ﬁ %rHatﬂystS.

\b rogenati on cata yst osed
mensnng@ cmnbmtmls@ﬂzeohteaw Mapd MTD poefesally | | er

h..s inc ted by reference herei S
S mbgnthrdhR PSR g cb ract Operaroud Wi ngtal
preparing an acceptably stable product (e.g., a
| ubricating oil) since dewaxedproducts prepared from
hydr ocr acked stocks tend to be unstable to air and
light and tend to form sludges spontaneously and
qui ckly. Lube oil nmay be prepared using a conbi nation
of zeolites MIT and MTW For exanple, a C2o+ |ube oi
may be made by isonerizing a C2o+ olefin

-11-



feed over a catalyst conprising a conbination of
zeolites MIT and MW preferably predomnantly in the
woydr7ogensf orm and at | east one G oup VIII nerair/us2006/030156
Alternatively, the lubricating oil my be made by
5 \WHEPPS a¢k gD Is:2 hydrocracki ng zone a
hydr ocar bonaceous feedstock to obtain an effl uent
conprising a hydrocracked oil, and catalytically

e i,ng the effluen ..a tenperat ur I
fibocs eagarRgosr=EoypBts o <oy BudopdthorBRtog:
abouind@P@@wairiyy ¢ahditithspwiels afbéﬂ:anlgét @tﬂﬁpﬂsih?d\rcﬂﬂﬁbﬁnmﬁ@n of
with a catal yst comprising _a conbination of zeoljtes
VT ZzalteigVing t1esaBI NI NY etk toRologiss Jefinsgiby the
for : | : VAT
10 CLAﬁQIE%gEg\?‘{yl#ﬁﬁé@éﬁa@?e%gwgéﬂess\é’h%n@ﬁes| ng & MTW
contzeolitesthaveny dryata rsimenieb e dakmt Oclkmisrder dewaxi ng
conditions with a catal yst conprising a conbination of
zeolites having the MIT and MIW framewor k t opol ogi es
of i A . hoe
%herﬁp%ggll‘\gﬂ??% W@V\é;éélgltﬁ% ézESaBﬁl'g\%eérgtpgr yst gﬁ nél?‘;@fﬁ‘e
| eshydagerdfdrmri cron. 2 . The process of Caimi1l
wherein the zeolites are predomnantly in the hydrogen
form 3 . The process of Caim1 wherein the catal yst
$.ur thed pRUERE iof €laift! 1 WERSEINaGNE catalyst fifithér e®hplisedlat least
The process of Caim1 wherein the feedstock 1s bright
st ockie Groum¥llpmsdalss of O aim 1 wherein the feedstock
is derived froma Fischer Tropsch process. 6. A
process for inproving the viscosity index of a dewaxed
4r odligd prdcessrof Claidr v odrebein the deksdstoalpis Isnighd stock.
contacting a waxy hydrocarbon feed under isonerization
20 dewaxing conditions with a catalyst conprising a
52 ”bfﬁ@ﬁ)tﬁésgqu@éﬂﬂ § Gihelaini the feE@stYBR ishdéhivdirom a Fischer
ramewofr k* t opol ogi es
Tropsch process.

15

6. A process for improving the viscosity index of a dewaxed product of
25 waxy hydrocarbon feeds comprising contacting a waxy hydrocarbon feed
under isomerization dewaxing conditions with a catalyst comprising a
combination of zeolites having the MTT and MTW framework topologies
defined by the connectivity of their tetrahedral atoms wherein the MTT

and MTW zeolites have a crystal size less than 0.1 micron.

30
7. The process of Claim 6 wherein the zeolites are predominantly in the
hydrogen form.
8. The process of Claim 6 wherein the catalyst further comprises at least
35 one Group VIl metal.

-12-



defined by the connectivity of their tetrahedral atoms
wherein the MIT and MIW zeol ites have a crystal size
woesw/mp@s 0.1 micron. 7. The process of O ai mPET/US2006/030156
wherein the zeolites are predom nantly in the hydrogen
5 o Or MpBeeddforiir886&ag @i CHl AIDA &il #BRY £10).1 Blefin &l ydrhprising
fur; er conprises at least one Goup VIl netal.9. A
pr oisesserizing paidelefimipes wxier is@merizatiort ¢endionpever a

ol efin feed = ._ T L .
cndgrhS FErTi e R BRI DRl s s mTw
co ”Wah%v!?&k&oﬁ@l@’gid%ajéfm@d afy the@onhestivityofithelr hetralietiral
and MIW franmewor kK t opol o%es defj ne

t

\ i by the ,
conatans wheyeisrthe AGTT ang E‘ﬁéé%“te%ﬂa\% afustal size dgss than
MIT ; zeolites have a crystal size less than 0.1
10 m croapﬂn%w The process of Caim9 wherein the
zeolites are predomnantly in the hydrogen form 11.

Worhessecass PLELIMhEnEraR e eo s ek PradormiehiFln be

for h%f'dﬂeg”o?ﬁ‘l'.' y dewaxi ng a hydrocarbon oil feedstock
boi I' Fng Tabove about 350 OF and contai ni ng strai ght

chain and slightly branched chai n hydrocarbons

S R G o
Pr esHd &réfp Prietdls- 3000 psi under dewaxi ng

conditions with a catalyst conprising a conbination of
zeolites having the MIT and MIW framewor k t opol ogi es

oL B O SRREIH ity P Lot denbionk s
{AES Sab_td\‘vérahbbul 36P¢IF and cbtaiiling straigléchaf adil slightiyzbranched
20 erc%lari]n %ygro%g?bégsegorﬁér?si% ggr?trgc |r6118 tsla}/d Il\ydr%lagrbon oil
feedstock in the presence of added hydrogen gas at a hydrogen
pressure of about 15-3000 psi under dewaxing conditions with a catalyst
comprising a combination of zeolites having the MTT and MTW
framework topologies defined by the connectivity of their tetrahedral
25 atoms wherein the MTT and MTW zeolites have a crystal size less than

0.1 micron.

13. The process of Claim 12 wherein the zeolites are predominantly in the

hydrogen form.

30
14. The process of Claim 12 wherein the catalyst further comprises at least
one Group Vil metal.
15. A process for isomerization dewaxing a raffinate comprising contacting
35 said raffinate in the presence of added hydrogen under isomerization

dewaxing conditions with a catalyst comprising a combination of zeolites
having the MTT and MTW framework topologies defined by the
-13-
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hydrogen form 14. The process of Caim 12 wherein the
catal yst further conprises at |east one Goup VIII

worb@lo191h6. A process for isomerization dewaxi RgTAIS2006/030156

raf finate conprising contacting said raffinate in the
Pr es@RABcityastdReir 'Pé‘tf’éf%@ﬁl é%BH%rwhér‘é"f?meZWOéhd MTW

dewaxi ng conditions wth a catal yst conprising a
contzenlitesdraverfa gestalisize leas than OHemigranand Mrw
framewor k t opol ogi es defined by theconnectivity of
their tetrahedral atonms wherein the MIT and MIW

@0l THegsrobeaye oACHINS1 Bilvherain the 28olitBaard pledarninantly ¥bthe
The process of Caim 15 wherein the zeolites are

pr edyATegaR fojmi n t he hydrogen form 17. The process of
Cl ai m15 wherein the catal yst further conprises at

| east one Group VIII netal. 18. The process of Caim
1A Ve mioceshef Cidifn havberainlihe ghtalyst daitherl@mypprises at least
process_for duci ng the cloud point of a hydrocarbon
feed’r\,eo%psyﬁ Eﬁﬂt acting a hydrocarbon oil feedstock
whi ch has a mejor portion boiling over 10000F with a
catal yst system conprising a conbi nation of a zeolite
it potesopbClajyn thwhereieshe raffinale iadrightstoskol ogy
wherein the MIT and MIW zeolites have a crystal size
less than 0.1 mcron., and wherein at |east a portion

9. sah rém@%ﬁﬁéducﬁngﬂf@/abwéonr%f aHeirocabengedd
Claim19 wherein the catal yst system further conprises

a hy RBPRMHLDY @ﬁntﬁﬁ*ﬂﬁgr?e‘?ﬁtdrOQarbonﬂi@eﬁﬂéf@@BMfﬁﬁh bparmajor
f ed
to oo SERg I gt it a bIRNSESUSERF lompris g
wher ecombinetioy d¢f ageoditd loavicg ivPon todology and a zeolite having
MTW topology wherein the MTT and MTW zeolites have a crystal size
less than 0.1 micron., and wherein at least a portion of said feedstock

is converted.

20.  The process of Claim 19 wherein the catalyst system further comprises

a hydrogenation component.

21.  The process of Claim 19 wherein the cloud point of the feedstock is
reduced to not more than 10°C.

22.  The process of Claim 20 wherein the hydrogenation component

comprises a Group VIl metal.

23.  The process of claim 22 wherein the Group VIlI metal is selected from
platinum, palladium and mixtures thereof.

24.  The process of Claim 19 wherein the process is a dewaxing process
and wherein the contacting is conducted under dewaxing conditions.
-14-
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conprises a Goup VIII netal. 23. The process of claim
22 wherein the Goup VIII netal is selected from

wolead7inemyy pal | adi um and m xtures thereof. 24. pCinAaIS2006/030156

process of Claim 19 wherein the process is a dewaxing
process and wherein the contacting is conducted under
dewaxi ng conditions.25. The process of Caim19

RBer elhe pecessdefoClairn di® whéreirs ther hyghrocanbovkail i@ drighhstock.
process of Claim 19 wherein the hydrocarbon oil is
derived froma Fischer-Tropsch wax. 27. The process of

gbai NMThE prbesR &F CRfm PIYOwRSRin ﬁ1eC H64r®dni dll ik Rerived from a
presence of _added hydrogen gas. The process of

C ai nfiBgheférensehtwax.MrT and MTW zeolites are
alum nosilicates. 29. The process of Caim19 wherein
the MIT and MIW zeol ites have a crystal size |less than

apout The protessosf. Claim 19 wherein the process is conducted in the
presence of added hydrogen gas.

28.  The process of Claim 19 wherein the MTT and MTW zeolites are

aluminosilicates.

29.  The process of Claim 19 wherein the MTT and MTW zeolites have a
crystal size less than about 0.1 micron.
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