;e3ellli 4T6JTFN8WD 00/ 53530 PCT/ US99/ 02283 RARE EARTH METAL | ON EXCHANGED
FERRI ERI TE BACKGROUND OF THE DI SCLOSURE , cal, Field of the Invention The
invention relates to a trivalent rare earth netal ion exchanged ferrierite.
More particularly the invention relates to ferrierite containi n9 one or
more tri val\é{ﬁt"o’ﬁ%?‘b earth netals occupying at |east 10 % SFTUSY/RIB| on
exchange capacity and to its preparatiod by hydrothermal ion exchange.
Background of the Invention |Ion exchangeabl e, natural and synthetic

crystal li ne al um nosi [RARE EARTH MEEALdON EXCHADGED EERBRIERITEowWn and are
useful as catal ysts and nol ecul ar sieves. One such use conpri ses

catal ytically dewaxi ng waxy parafflnic feeds to reduce their pour point and
convert the waxy rrateri al to useful products such as fuel ﬂﬂil ng
oil fractions, as _is_known. Such feeds have included petrtmum‘mmn“m

cont ai ni ng oPACKGROUND O THERISCHASURE| s| ack wax. Dewaxing cabqi~yst s
conprise a cat aI ytic netal conponent, a natural or synthetic, crystalline
alum nosilicate or zeolite nol ecul ar sieve conponent and often one or more
addi ti onal rEtldefthedgveptiom| oxi de conponents. Ml ecul ar sieves whi ch have
been found useful for dewaxing petroleumoil fractions and slack wax

i nclude, for exanple, ferrierite (U S Patents 4,343,692 and 4, 795, 623),
nordenite (U. S. F’Hte&menﬁfo:ﬂ@ﬁté&% tnleSMri& earihl méfaMonex¢Hanged feitiesite!

4, 222 855), M5 an M. 11 ?47 121 ) .and ZSM 5 $4 975, 177) Bot h
the “692 an s s infeptiatrelabes O fermierls cortaickis oy move

ferrierite Wirthhndtdls acuipyifl 4t%astdRNB 6K APcatibh exch daaacﬁphnditosal oses that
ferrierite, when associated with particular catalytic netals, can also be
useful as a Prapasatpmbymydrotheemalianexrhonge. i soneri zation, deal kyl ation and
cracking. U S. 4,584,286 and 5,288,475 relating to ZSM 35, a

ferrierite- type of mat eri al, suggest it WO 001 53530 PCTI US99/ 02283 may
be i on exchaBapkgronnd bf the fhvegtem) a hydr ogen precursor or a wde variety of
metal s) i ncl udi ng rare earths, by the well known ion exchange techni que of
contacting the sieve with an aqueous salt solution of the netal at a

t enperature no grnﬁbﬁdhaﬁgtame tiafardd @nd éyﬂﬂ.e@@&:ﬂitalmie dilifin6silicdies 6fthe Zedlikowed by
washi ng. SUMVARYCFIFEI NTI ON . I t s been found that ferrierite can be
i on exchangebPaATeAvell arPa%éﬂémt vm%***%swﬁgs‘avqﬁy&nw YEMSRI i on
exchange net bgprizéicataidfcal§ dé%»ﬁi&t Ry S fee §OBREdUZE n&.rtplasr patt@ngarth
exchanged ferrierite exhibits better overal | selectivity for producing tube
oi | fracti on@oNer thegvaxy maigrigdeusefislipredustssueh asifisl and lubriating néfrngxmgen form
of either fejfn t e he pri or
art. It has glk}s’%e%ﬁc“ff %égghg{%h%a%iﬁf %gmaﬁ"?%&%\%gg%é&g%hg hs Weag&c?? art ion
exchange net ftm:oeug@etatled/ax nDbﬁv&mQ?atadysts&ompﬁM Qbdytzmbtal caﬁﬁonfbﬂﬁ ai s not

effective for i n rival reerth nmet e, cation exchangeabl e
e s1 ome | ohardial ordndhdric Sillingl iginitichid of Recite ol RiekE CorPabneA g o
enbodi ment o&ﬁéxhﬁaeloﬁﬁﬁfﬁddamohﬂlrmaeﬁary Mefal MMpﬁﬁént@rMEﬁédlﬂQw%d val ent

i on exchanged ferrierite using %ﬁr ot hermal ion exchange.

rare earth ne
Anot her enboﬂi‘ﬁghﬁveéﬁ?ﬁ)@P%‘éseﬁ'éﬁrldé‘VW@ R°H°WHF’(9|4 donsand glagk Wax val ent rare
earth metal sigmgdlRr e%ﬁm%l@aértneﬂg (ts. PRYefits B/338 %999(@’4 295 62@?%or3er§e0@1@d still

nmore preferably at |east 25 %of its cation exchange ¢apacity. By rare
earth rret al PaenigH02, 9581)5325%231&1@7@&}4@5éHtSnPstearﬂ;mZ:ﬁﬁﬁh(ZéM-ﬁandCSMH Nd,

Sm Eu, I el nafter
in the cont e@s ‘ﬂ"ﬁ m ﬁJ\fjJez }'l)iorgn(“%éflerrl er‘ﬁ{i'g ggzxa"#e&%tp %‘ssr(?fstf‘g@ el t her
natural or sismhdwid ar H-efofmef ferteritéwitbh 3hctite foedataxhg ¥ Therte28 pafesf er abl y at
| east 15 % and stlllvrmre preferably at, |east 25 % of tgg cation

exchangeabl edisclpsss that te F?"%WSB‘I@EPW"O‘M‘@‘W'W&“‘G iI¢ mstals, ¢anjalsgibent rare

earth nmetal gghil Q§1§eata-ﬂl'§t forMH@asrabilii 1s€fneﬁ£‘aﬁ§ﬁ, &Qkylﬁtloﬁ Al craeking %0{1 g he
negative charge on the zeolite framework i s bal anced by trivalent rare

earth nmetal #a84.2¥sandBy288,Ad5 selating i@ ZSMos, exfernienitgdynef matanial, cuggestit i ng
ferrierite with an aqueous solution of one or nore rare earth nmetal salts
at a tenperature above the atnospheric pressure boiling point of the WO
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solution and for a time sufficient to achieve the desired | evel of
exchange. The REfartierite of the invention is useful as ‘a catalyst.
Typically) at |east one catalytic netal conponent is added to the
RE-ferrieriygobmissFatal ytic purposes, with the specific netpiswonsetal s

bei ng determ ned by the intended use. Fgr exanpl e, when used as a dewaxi ng
catal yst, the catalytic netal conponent “added to the RE-ferrierite wll be

at |east one Goup VIII netal and preferably at |east gne Gou VI Il noble
metal . Fur t Heey, beippexdanged Wi hydsogegy 2 BislreRSRBERSHASRIIORA WiHe ¥Rriety ofiings

catalytic COiHHQ(ﬂﬁg:&ge ARthE B ﬂ{e‘%véﬂ%ﬁ{vh RaCkxtithn @lﬁ:ﬁq&%@f@é‘htaénﬂg ﬁﬁtsﬁ:'v&/ tic
dewaxi ng) a waxy rocarb naceous feed 1s réeacted with hydrogen in the
presence of wntldm/mcmg sgtiscditips iof thommtal 8{ mgmpkratuREhiegreater thawthgboidiogdi t i ons
of tenperature ?g} & sur effi éﬁl to reduce the pour point of the feed.
A dewaxi ng cRYEESRY 'P’l lo%§ w]a " erite of the invention to which has
been added a Group VIII noble netal has been found to be particularly
effective for producing high yields of dewaxed |ubricating oil fractions of
reduced pour point, from hydroisonerized Fischer-Tropsch wax. DETAI LED
DESCRI PTI ON é@xARY 'oF THE fveeNTioRd prinmarily as a nedi um pore size

mat eri al having pore windows of 5.4 ~ x 4.2 A (p. 106, Atlas of Zeolite
Structure Types, 4'" Ed.) Elsevier 1996). Natural and synthetic ferrierite
O 158 3 20l | Ehd=tRG, Blnd G5 EXEARGPADLR x bl Witk L BER || 0l o
nol ecul ar sieve havin i en an ring re W|n oWs, W a silicon
to al um num metahlsmgraaiydmttmhndimmmﬁangemethod]atdxhala dewaxmg:catal;wt( al t hough this

can vary) and a rati.o of from bou ter t hjr (typically
fromten to TARETEYS ﬂleﬁargﬁ?ﬁ“h@‘tc jnge ferffe ‘txb%‘tgégﬁymﬁ{;ﬁp {i’ﬂb’ f{3‘?/epar ation
and COWDOSI t%@m&tgt ilfRictiénshaving &ow our poiEdrd aghwW asltdingardgaed, for
exanpl e, atents 4, 251, 499 and 4, 335,019, Both_natural and

synt het i c f eform of sither ferrieritenpmardsnie, Thigisainpxasrted invicw pEthe PRer arhtlt bas
exchange posyid RS foahé tha¥ibk SRl Wox@r?ﬁid@c@éﬁté&%rﬁt @ldn YBlafge mBthb®NS, such as

Na+, K+ and m xtures thereof. i ‘formis readily converted to the

hydr ogen f orsugggsteddn H.S:Patenty é:ﬁ%ﬂ&@mdsi#%f‘ﬂﬁm naf gfecting farladdingrtrivalentm i on
form for s { he
dosi 1o ot A et v AL MR ndbid pobiisprh 1R SAE HAL ARl
cont ai ni ng amxnhanugena) riEmenc Iembo(chdnamg;ﬁthmimvlenmdtﬂetatekai a mewthbdforcat i ons.

Cal cination of the moni um f or AR or acid
Form "ahi oh BERRE TR oteRarR gt ion s s el FEbrlE uoe FEFOREmELOR er v e wi t h.
a suitabl e nedchingal Andthét eabodiyehtaohpeises ferfiritélin WKIEH énefd imdrétrivalendigden Wi th
and wi thout a catalytic metal conponent is known as a dewaxing catalyst)
exanpl es of Wé&é‘)ﬁ‘ﬂ&‘&%ﬁ’yrf’é leagt 10 %aotpomg Preferaly atieasy by s ad stilbmpiee have not

been di scl osgd fera_ﬁp"zﬁlehs“t 2904 oﬁ%!d&ﬁbr?éﬂ%ﬁz)n g6 tifabin) *ﬁyﬁ%antdewslmeaeh exchange
technique is ineffective for this purpose For exa S. Patents

4,584, 286 anthe Bnthagdeiciements and includgs ba,iGe, PeMd3Ss, Ew daleeDE,rHQ,(Eer,S
Patents 3,1 4 «h@N exchange
t echni ques. 4%2( %;%@?nﬁégrfg (f%szjyg%@ 41? ?ﬁiecf%te oég\éﬁe%{'mg'!' o%l?exchange)

i ncl udi ng r afeqiedite” tismeant @l indhade eaherh\amgat pr symthetic feericeiodin vehidhtat eadtld Yons of

the netal or_netal d ammpni g at nmospheric pressyre and a fenperature
rangi ng fron?‘?@c?ﬁ‘?f?rgﬂf)éaﬁ‘tshp\{a% df@%ﬁ“%ﬁé\?g’?’ at t"?“ﬁé\s/“ Bfg‘ghc‘tt@ﬂnd that this
t echni que i Seﬂ&ﬁﬁnﬁﬁbfeetﬁﬁdc“? isfREupiddby®Re BAMBIe T thedé Rivaidfitirire BRitRmetaM t h
fercierite. Furthernore, although rare earth netal ion exchange is included

among a | ongCatiPay Td¥s mesnethat asleaptd0; bher, 2% Hhef themegative gbpreeon:ibe zedlityy t owar ds
Tube oil f raﬁ&!ﬁ&ﬂﬁ‘k s §Hhéeh 'Bgﬁwaf%m ga&eeaHﬁﬁt Bﬁ Eatliaﬁs tlﬁmt'&ﬂémaﬂ'eﬁ earth
exchanged ferrierite 1's no ere mentioned. using this

t echni que toemhgngetsmeem centablmgg’e'nlemt\m&rmmqwouhsaimmf one dremoreearet € from an

| h F. f hou joued b
asni ng i t ol el RRef S s e beieoRite i bO B S e 5

This means that at nmaxi mnum only about 5 % of the ration exchange capaC|ty
was nmet by trivalent lanthanumrations in ration exchange positions. Wiile
not wishing to be held to any particular theory, it is believed that if ion
exchange occurred, it nmay have occurred only on the exterior surface of the
ferrierite and not in the pores where it is needed to be catalytically
effective. In the practice of the invention, the trivalent rare earth netal
or netals are ion exchanged into the ferrierite using a hydrothernal
technique in which a hydrogen ferrierite precursor or hydrogen (Ht)
fernerite is contacted with an aqueous solution of the desired trival ent
rare earth nmetal or netals, under hydrothermal conditions) which neans at a
tenperature above the nornal atnDspherlc pressure b0|I|ng p0|nt of the

S o - o o Y




6 PCT/ US99/ 02283 i on exchanged. By way of exanple) the table bel ow gives
exanpl es of the content in w. of the rare earth netal La calculated on a
dry basis with variation of the Si02/Al 203 nole ratio in the ferrierite and
the % La exghgpessm This shows that at high Si02/ A1203 noper/igishdss

el emental analysis wll show loww. %La even at substantial degrees of La
exchange. SiQO/A1203 SiI/AIW. % La at % La Exchange Shown 5 10 20

3052. 51. 092. 164. 226, 211050. 641. 272. 513. 71 20100. 350. 701. 382. 0650250. 150. 300.
590.8880400 solytion grwl for @ times seficiens to sehievs thegipsiregieyel okqxchange.t FheBve, a

typi cal | : | c rite and
alygo at Ieas gﬁtg%ggﬁ %ﬁhtl&{lﬁ%%lag%ﬁgg T%%lg %g%\}a{x?ﬁg C 18 f{sa? of the

i nvention i scompdnext isfaddert todhe REfertigrite fdra:atalygcbnupbsea, Wdthelspmxﬁsnmadm on and

a dehydrogenat.i,on/.hydrogengti on .function, _with the RE-ferrierite providing
e hydr of S GRS DEiRY RETHERRD oy S fRernae B iopIE s e A SN | o
dehydr ogenatdatalyst, Bhectata@ic aieta? Borﬁpﬁiﬁﬁtl adbed to'thORE-fermeadiviEbé atllbt 6t al yst
will also contain one or nore refractory catalyst support mat eri al_s,

i ncl udi ng orféroup ViFE metal aed prefsrably atdnag e Sroup m&n’e rFustherythe REsf r act or y
catalytic s f or mxture
of ox?/dlas s%ﬁﬂg%ng;tq%cdgﬁlb mﬂ%tg%hﬂggﬁ%om&ﬁfayﬁ%a% y aC| l%ﬁgﬁd aci d oxi des

such as sil |dﬂc®b¢mdmlb@hwerlnmlﬁé%¥m twaxseh)tdmcndwm@ptfmdes titania,
Zi reoni &, Vaadh A A AR B Brlereh by adwboin S ek g o, CLouP

referred to Rerel n r ups as oun ch Peri odic
Table of t het‘eﬂeﬁtmbmdﬁWy bf@hpedturmnﬁ%&snhy effetiveeo @&tli’d‘e-th%;bcﬁh poatemtific

Conmpany. A catal ytic, net.al one as, on or nore VIIlI metals
and prefer ab‘ﬁ??eég ﬁ@&é"f’“%&atﬁgﬁ F%%“&Isﬂg‘?e'@'ﬁﬁﬂ the fnventieg,jo B’g‘ g@b"oy ted on)
i on exchangegteh Added A'GroGTWAE hbilElméfaf khs bBéh fdhikd fodePasichiady Sfective BRY

producing high yields of dewaxed lubricating oil fractions of reduced pour point, from

hydroisomerized Fischer-Tropsch wax.

DETAILED DESCRIPTION

Ferrierite is classified primarily as a medium pore size material having pore
windows of 5.4 A x 4.2 A (p. 106, Atlas of Zeolite Structure Types, 4" Ed., Elsevier
1996). Natural and synthetic ferrierite comprise a zeolite type of ion exchangeable,
crystalline aluminosilicate molecular sieve having both ten and eight ring pore windows,
with a silicon to aluminum atomic ratio of about five in natural ferrierite (although this
can vary) and a ratio of from about eight to greater than thirty (typically from ten to
twenty) in synthetic ferrierite, as is known. The preparation and composition of
synthetic ferrierite is well known and discussed, for example, in U.S. Patents 4,251,499

and 4,335,019. Both natural and synthetic ferrierite are commercially available in which
the cation exchange positions are typically occupied by alkali metal cations, such as Na*,
K" and mixtures thereof. The alkali form is readily converted to the hydrogen form or

to a hydrogen precursor form, such as the ammonium ion form, for subsequent ion



WD 00/ 53530 PCT/ US99/ 02283 7 be supported on one or nore refractory

catal yst support materials or additional nolecul ar sieve conponents that
have been or will be conposited or mxed with the RE ferrierite.. Thus, the
cat al yti c rgbabsssssind pronoter nmetal if present) is conposptrdsmiz2ss xed

wi th, inpregnated into, occluded or otherw se added to one or nore of the
ot her catal yst conponents either before or after they are all m xed

t oget her and extruded or piped. | n one enbodi nent gl has been found to be

effective t oexchansewith theglesiredanctalish s\mpycby-Roptactingdt yith ap aguegpsgofution \op) o
metal as Pt QinelifhediMindiih RnRhith E)Ec}xadg%tvﬂthttﬂ@alfcﬂf&étﬁfdah&\s QaRirfioddt € 1et al

pronot er conponent’s of G oups VIB and be used with the one or nore
G oup VI mhtalmmonitml fyim w:lkmommaﬁmﬂxydro'g'gtm{:aibrwdﬁinmwhchiwvaﬂspmg
conditions useful in the process of the inventj n arebﬁet forth in the

Tabl e bel ow. Profused diresHinby senteciipg the dermienip ath @ spitable matgral SehA80- 800Tot al

pressure, pr raa?o%ﬂroﬁc 98@5%.@&5%&417%\%&11 mwﬁh&kma@gﬁ@nkfaﬁa;mﬁoﬂ&ﬁ is
SCFB500- 15, 0001, 000 000 An RE-ferrierite dewaxing Catal yst of

i nventi on neknobm aasddwmmmt gxamplesof Wm&mw&@e@hxsmmsedncl udi ng
l'i ght and hegy 0 h nd t he
like. Prior Wﬂgﬁﬁ?gglé‘gtﬁg}“é‘lg‘%’asff ﬁg%wa\q@e%‘rfd?ﬁ’g'rgécg}%on ee s eri ved from
petrol eum séxghengetdchnifuiris ineffiettive fanthist puepdse. kEowuxhhpheUJSyBateﬂts 4584286 o
renmove sul fur nd nj n.co ds, . aronnt i ndn -aromatic
unsat ur at es. ‘“\dt % éﬂ?téngzgﬁefﬁ P°‘blﬁﬁf 3@5 15?'}‘%? Tf(gz?ga

hydrotreati n%ll@zﬁrthB'MOQBi it colenticn@I Mo ORHANgE tethnidhes. YPheEHop281 @idbl y
5-25 wt. % The h drotreatlna step is acconplished by reacting the feed

wi t h hydr ogei?53 patenis displeseangt nqslrexsh@ygwcludmsm eAhimstal ion exhanaeausingy st at

comonents. ofEaRA) s e pERL S Afliant é@t‘%ﬁ“ﬁaﬂys e Rl o

t hose skill etiempcratuheraagmg froygoara temperatiire tOdﬂQ . ridoweler, athaeh@erfandrthatl n the
range of fro ace vel OCI Y a pressure of
From 500- 3. O EEoG s 48 G BB Etyninghiecdis abf goras Wit

Furthermore, although rare earth metal ion exchange is included among a long list of

potential cations, the surprising selectivity towards lube oil fractions resulting from the
use of the trivalent rare earth exchanged ferrierite is no where mentioned. For example,
using this technique to try to ion exchange lanthanum with ammonium ferrierite from an
aqueous solution of lanthanum chloride at 180°F for 48 hours, followed by washing with
water, resulted in a lanthanum content of only 0.31 wt. %. This means that at
maximum, only about 5 % of the cation exchange capacity was met by trivalent
lanthanum cations in cation exchange positions. While not wishing to be held to any
particular theory, it is believed that if ion exchange occurred, it may have occurred only
on the exterior surface of the ferrierite and not in the pores where it is needed to be
catalytically effective. In the practice of the invention, the trivalent rare earth metal or
metals are ion exchanged into the ferrierite using a hydrothermal technique in which a
hydrogen ferrierite precursor or hydrogen (H+) ferrierite is contacted with an aqueous
solution of the desired trivalent rare earth metal or metals, under hydrothermal
conditions, which means at a temperature above the normal atmospheric_pressure boiling

point of the solution. For example, ammonium ferrierite was immersed in a solution of



hydrogen treat rates of from S00-5,000 SCFB. Further, if desired the feed
may be hydroi sonerized prior to catal ytic dewaxi ng. A dewaxi ng cat al yst
conprising the RE-ferrierite of the invention has been found to be

particul arl tive for produci ng dewaxed | ubricating g { ons of

| ow pour pﬁ%ﬁ’%ﬁbh hi gh product yield from Fi scher-Tr ops%#n\}\élaé%%t has
been hydroi sormeri zed (and hydrotreated ?f necessary) over a dual function
catal yst to produce a heavy boiling feed conprising a m xture of

i sopar af f i ndanthagum ohloxde ip asealed vvessel apinemppraturieiof3920F 208°6) for 24 hurparess from

a catal yst whj Lncl udes cohalt. catal vitic opent ,nthis FischerTropsch
wax feed isﬂfwahﬁ@“'ﬂ%‘ﬁ' °B§°’HWFH&‘“¥‘8‘§§ ltcgﬁgﬁ %’elﬂ‘r}pp‘l;ﬂ‘%‘f‘eaé‘isf%gr sul f ur
or ni trogen abéifd 28 95D the catidnakcHaf@esdapdtity Whailable BsttA TS cativil ervtaigewasd8- 99 wt .
% paraffins which may al so contaln very mnor anounts | ess than 1

( : (e.g., |
Wi % of olo6RPifd b maRyEe The Bae 2 waRgramECAent I hisui i desited Bl i on
and purity ek Is i . I 1404 i
hydr oi soner ;Ngg’ﬁ or%? li%?:%%gag%ﬁ/ehﬁﬁg%{i)ﬁrgﬁgér{ﬁh%@fl’ég%g?%Chm?g h may be
present ar e ferrierite olay shealbe washed; driedccaldiniediand thejonvexchange, washipg.dsying and he

O D et ™ shiEibing Heph ep@ivdq AhiGHY Bl pfobSitt b ABATHE SR RO TR | O
e e L owyilieed of
s oF Somer ionechtc MR aEH PR GE SIS IR oo avalshlE b oduct

of a Fi schempltaRRSERAntRdHS Caidhe prasysdyifih andhed8 GRidmR Methilh Pie Larth
preferably C ~ p+ and nore preferably C2o+ paraffinic hydrocarbons. In a

sl urry procdreials inike mixx Foppaialyticcuse,tthecamnpm eontenbefithe mix s typidalhdapletnd. f r om t he
slurry reactor. For exanple, the Table bel ow shows the fractional mnake-up
(t 10 wt. % for each fraction) of hydrocarbons synthesized in a slurry HCS
react or using a daingntisrtedabonzs theisitica toahehina mole rativeori thersiliconao aluminuinc

support. WD . 001.53530. 9. PCTNS99/,02283 BoiJing Tenperat ure. Ranges) W. % of

P ooL oni P MRIOTHE 2D Y SR0 S PR SRS EORD o AP | ho

?ydr oi sggggidmhm '7?0%f the BRmiTRY ; Or afuiind idnt’dgﬁ mﬂgnolé:@mmﬁum méh\?ﬁvyhf eed
e.g., + 1o F+) depending on the desire ut point an et her or

not dewaxed SP‘_BFé‘F“t?dr‘aé%tf"gﬁgalﬁé‘"g?%&t%f’]ﬂ‘é %’0@&?98?'_9%8 mole ofover boi | i ng

conponents, pnépdiive BRifgPbrbthe RAMBREKOTHARAALE balaR&AbY ch@iangkably daRmenat ed.

Fuel fractions are generally dewaxed to reduce their cloud (or haze) and

freeze poi ntSinceisrd easthswetal (REJ citions atsiryalang reachomele fiRY ion idedrpora@dyiad r anges

of tenperat r I ( nd 0- 2500

si o wi th peLrRbhel FERRM fecdufude kbR tiab g ok B AEE g 0" Lo o)
respect i vel yTheféfweche depgeesor perclntcif BEexchangatvhich isasmensaie ob cationpkehangear e

500- 5000 SCFB ﬁnd 50- 50 %E:Fﬁ_é, Wi t h prglgferred. ranges of .2000-4000, SCFB and
50- 500 SCFB,PO! g'ﬂfe‘???‘i’%%. efrivalant fprs;carihEations, isimare magningfid than the prights” e of
nor e cat al ytpefcefiifaire eHDRAENThSorpoHMRO Ik the Fétricrite aférdbs exthinkle wathi de support
to give the catalyst both a hydrogenatjon/ dehydro_(lgﬁanati on function and an

aci d hydr oi SOIWEPISLNIAEENEQRS OF MOFe rarg arth metal gationy The R contentithe gy exanpl es of
h | . i i d, .. f le, i
U'S Pat ant 10445 o BRIk Al B0 i fBe BF oW it Har BRI (o

separate the |ighter 650F to 750F- isonerate (depending on the desired cut
point) fromthe heavier lube oil fraction, with the |lighter material used
for fuel boiling in thé& REsxehagen P w(males RE)Y &[(molasddlx 10G] desired. The
Tube oil fraction is solvent dewaxed or catalytically dewaxed by reacting
w th hydrogen using the catal yst and process of the invention to further
reduce its pthese yabiestre déteamined/bynany suitahie dnalytical teckriique (sucti@s elementalwi t h
reference t Oan%l?sefs)ew)i@cww?& tEee allrgc\)lyint of éla\gl a(é)rlngr%%?e%ent in the dry RE-ferrierite

resulting after exchange and washing with water, to remove all metal that has not been




10 EXAMPLES xam 1 1 PCTNS99/ 02283 Ammoni um i on exchange of al kal i

net al

ferrierite was performed by suspending 100 g of Na-feirie~te having a

silicon to alumnumratio of 8.4 in 500 M of a 5 wt,
kbl € was stirred for several

sol uti on.
washed with

T8 obrs35b

istilled and deioni zed wat
and the resulting NH4-ferrierite was dried at 70C in a vacuum oven.

The exchange was r

aqueous N i ~Cl
hours at 50fcT/Usdoteezsed, and

epeated tw ce

Lant h i h th it hi I 7
of NI A1 or PR BFPEEn By 3 Af SOl he w0l el ies SamOE O porRpE R g |
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refractory catalyst support materials, including one or more additional molecular sieve

components. The refractory catalytic support material may include, for example, any

oxide or mixture of oxides such as silica which is not catalytically acidic, and acid oxides

such as silica-alumina, other zeolites, silica-alumina-phosphates, titania, zirconia,

vanadia and other Group IIIB, IV, V or VI oxides. The Groups referred to herein refer

to Groups as found in the Sargent-Welch Periodic Table of the Elements copyrighted in

1968 by the Sargent-Welch Scientific Company. A catalytic metal component, such as

one or more Group VIII metals and preferably at least one noble metal of Group VIII,

may be deposited on, ion exchanged into or composited with the RE-ferrierite or it may
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Fischer-Tropsch wax and the like. Prior to being catalytically dewaxed, hydrocarbon

feeds derived from petroleum, shale oil, tar sands, and the like will be hydrotreated to
remove sulfur and nitrogen compounds, aromatics, and non-aromatic unsaturates. It is
preferable to deoil such feeds prior to the hydrotreating to an oil content of from about
0-35 wt. % and preferably 5-25 wt. %. The hydrotreating step is accomplished by
reacting the feed with hydrogen in the presence of any well known hydrotreating catalyst
at hydrotreating conditions. Such catalysts typically comprise catalytic metal
components of Co/Mo, Ni/Mo or Ni/Co/Mo on alumina and are well known to those
skilled in the art. Typical conditions include a temperature in the range of from 540-

750°F, a space velocity of 0.1 to 2.0 v/v/hr, a pressure of from 500-3,000 psig and



Pt/La-ferrierite catalyst of the invention. It is understood that various
ot her enbodi ments and nodifications in the practice of the invention wll
be apparent to, and can be readily nmade by, those skilled in the art

W t hout depgididoasssé r om the scope and spirit of the inventipevuesaeissbed
above. Accordingly, it is not intended that the scope of the clains
appended hereto be [imted to the exact description set forth above, but
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pat ent abl e n8Y4IPSep tigAs @ies oEEPm0P+3.00R SCHAL SRther, ifdesirqddhe fee@AYBE ng al | the

features andhyd}‘giggﬂ,gﬁg@?ﬁmgggyawyhg@ﬁg;reat ed as equival ents thereof by
those skilled” in the art to whicCh the invention pertains. WO 001 53530 14
CLAI M5: PCT/ US99102283 1. Ferrierite in which one or nore trivalent rare

earth netal ratio Fﬁ% . Of 4 leal.] : ' 2.
Ferrierite accordiﬂzdﬁbv 0 #é?ﬁﬁ%go%%s%it% ﬁ%'tf%ggcgto ??%mg}?%fo nﬁgg%ﬁ{xgﬁ
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occupi ed by &td comprginga mpdure pHiseparafins apdnermehparaffing: AWhesyprodused yia gat al yst
according to sﬁhgkﬂic' ss'ﬁQmY‘@ba%]Ys? Whilh MR a COBRE cAtAAiObpRn& is #lschepASt 15 %
of said cation change capacity.

Tropsch wax feed is very pure, typically having less than 1 vppm of either sulfur or

nitrogen and comprising at least 90 wt. % paraffins and even > 98-99 wt. % paraffins
which may also contain very minor amounts (e.g., less than 1 wt. %) of olefins and
oxygenates. A waxy feed of this general composition and purity will ordinarily not
require treatment prior to hydroisomerization, because any unsaturates and oxygenates
which may be present are in such small quantities that they will be consumed in the
hydroisomerization without adversely effecting the hydroisomerization catalyst.
However, there are other known Fischer-Tropsch hydrocarbon synthesis processes and
catalysts which will not produce a waxy feed of this purity and which may, therefore,
require hydrotreating prior to hydroisomerization. By Fischer-Tropsch wax is generally

meant the product of a Fischer-Tropsch hydrocarbon synthesis process containing Cs+.,

preferably Cjo+ and more preferably C»o+ paraffinic hydrocarbons. In a slurry process,
the wax comprises the hydrocarbon liquid withdrawn from the slurry reactor. For
example, the Table below shows the fractional make-up (+ 10 wt. % for each fraction)

of hydrocarbons synthesized in a slurry HCS reactor using a catalyst comprising cobalt

and rhenium on a titania support.



6. A catalyst according to claim5 in which said one or nore rations occupy
at least 25 % of said ration exchange capacity. 7. A catalyst according to
claim6 containing a Goup VIIl catalytic nmetal conponent 8. A catal yst
accordi ng t‘gog\&@km 6 containing a Goup VIII noble netal gaf/asdblobsas
conponent net hod for adding one or nore trivalent rare earth netal
rations to ferrierite by ion exchange wii ch conprises contacting ferrierite
wi th an aqueous solution of a salt of said one or nore rare earth netals
under hydr ot her nal condltlons at a WO 00l 53530 PCTN899/ 02283 15

t enperature above the ngr . A 0 produce
ferrierite in which at lgggpg"l‘ém[p/e%ﬁxnf’i[(@gﬁiurm X({%?:\rr%%a'?gpa City 1S

occupi ed by said at |eadtiBpi3goor nore rare earth nmetag rationg. 10. A

met hod according to clailm9 wherein the ration exchange positfons of said
ferriezite are occupied G}oﬁ%rogen or a hydrogen i ol precurser prior to
contacting said rare earjtgg r-ygéal solution. . A A3.AY, 14 . A?. AYF . A AF. AulR A
Y. Al F?. A5 y. AE. A3. AY/ h+{
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During hydroisomerization of the waxy, paraffinic feed, some of the heavy feed
(e.g., 650°F+ to 750°F+, depending on the desired cut point and whether or not
dewaxed fuel fractions are also desired, is converted to lower boiling components, with
any olefins and oxygenates present being hydrogenated. Fuel fractions are generally
dewaxed to reduce their cloud (or haze) and freeze points. Hydroisomerization
conditions can vary widely. Broad ranges of temperature and pressure are typically 300-
900°F (149-482°C) and 0-2500 psig, with preferred ranges of 550-750°F (288-400°C)
and 300-1200 psig, respectively. Broad ranges of hydrogen treat rates and consumption
are 500-5000 SCF/B and 50-500 SCF/B, with preferred ranges of 2000-4000 SCF/B
and 50-500 SCF/B, respectively. The hydroisomerization catalyst comprises one or
more catalytic metal components supported on an acidic metal oxide support to give the
catalyst both a hydrogenation/dehydrogenation function and an acid hydroisomerization
function. Illustrative, but non-limiting examples of such catalysts, their preparation and
use may be found, for example, in U.S. Patents 5,378,348 and 5,660,714. The
isomerate is fractionated to separate the lighter 650°F- to 750°F- isomerate (depending
on the desired cut point) from the heavier lube oil fraction, with the lighter material used
for fuel boiling in the naphtha and diesel fuel ranges, if desired. The lube oil fraction is
solvent dewaxed or catalytically dewaxed by reacting with hydrogen using the catalyst

and process of the invention to further reduce its pour point.

The invention will be further understood with reference to the examples below.
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exchange with the NHy-ferrierite was achieved by sealing 7 g of NHy-ferrierite and 40
ml of a 0.2 M aqueous solution of LaCl; in a Teflon lined stainless steel pressure vessel,

followed by heating at 200°C for 24 hours with occasional shaking. The vessel was

quenched with cold water and opened immediately. The solid was filtered, washed with
hot distilled and deionized water until chloride free according to an AgNO; test and then
dried at 70°C in a vacuum oven. Elemental analysis of the NHy-ferrierite and the La-

ferrierite gave Si/Al atomic ratios of 8.1 in both cases. The La-ferrierite contained 1.86
wt. % La, indicating 27 % of the available cation exchange positions were occupied by

the lanthanum. Refinement of X-ray powder diffraction data gave orthorhombic cell

constants of 18.84, 14.10 and 7.43 A for the NH,-ferrierite and 18.94, 14.12 and 7.45 A
for the La-ferrierite. The BET surface area of the NHy-ferrierite was 288 mzlg and that

of the La-ferrierite was 320 mz/g.
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-ferrierite and the La-ferrierite prepared in Example 1. The Pt was added by ion

exchange with the remaining ammonium sites on the ferrierite using Pt(NH3)4(OH),.

These platinum loaded materials were then calcined in air at 400°C, pilled, crushed and
screened to 14/35 Tyler mesh size. Elemental analysis revealed Pt contents of 0.57 and

0.54 wt. %, respectively.

Comparative Example B
An additional catalyst for comparative purposes was prepared by impregnation

and extrusion comprising 0.5 wt. %Pt supported on a mixture of 80 wt. % mordenite
and 20 wt. % alumina which was calcined in air at 400°C.

Example 3

A hydrocarbon synthesis gas comprising a mixture of H; and CO having a mole

ratio of between 2.11-2.16 was reacted in a slurry comprising bubbles of the synthesis
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compnsed at least about 98 wt. % paraffins. This material was hydroisomerized by
reacting it with hydrogen in the presence of a dual function hydroisomerization catalyst
consisting of cobalt and molybdenum impregnated on an amorphous silica-alumina
support. The reaction and reaction conditions were adjusted to achieve 50 wt. %
conversion of the 700°F+ material to lower boiling material and included a temperature
of 700°F, a space velocity of 0.45 v/v/hr, a pressure of 1000 psig and a hydrogen treat
rate of 2500 SCF/B. The resulting isomerate was fractionated to recover the 700°F+
boiling fraction which comprised a mixture of normal paraffins and isoparaffins and had

a pour point of 2°C.
Example 5

The dewaxing activity and selectivity of the three different catalysts prepared in
Example 2 and in Comparative Example B was evaluated by reacting separate portions
of the 700°F+ isomerate fraction of Example 4 with hydrogen in the presence of each
catalyst using an upflow, 3/8 inch fixed bed reactor at reaction conditions of 750 psig,
2.0 w/h/w and a hydrogen treat rate of 2500 SCF/B. The reaction temperature varied

and was adjusted to achieve the same comparable lube product pour point for each
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catalyst. The results of these evaluations in terms of products and properties are shown

in the Table below.
PUNH,-ferrierite | Pt/La-ferrierite | PH-mordenite
-alumina
Reactor Temp., °F 635 635 518
Gas (C,-C) 28 19 -
Naphtha (Cs-320°F) 34 1.7 N
Diesel  (320-700°F) 16.5 12.6 -
Lubes (700°F+) 78.3 84.5 59.4
Lubes Pour Point, °C -32 -31 -30
Lubes VI 142 144 145

As these data show, the Pt/La-ferrierite catalyst was more selective towards producing
the dewaxed 700°F+ boiling lubes product than the Pt/NH,-ferrierite, with less gas
make and higher lube yield at equivalent pour point. The Pt-mordenite catalyst

produced significantly less 700°F+ material, with substantially more gas make than the

Pt/La-ferrierite catalyst of the invention.

It is understood that various other embodiments and modifications in the practice
of the invention will be apparent to, and can be readily made by, those skilled in the art
without departing from the scope and spirit of the invention described above.
Accordingly, it is not intended that the scope of the claims appended hereto be limited to
the exact description set forth above, but rather that the claims be construed as
encompassing all of the features of patentable novelty which reside in the present
invention, including all the features and embodiments which would be treated as

equivalents thereof by those skilled in the art to which the invention pertains.
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CLAIMS:

1. Ferrierite in which one or more trivalent rare earth metal cations in at least 10

% of its cation exchange capacity.

2. Ferrierite according to claim 2 in which at least 15 % of its cation exchange

capacity is occupied by one or more rare earth metal cations.

3. Ferrierite according to claim 3 in which at least 25 % of its cation exchange

capacity is occupied by one or more trivalent rare earth metal cations.

4. A catalyst comprising at least one catalytic metal component and ferrierite in
which at least 10 % of its cation exchange capacity is occupied by one or more trivalent

rare earth metal cations.

5. A catalyst according to claim 4 in which said one or more cations occupy at

least 15 % of said cation exchange capacity.

6. A catalyst according to claim 5 in which said one or more cations occupy at

least 25 % of said cation exchange capacity.

7. A catalyst according to claim 6 containing a Group VIII catalytic metal

component

8. A catalyst according to claim 6 containing a Group VIII noble metal catalytic
component

9. A method for adding one or more trivalent rare earth metal cations to
ferrierite by ion exchange which comprises contacting ferrierite with an aqueous solution

of a salt of said one or more rare earth metals under hydrothermal conditions, at a
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