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application is related to Applicants' U S. Patent
Application Serial 7 No. 10/374,297 titled "Process
For Producing H gh PRACESSHFORPBODICING 8 Zeol it e
filed FebruarjiGisRONGASOLINE USINC ZEPLINGENTI ON
11 12 The invention relates to the production of high
RON gasol i ne_ usi e
OF THE | NVERYYOR e : SHR e 2 HE
require high octane gasoline for efficient 18
operation. Previously | ead had been added to gasoline
t Ghisrappdiaation IseetatedieApplicanisidss. Ha@ammmlcaﬂ@m] Serl

r eno f Iomthe | :

R B e EaPhes B RRE R RdBaBh PR Glsdthe Using cF
t ieomet ARE FEbFSR 28,20081 needed. The addition of
oxygenates, such’as nethyl-t-butyl ether (MI'BE) and

22 ethanol, may be added to gasoline to increase the

oct ane nunber. Howe h@engeneral ly | ess
toxic than | ead, ha\{:EF LD GETHE ERTION d water 24
contam nation. At the sanme tinme, some of the high

oct ane conponents 25 normal | ese i.n _gasoline,

S 46 RCTRERTEIRES te BRdrPadcid el TBRBHIGN Satatte U3BYal so

bﬁ Qovi ously, a process which will increase \
t he octane of 27 gasoline without the addition of

toxic or environnmentally adverse substances 28 would

be desirable. 29 )i . her of a
I i ght napht ha cow 3 re—Shotrtest, — oS
branched i soner tends to have the highest octane
nunber. For exanple, the 32 branched isonmers of

hlasiesn antovookitensingines Emirgitighiostansdasalinador gffigient 33

BN R R HATHMER i B BB et
Rebmber Kiavivaeer, ith the aembedl éfdea fronf the gasoline pool due fo

environmental concerns, other methods for increasing the octane number are

needed. The addition of oxygenates, such as methyl-t-butyl ether (MTBE) and
ethanol, may be added to gasoline to increase the octane number. However,
MTBE, while generally less toxic than lead, has been linked to ground water
contamination. At the same time, some of the high octane components
normally present in gasoline, such as benzene, aromatics, and olefins, must
also be reduced. Obviously, a process which will increase the octane of
gasoline without the addition of toxic or environmentally adverse substances

would be desirable.

For a given carbon number of a light naphtha component, the shortest, most
branched isomer tends to have the highest octane number. For example, the
branched isomers of hexane, monomethylpentane and dimethylbutane, have
octane numbers that are significantly higher than that of n-hexane, with

dimethybutane having the highest RON. Likewise, the branched isomer of
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nmet hyl but ane, has a significantly higher RON t han
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satisfactory octane nunbers may be achi eved for
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separately may be 15 rec¥cl ed to the isonerizZation

11 opmekacutar. SleV_BGSGIQ’C’tHEWtﬁerE heogroupsionsisting (04 Al NG & SARO-S,

12 288908, GAEETS S MaPRIES, et H)Field oIS e hon

13 t PRONLRoRR#€ 26 dvendd hrdaddddaivetheazeling B&Dtodﬁ@r@éﬁe mlwl octane
usi ng ASTM D2699. The 20 two methods both enp

14 stawaker 16sdperRON/somess Whishale dRcoEERY S@@ata%%wn%éﬁ
15 en@ paed%tl.hé %%5)2@‘6%&?” ggg%&\lﬁd are not identical.

rmes th are averaged, (MON +
16 RO\I)/Z to obtain an octane nunber. 23 Therefore,

nreferr t t tial t
WO RFERGS 307 Grlk el eEhte BUTHSS Bic P oMY g aised, the
18 ' ” o remetnee é&%@nu@ggf%oﬂ )RRNdMiked %tsﬁbe&sTM D2700 and the

erw se, octane nu refer to
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compa on S of hexane and,.pent a have, t
20 5 FBT Tty Hef LY e AepdFEiSoRaoy P BLALRrg P ER
21 92kockoreRt @ﬁg‘iﬁéeblﬁ‘l'hé values obtained are not identical. Sometimes the
22 MON and RON are averaged, (MON + RON)/2, to obtain an octane number.

23  Therefore, when referring to an octane number, it is essential to know which

Cﬂ-hoal\)-—\

24  method was used to obtain the number. In this disclosure, unless clearly

25 stated otherwise, octane number will refer to the RON.



7 2-met hyl pentane 73.4 8 3-nethyl pentane 74.5 9

2,2-di et hyl butane 91.8 10 2, 3-di net hyl butane 101.0
wa200387d53 t hi s di scl osure, the isonmers 2-nmet hyP@EOSBENE005055

and 3-net hyl pentane will be 13 collectively referred

to as nononet hyl pent ane. Li kew se the isoners 14

1 255 SO ADRReR: iR B 8D i e have te
2 NopeRingRONSMer of pentane will be referred to as

16 met hyl butane. The isomers of C5 and C6 paraffin are
3included in the Ilght 17 naphtha fraction of the

g ghool . gkilled in the art will recognize
4 aﬁ‘?lgh%g] sone |soners of C7 paraffin may al so be

5 prmsﬂr‘ylbutalne he 1igh8 naphtha fraction, 19 however,
si nce he t ane andQJzés i soners are general ly only
pr%‘@@ﬁ@“ n mnor amounts, they will be ignored in

tgﬁ_gg&gg%@gedr sgyigsi on of the present 21 invention.

Ine is generally prepared froma nunber of
8 bllernmletbylpea’msre Gakbbine 24 blending streans typically

nQr g point within the range of 25 0
9 d%ﬁéﬁg‘% I(@Ea gsﬂegs F) and 260 degrees C (500
10 degnefimdiylasaré fef.er ni ned by an ASTM D86
dlstlllatlon Feeds of this type include light 27

11 napht has typically having a boiling range of from

ab
12 SR B Ao PR e LA St g
13 na@cﬁllel&ﬂﬁelytre‘ﬂerr‘ewtb)ashﬂdn@geﬁrytpvritam Lilkeswiee difie aatmmﬁrsCS

to 180 de(t;rees C 30 % 55 degrees %J heayvi r nag]h %
14  r 22rdimehieitang @ndr2. s1imetigutane W &ﬁcol@f iyely referred to as
15 de@rﬁ?eﬁﬁylﬁyfaﬂez%ﬂg%%%{cﬁﬁéth i6oRRr gﬁgér"ﬁ%ﬁe will %e“’éfermd to as

rees asoline Fractrons
16 at meﬁryllaltahea‘ﬁhe isioriera of Ch endddgearaffinndreuinclugad 1msﬂ're light

17 BB 53 RSB b SRS B ooz

18 Pr g%rﬁégéeﬂrﬁerfsr&'@%ﬁmwﬁ y GRY S PrésehPirtiHe IRRE h@ﬁﬁth@ fraction,

rees Fto 2 412" degrees F). In general, a
19 gabmvemr simek heptanedasd its isopvars aragenerajly astly prasenBin minor

20 2 S RO TRl A Rl B e

24 | | ghknsdk.ai ght run, isonerate, FCC cracked 5 products,
hydrocracked napht ha, coker gasoline, alkyl ate,
22reformate, added 6 ethers, etc. OF these, gasoline

23 P 84 @& a8 pipafdFrom e nlifber BBhIsABGtreams. Gasoline
24  blending streams typically have a normal boiling point within the range of
25 0 degrees C (32 degrees F) and 260 degrees C (500 degrees F) as
26 determined by an ASTM D86 distillation. Feeds of this type include light
27  naphthas typically having a boiling range of from about 15 degrees C to about
28 70 degrees C (about 60 degrees F to about 160 degrees F); full range
29 naphthas, typically having a boiling range of about Cs to 180 degrees C
30 (355 degrees F), heavier naphtha fractions boiling in the range of about
31 125 degrees C to 210 degrees C (260 degrees F to 412 degrees F), or
32  heavy gasoline fractions boiling at, or at least within, the range of about
33 165 degrees C to 260 degrees C (330 degrees F to 500 degrees F),
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7 the alkylation unit account for a major portion of
t he gasoline pool. 8 FCC gasoline, and if present,
w@ odoen76sapht ha and pyrol ysis gasol i ne, gener al PGT/US2004/005055
contribute a substantial portion of the pool sulfur.
10 11 Gasoline suitable for use as fuel in an
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4 ot IS pOBNES oy Bl R EEC o
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gasollne poaol in order, to increase the overal

6 Thethsre<int Of thesa: 9aseling blany stoeke frem the E@Csth@r isioramar and
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12-ri1ng pores. I'n genera
8i nEQGHgasnIilnecaﬂ@#smes;aﬁ cokss tnabhthzeamd pyreb@igssoline, generally
rra er such as 22 cr { [1in S@?m no-sili cates,

0 O GaHtsPHie a SHiEetantal Forian at Be PO adihys o Ti ne. 25

10 et al | o-al um nosi |l i cates having the ATS structure
which is exenplified by 24 SSZ-55. SSZ-55 is
11 de Sasplirel suitablé far ysesgsafuat inoan astmmtglbtengineb&uladta@/ata RON

12 25 e Y iRy LIRS BELAN NGt B QabRrgD &P abble. Hign
13 capaHyFhanddodRyisés nfa'?ﬁ‘reamé btheIQfavﬁ%za 550N‘bf about 100. Most

preferentially 27 adsorb % but ane and

14 di ﬁewimemle@@iag syeamepuil é@ve@ AN eangéng freenabaut @stocabout

15 2B Ene Bl RIRE eI S BOBHLCE BTGl B
16 hydegmtﬁ@m nexirpiee aihé ansunn oﬂni@tl%htb&tané%n@f&lh@tlﬂnbutane in the
node which was not recognized in the prior art. 31 32

17 As9asme RPA! H) Srdgr &2 InsEease DREVREILSON: diiter presgnt ipvention is
18 cgﬁrg&baltg%nﬁp&@ﬁtended 33 as open-ended

transitions the i nclusion of the named
19 eI ements, but -4 V\D 2004/ 076593 PCT/ US2004/ 005055 I
named el enents.

th
0 phP TEEEoNn e oTas i S Bivind dRTH0 PGRGILgs irgal ATS-ype
21 eS§§6lHé§HdUdéf &Wéa%er@Flé@@@%télﬁhéWof}?r%u% BXeidR Qlcrbs

ot her el enents of any esséential si i cance to the
22 coﬁlﬁ’@@lltna)aiumlmo—?o’iheatﬁhrars/e’alllmdnstad;ln*rsﬂ@abés @nd crystalline
‘con ts, of"are |nt nded

23 o\ OISR RoA B GHoatth REVE0 (B2 AT SchEH LB e R RegRBIed by
24 exsePLERI8IE-550s aabdribEd@d its prfarfior EREOGAT IBY.S. Patent
25 No. 6,475,463 B1. This reference also teaches its use as an isomerization
26  and hydrocracking catalyst. However, the ability of SSZ-55 to preferentially
27  adsorb methylbutane and dimethylbutane as compared to the other isomers
28 of Csand Cg paraffins has not been previously described and makes it
29  possible to operate isomerization and hydrocracking operations in a highly
30 efficient mode which was not recognized in the prior art.
31
32  As used in this disclosure the words "comprises" or "comprising" are intended
33  as open-ended transitions meaning the inclusion of the named elements, but
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7 8 BRIEF DESCRIPTION OF THE INVENTION 9 10 In its

br oadest aspect the present invention is directed to a
w@e@eom$s93 or 11 produci ng a hi gh RON napht ha wheTS2004/005055

conprises contacting a hydrocarbon 12 feed stream

conprising a mxture of the isonmers of C5 and C6

4 Par a fins w

1 anPLBy e sttt BT enbefed HaMeRS TR Red® Consists

2 pa@@&émmwaﬁewr@h@wsﬁﬁ% babentialdopr sredntindelgo Me%n the
zeolite as conpared to the straight chain isoners,

3 an@xelisionefi qi@eraelﬂ@pnt&ﬁ @}y@ﬁﬁ@mtlaksjmlﬂﬁ@quato the composition.

4 adﬁ%o gé‘esz%‘ﬁgﬁgw o gt "Pbﬂéi% A?qg\'; y| otéliea§ {ransitions

on fee eam out

5 pr eeesing tie @)ﬁﬂlh‘éldjkaopaloﬂutﬂhewebitemé@hﬁrrﬁ@ WithltbE @xae pidh of
at 8 |east 2 octane nunbers higher than the

6hyG’ln cCRiNBAraceg @ §PPWHIAS- 19 20 The present invention
is also directed to a process for isonerizing a |ight
21 naphtha feed stream conprising isonmers of C5 and C6

8paraffins whi ctBRIERCDESORIPYIONMDBEJHBINVENTIONt
napht ha feed streamwith an ATS zeolite in a 23

9hydroisonerization zone under hydroi sonerization

10 conglits 'b%%es‘f‘@@ﬁ@&)fhé BRosehtirveRiiBh S @b Qgﬁoé s for

preferentially forned as conpared to n-pentan
11t heroduning adhigheRON baphethe whiclp cefnprieas cantagtifg ar’radrwarbon

12 R S AR SN B S NSaTo2: 987 s it

13 CatAﬂTS/tédhtéiirSérh bHQ@ﬂpﬂBn Qoﬁéphhé@bl?rtﬁé %@éncﬂie'dqg@ﬁn%% of the Cs

enriched with nethyl butane an i met ut ane. Anot her
14 enpbdiGeepAraffinstaie pr@‘@f&ﬂil@éﬁﬁd@ﬂrh@d;bydéedb@ Zeelig asscampared
15 pr ‘P stFé]?htpé aér?d +é&%vgﬁl¥é Q%a@hﬁ? E}o%gc%n the
oW 0X ch conpri ses” con

16 hy ddsomqtibn lzonéhafv&@da htgheamd)m tiearhihay deraﬁéﬁbﬁl feedetream. In

th a hydr crackln catal yst under 32 hydrocrackin
17 CoRATTIGI T BraseRS Hanagiing Arakistng ETEIaphe have a ON at

18 C IR} Zot e e RO éﬁﬁ“aﬁh?ﬁﬁhéi‘y%%@ﬁ%%%@%' "

19 PCT/ U82004/ 005055 1 conponent, and recovering fromthe

S I AL ——————

21 Cappphita fedl stragwpé&ﬁﬁﬁsﬁn@fsm'ﬂ.@rs%@%% COVSRHIRWhRS
preferred ATS zeolite 5 7Ts

22  comprises contacting the light naphtha feed stream with an ATS zeolite in a

23  hydroisomerization zone under hydroisomerization conditions, whereby the

24 isomer methylbutane is preferentially formed as compared to n-pentane and

25  the isomer dimethylbutane is preferentially formed as compared to

26  monomethylpentane and n-hexane, and recovering from the

27  hydroisomerization zone by catalytic distillation a naphtha product stream

28  enriched with methylbutane and dimethylbutane. Another embodiment of the

29 invention may be described as a process for preparing gasoline having a

30  high RON and low oxygenates which comprises contacting a hydrocarbon

31 feed stream in a hydrocracking zone with a hydrocracking catalyst under

32  hydrocracking conditions, wherein the hydrocracking catalyst comprises an

33  ATS zeolite, an active hydrocracking catalyst, and a hydrogenation
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7 Al though each of the three enbodi nents of the _

i nvention described above 8 involves processes which
wae@4geises al |y treated differently in the art, PCT/UB208005055

bel i eved that the same nechanismis operative in each

process. Although not 10 well understood in the art,

1t h%o?ﬁfcﬂ@?\ﬁa@ogéeo?}D?ﬂﬁ%ﬁﬁ@\f_t@?%fd?éc‘ﬁac dad %gtgg %r{%gihlyilbtﬁfane and
2pardimethydbutah® eprietieat paphithh lpyoddtgor b 12 met hybut ane

and di net hyl but ane as conpared to pentane, 13
3mononet hyl pent ane and n- hexane. The pores of SSZ 55

ghayg d ?Frgfhgfcﬂﬂrﬂﬁeb cesd o tHE ;{we%lel'x er Cﬁ%l e o%{ ATS zeolite

par af i"somers omever he s
015 isBSFydHut ane and dlnethylbutane are favored over
the | onger chains of 16 n-pentane, n-hexane and
6m)nonethylbutane Consequently, it is possible to

7pr @flﬁhb@@h ieich)of Qﬁ’éﬂfr@e A Ht‘gpdfsth%‘g‘}()eﬂﬂoﬁ i@l@s@r‘ﬂ%@ﬁbove

The 18 net hyl but ane an
8sukﬂ§\@!1\tﬁaﬂ1lt>l105zeﬁ%38 wblch@cregenemllasrqamd diffiererity inrthe art it is

o REE PRRISSofle lem R 4 SE8Rb of S5 ikShSptoush o
1021 Wil ONtiRPstobE iR 2@ athb tredtanisR &f b ﬁv@ﬁ@&??e?a%%rto the ability
t he si rrRI e separation of the 23 methylbutane an

11 di pbthgAbotzeedtes genaralis %‘drﬁﬁazﬁ%m’c\ﬁmﬂamﬁ) preder@ditially adsorb
t an
122?{“‘?%9%1% SRRt Bl 48 SRR o BidReLs Ty «he

1 3ATﬁ1armhethglpeatameLW mh%agge I 7ed p?rfes @%s?isalnel% t%éég found to
al selecte
14+ ; gATIERILSTEE Gn AchCoParati MOmass: koweATeiRer Shartsr chains of the
El
55 B SR o AP R0 B
16 t ontpentazsy rtb@Saneaubrs muhontethylbtmneaConseduddlyoh i®possible to

d t th 30 ref er r ed to
17 paPBREnALY gsrbrRece hamérs heko Re Ranast R
18 pahﬂ\eﬂﬁﬂlll&iﬁhﬂé @d%nfé@rﬁ?bﬁéhé QDpOEqRrY! ﬁHVb@r}Qc?\ﬁered s part of

pal | adi um ol somer| zatl on”process
19 neﬁﬁ)ﬁlﬂblGhQ@\@aahtﬂlaoprﬁéuﬁmefeeahéy thg ebdchedhdaplytha product

re rogg)tﬂrﬁ] 33 by using catalytic
20 gﬁg@pﬁ%\% §f§tﬁﬁ§r%s50ners havi ng the hi ghest RON
21 aI so -6 WD 2004/076593 PCT/ US2004/ 005055 1 have a

| ower boiling point than the other correspondi ng C5

22 an¥Vieen therAf$ zgolitg is yeeginsa pBOC@SS\fneihetmmpJ@rﬁrz&ratlem of the
28 bl Bng UAEIEANG8e BBFLEA Alec ORISR Fariiiy
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Y_ agged tﬁowé‘\llérh\?nglr? utspneg tﬁg%'lzse gletl)ltltg arsme}/ hlyjc?r\c/):asomerlzatlon
26  catalyst, it is usually desirable to add an active metal selected from
27 Group VIIIA of the Periodic Table of the Elements. When referring to the
28 Periodic Table of the Elements in this disclosure, the version according to the
29 1975 rules of the International Union of Pure and Applied Chemistry is the one
30  referred to herein. The preferred metals include platinum or palladium or a
31 combination of platinum and palladium. In the hydroisomerization process, the
32  methylbutane and dimethylbutane may be readily recovered from the column
33 by using catalytic distillation, since the isomers having the highest RON also
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purpose in the cracking operation 8 is to adsorb the
W@200a0th3¢6 paraffin i soners present in the PCT/US2004/005055
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10nethethbuenr andlisdnigizeythé wisdieinkr £68 méAokihylpentane to

hydr ocarbon feed stream or when the process i's bein

11 us éimgthypurtangwhich wil fugﬁmrdngzﬁaésithgﬁ@n ob e affiuent f:rom the
h . i . i
12 PubffEtadlng BFLRRBRCTR: by Moo ik ariiledfh P "

13 pasydracrackiog ghtalyh, 4 hetiopeutaheend difethyiheape @@gisRed faphtha

bei ng, enpl oyed i n a hydrocracki ng 26 operation heavier

14¢ o LAY 5P RspRgcavialed Wich mavohe Hsom fe Rrapase gagelingihaving an
in i i b f

15 R eoeE R RO asy ik Bedkin o4 g8l TRERIHUR ofthe

16si MglS®zeoliig@ndrcracking taigéysh paferabic Willnasopentin amydtduenation
29 ATS zeolite, i s nost.advantageous enpl o in the

175 OMPLERLSUE 5% HDS¢ G e &) seRptR LA R RN G Arad g

181 N Grod w|B%fﬁh@;;mi5@icq%|@9me ElBfend al yst. -7 WO

2004/ 076593 PCT/ US2004/ 005055 1 DETAI'LED DESCRI PTI ON
190F THE INVENTION 2 3 In this disclosure the ternms ATS

20, hBuET Meoiosty 5t RdRFefin G BV vifd o ¥Rtie 115PT,
211 amisb¥radibnDp@RhiRsHHoeceVa A Wﬁétﬁgib@teﬁwé"éﬂd:!ain?étﬁ\(lbutane from
exenplified by the zeolite SSZ-55. The 6 Structure

22 coftt BudigsapIon feed stearhat Wosa thezpeices® isNesipgiusedas part of a
( . : ”e ) .

23]  Fr R aRAER G o SragHerEreRIrbe Elunt

24 st maphtireesttdeah ihasidpée midietizs thenesluméasfirhaiesiahpaddigy through
the same 9 topalo are generically called by such

25 hitheope |stm1%qg%@lﬂrgqes§i I8 \peing employed in a Rydrocracking

26  operation heavier feeds would obviously be employed which are cracked into

27  products boiling in the range of naphtha. Although the ATS zeolite may be

28 used in either a single stage or two stage hydrocracking operation, the

29  ATS zeolite is most advantageously employed in the second stage of a

30 two-stage hydrocracking operation in order to minimize coking of the catalyst.



10 included within the code ATS include SSZ-55,

MAPO- 36, CoAPO 36, 11 MAPO- 36, ZAPO 36, FCAPO 36,
WOKRR@03693 and ZnAPSO- 36. Thus zeolites 12 havPegus2004/005055

framework structure simlar to that for SSZ-55 are

named an 13 ATS—type zeolite. The par arreters of ATS

type nol ecul ar S J t he
1Atlas of I\/ble SFeves TS Sim ,.'
21 ZA 15 following the rules set up- by an IUPAC

Conm ssi on on Zeolite Nonenclature 16 in 1978. 17 18 .
31 n Iy dhig digclosareihe frsmedl § twpe zadlits, ATS saleearsiewe, &s

iy &%}@ﬁ&kﬂﬁg&&ﬁ r%f%%%‘?h ystg%ﬁ{ %@u@aré"@é&é‘fdr%cﬂaprﬁ@ of

5a| unolaoular lslewatmat,enalsmmeih breexevaphfiddby tHd 2edlits SSIMB5. The

ﬁ&%@r‘gn gmﬂ gsﬁt%r? lg%‘ ﬁ]eggtj mggtgf?flgall Ig%%hteesAshs%\glar]c%nt(rI]ZeA)Ag-;rses

7 m‘v‘tcﬁhbé’ t@hé‘l@hﬁ@%f {Hréé‘tafﬂ?la%ﬂéhl &t o bYATLS ?ﬁl'ollécf,‘bf’éreﬁzeves)

part or al al um nu herein are rep ace
80t Imvlnm atrscmrmthaalhamheemdemmenedﬂadl$e3/\ha\uhg Me same
i r.on bor on, It, and
O oSl 8tg aebricey Zandd b7 St gl e v bl ddar i \ese
1oot h%ludétﬁﬁmﬁin' theUddaNsir QIEURL SEZL5EAAMPLE3G, ?@oAPo 36,
al un1nun1 al | |un1 |ron tltanlun1 boron CO al

1121 MNARQGHEZARY-36: & CAPO A, XARGh3S:; end%ﬁﬁ@é‘ﬁ Adaus zeolites

h
2 S e S Y U RS0 e o
13 pr ACkS§ypef zddlite. iTheadranietérs of 2TS t;‘@@dnbl@chl#&é@@b%]further
her ei n

No., 6,475, 4 ich is 31 incorporated
14 e ndesgiRed m%@%}@s of Melseylan Sieves whieh is rblispgd bysbe zA

.
LT N e e e
16i ninJ1878.Pat ent No. 4,793,984, -8 WO 2004/ 076593

PCT/ US2004/ 005055 | FCAPO-36 in U.S. Patent No.
174, 686, 093, XAPO-36 in U.S. Patent 2 No. 4,952,384 and
18 COAP GorEral M tL-Bypd Eécﬂﬁés F9er th ARGt 48y eélb}ysglhr’(@hﬁ&ogtorous

ar e 3 i ncor orate y reference in t elr “ent
195 ssteddsi whishdedlile SARD; Mé\R@'saAblaaa, |ctystazlﬂne

al hat e h n ato structure
205, BB ASPE Fobesie A Bia: Sy as S A PR SFate,
21 gr @rﬁ’étéllo-bhﬁﬁlnbé\mﬂés zh@vrwgltﬂé 29fs arbdihd, M@tbn@\émbsfés and
el enent to an oxi de of 8 second tetraval ent el enent

22 di metpligralumipastieates m@an ln@prraadarremsnmaémmarl or all of aluminum
tr ement m xt yre, .
23, hgﬁ%gﬁnélﬁsr%ﬁﬁ%ﬁgwg %tggph%ge% Hn SLETRO, offer Tt Ghich
24 include gallium, iron, titanium, boron, cobalt, and chromium. Elements forming

25 the framework structure other than silicon and oxygen, for example,

26 aluminum, gallium, iron, titanium, boron, cobalt, zinc, magnesium, and

27  chromium are herein defined as heteroatoms.

28

29  The zeolite SSZ-55 which represents a preferred catalyst for use in the

30  process of the invention is described in U.S. Patent No. 6,475,463 which is

31 incorporated herein in its entirety. MAPO-36 is described in Zeolites, 13,

32  166-169 (1993). Of the other ATS zeolites, ZAPO-36 is described in

33 U.S. Patent No. 4,567,029, ZnAPSO-36 in U.S. Patent No. 4,793,984,
-8-



10 preparation and characteristics are nore fully
described in U S. Patent 11 No. 6,475463. In general,

wo b@4pesbite i s a nol ecul ar sieve which nmay bePQRUS2004/005055
obtained in a variety of forms, incl ud| ng, for
exanple, silicate, alumnosilicate,

Bl A R ﬁosﬁﬁg?gféAFﬁ%ﬁéaéiﬁSt a?teﬁé.

28I INet (311195216841 iahdt@sARD 3R B@:Pmtmmsﬁ 02918l of which are
MAPO- 36, Q}?I\/APSOSG Theterm silicate" refers to a
37 e MNGARON RY referenag; '@ﬁ #ioealielt-i o of silicon oxide

4qrelative to alum num oxide, preferably a nmole 17

rati on greater than 400. As used herein the term

5" alQ8d-Hb63$ bizeatite, s'rlle{a@ra MSﬁtuté&amﬂhummatmthg a
nds a. rm'.'boogllcat

bot | um na The
233 opPere @’%Slu %Z%'H?éﬁ ?ﬁfgj" aypd ggngle ratio
7b0@@é‘atél“ﬂ1aﬂ ficESan SaRE 8F §stttbi véfeﬁtaéie?r%h kd sp%%de%a

lines for the as-synthesized zeo Ite are
8Tal$Beomd tﬁttavratﬂnttellmnetztldlﬁ@'@ht fremethedirstdatravalant elensarg, trivalent

ABLE |
0 aatnet). ERBlEGalony ofnart oumiiTe op et A% Btk Soyesits
10 15 p9§paﬁaﬁén bthd Ehafdbtrisii@s are Hfré4ul @ésdwbeaQn @734Pat”ent
21. 93 05 M 22.48 3.95 VS 2

11 3 i\lp 8 @7215@3021 general, shageqljte is amol(a@t)llarra@va wha@h may be
122 8RB SR o FLALRIE SRSFE A hnosnate
13 patitamosilicatea vahgdesllicaty adrumrosilid4e foid. \&aderituted la@F8inum

142 gt% ég@)aMﬁé fﬁ%#@%@og%\gﬁlggn-zsaég{]tamfglg?%ﬁ@ch gs MgAPO-36,
154" AR 4190 0 FHOAY SHETIBARL AR
161 nhéghsinble ratio of silicon oxide relative to aluminum oxide, preferably a mole
17 ration greater than 400. As used herein the term “aluminosilicate” refers to a
18  zeolite containing both alumina and silica. The term “borosilicate” refers to a
19 zeolite containing oxides of both boron and silicon. Representative X-ray

20  diffraction lines for the as-synthesized zeolite are shown in Table | and for the

21  zeolite after calcination are shown in Table II.

22
23 TABLE |
As-synthesized SSZ-55
2-Theta® d Relative Intensity™

7.94 11.13 S

15.98 5.54 M

16.60 5.33 S

19.24 4.61 M

20.97 4.23 VS

21.93 4.05 M

22.48 3.95 VS

23.68 3.75 M

27.54 3.24 M

35.08 2.56 W
24 ®40.02
25  ® The X-ray patterns provided are based on a relative intensity scale in which the strongest line in the
26 X-ray pattern is assigned a value of 100; W (weak) is less than20; M (medium) is between 20 and
27 40; S (strong) is between 40 and 60; VS (very strong is greater than 60.

-9-



7.94 11.13 VS 13.60 6.51 W 16.67 8.31 M 19.31 4.59

WM 20.92 4.24 WM 22.00 4.04 W 22.56 3.94 WM
wWQ70040763924 W 28.73 3.10 W 32.32 2.77 W 2 3pdmes2004/005055

X-ray powder diffraction patterns were determ ned by

standard 4 techni ques which are described in detail in
q1U.S. Patent No. 6,475,463 1%’]°iBLI? l6 As not ed above,

the pores of SSzZ-55 will ad " of the isonmers of

nipentane 7 and n- hexaneCabinee\&SZz-55 he rore conpact

i somer s, 2vie@® i ncl ude 8 net hyldbut ane Relative Intensity®

3-di net h¥.Pbut ane, and 2, 2-dintd hyl but afe, are vs

referent 186Dy 9 adsjorbed. Waigle not wi shing the w

nvent i on &7be bound by any @a&dticular 10 theory Ms

e 11 pr PRential yi_adsarbed:24it may be hel pf ul Wb

2
p
|
t o why net'9Bhut ane and the twd-58i met hyl but ane i soWM s
a
bi

efly d|§roﬂcc what lis helied4®d ta_ 12 he the w

e hani-sm 220 | ved 1t is peé QﬁaLed that the WM
ht vl +2 éanrl 12 irmth\llhqf?‘ﬂn ts bheing Mire
-LI)’I Uulé Z3ulu = LA 3 Ty ;1 m rv ) W
Cofpact—t o pentane—hR—hex .7“ or—14
'v\2nv\r\ aro lonr of Ay AREi Z.Il\l adenthad ac aW
2rr‘7ﬁ0n°ef-l°ry*pema..c ar-e—preferentia-yr—adsotbed-as

result of entropy. See 15 Understanding Zeolite

3 Carpb Y&t pdwi&" cﬁﬁra%héﬁ %a@@llr%%él‘é' dé‘teﬁﬁYx'eﬁ El:éﬁ‘ﬁaﬁ%%‘m

Merijn Schenck, et al Agnew.

4 Notechaiquegsvhiol age desaribedinm dAta:bndJ Bg Pcamentmcs aHERAe3 B1.
the shorter, nore conpact nolecules may be nore 18
efficiently packed into the pores of the zeolite than

6 t hAsInotegeabows, dieelberes dfBIT-E6NWl Ayt all BEtHENESMERABRShentane
ul.es when present in sufficient 20 concentration

vrrilD {31?3 Grl?ﬁ?a&@eﬂi’W@q?r@H@%mo&ﬁ@lﬁlpﬁﬁﬂ isemess;. wizigh incudghe
8 pr Bl thAt  295R %th?lﬁufgnengéaé%? gﬁ%@@(ﬁ%ﬁ are preferentially

di met ut ane’ may

9 f oadsdrbed \Biila mat mahnﬂg tha inbentizirhierbeéboamdg! b@@nwaatféum
soneri%wg\?en a hydrocarhon stream contal ni ng

y aﬁeg%@ gn%}tylby todimsthy|buianeg i |§@‘g§@dare
1 et oA 2 B
12 di bethe/meghanism ﬂl'ilolelved It is speculated that the methylbutane and
13 dimethylbutane isomers being more compact than n-pentane, n-hexane, or
14 monomethypentane are preferentially adsorbed as a result of entropy. See
15 Understanding Zeolite Catalysis; Inverse Shape Selectivity Revisited by
16 Merijn Schenck, et al., Agnew. Chem. Int. Ed. 2002, No. 14, pgs. 2499-2502.

17 According to this theory, the shorter, more compact molecules may be more

18  efficiently packed into the pores of the zeolite than the longer molecules.

19 Accordingly, the more compact molecules when present in sufficient

20  concentration will displace the longer chain molecules.

21

22 The preferential adsorption of methylbutane and dimethylbutane may be used

23  as an efficient means for their separation from the other Cs and Cg paraffin

24  isomers. When a hydrocarbon stream containing the various isomers of

25  pentane and hexane are passed over a catalyst bed comprising SSZ-55, the

26 SSZ-55 will preferentially adsorb the methylbutane and dimethylbutane. The
-10 -



-10 WO 2004/ 076593 PCT/ US2004/ 005055 | phrase
"preferentially adsorb” inplies that while all of the

w0 soneTE9df pentane 2 and hexane will be adsop@EUS20041@05055
nmet hyl but ane and di nmet hyl butane will be 3 preferred
if they are present in sufficient concentration to

12 BT P a ol RIS PP IRh 27 ST ot O pentane
2I s anEtexahe Wik be adeoierss es méthyﬁb@tuﬁéla¢1|detﬂﬁ1ethylbutane will be
concentration. Although 6 the adsorption of

t'he
3f a@é@féered éfdﬁév arpresept sredticignsonsepiration éfhgtsplﬁceﬁhe other
4! CRRAELUTRTS BULAER S HSeoliid WRSeQRRA ARRSMERA R
or p Irve ern

the A iciency o e zeoli

5 sepeafetreddsdrhersf latrmy@u‘e ipsesarted geadffieiehy comgardation. Although
as the te era%I re and pressure.increases. Therefore,

6| t thesadgqr: the Taxgy isqyergWillpseed QVG'E%WWMC’“

e i !
71 connp e Zﬁ’*%@%%%%‘éﬁ%%@%?f‘?é’%“%% ! etRhik
8 No effEicr@y, cﬁﬁlﬁe aesliteiibseparating ¢lee Evepeg isooes's generally improves

08t a5 thie KtnBeralier sl p RS et RaR wi et iustgly degirable
10 C6 tBpaidtd BStHRY Kigh8&BRipefsturd HSd pRSRNF Whith is rb\fgéﬂe%ﬁfrom a
the sel ective 16 adsorption of the branched chain

11i steahnicel ochacesomiopersaestivey a nol ecul ar 17 sieve
12sel ected fromthe group of SAPO 5, Al PO4-5, SSZ-24,
MJAPO- 5, and 18 MAPSO-5, and the final step consists

130f U SGPQMI\W l50t070(f)52 besdribeBel thesd s rb@e$§fvﬂifr§ducmg a
&a desorbent. Wile an ATS zeol i te general l'y, and
14 8821

ocptﬁne ﬂe)elwam%hhsrﬂry stamys B ispization é@a@t@rawhere the
15adg9 rtB d‘rgfﬁnghé‘?? ‘f%anzér LS & ﬂdﬁsatéﬁ nﬂ}o?\?ésolﬁg elébﬂve

thid re rence eeh toun using
16 unladserptlaﬂ ob ttep brariched chainhisoéss frewl theesmmerae by a molecular

175 B B RO 4B R SAF L5100 Gy 5y RS Zegh MBABO-5, and
18 Cam9§095 it Pestirial seh' Asid ?o%‘e SRRy tﬁg higher octane

distillati'on to recover the rreth ut ane,
191 etsoveerg usprer adesorbeny. Wbll@anﬂﬂd'rSmebllte gehereBIanandfssSQe% in

20 h ety e e B A oD R 5 i AP RS that are
21 edierelrinThik ReRPeride Rhdsbdaifobh8 BSaiif udiRg lH@UPi@;Ue

of vessels 28 reqU|red can be reduced t'o one by use
22 of properpedetde AFS zhelitsriis possible tonefénienty rectives the

R R R LA (S
24 32 distillatien. Sybeslhgreataldic disiiapor seRécovey el digwsthyibetahe, the
and C6 paraffins are 33 selectively isonerized to

25 metr%;mr@af aReraing reRyRe REIfanaH &) theew@@wamlws the
26  hydroisomerization and separation steps. Thus not only is the isomerization

27  operation reduced from three steps to two steps but the number of vessels

28  required can be reduced to one by use of the process of the present

29 invention. This significantly lowers the capital and operating costs of the

30 isomerization and separation operation.

31

32  In one embodiment of the present invention, the Cs and C¢ paraffins are

33  selectively isomerized to methylbutane and dimethylbutane, respectively,
-11 -



- 11 WD 2004/ 076593 PCT/ US2004/ 005055 | using ATS

zeolite as the hydroisonerization catal yst. The ATS
wQemkioteaay be 2 used in the process w t houtPErUS2004/005055

active netal being present on the zeolite, but it 3

is generally preferred that the catal yst contain an

1S L AT B AT Ao ST L TSRS ABIE may e

2 Peusediirc thEaroeeof Mtheuféreﬁewesme@l demhg\bresant Gi§ Ehéji‘éohte but it
t he nobl e netal s patlnum pal | adium and iridium

3 pals gengrally 9@?@'&% thatdhe satalis castaiman sifectiee hydreisaamerization

215U D PR STt Bl DR e
5t h®eriedic Tablaef thecBlapoents! Gfouphé [IRehallude’ tivs hﬁﬂle metals

61 ep%‘%ﬂﬁfrhm@ gqlﬁ;’rgﬁvr\@dndlgm yﬁlggér&a%ég@mr USe aso;he active
7 ampaHh| aréeﬁlé?t‘irﬁjrﬁ SdiRdturh BRI MRkiRE ApldtirtinEhE lpﬁ\ﬁé‘dlunjnl The

the catal yst which i's effeC|vet0|sorrer|ze
8 pamative metal nslgenenaﬂy péacdidtarotite zeblitepas samompourtdhef the metal

h
9 pr DElBRTESEEM e 2RTHAN EROWn e NfnericaS Uard hagriahe e an

10 pr eéfﬁidhbé Ylymdléorﬁéhiat}&ntélhﬁuﬁth Pefé%ethaﬂ‘ﬂ)aﬁfrg%fe&@l% metal on
to about 1. ggr cent rrying

11 outhet G@ab@bWﬁiqhzléﬁﬁ@ﬁtl\rﬁ isgmerize éherparaditng baderftbe¢onditions

12 p@ﬁ%eﬂ?}ﬂwglfﬁldngssIeﬁlgg{?(ﬂi gﬁgﬁﬂ% o dr%[,y he s[\nmglun 5t mepaef present

13 hy dillbéxcewer0. 0 dtwelghtzsareentFhates, epldgirefsrabBulkill ¥4l within the range
water tend to 19 deactivate the

en, n :
14ca§r8P€§tP°Ut?} tQ agawet-Qiwejolfeareat e to reduce the
ganmount of these 20 contaminants in the feed prior to
their contacting the hydroi sonerization 21 catal yst.
16 Thén caroyieg Dnathweonmzammpm@esarthe eydeadarben fdel is preferably

17 bpliiiohdie Feribt It iaiiaa eaapinio joed ssssiog tueyak the
18 ( 2RpHbIMiLERGHRSDNE) Sindd diéHnS, gélzlﬂ' géﬂfg%ge%ag Wat?r tend to

hydrocarbon 24 ratio of about’
19 di deactivate the ¢atalysiniitia generlly slesiableito gedinee the amount of these

0 o hRBHIBNSe A he e L o b B gon

21 t heatAlGt.ZR isbfedighiieh IR IS AN cHPisgRlut lrﬁtlfée&%éhce of
description of 29 the catalytic distillation process

22 mahydyegeauhypicalinbiseprgsess pperates all tptripsraidres above about

23 355 JftastT: P 20 deBE L vofag b eeggfof Rrocarbon
24 pardtiocaflaboluy 2i&ef ul for the separation of the high RON

32 isoners follow ng hydroisonerization, since they
25 have a | ower boili ng point 33 than the |onger chain

26 | SEERAIMMERIMRAYS adnb MW ToRDbarMH St WeRbLtIE and

27  dimethylbutane from the other Cs and Cg paraffins after they have been

28 adsorbed by the ATS zeolite using the same vessel. A general description of
29 the catalytic distillation process may be found in More uses for catalytic

30 distillation by G. G. Podrebarac, et al. in Chemtech, May, 197, pgs. 37-45.
31  Catalytic distillation is particularly useful for the separation of the high RON

32  isomers following hydroisomerization, since they have a lower boiling point
33  than the longer chain isomers which have a lower RON. Note the boiling
-12-



-12 WD 2004/ 076593 PCT/ US2004/ 005055 | points given

in degrees C for each of the isonmers of C5 and C6
w@aahfisns 2 |isted below 3 4 n-pentane 36. 1PCBUS2004/005055

met hyl butane 27.9 6 n-hexane 68.7 7 2-nethyl pentane

60 3 8 3-net hyl pent ane 63.3 9 2, 2-di net hyl but ane

O 2. 3-.di t ane .5 11 12 I ho
12 b G Lol P4 B0 B i S T s
2di sipledybelowsi gnificantly | ower boiling points than the
i somers of those paraffins having the 14 sane nunber
3of carbon atoms and the | ower RON. During the 15 ;
hy r rizati opargeaction, the reactor is maintaine
4atq5.?§§g§rature %?épeqU|valent to the boiling point

50f ndthylbutdned i n ©2ed col um. Since the boiling 17
p0|nt of the liquid_in the colum nmay vary dependi ng
6on ehXaheessure i #8the 18 reactor, there i s sone

vall %Ewl%éhtéﬁ‘eth%otfnper ature at whi ch the reactor
must

maintarned. In catalytic distillation, the
8l O\Betsretmméntatgel I 813 in the colum 20 may be

her Iiquids present having a
9h| gﬁ%a'”& Vngg‘ (Iaﬁ?7t 21 For exanple, in the process

100f ztglg,,ﬁétﬁ§|gmadéwggr§| on, the dinmethyl butane has 22 a
| ower boiling point than the other isonmers of C6

11paraff|n t her ef ore, is 23 reI atively easy to

2¢ a3 Bt BE gAY hbosf?ﬁgim? g the hidhestRO% Sse isplay
13pr lsrmfmaﬁu?mwér Bikey b@ihtsstﬁaartﬁé imer%%f@ﬁéébyb&*é jgving the

fromn pentane M xtures contai ni ng | soners of
14 angaws nurBberefgarber atarys Bad dep vear ROy Dwmgébel veI y

150, S A k3 BP9 T 5 bR

ﬁGZeelqulvaIelrﬁ 1c§3ﬂ‘w ooithely point 3Pthediichiat thercoMrhA. 8ince the boiling
convent| nal, drocr ack| ng catal yst suitable for 31
17 Pt of F Q«Pég Beealump reay vaiyiapgndingen the pressure in the

18 €X ?é&ﬂhsr ther8q9 gbrn% fle glﬁntxﬁ?gﬂr{gp %ﬁﬁjne{ﬂgtu‘ié‘%a%%%h ﬁ%ggkgtor must

ave a hydrogen such as an

19 ef becmamtalmd)dntcatélyt&: distillatiol] thieAowesGeilifg NGiBd i thed column

AS muasﬂ/ e ge%arapecﬂ}om the other liquids present having a higher boiling point.
21 For example, in the process of the present invention, the dimethylbutane has
22 alower boiling point than the other isomers of Cg paraffin, therefore, it is
23  relatively easy to recover the dimethylbutane by simply distilling off the lower
24 boiling material in the column. The same principle holds true for separating
25  methylbutane from n-pentane. Mixtures containing isomers of both Cs and Cg
26  paraffins may be separated by successively distilling off the lowest boiling
27  liquids.
28
29  When employed in a hydrocracking operation, the ATS zeolite is employed in
30 combination with a conventional hydrocracking catalyst suitable for
31 maximizing the production of naphtha, such as, for example, Y-zeolite. The
32 cracking catalyst should also have a hydrogenation component such as an
33 effective amount of a Group VIIIA or Group VIB metal. As used herein an

-13 -



-13 WD 2004/ 076593 PCT/ US2004/ 005055 1 effective

hydr ocracki ng anount of the active netal refers to the
wa@rmuntesed 2 netal | oaded onto the catal yst tRBCT/US2004/005055

catal yze the cracking reaction under the 3 conditions

present in the hydrocracki ng zone. The cracking

ree
11 SR W B afoionife bR ERRIATER Rl HyEgognt o
2an matet labtied HEO the ctalyst 1©.chtdlyzd tHeocrabring réﬁct%d"ﬁnder the
(v v rom6 about 0.25 hr-1 to about 2.

f er abl
Shr 092‘d$ﬁé3e pEssent }th herlysisegrackieapagel Yhe gr@cé@wra‘acban is carried

4 gbggi inthe éﬁéé&é@sﬁgl&éﬁl ecfré@? pﬂr{ﬂcnél Z&B%cr%@a@g g@ﬁaxt BBS include

5ab@ut0®mibLlﬂ§Vg>f(eddwnﬂ 1 WPabout HHO-1 Q@NBapEefd@a)y from
Hyd 1y f bout 500 t0
61 ShESEG 2505 GPab il 2 8 Y DS redcsion T aesirerasnessanges
7H2/fr6&1 A666)500T541H & abBIES(0psi F&%a&gg 0 g%ﬂ)é)ut 242 MPa,

range from about 400 degrees out rees
8 12 p{efpeEhly fros akayt 4660 sigtcatizant 5600 pﬁazgg(ai&mt@)S MPa to about

9 LSS BB R8N cohShRRSH b aica I R b G ari o aput
10 453506 §GrRepelbarrelldf fdéd (80. 145 845 @88 HoAh3 fé?@ “?‘Eﬁ)pera’cﬂes in

zeglite, while having sone cracking activi

11 owihe feaciarvithrange frﬂmeamw 40f degrecshiio abouh950 tegtess F

12' n s %ﬁ?g% %ngcg%%o égg 3@? p%fgﬁaﬂﬂgaa@ﬁg frm about

13 19666 delreay Féto aheutf&feljdégreks FAabeuti34Q H}é?réel%@ Ad @bout
gllsgtde Wi II referabl y contain 20 an effective
SOMRSS @ tlon amount of a Group VIIIA netal,
15 preferabl y 21 platinumor palladiumof a conbi nati on
of platinumand palladium Wile the 22 SSZ-55 may be
16 usAd rioted herlieg,dhe & keolte, el lnaving same crgtking tegeiny28f its

17 hygwﬁﬁ{gap%%%ggﬁ gtql %nfhﬁem d@'@%ﬁ@%ﬁﬁ@gge& §3 lsomerize the
18 t WO ahad®; pureffPeraibikt BleSREpRstANin tHeFebd of Efoo%gaflﬂ/ the

25 stage will slow the coKing of the catal
19 pr easkiggiaf she tradstoak ﬂ@corﬁmglﬂlhaﬁmﬁazsmldgevlll preferably contain

20 Y I A R L SPUH L S S ARG ooy

21 t hplatmmmtorrpecnagmm@ka REmBARIohOfPatRASS SAd LRI M. While the
nd hydrocrack| nghzone In this configuration,

22 { [ §8¢- -3 Bigy besgsagsin eyly@lmqra@lmmqt?s@f aasnlngteestage
31 :
23 7 Ry BrRRinG RUSTAECH, 1L thotB ARRBIRHD0¢ 1ahsB e Aifredlle in

24 32theeseondd stageeof 4 twadttide lwdrocg*éelaﬂg%p}émﬁﬁrpdmét if.the second

h d | fi d. 33
25 1. Gref il YorERERakiTe efife e et B RIOIOIS Hesful .

26|ntroduct|on into

27  Atwo-stage hydrocracking operation contains two hydrocracking zones in

28  which the hydrocrackate or effluent from the first hydrocracking zone is

29  passed to the second hydrocracking zone. In this configuration, the first stage

30  usually will remove most of the contaminants present in the feed stock

31  allowing for the use of more contaminant sensitive catalysts in the

32 second stage. In addition, gaseous by-products, such as hydrogen sulfide and

33  ammonia, are preferably removed from the effluent prior to its introduction into
-14 -
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stage. Two-stage hydrocracki ng operations may utilize
wQ2am076epar at e react or vessels or use a si ngl BC/ES®E4/005055

in which the first stage 3 and second stage catal ysts

are "stacked"” in the reactor vessel. 4 5 Suitable

1 S EEEEHH Hag 2T RoRRA MHEP R boetalSie Malslies o
2U. $wo Baparte Neewtorvedbeéisl@lusenal singlh vddeBivwhichehe first stage

contents of ich are hereby incorporated by reference
3j napﬁeﬁepon%sgnm qaégly,stSfafP glareed) indes keagier versebf
4typical hydrocracking catalysts. Suitable 9

hydr ocracki ng catal ysts i nclude noble netals from
5 G dutablel hydrogracking catalgste mddicnmnay dre midddagitiv t(heP8 SEG5 are

| umi si )i i X, VIB 11 netal s,
o2 SRR b 5 ea o o SV, Aol S
7 or 4810, 350 YRe EentShtd thiEﬁ aggﬁaré&hheoﬂb%%@g?ﬁ%@%nce in their

metal s, such as nickel -no enuny’ are
8 pr estiiety.ifer general degcriptions pitypirahbydiocrankirmscatalysts Suitable

b | qyed. | i d
9 ou PYeE AR ctaie ERLAE Seld et Frpbn ST valA ssyoh as
10 r eplitinknt o patiddiung Bntdicalpaiina 6FbifEedTRE x%'atﬁﬂ‘é‘ﬁb‘@r%ug VIB

Preferred non-noble netal 16 catal yst conposition
11 contelpls: sirheaeRiskelbmobbdanum ataiighal-tiperrtaniajumina or siliceous

r d wei ght rcent
120 FEAE AR ol R hodh KBLABS 8GR, r
13 0. Esgailycbrgemﬁrialtlhe/fia@lmatal sﬂdbrﬂ;bbﬁiﬁorﬂ@s ORida8! blﬁ%r@@.@ually
14 of ni @k(é:q .and/or 19 cobalt determned as th

. | e
cof d ieibigducsd arsulfidesifermas whenriusy swdiisleccaopounds are

e StsdH t'épﬁﬂ- AN =) f
19 peﬁ%degﬁ%, fmst al ﬁé@ﬁé? gr a Jaﬁg%{%ﬁerﬂl\?/‘e\)eérq ) gg%%? reg_rhp%%taﬁtmetal
16 pecatelyst epnipasiions todtaieingiicepe 0E abbutn®theight p2rcent, preferably
17Co |n[§£ ons ?f nobl e, net al al so be used, such as
i Rbotay byt 40, el PercgntmalibsaiiTrANGar isigstete and at least
18 hy dp@a N8l g &M 8pbSt £ &Nalsut! 1%‘3\9%@% ?éﬁ:‘énk gf RickB&and/or
overal | 26 hydrocracking catalyst conposltion by any
19 oneokslt driremibed gsribe @dmesponding oxiRiesh Cataigsts abintzining noble

dded : ' b
20 ¢RI S e PR =605 BR0R ot el arsterably
21 G betyedhBhoanonaslight paftent 8nd aBLY *P.@%dighgggrc%gf‘ﬁ%ttﬁf‘

can be conbined with the refractory oxi _
22 i nfgPERiNRNCHR of Bebleumeialy may aleo peaisegi sieeh as migLressaf platinum

Th ' onponent for the hydrocracki ng catal yst
23 caﬁn(ggérclédﬁflr@hy types 33 including sone that have

24 acidic catalytic activity. Ones that have activity

25  The hydrogenation components can be incorporated into the overall

26 hydrocracking catalyst composition by any one of numerous procedures. The

27 hydrogenation components can be added to matrix component by co-mulling,

28  impregnation, or ion exchange and the Group VIB components,

29  i.e.; molybdenum and tungsten can be combined with the refractory oxide by

30 impregnation, co-mulling or co-precipitation.

31

32 The matrix component for the hydrocracking catalyst can be of many types

33  including some that have acidic catalytic activity. Ones that have activity
-15-
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anor phous silica-alumna or zeolitic or non-zeolitic
wa@eoghashi ne 2 nol ecul ar si eves. Exanpl es of seCT/EB1004/005055

matri x nol ecul ar sieves include zeolite 3 Y, zeolite

X and the so called ultra stable zeolite Y and high

15 ht ot Ao SfLatBURE of 2600t Nengaolsgystaiine
24, §Adled@3r siones. EXHApIRS bf st nﬁ‘étbiﬁhﬁile&jlélesé@é’é ifcfuide zeolite

Y, such 6 as that described in U S. Patent )
35, (ﬁgeglﬁ@ >éand éﬂi% §0 l@éll%@, glira sGablezeolite Y@ndmlgblsb"uoumal

451 RIEE A A8 SRR SRy ns R T EL SR dent .

5ti tNosl. 4m0d @EBGJm mnozrdmt B, 059C5617h3n’va?ll¢r9§t'él Etéa@ohte Y, such
nmol ecul s described in
@fé 6/@{? Eeg U2 RatentNe. 510t7§d53ton@ﬁréﬁ|ﬁ0 h@elﬂ%ﬁd Non-zeolitic

lite
7&39'2‘25?‘“& sibled BRI ERPEULETIRIud o il o0
85, sli¢oslemicREphates ( &AH(B) T@r@oainmmdmm\spham,mtal&lm

9\ e anGaRo IS andthe vaveds ERAPERRclicilarisie ssdesaribed in
10 eXfﬂﬁB' Pafe'ﬁ? N'M”l 93(’3’{:?99 é%%%eogﬁé%ggﬁégﬁgﬁéﬂ &%ﬁf\f régarding
11 16tm9 seplamtm of\Esious remezeadith MB)eraar 208 esacah be found in

125,194,886 100 SO AR 3R ol Y s 1

131 nedfuecey itb@lin ©.8r PaghtNa! 4@1@@%@&@@&, ho?écular sieves
inorganic materials such as silica and/o

14 recal alsa Rrysedidar axargple tbal\é‘l%ﬁrfam){y ef materiaings desarlbed in
1520 uehir Sefh 1S90, 14:3bb3EADEAN bBo) ShiGHiRr0er Y1 | 2

Fca-trtanra as ositions,

16 suthSaBai&nt Noa 8/246108; Gh’m& 203 and 5 334 368 and MCM-48
S|I|ca alg -zircaonia, 22 i m na- magnesi a,

7 anfrespe 2591710 982 )Tﬁgltma@mtrlmat@galszgay also
18 €l H%ﬁfdegs}fsd‘t‘ﬁéﬂd or IPtGHN ‘shﬂgtaﬂ{:?é 53&\}%' n(ﬁ%g}gﬁc{nlc materials such as

gel at i preci pitates or AUER
19 of cly| sitice and/ommetal mdebasuch\m smazlaJawmmausmcaLgnagraa@e
h _25 ca al yst jncl ude

i h
20} hstte g oomE. Sl SRy Elie s Ui stiog- st A el Iasssry
21 Th@él‘ﬁp%lﬂdﬁs CRihRes é%ﬁ'@aﬂa!uﬂuﬁé‘-%d fg ufdinRbr gl |y

m ned or initially subjecte umnatlon
22 ac Btﬂcaﬁéanlneﬂna@mesmmﬁcbahcammgﬁeswmxmma Thedattenmay be

T ke
24 pr mm@mmrmmm aritpirictdl WxRidsy Naterafly Bé&h’hh? cfy@ which

preferred. 31 Thus acidi c hydrocracking cat al
25 suedn ks Comosaﬁarvﬂﬂ‘ethe\cai@wtum@gde Hmeﬂf tbarmcpraitmmmlpylte and

26 P' RAGIH Brhifiy., TREEL Kl Bus iR raf U ihctas origifally mined

27  orinitially subjected to dealumination, acid treatment or chemical modification.
28

29  In carrying out the present invention, those hydrocracking catalyst which

30  maximizes the production of naphtha, pérticularly light naphtha are preferred.
31 Thus acidic hydrocracking catalysts, such as, for example, Y-zeolites, are
32  particularly preferred for admixture with the ATS zeolite.
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WD 2004/ 076593 PCT/ US2004/ 005055 1 WHAT | S CLAI MED

IS: 2 3 1. A processfor producing a high RON napht ha
wokiogh7esenpri ses contacting 4 a hydrocar bon fREHUS2004/005055

stream conprising a mxture of the isomers of C5 and

5 C6 paraffins with ATS zeolite in an adsorption zone,

wher eby the branched 6 isoners of the C5 and C6

paraffins are preferentially adsorbed by the ATS 7

zeolite as conpared to the straight chain isoners, and

WEAIMSCLYMER [Srapht ha product fromthe adsorption

zone having a higher RON than the 9 hydrocarbon feed

stream 10 11 2. The process of claiml wherein the

hydr @cra'obesss ﬁoepobchlcmgamhnghmljlkqa)lg imtaphfhﬁ WIﬁipht:b?h.pri%és cdrtacting

: roce erein .e of, the .
O CpRER fed et SotirEUi Bymidire Ghue lsomerstCs and
nurrb%?paa@fﬁﬁ@mﬁmerr‘e FSoltdIm Ari ﬁdﬁorﬂﬂﬁm&% Mq@rétﬁﬁtﬂe branched

stream 17 18 4. The process of claim 2 wherei'n t
ads ol MR Of 81ReCs andve PREATRSIAGRIeferentizlly adsorbed by the ATS
hydr | [ T SO
oy s e el SPIE|cioRlPE o 180HfielS) dpd ol bfing'e
sel empkrmla)proémténunztheplﬂsbephentznnéhanmmyh“ghelaﬁé)l\mhﬂn the
|so [,z ent ane and n-hexane to 22

nﬁ Fﬁaﬂghﬁng *egw 5. The process of claimi4
mhereln the naphtha product has a RON of at Ieast 25
85. %g@ hf %rocess of claim1l where
Zdsor .péﬂC%Sérfé‘ amphvhersinibe hyﬁ&ac@rb%qucﬁtr@@nh@wightg
condingpRihgand the ATS zeolite is one conponent of a 29
hydr ocracki ng catal yst system conprising the ATS
zeolite an active 30 hydrocracking catal yst, and an

L SRR A BN SRR RSt 1

increased by at least 2 octane numbers as compared to the light naphtha

feed stream.

4. The process of claim 2 wherein the adsorption zone is maintained under
hydroisomerization conditions and the ATS zeolite also serves as a
hydroisomerization catalyst to selectively isomerize pentane to

methylbutane and isomerize monomethylpentane and n-hexane to

dimethylbutane.

5. The process of claim 4 wherein the naphtha product has a RON of at least
85.

6. The process of claim 1 wherein the adsorption zone is maintained under

hydrocracking condition and the ATS zeolite is one component of a
hydrocracking catalyst system comprising the ATS zeolite, an active
hydrocracking catalyst, and an effective amount of a hydrogenation

component.
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2 7. The process of claim1l wherein the ATS zeolite is
selected fromone or 3 nore of SSZ-55, MAPO 36,

WERQ76383 MAPO- 36, ZAPO 36, FCAPO 4 36, XAPEEBES20841005055

ZNAPSO 36. 5 6 8. The process of claim7 wherein the
ATS zeolite is SSZ-55 7 8 9. A process for

i sonerizing a light naphtha feed stream conpri si ng
isonmers 9 of C5 and C6 paraffins which conprises
contacting the light naphtha feed 10 streamw th an
ATS zeolite in a hydroi sonerization zone under 11

hydr t

mec 5 BEEes¢ BE by T3 RS AT %Y'ﬁes‘&?eacé&?ﬁﬁ%aomee r
t o nrpenbHB8ZaEd MKR&(M%Q@BAPIBBGU MBAHSDI—MHHI%O% FCAPO-

ﬁ{)ﬁgﬁéﬁéﬁ@éﬁyéﬂa i}ﬁ%ﬁﬁéggﬁ:r egn:jor égover ing from

the 15 hydroi sonerization zone by catal ytic

distillation a naphtha product stream_ 16 enriched

Bwi t hTh%pF@ﬂeﬁapéﬁ@'faﬁle%ﬁrﬁ@tth?M@t%ﬁ%‘te i88548510. The
process of claim9 wherein the ATS zeolite is selected
fromone or 19 nore of SSZ-55, MAPO 36, CoAPO 36,

IV APBB6cesaABOsBaeriEB4ROIgh? Ga@ha fediCstBgam anohprising isomers
ZnAPS rocess of clajm10. wherei

Che ATS: 304 Cr paansihBERmB5ES foltaching % s B8 e oo
cl ai girddmWier &1 ATERRoBB4n ahyamisahaszaaioneohecindee

anmount 25 of at |east  one actlve netal selected from

G oupYdrPisopesizationcetticng: whegbydbe isosreripetnppuianstis .
27 28rckdren %ﬂg fBFrﬁ§8§§ cBhpaley t@‘rﬂ-éerwﬁﬁé 8ha thdBsopfdri ve

netal I's selected fromone of plati num palladi um
or adieethylhuianers prefgreatialyfaineediap apmaarasic 30 -18 WO

200441100?1%%19931 %‘tg’%%%/n%?&ﬁ% grf%j réé(%lvan ﬁ&rﬁstﬁef or

prepart ng i ne having a I ow
oxyghydﬁo%n%rlmbh@h zowarby tateliic distiatidnng napiiid poodudb etream

feed streamijn drocrac i,n zone with a
hydr §8F ‘N'éh %?”%ﬁﬂgp "ﬁ?ﬁa}%et@é‘@kl ng conditions,
4 wherein the hydrocracking catalyst conprises an ATS

zeolite, an active
10.  The' process of claim 9 wherein the ATS zealite is selected from one or

more of SSZ-55, MAPO-36, CoAPO-36, MnAPO-36, ZAPO-36, FCAPO-
36, XAPO-36, and ZnAPS0-36.

~

11.  The process of claim 10 wherein the ATS zeolite is SSZ-55.
12. The process of claim 11 wherein the SSZ-55 contains an effective amount
of at least one active metal selected from Group VIIIA of the Periodic

Table of the Elements.

13.  The process of claim 12 wherein the active metal is selected from one of

platinum, palladium, or a combination of platinum and palladium.
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5 hydrocracking catal yst, and a hydrogenati on
conponent, and recovering 6 fromthe hydrocracking

wQ omve/0265okt hyl but ane and di et hyl but ane enr i chedI/U$2004/005055

napht ha product. 8 9 15. The process of claim 14
wherein the process includes a first 10 hydrocracking
zone and a second hydrocracki ng zone wherein the
effluent 11 fromthe first hydrocracking zone is
passed to the second hydrocracking 12 zone and the
14y dr Apreasiss figr prapaliyggasatine hiaving@ hiple RONS andddw oaygenates

or 0cBBS SR ETERR P ARG ERibitRatRiesd ffedd i & nydtracking
sel egdredwithi amydruradkingléatamsteurefer Sﬁiroﬁfacklv%ﬂﬁtons
CoAPO- 36, MnhAP 36 ZAPO 36, FCAPO 1 %%16& XAPO- 3

and Yheesshedy raqlgngqatalyﬁgcqugréﬁg Z&PW&%@“ active
wher ﬁ?d?o&rﬁ@klﬁé%a?a%@t PIE ﬁ%cﬁgée@a'iron Hnohel®-anbN®covering

process of c m 14 ‘wher el ATS zeoI Ite contains a
hydr tigaribe hwwocmkmm@@mewwr@m Higethybutaagenriched

one gﬁﬁ selected from23 Goup VIIIA or Goup
VI B @%{Sdtﬁgp eri'odi c Table of the Elenments. 24 25 19.

The process of claim 14 wherein the dinet hyI but ane and
t hy] but ane 26 enriched napht ha produc fs{a\R(]\lof
ge i g praggss o clame erein the process includes a firs
hydrocracking zone and a second hydrocracking zone wherein the effluent
from the first hydrocracking zone is passed to the second hydrocracking
zone and the hydrocracking catalyst containing the ATS zeolite is in the

second hydrocracking zone.

16.  The process of claim 14 wherein the ATS zeolite is selected from one or
more of S§Z-55, MAPO-36, CoAPO-36, MnAPO-36, ZAPO-36, FCAPO-
36, XAPO-36, and ZnAPSO-36.

17.  The process of claim 16 wherein the ATS zeolite is SSZ-55.

18.  The process of claim 14 wherein the ATS zeolite contains a hydrogenation
component which comprises at least one active metal selected from

Group VIIA or Group VIB of the Periodic Table of the Elements.

19.  The process of claim 14 wherein the dimethylbutane and methylbutane
enriched naphtha product has a RON of at least 90.
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