WD 2011/ 063191PCT/ US2010/ 057357 PROCESS FOR | SCSOVERI ZI NG A
HYDROCARBONACEQS FEEDSTOCK USI NG ALUM NOSI LI CATE ZSM 12 FI ELD OF THE

| NVENTI OWOPha/e8®sent i nvention relates to al um nosil i eaTASZBMIBS7
conpositions, nethods for directly and indirectly preparing alum nosilicate

reves BRUGHS FARIsORERIANG IR OCARRONRCRO S Perpszog RATERG s o

processes such as gas streampyMINOSIILICARRFINMInRocar bon conver si on
processes. Mol ecul ar sieves are porous solids having interconnected pores

of different sizes. Ml ecular sieves 10typically have a one-, two- or

t hree-di nensional crystallin g pores of one or nore
nol ecul ar di nensi ons t hat seﬁg@epjgﬁbﬁggig&ﬁmﬂgﬁgguIes that can enter the
porgs, and erflpieRnt MOSRiJNGLREY@slubhiddsilta 290 - 12ad0dositides, PRtkodsifée, pore
shape, interstitial spacing or channels, conposition, crystal norphol ogy
and st rdweetly andindiractiyeRicrameadreinpgiipae ZeM- |a@éulﬁ%ﬁrf0§Z§K/bé2-t hat determ ne
their use in various hydrocarbon adsorpti on and conversion processes. 15For
t he petrol eum and petrochem cal industries, the nost commercially usefu

mol ecul ar sieves are knoBAGKGROUNDEOF FHEAINVENTIONan al um nosilicate

havi ng an open franework structure fornmed from caoner sharing. the oxygen
at oms of [ SiNRIcCHATSiIeVRE @K 2 ¢lassrof HRaPHa masetahedd a thershemicabipdpsins ok mewor k

cation ' i, & : hal i 3 z '

gy Thosa s SR puri e R o R MO BR AR et A ek

f r amewotdves artei poro@GpedghavBig dteycomntdtedptres vididatenosizgye NMaleallanticveat i on.
Extra fra rk cations counter-bal ance these charges preserving the

ol r SR Ey B PRe: T BipemRS b RELRe 2RtY Srenr ENahe Ry R ¢ n
ot her GablQRSIcANd di’ﬂhelﬂ%‘i&%sgﬂé"t-selectively BHebiceulal that AdsdnkdrGRd ForBDhLAgUI ar

sieves, particularly zeolites, are typically synthesized by m xing sources
of al urdxpladatiss iMolasales thayarcdqadngs hedpas sieétrone shapehoteptidigkipeein2®of a
structure directing.agent or t | at | agent. The structure of the

ol eoul Bt SEpET S Pl o S Ao s RS ShIHFHYYEr O moular ous
Sour cessicveh tHa€detb@niad th¥imae it dridus RAdrOEaHEh adJdeptivoatandBonwyibhBSicSsses.
conditions (tenperature, pressure, mxing agitation), order of addition,

typgé of tenpicathapptipdpamt andgrpdroghemicaliadusiigsethgmagst eqramersrigliyasef modecplart he

I nt er na | i (o . - havi code MIw
ar e knath o> D Bghik SoMRCTA et I AR RirgRY A8 pife AR oBL AERMGGAE TS, BTG
2011/ 06BUSLRODIMIS? 6O Qont3 SHaritiytiic pxyeessess of [8uDQdhd PAMA] teabedtabal yti c
reactions. Accordingly, there is a contjnued need for new nethods fo

meki ng Z&0P42, ]\ﬁ‘g%l?’i b s Ftiops _{Fs*tdm in fRsy RAECSOor Bﬂ?%c%fl&rg%a. ong the

Fur t her .o fi&fendvwr ?Hés"e%ﬁﬁrg@@@t‘é,atresdltd(ﬁ’@{lbgtﬁfutml FQUER At Y hRAL cRof

suitable for catalystic n-paraffin 1sonerization. H gh-quality lubricating
0i 12§ ar(e.gr 8Uiwicda fromlanher ppeavatenoentioh. diatte fianfswoelc bhtives yowmet-mltnoatizst es.
Most lubricating oil,feedstocks.mu be dewaxed ip order to produce

M gh- quFTEES Plebd bt FCBTRSteheR o g g ey RyOatGroble

sol ventygxbthacdations Md/yapreens.and the former is a val uabl e hydrocarbon
processing techni que. Catal ytic dewaxing nmay be acconplished by cracking
and/ or i sonevingetic ghnphonligade mpiccnler piavashparfiedardy eakiscs, aoSamealbri or art
cat al i 6, deuoxh g B 0CSSOSS ORELAL S ALLEh AL VEL Y. SR, LAIPEr AL yres,and
pressures, ?esu? g F ISP ENSTVE L FRCK I Ay " af d WA prodh et Ton' Of PIOwET
valzge |dfahtrugmsesirectig b @in®betenpitio)agbit. dReaNLEUrcf theMBRCURAIb@Nfolhed is
n- paraffins_ at | ower tengeratures is desirable. Accordi;g]y, there is a

cont i nusErREEd ip part hpwe ety 95ths vRaRUsHgUIcap sBiFadoRIRiBe o RS RHERT zat i on
sel ect 'c\élti&l)[, s?ﬁ'ﬂeﬁ? Eoifefi v Qtenl%g%@ﬁ)rg:su;gjﬁ&iw Er&ﬂ-a{tghl), order of addition, type of

templating agent, and the like.
Molecular sieves identified by the International Zeolite Associate (IZA) as having the

30  structure code MTW are known. ZSM-12 is a known crystalline MTW material, and is useful in



151 n accordance with the present invention there is provided an

alum nosilicate ZSM 12 nol ecul ar sieve having a nole ratio of between 30
and 100 ovo2pit/sare1oxi de to al um num oxi de and havi ng, &CTArS2@al08738ati on,
the powder X-ray diffraction (XRD) lines of Table 5. The alum nosilicate

ZSM 12 is prepared. by contacting under crystallization conditions; (1) at
| east S Gt e ol MEcoroBk eyt Bpofansy dhserIgrty-Shiur deb TR LA

oxi de; f()fgﬂev@-hleltlfo@§tfor%?al&xﬁ?z@pﬂ[@%aﬁ{cu?a@ly%hﬁl stAeb@% Gdhfkmemfaioups 1 and
2 of the Periodic Table; (4) hydroxide ions; (5)

1, 6- bi s( 2, 3-kdirthet, thdré rsi adaeshi wegfiie denafycmoicowlsr siewed tifad preoyitiloln 4o gptalpstic

d nj - cont ai ni . i i . itable f
Sy hadl b ERSTRIBAALA S tE) R P B e U PR B, e
t eaghi ngschitRfEhid NASMBLIERAMPASsE hibPidatidSoi s BENESis 2atkt BOdew ikt g oridPydr ous

state, in ternms of nole ratios, as follows: 5i02 / A 20330 - 100 (Q + A /
Si 02 0.mwadecedugsquality gbgoging qls1 Cathisr dawgxingihas piyagtages pexselvente el ement

sel ecte - Per.iodj : ' ati. oni

76 bi Sy STAHSR b ROt ndhy hTREE i RubBE pfacchible (Ll L LLBRE

ni t r ogalwagingahay hgacsbmplithed &y drackiilgl ang/oag@ndicrizativch d¥%-Parains Whthe

2011/ 063191PCT/ US2010/ 057357 According to a further aspect of the

pr esentfe$ds{8kti on there is provided a method of preparing al uninosilicate
ZSNh12 by: (a) [ : j ] ol t,.Jjeast
onasour ve o1oms TiErRAERAle R Rir R kL R A Pl Mo g ant 3%
| east qmesssesrresildig mrexeineive ntackmigant det frodumtiGn ofi psvet vBhdight gdses. he

iezfl_ g?ls'lgl}e}-q ﬂ]lé:te W%lg{ﬁﬁa%‘?{i%% eglﬂglre%’?at g%qf %?ﬁa%gfjﬁlng at lower temperatures is desirable.

1, 4- bi s NorRhdy! tBbREs h dbktinke) ARRE nd® cﬁﬂ&%s@th%%?%ﬁrcﬂz'eﬂ 8¢dibBgvagent . and
(6) water; " b) mmintaining the reacti'on m xture undefr crystallization
condi t ilegmsersaafion edleditvity and opnmeeigrst al s of borosilicate ZSM12; and

c) replacing boron in the framework of the borosilicate ZSM 12 with

alum numto 10provide alum nosilicate ZSM 12. The present invention
al so includes a process fogUMMARY IO THMNYEsANToNaceous feed by
contacting the feed under isonerization conditions with a ZSM 12 nol ecul ar
si dve havi ngnacemtlance atithdhe prosettweention therls Powviddd &) 4lymmesibigatd SN 12
alumn [1de.: [ e ' [.QNaat e ' I i . Tabl e
5. "Br e LR e Rl e P RS 0o P S BB e TR 0Bl 21
of i npuind h&Gk ldtap celpmntch, altcpsvadon X -tay dirpasa{XRB) EBxandlTablk; 5. Fi gure
2 shows a paowder XRD ,E),attern ﬁf .pure al Em’ nosi | i cate ZSM ﬁZ prepared
according t o ieckpingsilisate Z8Myhd igpraparethBy pRaGing Undeetiy figtization conditiops: gy o
3 Shows | pAMER] onRAuPRIdrSIkSn 8kidROLYS kehGhE sdibd daiRRRA Glaaqopadng to 20

Exanpl es” 7 - of the present invention, in conparison wth the pattern for

a @Onvemtisomat of s elatantheleswdpieen Gfrowglsurdnd@sefl the BereodzSWAIEE; (4) hydroxiBe gur es 4

d 5 sh i ng. el ect i h of th ilicate ZSM 12
B epar SOk GOt B ERBRg B e CaCut: MO ORI ahtrpR O pes-
shows aocRRWEE stiiFRiB Atb&iny Qbnt Rk YoH HamibibeataMIM 12 prepared

The aluminosilicate ZSM-12 synthesized per the teachings herein has a composition, as-

synthesized and in the anhydrous state, in terms of mole ratios, as follows:
Si0, / ALL,Os  30-100
(Q+A)/Si0, 0.015-0.06
M /Si0O, 0-0.1

25 wherein:
(1) M is at least one element selected from Groups 1 and 2 of the Periodic Table;
(2) Q is cationic 1,6-bis(2,3-dimethylimidazolium)hexane, and Q > 0; and
3) A is a second nitrogen-containing structure directing agent, and A > 0.

2



25according to Exanple 11 of the present invention, in conmparison with the
pattern for borosilicate ZSM 12. W) 2011/ 063191PCT/ US2010/ 057357 DETAI LED
DESCRI PTIvON 2CH/065#311 NVENTI ON | nt r oduct i on The t er RCTASRONASBEUr ce”
nmeans a reagent or precursor material capable of supplyi ng at | east one

elenment in a formthat_can react .and which may be incor ted a
zeolite 5st rtPIRS Pohrihgy ¢ppcat §£3}eczgeseahawm§¥%t5%feéw iled %@?fsed
mtercliﬁlgig@ﬁ layurhi86&litkte ZSM-12 e term "Periodi ¢ Tabl e” refers to the
versi on of PAC Periodic Tabl e of the Elenents dated June 22, 2007, and

t he nunberi r(g) pehamg § sactioneniRgn odmt@mm(lé aG@@stpmelsguras ofisiicori drade;i(R) at
Chem c nd Engi n The term/"is r|zt|on
conai & oD e ok T 4 Haflonsrsbpist 3 sl WDt SR Stk oo
and/sor £HenfGRé PRATIRTEAREF4) ﬁmbxlaé ichs Sﬁgb balng 1 ewfrﬁanﬁamm&ﬁmbmané eed
rate, and catal yst conposition, that allow or pronote the isonerization of

n- par afaricagonie 14 MW@é@Wb@m@@@u@)w as the structm@dltr@ﬁmg apet gl (émat«;n
select|V|ty e

e bt B L il 0 L o PR ASLARRROR AL en)
t he 15pirodalebf Bdrosilicat ZBYL-iZ; d’myldr ocar bon conversion process.
Isoparaffindél-) t.o nor mal (n- paraffin ratios (i/n ratios) refer to

wei ght rati r%mfit%% Fenet e deimegtogk of the borosylgatee’ Pl it gfumaym to
pullyi C%bﬁﬂéaluﬁﬁﬁ eazgi}/,p@t ent applications cited in this application are

herei n I ncor por ate erence in their entirety, to the extent such

di scl osure |Hlermeseﬁt)mnetnM| adtoaintludéstdprobms eresendrtingre épdiooarbonaceous fekrd ess
othervvlses le he, recitation of ts, materials or

ot her "dBrisbReARL e il SRR RRicon Bt TR gl TR e rs e ing o
CONPONERIS rafd o MARHS&ISIN £, 100D rkilcENELHe tPaluREddBxiak indRSEA DB UD- generi ¢
conbi nations of the |listed conponents and m xtures thereof 'so, the term
"i ncl udelcizatidn; the powd¢raXRB, lings ef TeltleAded to be Non-1imiting, such that
25recitation of itens in alist is not to the exclusion of other like itens
that may al so be useful in the materials, conpositions, and nethods of this
i nvention. Al um nosili BmEquﬂsBR[[pﬂd)Nanqﬂ’ﬁmmmi on M xtures In
preparing al umnosilicate ZSM 12 (A -ZSM12), 6- bi s(2,3- 30

di et hyl i mi dégeriluhpwesanedei XBD ReficmsoT gpyre @Mhle?rpraw%amrdmg ®onbi nati on
with a i containing structure directing agent (designated
corrposi(?Ol(?rﬁol%ﬁl%t%i\;r%l]ga)%ﬁgj%'1 ”' herein bel ow). The

1, 6- bi s( 2, 3-KgureCh#ibiveagazdki Xmmmanﬁofqmeé alhmﬁmrsilimﬂeiZS;\/IAlz-pZé}Mrddz is
represented, by the foll ow ng cture (.
2011/ om@%ﬁ@w BSPoRGr 45 7auH 6 of Qf'lernzﬁ)sent inléntion:

Figure 3 shows powder XRD patterns of borosilicate ZSM-12 prepared according to

ins in

20  Examples 7 - 9 of the present invention, in comparison with the pattern for a conventional
(standard) sample of aluminosilicate ZSM-12;
Figures 4 and 5 show a scanning electron micrograph of the borosilicate ZSM-12
prepared according to Example 8 of the present invention; and
Figure 6 shows a powder XRD pattern of the aluminosilicate ZSM-12 prepared
25  according to Example 11 of the present invention, in comparison with the pattern for borosilicate

ZSM-12.



I\ BINVIN .. (1) 1, 6-bi s(2, 3-di net hyl i m dazol i um) hexane di cati on
In general, Al -ZSM 12 is prepared by: (a) preparing a reaction

m xture cwotaiviedtyl (1) at | east one source of silicon ®XITAS2010857341 5

| east one source of alum num oxide; (3) at |east one source of an el enent

sel ected from G oups | 1.odl : droxi de ions; (5)
1, 6- bi s( 2, 3- di net hyl Pgﬁmﬁ?ﬁﬁhﬁ)ﬁ@ﬁ%ﬁﬁﬁw@l tionally, a
second mkdodagfen cont ai ning structure directing agent; and (b)

mai ntai ning the reaction m xture under conditions sufficient to form
crystal s of Thedemh “REVE 3Qurpel means arrcageatver, precursor ndteriad oaipdsd ofi sopplyingtate
reactiqgn mxture fromwhich the alum,nosilicate. ZSM 1 ecul ar sieve is
for med. ot ren® i P et R g Fakn piY bEneR el R el * TabLe s
Reast ankraclBr@arhcRe@h£rsoefd e Shitl detifd siBca3tnay BOed thterchihgbdly hdeid. Si 02 0. 03

- 0.80.03-0.4Q/ A0.05- co 0.05-0.11 o
The term “Periodic Table” refers to the version of [UPAC Periodic Table of the

Elements dated June 22, 2007, and the numbering scheme for the Periodic Table Groups is as
described in Chemical and Engineering News, 63(5), 27 (1985).
The term “isomerization conditions” may be used herein to refer to one or more sets of
10 physical and/or chemical parameters, such as a suitable temperature, pressure, feed rate, and
catalyst composition, that allow or promote the isomerization of n-paraffins in a
hydrocarbonaceous feed.

The term “isomerization selectivity” may be used herein to refer to the percentage of

converted #-Cjgt+ alkanes in a hydrocarbon feed that are isomerized to isoparaffins in the
15  product of a catalytic hydrocarbon conversion process.

Isoparaffin (i-) to normal (n-) paraffin ratios (i/n ratios) refer to weight ratios unless
otherwise noted.

Where permitted, all publications, patents and patent applications cited in this application
are herein incorporated by reference in their entirety, to the extent such disclosure is not

20  inconsistent with the present invention.

Unless otherwise specified, the recitation of a genus of elements, materials or other
components, from which an individual component or mixture of components can be selected, is
intended to include all possible sub-generic combinations of the listed components and mixtures
thereof. Also, the term “include” and its variants, are intended to be Non-limiting, such that

25  recitation of items in a list is not to the exclusion of other like items that may also be useful in

the materials, compositions, and methods of this invention.

Aluminosilicate and Borosilicate ZSM-12 Reaction Mixtures
In preparing aluminosilicate ZSM-12 (Al-ZSM-12), a 1,6-bis(2,3-
30  dimethylimidazolium)hexane dication is used, either alone or in combination with a second
nitrogen-containing structure directing agent (designated composition variable “A” herein
below). The 1,6-bis(2,3-dimethylimidazolium)hexane useful for making Al-ZSM-12 is

represented by the following structure (1):



M/ Si02 0.05-1 0.15 -0.3 O+ / Si02 0.1-10.2- 0.5H0/ Si02 20 - 80

30 - 70 10wherei n: (1) Mis at |least one elenent selected from
G oups 1 woadop/wBidthe Periodic Table; (2) Qis cationicPCT/US2010/057357
1, 6-bi s(2, 3-di et hyl i m dazol i um hexane, and @& 0; and (3) Ais a

second nitrogen-containing structure directing agent, and A? 0. It should
be noted that the QA nolar ratio includes the case where there is no

second 15ni trogen- cont g structure directd gent (A) in the reaction
m xture. In that case fhe réaction m xture ly cqntains cationic

1, 6- bi s( 2, 3-di net hyl imM_dazgl Ngm-hekHpe (Q—Hs the 8. WO (1)

2011/ 063191PCT/ US2010/ 0 St ructure dir@ct agent™. In one

subenbodi mrent, the QA noje ratio is 0.05 to 0./3. In another subenbodi nent,
the QA nole ratiois 0.0p to 0.2. In another dubenbodi nent, the QA nole
ratio is 0.05 to about 0.11. According to one aspect of the instant
invention, a small crystal formof alumnosilicate 5 ZSM 12 can be prepared
froma small crystal faormo rosjlicate ZSM 12 by. post-synthetic

repl acenent of the bordrP- ﬁ&tﬁgm%ﬁlﬂgpﬁﬁ%%wl\)@@ﬁ%iélcﬁ?%emrk with

al um num The small crystal formof the precursor borosilicate ZSM 12 may

be prepared as described bel ow. Then, replacenent of boron in the
bor osi | i cat dnzshralk AWASM-dRuspreparegbpvi des an al ternative, yet facile,

route to the synthesis of.a Io¥v Si / Al ratiﬁ ,urri nosi | i caﬁel.ZSI\/Llé %% mal |
crystal si zd® HERUFISASALIND BRIUBE FEHATHE b 6‘? GAPLORE SOYERP T H G X! ?93 af’ium
nmay sbe léz%@Qhé_ Soudciraviesinbn sudd; @' o | dak e B iMce of at BiembeY ééféc{e!d%rﬁ Gfsys12
with an alum numsalt, such as alumnumnitrate. In an enbodi ment, the

pr opor tl &Kl 26f the Peiiodia Thbleoh hydraxise 78w 65 lithbis(Zardinpshylapidazedigmanexane

al um num.acec | .0 the | ' . n nge. of omabout zero
(0t o B S RrliGu s [P FR bl e R B Bt B 0 ee i B Y om about
85% t 0 about(bif@fitaihing ghclipsttarbadirevndcr cahditieasdufidiontito B&ibe @l sthisef beron in
the borosilicate framework is replaced with al um num I n preparing
bor osi |4lc4PM-Fopplesulessivam 12) | a 1, 4- bi s(tri met hyl ammoni unj but ane di cati on
or 2 1, 4 bi SN diRiovtBh BEIHe LA BThBYEATRo A CAER B ol FRERERL 9d\RY>

el ow, da

structures 2 an , respectively, I's used as the structure directing
agent . ridledwlarn(sN2)id fakinedOih térnisiof (il ammetidsy isademifiedmh Bablaneetbiveat i on

TABLE 1
Reactants Broad Preferred
Si0, / Al,O; 30-100 30-60
(Q+A)/SiO, 0.03-0.8 0.03-04
Q/A 0.05 - 0.05-0.11
M /Si0O, 0.05 -1 0.15-0.3
OH  / Si0, 0.1-1 02-0.5
H,0 / SiO, 20 -80 30-70

10 wherein:
(1) M is at least one element selected from Groups 1 and 2 of the Periodic Table;
(2) Q is cationic 1,6-bis(2,3-dimethylimidazolium)hexane, and Q > 0; and
3) A is a second nitrogen-containing structure directing agent, and A > 0.
It should be noted that the Q/A molar ratio includes the case where there is no second
15  nitrogen-containing structure directing agent (A) in the reaction mixture. In that case the

reaction mixture only contains cationic 1,6-bis(2,3-dimethylimidazolium)hexane (Q) as the
5



(CH2)4 \ / eN\ ) (3) 1,4-bis(Nnethylpiperidiniunbutane dication WO
2011/ 063191PCT/ US2010/ 057357 I n general, borosilicate ZSM 12 is prepared
by: woap1pweari ng a reaction m xture containi ng. ECX/BROAEEET one
source of silicon oxide; (2) at |east one source of boron oxide; (3) at

| east one sou ce .of an el ement seetedfr ps.1 20 e Periodic
Tabl e; SEAStW %F%}&Paég%niﬂ berapeGcRt: &he fﬁ%tﬁw-‘a%% hmn&heane

Sor Catshgahsodlmémbt@(@w%%@é {%Qf 0 Fiond ¢! ”inbéifoﬁ{é? s@senttofinsdnt UGt By & ik ect i ng
agent; and (6) wafe (b) maintaining the reacti on m xture under

condi t ireisisdlOF iombenitO ﬂb formcrystals of the borosilicate ZSM 12.
e Comos! A0 0GR P D AT L e SRS P
2 bgl ovzsMIARIaE b3 r el fadth 9 sBfafl ey sl €64 6ﬁ'&)r§1ﬁc2€/te BEOB148y post@PntBBtic 60 X
/SI02005-10 0.4 M/ Si020.1-10.2- 0.4 CH 8 1-0.60.2
- 0.4 replacement of the boron in the borosilicate ZSM-12 framework with alurmnurn The small
crystal form of the precursor borosilicate ZSM-12 may be prepared as described below. Then,
replacement of boron in the borosilicate ZSM-12 with aluminum provides an alternative, yet
facile, route to the synthesis of a low Si/Al ratio aluminosilicate ZSM-12 of small crystal size.
10 Replacement of boron in borosilicate ZSM-12 with aluminum may be readily achieved
by suitable treatment of the borosilicate ZSM-12 with an aluminum salt, such as aluminum
nitrate. In an embodiment, the proportion of boron in borosilicate ZSM-12 that may be replaced
with aluminum according to the invention may be in the range of from about zero (0) to about
100%, typically from about 75% to about 100%, often from about 85% to about 100%. In a
15  subembodiment, at least about 50% of the boron in the borosilicate framework is replaced with
aluminum.
In preparing borosilicate ZSM-12 (B-ZSM-12), a 1,4-bis(trimethylammonium)butane

dication or a 1,4-bis(N-methylpiperidinium)butane dication, represented by structures 2 and 3

below, respectively, is used as the structure directing agent.

—IL— CH N— )
| 5 (CHy)4 @|
20 1,4-bis(trimethylammonium)butane dication

)
N@— (CHy),4 @N

1,4-bis(N-methylpiperidinium)butane dication



H20 / Si02 20 - 100 30 - 60 10 wherein Mis at |east one el enent sel ected
fromGoups 1 and 2 of the Periodic Table, and X is cationic

1, 4- bi s(twOretgb@moni un) but ane or cationic PCT/US2010/057357

1, 4- bi s(N- et hyl pi peri di ni um but ane. Sour ces of silicon oxide useful

herei n incl de funme ldﬁ sillica, g/r[elglgl t at e& silicates, silica hydrogel,
silicic aci ng@’@ﬁr% RrpIligHE & PEPYPRYY: or t hosi licates (e.g. tetraethyl
orthosilicatg)p re?mgsa ﬂeh@tﬁmhﬁ&mé 'cgt?cﬁlnmjg5§9% s Rk s&hﬂd@bﬁﬁﬁb%ﬁ@e X@eitu'
herei n incl ude al umnates, alum na, and alum num conpounds such as AIC13
Al 2504, leaar Q@-@O@rcel@idiomn @41@@) i hehsortesourceof kb elbmesbsslases! fodm Kopars loxi de

bor at ¢ Bacadnd BRSTASHA%) hfitifls BuRERS Roocid Ry ol EQumpRR e o
bor 8N wticdgoriia @,Imi@ﬁ P A HiptAdialedRt S ﬂeteﬁﬁtamé aﬁ&tﬁ@qgmr &l (Bhater;

zeolite (B-beta zeo e). A source of element M may be any
M cont &@nfli ng conpound which is not detrimental to the crystallization

process. i [.d i tes,
Ul at o, naD) Bolife FRTBRARS T AT LREC-(OR P Tro 0 A s T
subenbddircbmlmate Zemipsi tional variable Mis sodium (Na) or potassium (K). In
a subenbodi rrent an M cont ai ning conpound is .an _al kali  netal halide, such

as a brom delheicompaesitign Oﬁﬁteéggqﬂeﬂfmv@rez@qm/mshélflbewsw@zt%%#ﬁq ccular
The ol Goli@forb@E (£ ARG Ml TS LIGdGRlc% TURBLIRERY Mo e than one
source. Al'so, two or nore reaction conponents can be provided by one
source. As an exanple, borosilicate TBEEWQ ar sieves may be synt hesi zed
from bor on- cpfi.aniy Ng beta nol ecglal Sl eves, as tapghicyn U S. Patent No.
5,972,204, issued CQctober 26, 1999 to Corma et al. The optional second

ni trogen- corBi@hnBr@: structure diHeet@hg agent (A) Usee in the reaction

m xture for gynthesizing Al -ZSM IS an organic en cont ai ni ng
conmpound, u%ﬁlg(g a linear or cy@ﬁ?c?quaternary orég ﬁg‘aternary anmmoni um
conmpound, suift/ahbe for synthesizpng IMTWtype matergalg.4 Structure directing
agents suitable for synthesizing ZSM 12 are known in 5 the art. (See, for
exanpl e, HarfddookOof Mbl ecul ar P-évésh) Szostak, VahZNOstrand Rei nhol d,
1992; U.S. PRat 4,585, 639,54 S d April 29, 8 to Szost ak; and U.S.
Pat ent No. Zéfgpg]‘acgo i ssued I\Iovzedrrbg(?ﬂem 1984 to ). Exenplary
structure di rectl ng agents include: tetraal kyl ammnl um cations such as

rret hyI t r| et hﬁ\éammnl um cations and tetraethyl ammoni um cati ons; cationic

8t hywhasgip s dilerstione clementopicetcdifiont Gyauppil wed diokithmReriodis Bable. gnd & 1s
d th
| me yéau&%wu 611' @1}1%%%13%5@%@@?%erHr)éEltlI'(;nqc (I:Qnm%ﬁv RE ﬁlﬁ%l fe%dﬁhﬁljﬂgfutane

bat ch-w se or’ con Sl ze, Ccrysta
crystal |l i zatSowurcek iofigiliodn dlide ascfiuii hresSh [ncdl&lfee’uﬁs&/lslhaa qfredllbleltem’ sBeinds, sifivent i on

may vary with the natur of the reac xture and the cry alllzatl n
condi t.ftyﬁgogegﬁélcgt cabeidel; slisay tetg- ailgyiﬁft ylesasid e £ tegﬁ‘%thi’%”l%@élﬂm & and
associ astﬂ%hyd{:&l@egl ons which may 15be any anion that is not detrinental to
the formati on of the nol ecul ar sieve. Representative anions include
chlléride, b rSmr@e of akudunifm ohidd usofu tiegreiacedladeegluminafeat dymiret aat 4luoibor at e,

car boxyl at e, he ke yst zation, and Post theS| s Treat nent
201 n prCQE’tHOB’é @#W ¢l§ é@%he@@h E%le(c%y pqnéippéili“?r% OlC%-eaction mi xture
as descri be%dﬁ%e@bﬂ@&%ﬁ%mcféﬂﬂeﬁbher@ﬁ'1ﬁélﬁdié1bél€sﬂl%e Fﬁ@&&'ﬂl&lﬁbdﬁt& %Oﬁeder
crystallization conditions sufficient to formcrystals of the molecul ar

si eve. Ectdebol@m:ctsienm apl xentarie zq:@ltmlhmrallmetdlga@txa@mle@IOéaa@@de D%lmien axidee unti |
crystal.s 0f t ar. si e f

cryst aﬂﬁ?@%&? assbufm fe%ra{j?% ec u?ha}'d%? ev(gg?rgn hel ZF?IHXS%%S ZtegFl eBlnder pressure,

and usual | y A Boabe atidleabiawg nsdy Bchaly M%h@uﬁ@@edmmnmwﬂlwﬁ no8 d&tihicet tof 0
aut ogenous pressure, typically at a tenperature from about 140C to about

190C, dhd cm@mzwori PioR¢abMEontsnme omHvEnds mapmciuse oxies.dlydraxdssi nifratgs.e
form isﬁ}gg ’or ? 28 al'}tég 9t}a?esaatﬂa'rﬁtcetgtgggﬁeré%@dItyéﬂé%ulogmf)&ﬁﬂ?eﬂtb 8&&1})(}8@9091&1 0

about or 63111 cat e
variable M is sodium (Na) or potassium (K). In a subembodiment, an M-containing compound

is an alkali metal halide, such as a bromide, iodide or potassium.
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WO 2011/ 063191PCT/ US2010/ 057357 The reaction m xture nmay be subjected
to mld stirring or agitation during the crystallization step. It will be
under st oodol11@6pnson skilled in the art that the ZSM PRTASR@EOOFBS7 Si eve
descri bed herein may contain one or nore trace inpurities, such as

anor phous erials, phases having franmework topol ogies which do t

coi nci de wit etrﬂgle_% |%1?V§,re%ﬂﬁl&7lHilg%‘f%%nnq?er?ﬁﬂl’li“’cdi&é’srn_ 5 B 015 Puffec Abso.

hydr ocatBRsore RACHAIcRSoYArah BEpARIdE Y Undlshirgat WQAn Sk&Rplc CorSdiRdase Of
ZSM 12 can be allowed to nucl eate spontanéously fromthe reaction m xture.
The usenaftcuayssevab sayfbetspethesndd fram deronewdtamng betaimalequldysicady aptaagbions i n

decreasi Rg,t.he ti ssar r. C stalljization to occur. In
addi ti (s)[%g g%tg&ilﬁogrggga@%eaﬁs%% éﬁo?eﬁgggg@gﬁo g&i[’i“f‘ﬁ"l%’:‘ t he product obtai ned
by pronot i ngritdpeionsl Gkeaidimito@ndioataiding Ridae datctidpeagerqlA)gedmahe any

undesi red phases. Wen used as seeds, seed crystals are typically added in
an anpurectiopamxapdier sputhosizing Abd$M-396inen erganigaitiigen gontaEngsemnoangfsuch

silico 110XI [ r ' ' r ave
For mod s R AP alerblig o SRR oy compoun® b litof SR Rl )
mechaniMaW-sgRanatiian Seednt diestigugnasuitatlé fatsiahesiding ZSMr$2 atesknahva inat er
washed 10and thep dried to obtain "as-synthesized" crystals. The dryin

. . g
step cdhc Bé preer OF meamBle: Aetdepher Velesigs Sigre. srostitean Npstiang Reinhold, 75\ 12
may be @?Q,dﬁj%_s.P§t§§%ﬁ&54,§8%%39?&§sué&@%ﬁ1ﬁid,X9$é‘ﬁ> &%gdak;tﬁde}sl pRgNter mal Iy
treate calcined). Thé térm "as-synthesized" refers to the ZSM12 in its

f or m af4,4%82,%rly sbadd Naaiten | 3, pi98d to Kaclhilgnbyahplafy dttuetust dunerting egelits mctudag

soont LY SLSTRl M e RS RISt oo S et et
air, orcahed Balond@SinM i pRoRNNBED; cﬂﬁbﬁfc@im%?ﬁﬁHétﬁ_ilﬂlﬁrﬁaélﬁircaﬁaﬁ‘i@ dénkRa) . at

a tenperature (readily "determ nable by one skilled in the art) sufficient
t o I0enmyeiditvemor gani ¢ material fromthe zeolite. The organic material can

al so be re ed _by. photol ysi s _techni ques, .e. . g.,. by exposin .
SDAcont ai ni gL ATSPE b E e bt ST LB S RBRIR P a G 2t ha
has a vaygllengpholsfnlahe tryz@libaton tiflcfehd dl@hinowiidge ZsondDidf eesprédeht | i ent
to selectively renove organic material fromthe zeolite, substantially as
descr i bBEntign Mag, vapawih thawpturg of 8, rgactiop anixgwe srdstby caérlipafipk ponditions.
Usual ly, it I . I . i he
zon12 by | oneayehEf BRRERLAR & MUATHR GRS o i blBO S
hy di5ogéie, ang rindoni thidtis 06t detrileaitiled tisefoahaticarnof tHheokSMai dcvarR decseonativeied W t h
various netals,, such as a netal selected from Goyps 8 25- 10 of the

Per i odiSiop Brdtd hTise Prgnpee, Tostde fyy dronge. jetatgagul e, tefé%f?%%tmrﬁau ons

t her eof iR vIAPLEPARNIKRN, or physical adm xture, and the like, as well as
i on- exchangg. ’ ol'l owi ng i on-exchange, e.g., palladi umexchange, the
zeolite is typically washed with water and dried at tenperatures ranging

from 90C t bout 1 . After washin the zeolite WO

2011/ Oég‘fé%y%#wgﬂ?%g‘/gﬁgé%&e@gﬁiﬁg"gﬂ\tci ned in air, steam or inert gas at
a tgnper at urig prangs, KENIIQM aRkksi-3d DG (P prhatte SRAGISOMiNELIQdSsHiBBEI NY
fromabout 1 to about 24 hours, or nore, to produce a catalytically active
pr oducthepanabog e 2ad|(h) meiafaming thepetion aniyowe Hedpreryistedtdation ewwltdm&au%{fwgent
processes, (NIRRT AAbION, Olic N erMOL eGH) L 1 EXC intained Al HTUARS édni cate
ZSM 12 Br%pa?%’tsf gccorcﬁnﬂé F8" YRE t eaCRINGS "REME i HaE A %onpoes? I'on,

as- syntib@péatge antt crystdlhef e moleaus skl ate, fobed MW hyldfotA@Bla€ cr§stahizhgsms  of
nole ratios: TABLE 3 Si02 / Al 20330 - 100 (Q+ A) / Si02 0.015 -0.06 M/

Si 020 -ofghcimpleeylar ¥ievq is @sealy cangycsedundgeRiepIbe Anhapu w8y autoclave so that
é! o glqg%géai%@&?mﬁéu'\#e Wt &R Y SRR fHefidrd, /iyt e erk GRS h Ao taS 2

140°C to about 190°C, and usually from about 150°C to about 170°C for the aluminosilicate

form, and from about 140°C to about 200°C, and usually from about 150°C to about 170°C for

the borosilicate form.



5 nole ratio generally fromabout 30 to about 100, and in one subenbodi nent
from about 30 to about 80, and in another subenbodi nent from about 30 to
about 60.w@l2on/oedwill i cate ZSM 12 of the present inventi @QTIUSRIIOAFT3F7
crystallizes as aggregates of intergrown crystals, wherein each aggregate

contains a urality aof elongated .crystallites. Each I ndi vi.du crystallite
may be ey i RES B e%tﬁcitorra%éﬂwsma%aakonfgﬂ%%out 25 nm

and a I&mémzatﬁnts&% NeRAeLLthdeof @B d crffh &el@ARR W £0thAMhe WiSML12vVer age

di rensions of the crystallites of about 20 nm by about 60 nm ZSM 12

prod uctrsolsyﬂ@ﬂﬂe@ez?@dcrwdﬁlh@lmh coiaienc o bwde tragedimpusties, emaacanmrplma by
their diffracti at.t. nor . vari.api on |nt
PR R A R e R B RO S R S
frarremmﬂlfersﬁggﬁ@@s (efo. to@nﬁam}tdr@@k@jnspor osilicate ZSM 1512 sanple due to
changes in lattice constants. In addition, sufficiently small crystals wll

affect the e thabydreihemsaliopysallipairsicn) el ZSMildepn be alwaskiak
br Oade’}lu@%ta %81?‘[5%0%%18%41}9% ﬂe&t{‘oﬂﬁmgkfré rAfd ﬁs%%fgg;s{a?sr @ftﬁé‘?e gl'tesé)s { g&“' t

fromvarra ructure o organic t use
zeol i t esatpridipan &t hovantdgabwy 1na1bmmsuo:@tmeainmlacasssl@z fot cmnplsfel dryssallimatioheo powder
XRD pattern. Notw thstanding these mnor perturbations, the basic crystal

| atti c@cs¥ JBpeddigonanading Cﬂh@h%%@éﬂlmwm@uxmfﬁa@ PEYdyCh qbiiaedly MIRBIOENE ar e

repies f AV ance
el ?‘!é%ééﬁogéga@esenpglgb @rgéé‘lﬁmgw&% f% o gg /USnggéhOS%g(%sdTABLE

4 Charsaed enystslsiace p'pwdhy addRD ipeaksofiot fras abyuith®sita elmbuaIS%"m)ﬁths weighabdfthe
ZSM 12 2 The %ﬂg CI n(g{)n(g« st roms Rel ative Intensity(b) 7.48 11.82
I 8. 80 HB4T glieen b BTl

Once the crystals have formed, the solid product may be separated from the reaction
mixture by mechanical separation techniques such as filtration. The crystals are water washed
10  and then dried to obtain “as-synthesized” crystals. The drying step can be performed at
atmospheric pressure or under vacuum.
ZSM-12 may be used as-synthesized, but typically the zeolite will be thermally treated
(calcined). The term "as-synthesized" refers to the ZSM-12 in its form after crystallization, prior
to removal of the structure directing agent and/or element M. The organic material can be
15  removed by thermal treatment (e.g., calcination), preferably in an oxidative atmosphere (e.g.,
air, or another gas with an oxygen partial pressure greater than 0 kPa), at a temperature (readily
determinable by one skilled in the art) sufficient to remove the organic material from the zeolite.
The organic material can also be removed by photolysis techniques, e.g., by exposing an SDA-
containing zeolite product to light or electromagnetic radiation that has a wavelength shorter
20  than visible light under conditions sufficient to selectively remove organic material from the
zeolite, substantially as described in U.S. Patent No. 6,960,327 to Navrotsky and Parikh.
Usually, it may also be desirable to remove alkali metal cations from the ZSM-12 by ion-
exchange and to replace the alkali metal cations with hydrogen, ammonium, or a desired metal
ion. The ZSM-12 can be combined with various metals, such as a metal selected from Groups 8
25 - 10 of the Periodic Table, including Pt, Pd, Ni, Rh, Ir, Ru, Os, or combinations thereof, by
impregnation, or physical admixture, and the like, as well as ion-exchange.
Following ion-exchange, ¢.g., palladium exchange, the zeolite is typically washed with

water and dried at temperatures ranging from 90°C to about 120°C. After washing, the zeolite

9



W19.93 4.45 W20.85 4.26 VS 21.77 4.08 W22.36 3.97 W22.98 3.87 S 23.24
3.82 W25.32 3.52 W25.72 3.46 W26.24 3.39 W26.80 3.32
WO 2011/063191 PCT/US2010/057357

can be calcined in air, steam, or inert gas at a temperature ranging from about 315°C to about
650°C for periods ranging from about 1 to about 24 hours, or more, to produce a catalytically

active product particularly useful in hydrocarbon isomerization and dewaxing processes.

Characterization of the Molecular Sieve
Aluminosilicate ZSM-12 prepared according to the teachings herein has a composition,
as-synthesized and in the anhydrous state, as shown in Table 3 in terms of mole ratios:
TABLE 3
Si0; / ALOs  30-100
(Q+A)/Si10, 0.015-0.06
M/ Si0, 0-0.1

wherein M, Q and A are as described hereinabove.
Aluminosilicate ZSM-12 prepared according to the present invention has a Si0,/Al,03
5  mole ratio generally from about 30 to about 100, and in one subembodiment from about 30 to

about 80, and in another subembodiment from about 30 to about 60. Aluminosilicate ZSM-12
of the present invention typically crystallizes as aggregates of intergrown crystals, wherein each
aggregate contains a plurality of elongated crystallites. Each individual crystallite may be
needle-like with a width in the range from about 15 to about 25 nm and a length in the range

10 from about 60 to about 80 nm, with average dimensions of the crystallites of about 20 nm by
about 60 nm.

ZSM-12 products synthesized by the methods described herein are characterized by their
powder X-ray diffraction (XRD) pattern. Minor variations in the diffraction pattern can result
from variations in the mole ratios of the framework species of the particular borosilicate ZSM-

15 12 sample due to changes in lattice constants. In addition, sufficiently small crystals will affect
the shape and intensity of peaks, leading to significant peak broadening. Minor variations in the
diffraction pattern can also result from variations in the structure of the organic template used in
the zeolites preparation. Calcination can also cause minor shifts in the powder XRD pattern.
Notwithstanding these minor perturbations, the basic crystal lattice structure remains unchanged.

20 The XRD pattern lines of Table 4 are representative of as-synthesized aluminosilicate

ZSM-12 made in accordance with the teachings presented herein.
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W?27.89 3.20 W29.21 3.05 W30.81 2.90 W35.61 2.52 W (a) 0.25 (b) Based
on a relative intensity scale in which the strongest line in the X-ray
pattern iwoassigs®d a val ue of 100: W (weak) is |ess thaoTABG01mo¢T8di un) i s
bet ween 20 and 40; S (strong) is between 40 and 80; VS (very strong) is
greater than 80. The XRD pattgg BLFi nes of Table 5 are representative
of calcined alum nosilicate ZSM 12 4 accordance with the teachi ngs

present ed_her e itacte MAARIHCP SREDARETIHSRAIHOGTI5A RABME e ZQMUIACt er i Sti c

powder XRW&W&L&MALZ@M&%@M ng
(Angstrons) Rel ailhetal'nt ensity @ispadinglAngstrdtisM 8. 86Relagge Itensity

7.48 11.82 M
8.80 10.04 \Y%
18.74 473 \Y%
19.10 4.64 \Y%
19.93 4.45 \Y%
20.85 4.26 VS
21.77 4.08 W
22.36 3.97 W
22.98 3.87 S
23.24 3.82 W
25.32 3.52 \Y%
25.72 3.46 \Y%
26.24 3.39 W
26.80 3.32 \Y%
27.89 3.20 \Y%
29.21 3.05 W
30.81 2.90 \Y%
35.61 2.52 \Y%
@ +0.25

® Based on a relative intensity scale in which the strongest line in the X-ray pattern is
5 assigned a value of 100: W (weak) is less than 20; M (medium) is between 20 and 40;
S (strong) is between 40 and 80; VS (very strong) is greater than 80.

The XRD pattern lines of Table 5 are representative of calcined aluminosilicate ZSM-12

made in accordance with the teachings presented herein.

10
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14.81 5.98 W15.28 5.80 W18.75 4.73 W19.11 4.64 W20.03 4.43 W20.91 4.25
VS 21.98 4.04 W22.42 3.96 W22.98 3.88 W23.24 3.82 M

WO 2011/063191 PCT/US2010/057357
TABLE 5
Characteristic powder XRD peaks for calcined aluminosilicate ZSM-12
2 Theta®™ d-spacing (Angstroms) Relative Intensity ™
7.51 11.76 M
8.86 9.98 w
14.81 5.98 W
15.28 5.80 W
18.75 4.73 w
19.11 4.64 w
20.03 4.43 w
20.91 4.25 VS
21.98 4.04 w
2242 3.96 W
22.98 3.88 W
23.24 3.82 M
25.21 3.53 W
25.78 3.45 w
26.33 3.38 W
26.86 3.32 w
27.99 3.19 w
29.33 3.04 w
30.88 2.89 w
35.71 2.51 w
36.97 2.43 w
38.57 2.33 w
@ £0.25

® Based on a relative intensity scale in which the strongest line in the X-ray pattern is
5 assigned a value of 100: W (weak) is less than 20; M (medium) is between 20 and 40;
S (strong) is between 40 and 80; VS (very strong) is greater than 80.

Borosilicate ZSM-12 prepared according to the present invention has a composition, as-
synthesized and in the anhydrous state, as shown in Table 6, in terms of mole ratios, wherein X
and M are as described hereinabove:

12



25.21 3.53 W25.78 3.45 W26.33 3.38 W26.86 3.32 W27.99 3.19 W29.33 3.04
W30.88 2.89 W35.71 2.51 W36.97 2.43 W38.57 2.33 W

WO 2011/063191 PCT/US2010/057357
TABLE 6
Si02/B,03 40 - 100
X/ 810, 0.02 - 0.06
M/Si0, 0-0.1

Borosilicate ZSM-12 of the present invention typically crystallizes as ellipsoidal
aggregates of intergrown crystals, wherein the aggregates have a length of about 1 um and a
width in the range from about 0.3 um to about 0.5 um.
5 The XRD pattern lines of Table 7 are representative of as-synthesized borosilicate ZSM-
12 made in accordance with the teachings presented herein.

TABLE 7
Characteristic powder XRD peaks for as-synthesized B-ZSM-12

2 Theta®™ d-spacing (Angstroms) Relative Intensity

7.61 11.61 M

8.86 9.97 w

19.12 4.64 w
20.31 4.37 w

21.17 4.19 VS

22.10 4.02 w

22.75 3.90 W

23.30 3.81 S

25.51 3.49 w

26.10 341 w

26.62 3.35 W

26.98 3.30 W

28.29 3.15 w

29.61 3.02 w

@ £0.25
10 ® Based on a relative intensity scale in which the strongest line in the X-ray pattern is

assigned a value of 100: W (weak) is less than 20; M (medium) is between 20 and 40;
S (strong) is between 40 and 80; VS (very strong) is greater than 80.

13



(a) 0.25 (b) Based on a relative intensity scale in which the strongest
line in the X-ray pattern is assigned a value of 100: W (weak) is |ess than
20; M (nmipumvraesidbet ween 20 and 40; S (strong) i s bet weem/usQ01a087380; VS
(very strong) is greater than 80. Borosilicate ZSM 12 prepared

according to.the pre t invention has a osition, as-synthesized and in
the anhydr oushedtogtder XXD aisiis and dptaTeseBtodi R PSS SHICFIER BY PURSBE. wher ei n

X and Nedifo s, 8seiiRe gaiahayfion WAIRULAGER APEE ISRBA0/087357
TABLE 6  SI02/B203 40 - 100 X/ Si02 0.02- 0.06 MSi02 0 - 0.1

Bor osi |funcioa cf SRHIRTOH it the Bpagesangte, wewerhd tont thpird aliveyabsolystiaichsiiesofabe

el l'i psoi dal gregates of intergrown crystals, wherejin th regates have
2 1 engtkaBy anbHhc T pPRRE AT AREH PR TIeSRITe B I SISEECH RSy A 0
aboyt QuRulsa@ 5The XRD pattern lines of Table 7 are representative of
as-synt hesi zed borosilicate ZSM 12 made in accordance with the teachings
presented herein. TABLE 7 Characteristic powder XRD peaks for

as-synt hesi zed B-ZSM 12 het.a(a) d-spaci trons) Rel ative
| nt e% sity (b) 7 61 [gpp-ll_lcahmgs Por alu 1nosﬂi%a£em-f20 )

Catalyst compositions comprising Al-ZSM-12

Catalyst compositions comprising aluminosilicate ZSM-12 of the present invention may

have a composition, in terms of weight percent, as shown in Table 8:

TABLE 8
Component Broad Secondary
aluminosilicate ZSM-12 1-99% 15 -50%
binder 1-99% 50 - 85%
Group 8 — 10 metals(s) and other elements 0-5% 0.5-1.5%
10 For commercial applications as a catalyst, the aluminosilicate ZSM-12 may be formed

into a suitable size and shape. This forming can be done by techniques such as pelletizing,
extruding, and combinations thereof. In the case of forming by extrusion, extruded materials
can be cylinders, trilobes, fluted, or have other shapes, which may be axially symmetrical, and
that promote diffusion and access of feed materials to interior surfaces of the aluminosilicate

15  ZSM-12 extrusion product.

In preparing catalysts for use in processes of the present invention, the aluminosilicate

ZSM-12 crystals can be composited with binders resistant to the temperatures and other
conditions employed in hydrocarbon conversion processes. Binders may also be added to
improve the crush strength of the catalyst.

20 The binder material may comprise one or more refractory oxides, which may be
crystalline or amorphous, or can be in the form of gelatinous precipitates, colloids, sols, or gels.
Silica in the form of a silica sol is a preferred binder. A preferred silica sol has about 30 wt%
silica and a particle size of about 7 - 9 nm in diameter, which provides catalysts having good
attrition resistance and excellent crush strengths.

25 Forming pellets or extrudates from molecular sieves, including the small crystal forms of

aluminosilicate ZSM-12 useful in this invention, generally involves using extrusion aids and
14



11.61 M8.86 9.97 W19.12 4.64 W20.31 4.37 W21.17 4.19 VS 22.10 4.02 W
22.75 3.90 W23.30 3.81 S 25.51 3.49 W26.10 3.41 W26.62
WO 2011/063191 PCT/US2010/057357

viscosity modifiers in addition to binders. These additives are typically organic compounds

such as cellulose based materials, for example, METHOCEL cellulose ether (Dow Chemical

Co.), ethylene glycol, and stearic acid. Such compounds are known in the art. It is important

that these additives do not leave a detrimental residue, i.c., one with undesirable reactivity or one
5  that can block pores of the zeolite, after pelletizing.

Methods for preparing catalyst compositions are well known to those skilled in the art
and include such conventional techniques as spray drying, pelletizing, extrusion, various sphere-
making techniques, and the like.

The relative proportions of the aluminosilicate ZSM-12 and binder can vary widely.

10 Generally, the aluminosilicate ZSM-12 content ranges from about 1 to about 99 weight percent
(Wt%) of the dry composite, usually in the range of from about 5 to about 95 wt% of the dry
composite, and more typically from about 15 to about 50 wt% of the dry composite.

The catalyst can optionally contain one or more metals selected from Groups 8 — 10 of
the Periodic Table. In one subembodiment, the catalyst contains a metal selected from the group

15  consisting of Pt, Pd, Ni, Rh, Ir, Ru, Os, and mixtures thercof. In another subembodiment, the
catalyst contains palladium (Pd) or platinum (Pt). For each embodiment described herein, the
Group 8 — 10 metal content of the catalyst may be generally in the range of from 0 to about 10
wt%, typically from about 0.05 to about 5 wt%, usually from about 0.1 to about 3 wt%, and
often from about 0.3 to about 1.5 wt%. In an embodiment, the aluminosilicate ZSM-12 can be

20  palladium exchanged.

Additionally, other elements may be used in combination with the metal selected from
Groups 8 — 10 of the Periodic Table. Examples of such “other elements” include Sn, Re, and W.
Examples of combinations of elements that may be used in catalyst materials of the present
invention include, without limitation, Pt/Sn, Pt/Pd, Pt/Ni, and Pt/Re. These metals or other

25  clements can be readily introduced into the aluminosilicate ZSM-12 composite using one or
more of various conventional techniques, including ion-exchange, pore-fill impregnation, or
incipient wetness impregnation. Reference to the catalytically active metal or metals is intended
to encompass such metal or metals in the elemental state or in some form such as an oxide,
sulfide, halide, carboxylate, and the like.

30
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3.35 W26.98 3.30 W28.29 3.15 W29.61 3.02 W (a) 0.25 10(b) Based on a
relative intensity scale in which the strongest line in the X-ray pattern

i s assi grwo 2a1vmBlye of 100: W (weak) is |less than 20; MpCwAM2ee)57387 bet ween
20 and 40; S (strong) is between 40 and 80; VS (very strong) is greater

WO 2011/ 06319 PCT/ 2010/ 0573 7 The powder XRD patterns and
data pr& S 1P andard techni ques. The radi ation
was Cuk-a r%@l‘lﬁa}ﬁﬁd&ﬂlcaf@”& braaﬁ,hldaﬁa Msuapf% hRE ae&ﬁuﬁlg%ﬁle R%cPnégl i on of
20 where 0 is the Bragg le, were read 1promthe rel ative absol ute

i nt ensi ctesqéoedfhetemempegk gsefalrm catalyttnélydmcelfqon@naversplapm@gssrswnmlgmgri@ms
correspon I’eCO{ de be, 5c %I I.cations for

P uns RaniR Skt orEaliar T ol Rt ST PER P PR ienpP B fdh R0

Cat 3l ysdecf@8d@8 hidl&far G | b$ hikﬁo@drbkﬁﬁsﬂ@%rbdl@@é ﬁe&SMols%lamfer &diﬂpcﬁfeﬁ@e nt
i nventi on ma have a conposition, in terns of Mygg » percent, as shown in
|0

Tabl e 8: TAHLaRIgst copppaHent RepitSecdwamoyiligata BES &@tl@vq@wmqwa hegog 5 -
50% bi 9
so0. 5 sty BRSO F PRl o Eh Ui o E O B ) R
al um nqsigl,i266t@ toZHF TP, and et aflOeri'dpdn@itjbfc& csavkimgbIMogbze, @adyshape. This
form ng can be done by techniques such as pelletizing, extrudi ngg and
combi nZOIBREIIPREAEE PIesert ﬁléveea% agsthighly ﬁ?lﬁijw@f%%‘ pirfustion ehqimg

ri f have ot her shapes, which
rraylgbqu |Fﬁ? I;}pg\&e?r#edtn??lgg ,153%%;5t 1at%se|§r%gmte 13??'f usi on and access of feed
mat eri al s t cAAd¢ootdng trths prdfsaesvanfion, lrepratassifarasntértag bydrbZShérbdndndasusi on
pr oduct

contacting a hydrocarbonaceous feed under isomerization conditions with aluminosilicate ZSM-

12 synthesized as described herein, and having a Si0,/Al,03 mole ratio from about 30 to about

100, and in one subembodiment from about 30 to about 80, and in another subembodiment, from

15  about 30 to about 60.

Catalyst compositions of the instant invention may be used to dewax a variety of
feedstocks ranging from relatively light distillate fractions, such as kerosene and jet fuel, up to
high boiling stocks such as whole crude petroleum, reduced crudes, vacuum tower residua, cycle
oils, synthetic crudes (e.g., shale oils, tars and oil, etc.), gas oils, vacuum gas oils, foots oils,

20  Fischer-Tropsch derived waxes, and other heavy oils. Straight chain n-paraffins either alone or
with only slightly branched chain paraffins having 16 or more carbon atoms are sometimes
referred to herein as waxes.

The feedstock will often be a Cjo: feedstock generally boiling above about 177°C.
Processes of the present invention may be particularly useful with waxy distillate stocks such as

25  middle distillate stocks including gas oils, kerosenes, and jet fuels, lubricating oil stocks, heating
oils and other distillate fractions whose pour point and viscosity need to be maintained within
certain specification limits. Lubricating oil stocks will generally boil above 230°C, more usually
above 315°C. Hydroprocessed stocks are a convenient source of stocks of this kind and also of
other distillate fractions since they normally contain significant amounts of waxy n-paraffins.

30 Feedstocks for processes of the present invention may contain paraffins, olefins,

naphthenes, aromatic and heterocyclic compounds and may have a substantial proportion of

higher molecular weight n-paraffins and slightly branched paraffins which contribute to the

16



In preparing catalysts for use in processes of the present invention, the
alum nosilicate ZSM 12 crystals can be conposited with binders resistant to
t he tenpewatorigs3®md ot her conditions enpl oyed i n hydr o®aTASR01006TBET Si ON
processes. Binders may al so be added to inprove the crush strength of the
catal yst. 20The eria y ri se one nore refr 0 i des,
whi ch” iEFYORTEF 95 Fasichy Do Slenrscesgpe i ey n%rréi%rlra'@rvtbg@fcaﬁ nous
preci pidaalrass mﬁgluh@érgéa r@Rly %&E‘glréeof%raldkﬁ% dthidth@n{Q&mof a silica sol
is a preferred bi nder referred silica sol” has about 30 wt% silica and a
particl e S| Zexaptplestnd womg typl@l meadstocld wnmgh eray behisechinrosdssis o f ¢lat inbtystt s

havi ng . attri res and cel | cr.us tren 25For m ng
ol | ot 4 gigR e A 1R oD REToP & G5 oS oot g P& Vet o

f or 3B erlg@tsttmkﬁl%bﬁdaﬁﬁg il £Rvkd Aymaeidibils, ootdbiss. FRYBMTr chg?ﬁtﬁésﬁé bi¥s, high

i nvol ves using extrusion aids and_ WO 2011/ 063191PCT/ US2010/ 057357

vi scosinopr pejdi Poleelsfing nager! pirdrolein manawe slick Mhsee dergtlrd Moees aafe typical Iy

or gani cmlccp&?)ﬂsga{rig‘?%\g%g%has cel | uI ose based materials, for exanple, METHOCEL

cellul ose € em cal et hyl ene glycol, and stearic acid. Such
conmpounds arle akreodintent, ke pﬂ‘etsent Iutvehﬁoﬂ pmordbaptocémst for hed@cadditiigres do not
| eave aq detrinmental residue, i ne with undesirable reactivity or one

5t hat éaﬁr%%v@raaﬁe%geewhe%cozwsrzr @m afreratfinge| Jushipsgaseses may compgibtods f or
BT | E A AN T CTROMEL QD SE A %&' dnakRAW s déaaaﬁcaiﬂlrl+ dyifia the art
an i nclude such conventl onal ues as spray dryl ng, etrzrng,
ext r usicatulysy mmmimmmmmn@almglmmhﬂb A504%-12 amprovive dni 1mara'fﬁe pregluett witle
proportians of | un nosi || cat nd vary widely. 10
Gener al Ty oM aHOSHY o8 4t Bop R 3L eBrter ifyut D mCaBERAOR of § abou
99 wei ghtd. PECAMhinoWii¥tc ZISMNE b GREPRS], hRd nmd§hald &’ha!r&btérﬁﬁci @r[&gi%atﬂfesf rom
about 5 to about 95 wt % of the dry conposite, ahd more typically from about
15 to absdlescrded Wwewinof the dry corrp05| te. The catal yst can optl onal | y
o ain one s _sel ec t he. Per
# i ongh sCSB%ﬁBB%fOﬁé%‘?Eneﬂtzﬁtéon (gﬁ ﬁxmsgtpr%eﬁ?e i %%heaprﬁseetng Vel O&aegarailrom
t he gr dufludds engicsdtinegysital Btwithid a rihge thn absut 2RYSC (FBabodNBROTCX Lisiall$ filoher eof
I n anot her subenbodi ment, the catal yst contains palladium (Pd) or platinum

(fPt ). 3 FHPUEEORC dorilomit ARMC. @éise fopedh e e, tOtahel;téé%@L@ gd.a presspstfsam ebettent
1 %
?yp? o 5ToRbERIsIB 00 EORY, Fopato G0, 180T nsle, 25 SrosLuBRGBbuc ROl

W % antoof 2580 phigo I’ﬁlﬂbﬁﬂﬁact@ng?oﬁthe aded witithlthd cuh Bst 1ls pe@italgnboded®uttin thche

al ymi nosilicate ZSM 12 e 20 pal | adi. um exchanged. Addi t.i onal |y,
ot H8r dIrevBek &f 258 J e&y rﬁgebmyrﬁiaqqaﬁwn\rrtﬂ%wtgﬁ%ﬂﬁ%r Hithdet @AgRHORY om

Groups Bout 9025 ab \}VBSDEQ gﬂh ar-(llt%gifn% feé%)f{'% | esrafor ﬁ&@rjacar%ﬂ" &hd E)ﬁ&iﬁlgtﬁfom

i nclude Sn, Re, an t| ons of el enent’'s t
used i rmboat 210030 abmttér)()(aktand}ifrd tiac ﬁaeeHeper bammenf Inyaino¢anlsdnu dighe lwutdrlamirly
limtation, Pt / Ni taI or other

bbe] eaRee veori gL Sy AR g o R a A T A0 01 P e Mpgguslly

CoNpPOosifidin UBHNY. 1%%@& mrleoaén Hom dat Ry ek gnal t echni ques, including
i on- exchange pore- fglatlon or |nC|p|ent wet ness |npregnat|on

Ref28r ence toAQqqedleathamsp@qlo caavdnyienvehedadesangmay|bs used fsv madeld t o

enconpass suc netal or . taI 5 ) he nt a ate or S form such
s an” o tnd  FordeRa, MRaRe” PR el 0P Morflihfiedt yfiifife

2011/ oaaugaargrgrrsuaeawhamwgsejma\;ﬁmar saffisiptaliilian rahtivelpaigafiéichsoft 0

i soparaffins Alum nosi licate or borosilicate ZSM 12, prepared

accor dilpRpatadiin Reodye et ithitush et devals ofcdadkaieeiIn arvherpodimenty-hickadesang vt i c
hydrocap &S%HY@{d%hR gé}ﬁ g&niﬁ%‘ﬁbﬂ Lq ctRe%g{aﬁfsis tHat%EArﬁériie‘hecg+ alkanes

i sonerizatio I'n con crac ers processes or reactions
thao 5 tdea nm@81@fﬂirhprodnét&oniparmng@r@mmmfntllyyﬁnnemm bmikaﬂey breaki ng theminto
smal | er conponents.
Isomerization dewaxing processes of the invention provide an isoparaffin conversion
product comprising a mixture of monomethyl- and dimethyl isoalkanes. For a hydrocarbon feed

comprising n-hexadecane, processes of the present invention provide an isoparaffin product
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Cat al yst conpositions conprising alumnnosilicate ZSM 12 of the invention
show a hi gh propensity for isonerization of n-paraffins with high

conver si oNOan1wsB®ii vel y | ow tenperatures (e.g., 260C t ®CZ8BA)10/0813d7 hence a
| ow propensity for cracking Moreover, catalyst conpositions of the present

i nvention are hi sel.e iv for t uction o .

10i sopa¥HFf MY 1%3%4 Bwﬁ,{? %ngwaﬁfifﬂ? WH@ Htoeeeetha Slsa 5¥ vhgyein the

Accor di fighefh9] fBRKM B BLHp rédb\ﬁaﬁatb QWer e HoP6RRthyl RbalkARY eSthicAQIBEiRgRr bons

i ncl udes contacting a hy rocar bonaceous feed under i someri zati on conditions
Wi th aldmethablsballkateenmmmmlyﬁnwé@thze@%sofdb@eoalbwsrmeﬂelmodlahdlnrmaw ng a

Fr om aisBULogoct ol b Rare BRH oA F Heh s aPetiP AR YEapout ‘0 o

aboyt Gbparaffins toGAbINYSEhylGRPRASIAY QA Modhdies ANsdsamouk QVﬁﬂédr@éﬂ nmay be used
to dewax a variety of feedstocks ranging fromrelatively light distillate

fract i cibodgpets. de waetyd Hoakkaaesireay gaperally gpmpaishingre than Rbatd 08tefithe such as
whol e 0150%&118?&&8!(\ g%%fhct{ @%ﬁﬁ%ﬁﬁi n?{ré‘ ﬂl%ﬁ ab&?t%woﬁf%}é‘%{ %eﬁﬁﬁbg&%stﬁ%ﬁh fh 81
synt hetic crude . g., ale’oils, tars vacuu
gas 0|kﬁMxﬁnﬁﬂﬁabmh$0%2@Eﬂ&ohemﬂﬁegﬁ&hhpﬂﬂnmved maxes and ot her heavy
oils. Stralght chain n-paraffins either. alone or with_ onl Sllﬁéily
branched ch pr«?nﬁamafbmﬁet AEHOF REFSTE IByenipp.at @ 4 BRsHatitolem aPeutgER: fdabout

" efigr T efkolOq BALGIV i@mdtBs RS cARGyl@RAPLABKINhhbRLACRSRE Aol hepast ock
gener al oi ['i ng above out 1 roceésses of the present invention nmay
be par tabout % pf mpefatﬁﬂinwmttlme fmaoiy,o phostdlelal radducs ‘cmmjaus;sisgutsbpeasffms withcine

distill.ate staocks includi.ng gas, oil.s, I t f.u br.i atlng
O R SR M TG v T e T

and vi sfﬁasu)é YonRREQ Ja@h e claam% ghdre %omehawbn%haafoas §&ﬁﬁﬂ1§1ﬁ§ atén%ra{tuﬂa ﬁl s
Lubricati'ng oil stocks will ‘generally boil above C, nore usually above
315C. Hkxelr%mgqb oﬁéméa6i;°fo®laboetr2€0&C@mme@mleas@bpu@% cenvsewen off 7t hi s ki nd

an other,.distill.ate fr i r II ain

oM et ool 84 Bphgr 2t SRR R S Rt AR TR s kBREL O of (e
present i nvaRtisaBerBOiSOnt abﬁta@atra)frﬁpo@ﬁmn@mfa pSseniiapiitheneder isé@e@iation and
het er ocycl i ¢ conpounds and may have a substantial proportion of higher

nol ecul@pdifienyita tampetagfe pﬁ%boalha605i2$(§’€t providesgfderstialeait 26 % cegvemion T #-
contri &gdeégne 1|ﬂ%he{ ﬁégd %gt:hla{nqgc? 6 %@l oléggf%glgl B?&%ZA) HI%I‘ ’];Ub%ﬁlt% d

f eedst oC proceSS|n -pararfins an %&nched
par af f ifoscxmyplel mhl@cfayzﬂya cbmbailtlmehmy Ipocwmlﬁgr Bse-(hf yl@l’dalﬁkhmgngé frbmgibout 84%
conversiog. Exanpl es of sone typical feedstocks which nay be used in
pr oQesBEPR & i nstant i nvention include hydrotreated or hydrocracked gas
oi ls, hydroﬁh%ﬂ&ﬁ@r&ﬁ@ﬁmﬂah &%ﬁ%ﬁ@é&ﬁﬁeo?Q&h@Qé@%ﬂﬁﬁ§nn&ﬂ£ﬁb&@Q&ﬂﬂeo'
stocks synthetic oils, foofs oils. Fischer-Tropsch synthesis oils, high
pour pcnataﬂyspof melpeésemnvmpmtosadlqmabﬂo efkianc padest, frgh ac k-heazdesandafeedi | ed

waxes anc r o yﬁ%alline %@% I.n an enbgdlnen %g ﬁ%ﬁ 22 %%¥ent|on

b ovt dauiosrndbeCidNiae Digir S a0 s Frg L R bR PEBHRL b RS Qe
COpr!&%ﬁ@gbﬁ daﬁﬁamat§mﬁ@€1§ych processes may conprise 10 contacting the
fe%g in the reigacelgmhydr?ggn agg¢undeii|s§gfr|§$tlon goqg&%agns with a
catZal yst co rasarbooageobs foad can babansanited widh ehezgmlyspin @ lm stgm, a

i sopar afflnq E é:lu etmvaxlﬁ h any merlbaathls selleccotl Vi tt%n Fh astt 1rabout 80%
at grea?%r % REn>2bolt @’%oﬁ@erS|on ofy§ 3 6%3n05|??%§te

ZSM 12 diraylarae thiyse Rapescd anblydrayediiagand haa@@ﬁaekmg mmltame Eapéiy £sad tRd

descri bed herein. 15The conditions for 1sonerization demaX|%? processes of
the pr SI&Am qrgyBeringhcdwitmisinyclicred Jae fixed baparsianuribe pigheated fogd 4 Ransed

o ton 1o AaStine5 oo Bu i3k iR Pldeka IATMARRE sopl, © 500" aﬁiﬁf
5000 psilgninbyificaalZSyi-fie @mla&)oﬂﬁlea@veﬁlﬁombﬂmﬂo&@ﬂﬂtbeﬁee@ caaibd up-évtmlm déwowardbout
100 to aboyt, 2500 psig.. The ont cti of the feed wi.th é gr%?lyst i's
gener alyaialy fitersteti eotieene bopeipaiente CRAMPG OGO ARCIN AY HGETP t o

hydr ocgheltnraidiét dedls. Q?H@feaétbbé MhHPi 'e?u gFécﬁ&}ﬁﬁ idstAMeARAYN to%%&t&r%na thl&ol

10, 000 standard cubic feet H2 per hydr ocar bon, typically from
about Zampmaowampmmmﬁﬂﬁ@utﬂamdabﬁﬂ@umﬁcnﬂ@@wuﬁﬁ1ﬂhy¢nmm®¢mmﬂﬂwygkdmdsbon
The liquid hourly space velocity (LHSV) during contacting is generally from
about 0.1 to about 20, nore usually fr $n about 0.1 to about 5, and often
fromabout 0.5 to about 5. 25According to an aspect of the invention,

n- hexadecane may be used as a nodel conpound, to represent a "heavier"

n-al kane feed, for the identification of catalysts that selectively

i somerize heavier (e.g., Cl0+) normal paraffins providing relatively high
Ievels of |soparaff|n products mnth nuch Iomer Ievels of cracking In a
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WO 2011/ 063191PCT/ US2010/ 057357 whi ch may i ncl ude di net hyl Cl4 al kanes
toget her with nononet hyl Cl5 al kanes, wherein the dinethyl isoal kanes may
predom naWwe 20méw3tdhe nononet hyl i soal kanes. Stated al t epaattise@ons73di et hyl
i soal kanes may conprise nore than 50% of the isoal kanes in the product. In
an enbodi malnt at a tenperatur.e from about (§60C to %bgut 280C the rati o of
di met hyPasEQPayseran AR ERFA8 G et AOSIIOBH ANEPIOFESCY Of thp VB EHy dhcteln tyyo

| east aPpQMire Beds MayP &I BARAL] Bt cétb@ﬁlsl tomp&ittion, SORhdBAS ST WRAXNGRALT al |y

conpri se nore than about 66% of the isoOalkanes in the product, typically
nor e t hrampaiso aluniigeglicafe £5Mal? ¢fghgpreagndinvendssy. and i n one enbodi nent about
80% of the isoal kanes in the prodMne enbodi nent of the present
invention, at a tenperature froma to about 10280C a sel ective

| sogeri zati mheqatl@w%texgﬁam@ sk atd bt Ae bt liealthe ASMnt 2neafinerts at | east
about 96% of n-paraffins in the feed to provide a product conprising

i soparaffins with an isonerization selectivity of at |east about 85% (<15%
cracking) In a subenbodi nent, t@&%ﬁﬁﬂvé@%ﬂ? cgontact ed with the catal yst
under isonerization conditions conprising a tenperature in the range of
about 265C to al®uithc2iBGEZASM PP awsdlite usibg hedstitreigltm@bfutaiN@ide on of n-
15hexadecane with an isonerization selectivity of at |east about 88% (<12%
cracking)  This isiaLompaiAbivpissynNpe nhowing hg Bepaptiiupfiawiurg 63Mot?2 Whe pregent

i nvignt i iy ﬂ?&ﬁylhﬁ&%ﬁ{d& JoRMs %91@%&%4119@50 on@ni We%tignernﬁféur?,tl%utin £R0- 280C

provi des at | east about 96% conversion of nhexadecane I n t eed with an
i so- C lbsgricelofla dfquateriagp dicatadnosttuciib@airtatingrageiter subenbodi nent, for

exanpl e, the al yst.. conposi ti o . provide an i s0-C 16 yield.in the
Fange. {1 om alfSatE BRIBE PCab oL neRL ek DG Pt s nda SeeNl e RagOhwas
t enper ahit€ wth 1RAU o LRSI AN \Jgtgﬂ%lgigé alcoomis LA 1iNg. srkekygbrafséhe

present invention provides a al kane product from an n-hexadecane feed,
wher ei rmethgltrgtloy lamkenanp elddude setsona(Sathwon vorsrdagsolvedl ¢ht 2¢- agiod deibniaed | east

abqut 45 (under. the. di.t.ions defingd i appl e.13) .. 25The
nydrocartsrdabust FaBIRCHaE bRt chita (s SRSt R e o7iebed
syst emdigoRY im@2hed of¥sioaied daldr UTHE ZiRehiSits hefite solfdCRastist &0ded @b the
conbi nati ons thereof Reactors simlar to those enployed in hydrotreating
and hydilirarcaokitiog vathecantinpeys séirring toferm g upjfeer sypansigns t Nent&rd aohwiung bed
systemj fer.r i - be : : e j ed
o aretBEE SR Bed B e o HARIBRITIREET b3 BEERSECE IR ups iR

pr epar €dr i bourt Mae Bdcah anthaw sdal ddowitlein 4 BkriSAcd aatoctaee efacton eTHamestdverwasThe
flqw of the feed can be upward, downward or . radial. Interstage .cooling can
be J0er fs¢igandiraiatEcangiiehs 9y! Pry 8¢ %ﬁ-ﬂbpew&ndﬁ%} %B)é\f?dﬁ%f%ééﬁ af btbor
beds. TBess BaGE O SHY RENRHIN PRECoOVeTN s IHUBIAHALARI tyQabBth iRt
control tenperatures, pressures, and flow rates that are typically used in
hydr ocraadkersked Wlih copbes dedstieswd v0drl /106 3bBdPEae B0 0AEE 78 B imayp caks ot be

used in,canj uncti W th, co sitians, an rocesses of the inventi

wher ef 03 GabENbe Boblsad RV adoh B B PG FRaR AR din iyt sos 23812
conposiiiPMindlano8AGor 2881-8fas WRiGPu@y conprise al umi nosilicate ZSM 12 of
the present invention. EXAMPLES 5The follow ng exanpl es denonstrate but do

not25limit the present invention. Conparative Exanple 1 Synthesis of ZSM 12
zeolite using nethyl.trjethyla ni mcb o 31 r %T%;'sisa
conparative exanpl )Blr?ﬁ{ 5%&ntﬁ/s MFRALY P %I-Z% -12 (Exampl - when using 10
met hyl tri et hyl ammoni um cation as solBafp@gemni ¢ conponent in the reaction

m xture, i.e., in the absence of a diquaternary dication structure

di recting agddto g abwdgmysibieats sefution giishes hraadsyf wt'io O Biswer Nse@h#as 28 wt %

5i 02, ) i pRi.z insi

s00- e THapT S badNe SREIMAE M RAOR oo T B R £ edBERER, B,
sol30t i anof($Sah engthyArietidissabyiach ¢hioridGohitign ¢Sadiempand €01 g ofidicebiséd m xed
with the siljcate solution. Then 4.02 g of alumn ni trate nopahydrate was
di ssol VBRI ipraign s BROTREE Sidioese QPR Uik ik Al G596 CBHEL L0 was

then adgrdofuBoh Beis Slikd LRIE 1R itk OB 1D _ﬁ@ﬂh!@?&ﬁal&hﬂnﬁﬁ{ Iﬂﬂatte%oﬁﬁ{%zﬁe

uni form suspensi on. Next 6.4 g of sulfuric acid (98% was added to the
suspensvanlissntyediix 22.1 g of delonaedi miafenr hgelumiffire ngsite swstion wethdded tathehour .
The liner was then sealed within a Parr19St eel autoclave reactor. The

aut ocl ave was




20 heated under static conditions to 155C over a 4-hr period and then
allowed to remain at 155C for 80 hours. The solid products were recovered
from t he woabades®act or by vacuum filtrati on and washedPairtus2¢100536%
gquantities of water. The solids were then allowed to dry in an oven at 95C

for over,.12 hours. The powder X tern i gure t h r oduct
vas ZSNHSTE ol HioR At CorlRB RIS larﬁngz@?ftmgﬁaémg ”ﬁg%ﬂé???%?,nrg %‘f%ef Shesi s
of smaldei 92@@%%%61@@@%1&5&%@%1@1}(% & forfsafofm el The /gei—%s Ghigeof

sodiumsilicate solution (Fisher brand, 28 wt % 5i 02, Na20) was
m xed wpt & h@y. Thy liofr We mz@tbdwmlen aiPagi S:teelaumt?»VﬁLTfr@autodavq way heaNeixt

(Sachor SR RpaTnafe BCsRef SRk AT ATET P R E AR BT B e

sal t5 WEHo@rsd|"lﬁh%%loM@grddﬂct%%r@re@oﬁﬁre&iﬁb@ﬂhé e6bl¥@Ec@Etor By adubStils@tion e was
mxed with the silicate solution. Then 4.02 g of alum numnitrate

nonahy d¥ashed wih capiegpiiveaditiphofpgter; Thegpligewers themallgaradito drhia ) Qyieh aLiPd
nitrate / S|I|cate
ol ut 1 oF o PR B RR R ey KBy R S ARt RO MR 6. 4

of sul fA8Mel2adiedk bﬁﬁ%nlm@m taeld@j) pmttetrﬂes Sitisge vehsivicrandthnthx edlall orykatlite a

uni formgel. The g was m xed for an hour. The liner was then seal ed

Wit hin SézeFaérnPteéthéEqmaé’Gf’%cl ave. The autocl ave was heated under static

congi tions to 155C over a 4-hr perigd.and §hen allowed to remain at 155C
for 80 5 hours. The solid products were recovered fromthe cool ed reactor
by vacuum f iExangl¢ D waangpcuad hmi:pv\BdS B9 g@[ﬁ76%srnqhy]mm6tthylemnm’mumbhelpndér he

sol i ds wWer e t 0 an oven. at 95 for h The

cowtier KUY B Sk i pard b nittealt 80 Ehercoh Gautte S butial SEet o

Peak brRageidReattiwdBeseRR tRaldcBAdstbs B f)Eci\@deY )Qﬂﬂﬁht%érﬁ%dlwtécf‘thk E}i?ocﬁleii' |

crystallite size as noted hereinabove. Exanpl e

r epeat edrseqricepbM362.29 g of 75% net hyl t r| et hyI ammnl um chl ori de soI ut| on

5. g% g of 1,6-bis(2,3-dinethylim da I i u?rexane di brom de salt, and 121.52
dei oni zed water were used in t hd step. The powder XRD pattern

lndl cated t Hexap] maxasv@%aﬂawmngsml% of 3B mdplyridthiamdtund chRsideepeat ed
using 38.04 g of 75% net gzyl triethylamoni um chloride solution, 2.75 g of

1, 6- bi ssehltlgnd? ree eyl iombuezbidine Heridaeo wimhering dibsamide sakicandd21 g fo
d h
el ont RSl s ES0 TR I STk B B SRt e

repeat exbMxiQept 7.02 g of alumi numnitrate nonahydrate was used (i nstead of
4.02 g of alum num nitrate nonahydrat e) The autocl ave was heat ed under
stdlic conditions to 155C over QOADHAL 1¥Fe?¥%%l’1§ﬁd then allowed to remain at
155C for 5 Q?%&l @%a?%%d&é@ﬂ @Qffcff%ﬁfrfnﬁﬂmﬁﬁttrét@thd@@fa@@évQQusteﬁe product
was ZSM 12 with a trace inpurity of §5m)rden|te

Conpar dirstead BXA98I ge)falumslumapeab eadnahydeqm:) iTihs tretmdlagé Whe atatedyuniedetatist at i ¢

conditions,. the L wa xed wi ver head sti.rr

powder RS PebR s arnt bEPeel fdBci R ashib e 5 #Rs 98 Alh o i o
of t hi $RfRPRLA 'dﬁﬂa@tﬁo:gédﬂt@}ﬂ(ﬁaichﬂeﬁ@ﬁeep@&% lx%s\z@MQQ vilet eranegulie de 22.
WO 2011/ 063191PCT/ US2010/ 057357 Synt hesis of small crystal borOS|I|cate
ZSNK12 ni@idamipl.es 7 - 10) Exanple 7 3.49 ¢ of an aqueous sol ution of

1, 4-bis(trimethyl anmoni un) but ane dlg& rOﬁ(ge ([OH = 0.86 nmmol/g), 0.37 g
of potassiumiodide, and 7.71 g of déionized water were m xed together.
SThen 0. 035 @mAparAdicASRInPR § alak afpRhRY exEtpe aRdd afﬂea(nki'grahdmgatﬁicsﬁ@w@g in
the solution, and 0.90 g of CAB-0-SIL_M5 (Cabot Corporation) was added and
m xed tthe g@rWﬁsamﬁﬁql PR Qysperd stEFer arfe i x The RO daternandicated then cup,
capped, n e.

The" autts oy BaEBER D The SRRt s AT R A 2 SN © 5
rpmﬂfonmﬁxdmyﬂtoBbezreactor was renoved fromthe oven, allowed to cool, and
the 10solids were collected by filtration and washing with dei oni zed mater.
The solids were then allowed to dry within an oven at 95C. The Si/B ratio
of the product, neasured by Inductively Coupled Plasma - Optical Em ssion
Spectroscopy (ICP-OES), was 31.8.
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Exanples 8 and 9 15Two preparations of borosilicate ZSM 12 were perfornmed
as in Exanple 7, except 0.07 g of KTB was used in one (Exanple 8) and 0. 10
g of KTB waougwssivin the ot her (Exanple 9). The Si/B raPCoaISed1005B5pr oduct s
fromExanple 8 and 9 were 34.7 and 28.0, respectively. Figure 3 shows
t he powder XRD pagterns o mpl e 8 and
Exanpl e 9, conpar 882 AFSHOU A ‘ AR PE\ 12, The
broader peaks of the 20 patterns forEXTagﬁleB;* ZSM 12 products of Examples 7 -
9 are consistent with the snaller crystal sizes of each preparation.

| nt er esti ngi-4P g bban @mouﬁmlo@aﬂﬁiI,4=:bls(mnmﬂiy@rmaomem)but@nﬁbbﬂhosldt: H&H+he

00 adesd sl s T e BEARDRAN B 8 7 YT ukntel SRl W SRt Shgethé e

m crog rmhsz) (3SEMf hasking Rfrosbiste d@éahlf.mmodler@ wadEssolwatiftld soRitidggiigat es
wer e ellé(ﬁsmds about 1e£tmlon and 0.3 - 5 [tmin wdth. The

25i ndi V-Yuarf €APBsPa3IL M (Qﬁbphﬁ?ﬁrpeé?élﬁnhg§$@bﬂaﬂénd\énéedftprf@rrmwmf@@vm th a
i dth 94
of “an Aqbaash SR pEAR PRt T AP pdh B p AR i 2000 g
([OH] ?staﬁnlﬁés stged PAig autoOla3d. ghaﬁmpﬂﬁmaw&wﬂdn dapit anthitarBéven amf16(aﬁﬂ anl zed

wat er were m xed together. 30 Then 0. 035 of potassiumtetraborate
dec ahydméﬁé a4y {pad ddf/%sBlpwactPhW@wnsOdF@ﬁOahthe aren ¢lloyeg tapgoogapd hes) |

M qowassoﬁgg@gre%g (g&: ﬁItﬂltle? aHY %aHﬂhé thabke %‘IJ P8 ThEGo K& wéﬁ@?hetnhen
heated as descri I n e product o IS preparation was

i dent i falledethyo MVMidIinXﬁibvanal 9p8Cs Ths SBBZASHb dPthe pW?luct measured by Inductively
2011/ 06 /USZO 57 e 11 | esis of small crystal
A - ZSMGITI iy Eiics Siskirasoy kR ISRERH WIS B 2sm 12 product
from Exanple 8 was calcined to a tenperature of 595C to remove the organic

fromthe zeolite. The calcination was perforned in a nuffle furnace 5 by
heating in 4% oxygen/nitrogen at E&mplas 8en&95C and mai nt ai ni ng t he

L oBE A Ut pRpRGinR ol ol A S e aE RO e R bR AR R R D7 o

I i ner VEKTRPRE s onedlkeehpit Badd B1 6L af RiTBswasiee lin MrrdthaWEQmh ue). The
aut ocl ave was heated at 160C overnight. After cooling, the soli wer e

r enoved 9ySifB ratiogef ’élﬁ pmcwefmﬁxwm R angw eie 397 ansi 25 z@we%@teéf to

d
Ponder xrD EPEarRoPs e RSl 3RS bR ibtuo LS R TERLARS Siong,
t hat ofEﬁah@l@@ i @hipated(wittethut sfor gtardat efcoavendibndx 28M-€2 8Thd biwaddripktiss dfnhd he

di ffraction s to |lower angles are consistent with expansi n of the
zedl; té)arartn@. h&ﬁe@ﬁ%lﬁﬁfﬁa‘ﬁﬁ% gfs Erouleed- ?ﬁfe&oelﬁétem%@% %@W ZSM 12
pr oduct g i

b ocedur e Op g brERFIBASHAIRILIS AITY s TRhm Rt R R Eflery N Bfo&’fé P i um
ni trat ezel with.tige lgghrfst tetioo rwpn@aitmameylcld’f hecelxte ipariiyet wels thel Hroav@dt dlffrq@tlon eed

overni ght, at_.95C. ,Th olite was,then r.ecovere tra a second
e s FHamES 4 JRS 5 SE0Y el el dhpn A BRSPS oHEM Ahins predehatngy
i ndi r ecd. | pheSorpdthrgné aggiegdtéma@%nipls&a& @bo%@h/b long and 0.3AF¢. @{mf A8vidth. The

amoni um exchange of "smal |l crystal (EXanpl e 11), the zeolite was
pa|25ad.1nwmmg@1msmfmm b@h@ggrygs@gvm fing, eeedlleszsm awidthdn thedenzetieora

sol uti og) pr nm Oa gbm ng 2.56 g of 0.156 N ammoni um hydroxi de, 4.41 g of
dei oni Zed gglg of a solution of Pd(NH3)4(NG3)2. The pall adi um
sol ution was for rred by d| ssol Vi ng OEZaa'nlgle) 25 Pd(NH3) 4(NGB) 2 in 42. 01 g of
dei oni zed water and 6.0 M anmmoni um hydr oxi de sol uti on.

of the resul-Yhaef & @ﬂmumutm] Qfslt‘bblsf%ﬂml}éplﬁﬁlﬂ Ny patany dlamifﬁmd@&iOH]
hydr oxi_d
then r eega LTl A3 aRpBaMmMELl Wl HIPEUAR A (YT aPlL BT ©

zedli t eThwas. Q%meaitatsismadtetrmbaaatmdfeédh@dfaw (m) \bays mmluedgn dic sblitioharido 482C

and nai n ai ni the tenperature at 482 C for hours. The cat Iyt| C
activi tOy %8t 8%%%%&%}% qu&P@uﬁil’é%éctﬁafﬂ%auE’é%W puspGRNOn eKicers! P3P

n- hexadgGane (GORVRIS HRA if E%ﬁnpl@ 79 The Y@M &f thR)prepa¥¥on was identified by
2011/ 063191PCT/ US2010/ 057357

powder XRD analysis as B-ZSM-12.
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Exanpl e 13 Conversion of n-hexadecane over Pd-exchanged Al -ZSM 12

Pal | adi um exchanged al um nosilicate ZSM 12 (Pd/ Al-ZSM 12) prepared

accordi ngvoaoExmsapliie 13 was used for the sel ective i sSOmPCTABRII0M5STET

n- hexadecane under the conditions of 5 tenperature, pressure, weight hourly
space velocity (WHSV), and hydrogen ml}xea)l ﬁMSCFB) as given in Table 9,

i nfra. Products were anal yzed Riline capill ary gas chromat ography
(GO . Raw dat gndirQuiees(o MRRI11 Gt Al SNV 28R R UinQITRER A BaFSM-12

col | ecti on/ processing system and hydrocarbon conversions were cal cul ated
fromthe rakedaial cwt%BdéSWI%p@ﬂpﬂm&Xa@pw it cafanasieinta tdidperatiocel  For

t he purpQse. of th| exa oner.,za selectivity.is define s t he
por contage o eptebdn AR Foal HRPRUE T Th GuRB R s ol APl Wimhe
pr oguctpy heatln%lnwfiﬁ‘o Saled/naf el HPEinzed 598°F akl @aBtaidt ﬂ%tlfehérﬁpe&@tﬁw £598°C
tenperature about 282C (540F) was necessary for 94% conversion. At this

t enper dPUP Bourp.sBmbgiof seliced geolie hay thop added ®@25enk py azlfM el efplumimmims
sel ecti \{fratx 1%%eﬁ8ﬁﬁﬁ\é}atl"he%5n EIH%%S b?%?ﬁl ¥ d'v&pthﬁf(ggml er%%?tﬁf/ll > 8? 4

again thers Was “a st ron erence ctl on o
(>64% auaﬁ:lmn‘plaerz&domxtehwmmmhyéo%ﬂ&zemlg\htt métdrsamargafﬁelsnlldﬁ wtiel but i on.
These data denonstrate that boraosilicate ZSM 12 (precursor) of the present

i nvent iAot EISHeR 8asathed Witan PO pkerf, detngred %%rdp drevgde gnalh@yptocedur e

of lﬁxa’HPﬁrﬁm%gﬂlcétFQ@Mlza' um nosilicate acid catalyst for use in
i sonerization selective hydroconversion processes. 20 WO

2011/ 063191 PGTUrS20h(rates TBSHoWiden XR I patBurmi@rtiic pfodnet@E 6hls properasibn AExanaple

sel ectl di fferent te era smal | - S Al -7 12 .Measur ed
oat oo Mgt Gha st Tt aag o) Btk SL ISR AR MBS P AN b ace T or
conver tiagk @ 19WEr Hehi! lai?’é“&ﬁl‘é‘@’eé%t HaRUxpdRRNRITARERD|iRABRILE HhBe aﬁlﬁﬁﬁﬁﬁqg ng the
f eed under isonerization conditions with an alum nosilicate ZSM 1

nol eculinserisil ante theafvameverkmdlhe Ad-sASN-13fproditciveenthgn cxahangeddo dfe mmqmmm oxi de

| u d h
pat'ver 0Bt BRCAN e ehmPro st 28 B RBreabr S0Bh et 9 B8 ot ng
(Angst rapiragnifialnaddty g 5.8@%&' géibiizdd water. OTibexEBang6 Wik 811@06cd 13- p2dreed overnight at

95°C. The zeolite was then recovered by filtration and a second ammonium exchange was carried

out.
Example 12

20 Palladium exchange of indirectly synthesized aluminosilicate ZSM-12

After the ammonium-exchange of small crystal AI-ZSM-12 (Example 11), the zeolite was
palladium-exchanged as follows. 0.59g of the Al-ZSM-12 was added to a solution prepared by
mixing 2.56 g of 0.156 N ammonium hydroxide, 4.41 g of deionized water, and 0.59 g of a
solution of PA(NH3)4(NO3),. The palladium solution was formed by dissolving 0.72 g of

25  Pd(NH;3)4(NOs), in 42.01 g of deionized water and 6.00 g of 0.148 M ammonium hydroxide
solution. The pH of the resultant slurry was adjusted to 10.0 with drops of ammonium hydroxide.
The exchange was allowed to proceed for 2 days. The solids were then recovered by filtration and
allowed to dry. The palladium exchanged zeolite was then calcined in a muffle furnace by heating
at 1°C/min to 482°C and maintaining the temperature at 482 °C for 3 hours. The catalytic activity
30  of'the calcined palladium exchanged zeolite was tested for n-hexadecane conversion (see, €.g.,

Example 13).
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Example 13

Conversion of n-hexadecane over Pd-exchanged Al-ZSM-12

Palladium-exchanged aluminosilicate ZSM-12 (Pd/Al-ZSM-12) prepared according to

Example 13 was used for the selective isomerization of #-hexadecane under the conditions of
5  temperature, pressure, weight hourly space velocity (WHSV), and hydrogen inlet (MSCFB) as
given in Table 9, infra.

Products were analyzed by on-line capillary gas chromatography (GC). Raw data from
the GC was collected by an automated data collection/processing system and hydrocarbon
conversions were calculated from the raw data. Yields were expressed as weight percent

10 product. For the purpose of this example, isomerization selectivity is defined as the percentage
of n-Cjs in the feed that is isomerized to isoparaffins in the product.

The data are summarized in Table 9. For this sample, a temperature of about 282°C
(540°F) was necessary for 94% conversion. At this temperature, isomerization selectivity was
82.6 (17.4% cracking). This selectivity was somewhat lower than that observed in Example 13,

15  but again there was a strong preference for the production of dimethyl-C;4 (>64%), as compared
with monomethyl C;s, in the isoparaffin distribution. These data demonstrate that borosilicate
ZSM-12 (precursor) of the present invention can be successfully transformed, ¢.g., according to
the procedure of Example 12, into an aluminosilicate acid catalyst for use in isomerization

selective hydroconversion processes.

20
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Table 9. Summary of #-C;s conversion and selectivity at different temperatures for small-crystal

Al-ZSM-12
Measured Data
Temperature (°C) 288 285 282 283 284
WHSV 1.55 1.55 1.55 1.55 1.55
Pressure (psig) 1200 1200 1200 1200 1200
H2 Inlet, MSCFB 53.9 53.9 53.9 53.9 53.9
nC;¢ Conv. 98.3 97.4 94.4 95.7 96.4
nC;¢ Tot Rate 6.34 5.62 4.47 4.86 5.13
nC;¢ Crack Conv. 28.4 23.7 16.4 18.5 20.2
nC;¢ Crack Rate 0.52 0.42 0.28 0.32 0.35
Selectivity %
Isomerization 71.1 75.7 82.6 80.7 79
Total Cracking 28.9 24.4 17.4 19.3 21
C,. Cracking 3.2 2.7 1.8 2 2.2
Cs. Cracking 25.8 21.8 15.6 17.4 18.9
Cs./Cy 8.1 8.3 8.6 8.7 8.7
Cs.C6/Csy % 23.85 23.51 22.57 22.57 22.92
C6 DMB/MP 0.12 0.12 0.1 0.1 0.12
i/n Ratios
Csi/n 3.12 3.08 3.01 3.04 3.09
Csi/n 3.57 3.58 3.52 3.59 3.62
Csi/n 2.73 2.76 2.7 2.73 2.81
C;i/n 3.01 3.07 3.02 3.06 3.1
Cgi/n 4 4.01 3.93 4 4.05
Cyi/n 5.35 5.27 5.06 5.28 5.32
Cyoi/n 6.19 5.88 17.39 47.42 16.6
Cq1i/m 5.51 5.27 491 5.23 5.56
Cypi/n 5.75 5.12 4.37 4.63 4.77
Cy3i/n 4.64 3.93 3.05 2.92 341
C4-Ci3i/n 4.12 4.05 3.93 4.11 4.16
Wt % product
Ci-Cs <1 <1 <1 <1 <1
C4-Cs <10 <10 <10 <10 <10
C-Cy3 19.59 16.65 12.07 13.44 14.52
iCie 71.06 75.61 82.56 80.63 78.96
Unidentified 0 0 0 0 0
Isoparaffin distribution
Dimethyl Cy4 79.6 74.8 66.3 69.1 71.3
6-,7-,8-MethylC;s 7.8 9.8 13.4 12.3 11.4
5-MethylC;; 3.7 4.5 6 5.5 5.1
4-MethylCi;s 2.9 3.6 4.7 4.3 4.1
3-MethylC;s 3.2 3.9 5.1 4.7 4.3
2-MethylCy;s 2.8 33 4.5 4.1 3.8
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2.33 W 25 WD 2011/ 063191PCT/ US2010/ 057357 2. The process of claim 1,
wherein the alumnosilicate ZSM 12 nol ecul ar sieve has a conposition,

as- synt hespzed/ms®1i n t he anhydrous state, in terns of ROTASREVIOSBST as
follows: Si02 / A 20330 - 100 (Q+ A / Si02 0.015 -0.06 M/ Si020 - 0.1
wher ei n; [ | east one el enent selected from Goups 1 and 2 of the
Per i od:\g%1%t§ﬁ%§ﬁz cationic 1, 6-bis(2,3-dinethylimdazolium hexane,
and @ 0; and (3) Ais a second nitrogen-containing structure directing

agent, and A? 0. 3. The process of claim1l, wherein the Si 02/ A 203nol e
rati o of theA aragrisrostdnverting asictarhpnecaobafeedi o pracsssi qentpigingange@ctindm 30

to abo 0, . .The process of clajml1, wherei ,02/.Al 203nD| ratio
of o tb Ba waden i BaOSRES Rigrsodini B e 2R T PG A R e BV
about  &0moleTatiol GEbRW S&EFBarfl 100l FisMcdn oWAe k& hRindilen 8kidelaf@shvihgalfer ZSM 12
nol ecul ar sieve is characterized as needle-like crystallites having a width

i n t he qalpiepsion, B amodifragtionmatiernsybsientdy gshove inTthe fgdlosdes $alde: clai m 1,
wherein t R SE yms a5 9O —pargt f c—feed is
contacted with t gtal yst co dspicing Oins) LatiyeTntcpy!

t he process provizles0as i soparaffin pitbdect conprising preson nantly

di met hyl isoparaffins. 7. The process of claim1l, wherein_at a tenperature
from about 260C&%% HBdat 280C the cat e?l-%gst conposition conVerts at |east
about 96% of the, 1R fins in the f W th an isonerizafj on selectivity
of at | east about'g%oagza5f 8. The pr oces?'a%f claim1l1, wherei nwt he isoparaffin
product conpri s&s28ite2hyl i soparaf fi ms8tand nononet hyl i soparaffins, and
the ratio of di | jsoparaffins to nonet hyl isoparaffjns in the
product is at |g§§$¥§n§oﬁit 5 7 VD 2011/063191PCT/ US2010/ 057857 9. The
process of claimi;wmwyein the feed gpri ses n-hexadecang; and the process
provides an iso-C 16 yield of at |east about 75% 10. The process of claim
1, wherein at aZQ.ehpér2t ure of about 2Z83C the isoparaffin Broduct from
conversion of n; ne in the fee nprises a Cl0 al e product

havi ng an iso/ n%@ﬁg?%\%fght rati o of g‘tfﬁoeast about 45. 117 A process for
hydr oconverti ng2pofiydrorar bonaceous feggh whi ch conpri ses GO+ n-paraffins,

t he process conErising contacting the feed in the presence of hydrogen and
under isonerizat?-6hTdodXitions conpri SiNy: a) a tenperatur® from about 240C
to about 320C, 512 &y sure from abo%tgg'so to about 5000 pw'g, and c) a

| iquid hourly space vélocity fromabout 0.5 to about 5

23.24+£0.25 3.82 M
2521£0.25 3.53 W
25.78£0.25 3.45 W
26.33+0.25 3.38 W
26.86 £ 0.25 3.32 W
2799 +£0.25 3.19 W
29.33+0.25 3.04 W
30.88 £ 0.25 2.89 W
35.71+0.25 2.51 W
36.97+0.25 2.43 W
38.57+0.25 2.33 W
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with an alumnosilicate ZSM 12 nol ecul ar sieve to provide an isoparaffin
product with an isonerization selectivity of at |east about 80% at greater
t han abouwo20fb@dtwer si on of the feed, the al um nosili caCe/UBSM0ADZ738D| ecul ar
sieve having a nole ratio of between 30 and 100 of silicon oxide to

alumn oxi.de and having, after. cal |nat| X-ray diffraction pattern
subst anti al | \'e4E0EsS 191?1“ rghereip kg H‘@mPé‘g]IC%te%%W@t%OISC%i{aS&?Vﬁ as a

( Angst rQpmbsiBh aeIsLs\jrﬁthleﬁE&f‘a?idtlﬂ tHe athydfdud tatelin/BriW & rﬁ@le r&1c%5a59foﬁ§ww 14.81
0.25 5.98 W 15.28 0. 25 b. 80 W18 75 0.25 4 73 W19, 4,64 W 20. 03

0.25 4.43 W20.91 0.25 4. 25 5% 24108 BR5IM. 04
(Q+A)/8Si0, 0.015-0.06

M/ Si0, 0-0.1

wherein:
(1) M is at least one element selected from Groups 1 and 2 of the Periodic Table;
(2) Q is cationic 1,6-bis(2,3-dimethylimidazolium)hexane, and Q > 0; and

3) A is a second nitrogen-containing structure directing agent, and A > 0.

3. The process of claim 1, wherein the Si0,/Al,03 mole ratio of the aluminosilicate ZSM-

12 molecular sieve is in the range from 30 to about 80.

4. The process of claim 1, wherein the Si0,/Al,03 mole ratio of the aluminosilicate ZSM-

12 molecular sieve is in the range from 30 to about 60.

5. The process of claim 1, wherein the aluminosilicate ZSM-12 molecular sieve is
characterized as needle-like crystallites having a width in the range from about 15 nm to about

25 nm.

6. The process of claim 1, wherein the feed comprises more than 5 wt% C,¢. n-paraffins,
the feed is contacted with the catalyst composition in the presence of hydrogen, and the process

provides an isoparaffin product comprising predominantly dimethyl isoparaffins.

7. The process of claim 1, wherein at a temperature from about 260°C to about 280°C the
catalyst composition converts at least about 96% of the n-paraffins in the feed with an

isomerization selectivity of at least about 80%.
8. The process of claim 1, wherein the isoparaffin product comprises dimethyl isoparaffins

and monomethyl isoparaffins, and the ratio of dimethyl isoparaffins to monomethyl isoparaffins

in the product is at least about 2.
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9. The process of claim 1, wherein the feed comprises #-hexadecane and the process

provides an is0-Ci¢ yield of at least about 75%.

10.  The process of claim 1, wherein at a temperature of about 280°C the isoparaffin product
from conversion of n-hexadecane in the feed comprises a C alkane product having an

iso/normal weight ratio of at least about 45.

11. A process for hydroconverting a hydrocarbonaceous feed which comprises Cyg #-
paraffins, the process comprising contacting the feed in the presence of hydrogen and under
isomerization conditions comprising:

a) a temperature from about 240°C to about 320°C,

b) a pressure from about 50 to about 5000 psig, and

c) a liquid hourly space velocity from about 0.5 to about 5
with an aluminosilicate ZSM-12 molecular sieve to provide an isoparaffin product with an
isomerization selectivity of at least about 80% at greater than about 90% conversion of the feed,
the aluminosilicate ZSM-12 molecular sieve having a mole ratio of between 30 and 100 of
silicon oxide to aluminum oxide and having, after calcination, an X-ray diffraction pattern

substantially as shown in the following Table:

2 Theta d-spacing (Angstroms) Relative Intensity
7.51+0.25 11.76 M
8.86 £0.25 9.98 w
14.81 +£0.25 5.98 w
15.28 £ 0.25 5.80 w
18.75 £ 0.25 4.73 W
19.11 £ 0.25 4.64 W
20.03 £ 0.25 4.43 W
20.91 £0.25 4.25 A
21.98 £ 0.25 4.04 W
22.42+0.25 3.96 w
22.98 £0.25 3.88 w
23.24+£0.25 3.82 M
25.21+£0.25 3.53 w
25.78 £ 0.25 3.45 W
26.33£0.25 3.38 w
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3.19 W29.33 0.25 3.04 W30.88 0.25 2.89 W35.71 0.25 2.51 W36.97 0.25
2.43 W38.57 0.25 2.33 W 12. The process of claim1ll, wherein the

al um nosiwpeatieweZOM 12 nol ecul ar sieve has a conpositi oRCTAS2619/0513851 zed
and in the anhydrous state, in terns of nole ratios, as follows: Si02 /

Al 20330 WWW - - : Mis
at | east one el ﬁéf\itoszél ected from Grc;" s 1 and 2 of the Pé&€riodic Table;

(2) Qis cationi2god+®2bi s(2, 3-di met hyl3.1w dazol i um) hexane, and Q@ 0; and (3)
A is a second ni Fr?%%%-cont ai ni ng strécture di recting agen and A? 0. 13.
The process of i 2, wherein the 2/ Al 2030l e ratio Bf the

al um nosi |l i cat e 3@8)Mt2.280l ecul ar sieve2® in the range froma30 to about 80.
14. The process % cl e& 11, wherein the Si02/A 203nole ratjo of the

al um nosi | i cate3§' ME2-%rol ecul ar si eve 4% in the range from'30 to about 60.
15. The process3eb7eloaism 11, wherein t2us alumi nosilicate Z&W 12 nol ecul ar
sieve is characterjz as needle-like crystallites having width in the
range from abou%gi’ﬁ%iﬁ%to about 25 nmz'g’3 %

12. The process of claim 11, wherein the aluminosilicate ZSM-12 molecular sieve has a

composition, as-synthesized and in the anhydrous state, in terms of mole ratios, as follows:

Si0, / ALOs  30-100
(Q+A)/8Si0, 0.015-0.06
M/ Si0, 0-0.1

wherein:
(1) M is at least one element selected from Groups 1 and 2 of the Periodic Table;
(2) Q is cationic 1,6-bis(2,3-dimethylimidazolium)hexane, and Q > 0; and

3) A is a second nitrogen-containing structure directing agent, and A > 0.

13. The process of claim 11, wherein the SiO,/Al,O3; mole ratio of the aluminosilicate ZSM-

12 molecular sieve is in the range from 30 to about 80.

14. The process of claim 11, wherein the SiO,/Al, O3 mole ratio of the aluminosilicate ZSM-

12 molecular sieve is in the range from 30 to about 60.

15. The process of claim 11, wherein the aluminosilicate ZSM-12 molecular sieve is
characterized as needle-like crystallites having a width in the range from about 15 nm to about

25 nm.
16.  The process of claim 11, wherein the feed comprises more than 5 wt% Ci n-paraffins,

the feed is contacted with the catalyst composition in the presence of hydrogen, and the process

provides an isoparaffin product comprising predominantly dimethyl isoparaffins.
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16. The process of claim1l, wherein the feed conprises nore than 5 wt%

Ci o+ n-paraffins, the feed is contacted with the catal yst conposition in

t he presanoeoafosbapdr ogen, and t he process provides an i oparsadion73pt oduct
conprising predom nantly dinmethyl isoparaffins.

2011/ 063191PCT/ US2010 573 7 17.. The process .of cl ai

t enper at’ur e a0 5En . cgkina yie from %tf%}’é?%@%ﬁﬁwg?‘ﬂt%@ﬁ Cliver t s
at | easéata%%@b'&mﬁ&@cﬁf cotnb@ﬂé"'atﬂé’ds@iﬁdu%6%rbfftﬁben beasiit heaRed 9RABAI Zati on
selectivity of at |east about 80% 18. The process of claim1l, wherein

t he i sopanerization pelediydy of enfoadt sbaut@0iet hyl i soparaffins and nononet hyl

i soparaffins, and the ratio of dinethyl isoparaffins to nononethyl

i soparaffins in the product is at |east about 2. 19. The process of claim

11, whergei N THerdQBGoLARR | 5&heicih SheAtG 24 EN PRsHUCNENRITREES 8in dBliyd VdoPes FrAR
iso-C 16 yield of at |east about 75% 20. The process of claim 11, wherein

at a t ewgaranomeshybisoppatiinso@uiahe Fasio ofslmethy k isppaseidan i mproRsthpvenasatBns of
n- hexaqﬁﬂﬁﬂﬁéH&h§?ﬁl%ﬁﬁﬁa%95pr'Ses a Cl0 al kane product having an
o)

i so/ no at | east about 45.

19.  The process of claim 11, wherein the feed comprises #-hexadecane and the process

provides an is0-Cj; yield of at least about 75%.
20.  The process of claim 11, wherein at a temperature of about 280°C the isoparaffin product

from conversion of n-hexadecane in the feed comprises a C alkane product having an

iso/normal weight ratio of at least about 45.
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