1 WD 2009/ 038740- -PCT/ US2008/ 010855 SYNTHESI S OF H GH ACTIVITY ZSM 48

FI ELD 100011This invention relates to the synthesis of high activity ZSM 48
and its use as a catalyst, especially in,;the dewaxi ng of hydrocarbon

f eedst ocks. BRECROROIND [ 00021ZSM 48 is a zeolite with oPCHESHOHDIESor
pseudo- ort horhonmbi ¢ symmetry having ten-ring non-interconnecting, |inear
channel s whose ideal dinensions are 5.5 x 5.6 A. ZSM 48 has shown
attractive properties as | vst \Waxi. ydr ocar bon

f eedst ocks, see for exanﬁ&&&@siwl(ﬁggc VVCQng&LﬂEd 6, 884, 339 and

I nternational Publication WD 01/64339. As a result, there is considerable
interest in figpdi pg new nmet hods of synthesizing ZSM48 and, in particular,
ZSM48 with h cid activity (that is, low silical/alumna nolar ratio).
100031ZSM 48 was first synthesized by Rollmann et al. using a C4 to Cl12
organi ¢ di am [H80Hs a stTmimitnucmimli nebxtetsitnghagmme,sissﬁéligb\. RtivigtZsid -48cand
4,423,021. As. synthesi zed man et, al eoljte.contained little
o no’ al uni nulf B GorER eprEaE e debrine b FYGERILA RERTEATOF Zsw 48,
again with a high silicato alumna nolar ratio, in the presence of a

m xture of a C2 to Cl2 alkylam ne and a C3 to C5 tetranethyl ammoni um
conpound i s dBAGKGBOWND S Ppatent No. 4,397,827 and in the presence of
bi s(N- et hyl pyridyl)ethyliniumcations in U S. Patent No. 4,585,6747. - WO
2009/ 0387402 - PCT/ US2008/ 010855 [ 00051U. S. Patent No. 5,961, 951 discl oses
synt hesi s of @802)48 i nZSh-48 is a zeolite with orthorhombic or pseudo-orthorhombic

symmetry having ten-ring non-interconnecting, linear channels whose ideal
dimensions are 5.5 x 5.6 A. ZSM-48 has shown attractive properties as a
catalyst for the dewaxing of hydrocarbon feedstocks, see for example U.S.
Patent Nos. 5,075,269 and 6,884,339 and International Publication WO
01/64339. As a result, there is considerable interest in finding new methods of
synthesizing ZSM-48 and, in particular, ZSM-48 with high acid activity (that is,

low silica/alumina molar ratio).

[0003] ZSM-48 was first synthesized by Rollmann et al. using a C,; to Cy,
organic diamine as a structure-directing agent, see U.S. Patent No. 4,423,021.
As synthesized by Rollman et al., the zeolite contained little or no aluminum and

so had little acid activity.

[0004] Synthesis of ZSM-48, again with a high silica to alumina molar
ratio, in the presence of a mixture of a C, to Cy, alkylamine and a C; to Cs
tetramethylammonium compound is described in U.S. Patent No. 4,397,827 and
in the presence of bis(N-methylpyridyl)ethylinium cations in U.S. Patent No.
4,585,747.



presence of ethylene diamne as the structure-directing agent. However, the
broad definition of the reaction mxture requires a silical/alumna nolar
ratio of at l|east 100 and the only exanple for which the conposition of the
ZSM 48 producWoi¥¢pt"8Y, Exanple 2, reports the silica/ AAUMSAHUS/MIBAr ratio
as being 170. [00061Eur opean Patent Publ i cati on EP-A-142317 di scl oses
synthesis of ZSM48 in the presence of certain |inear diquaternary

cach R s an 10hs] " 2 Bausal R Soete TSRS B ) SER oAt on,
a cycl oal kyl @teseiycel @beﬂ@re«aaldw&mer Afhehamichge direthink hfer®. CBHWOMErAtHYTS Or

an aryl or heteroaryl grou Z is an al kyl ene or heteroal kyl ene gr ou
havi ng from 1 bfeadaly K’@o?f the apastion Anixfuce Kguiee asiliqalaleminal melay Fasiseolgr oup

havi ng from 2 0 r p; mis
5, 6 8 9 or"10° éna‘f”i%@%aé% gl 13 Y ER30E oBBOSBRLY R st

si |i cal/ al um naradotis cited,iBxaofpld Iterepcﬁaacthe silicwakimine molstratieasbeihga®y, 100
since at |lower values a different silicate framework i s produced. -
[0007)U. S. Patent No. 6,923,949 discloses pure phase ZSM 48 crystal s

havi ng a X02/ }6o@g) rati %&f)péaﬁ%térﬁ%bﬁ@&wn BEPY- 1423/tf’yeat§cl2§sésssyﬂthe'gﬁao?{ One
of Si or Ge, referabl and Y is at | east one of

and Zr, pref eEﬁM 9/3/\!” ncbsm@eOE ¢@‘tﬂlIZ$MR80dlamiemer}yavmeourrdpthalvtngeﬂtehav| ng
a di aneter of %n%%fl f&!ﬁf}-ﬂ about 1 mcron and being substantially free of
fibrous rmrph% ogy e material is produced by crystallizing a reaction
m xture conprising at | east one[(w’gw(am[(ﬁl’r}mé}(x yaterial selected from
organi c |inear dé}ggat er y al kyl ammoni um conpounds and | i near di am no

al kanes, and HeVBiFBLerh df’ ap ai‘@@lqrt*@t%%@ﬁlél %f@}‘%é‘taé@gffir% IZt\R 6 carbgmt 11,

ZSM 12, col | oidak, BEMAI
hexamet honi umtchl or F’g@emg?ltao re%cﬁﬂgggoaql%qgré‘%h%vogf%%%% 8%5%5‘@/ 010855
di quat er nary @i 30yaryhembeteroand enpau idisaamdally lode oe h@isiMaliy lateygbep savingh a

Si 02/ Al 203 | ow as 67 00811 tern t| onal Publjcation No.
WO 2007/ 07052%% [H c?gega’ heieassy sa“otlk%tlyg%’r‘?p%rs B TRSBRISR? SOHP hayinas
crystal s havifagna t8i20icagboal atsrh$ar ziﬁ)étrg[enre@i hé&efaryldde gtt)uﬂ) afgs $ai, borfree of
non ZSM 48 Cw:ﬁj\?ls and free_of ZSM crystallizing a reaction mxture

conprising a o isAmanien r BP ¥ 1@331i7crép@ﬁt5 %1?1 the silisagimina analan iatio of
aum nate salthe rd@HGITREAGR R BRlat 1801 ¥ el at PTG VIIRE 8! AL af RARL ! ON
m xture has the followng no rati os I ca:al um na ar ra rom 70
to 110, base:feamgveakfis predacet. t o 0. 3 and hexamet honium salt:silica from0.01
to 0.05. Production of ZSM48 crystals with a silica:alumna nolar ratio as
|l ow as 80 are exenplified. [0009]In an article entitled "Reinvestigation
into the syntioges]s of wepIPateds NdI¥, 9B, SHOHiBEIBER e Phksd ATWRAR URstHNS

(CH3) 3N+( CH2) 6N+(CH3)3 with n = 3- 10 as structure-directing agerits”,

M cropor ous AAUNEESEPerols of leas than ggoytoid4), wigere 20is, at%fﬁgonbotée et al.
descri be the gf nt I eci al t nd
concentrati On‘?()(?@?rﬁ%?szl}ilgt i %ﬁgwghs ?{]legghgrz%of: ee@tai \]/ii %l};e f éﬁ‘?tzg

cryst al | i zat ipeaferahlyt Ak apd fsefiom ﬁSMVﬁaadd meayatte ingrusitieh AsEng a\tﬁafd)@& bet ween

Synthesi s i ¥ 0PS TR A0 HRBGA ik S Psante A gh ! Ao PORPaIOBH na
mol ar ratio Ghe Gkataid iQpaidabat by chiseMimg ﬁrreetc%hqn&furé’cémp% gtafl hda gtzat' on
produces ZSMA8 when the QFF/ Si 02 nolar ratio of the mxture | or |ess
but pr oducesorSRrERRiGiematg Hmaietal sad¢csed frani organicolingar ahiquadzhvary2allyl OH7Si 02
mol ar rati os t ol ar tio the
product is m%l?l é)g‘f‘?’é%gngg %l?(%aar{fgl lér?e\égﬁla%gqg%&ccmgd%tef%sutuﬁ%""iﬁ ﬁtel on, i
has now beensdedsneletthdifron ZSMieS, SFMHesZSM 2 hifvidut IBNA L BetdSM 41 wsi ng

Me6-di quat-5_as. a struct irecti
9 2&01ités. 51 'Thé Examp es emplrtl)?' hexamethonium chloride as the linear



agent, the diquat/silica nolar ratio is a critical variable inpacting the
phase - 4 wo 2009/ 038740- PCT/ US2008/ 010855 sel ectivity of the product.
Moreover, it has been found that by using_.a conbination of Me6-diquat-5 and
Me6- di quat - 6 ¥O ¥Rtk ucture-directing agent, it is posRATHISA00B/BLOESer ci se
control over the norphol ogy of the resultant ZSM 48 crystals. SUMVARY
100111l n one aspect, the present invention resides in a process for

produci ng ZSM48. . the proGess conpri sing: a vigdin n ueous
reaction nixt tﬁj?aeua&%?wapq iailfyﬁémg{loﬁ"ng’sfo Ogmgc?{fficpéoé)‘fc)esﬁ@clg%jcggta%eg?ﬂ %ne
source of al ugiOfALL; nhdasttiore [EPus 6870f hydr oxyl ions, at | east one
source of diquaternary al kyl anmmoni um R2+, ions having the fornul a:

(C113) 3N+(012) 5N+(CH3) 3 and optionally seed crystals, wherein said reaction

m xture has a osi t iR b G: thc%o W@ BN i@idsQS vk
Si 021 ess than [lgj.agPSi 02: Aﬁ%@ﬁ%églgpﬁlac%\l 188' : @?’6“5@%5 t]%ar? %y And
(b) crystalli »f mgcanpabiticmacomprising XASMet8unyemlschaviing iaosilicebliatita weolao
produce said ZSM 4 00l121Convepi ent |y, g reaction xt has a
conposition i ﬁ%ou%“?h ?fhéSSr f b%gfﬁf‘goﬁwﬁ%hﬁﬁé 2?8‘5}’:5“‘55 and free of ZSM-30 by
crystallizing a reaction mixture comprising an aqueous mixture of silica or
silicate salt, alumina or aluminate salt, hexamethonium salt and alkali base
wherein the reaction mixture has the following molar ratios: silica:alumina molar
ratio from 70 to 110, base:silica from 0.1 to 0.3 and hexamethonium salt:silica

from 0.01 to 0.05. Production of ZSM-48 crystals with a silica:alumina molar

ratio as low as 80 are exemplified.

[0009] In an article entitled “Reinvestigation into the synthesis of zeolites
using diquaternary alkylammonium ions (CH;);N"(CH,),N"(CH;); with n = 3-10
as structure-directing agents”, Microporous and Mesoporous Materials, 68
(2004), 97-104, Song-Ho Lee et al. describe the effects of synthesis variables,
especially, the type and concentration of alkali cations on the phase selectivity of
zeolite crystallization' in the presence of Meg-diquat-n ions where n varies
between 3 and 10. In particular, Song-Ho Lee et al. report in Table 2 that with a
synthesis mixture containing Meg-diquat-5 and having an silica/alumina molar
ratio of 60 and a diquat/silica molar ratio of 0.1, crystallization produces ZSM-
48 when the OH/SiO, molar ratio of the mixture is 0.33 or less but produces
ZSM-12 at an OH'/SiO;, molar ratio of 0.47 and MCM-22 at OH/SiO, molar
ratios of 0.6 and 0.73. At even higher OH/SiO, molar ratios, the product is

mordenite and/or analcime.

[0010] According to the invention, it has now been found that, in the
synthesis of high activity ZSM-48 using Mes-diquat-5 as a structure-directing

agent, the diquat/silica molar ratio is a critical variable impacting the phase



R2+: Si 02f rom about 0.01 to about 0.05 Si02: Al 203from about 50 to | ess than
100 OFF: Si02from about 0.1 to about 0.2. 5 wo 2009/ 038740-

- PCT/ US2008/ 010855 [ 0013] Conveni ently, sai.d reaction m xture has an H20:

Si 02 nol ar raWP3 &Y t han 30 and in one enbodi nent al PETASHIYIIEES a
source of sodiumcations, typically such that the m xture has a Na: Si 02
nolar ratio |less than 0.2. [00141Conveniently, said reaction mxture al so

conprises a squrce.of .further diguatenmary.alkyla i um.ions having the
Forul & oy SHESTERDPPER GG EEOTE 57 haY WS B hg By "R
especi al | y whebs@bihatién 6f MOQEGIAS @nd Mief-ARfuafs PECle sthlttuB!d@enilg hgargnt i on
resides in a process for producing ZSM 48, the process conprisin

crystal | i zi ngltals Pegtikls e cxersdse; iR RY¢iriBe denipholegngf fhe Teé&‘é@tnt@rﬁ\’fé‘@ur ce of
silica, at Ie@g&mgpe source of alum na, at |east one source of hydroxyl
ions, at |east “one source of first diquatemary al kyl anmoni um i ons havi ng
the formula: (CH3)3N+(CH2)5N+(CH3)3 at | east one source of second

di quat emary agM Qi umions having the formula: (CH3)3N(Cl-12).N+(013)3
where n is 3,=4—6~—F~ 8, 9 or 10 and especially is 6, and optionally, seed
crystals.

[0011] In one aspect, the present invention resides in a process for
producing ZSM-48, the process comprising:

(a) providing an aqueous reaction mixture comprising at least one
source of silica, at least one source of alumina, at least one source of hydroxyl
ions, at least one source of diquaternary alkylammonium, R**, ions having the
formula:

(CH;3);N"(CH,)sN"(CH3)s
and optionally seed crystals, wherein said reaction mixture has a composition

including the following molar ratios:

R?**:Si0, less than 0.1
Si0,:Al,05 less than 100
OH": Si0, less than 0.2; and

(b) crystallizing said reaction mixture under conditions effective to
produce said ZSM-48.

[0012] Conveniently, said reaction mixture has a composition including
the following molar ratios:
R*":8i0, from about 0.01 to about 0.05
Si0,:ALO; from about 50 to less than 100
OH': SiO, from about 0.1 to about 0.2.



[ 00161Conveniently, said reaction mxture has a Si02: Al 203 nolar ratio | ess
than 100. [0017] Conveni ently,the nolar ratio of totaldiquatenmary

al kyl ammoni um ions to Si02 in the reaction mxture is less than 0. 1.
[0018] I n al | B3P XHE%8bove enbodi ments, the reaction ni xtR&TESHOBPEADI y

conprises seed crystals, nore pref erably ZSM 48 seed crystals.
Conveniently, the ZSM 48 seed crystals are present in an anmount between

about 50 ppm i ght 5 t reac tion
ni xt ure. [0013¥é\§ﬁvem eérjl %hlg 92“99%) M%té#%}é%%% o gfo 1% L rgfio
t enper at ur e oflessbtbart 3(12ﬁ)d:1rt oneahﬁbbdlﬁﬁﬁ{.‘alﬁ@bmapmm @furcﬁhﬁﬂﬁodﬂzﬂn tai@put 200

hours. [0020] | er aspect, the present invention resides in a
met hod for Wﬁé e L@Eﬂ‘ ﬁ’ééaé‘{aoékQ Eelasrat lgs thamPdeti ng t he

hydr ocar bon feedstock under devvam ng conditions with ZSM 48 prepared by the
process described herein. BRI EF DESCRI PTI ON OF THE DRAW NGS 100211Fi gure 1A
is an X-ray dil®¥ldhct i orﬁm@nﬁy,oﬁald hreacipnsypintimesalz@ dopipoidesch sofirdexafipl e 1.

[ 0022] Fi gure a el ron m. crogr.aph ( of the
synt hesi zed pgﬁgral{xj i O(ﬁ&l%g rg zﬁﬁylammom ions f?avl}ﬂg the Pormula
(CH3)3W(CH2)HN+(CH3)3 wherenis 3,4,6,7, 8, 9 or 10 and especially where n

is 6.

[0015] In a further aspect, the present invention resides in a process for
producing ZSM-48, the process comprising crystallizing an aqueous reaction
mixture comprising at least one source of silica, at least one source of alumina,
at least one source of hydroxyl ions, at least one source of first diquaternary
alkylammonium ions having the formula:

(CH3);N"(CH;)sN"(CHs)s
at least one source of second diquaternary alkylammonium ions having the
formula:

(CH;3);N"(CH,),N"(CH;);
wherenis 3,4, 6, 7, 8, 9 or 10 and especially is 6, and

optionally, seed crystals.

[0016] Conveniently, said reaction mixture has a SiO,:Al,O; molar ratio

less than 100.

[0017] Conveniently, the molar ratio of total diquaternary

alkylammonium ions to SiO, in the reaction mixture is less than 0.1.

[0018) In all of the above embodiments, the reaction mixture preferably

comprises seed crystals, more preferably ZSM-48 seed crystals. Conveniently,



[00231Figure 2A is an X-ray diffraction pattern of the as-synthesized
product of Exanple 2. 100241Figure 2B is a scanning el ectron m crograph

(SEM of the as- synthesized product of Exanple 2. [0025]Figure 3A is an
X-ray di ffracfvioozﬁo%ﬂéﬂ“érn of the as-synthesized product T/‘%%%?ﬁ"ﬁ‘r“é?%

100261Fi gure 3B is a scanning el ectron m crograph (SEM of the as-
synt hesi zed product of Exanple 4. 7 wo 2009/ 038740- -PCT/US2008/ 010855

[ 0027] Fi gure ' 10 o %= ' ctlo atter +sy.nt hesi zed
broduct of examsraENS Fotb el Pk REb Bl ptdRe R Bp S N BB G
(SEM of the aseiglayohbasiso@o0ppacbiciveipht EmepdRtibn nliQAAO] Fi gure 5A is an
X-ray diffraction pattern of the as-synthesized product of Exanple 6.
[0019] Conveniently, the crystallizing conditions include a temperature of

about 120°C to about 200°C for a time of about 12 to about 200 hours.

[0020] In yet a further aspect, the present invention resides in a method
for dewaxing a hydrocarbon feedstock, comprising contacting the hydrocarbon
feedstock under dewaxing conditions with ZSM-48 prepared by the process

described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figure 1A is an X-ray diffraction pattern of the as-synthesized

product of Example 1.

[0022] Figure 1B is a scanning electron micrograph (SEM) of the as-

synthesized product of Example 1.

[0023] Figure 2A is an X-ray diffraction pattern of the as-synthesized
product of Example 2.

[0024] Figure 2B is a scanning electron micrograph (SEM) of the as-
synthesized product of Example 2.

[0025] Figure 3A is an X-ray diffraction pattern of the as-synthesized
product of Example 4.

[0026] Figure 3B is a scanning electron micrograph (SEM) of the as-

synthesized product of Example 4.



[ 0030] Figure 5B is a scanning el ectron m crograph (SEM of the as-

synt hesi zed product of Exanple 6.

[ 0031] Figure 6A is a graph of n-decane

conversion against tenperature in the n-decane isonerization process of
Exanpl e 8. [0@@22]“?—9/0@’{7?‘8 6B is a graph of iso-decane vyi el RTAGRH81083- decane
conversion in the n-decane isonerization process of Exanple 8. DETAILED
DESCRI PTI ON [ 0033] The present invention is directed to a process for
produci ng ZSM 48, especially high activity ZSM 48 having a silica to
ratio |l ess than 100, and to the use of the resultant ZSM 48

al um na nol ar

as a catal yst [D027flewaxi Figutey dAozaarb ohrdyedidfhaivkspat{edd 3] the askenthessant
process, ZSM 48 |s duc .
conpri sing at Hr‘é“{li‘é:fgf)ﬁ’é@"éﬁﬁlsce of silica, at |east one source of alum na,

at | east one

d _by crystallizing an aqueous reaction m xture

source of hydroxyl ions, a directing agent conprising at

one source of Me6-diquat-5 ions, also referred to herein as - 8 - wo
2009/ 038740PCT0028P008/ dligas54Bdntaneimhing elestransyicragiraph @GEMdoub¢ @snary

al kyl anmoni umsin&ﬁgsipe%vpirg&& QF EI{é)nrap el -

[0029] Figure 5A is an X-ray diffraction pattern of the as-synthesized
product of Example 6. '

[0030] Figure 5B is a scanning electron micrograph (SEM) of the as-
synthesized product of Example 6.

[0031] Figure 6A is a graph of n-decane conversion against temperature in

the n-decane isomerization process of Example 8.

[0032) Figure 6B is a graph of iso-decane yield against n-decane

conversion in the n-decane isomerization process of Example 8.

DETAILED DESCRIPTION

[0033] The present invention is directed to a process for producing ZSM-
48, especially high activity ZSM-48 having a silica to alumina molar ratio less
than 100, and to the use of the resultant ZSM-48 as a catalyst in dewaxing

hydrocarbon feedstocks.

[0034] In the present process, ZSM-48 is produced by crystallizing an
aqueous reaction mixture comprising at least one source of silica, at least one
source of alumina, at least one source of hydroxyl ions, a directing agent

comprising at least one source of Meg-diquat-5 ions, also referred to herein as

| east



(CH3) 311(CH2) 5N+(CH3) 3, and optionally seed crystals, wherein the aqueous
reaction mxture has a conposition including the follow ng nolar ratios:
R2+: Si 02l ess than 0.1, such as from aboutg0.01 to about 0.05 Si02: Al 203
less than 100 VU840 £ r om about 50 to | ess than 100, abd7ERPISOEETD| ess
than 0.2, such as fromabout 0.1 to about 0.2. 10035] Cenerally, the
reaction mxture also has an H20: Si02 nolar ratio | ess than 30, or even

I ess than 20, Reuhhalo i.rrlggtgﬁs, %(ﬂﬁ!:tg§re0{1i.q55@mg§{f%l¥<gﬁgﬁ§t%4}\gr§ r}%ﬁ?ﬂ%&g%ﬁ@ be

produced. In one enbodi e reactron m rnses sour ce
of sodi um cat iformsylat ypi cally such that the reaction m xture has a Na':Si02

nolar ratio less than 0.2. A sui I C odiumions is sodium
hydr oxi de, which of course al so @@0M§%>5&f4‘&§1>e source of hydroxyl
ions. 100361Thadr e@tdnhly deedt ey aR! 8iiRE&R! theCoqleBud SeRRRA frﬁ%ﬁ}@lfﬁs a

typically zeolite seed crystals of a different or identical framework type
as ZSM 48. Moremppgifien isdidiegthedplfewmiggnelperaligit 48 seed crystals. |f used,

the ZSM 48 seed crystals»+arg generally added to.the, a reacti.on
mxture so as to be pr e@e%‘é?n a%sgk}%}éﬁtﬂﬁg’% \Aaesgfﬁorgﬁgﬁqltg@y%par]ﬁ%@&gi ght to
about 50, 000 ppm by weiSibL:A4®, geRethah,10af suckas frotDiboap s by leéeihahtioof seed
crystal is enployed, preferably 100 ppmto 5000 ppm by wei ght, nore

preferably 508"bpm t o 3000 ppm by wei ght, of the reaction nixture. I'n one
enbodi nent, the ZSM 48 sgl. gebed fe?srth‘dﬁ?o%gugihhfs AR Ao GINSH @ bollgg o2 S 11 ca

to alumina nolar ratio Iess than 100. 7] Any reactive tormof silica can
be enpl oyed as a source of silica in the present reaction mxture, wth

suitable co Lally available materials, 9 2009/ .038740- .
> peT/ Us2008/ 010885 bei %e“F dﬁ&ﬁef“ié’,ﬂ ‘BP‘é‘éﬁeﬁw’a‘E"é&‘ B -c%‘,%zép?l?&&‘“@m s,
silicic acid, las tieir Hglo e (dsh @isdnl 20; abahatOfigldt 136108 0B $hC@stroil JaIM-48

suspension of silica. In general, fumed silica appears to assist in
produci ng ZSMPWgugh €an el Biedyred. calny ong eimbasimens) dhe rraaqtionamixtiregtalsourity.

[0038] Si m | ar bympa¥ o &RFdd ¥EsSREM QbioR, YhiPALL ARPRCMR! RYEDnA%iAlke

has a Na":SiO, molar ratio less than 0.2. A suitable source of sodium ions is
sodium hydroxide, which of course also provides a suitable source of hydroxyl

ions.

[0036] The reaction mixture preferably contains seed crystals, typically
zeolite seed crystals of a different or identical framework type as ZSM-48. More
preferred seed crystals are ZSM-48 seed crystals. If used, the ZSM-48 seed
crystals are generally added to the aqueous reaction mixture so as to be present
in an amount between about 50 ppm by weight to about 50,000 ppm by weight.
In general, at least 100 ppm by weight of seed crystal is employed, preferably
100 ppm to 5000 ppm by weight, more preferably 500 ppm to 3000 ppm by
weight, of the reaction mixture. In one embodiment, the ZSM-48 selected for

use as the seed crystals has a silica to alumina molar ratio less than 100.

[0037] Any reactive form of silica can be employed as a source of silica in

the present reaction mixture, with suitable commercially available materials



al um na source, although generally water sol uble sources of alum na such as
an alum nate or an alum numsalt, such as alumnumnitrate, are preferred.
O her suitable sources of alum na includg _hydrated al um na, such as

gamma- al um naW¥opeel#d¥ohenmi t e and col | oi ga al um na. 10@8YUSINE8/&6835 ce of
Me6-diquat-5 ions in the reaction mxture can be any readily avail able

pent amet honium salt, such as a dihalide, especially a dichloride or

di brom de, ent anet honi um di h )0401Al t hou pres
synthesis pr o@g gﬁ'erbé”‘é?r’pPB%Fé% ‘{ﬁﬁl‘%G ‘?‘8? Rk - %P‘f‘ n%m(gs ttﬁgaagﬁl’l
structure dir@ghbdiBcAdSH an hqusdATRoRHRALIBE sForl bf Bf¥a.bEn b{a@bfu%efdo
enploy a m xture of Me6-diquat-5 ions with at | east one di ferent

di quat emary asilisaiappracoieppsistinaproticing ZSYe#mdthda leve siliey taglmina melathi s
case, the di fferent di quaterrary ammoni um conpound has the fornul a:
(043)3N+(CI-|2)I2NZ? hé}é Were n is 3, 4, 6, 7, 8, 9 or 10 and especially

is 6. The Me6-diquat-6 cation is al so referred to herein as the

hexanet honi um cation. Thus, it is found that b?/ usi ng such a m xture of
di quat emary a8 um cSpdarvsanyafr@ctive form Pt aluming can ke sBPlged/8s A8i quat - 5

ions and Me6- g h a

| oner silica ?‘gﬂg u?n&rrrgé)%g Oﬁéh %abé at"g gfécgu‘gc %&@éﬁ?pﬂgr éﬁl\% ggf\y{a IS

obt ai nabl e wi alumandther adrat}umtnuai mtesucﬁms gluanipine nitedte, ewe phe ftvieéd. d Oghrat - 5

al one appears avor th or.mat. i edI e- or fibrous-Ilike
ot phot ogy. 2SRRI RBReR 8T e by Y peiab ikt % soHe-abERA Y o
favor crystal gseptibbohenlitewad cbBaighinliMiddl aneter ratio. WO

2009/ 038740PCT/ 1152008/ 010855 [0041] Where a mi xture of Me6-diquat-5 ions
with at | east one different di quat ernary amoni um conpound i s enpl oyed as
the S”UCtureroﬁk gject | ”Q‘h@%ﬁ}ge of Rfe ({13[194'551@%19 thd réaDEorRfk éﬁife%ﬂtbesan ons to
said at | east d| fferen I qua ry amoni um conpound 1I's generally
such t hat NEGFeddldwartailEbieqnstanmﬂucesmntsalLGﬁ&chas 9 dthatifle tdspaecuaﬂt)ed didhkpaidt er nary
al kyl amoni um | Cﬁ reover totgﬂy nt of the Me6-diquat-5 ions and
said at | east ' GHEOGNHS é’rr«?ﬁ’fta‘a’leﬂ’l?&f“é‘?ﬁ 9”&‘ ni um conpound present in the
reaction is generally arranged so that the nmolar ratio of total

di quaternary al kyl anmmoni umions to Si02 is |ess than 0.1. [0042] The

crystal lizati l@ﬂ‘“ﬁondl t Adtheuglsidg presenhwyngiesis greceps eanelyserapley¢rbwit (M%sel y

controll ed bu i f 0

200C, such asélg‘lf)out %ggé% e&ﬁ%w‘? %0@@?‘%? tagé’rgrﬁmesog{% é%bojc%g%ﬁé?t %Q out 200
hours, such emciadsoame2@emplo@ztmmtxtﬂrza)f‘mdeg<$1qum3/mhawuh2aaﬂ¢asnomm&beencarr| ed
out at either,static or, g?eferabl%,ndstr rred conﬂ| tions in suj tabl e

react or vesselAUARBRTYANPRRIUELCompqUnd 33 (ReSHUGHTE lée‘it‘é‘lgsagﬁ?t Bfhig §83% | i ned

or stainless tﬁé aBferdildflaty ey m:%ﬁh@bhh@ﬁéé 188 fér%x&&@' ete, the ZSM 48
product is separated fromthe nother |iquor, 8Cépl cally by filtration or

centrifuging, and recovered. [O(MBI]%NE( sleduced by the present
|1 |
process, energlly s 11 8 o 19, IPLALRRITER! WERMALES cxionss

Al 203 : Si 02 aldeeregerfeédHol Ieréines Ghe Wox@ndhehiameranany TP iisl fouhdnhaubyd s
i ncludi ng Me6- . disguat 5 Migs at |east one alkali or alkali netal cation of
val ence n, edPB&sichyg iyHire pf digyategnary AagmOR B compAurdspand nparielpna gr eat er
than 0. 0125, suahe &t PRQUIGUA-918nd AndPR}-dRul6 ions, it may be possible to

produce ZSM-48 with a lower silica to alumina molar ratio and/or a different
morphology that is obtainable with either diquat alone. For example, although
Meg-diquat-5 alone appears to favor the formation of ZSM-48 with needle- or
fibrous-like morphology, a mixture Meg-diquat-5 ions and Meg-diquat-6 ions

seems to favor crystals with a lower length to diameter ratio.



[0044] In its as-synthesized, anhydrous form the ZSM 48 produced by the
present process has an X-ray diffraction pattern including the |lines set
out in Table 1 below. Table 1 d (A) Relgfive Intensity (l1/1o0) 11.8 + 0.2
W VS 10.2 0. 2WOAP938340, 0. 15 W4.2 + 0.08 VS 3.9 PCT/US2008/010855

[0041) Where a mixture of Meg-diquat-5 ions with at least one different
diquaternary ammonium compound is employed as the structure directing agent,
the molar ratio of the Meg-diquat-5 ions to said at least one different
diquaternary ammonium compound is generally such that Meg-diquat-5 ions
represent 10% to 90% of the total diquaternary alkylammonium ions. Moreover,
the total amount of the Meg-diquat-5 ions and said at least one different
diquaternary ammonium compound present in the reaction is generally arranged
so that the molar ratio of total diquaternary alkylammonium ions to SiO, is less

than 0.1.

[0042] The crystallization conditions used in the present process are not
closely controlled but in general include a temperature of about 120°C to about
200°C, such as about 140°C to about 180°C, for a time of about 12 to about 200
hours, such as about 20 to about 120 hours. Crystallization can be carried out at
either static or, preferably, stirred conditions in a suitable reactor vessel, such as
for example, polypropylene jars or Teflon™-lined or stainless steel autoclaves.
When crystallization is complete, the ZSM-48 product is separated from the

mother liquor, typically by filtration or centrifuging, and recovered.

[0043] The ZSM-48 produced by the present process generally has the
following molar composition in its as-synthesized, anhydrous form:

(0.01 to < 0.1)R* : (0.1 t0 <0.2) My, : x ALO; : SiO,
where R* is one or more diquafemary ammonium compounds including Meg-
diquat-5, M is at least one alkali or alkali metal cation of valence n, especially

sodium, and x is greater than 0.01, typically greater than 0.0125, such as about
0.013 to about 0.02.

[0044] In its as-synthesized, anhydrous form, the ZSM-48 produced by

the present process has an X-ray diffraction pattern including the lines set out in

Table 1 below,



+ 0.08 VS 3.6 + 0.08 W3.1 + 0.08 W2.85 + 0.08 W [00451These val ues were
determ ned by standard techniques. The radiation was the K-al pha doubl et
of copper, and a diffractonmeter equippediwith a scintillation counter with
a strip chartWRSA&H d was used. The peak hei ghts, i ntREALISE4P8/010855 and t he
positions as function of 2 tinmes theta, where theta is the Bragg angl e,
were read fromthe spectroneter chart. Fromthese, the relative
intensities, 100 I/lo, where Jo is the IF#‘? nsity of the strongest line or
peak, and d (obs.), the interplanar spga S‘in A, corresponding to the
recorded lines, were calculatgdAd)ln TablReldtiddmednSit@ll/vg|i Ntensities are
given in terns of the synhols Wifor weak VS for very strong and WS for
weak-t o-strong (depending odltde0c&ationi c forny:-V¥on exchange of the sodi um
ion with cations reveals bum"iatza_p‘ izai ty—the—sang, pattermw th sone m nor
shifts in interplanar s$pacing and“variations inh relative|intensity. O her

m nor variations can o¢cur depepdisng on the silweon to alum numratio of
the particular sanple, las_well|l as if it| has heen subjected to thernal
treatnent. 100461The ZEM 484prbH8¥St of the preséht process generally
contains water fromthe edgtgiyfrolgi xture—antd SQ;¢roT matty| requi res at | east
partial dehydration before béimg used ds, for exanple, alcatalyst.

Dehydration is 3.6 +0.08 W
3.1+0.08 W
2.85+0.08 Y

[0045] These values were determined by standard techniques. The

radiation was the K-alpha doublet of copper, and a diffractometer equipped with
a scintillation counter with a strip chart pen record was used. The peak heights,
intensity (I), and the positions as function of 2 times theta, where theta is the
Bragg angle, were read from the spectrometer chart. From these, the relative
intensities, 100 I/Io, where Io is the intensity of the strongest line or peak, and d
(obs.), the interplanar spacing in A, corresponding to the recorded lines, were
calculated. In Table 1 the relative intensities are given in terms of the symbols
W for weak, VS for very strong and W-S for weak-to-strong (depending on the
cationic form). Ion exchange of the sodium ion with cations reveals
substantially the same pattern with some minor shifts in interplanar spacing and
variations in relative intensity. Other minor variations can occur depending on
the silicon to aluminum ratio of the particular sample, as well as if it has been

subjected to thermal treatment.

[0046] The ZSM-48 product of the present process generally contains
water from the reaction mixture and so normally requires at least partial

dehydration before being used as, for example, a catalyst. Dehydration is



general ly achi eved by heating the as-synthesized product to a tenperature
in the range of from about 100C to about 600C in an atnosphere, such as
air, nitrogen, etc. and at atnospheric pngssure from between about 1 and
about 48 hour YOG4t i on can also be performed at rootRHERYBPHEYT e
merely by placing the ZSM 48 in a vacuum but a longer tine is required to
obtain a sufficient anount of dehydration. [0047] The as-synthesi zed ZSM 48
product al so i . [ qu r j um co U ed as
Phe i rect  ng SbgRly Bofiffed3f FERe AL S AREY SRR EEPAR I RS <
normal |y acti vaigedobyroherbval 106°C he abo@asd@Omat ani &nospieay,i ighass hite
catalytic sites within the m croporous channels of the nolecul ar sieve open
for contact wHgsns gledandeakatmaspheria presyurs fopr betwssn jakoytyhapdppgut 48
acconpl i shed eahd ] - t I r RS ature
of from about %B%Cq%éc})&g atc‘)lE? g%o%%gn%%ﬁgnﬁ% ﬁgoﬁrfeés ncp:ag@ltgf ﬂlae%eq

oxygen- cont ai milasgnggtie. ZBRB4B irevacuule IGM Idigpr didhec isdrdgyiredéo prbese rt
process is to b&. us?d as gdCEt‘glést, it my be desirable to conbine the
ZSM 48 wi th aAStifE? ARPEPGHI9PEUPEhnt to the tenperatures and ot her

condi tions enpl oyed in organi c conversion processes. Such materials include
catalytically active and inactive materials and synthetic or naturally
occurring zeollMék as weie agsynthrsizgdnt EMd8 arodiics adsgc orfaing| thysor sadh ca
and/ or net al j T .1 er i r SULT | in the
form of gel at imrggg%ﬁgpe%ﬁ&%‘%@scwoﬁﬁsﬁ%E‘Fut ‘lpg;grgért] A%{I%eggq}gfl{ és%g}feggs and
nmet al oxi des. atdbdende, pricattaluge, thal predaattis vermallye ac@datéd bg aemonglt oOthew t h

the ZSM 48 produced by .th resent may inprove the conversion and/o
sel ectivity oP e BaPHrl Teing spe ol uiGas oviEuR fbf SHGAPROLE cauesls

I nactive mat ebf feSnélbddiatyidveSer FoPSortidh WaI Sfeb@st6 ANt TIRY adiRBtiSPdEssOf
conversion in a given process so that products can be obtained economically
and wi t hout eptlyBicaly aseomaplishedrby hepting ghe rsisyithesizadeZ8M-48 gfrodusaat iaon.

These nat eri al.s, JIpY i [ | 1y- rrin | ays...e: g.,
bentonite and{eﬁl- IQ%S&%?‘S%@%%@W{@&g@@ﬁ%%éﬁ%%@c}p% R?esg%C%iorrﬁP ove the
crush strengt bxygenichetagab@basst under commrerci al operating conditions. Such
material, i.e., clays, oxides, etc., function as binders for the catal yst.
It is desirable to provide a catal yst having good crush strength because in
a petrol eum rgpiglery tRen&atd ¥SM-u 8 priduedd §§'l?ﬁeeﬁxte§éhtp?0({e9§1ﬁhto eliNY.
whi ch tends to break the catal yst down into powder-like materials, which
cause probl enss 3 patplyslc ésmpnge dTsicable to eomivine ther 3SMad& wibeanotiep Intaperihl f or t he
pur pose of i QM| t engt.h of the catal yst . .

[ 0049] Nat ur aﬂ%‘%‘hgﬁ? r pﬁegq%‘?{g%ﬁ‘&%ﬁ gﬁhcgﬁ]eﬁep%ng?&goongi t%gn(? I%"efi h'} nEe28fr 48
produced by tdvavesemeprocgsaceSach nolterthds imehidensatdlytonally eaceing als@dqhidtive
famlies. These f.alm' i es iﬂcl ude subbentonites, and kaolins commonly known
as Dixie, M NBREHals@as synihelicy oFngfyrally Qcgyrsingr zeoliffsr & WelhAs dRPredRic i n

m neral consthiifAk sush RaldQ%SsIRa AMBR) MiheoxidbEKITHG: 1aRECHaY e Qiher
anauxite. Such clays can be used in the raw state as originally mned or
initially subjaady oceurtiag airriatthe formaif gelatimatsrpracipiateshangdsalincluding

ot gan ¢ oxBRLIEEGP stiRE' e el STRES i Kshubieyd e riiaBuing °
materials, thenkhdhidd witipdticedShy48 hodickdeby (heOpiRSeht CARy DRniotP ke t ed
wWith a porous matrix materi a&l such as silica-alumna, sillca-nmagnesia,

si | i ca- zi r corfCBYersiop; al/em §elestiviy (of cthe b@ﬁ%‘b’?ti 1 certpine gEgapien canvessioR| | as

ternary CO”Pgﬁbéeis&@.s 15461 e FSatSid1d gafa%gugérp@aé BRbdn®s 1oSddnkoRAleWR QIR 3T CONi &,
silica-al um na- i ca-m I

magnesi a and si nesi a- zi rconi a. 'Plrt1e relative
proportions cbnfdrsiehyn diginedguo&Sh/ead thaaprbducts cgahe obaxkiedeecgedmivally axd var y
widely with the ZSM 48 content rangi fromabout 1 to about 90 .percent by
wei ght and nol* Oﬁgﬁg}ﬂ (fr’fm%ég%rcﬁ’leﬁ @‘%\Aﬁ%ﬁ“’t@@ g]})e %%iqtgreﬁgtm&e & in the
form of beadsnatédnld heyrengeorho@odalnehatdrall9-o2boing CayRee.g e Benddiiteh@ht  of
the conposite. [00511The ZSM 48 produced herein can be used as an adsorbent
and as a catalyst for a wide variety of organic conversion processes, but
in general is



14 wo 2009/ 03874--0PCT/ US20081010855 intended for use as a hydrocarbon
dewaxi ng catalyst. Wth such an application, it may be desirable enploy the
ZSM 48 in conmbination with a netal conpopent capabl e of providing the

catal ysts wit WOL'Pd4dYenat i on- dehydr ogenati on functi on. PQHLUBPBSHet al
conponent s i nclude tungsten, vanadi um nolybdenum rhenium nickel, cobalt,
chrom um manganese, or a nobI e netal such as platinumor palladium Such
conmponent can h |t e h

hyei cal |y iAo dABREE ACbRsh N8P e Plsn bRl SRR e e

in or onto it csnld:xhoﬁss Stich nexxadap) e, bMys, ldaudda;aewastenaforphsabinﬂum fok @At i ng
with a solution gl ont ai.ni.ng gl ati num netal -contai ning ions. Thus, suitable
pl at i num conp&aRBst i ids derdrableltopspyide p srialyabhayinggead ¢iyeh steengtlh beraussnd

various COWO%‘Q%&QI&  RIAgn (e Blafst %U%é{qﬂb”&t&f)moﬁ hLS’cﬂﬁ% i@l yst

cont ai ni ng ZSM 48 produced by the present proc Ss are p rt| cu 'y usef ul
in the dewaxi m@dsattoabge@ksthof cataibxsi dbivn bim¢e qtovcles likSunhtefielsd sthock saasee

wax- contai nin the lubricati oi | n ically

i g 1006 AT it Bhesdend treclrie irdres ok Bfbr e o fis b Busdis, asTm
D 86 or ASTM Dgﬁﬁﬁmvfggqneé@g[dgtré@h bethdeataed from a nunber of sources such
as oils derived fromsolvent refining processes such as raffinates,

partially solvent dewaxed oils, deasphalted oils, distillates, vacuum gas

oil's, coker g ils %E?ﬁ‘?
Fi scher - Trops %axes l% ly%égﬁ?‘négssgrvghé aag)k%v\é/ad%g%dsg%(gwlﬁgg grSM:r opsch
waxes. Sl ack wapesluaedkby ylm mraseny peteessviadufe aronthyotilbararchmd Kaolal$arhities.ol vent

or propane dewaxin SI ac xes, cont.ai n so residual oil and are.
Cyobcal Ty deot e HiBrangiuE EPuiaitoots KoM aonY aen S| Kaok M Reci.

Fi scher - Tr opsMtNwmeRs GofeiR! MAFREidRYclARE oFloﬁce!aﬁrm WMEE e SHBhNRdeFal
process. [0053] Dewax| ng conditions with such | ube oil basestocks typically

i ncl ude t enpef@nstituent isthallpysits. kadmites diskite.snacritamonlgoanxites Rucheelasoian 400C,

for exanple f PL8 bou 791 to
about 20786 k Hg(e?gg‘{@ g‘é’ggﬁiepassu g?éﬂ'algﬁ ’g‘sg‘a‘sél el ‘? tﬁ‘ég °‘£6 3t 17339
-- wo 2009/ 03&7d &rt5tR{Eht 0S206@1da1L @BklbidaRan ( 20Adére u2&M0 f@Sd:(gl)lposlitirigUWﬂthUH y
space vel oci tt'hez#%og] baut g 1 to abouyt 10 baiuch as fromabout 0.1 to
about 5 hfl a8 PEGET Iprlude inprganicexdes; pelablydwnings ¢ o about 1780 nB/ B
(250 to 10000 scf/B), such as from about 89 to about 890 nB8/nB (500 to 5000

scf/B). [00541lIn addition, catalysts containing ZSM 48 produced by the
present proced858an al boadshitiorstecthe boregaivlg maimm tlmZ$Mﬁ4&)prodo¢eddiy the

paraffins, p r thah en onent, e.g.,
pl ati num Typi rE§ Wb@gg@ér%%@ﬁ@gq?@‘ryﬁs %Orlp}} rgﬁ ;etr Es‘fcg‘g%estﬂé‘faure from
about 100C tcnhabmat AGnagnisha, aﬁll@d)@bﬂonidioﬁhb&lt}ﬁiﬁ@utsﬂ?&io&rymat hsildcal | qui d
hourly space veIOC|tX6Hetmeen about 0,01 and about. 2 hr, such_as between

about 0. 25 arfdaMBotst W6 58 NIy etRIMRRA RS h%}{f’rho@seﬁlhﬁréwr’@‘ﬁérﬂhqfﬁe N ogen to
hydrocar bon @&rﬁln'éf’ztn'cgmas sﬂ%a%ﬁx’ﬁnﬁbﬂﬂéne@ra aﬂ&dmgpé\zﬁl'l‘{aﬁées]a -z Qer] THE

invention will now be nore particularly describe
relative proportions of finely divided ZSM-48 and inorganic oxide gel matrix

vary widely with the ZSM-48 content ranging from about 1 to about 90 percent
by weight and more usually, particularly when the composite is prepared in the
form of beads, in the range from about 2 to about 70 percent by weight of the

composite.

[0051] The ZSM-48 produced herein can be used as an adsorbent and as a

catalyst for a wide variety of organic conversion processes, but in general is



reference to the followng non-limting Exanples. Exanple 1 Preparation of
H gh Activity ZSM 48 using Diquat-5 and Low OH Si 02 Ratio [0056] A m xture
was prepared from 1040 g of water, 45 g_gpf. Pentanet honi um di bronm de (50%
sol ution), 2000g8f034%#% rasi|l silica, 11 g of sodi um al urACA4IS00&HIEF| on
(45%, and 36 g of 50% sodi um hydroxi de solution. Then 5 g of ZSM 48
seedswas added to the m xture. The m xture had the foll ow ng nol ar

composi L on: 08 AIBO3 0% kPRbesbOPadTl: LaPhO% AN KR dpSTeeiZn®- 17

Di quat-5/Si 02 0.
it may be desirable employ the ZSM-48 in combination with a metal component
capable of providing the catalysts with a hydrogenation-dehydrogenation
function. Suitable metal components include tungsten, vanadium, molybdenum,
rhenium, nickel, cobalt, chromium, manganese, or a noble metal such as
platinum or palladium. Such component can be exchanged into the composition,
impregnated therein or physically intimately admixed therewith.  Such
component can be impregnated in or onto it such as, for example, by, in the case
of platinum, treating with a solution containing platinum metal-containing ions.
Thus, suitable platinum compounds include chloroplatinic acid, platinous

chloride and various compounds containing the platinum ammine complex.

[0052] Catalyst containing ZSM-48 produced by the present process are
particularly useful in the dewaxing catalysts of lube oil basestocks. Such
feedstocks are wax-containing feeds that boil in the lubricating oil range,
typically having a 10% distillation point greater than 650°F (343°C), measured
by ASTM D 86 or ASTM D2887. Such feeds may be derived from a number of
sources such as oils derived from solvent refining processes such as raffinates,
partially solvent dewaxed oils, deasphalted oils, distillates, vacuum gas oils,
coker gas oils, slack waxes, foots oils and the like, and Fischer-Tropsch waxes.
Preferred feeds are slack waxes and Fischer-Tropsch waxes. Slack waxes are
typically derived from hydrocarbon feeds by solvent or propane dewaxing.
Stack waxes contain some residual oil and are typically deoiled. Foots oils are
derived from deoiled slack waxes. Fischer-Tropsch waxes are prepared by the ‘

Fischer-Tropsch synthetic process.

[0053] Dewaxing conditions with such lube oil basestocks typically
include temperatures of up to 426°C, such as from about 250°C to about 400°C,
for example from about 275°C to about 350°C, pressures of from about 791 to

about 20786 kPa (100 to 3000 psig), such as from about 1480 to about 17339



16 wo 2009/ 038740--PCT/ U S2008/ 010855 [0057] The m xture was reacted at 320F
(160C) in a 2-liter autoclave wth stirring at 350 RPM for 48 hours. The
product was filtered, washed with deionigzed (D) water and dried at 250F
(1200). The XXBPROMEIh (see Figure 1A) of the as-synt hPSTASPORRES a
showed the typical pure phase of ZSM 48 topol ogy. The SEM (see Fi gure 1B)
of the as-synthesized nmaterial showed that the material was conposed of

aggl orer at s g, AAVADY MBS id b LBE LTl RoRSIRNTbNSRlARH fr yor 2l

were converte orm ree 1 on excnanges w

nitrate sol utihoh saichraedrorh @bper @t Ub esbohiob IheWweadd hydebggh nepanga BdEs (rd20C) and
cal cination at, 1000F (5400) for ;6 hours. The resulting ZSM 48 crystal s had
a Si 02/ Al 203 RBP4 tor aboubl 78 mi/m's (250 de d 09PR sciB). el g fepm aheptA? W pha

val ue of 69. EX&WRYE nd/ih 35 3bhySp/p)Pr epar ation of Medi um Activity ZSM 48
usi ng Diquat-5, LowOH/SI 02 Ratio and H gh Si 02/ Al 203. [0058] A m xture was

prepared from 1100 g of water, 65 g of Pentanethoni um di brom de (50%

PO o) 22’ UL AR e SoMelng 2SN LIRS AL

fol | owi ng nol grocessngansisol teNise iS22 vk S@AndrPatibl Of nSinkkd paffhd, paicfarl- 17
Na+/ Si02 0. 1then provided with a hydrogenation component, e.g., platinum. Typically
hydroisomerization is carried out at a temperature from about 100°C to about
400°C, such as about 150°C to about 300°C, with a liquid hourly space velocity
between about 0.01 and about 2 hr’', such as between about 0.25 and about 0.50
hr'! employing hydrogen such that the hydrogen to hydrocarbon mole ratio is

between about 1:1 and about 5:1.

[0055]) The invention will now be more particularly described with

reference to the following non-limiting Examples.

Example 1

Preparation of High Activity ZSM-48 using Diquat-5 and Low OH'/SiO,
Ratio

[0056] A mixture was prepared from 1040 g of water, 45 g of

Pentamethonium dibromide (50% solution), 200 g of Ultrasil silica, 11 g of
sodium aluminate solution (45%), and 36 g of 50% sodium hydroxide solution.
Then 5 g of ZSM-48 seeds was added to the mixture. The mixture had the

following molar composition:

Si0y/ALO; : 102
HzO/ SlOz . 20

OH7/ SiO, : 0.17
Na'/ SiO, : 0.17

Diquat-5/S8i0, : 0.02



Diquat-5/S 102 0.027 [0059] The m xture was reacted at 320F (160C) in a
2-liter autoclave with stirring at 350 RPM for 48 hours. The product was
filtered, washed with deionized (D) wates.and dried at 250F (120C). The
XRD pattern (¥@2"®{%{it% 2A) of the as-synthesized nateriPT/SHEHRWShe

typi cal pure phase of ZSM 48 topol ogy. The SEM (see Figure 2B) of the
as-synt hesi zed material shows that - 17 wo 2009/ 038740- PCT/ US2008/ 010855

e oot 5L MBTECTP oM BhBRRLATTLAIS Olt DG o Sichilan e
about 170/1. mitnpirang af COOBPMfor 4§ hBuspaTtat produdcfwas fileréd; twashty withii 48
G of vt or - 39 RPHET HERIBH B BVohT B C50 0 SR PRI 5% Begror
ﬁ%?i&: déBSOlsgl{&P gﬁithé}ﬁgﬁg%tﬁégé%& @%}%g‘k@&éﬁg%\%@p%gggﬁ@ ES/ %3?%%4r8e. The
m xture had t kepotagyl ollienSEMD(ses FigonpdB) of the:asSyahegizaD@aterial showed that
the material was composed of agglomerates of elongated needle-like crystals.
The as-synthesized crystals were converted into the hydrogen form by three ion
exchanges with ammonium nitrate solution at room temperature, followed by
drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6 hours. The
resulting ZSM-48 crystals had a SiO,/Al;0; molar ratio of 90.4, surface area of

265 m*/g, and an Alpha value of 69.

Example 2 (Comparative)
Preparation of Medium Activity ZSM-48 using Diquat-5, LowOH/SiO,

Ratio and High SiO,/AlLO;.

[0058] A mixture was prepared from 1100 g of water, 65 g of
Pentamethonium dibromide (50% solution), 228 g of Ultrasil silica, 6 g of
sodium aluminate solution (45%), and 45 g of 50% sodium hydroxide solution.

The mixture had the following molar composition:

Si0y/Al,O4 : 195
H,0/ Si0, : 19
OH'/ SiO, : 0.17
Na'/ SiO, : 0.17
Diquat-5/SiO, : 0.027
[0059] The mixture was reacted at 320°F (160°C) in a 2-liter autoclave

with stirring at 350 RPM for 48 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern (see Figure
2A) of the as-synthesized material showed the typical pure phase of ZSM-48
topology. Tﬁe SEM (see Figure 2B) of the as-synthesized material shows that



60 1-120/ Si02 40 OHLISIi 2 0.33 Nat/ Si 02 0.33 Diquat-5/Si02 0.1 [0061] The
m xture was aged at roomtenperature with stirring at 100 rpm for 24

hours, and th r ed at 320F (160C) i-n7a 600 nl autoc|ave with stirring
at 100 RPMfo%%ﬁ% ?S. The product was filtered, washed R QEBBNi zed

(D) water ‘and dried at 250F (120C). The XRD pattern of the as-synthesized
mat eri al showed the typical phase of ZSM 48 topol ogy. The SEM of the

as- synt hesi ze -1 t . a 0731010)

aggl grrer at es g?%ﬁ%ﬂsﬁ?ke r%g?aolffs.g&% eEt‘ra{eégu %%O%g%yﬁﬁﬁteag'zegh%SM 48
crystals had acSiltdg ASRDBSS avbthesaedarysitals had 4 Si0¥/a 1L M@ tAR8Hdbout

- PCT/ US2008/ 0]1&/6%3 Exanple 4 Preparation of H gh Activity ZSM 48 using
Diquat-5 at Lo H7S102 Ratio

Example 3 (Comparative)
Preparation of High Activity ZSM-48 using Diquat-5 and High OH/SiO,
Ratio

[0060] A mixture was prepared from 360 g of water, 39 g of
Pentamethonium dibromide (50% solution), 35.6 g of Aerosil 130 silica, 6.9 g of
AI(NO;);.xH,0 and 14.4 g of 50% sodium hydroxide solution. Then 5 g of
ZSM-48 seeds was added to the mixture. The mixture had the following molar

composition:

SlOz/AIzO3 : 60
H,0O/ SiO, : 40
OHY SiO, : 0.33
Na'/ SiO, : 0.33
Diquat-5/Si0O, : 0.1
[0061] The mixture was aged at room temperature with stirring at 100 rpm

for 24 hours, and then reacted at 320°F (160°C) in a 600 ml autoclave with
stirring at 100 RPM for 96 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the as-
synthesized material showed the typical phase of ZSM-48 topology. The SEM
of the as-synthesized material showed that the material was composed of
agglomerates of fibrous-like crystals. The resulting as-synthesized ZSM-48
crystals had a Si0O,/Al,O; molar ratio of ~52/1.



100621A m xture was prepared from 1195 g of water, 69 g of Pentanet honi um
di brom de (50% sol ution), 228 g of Aerosil 200 silica, 22.2 g of 45% sodi um
alum nate and 41 g of 50% sodi um hydroxi gge_ solution, and 1.3 g of 47% H2SO4
sol ution. TheWORHPYH4 7SM 48 seeds was added to the mi ACHFUS2009PE8Y Xt ur e
had the follow ng nolar conposition: Si02/ Al203 62 H20/ Si02 21 OFF/ Si02
0.18 Na+/ Si02 0.18 Diquat-5/Si 02 0.03 [0063] The m xture was reacted at
320F (160C) in a 2-liter m autoclave with stirring at 250 RPM for 96
hours. The product was filtered, washed with deionized (D) water and dried
at 250F (120CExantife ¥RD pattern (see Figure 3A) of the as-synthesized
material showpgepdratibh PoC MigloNRaHvif) 78W448udiaR obR@At-5ThE LRMORSSID, gur e
3B) of the as t hesi zed material "'showed that "the nmaterial was conposed of
aggl onerates of elongated needle or fibrous-like crystals. The
as-synt hesi zed crystals were converted into the hydrogen formby three ion
exchanges wi t f00&2oni um nmixtatee vl préparedatfranooid Ve rpesfatwate, 6Dlg ovfed by

dryi t 250 120 d | Ci ' t.100 5400 f, 6 h . The
esul ting ZoVPEFEPRRE AL e a O Kt S o AeeribFORBUGE B6? fan
Al pha val ue obf 190 sadidnShdtle AP Blof 38% Fl{n hpMdxidRBNADS, A PEigon of

42.1 ng/g. 19 ]
of 47% H,S0, solution. Then 10 g of ZSM-48 seeds was added to the mixture.

The mixture had the following molar composition:

8102/ A1203 : 62
H,0/ SiO, : 21
OH'/ SiO, : 0.18
Na'/ 8iO, : 0.18
Diquat-5/Si0, : 0.03
[0063] The mixture was reacted at 320°F (160°C) in a 2-liter ml autoclave

with stirring at 250 RPM for 96 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern (see Figure
3A) of the as-synthesized material showed the typical phase of ZSM-48
topology. The SEM (see Figure 3B) of the as-synthesized material showed that
the material was composed of agglomerates of elongated needle or fibrous-like
crystals. The as-synthesized crystals were converted into the hydrogen form by
three ion exchanges with ammonium nitrate solution at room temperature,
followed by drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6
hours. The resulting ZSM-48 crystals had a 8i0,/A1,05 molar ratio of about 60,
an Alpha value of 120 and surface area of 325 m%/g, and n-hexane sorption of

42.1 mg/g.



wo 2009/ 038740- - PCT/ US2008/ 010855 Exanple 5 Preparation of Hi gh Activity
ZSM 48 using mxture Diquat-5 and Diquat-6 (Diquat-5/Diquat-6 nolar ratio
of 2.8) [00641A m xture was prepared frop 1200 g of water, 17 g of

Hexamet honi um*@22R°%¥ e (56% sol ution), 60 g of Pent andtHBIHRUHEPFBr oni de
(50% solution), 228 g of Utrasil silica, 16 g of sodium al um nate sol ution
(459, and 40 g of 50% sodi um hydr oxi de solution. Then 10 g of ZSM 48 seeds
was added to the m xture. The m xture had the follow ng nolar conposition:
Si 02/ Al 203 81 H20/ Si02 20 OF17 Si02 0.17 Na+/ Si02 0.17 D quat-5/S i02

Example 5§
Preparation of High Activity ZSM-48 using mixture Diquat-5 and Diquat-6

(Diquat-5/Diquat-6 molar ratio of 2.8)

[0064] A mixture was prepared from 1200 g of water, 17 g of
Hexamethonium dichloride (56% solution), 60 g of Pentamethonium dibromide
(50% solution), 228 g of Ultrasil silica, 16 g of sodium aluminate solution
(45%), and 40 g of 50% sodium hydroxide solution. Then 10 g of ZSM-48

seeds was added to the mixture. The mixture had the following molar

composition:
Si0y/AlL O3 : 81
H,0/ Si0, : 20
OHY SiO, : 0.17
Na'/ SiO, : 0.17
Diquat-5/8i0, : 0.025
Diquat-6/Si0, : 0.009
[0065] The mixture was reacted at 320°F (160°C) in a 2-liter autoclave

with stirring at 350 RPM for 48 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern (Figure 4A)
of the as-synthesized material showed the product to be of ZSM-48 topology
with a trace of ZSM-50 impurity. The SEM (Figure 4B) of the as-synthesized
material showed that the material was composed of agglomerates of elongated
needle-like/fibrous-like crystals. The as-synthesized crystals were converted
into the hydrogen form by three ion exchanges with ammonium nitrate solution
at room temperature, followed by drying at 250°F (120°C) and calcination at
1000°F (540°C) for 6 hours. The resulting ZSM-48 crystals had a SiO,/Al,04
molar ratio of 74.2, an Alpha value of 57 at Na = 960 ppm, surface area of 222
m?/g, and n-hexane sorption of 33.4 mg/g.



0.025 Diquat-6/Si02 0.009 100651The m xture was reacted at 320F (160C) in
a 2-liter autoclave with stirring at 350 RPM for 48 hours. The product was
filtered, was th deionized (D) watgy- and dried at 250F (120C). The
XRD pattern (E?)gu &%H) of the as-synthesized material dKd %@60% ¥/AE8%r oduct
to be of ZSM 48 topology with a trace of ZSM50 inpurity. The SEM (Figure
4B) of the as-synthesized nmaterial showed that the material was conposed of
aggl oner ates qfxa6i gl gated needle | i ke/fibrous-like crystals. The

as-synt hesi zeg, n r Q hr e ion
exchanges with ST hm e cQwY Wokghﬁn%gﬁ'ryﬁwg ﬁg{r%gttfara;"@ %‘1‘{ “oved by
dryi ng at 250I€D{q112®67Dmdt-6ahclanahn@nfB;t 1000F (540C) for 6 hours. The
resulting ZSM 48 crystals had a Si 02/ Al 203 nol ar ratio of 74.2, an Al pha
val ue of 57 at Na = 960 ppm surface area of 222 nR/g, and n-hexane
sorption of 3660/ 9. A Examiee vas pP%Q?Jdatﬁ&ﬂ ‘PiOd"'@rbfA%dté{-' tyy Z5N6A8
using m xture D|quat 5 and Di quat - quat-5/Di quat-6 nolar ratio of 1)

[ 0066] A mi xt ut@xamsthpmepad@blorldg&5@%@01@100) 2fag of Pemamgtlmfuuﬂeﬁdnmnmwm um

226 g of 01t SofeE 2268 e Pl bR [FR AT P b SRR S "o
98 % H2SO4 sol4sohn.3 andf 98 B Hfzs@p%lslcidm umdmdrgmfc’s@%@bumhpmydrwm 10 g

of I A-ZSM 48 seed (Si 02/ Al 203 about to the m xture. The
mi xture had t BRIVEYY | ERgmL gof &A @5%6§|$?%§‘O§Nﬁ3&b@997@1) paoaddgdge 20
OFT/ Si 02 the mixture. The mixture had the following molar composition:

SlOz/Ale:; = 81

H,0/ Si0, = 20

OH7/ SiO, = 0.17

Na'/ SiOs = 0.17

Diquat-5/SiO, = 0.01

Diquat-6/8i0, = 0.01

[0067] The mixture was reacted at 320°F (160°C) in a 2-liter autoclave

with stirring at 350 RPM for 48 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern (Figure 5A)
of the as-synthesized material showed the typical pure phase of ZSM-48
topology. The SEM (Figure 5B) of the as-synthesized material showed that the
material was composed of agglomerates of elongated needle-like crystals with a
smaller ratio of L/D(crystals length/diameter) as compared to Example 5. The
as-synthesized crystals were converted into the hydrogen form by three ion
exchanges with ammonium nitrate solution at room temperature, followed by
drying at 250°F (120°C) and calcination at 1000°F (540°C) for 6 hours. The
resultiﬁg ZSM-438 crystals had a SiO,/Al,O; molar ratio of about 71, an Alpha

value of 110, surface area of 281 m?%g, n-hexane sorption of 42.1 mg/g.



0.17 Si@2 0.17 Diquat-5/Si02 0.01 Diquat-6/Si02 0.01 [0067] The m xture was
reacted at 320F (160C) in a 2-liter autoclave wth stirring at 350 RPM for

48 hours. The r@% c§74V\/as filtered, washed.-wi th dei oni zed g@DI wat er and
dried at 250F“?)1 @)’ e )(RD pattern (Figure 5A) of tHETAE2ORBEsi zed

materi al showed the typical pure phase of ZSM 48 topol ogy. The SEM (Figure
58) of the as-synthesized material showed that the material was conposed of
aggl onerates of elongated needle-like crystals with a smaller ratio of

L/ D(crystals length/dianeter) as conpared to Exanple 5. The as-synthesized
crystals were Examydefed into the hydrogen formby three i on exchanges wth

amoni um ni t r Rrepsitioni diradilystdeNiPsvaRE ddstiag, fol | owed by drying at 250F
(120C) and calcination at 1000F (540C) for 6 hours. The resulting ZSM 48
crystals had a Si 02/ Al 203 nol ar ratio of about 71, an Al pha value of 110,

surface area ?ﬁggﬁfl M2/ g, e EX N8 R{pg}éd_OByO%orﬂ@n' ﬁnﬂ{eﬂﬂ-fﬁ%‘rﬁ'ﬁ%ﬁ-%

Preparation o al yst for n-Decan esting [ 0068 m xture was prepared
by conbi ni ng chxstals fromnkz8nta 8 veitly stuadisa. f Tlompdxdarp veredminietditogdthen using The

wd i t th i .and pestle fol].qwed.b .
Dol | ot 1 21 ng. adSe G PoTleBlshie dn Botftiiinnd Fiinepis, T REnRERY ahia 250r
(120C) and cahgitertd wab tHAed(R28GF (I20PC) Andddlcih@d atbl JooeF 8540F0§ icRlICi ned

material was then inpregnated with platinumyvia incipient wetness using

t et r aammi nepl atfifAumhentsy athe ealeinedustntasial avagithen Weprogmted with @)latiman via
calcination i l, ' F : : / en, 1.SQrption
(platinumdi sg}ecﬁ%li'rgn)weglg'?g a ugﬁgt ﬁ‘%ggrrlg%l%érpﬁégfn%gg\%& %%f’/galdlggvggr@f ocjr%?mg anple 8
N- decane Test 2HfT] QUBOCT handc atlaingsion finofnlBExanpl ¢80 RA36@AR)| fat @dhours.an

atmospheri ¢ r]ILIydrogen chemisorption (platinum dispersion) data on this material gave 83%

dispersion.

Example 8
N-decane Testing

[0069] The catalyst from Example 7 was evaluated in an atmospheric n-
decane isomerization unit. Approximately 1 gram of the 14/24 mesh-sized
catalyst was used for the test. The sample was first heated under nitrogen to
500°F (260°C), and then the flow was switched to hydrogen. Hydrogen and n-
decane were flowed through the reactor while the system cooled to the first
setpoint of 325°F (163°C). After lining out at this temperature, an on-line gas
chromatograph analyzed the product exiting the isomerization unit, until the next
set-point temperature was attained. The catalyst was evaluated at a total of 9
different temperatures within the range of 325°F (163°C) to 495°F (257°C). The
data was retrieved and analyzed. The results are shown in Figures 6A and 6B,
from which it will be seen that at 400°F (204°C) almost 80% of the n-decane has
been converted (Figure 6A) and the selectivity to iso-decane is 50-60% (Figure
6B).



decane isonerization unit. Approximately 1 gram of the 14/ 24 nesh-sized
catal yst was used for the test. The sanple was first heated under nitrogen
to 500F (2600¥V and then the fl ow was swpiched to hydrogen. drogen and
ndecane were MOAWWH3H} ough the reactor while the syst enrRCIEPUEO185t he
first setpoint of 325F (163C). After lining out at this tenperature, an
on-1ine gas chromat ograph anal yzed the product exiting the isonerization
unit, until t Xt se i Iy i Vi was
eval uated at 2&{7(@? al of%ﬂgitﬁ 8#%%?% %&’E‘é’?a%?’é@ \E,iﬁcﬁilﬁgd ¢ ﬁg?lrl%%geldo 325F
(163C) to 495kefené€)to pargculat ambadinieats; i thydofinddiangl skdkdin fHeeamesill ts are
shown in Figures 6A and &E from \gfni(@h it.wll, be seen that . at, 400Fd(204C)
al nost 80% of 3PRECte@RLING RYNUGAFNASIFRGH P SdripRPTs AL NERGSSariy iflndrate

sel ectivity | Qelchf- fGCaRe dafor @0 TelcRnal SRoiBhe mtk H1Z Q0D ARk

- PCM S2008/ 010855 10070 While the present 1 nvention has been described and
il lustrated bylaimf &rguemstooipdaterinmining thetrbostiope nf the préseeinyéntiondi nary ski | |
inthe art will appreciate that the invention lends itself to variations
not necessarily illustrated herein. For this reason, then, reference should
be nmade solely to the appended clains for purposes of determning the true
scope of the present invention. - 23 - CLAIMS: 1. A process for producing
ZSM 48, the process conpri sing: (a) providing an aqueous reaction

m xture conprising at |east one source of silica, at |east one source of

al um na, at |east one source of hydroxyl ions, at |east one source of

di quat emary al kyl anmoni um R2+, ions having the fornul a:

(CH3) 3N+(CH2) 51\ 1(CH3) 3 and optionally seed crystals, wherein said reaction
m xture has a conposition including the follow ng nmolar ratios: R2+:

Si 02f rom about 0.01 to about 0.05 Si02: Al 203 from about 50 to | ess than 100
OH': Si02from about 0.1 to about 0.2; and (b) crystallizing said
reaction m xture under conditions effective to produce said ZSM 48.



2. The process of claim1l wherein said reaction m xture has an H20: Si 02
nolar ratio | ess than 30. 3. The process of claim 1 wherein said reaction

m xture al so conprises a source of sodium cations and has a Na: Si 02 nol ar
ratio less than 0.2. 4. The process of claim1l wherein said reaction m xture
al so conprises a source of further diquaternary al kyl ammoni um i ons havi ng
the formula (CH3)3N+(CH2) nNN+(CH3) 3 whene_.n is 3, 4, 6, 7, 8 , 9 or 10.

5. The process of claim4, wherein said reaction mxture also conprises a
source of further diquaternary al kyl amoni umions having the formul a
(043)31\1(91@1@&043)3 6. The process of claim5 wherein the nolar ratio of
total diquatenmary al kylammniumions to Si02 in the reaction mxture is

| ess than 0.1. - 24 - 7. The process of claim1 wherein said conditions in
(b) include a tenperature of about 120C to about 200C for a tine of about
12 to about- ZOOAFRSB?G§S fog pradiising LA, Hie REPGESHEAMMEERGSi n t he reacti on

m xture conpris L 8\/\/nere|n
the ZSM 48 seed rys ﬁll§§ §léé56§%lt?é a?tﬁo%%mé{rlriopeﬁ% Igr%%\?é%tﬁl a 6)81 ppm by
wei ght to absolita, Eﬂle@ﬁﬁ)nppxmlﬂay oﬁa]ughha,@ildaklﬂorresaﬁtcie@lﬁ hyilpolyr @ns, é,toleas% met hod
for dewaxi{)}l(};F dr.ocar bon feﬁvftOCk co Lsm contaétln t he hydrocarbon
f eedst ock Hr Uals sty TagHeoRirnn Rz siana S g s BmB@ t he process of
claim1 where the ZSM 48 nater(@H3)5§+(m235Ne(c}qﬁ§r acterized as having both
fibrous and needle crystalline norp . 117" A process for producing
ZSM 48, t handpopiensdlyceedr twyistaly, owlchlal Baldmgctmm mixture has a composition

including the following molar ratios:
R*":Si0, from about 0.01 to about 0.05
Si0,:ALLO;  from about 50 to less than 100
OH": Si0, from about 0.1 to about 0.2; and

(b) crystallizing said reaction mixture under conditions effective to produce

said ZSM-48.

2. The process of claim 1 wherein said reaction mixture has an H,O: SiO, molar

ratio less than 30.

3. The process of claim 1 wherein said reaction mixture also comprises a source

of sodium cations and has a Na*:SiO, molar ratio less than 0.2.

4. The process of claim 1 wherein said reaction mixture also comprises a source
of  further diquaternary  alkylammonium ions having the formula

(CH3)3N'(CH,),N"(CHs); where nis 3, 4, 6,7, 8 , 9 or 10.

5. The process of claim 4, wherein said reaction mixture also comprises a source
of  further diquaternary  alkylammonium ions having the formula

(CH;3);N"(CH2)6N"(CHs)s.

6. The process of claim 5 wherein the molar ratio of total diquaternary

alkylammonium ions to SiO; in the reaction mixture is less than 0.1.



aqueous reaction mxture conprising at |east one source of silica, at |east
one source of alumna, at |east one source of hydroxyl ions, at |east one
source of first diquaternary al kyl ammoni umions having the fornul a:

(CH3) 31\ 1( CH2) 5N(CH3) 3 at | east one source of second di quaternary

al kyl ammoni um i ons having the fornmula: (CH3)3N(CH2) N(CH3)3 where nis 3, 4,
6, 7, 8, 9 or 10, and optionally seedpgrystals. 12. The process of claim
9 wherein said second di quaternary al kyl ammoni umions are

(CH3) 3N(CH2) 6N+(CH3) 3. 13. The process of claim9 wherein said reaction

m xture hag a Sh§Z; 3 .ar I than 100.. - 25 - 14. Th
process of cl ai 21% P Cégr)se?f{r;s?%l e1 ?rvgi%llaeir}] %aa(?;é%ndrl(}fo ntsﬁlggbs)dﬂglgge ? ffanReratage ot

di quat er narhowllR§tGrnabout(°Crfsr atithetofiabeednd abhigaad avmar y al kyl ammoni um
ions to Si02 in the reaction mxture is less than 0.1. 15. The process of

claim9 wherein the reaction m xture conprises ZSM 48 seed crystals. 16.

The procesg of ¢hahMcis WL%E@/P &H%Se#ZﬁM r%§%§)%qﬂg(3|5rggbﬁ%ﬁs@srfsﬁr¢?8s %&1 in an

anount between about 50 ppm wel ght to about pm by wel g of the
reaction newystalse. 17. The process of claim9 wherein said crystallizing
conditions include a tenperature of about 120C to about 200C for a time of
about 12 to about 200 hours. 18. A nethod for dewaxing a hydrocarbon

f eedst ock, 9cONDThE RGOS @G BOwhASInHE AMAUBAR A REABIOGK Madek jdepaxi ng
conditions with ZSM 48 prepared by the process of cl'aim 11l where the ZSM 48

material i MeWHtbebveanhabant t58r ppre doyawelgh itm gbowt $0.60b ppusbuveight ad] the
crystal i ng, pgRRRkeay-

10. A method for dewaxing a hydrocarbon feedstock, comprising contacting the
hydrocarbon feedstock under dewaxing conditions with ZSM-48 prepared by the
process of claim 1 where the ZSM-48 material is further characterized as having both

fibrous and needle crystalline morphology.

11. A process for producing ZSM-48, the process comprising crystallizing an
aqueous reaction mixture comprising at least one source of silica, at least one source
of alumina, at least one source of hydroxyl ions, at least one source of first
diquaternary alkylammonium ions having the formula:
(CH3)3N"(CH,)sN"(CHs)s
at least one source of second diquaternary alkylammonium ions having the formula:
(CH3)3N"(CH2)»N"(CHs)s
wherenis 3,4,6,7,8,9or 10, and

optionally seed crystals.

12. The process of claim 9 wherein said second diquaternary alkylammonium ions

are (CH3)sN"(CH,)sN"(CHz)s.

13. The process of claim 9 wherein said reaction mixture has a SiO,:Al,O; molar

ratio less than 100.
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14.  The process of claim 9 wherein the molar ratio of the sum of the first
diquaternary alkylammonium ions and the second diquaternary alkylammonium ions

to Si0; in the reaction mixture is less than 0.1.

15.  The process of claim 9 wherein the reaction mixture comprises ZSM-48 seed

crystals.

16. The process of claim 15 wherein the ZSM-48 seed crystals are present in an
amount between about 50 ppm by weight to about 50,000 ppm by weight of the

reaction mixture.

17. The process of claim 9 wherein said crystallizing conditions include a

temperature of about 120°C to about 200°C for a time of about 12 to about 200 hours.

18. A method for dewaxing a hydrocarbon feedstock, comprising contacting the
hydrocarbon feedstock under dewaxing conditions with ZSM-48 prepared by the

process of claim 11 where the ZSM-48 material is further characterized as having

both fibrous and needle crystalline morphology.



