SYNTHESI S OF HI GH ACTIVITY ZSM 48 FI ELD [ 0001] This
invention relates to the synthesis of high activity
waSMoAss7and its use as a catalyst, especially POTAURE®08/010855
dewaxi ng of hydrocarbon feedstocks. BACKGROUND [ 0002]
ZSM48 is a zeolite wth orthorhonbic or
pseudo- ort hor honbi ¢ symetry having ten-ring
non-i nt er coOSYNTHESIS OFERIGH 0T VITYO ZSNIds|
di mensions are 5.5 x 5.6 A ZSM 438 has shown
attractive properties as a catalyst for the dewaxing
FIELDydr ocarbon feedstocks, see for exanple U S. Patent
Nos. 5, 075,269 and 6, 884, 339 and Internati onal
Publication WD 01/64339. As a result, there is
[0061si der abhis inneaties relatesftortte ﬁgntﬂ'i\éwsmé“tmgblgcawty ZSM 48 and
.. synt hesi zij ZSM 48 and, particu
ity e FAARAY Spegiallyaithr Qewaaswgs?ﬁl Rdegrion etpeks
rati o). [0003] ZSM 48 was first synthesized by
Rol I mann et al. using a Cto C organic diamne as a
BAICKGROVUND ecting agent, see U S. Patent No.
4 423,021 . As synthesized by Rollnman et al., the
zeoI ite contained little or no al um num and so had
ittle acid activity. [0004] Synthesis of ZSM 48,
loﬁ%ll n w t BS¥#8gis 3i 79alite t‘ﬁlﬂaIQ}ﬂ?‘-ﬁho i@ 0Ty RYGUgO- q>r,t,horhomblc

oS B, o b A W o
didfssiddiedrd B 45556 %emZSMa484’h§97sh%%7n afdadtivel Peoperties as a

presence of bi s(Nnethylpyridyl)ethyliniumcations in

cdthiSst Fat eht ddwaxin@86f Tdr¢bod foedstolad, este Far example U.S.
5,961,95 1 discloses synthesis of ZSM48 in the
Pzpp@tgelﬂgg OAUSH H?Pe@gddﬁa&ﬁé};@%Sanqﬁelntematlonal Publication WO

013/%49% UAs glréseu% thereR° conmmvﬁe 1nteresr} 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 C4 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 C;; 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.



broad definition of the reaction m xture requires a
silica/alumna nolar ratio of, at | east 100 and the
woriog/osscanpl e for which the conposition of theP@BNBZBS/010855
product is cited, Exanple 2, reports the
silica/alum na nolar ratio as being 170. [0006]
Eur opean Patent Publication EP-A- 1423 17 di scl oses
[0995)t hesi sUCS. E&tent No.n506¢ 95ledBokseofsynthesisi of [ASMa48 in the
di quat er nary conpounds havi ng the general fornula:
prcgence eftetimylang Riamdne:jag )Xhy ostructuer-dineasingh agent. s Hewever, the

oo R BB IE Rt S SR i o
|
o 30 Fob 2 6 U8R, PLATPLETERIH n FaERSIRAE Yt vt

prodast it dikd2BxempkoD, RipORs thé BilRlakaimieNfMolr ratio as being 170.
het er oal kenyl ene group having from2 to 20 carbon -

atons or an arylene or heteroarylene group; mis 5, 6,

8, 9 or 10 and X is an_apjon, EP-A- 1423 17 reports )
[0p06): ¢ he gurrqn?analfq}ﬁvhgugfh%nor} E«H—é—llfﬂz%lﬂe diseieses qynthesis of

' r. S t ke . ' I rval .
2SN P en of RARbid PReft OfTuBinat SoauBiay, Rving the
g4l Tormiala: 6, 923, 949 di scl oses pure phase ZSM 48

crystals having a XO2 23 ratio of |ess than about

150/ 1, where X is d(RNgNSZ)pp@R NG (X5 Ge, preferably
. Si,.,and Yis at least one of A, &, B, Fe, Ti, V and
inzwhichy eachr Rp|iy an alkyher thetaropkyingreme Hovie fieanlata 80 carbon

Lpuri ties havin i.ameter, of less.than about 1
ety 3,5y Sro R abBFREN ) Gonpdivine fbyf oLiP 6 carbon atoms

I : L&l s | Zd .

o B arctort Ry MBORp, 2% i B BUSTEUE) Bk €oF having
froranpl tat 20 nairbon altorns) ant flidefylone wrgh¢terodlképdéne group having

di gﬁ{at ernary al kyl ammoni um conpounds and | inear
fremahtond0 garbaneaiomsrar ancarylenstorhetenoatyleroRraup; mis 5, 6, 8,9 or

10 and X'is an anion. EP-A-142317 reports that the silica/alumina molar ratio of

the reaction mixture must be at least 100 since at lower values a different silicate

framework is produced.

[0007] U.S. Patent No. 6,923,949 discloses pure phase ZSM-48 crystals
having a X0O,/Y,0; ratio of less than about 150/1, where X is at least one of Si
or Ge, preferably Si, and Y is at least one of Al, Ga, B, Fe, Ti, V and Zr,
preferably Al, and free from ZSM-50 and Kenyaite impurities having a diameter
of less than about 1 micron and being substantially free of fibrous morphology.
The material is produced by crystallizing a reaction mixture comprising at least
one organic template material selected from organic linear diquaternary alkyl
ammonium compounds and linear diamino alkanes, and heterostructural zeolite
seeds selected from ZSM-5, ZSM-11, ZSM-12, colloidal BEA, Beta, X and Y

zeolites.  The Examples employ hexamethonium chloride as the linear



seeds selected fromzZSM5, ZSMI | , ZSM 12, coll oi dal

BEA, Beta, X and Y zeolites. ,The Exanpl es errpl oy
weooast7ioni um chl ori de as theé |ineardi quat er nBE€HUSIRSD10855

amoni um conpound and produce ZSM 48 crystals with a

Si 2/ Al203 nolar ratio as low as 67.7. [0008]

I nternational Publication No. WO 2007/07052 1
diduaereagsalkyhbhesosivaf campomndsind produeerif$M-48 cZgitali8with a

crystals having a silica:alumna nolar ratio of 110 or
SiQuAlhanolas ratiees dowWeeH775M 48 crystal s and free of

ZSM 50 by crystallizing a reaction m xture conpri sing

an aqueous m xture of silica or silicate salt, alumna

[0\%86]al urmi nﬁg%ﬁbbal ﬁﬁﬁﬁ'@f&oﬂhg aidOW(?‘fbﬁlkﬁkbloP@sS?ynthems

eint reactiron m xture hef | owm n

off at mﬁpoﬁtlbnc(aorabﬂmnrgazmaus l’:laistaﬂs fHawing Q tsmca:laﬂumma molar
base:silica from0.1 to 0.3 and hexamet honi um

ra@al of 10 joc dedsrtbat s ﬁtetqf 0B SMrddderysiatmand free18SM-50 by
tals with a siljca.alumna.nolar ratio as | ow a

Crg a F@n%x%rfﬁﬂ?tf‘?rbdmx[t@'@og?mlpﬁlsg’fg APt PFYLOUSH KUy of silica or

LN t 0 t
SRV AP Aol 0 e o Ay e
w}%:xteli‘n fhe-re'éctl@n ﬁﬁxﬁir& Hak Yhe foll dveinlal rﬁ@la@!}@ﬁbs" s,111ca alumina molar
M cr oporous and Mesoporous Materials, 68 (2004),
ratio- t0r, 7Gd0d-16o base sBicaafromdédctoi 68 arick heXziraetlmnuim salt:silica
synt hesi s variabl es,. especi al Iﬂg the typ

and.
fromn@ it 1oa@03n Broduciian; olcABMsAS wpistalseWiliad silicazalumina molar
tivity,of zeol it rystallization in the presence
raglpaﬁ/ggwoq % ?eepfe(%%l ﬁffgre n varies between 3 and 10.
In partlcul ar, Song-Ho Lee et al. report in Table 2
that wwth a synt hesi s m xture contai ning Me6-di quat-5

[0608] havi nin am agtidle ceahalledmkeanmhgatiomuhm thie s@athmds af zeolites
diquat/silica nmolar ratio of 0.1, ¥stalllzat|

using diguaternany alkglap@eniwa iops/&d): Mol GH2 kb (GHoY; Wit n = 3-10
P e e HE PEeST. Ao p 2t RSO CBluerials, 68

(200431797-104, 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



ratios of 0.6 and 0.73. At even higher OHVSI Q2 nol ar
ratios, the product is nordenite and/or analcine.

W(D@@!(D];smccor ding to the invention, it has now@EE/2008/010855
found that, in the synthesis of hi gh activity ZSM 48
usi ng l\/b6-di quat-5 as a structure-directing agent, the
diquat/silica nolar ratio is a critical variable

saleqivdty i thee prodsasel Roreowvery ibfhashbegt oﬁdxund that by using a
Moreover, it has been found that by using

corphisiatian efnMsk-digeat? aadt s@w%&aﬂ ﬂéﬁj&fﬂ@uéﬁsdﬂﬁ@mg agent,

struct.ure-directin ssi bl e to exer
it 3R RO QL X B el oty B TRERIGEY Bl iR FefiAst Zsm-48
m? %gdals. SUMVARY [0011] In one aspect, t he present
rnvention resides in a process for produci ng ZSM 48,
the process conprising: (a) providing an aqueous
reaction m xture conprising at |east one source of
SEUMMARYat | east one source of alumina, at |east one
source of hydroxyl ions, at |east one source of
di quaternary al kyl anmmoni um R2+, ions having the

Bi’f ul a: - {CHE)SINE nésai 2}1%\"* eélrgé@ﬂ M}t%t Iy Jiﬁ‘xj-:é anﬁegrocess for

tal s, wherei ure

&)ﬁﬁ'@ ZSNR48 NGleYstobesst @ihgW ng nol ar rat| 0s:
P iglgg|C)2lessthabt§1iL 1S|C% gCBIessthan 100 OH :

Sl OZ(d)essptdvadnng 2n mo(lb)reactycsn ahlx¥taiengoswiriding at least one
reaction. m xt under cond}, ons effective to pr odtulgl
SQLECG| OF gﬂ;c,gg at east one source of alumina, at least one source of hydroxyl
ions, at least one source of diquaternary alkylammonium, R**, ions having the
formula:
(CH;);N"(CH,)sN"(CHs);
and optionally seed crystals, wherein said reaction mixture has a composition

including the following molar ratios:

R?**:Si0, less than 0.1
S10,:A1,04 less than 100
OH: Si10, 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*":SiO, from about 0.01 to about 0.05
Si0,:Al;,04 from about 50 to less than 100
OH": Si0, from about 0.1 to about 0.2.



[0012] Conveniently, said reaction m xture has a

conposi tion including the fold ow ng nolar ratios:
WOR2009/885220 f r om about 0.01 to dbout 0.05 Si O2: APQIBSTNLMOSSS

about 50 to less than 100 CH: SiQ2 fromabout 0.1 to

about 0.2.[0013] Conveniently, said reaction m xture

has an H2O SI Q2 nolar ratio |less than 30 and in one

[001Bpdi nenCoalveniendlyp saideastion miikeurethasoati HyOe B8iOgnaolar ratio
typically such that the m xture has a Na+:Si Q2 nol ar )
lesaithan Beandtingenepembopnant] alsp gomprisas laysouseg @f sodium cations,

AL SRAPY! e PR oo On U A A1 AN 02
(CH3) 3N+(CH2) NN+(CH3) 3 where nis 3, 4, 6, 7, 8 , 9 or
10 and especially where nis 6. [0015] In a further

[0B3PECt , t TRnRERRAMY, isAiEREARIdN AHKARE dlSo odii®sSa fdurce of
produci ng ZSM 48, fhe process conprising crystallizing
fuatheaquedigvatesaaryi onalkytammengwmpr i ginsg ahaviegst thee formula

re sjkjca, at |east one _squrce of_ alum na, .
GG hgraoyt % 6nds 8 ob FeLanGruesi hewhere n
is%f first diquaternary al kyl ammoni um i ons havi ng t he

formul a: (CH3) 3N+(CH2) 5N+(CH3) 3 at | east one source of

second di quat ernary al kyl ammoni um i ons havi ng t he

formula: (CH3) 3N+(CH2) nN+(CH3) 3 where nis 3, 4, 6, 7,
[0815] 9 or @D aafwithes pspeet] lte ipsesent amendioni resaddsyin s @edcess for

crystals. [0016] Conveniently, said reaction m xture )
predycings/SM A dhe prosess spmprising 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"(CH;);
at least one source of second diquaternary alkylammonium ions having the
formula:

(CH3);N"(CH,),N"(CH3)s
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,



| ess than 100. [0017] Conveniently, the nolar ratio of
total diquaternary al kylammoniumions to SiQ2 in the
WO e@enB8m0 i xture is less than 0.1. [0018] | n Bd1/U8008/010855
t he above enbodi nents, the reaction m xture preferably
conprises seed crystals, nore preferably ZSM 48 seed
crystals. Conveniently,the ZSM 48 seed crystals are
ther ZSPR4 8 isecd rerasmlsniredpicseetnine B Wm atht [stween Vdbiog b t50t ppm by
about 50, 000 m by wei ght of the reaction m xture.
weight &4 alilaut\/iéhg ppm by Meelglnwﬁthb readtiop woxigre.i ons
i nclude a tenperature of about 1200C to about 2000C
for a tine of about 12 to about 200 hours. [0020] In _
a fur ' & Hols) [ '
[Og%nlet hod ?BS{/ Jﬂ@ﬂﬁ ’n%lea stgpgzélgg%g 1¥§>§g {? Egsa t%?rfpelr&ure of
abioRAMR0OSC 78 abBit 20090 Gort ahﬁrﬂéy&f Aot 1210 fa08d6 206 hourder
dewaxi ng conditions with ZSM 48 prepared by the
pr ocess descri bed herein. BRI EF DESCRI PTI ON OF THE
0021] ure Ais an X-ray diffractjon
lﬂﬂ%mt er n yelea afgnglymam%q tzEhe presemicinvsntien gkpides in a method

w57 S Byen SRR P L A hyavocaron

fe[aﬁ%&l Urdy! devidkihg EShditbRY vG'l'tPi fzmmnpregawe Ofhe process
e as-synthesi zed product of Exanple 024] |gur

deabribed heedimnni ng el ectron m crograph (SEI\/p of the
assynt hesi zed product of Exanple 2. [0025] Figure 3A
is an X-ray diffraction pattern of the as-synthesized

BRIRFSESURBFIBN 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.



[0026] Figure 3B is a scanning electron m crograph

(SEM of the assynthesized product of Exanple 4.[0027]
wWo-2@a0s874A i s an X-ray diffraction pattern of PEEUS2008/010855

as-synt hesi zed product of Exanple 5. [0028] Figure 4B

IS a scanning el ectron m crograph (SEM of the

assynt hesi zed product of Exanple 5. [0029] Figure 5A

is an X-ray diffraction pattern of the as-synthesized

product of Exanple 6. [0030] Figure 5B is a scanning .
[0822kt r on HigtwecftApls pseXpraptdifivactien patteesofethepavaythesized

of appl e 6 0031] Figure 6A is a graph of n-decane
pr@&%%?@ﬁ%ﬂ“ﬂlfa&nst tenperature in the n-decane

i somerization process of Exanple 8. [0032] Figure 6B

is a graph of iso-decane yield agai nst n-decane

[0028)er Si ORiguie (4B i§- 4l &eansings eleetrod ahﬁaaﬁmmp@Emf of the as-

Exanpl e 8. DETAI LED DESCRI PTI ON [ 0033] The present
syinthesmzadoprodecdof Examgple b. a process for produci ng ZSM

48, especially high activity ZSM 48 having a silica to

alum na nolar ratio | ess than 100, and to the use of

resul 8 . ' [ .
o188 e e S AR X RaS TS BB s, psmuyhesized
prédWtSt ERapRdsiced by crystallizing an aqueous

reaction m Xxture conprising at |east one source of

silica, at |east one source of alunina, at |east one
source of _hydroxyl, ions, a directing agent conprisi ntg
[0830) east Bigdrg o} de ascammng; glgelron misiegraphs SSEM) of the as-

tred t erekn aspenat amet honi umions, which are
S}I&ﬁ&%&e rl?{gﬁyaa‘ﬁ%f%’ﬁﬁgen ‘'um i ons having the fornul a:

[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



(CH3) 3N+(CH2) 5N+(CH3) 3, and optionally seed crystals,
wherein the aqueous reactiongm xture has a conposition
WO p@bosimy the followi ng nolar ratios: R2+: Si QCT/@S®08/010855
than 0.1, such as fromabout 0.0 1 to about 0.05
Si 2: Al 203 | ess than 100, such as from about 50 to
| ess than 100, and OH: SIiQ2 less than 0.2, such as
pémtarmethomimOiohs) ovidtloatre diquat¢rd@nbhlksdaanmeddiym tdns having the
reaction mxture also has an H2O SiQ2 nolar ratio
forgwdat han 30, or even less than 20, so that higher

yields of the desir can be produced.
I n one enbodi nent, fﬂgﬁ%é@%w&%e al so conpri ses
f [ fi £ ViNeC u
ot SIS o508 SR, GRS St Mt e s

cdmposifiof indlading theuollewdhig seslatimatioons is sodi um
hydr oxi de, ,whi ch of course al so provides a suitable

source of RAy8iQxy!l iessghang 0036hchras fiosasbewtrD.Ail te @beut 0.05

preferably. contagins seed crystals, typicall ealite

seed crysé%ﬁ% B &Sﬁftg?%maoﬁuc?k?érﬁg@a%#a?MF% than 100,
pe as ZSM48. More preferred seed crystals are
M 48 seed crystals. If used, the ZSM 48 seed

crystal s @re: 9rRper alidsy thal0D, sack he framyabost 0.¢as6tabont 0.2.
m xture so as to be present in an anount between about

50 ppm by weight to about 50,000 ppm by weight. In
OB e, Bomenls s b Syt sl G b i
el S 6 SV SRR SncBel R SiellF sty RhirbiZsMa8

pro@LBCiAH Herpitdacad. R 8REUMbYGnHnt, HAE RadlibhCaiik@ire also
alumna nolar ratio | ess than 100. '

comprises a source of sodium cations, typically such that the reaction mixture

a

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



[0037] Any reactive formof silica can be enpl oyed as

a source of silica in the prgsent reaction mxture,
wawaob/osaTid abl e commerci al |y avail abl e mat er i al BOBUSIH08/010855

fumed silica, precipitated silica, silica gels,

silicic acid, a tetraalkyl orthosilicate, or an

aqueous col | oi dal suspension of silica. In general,
béingefuraed i siHcap pesvipitated asitical sllrt:aprgeth,lcélhgchSMd%a tetraalkyl

with a lowsilica to alum na nolar ratio and hig
orhesitigate] 0038] a@ianusa¢alioidangsuspeasionvef ﬁmcm oln @eumaﬂ»aﬁlmed

SEERaBee A Ep R DAL B Ay s ot

a?i n alum numsalt, such as al um num
r dt%tgﬁgr eltgr eferred. Other suitable sources of

aI um na i nclude hydrated al um na, such as
gamma- al um na, pseudobohenmite and coll oi dal al um na.
[0DB8I39] Th8irsdanlg.cany rwaﬁa‘da doran - alonzing ncalnhbe regaployod as an

m Xt ure can e a read avai l@!%h genta onji um
alygipa sQykss, aih ganeral, y'walseepliblg s UIgES OF GluTgngRuch as an

alﬂ*rﬁé%g](% an gfuéﬁﬁ%ﬁ@fthgﬂhu% thfq)ru?ﬁ( 'n?t‘f‘ate[ gloe4gxleff:rred Other

esent’“synt heSi S process can’

sufable §@urce§ ofldfimid RSuds n%&%t&f‘hwrﬁffnh%ﬁé}f 8s gamma-alumina,
directing agent, in sone enbodinents it nmay be

pséadobalhnémntbandmpllogdaﬂahmtnﬂe of Me6-di quat-5 ions
with at |east one different diquaternary amoni um
conpound as the structure directing agent In this

OBFD} or muF Bt SuRsPQ HVAeE B Siohs STRE AU ERTRRALR, (b any
reﬁﬁﬂ? %b@iléﬁfle'p%nﬁamé_ﬂﬁ%nf@ﬁ SHitosah & £afHaliel §sp’é|c§£l¥ a dlCthI‘lde

referred to herein as the hexamethoni um cation

orl dibremfdey oel pthtamdionisimn ditsidedxidem xt ur e of
di quat er nary anmoni um conpounds, and in particular a
m xture of Me6-diquat-5 ions and Me6-diquat-6 ions, it

OB, P50 i U B e G A3 o bO TS 6 i

diquat-5 ions as the only structure directing agent, in some embodiments it may
be desirable to employ a mixture of Meg-diquat-5 ions with at least one different
diquaternary ammonium compound as the structure directing agent. In this case,
the different diquaternary ammonium compound has the formula:
(CH;3);N"(CH,),N"(CH3);

where nis 3, 4, 6, 7, 8 , 9 or 10 and especially is 6. The Meg-diquat-6 cation is
also referred to herein as the hexamethonium cation. Thus, it is found that by
using such a mixture of diquaternary ammonium compounds, and in particular a
mixture of Meg-diquat-5 ions and Meg-diquat-6 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.



nor phol ogy that is obtainable with either diquat

al one. For exanple, although 6-di quat -5 al one
wappeasss4t o favor the formation of ZSM 48 wi t hPEEEE1068/010855

or fibrous-Iike norphol ogy, a m xture Me6-diquat-5

ions and Me6-diquat-6 ions seens to favor crystals

wth alower length to dianeter ratio.[0041] Were a

[004KE ur e ofWiMdr6-alhtiMaire ofl MRg-diqudt- Aionseadth ankeast one different
di fferent di quaternary anmoni um conpound is enpl oyed
dlagaten@arytammmncnmmundglsmmoyed l38 the sipctuse diresting agent,

thgI pgrdl 62(@ i d af]t%':}l ||a§/df§faf§tﬁrqq§atdlfferent

t.l 0] f e
AfEarh %%@Eﬁa %ﬁﬁ% lso%e(ﬂéf%)o?e%‘%%r thatMepiipat-5 ions
repidxent 10% oS0 MEST e qoRl dﬁ;ua@éiﬁa@n@lkymrﬂmmdrﬁaahs OMoreover,

di fferent diquaternary ammoni um conpound present in
thehtotakeamownt of thenMetdiqualr§ alogedand sandtatt keastrodrer different

ratio of total  diquaternary al kyl a niumions to ?
diqyalegaaryammopium qosgaein d?w&semy@tmpﬁ%n%w generally arranged
sEBRFT ARbRER hF Ao B ER A ARG Bh Tpus by SFOY is tess

thaROut. 1200C to about 2000C, such as about 1400C to
about 18Q0C, for a tine of about 12 to about 200
hours, such as about 20 to about 120 hours.
stalllzatlon can be carrjed out at either static

[0943/1 pr ef eFBeIoyystatlizatien copditionsonsed i thes prasgpt process are not

clf) gtcg)ﬁltr\égpﬁg}%tlﬂ)gqqe@ dngﬁldgi(agfgn gg&g? )é’gl 2%t §36°C to about
2@”@%@1‘{ 88 ab¥EN4¢7QY 86 @bbhZ PE0° fbF a IRHP |o?taﬁouf P2 to about 200
M 48 product Is separated fromthe nother [iquor,

h(mtp,l aiehlag dbout 20t toadbionn 180 homind.r C&ytgahgatlan @an be carried out at
recovered. [0043] The ZSM 48 produced a§ t he present
ciyes stie @re@éef&ralglyn%tm% sonditiopdiinmg swdtakle cetmms\rqssdn such as

fobréle%‘%éasp(ﬁz’g}%e Ze?;ir%or%w%’ ﬂwc?&ggalg{le& 3tee] 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 to <0.2) My, : x AL,O; : 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.



where R2+ is one or nore diquaternary anmoni um

conpounds i ncluding Me6- diguat-5, Mis at | east one
wabdoaloss7er al kal i metal cation of val ence n, eBEBUBEN$/§10855

sodium and x is greater than 0.01, typi caIIy 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 prpskksl has an X-ray

diffraction pattern including the lines set oyt in

Tabl e 1 Hel ow. Ta@l(é)l [004=]Iia1ataselwns;éis(lﬁk>r)e

det er m ngd—by "nu techni qucs Fhe—radtatHon was
t he K-al gha doMﬂ(g o? coppe and“é\l%ffractcrreter
equi pped jwrtth C IIdlIUII coun th=a Jtrip
chart pen reco 824'?2used The peakwhl\élimghts, iintensity
(1), and [the pesifigops as flunction qff 2 tines |theta,
where thdta is the Bragg angle, were read fromthe
spectromgter ch@+0.08omthese, theuwsl ative
intensitijes, 100 T/1a, wherle 1o is the intensijty of
t he strorjgest Bi9e 008 peak,| and d (¥M$s.), the

interp| anac cnnr\l ag—iA—A nrrocpnnrll Ag to +h

g

recorded l i nes3 6v\*éiv()e()?Cal culjated. | nWabI e 1l the
rel ative pntet regiven—+ntemsof—thg synbol s
Wfor wegk nglofav(gty strlong and S for
vveak-to-strongz R5epFpei Ng gn the cafgonic form). lon
exchange |[of thée sodiumion |with cations revealls
substantially the same pattern with sonme mnor shifts
in interplanar spacing and variations in relative

[0D45]ensi tyThﬁehe'alunsnovereadetarmmmi dan starglard disobnigjues.  The

particul ar

ragmﬁltﬁpqgwgs'a'@'evﬁrq pha donblet O coppgennd @toﬁtfl?@@@@n%eae& ¢@HRRed with
a %) iftfil (% colugtg? Wit 8% %‘é? %4§ Borg IId \%f tut§<§d P% %?btak heights,

_oce general I'y con e Feact
intBn$ity (@), aiHd 8RR POSitBhS s rtﬁﬁaué@s)fag tﬂn@@ksfhe@@}r\bhé‘xle 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). lon 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



dehydration before being used as, for exanple, a
catal yst. Dehydration i sgen_efzaj |y achi eved by heating
w0 b@oassisynt hesi zed product t0 a tenperature iPCTL/H82008/010855
range of from about 1000C to about 600C in an
at nosphere, such as air, nitrogen, etc. and at
at nospheric pressure from between about 1 and about 48

gdivdldy ablsbyed alilwatingrthalassyhehasidegsroddctago & eanperature in the

tenperature nerﬁ’leal 2%/ placing the ZSM48 in a vacuunl1 .
rapge of Ifiomgyeabauit nE0G°E rteqabh s doO G inaam aimospherei sneh as air,

kG Racifs G AMASPREHE ANRSUER o5 BeRACTIARRGY 49 ghout 48
AT AR, 4585y 5 By ey

plaemigattey ZANILAR TR Rrch @D bt apflpﬁ%a QgAY gediicl tdlobtain a
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suffiaiene hmonint bhidehydratiohar si eve open for contact with
a feedstock. The activation process is typically
acconpl i shed by heating the as-synthesized ZSM 48
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dig% %rgomﬁ{dﬂim mﬁohﬁ@ﬁcﬁkd%_eﬂﬁ 8f6cténgagént in it synthesis

uced by the present process is to be used as a
ambhahystpriot toragebehed psoduadtl is narneadhybactivitbé tBSkemBval of the

with another material resistant to the tenperatures
orgaticomatarial o leaving AstivrpriGhr pitesoMatinm che srigeeparens channels

ocesses, Such mategrials. incl.ude catalwticgally.active
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teRfpepatuheof Avin aBbuty2 ALty Aent@00°PC, hbeméally rim die presence of an
gel ati nous precipitates or gels including mxtures of
oxyigenecordaaingeas. oxi des. Use of a catalytically active

material in conjunction with the ZSM 48 produced by
the present may inprove the

[0048] Where the ZSM-48 produced by the present process is to be used
as a catalyst, it may be desirable to combine the ZSM-48 with another material
resistant to the temperatures and other conditions employed in organic
conversion processes. Such materials include catalytically active and inactive
materials and synthetic or naturally occurring zeolites as well as inorganic
materials such as clays, silica and/or metal oxides. The latter may be either
naturally occurring or in the form of gelatinous precipitates or gels including
mixtures of silica and metal oxides. Use of a catalytically active material in
conjunction with the ZSM-48 produced by the present may improve the
conversion and/or selectivity of the catalyst in certain organic conversion
processes. Inactive materials suitably serve as diluents to control the amount of
conversion in a given process so that products can be obtained economically and
without employing other means for controlling the rate of reaction. These

materials may be incorporated into naturally-occurring clays, e.g., bentonite and



conversion and/or selectivity of the catalyst in
certain organi c conversion pgycesses I nactive
woriensshe suitably serve as | uents to cont rBCT/URM08/010855
amount of conversion in a given process so that
products can be obtai ned econom cally and w t hout
enpl oyi ng other neans for controlling the rate of
kaoths to dmprdvedr drask sirehgthnefytheecatalysy ynodertcenmetaal operating
natural | y-occurring clays, e.g., bentonite, andkaaolin,
canglitipns. ovvachyaatariadhi. gwéwswxo@esr,rfréc crftl’éﬁty(’ﬁ agkupders for the

Such
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r ocessin These cl a der s, have been enpl oyed for

Ok IRPrRYHiE'EE BHS ﬁtﬁ?flﬂ?%ﬁgltgﬁéa@b@h strength of the
catal yst. [0049] Naturally-occurring clays which can
be conposited with the ZSM 48 produced by the present

[op4®cess | NahitdBy Geehfg ki Q'Wlﬁcﬂ%ﬁnhﬁ%drﬂﬁéﬂtﬁd with-the ZSM-
These famlies 1nclude Subbentonite and kaol i ns

4§ prochicked Hyntbrmprasermproeess IVhNadeenomamr@ilmimwalnd:kao]im damilies.
clays or, others in whic he mai n m ner al opysimt uent
Th%sehﬁamwg.lﬂ@ludrea%qlﬁbﬁnmne& and tkaolipg commonly known as Dixie,

VBRI sOR A Y ToiRE, Iy Rl 25 VA" U ok minera

cdiﬁhﬁle‘i‘l@tli ‘Piﬁllo?é’ltéj KaoBiaiteBdlckMe, BETICC d ambkité, Cgdcﬁ"‘clays can
Bi nders useful fdor conmpositing’with the ZSM 48 al so

be nsdduihethienamg atate aoorigiisallynotindd wr aitiallp subjdddE&dio talcination,

addltlontotheforegO|tgmaterlals the ZSM 48 )
agid depabmgnbr chemiea sapdifiagions s Binderp aise BHpies i compegitimg with

o AR iRt o eaic, SHiags o Ry AIERIor |,

silica-beryllia, silicatitania as well as ternary
conmpositions such as silica-alumna-thori a,
[0050]i caal uln addition to the foregoing materials, the ZSM-48 produced by the

present process can be composited with a porous matrix material such as silica-
alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-
titania as well as ternary compositions such as silica-alumina-thoria, silica-
alumina-zirconia, silica-alumina-magnesia and silica-magnesia-zirconia. The
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



zirconia, silica-alum na-nmagnesia and

silica-magnesi a-zirconia. Thg relative proportions of _
wo 20ve/0987dé vi ded ZSM 48 and i norgani ¢ oxi de gel POEUR1008/010855

vary widely with the ZSM 48 content ranging from about

1 to about 90 percent by wei ght and nore usually,

particularly when the conposite is prepared in the
intardeddor ieads ,a hydroberboandevdxinghcatadydt. 2Mith sshuan @pplication,
. percent. by weight of the conposite, [0051] The ZSM 48
it maydbe desithleiemplan the Zﬁ‘éd‘{gﬁl epmbinasiopeyith Avaetal component
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rhefliphnali¢le), Wobhlta dhrbaliuonpangmeseaabhenoble metal such as
providing the catalysts with a . .
plhtinvmgerpaliadiume Suhhogpampenant canbetaxshang indoitlee pemplosition,

. conmponents include tungsten,. vanadj um . npl ybdenum,
imERRAIRG APEIRE) . OF oBYSICAIBh NI AtERede, (hgfevith.  Such
I [ | adi .
e bR AR ET BT LR RE PR ALRHRRHER b, in the case
of glﬁfiﬁﬁﬂ@ttﬁ@tihgewﬁhra S1ulbN Toddihng platifBiCmétABrt&fing ions.
therewi th. Such conponent can be inpregnated in or
Thous, oswitatdeic platimuni ocompanpdse, inbludei whidreplaisdc ofcid, platinous
lﬁlgqati num treating with a solution containing platinum
chigiide apd NRHPHS RGMPSHEIS ¢pRidINing theplatingmyamayipe complex.
conpounds i nclude chloropl atinic acid, platinous
chl oride and various conpounds containing the platinum

0052]1 ne coplafyst doRHiAin MR proRiicad 'HyntheZ r

[ p?zg]duced by fyl’?e presenth%;socg?spare partyrculg}r\éls)é/ﬁtpocess are

partiedlatlyi nsdfok idethexidewaxitglcattlgstofof lise @il basestocks. Such
basest ocks. Such feedstocks are wax-containing feeds

fegddocksoiare | wax{senfaipinge 4e9dsq that| bernige the ylybeigating oil range,

N T R R R R S Y C—
by R8IM TH86R5 ASTM E524F70NSGHHEIS &Y 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.
Slack 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



sources such as oils derived from sol vent refining

processes such as raff nates;c partially sol vent
waelewanssi4oi | s, deasphal t ed oi*s, distillates, REDUSNS/010855

gas oils, coker gas oils, slack waxes, foots oils and

the |i ke, and Fischer-Tropsch waxes. Preferred feeds

are sl ack waxes and Fi scher-Tropsch waxes. Slack waxes

kRd €00ytoi 2300 psighrligiad Houeln spade velodities froarabdut 0.1 to about 10
spl vent or propane dewaxing. Sl _3ck waxes contain sone
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Example 1
Preparation of High Activity ZSM-48 using Diquat-S 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:

SlOz/A1203 . 102
H,0/ Si0O, : 20

OH'/ SiO, : 0.17
Na'/ SiO; : 0.17

Diquat-5/SiO, : 0.02



[ 0055] The invention will now be nmore particularly
described with reference to e following non-limting
wE@apbsss0 Exanpl e 1 Preparation of High Acti vPCHUS2008/010855
ZSM 48 using Diquat-5 and Low OHVSI 2 Ratio [0056] A
m xture was prepared from 1040 g of water, 45 g of
Pent anmet honi um di brom de (50% sol ution), 200 g of
[0057) asi | Fheimixtufel wais afeastedi atn3 20°Fn{ Itt°€)siml ait2-hter autoclave
(459, and 36 gg of 50% sodi um hydr oxj de sol ution.

wihstisfing it 356 édsfomés% hewrsd The prduet wyas filterpde washed with
oo AT TR kG btip 9 5T 35288 37 bb R e fpee Fur
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topol t Thé ISEMa(sed FogiteM B pof 4 fwsyrithesibed puaettist shiased that
pb({ggfed vvashz(rg Wlt%l dei o)rjn zed (DIsjy wat er and dri ed
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d@ﬁﬂéb@'2§0°ﬁ §20sCy vl hestingtos rax STOBIOSF W(S1e°CPiuL 6t Beurs. The
i'nto the hydrogen formby three i on exchanges with

resuiting Zi8MhAB8raystatsohad B BiCatAlL,Ogmolenpatiadi,4, surface area of

f ol Lowed by drying at 2500F (1200C) and cal ci nation at
260066 and £00&)p %taovalee R6GPs. The

Example 2 (Comparative)
Preparation of Medium Activity ZSM-48 using Diquat-5, LowOH/SiO,
Ratio and High SiO,/Al,0;.

[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:

SlOz/A1203 : 195
Hzo/ SlOz . 19
OH7 Si0, : 0.17
Na'/ SiO, : 0.17
Diquat-5/S10, : 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



resulting ZSM 48 crystals had a SiO2/ Al 23 nolar ratio

of 90.4, surface area of 265,42/9g, and an Al pha val ue
W@20080387Exanpl e 2 ( Conpar ative) Preparation ofP&bUSN8/010855

Activity ZSM 48 using Diquat-5, LowOH/SIO 2 Ratio and

Hi gh Si CVAI 203. [0058] A m xture was prepared from

1100 g of water, 65 g of Pentanethoni um di brom de (50%
theomdtergal) wad28ompobed) of a@igloraéﬂa'tesaof 6fibrafs-Kkeli arpstals.  The

alum nate sol ution (459 and 45 of 50% sodi um
resylingxZ AM-48| @tﬁ}mﬁheﬁ‘ﬂ-‘ﬂﬁ arystals bad @dS@uéAizQs| meiargatio of about
lg})/gr conposition: SiQ2/ Al 2033 : 195 H2O S X2 : 19 OV

: 0.17 Nat/ SiQ2 : 0.17 Diquat-5/SiO 2 : 0.027
[0059] The m xture was reacted at 3200F (1600C) in a
2-liter autoclave with stirring at 350 RPM for 48

Ehgﬂﬁﬂe 3(iompacative)as filtered, washed with deionized
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gure as-synt hes materr a
8 typi cal pure phase of ZSM 48 topol ogy. The SEM
0§)see Figure 2B) of the as-synthesized material shows
[0068 t he néteni)aurmwa&opmw ofrosygB6Pregatafs water, 39 g of

PeptRgthnier BRI (022 AGlbng 1ph 5 SEAcriLI3Q silica 6.9 g of
ARNGERH,O Hnd) 4ok FRE S04 (SRR RydibRlad SERATEAL (TReA's ¢ of

ZSM-48 seeds was added to the mixture. The mixture had the following molar

composition: ‘
SlOz/A1203 . 60
HzO/ SlOz . 40
OH7/ 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 SiO,/Al,0; molar ratio of ~52/1.



Ratio [0060] A mixture was prepared from 360 g of

wat er, 39 g of Pentanet honi yfglpli brom de (50%
w@odoaossm) , 35.6 g of Aerosil 130 silica, 6.9 BCDS2008/010855

Al (NGB) 3. xH20 and 14.4 g of 50% sodi um hydr oxi de

solution. Then 5 g of ZSM 48 seeds was added to the

m xture. The m xture had the foll ow ng nol ar

conmposition: SiI2 A28 : 60 H2O ST : 40 OHV SIi 2

: 0.33 Na+/ Si®2 : 0.33 Diquat-5/SiO 2 : 0.1 [0061]

ture was aged at roomtenperature with stirring

Peépar@bionpof f Higl? 4A ttivityg, ZSM-48h asing Digend tf a32Dow OH/SiO,
R&#600C) in a 600 nml autoclave with stirring at 100 RPM

for 96 hours. The product was filtered, washed with

deioni zed (D) water and dried at 2500F (1200C). The

[0B6E) pattean mixthke @§§yﬁidﬁ)@ﬁddzeﬁomitlelr95&||\% Sbﬁvﬁdtdrhe@ g of

typi cal phase of ZSM 48 topol ogy. The SEM of the
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Tl%‘hi&nﬁ@ﬂﬁ&]th&fdﬂdﬁifﬂfg%w c@hﬂﬂﬁitﬁ&qffom 1195 g of

wat er, 69 g of Pentanethoni umdi brom de (50%
sol USHCQM12(228 g of : Aero$2l 200 silica, 22.2 g
H,0/ Si0, : 21
OH'/ Si0O, : 0.18
Na'/ SiO, : 0.18
Diquat-5/SiO, ; 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 Si0,/A1,0; 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.



of 45% sodi um al um nate and 4 1 g of 50% sodi um
hydr oxi de solution, and 1.3 g of 47% H2SO4 sol uti on.
wab@n/0i04@y of ZSM 48 seeds was added to the ni RCT/US2008/010855
The m xture had the foll ow ng nol ar conposition:
SIR/AI203 : 62 H2O SR : 21 OH/ Si : 0.18 Nat/
SS2 : 0.18 Diquat-5/SiO 2 : 0.03 [0063] The m xture
was reacted at 3200F (1600C) in a 2-liter m autocl ave
with stirring at 250 RPM for 96 hours. The product was
Example 8d, washed with deionized (D) water and dried
Pedparadion ¢fLHGGICA ctivity XSV p48 using (urture Biquat3inndf Diquat-6
t he as-synthesized materi al showed the typical phase
(Diguasy/Ryyyatd mepar ratio ofdB) see Figure 3B) of the
as-synt hesi zed material showed that the material was
conposed of aggl onerates of el ongated needl e or
[0bby ous- |Akem§{ UL Avds PRBaR]t Sﬁfaﬁ]he@oz)ed% coySiates, 17 g of
were converted Into the hydrogen form by three ion
Hexarhathgesurmi dibhlarideni5éf sotutang, 60lgusf Pentatnetbamum dibromide
temperature, followed by dr at 2500F (1200C)  and
(505b ciohatioron 228 gogﬁdﬁltr(ano Xx):a,f db & ¢foge@1umrr?éummate solution

(5O REE T8 Ol AP IOm DETP IS OR s P Bl byt GrM-48
se%ﬁ? Wak Yadd¥ed 8 Hﬁﬁﬁ el Pt Tg%l\m)ét‘l ?c 1hdH Etﬁ@”?élﬁ)\?mg molar

reparatlon of ct|V|ty using m xture

cdhposition: and Di quat-6 (Diquat-5/Diquat-6 nolar ratio
of 2.8) [0064] A mxture was prepared from 1200 g of
wat eBiO1 &1 0f 81

H,0/ Si0, : 20
OH7/ SiO, : 0.17
Na'/ SiO, : 0.17
Diquat-5/SiO, : 0.025
Diquat-6/SiO, : 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 Si0,/Al,03
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.



Hexamet honi um di chl ori de (56% sol ution), 60 g of

Pent amet honi um di br om de (5( 06 solution), 228 g of
wokdimwassho silica, 16 g of sodium al um nat e sol BCT/082008/010855

(45%, and 40 g of 50% sodi um hydroxi de sol ution. Then

10 g of ZSM 48 seeds was added to the m xture. The

m xture had the follow ng nolar conposition: SiQ2/Al
Exabhple $ H2O SiO2 20 OHV Si2 0.17 Na+/ Si Q2 0.17

piakiow of Hi tPZBML4S using miLniRDIRASS ah@eDiquat-6

PRgHakion of High Adiviny 3200F§??§%C) ina 2. liter 1
(DiquadiSiDigua t-6 nséliar miaktip ¢ft 1)350 RPM for 48 hours. The

product was filtered, washed with deionized (D) water

and dried at 2500F (1200C). The XRD pattern (Figure

B2 of "B R 2O B, SCRUE L L HRRC17 ¢ o
HERRHE i%rﬁfkﬁcrg%%dws@% QoftBonyf 23 %oﬁ?é%%éiﬁéngﬁﬁﬂ dibromide

materi a owe at” the material S conpose
(5099 | soieticn)e 228 gebbrigiutasil sitied) @6l gkef todivowsalimieate solution
rystals. The as-synthesized crystals were converted

(45t ek rfdPB g 150 sutioncenofd e ohailfessodium hydroide
sAlh o buddieByl 0 (i AFRe B8 Rerd 200y Ao o 1941) was added to
tnE A3 >F e kgl S dhRow e michim Corbpekjgoly ©7

Al phgiOw#AL©,0f 57 at Na 81960 ppm surface area of 222
n2/ gHz@pgi(gz- hexane sorpthgn of 33.4 ng/g. Exanple 6

OH/ SiO, = 0.17
Na'/ SiOs = 0.17
Diquat-5/SiO, = 0.01
Diquat-6/SiO, = 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 SA)
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
resulting ZSM-48 crystals had a SiO,/Al,0; molar ratio of about 71, an Alpha

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



Preparation of H gh Activity ZSM 48 using m xture

Diquat-5 and Diquat-6 (D qua?-S/Di guat-6 nolar ratio
wWoR00d)3§7@066] A mixture was p 1e|'oared f r om 1200PQT/U£2008/010855

water, 17 g of Hexanethoni um di chl oride (56%

solution), 23 g of Pentanethoni um di brom de (50%

solution), 228 g of Utrasil silica, 16 g of sodium

alum nate solution (45%, 1.3 g of 98 % H2SO4

solution, and 40 g of 50% sodi um hydroxi de sol ution.
Example @ g of HA-ZSM 48 seed (Si O2/ Al 2C3 about 70/ 1)

Préparadidadof eathhat foxnuDecandtestingt ure had the
foll owi ng nolar conposition: SIQ2 A28 8 1 HRO S 2
20 OV SiQ2 0.17 Na+/ SiO2 0.17 Diquat-5/SiO 2 0.01
0067] The,m xture was

OB6Bh R ¢ TeBodtre s | Rreparkll 5| SoBbGpR” b i fFinl ZSM-48

AT S A U T ot A IR win
a Tﬁ@t’té&R@n@%dsﬁénfoﬁlav@sﬂ bySpellafziigendssisiny besi4Z24 mesh. This
material showed the t |caI ure phase of ZSM 48
matgyial oeas. thEHGIYSEI\At(Z—ﬁO@ r@28 )endphl@mﬁl @tym(}Qé’E @64°C) in full
terial sh that the material was co

aig dgT BrhsBod st caé%weeﬁlétfr SHfscthel e PaRetas dvigh platipum via

ety t
m%gﬁlv}g[r 8 Oﬁ,rtﬁ&s u9 t%%H%QaSWhE stlpdztggﬁ%lfcm«%(flsosy drying at
236F (E20°C | ta‘ﬁ@ 'cHIdihatthﬁl Hﬁdﬁﬂged"irfalf BBOS’Ft(f%@eCD Ofor 3 hours.
exchanges W th ammoniumnitrate solution at room
Hydrggenathemeisofpsidro(pldtibym 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).



drying at 25Q0F (120 0C) and cal ci nation at 10000F
(540 0C) for 6 hours. The r Iting ZSM 48 crystals
whawasBiO2/ Al 208 nol ar rati o~ of about 71, an PCPOS2008/010855
val ue of 110, surface area of 281 nR/g, n-hexane
sorption of 42.1 ng/g. Exanple 7 Preparation of
catal yst for n-Decane testing [0068] A m xture was
[op7epar ed WhikotHy present hievebtibarimsAendd@escripsd aind fllustrated by
Exanple 4 with alum na. The powders were mn xed
refergochdp patticylar ﬁmbpdrmawd, gb@sq off ordima¥dsipyl in the art will

aRReCial et T AR PBOGRE 581FE) VAR itona INat Megesarty illustrated
hélrir'gﬁlooﬁof Ty rg&orf i lerde cé Qﬁogﬁtﬁ%‘frrcadeTg?ﬁel?atlocﬂh'é%pended

I gregna ati numyv

clhﬁﬁé Rarail wésrtﬁ&ﬁeteﬁnm ﬁd@@ﬁ?@@f&hbwmdﬁt imvaingion.
foll omed y drying at 2500F (1200 and calcination in
full air at 6800F (3600C) for 3 hours Hydr ogen
chem sorption (platinumdispersion) data on this
mat eri al gave 83% di spersion. Exanple 8 N decane
Testing [0069] The catal yst from Exanple 7 was
eval uated in an atnospheric ndecane isonerization
unit. Approximately 1 gram of the 14/24 mesh-sized
catal yst was used for the test. The sanple was first
heat ed under nitrogen to 5000F (2600C), and then the
flow was switched to hydrogen. Hydrogen and ndecane
were flowed through the reactor while the system
cooled to the first setpoint of 325F (163C). After
lining out at this tenperature, an on-1line gas
chr omat ogr aph anal yzed the product exiting the
i sonmerization unit, until the next set-point
tenperature was attained. The catal yst was eval uat ed
at a total of 9



different tenperatures within the range of 325F (163C)

to 495F (257C). The data vva_szf_etri eved and anal yzed.
wab@onssswl t s are shown in Figlres 6A and 6B, fPORUSIN0LN0855

it will be seen that at 400 OF (204 0C) al nost 80% of

t he n-decane has been converted (Figure 6A) and the

selectivity to i so-decane is 50-60% (Fi gure 6B).[0070]
CYYAIMSt he present invention has been described and

illustrated by reference to particul ar enbodi nents,

those of ordinary skill in the art will appreciate

that ,the invention l.en itself to variations not
| noacAdORFSp 1OF PERAYCIRE AINEE the ppcedt p&hpRaRE ¢ hen.

ref efence / Qi
for gr poutlidinf B RiEuE ¥efbloh tnbRESRBRAERML ! Whst one
sAUr€s O tsiliday apléa30 oneAldMEse &f akirpina¢ as feas® bn'sedk e0hydroxyl
ZSM 48, the process conprising: (a) providing, an .
iongu ead Usast et sasmceriof tdiquatevapy iadiylgmmonivns tR oneons having the
source of silica, at |east one source of alumna, at
qrEuMa: one source of hydr oxyl ions, at |east one source

of diquaternary alk i IIR{%E i ons having the
formul a: (CH3) 3N+(ciéw&§lgz§ ar gHég‘ti onal |y seed

arfd lnS‘Efi@bﬂly whed RirystaRi WHRSH! A8 BhetidH nikAfredhas a composition
conposition including the follow ng nolar rati os:

ineRrdifg @i fodksvinganolr tatéHs2: Al 203 | ess than 100 CH :
Si2 less than 0,2, and (b) crystallizing said
reaction ni xt uRe :SHder condi t ilessdharPelctive to produce
said ZSM48. 2 6h§§ ocess ofl cl imlaov\,herei n said
reaction mixtuPEohaL corrposi?sisc} an

OH": Si10, less than 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 a composition

including the following molar ratios:

R*":8i0, from about 0.01 to about 0.05
Si10,:AL, 04 from about 50 to less than 100
OH": SiO, from about 0.1 to about 0.2.
3. The process of claim 1 wherein said reaction mixture has an H,O: SiO,

molar ratio less than 30.

4. 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.



including the followng nolar ratios: R2+:Si Q2 from
about 0.0 1 to about 0.05 SifR:A 203 from about 50 to

wo e®g/0sd1am 100 OH : Si Q2 from about 0.1 to aborCT/OS208/010855
3. The process of claim1l wherein said reaction
m xture has an HO SiO2 nolar ratio | ess than 30. 4.
The process of claim1l wherein said reaction mXxture

5.al soThemRot&eSofackibmr tevidreirpdaidnreaationnaixtme hlde @mprises a
Na+: Si nolar ratio less than 0.2.5. The process of

satired nofi furthesi diguaternasaceikylammeniie apro kavipgi e formula

r f .f r. di.quat er nary I iumions
((ﬁ%ﬁlﬁg((ﬁﬂénwo@ﬁ:)ﬂ )“é&-%( &éﬁ@(@%@-mﬂe nis
3, 4, 6, 7, 8, 9 or 10. 6. The process of claimb5,
wherein said reaction m xture al so conprises a source

6.0f fUh¢ prbcels Braglaimas, ywhkleyh 3aid0rdadtioh anikthify hRe ddifiprises a
formul a (CH3) 3N+( CH2) 6N+(CH3) 3. 7. The process of

sasirest no6 fairthesi diquatemtyar alkylamomehiurt adnsdi havingr tle yformula
| kyl niumions to SIA2 in the reaction mxture is
(CﬁéQQSN?@%Z)@N?CﬁQ}- The process of claim 1 wherein said
conditions in (b) include a tenperature of about 1200C
to about 2000C for a tinme of about 12 to about 200

7.hourphe Hrodéd 6f HRS PiwikdrdinMthe YAWIRL irAtid N6 FQar idi@ihternary
m xture conprises ZSM 48 seed crystals. 10. The

alkylageneniim ¢das tm DiOshiarthe neddtionashtdR: sdess thagy <k bl s
are present in an anmount between about 50 ppm by
wei ght to about 50,000 ppm by wei ght of the reaction

g M XLPLE- process of claim 1 wherein said conditions in (b) include a
temperature of about 120°C to about 200°C for a time of about 12 to about 200

hours.

9. The process of claim 1 wherein the reaction mixture comprises ZSM-48

seed crystals.

10.  The process of claim 9 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.

11. A process for producing ZSM-48, the process comprising crystallizing a

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:
(CH3);N"(CH,),N"(CH;);



11. A process for producing ZSM 48, the process

conprising crystallizing a aqueous reaction mxture
weowposEilng at | east one sourCe of silica, at PEHBS20081@10855

source of alum na, at |east one source of hydroxyl

ions, at |east one source of first diquaternary

al kyl ammoni um i ons havi ng the fornul a:

whéi3) 30\8(4H62)758H: (9Ch13) @, aid | east one source of second
di quat ernary al kyl ammoni um i ons havi ng the fornmnul a:

ot ly(seed Ry thls3) where n is 3, 4, 6, 7, 8, 9 or 10,
and optionally seed crystals. 12. The process of claim
10 wherein said second diquaternary al kyl anmoni um i ons

I%Bemzﬁge)pr%ésgmbf '\Igcgl%) 10 1?WheFEﬁ'1 prsgfges(%e%rb%@ﬁcﬁﬂatemary

eérei'n salrd reaction mxture has a

al&ziaﬁﬁmbfs}mr@ ibr&sSaret(CH,) MYCHAN T Py.ocess of clai m 10

erein the nolar ratio of the sumof the first
di quat ernary al kyl ammoni um i ons and the second

di quat ernary al kyl ammopni umions, to Si.O2 in the ) -
1}.cacthe progess Gfelian ||0suhereim spidireactian IRRUES: hased S19p AL O3

claim.1 hAnt he reaction m xture conpri ses ZSM 48
m?@&%?g%ﬁsmgﬁéflqgi The process of claim15 wherein the

ZSM 48 seed crystals are present in an anount between

about 50 ppm by wei ght to about 50,000 ppm by wei ght

14f t'The peeadss wf ciaih uk(e whtreinTthe molacaatioaf theasum It the first

Wwherein said crystallizing conditions_include a .
diguptsenary alkylemrapeivm ionnand thesreenddiguatermary alkylgmmonium

io%fs t& g%ﬁ _inlﬁletr%ac"f]tli)(g)ﬁJ trni>2<819e is less than 0.1.

15.  The process of claim 10 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 10 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 1.



hours. 18. A nmethod for dewaxi ng a hydrocarbon
f eedst ock, conprising contacting the hydrocarbon

wo e@dessoek under dewaxi ng con@ifions with ZSM HEI/US2008/010855
prepared by the process of claim1.19. A nethod for
dewaxi ng a hydrocar bon feedstock, conprising
contacting the hydrocarbon feedstock under dewaxi ng

1 9.|0 ndit i{rgﬁ%dﬂfémd&s&&iﬁg P hegrocatbdiy féddstaekocoamprising contacting
cl ai m 10.

the hydrocarbon feedstock under dewaxing conditions with ZSM-48 prepared by

the process of claim 10.



