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- METHOD FOWBERKE NG A MODI FI ED SOLI D OXI DE BA 3465
There is provided a nmethod for preparing an acidic solid
conprising a Goup |IVB netal oxide nodified with an oxyani on of
a Goup VIB netal. This nodified solid oxide may be used as a
catal yst, for exanpl gueiooh SRR bLepiATie ASMODIFIED &f% lg ffins. The
nodi fied solid oxide T8 prepared py CO- prra the G oup
| VB netal oxi BACRCGROYNR th t he oxyani on of the G oup VIB netal.
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conprises an oxi de ,of a et a era zurconla or
titania. Thi sSSP aCtEki dé’g eﬁlﬁﬁ\gaf]é’(ftﬁ t“}?pa e prepared RY.Anj on
of a Group VI Bomplal, isptlegnatdonpradedumd involving numengaienstepeh as

t ungst at e. [IEE gi XI de with
t he oxyani on gp%dla%ateh%\/lpge&lgﬁt%%ion oﬁ aﬁlq ara{ ﬁam Wtctional i ty
t o1bhe mat eri Fefluxdng, tWO flltrﬁ?dﬁlfqll{étﬁséﬁnﬁ/r@m |S¥eRMt al  oxi de,
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particul arly state, Is descri U. S. Patent No.
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procedure is reduced to just three steps: co-
precipitation of tungsten with the zirconia precursor,

20 filtration, and calcination.

The present method produces a better catalyst at
lower manufacturing cost (fewer steps) and is more
flexible to address the environmental concerns
(eliminates the requirement for a chloride salt).

25 The solid material described herein comprises an
oxide of a Group IVB metal, preferably zirconia or
titania. This Group IVB metal oxide is modified with an
oxyanion of a Group VIB metal, such as an oxyanion of
tungsten, such as tungstate. The modification of the

. 30 Group IVB metal oxide with the oxyanion of the Group VIB
metal imparts acid functionality to the material. The
modification of a Group IVB metal oxide, particularly,
zirconia, with a Group VIB metal oxyanion, particularly
tungstate, is described in U.S. Patent No. 5,113,034; in

35 Japanese Kokai Patent Application No. Hei 1 [1989]-
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-2- 288339; and in an article by K Arata and M Hno in

Pr oceedi nggoYR3dsst er nati onal Congress on Catal ysi s, PCTNI%94/03365!
pages 1727-1735 (1988). According to these . publications,
tungstate is inpregnated onto a preforned —-8= solid zirconia

mat eri al . For the purposes of the present disclosure, the
expression, Goup IVB netal oxide nodified with an ~oxyanion of a
Goup VIB netal, is intended to connote a mat eri al corrpri sing, by

el emrent al ana a Gqup._IVyB 10 Grou and
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zirconia materi S ar e . eOI’I e ave an ana OgOUS struC’t ure
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15 Group VIB metal, e.g., tungsten, is believed to result
from an actual chemical interaction between a source of a
Group IVB metal oxide and a source of a Group VIB metal
oxide or oxyanion.

This chemical interaction is discussed in the
20 aforementioned article by K. Arata and M. Hino in
1 oth Int £ 1.C ~atalvsis,

Volume 4, pages 1727-1735 (1988). In this article, it is
suggested that solid superacids are formed when sulfates
are reacted with hydroxides or oxides of certain metals,

25 e.g., Zr. These superacids are said to have the
structure of a bidentate sulfate ion coordinated to the
metal, e.g., 2r. In this article, it is further
suggested that a superacid can also be formed when
tungstates are reacted with hydroxides or oxides of Zr.

30 The resulting tungstate modified zirconia materials are
theorized to have an'analogous structure to the
aforementioned superacids comprising sulfate and
zirconium, wherein tungsten atoms replace sulfur atoms in
the bidentate structure.
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Al though it is believed that the present catalysts may conprise
the bidentate structure suggested in the af orenenti oned article
by Arata and Hino, the particular’ structure of the catalytically
active site in the present 5 Goup 1VB netal oxide nodified with

an oxyanion of a Although roip heBieved| that bbe presestncatalystsd, and
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conpri sing tL”Eﬁﬂéﬂdé&nfﬁéteﬁh sﬁaégmponent shou?%tQQdIEHEEEBS'ng

the steps of: d% Ining a first liqu solutron wth a
second to aﬂYcRﬂ%F%?W%ﬂ? tr%%?%”?rrst sol ution conprising a source

20 of zirconia dissolved in water and said second sol ution

conprising a ﬁgﬂbgﬁﬁff tungstate dissolved in water; (b)
mai nt ai ni ng t ned solutions of step (a) under conditions

sufifd ci ent to for mEhexeiilscprovided a methodcfprtprepavipgi anngecidic
tungst at e- r“““ééf%hzééﬁﬁ?i§1n85a Gro By IyB mef&i 6§£&¥eﬁb§9f538 #thdan

co-precipitate Irom step tration
(d) cal ci ni ng PREARIRRef ) FEOWP ¥F ’P%?%lf r8aid(method comprisipy co-

precipitating a Group IVB metal oxide along with an
oxyanion of a Group VIB metal.
15 . There is also provided a method for preparing an
' acidic solid comprising tungstate-modified zirconia, said
method comprising the steps of:

(a) combining a first liquid solution with a second
liguid solution, said first solution comprising a source

20 of zirconia dissolved in water and said second solution
| comprising a source of tungstate dissolved in water;

(b) maintaining the combined solutions of step (a)
under conditions sufficient to form a solid co-
precipitate comprising tungstate-modified zirconia;

25 (c) recovering the solid co-precipitate from step
{b) by filtration; and
(d) calcining the recovered co-precipitate from step

{c).

EMBODIMENTS
30 Suitable sources of the Group IVB metal oxide, used

for preparing the present catalyst, include compounds
_capable of generating such oxides, such as oxychlorides,
chlorides, nitrates, oxynitrates, etc., particularly of
zirconium or titanium. Alkoxides of such metals may also
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used as precursors or sources of the Goup |IVB netal ] oxi de.
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result in the condensa ZrC]—I orma oymerlc
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particularly enum_or tungsten
aforementioned article by K. Arata and ‘M. Hino in

: '
_ Volume 4, pages 1727-1735 (1988), precalcination of
20 Zr(OH), at a temperature of from about 100°C to about
400°C results ih a. species which-interacts.more'favorably
with tungstate-upon impregnation therewith. - This
precalcination is believed to result in the condensation
of ZrOH groups to form a polymeric zirconia species with
25 surface hydroxyl groups. This polymeric species is
referred to herein as a form of a hydrated zirconia.
Suitable sources for the oxyanion of the Group VIB
metal, particularly molybdenum or tungsten, include, but
are not limited to, ammonium metatungstate or
30 metamolybdate, tungsten or molybdenum chloride, tungsten
or molybdenum carbonyl, tungstic or molybdic acid and
sodium tungstate or molybdate.: _
The present modified oxide material may be prepared
by combining a first liquid solution comprising a source
35 of a Group IVB metal oxide with a second 1iquid solution
comprising a source of an oxyanion of a Group VIB metal.
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co-¥i eci pi t at eIt e 1‘6’Ht’§a¥ h‘%e slmratamed at ans ’B’BG?PerﬁFEPPEPture
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The liquid medium from which the present catalyst
20 components are co-precipitated may optionally comprise a
solid support material, in which case the present
catalyst may be co-precipitated directly onto the solid
support material. Examples of such support materials
include the material designated M41S, which is described
25 in U.S. Patent No. 5,102,643. A particular example of
such an M41S material is a material designated MCM-41,
which is described in U.S. Patent No. 5,098,684.
Support materials and/or co-catalyst materials may
also, optionally, be co-precipitated from the liquid
30 medium along with the Group IVB metal oxide and the
oxyanion of the Group VIB metal. An example of a co-
catalyst material is a hydrogenation/dehydrogenation
component.
According to an optional modification of the solid
35 material described herein, a
hydrogenation/dehydrogenation component is combined with
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catalytic forns of qne or nore noble
Rh, Os or Ru) Vad&nhinfamas af Group VIII ‘E%ftao?ri/tf’c'?'or r%toff’%ucﬁrnoBhe or
non- nobl e net @lss, RYycNi, Co and Feis, mmxmatvmnﬁetﬁlé’t(Wéh Bn aAd be

used. The val ﬁ% gt f t he

hydr ogenat i on%g’gﬁygr ogé’nat 1 on s (. é conp%#leq%l)l satbq eq"é?"é%l IFﬁ a
reduced val andetals 1.2.g. Mn, Tc and Rehen The @m&xmmtahysh may form
of 18n oxi de Olsomprise one or more catalytic forms of one or more noble

metals (i.e., Pt, Pd, Ir, Rh, Os or Ru).. Combinations of
catalytic forms of such noble or non-noble metals, such
as combinations'of_Pt-With.Sn,_may be used.: The valence
state of the metal of the'hydrogenation/deh?drogenation
20 component is preferably in a reduced valance state, e.q.,
when this component is in the form of an oxide or
hydroxide. The reduced valence state of this metal may

be attained, in situ, during the course of a reaction,
'~ when a reducing agent, such as hydrogen, is included in
25 the feed to the reaction.

Other elements, such as alkali (Group IA) or
alkaline earth (Group IIA) compounds may optionally be
added to or co-precipitatéd with the present catalyst to
alter catalytic properties. The addition of such alkali

30 or alkaline earth compounds tb:the preéeht catalet may
enhance the catalytic properties of components thereof,
e.g., Pt or W, in terms of their ability to function as a
- hydrogenation/dehydrogenation component or an acid
component.
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activity, e.qg, ]
may take place for a period of 6 hours or greater, e.gq.,

about 18 hours. When zirconia is modified with tungstate
20 and then contacted with hydrogen at elevated
temperatures, an increase in catalytic activity, e.g, for
paraffin isomerization, has been observed. The modified
acidic oxide may be contacted with hydrogen in the
presence or absence of a hydrocarbon cofeed. For
25 example, the activity of the catalyst may be increased,
in situ, during the course of a reaction, such as
hydrocracking, when a hydrocarbon and hydrogen are passed
over the catalyst at elevated temperatures.
The optional hydrogenation/dehydrogenation component
30 of the present catalyst may be derived from Group VIII

metals, such as platinum, iridium, osmium, palladium,
rhodium, ruthenium, nickel, cobalt, iron and mixtures of
two or more thereof. Optional components of the present
catalyst, which may be used alone or mixed with the

35 above-mentioned hydrogenation/dehydrogenation components,
may be derived from Group IVA metals, preferably Sn,
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hydr ogenat’i on?%le lé%/cg}?oggeeir:\at | 0?1 gacl) ao%ent y”ﬁ&i:heaﬁ known l])'n 5hr| vggf from

G oup | VA net S9ch Agfienpeychgnge, 1mpregnatlowy7pgggggal admixture.
PCT/8US96/ 0346For example, salt solutions of these metal8 may be

and/ or corrponecpér;téigéé& 11&1&1 0@19 Q&Ra%‘/}liﬁ%”gséaiyst comggnEHH% up%'é%ﬁlay

rheni um and manganese. onen
cat al yst by mmtmsuﬁflﬂbeattto comblne .thelutrkspectdweexchange,

i mpregnati on %oﬂﬁwéﬁéé adfhete€al éontalnln?':géﬁﬁx ngﬁeféﬁ'ki) ol utions
of these netals ntacted w I ning catal yst

conponent s und’é"’rtely S°1uble'coﬁﬁ?’f‘?£ﬁ§ ofr sRehefinlts éBﬁ‘bPﬁe the respective
colrmnglnent S. Ttmm@m'omsc naegdsat?trSamﬂﬁepah’cinum compllexeﬁat er d

sol ubl e s atinic aci

t et r aamm nepl ??irﬁ?‘a%n%@%’gg& tif ggff&gf'a??ﬁumﬂ gi del‘l n &I fate
and tin chloriagtior®k components wayiahad berrpoapnés:.pmjzaaédoameng
co-preci pi tat gl A¥We other comﬁh&ﬁt& h&£OthE' m6Q7EPEE" 5§18L h?%egﬁg'lf ' ed

oxi de materi al . Eresent tungstate
zi rconi a 15 . When theipreseRp, tYRgs Gtﬁﬂ“ﬁdiéf%ﬂnmrFFQM-ér m a
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particularly adapted to catalyze paraffin isomerization
reactions, . it has been discovered that it ié“desirable to
. co-precipitate about one percent by weight of Fe or Mn
along with.the solid precipitated from the aqueous
20 _ .mixture comprising the source of zirconia and the source
of thngstate. . Suitable iron -salts, which may be included
in this aqueous mixture, include Fe(NO;), and Fe,(S0,);.
The present modified oxide material may be recovered
by filtration from the liquid medium, followed by drying.
25 Calcination of the resulting material may be carried out,
preferably in an oxidizing atmosphere, at temperatures
from about 500°C to about 900°C, preferably from about
700°C to about 850°C, and more preferably from about 750°C
to about 825°C.. The calcination time may be up to 48
30 hours, preferably for about 0.1-24 hours, and more
preferably for gbout 1.0-10 hours. In a most preferred
embodiment, calcination is carried out at about 800°C for
about 1 to about 3 hours. The optional components of the
] catalyst (e.g., Group VIII metal, Group VIIB metal, etc.)
35 may be added after or before the calcination step by
techniques known in the art, such as impregnation, co-



r.eactions, it has been discovered that it is desirable to

‘co- preci piVe9333%8ut one percent by weight of Fe or M PCTmsgmgl'@ng
with the solid precipitated fromthe aqueqQgs 20 m xture conpri si-ng
the source of zirconia and the source of tungstate. Suitable
iron salts, which may be incl uded in this aqueous m xture,
include Fe (N err])[err] and Fe[err](SOerr])[err]. : The
present nodified oxide material may be recovered by filtration
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oxi di zi ng at no fromabout 500[err]C to
about 900[err ]lwdm@emhmq/wbmdmenatlon compongnt| eray Galgoabeut
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825[err]C. The calcination ting ma ho

preflerably fora&§Rkitteege Jvepainin aﬁﬁmﬂgpﬁnts are °°mbb9§?eW&BPyafor about
1.0-10 hours. Binderosi m’eﬂaxrmltenal as descbmiemenéreﬁﬁhftéﬁtl on is

opt 1 onal _componant st Cifresent catalysllHr tnblcPBRY ryb BYidce: 17
G oup VIIB netzircemiuy gside is prqﬁgrmdadqédthet@roup ﬁﬁBonalpns,

cal ci “at'ton Stﬁﬂmé)é(tate is pre{/%ﬁfé@'- Qé'ﬁég KPO¥Rei Bptienait. such as
i mpr egnati on,

pg-%/oug% / 03 46g'xydrogenat1on/dehydrogenat1cm components, gplatinum and/or
i npregnati on, glatiwehPtintaese, ppéyereed. adm xture, etc. The
optional components h i on/ dro i on
conponent, nay al s elﬁ%&ti$§iy s%e%%lﬂ%ﬁ %?gﬁg?ﬁ%i f gsﬁst
conponent s befpresent isczdlc solpdtweill h:ee\éeabnhhﬁmgesen\peneﬁt Granp

combined Wi th fyp metal, Gr&hﬁﬂdﬁB%eﬁﬁiréﬁd &ﬁ?éﬁ' afhseéﬁahﬁedof
her ei nafter. h resent cat the Goup IV

oxildes, °xygeﬁlmﬁﬁﬁﬂﬁﬁﬂo&?d%u? %Pe?%?}ﬁﬁlstll%ed%Pﬁﬂﬂ MBaani ons,
tungstate i s pieilser esf factofs) SuchtasnthelPalence state of the Group

o at i num 1 n oD T Arr gl Prs HEELEE, Send' Fouf 'Ok e botional |
el enental anallixogénation/dehydrogepatient cappanent ol mdiskukrer eveal the
g;gzﬁ?cngf Gitent, etc. AMDFRIAdLYy S PHPcMABASREALz 8RY exygen. The
20 composition of the present catalyst, it is best not to be
restricted by any particular guantities of oxygen. In
functional terms, the amount of Group VIB oxyanion in the
present catalyst may be expressed as that amount which
increases the acidity of the Group IVB oxide. This
25 amount is referred to herein as an acidity increasing
amount. Elemental analysis of the present catalyst may
be used to determine the relative amounts of Group IVB
metal and Group VIB metal in the catalyst. From these
amounts, mole ratios in the form of X0,/Y0, may be
30 calculated, where X is said Group IVB metal, assumed to
be in the form X0,, and Y is said Group VIB metal, assumed
to be in the form of ¥Y0,. It will be appreciated,
however, that these forms of oxides, i.e., X0, and YO,
may not actually exist, and are referred to herein simply
35 for the purposes of calculating relative quantities of X
and Y in the present catalyst. The present catalysts may
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15 oxygen neasured in such an analysis will depend on a

~nunber of factors, such as the valence state of the G oup - 1VB
and G oup woy8%gel s, the formof the optional PCT/US96/03465
hydr ogenat i on/ dehydr ogenati on conmponent, npi sture content, etc.
Accordingly, in characterizing the 20 -10- conposition of the present
catalyst, it is best not to be restricted by any particular
guantities of oxygen. In . functional ternms, the amount of Group
VI B oxyanion in the . .present catal yst rray be expressed as that
anmount whi ch S t acidit of t Go | VB oxi de. Thi s.
25 dae celeuriatad e, o . dnpitatnd 1 e £orR of
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Quant 11 eo of e catalyeiPafge e Sedlil e E
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PCipUS96/ 03463 drogenatable or dehydroqenatahle orgamé'c@ compound under
have cal cul ate e ratios qD ssed 1n IB

Xd err]/ YQ er FPRELHGHERT hydrgg nation, & qqg?’?‘?é’t’aﬂn (Gonditions.

Ti, Zr, and Hﬁ'hlsn@hm‘éurﬂ: dis |resfeirrme Y& haredB armtaalcatalync amdwnte, , Cr,
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hydr ogenat i onceapydsege fan @xanple, from @ahgwhdhioGiajtpeabont Smti which
i M8rts or ingLease¥rom about 0. 1ha:d:a£bﬂwﬂ iz wADig | tofr afnd hepovénal |

material to cat a dr ogenat e or deh drqgenate a 10
hydrogenatablQYSFqﬁﬁﬁﬁiﬁﬂﬂg H?Q%ﬂﬁ%ﬁ SRR Ym ially when
this component is a noble metal.
Especially wheh the present catalyst includes a
platinum hydrogenat1on/dehydrogenation component, thls
20 catalyst may also comprise up to about five weight
percent of Fe and/or Mn, as measured by elemental
analysis of the catalyst.
The present catalyst is acidic and may be observed
as being highly acidic, even to the extent of being a
25 : superacid. Fof-example, this catalyst, whether analyzed
in the presence or absence of optional components (e.g.,
hydrogenatlon/ dehydrogenation components) and/or binder
materials, may have an acid strength of a superacid as
measured by the color change of an appropriate indicator,
30 such as the Hammett indicator. More particularly, the Ho
acid strength of the present catalyst may have a value of
less than -13, i.e., an "acid strength" of greater than -
13. The use of Hammett indicators to measure the acidity
of solid superacids is discussed in the Soled et al. U.S.
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‘anount is to herein as a catal ytic anount.

Quantitatively speaking, the present cataklypt may conprise, for
exanple, fromabout 0.001 to about 5 wt% 15 e.g., fromabout 0.1
to about 2 wt % of the optional hydr ogenat i on/ dehydr ogenati on
conponent, especially when ) this conponent is a-noble netal.
Especially when the present catal yst includes a pl ati num

hydr ogenat i on/Rrtsmie d¥ena®: b97 ctPonchrist fpledoet al. patensl gdsomay al so

conprise up tQié’@@éﬁbéé VEnhdeliIE hécui strength pebpeBbrehihesangaeeaVh. as
nmeasur ed by el enent S s of the catalyst.
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an appropriate Indicator, 30 suc t he | cat,or Mor e
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oy "N Ty pedeht SoGuEfRL1MR WROLeLR hAD Bl ol TRA°YLE 11°
U. S. by cuplTEegathe hydrocarbon feed in either liquid or

PCT/ US96/ 0346 1p ase with the solld catalyst at temﬁératures less
Patent No. 5,1 7 99. Jhis Soled et ajaﬁ%%atent al descri bes
rably f

the Ho acid sttRaRtIPSrr e han 356°C, (RESES AR eSS
superam ds. than 300°C, andhet qatedswnte dbscthderamgs efrfonay e 2eed as a

| fE_I L t.abl
Fedfs conta n ARRTEeTes LR FS a0 8T XRRP, ChFEFOLRRLD Erbli®y £811087 ©
branched | ow ctrnospléixes | (101 Gerill§kdahs boere Fhefeeeblﬂa§ to 50
al so contain SSprRdk-Es ANt €o K505 CKPa) andrﬂeiétlaméi‘ibbﬁzon procegs

P caent | some A PHELEL O SRR, H cip presenice or absence of
hydrogen, more preferably in the presence of hydrogen.
20 The mole ratio of hydrogen to hydrocarbon is preferably
in the range of 0.01:1 to 10:1.

It may be desirable to incorporate the present
catalyst with another material to improve its
properties. Such materials include active and inactive

25 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,
sols, or gels including mixtures of silica and metal

30 oxides.

It is noted that the present catalyst need not
contain any sulfate ion (U.S. Patent No. 4,918,041). It
is believed that the present catalyst is more stable and
also much easier to regenerate than sulfated catalysts,

35 such as the superacid sulfated catalysts referred to in
the aforementioned article by K. Arata and M. Hino in
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by contacting the hydrocarbon feed in either liquid or gas phase:

with the solid catalyst at tenperatures |ess t han 500C,

pref er abl yglpggabdaan 350[err] C, preferably |ess PozusBides 1] C,
and at pressure in the range from1l to 200 15 at nospheres (101 to
20260 kPa), preferably from1 to 100 -12- at mospheres (101 to 10130
kPa), nore preferably 5 to 50 at nospheres (507 to 5065 kPa). The
i someri zati on process nay be carried out either in the presence
or absence of. . hydrogen, nore preferably in the’ presence of

hydr ogen. 20 . Dl e f ., hydy ogen to hydro a bon

preferably : - fegiidn - | t
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occurring or in the form of atj nous,_ preci at sols, or
gel s i ncl udi n@eRsEakes Ret Eé%l%%F%ﬁﬁ ?%$e§% By WaYo?Fdes '
It is noted thElddtrgtimenttbatsignifbemmcaocdf these reactiohai cannpe

‘sulfate ion (gﬁsearf) eﬂ'oﬁ\ba fe\%&voéﬂ‘)thétfolloﬁung tahfebgki BX?gnEhat t.he

present cat al nmore stab easi er
regener at e t humhersitefl Rure|jydroczrsbons fromshel. sBmrabtsugds aci d

sulyfeat ed Catak%ﬁ%?uﬁéﬁfrrvﬂht0VI”(1958 t he aforenentioned article by
K. Arata and I no 1 n b[)97/33689 S

PCT/ US96/ 03465
Proceedi ngs 9th International®

pages 1727-1735 (1988). = .| I n the ﬁeﬁﬁ&% h
process, n’paéﬁéhﬁﬂﬁﬁﬂumd ' and nono- et hy
conmponents ar . 1somerized to higher branched pa are
general |y bet t@frLOf fi; boosters. By way of S
i5 n-heptane : 0.
2-methylhexane 41
3-methylhexane . S - 56
2,2-dimethylpentane : E 89
2,3-dimethylpentane 87
20 2,2,3-trimethylbutane o 113

The feedstock for the present process ﬁay be one
which contains significant amounts of C.+ normal and/or
slightly branched paraffins. 1In addition, the feedstock
may contain monocyclic-aromatic compounds and/or cyclic

25 paraffins, such as cyclohexane. Among the hydrocarbons
having 6 or less carbon atoms in the feedstock, at least
1 wt.%, e.g., at least 5 wt.%, e.g., at least 10 wt.%,
e.g., at least 20 wt.%, e.g., at least 30 wt.%, of these
hydrocarbons may be cycllc hydrocarbons, e.g., aromatics
30 or cyclic paraffins.

The present catalyst may be used to isomerize C,-Cg

paraffin hydrocarbons, either as pure compounds or

- mixtures. ' In refinery operations, the paraffins will

normally be present in mixtures and, in addition to the
35 C,~Cs materials,ﬁmay contain hYdrocarbons boiling outside

this range: cycloparaffins and aromatics may also be



tllustration, the significance of these reactions can be KﬁT’US%’“:“?’gl eaned

“froma reWOSRH33#8% he fol l owing table of Cctane nbers of Pure
Hydrocarbons fromP.H Emett, ed., 10 _j3- Catal ysis, Vol. VI (1958).
Oct ane Nunbers of Pure Hydrocarbons
Bl endi ng Research Cctane Hydr ocar bon
Number (cl ear) Paraffins: 15 n- hept-ane
0 2- met hyl hexane 41

3- et hyl hexapgesent. Thus, the feed willSGomprise C,~C; paraffins

2, 2-di et hyl pent.a .
2’ 3-di met hyl %é‘%i"a%% butane, pentane, hex : 2::.8'1d these may be present
2,2, 3-tri net ipl pefimery streams such as rgffinate cuts from solygnt

feedst ock fOpyihAcRi®Te Hn it C asEdied Fadistock or pyrolysis contains
significant anount,s of %ﬁrr + nor mal ar](d/or Th sllsght branched
paPaffins. |Hag@dime Fromeydale grackers. SekPeth o cyclic
aromati ¢ conpowtdinmayolric \Intdmocirbons, e.gayr airf itlse b o Cycl ohexane.

Anong t he hydro S . }Fg%/ Igﬁﬁj _,3%1 ]ﬁ;p ' e
f eedst ock, af'apg%i’%%r} _the cyclf %‘n%lgs ,qnat eag{"é W% r%.‘%%%t
| east 10 wt. ¥ing opening reagtions |ightheExgsence of the catalysb w. %

of these with it HWHQEARUE nEbabedndndntly ¥ CRsRP Parfr fins
aromatics 30 or cyclic paraffins., . he present

caPal yst nayWhdchsddran Y AP@eFIZaGqn (jo iso-paraffing uhi

hydr ocar bons cagi beeisetmarutictl chirpoiis ayclics by fractidnateion lwitlefi nery
oper ati ons, e fof ] s pr | s 1 res
and, in addift n%%qﬁéegl %?V!A& recycd[eedr rtjq &%A%ﬁ eri aﬁ,eg}%n%iy&é%pﬁ?%#n
hydr ocar bons plaiel ipagafifiigi keeds (C,—Co) , tix%ed dpgeaffinteobefinf faedand

aromati cs Mgty significant Wedis3¥BDlefin may be utilized.
Pg/ US96/ 03465

The isomerization is carried out in the presence of
the catalyét, preferably in the presence of hydrogen.
Reaction temperatures are suitably in the range of about
200 to 800°F (about 93 to 425°C); temperatures outside
this range may be utilized although they are normally

20 less preferred; temperatures from about 300 to 700°F
(about 149 to 370°C) are typical. Pressures will
normally be up to about 1000 psig (about 7,000 kPa abs.)
although there is no reason why higher pressures should
not be utilized. Lower pressures, in the range of about

25 . 50 to 600 psig (about 445 to 790 kPa abs.) may readily be
employed and the use of relatively low pressures within
this range will generally be preferred in order to permit
the use of low pressure equipment. The isomerization is
usually carried out in the presence of hydrogen,

30 typically at a molar ratio relative to the feed from 0.01
to 10:1 and usually from 0.5:1 to 2:1. Space velocities
are typically from 0.1 to 10 LHSV and usually from 0.5 to
5 LHSV. When an additional acidic material (Lewis acid
or Bronsted acid) is included in the catalyst, lower

35 operational temperatures may be used, favoring the
isomerization over the less desired cracking reactions.
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such as butane, pentane, hexane and these may be present I n
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crackers. The feeds may al so tdétain cyclic hydrocarbons, e.qg.,
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f eeds may under go . ri ng .opening reactions in the presence of the
cat al yst W th |ts associ ated metal conponent to formparaffins

10 whi ch t he| unde f ne% zat | n to i so- af fi ni whi ch

can be separated fr #t+ 80 %eng F}oﬁgPPBH RE the present,
cyclics being ¢atgt?su pnoexdeacalbndrbgeadﬂnbnedehydrogenat1onpure
paraffin feedsg éﬁsﬁéﬁe 8" £ O?gt§f§sear Zinkk1 8! Ahvif fseg%mng

cont ai ni ng si cant Iev In may be utl
The isomeri zat !ﬁF¢%e%%P%?%deﬁ?t%ﬁntﬂEepP€§§ﬁ€€e§$ eSPeC1311Y pﬂ@tlnum

cat & yst, pref.ﬂi@btuel@thég ﬁénsermetaishsdengaa palladium, rheas!
tenperatures a ultab L n_the

(about 93 to 4 tupe ?ﬂfﬁ?ESaggﬁngg °%Rer metathngPQiﬁe
utilized aIthomghath&@ragenublualquﬁﬁnent may hise peehseﬂedfd&enperatures

from about 300,4 éggﬂg{?ﬁiéﬁél, tungsten(??Oﬂﬁhééng@a§%oL r%%g%pg

typi cal . Pressur to a (about
7,000 kPa abs.gither 31n91YaI%HdﬂgﬁtFHEFe°Fs1ﬁo°PE§ébﬁtmny WﬁgheptpﬁESSures

shau d metal®! bPhétdnhbiﬂ“d oEO¥RE ABBI&UMEEal aohBSnéﬁ'Egﬁla?rf }:fébOUt

2ol oyed and 4 S88 BRnge(Brobk: {675, Phr doch Bul Fokal bataifer, g

range Wi || gentraml|g. betpr&fwt:eﬁ.lnBasdemetalphydrbgenatlon componente Of
Iom/pressure es | u |1y carried out
in the presence F@% %ddéa 1h3%8§éhﬁ§£ ggeéﬁerlamognts._ iﬁgratlo relative
to the feed frhN#!PﬂEﬂathn °°mP°FGnE0°§nah§ esghangeargnto she support -

?pagﬁovg|?0|tlﬁﬁter1al, 1mpré§ﬁat¥&|£ﬁ£EY1E[6ﬁ1ﬁhﬁsi@aiQyLﬁﬁﬁzigﬁ YR |y
rom 0 i on

t
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~over the |ess €rsif iy CtRE EBPpoLECHILASa platinum metal-containing

WYy

ion. - Suitable platinum compounds.1nc1ude-chloroplat1n1c

20 acid, platinous chloride and various compounds containing
the platinum ammine complex. The metal compounds may be
either compounds in which the metal is present in the |
cation or anion of the compound; both ‘types of conmpounds
can be used. Platinum compounds in which the metal is in

25 . the form of a cation of cationic-complex, e.g.,
Pt(NH,),Cl, are particularly useful, as are anionic
complexes such as the vanadate and metatungstate ions.
Cationic forms of other metals are also useful since they
may be exchanged onto the support or impregnated into it.

30 . The catalyst may be subjected to a final calcination
under conventional conditions in order to dehydrate the
catalyst and to confer the reduired mechanical strength
on the catalyst. Prior to use the catalyst may be
subjected to presulfiding.
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Sui t abl e pl at iimehuEIAH AF saﬂ rRidifeienal makerniat c,hwng Lewis gord,

pl ati nous chl cywﬂsﬁaiatﬂdwmwm&mr&ﬂﬂw esp c1a11 h@naﬁatinum

ne corrple The t al, conpounds s in
mIl@h the net b ﬁs\’eﬁﬁ qopRiEes '3 Yporous &indgr d?a%%’r'b?rlof
conmpound; bot H:l'nﬁoemmyom),rrmmdsllquld and salad tm:id;emht&balﬂunay be
conmpounds in t | Sel r
cationic corrp;Megx : rﬁ%ﬂs 2 éh%% (11)*{ er rai%iiléﬁgalﬁgé lg$?$%ul arly
useful , as ar é-fm%"eﬂﬁ @luminum trichiey ailledand
met at ungst at eddi'diﬁexes of bororcaifm&iﬁém Dr Qé:l‘@l'ipi@t A SR Paes 0

ful t {
miPognat od | e algphols oFesterdy (WL aidlat il phich ma o

final cal ci nabieomdded is set tb)derhe;cxhlﬂrﬁtprﬁﬁ mmcbuppﬁutlmbéﬂﬁlt o

dehydrate the i Y f t chani cal
strength especxally t he cata yslta r| o eEO %%e cat a‘?d may be

subj ected to mﬂrﬁxﬁ, ,:,gxd is readlly determ:.ned by experlment.
The present catalyst may be used as the exclusive

20 isomerization catalyst in single or multiple catalyst
beds or it may be used in combination with other
isomerization catalysts. For example, a feed may be
first contacted with a catalyst bed comprising the
present catalyst followed by contact with a second

25 catalyst bed comprising a different catalyst, such as Pt
on mordenite, Pt on zeolite beta or a chlorided platinum-
alumina catalyst, as described in U.S. Patent Nos.
4,783,575 and 4,834,866. The temperature of the first
catalyst bed may be higher than the temperature of the

30 second catalyst bed. When the present catalyst is called
upon to cause extensive ring opening, especially in an
initial catalyst bed, relatively high temperatures, e.gq.,
as high as 500°C, and/or relatively high pressures, e.q.,
as high as 200 atmospheres (20260 kPa), may be employed.
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-15- ' When a source of hydrogenation netal, such as

H err] Pt Cl Wweyg7i33eses used as a source of a PCT/US96/03465

hydr ogenat i on/ dehydr ogenati on conmponent in the pr esent catal yst,
it may be desirable to subject the presenrlés catal yst to extended
reduci ng conditions, e.g., lasting nore than 4 hours.

Hi gher isomerization acti vi ty may -be provided by t he . i ncl usi on
of an additional material having Lew s or . Bronsted acid activity

in the catal yst, es,Bﬁg_l ﬁ&-&eﬂ’ﬂegaéglgst can. E’erg‘?ﬁdy% yﬁsl a porous.

bi nder material . pose 1 qU| d acid
materi al s may mr:.ety of partiede E%&ﬁﬁl-es%ﬂ%@h%ls@%dlnq.orme acidi c

material s particleBCHfepal YA BHE tfbt.-ﬁthber 'ad?o xon al ngédﬁlré d%xaryi
conpl exes of boron trifluoride, for exanple, wt

al cohol s or esheided pPREdHgki rrﬁHFHnﬁﬁnPnV\ﬁ?‘(?ﬁ'“ﬁEf av:.ng Parﬁ’é-‘%}tﬁj(ﬁa‘-q%
set y the abléufflﬁiehhetQUpaest thebaghah, 2 mesh. (Tyleﬁ:sp%miéwdxhﬁbe

bi nder materi al rh the d nen I
determ ned by 5?5%??%@ ?n Q 466 ﬁgsh (Tyleﬁ)les%%gs%g'nt "tclgtt etss F@%d%e used
as the exclusitbe20atalyst ipsmpddedat S@ﬁhcétsah‘{stewlt@.eme mul tiple

cat al yst cataf.ygﬁdéaﬂr bkt e%!uﬁ@duﬁﬁ‘fo&'@ @ﬁ‘ﬁ'n@atdro 'i:a‘ﬁ!ttﬂ&ﬁ.tf‘%rled
i soneri zation cat al yst's. For _exanp

cont act ed wi t haRdc SPy??‘tE'é‘Geéorrp?rPﬁ Rﬁef‘ﬁé‘t ")‘l*talys*' ll}9(Ye%1t cat aI yst
foliewed by COﬁbepbstM;hh withcansadrix materieds adoysﬁomed:nwm::sm a

different cat a éﬂt P%”%}Qea%a%&lyst ahfiu £or°th » Qﬂ:‘tpo%e %(fé‘g}c;r'&?%d‘i tle bet a

or a chl ori ded* m na ca |nUS
Patent Nos. matrix materdals7sughdas simmiee, H#dmmmaeandthe

first %sgaat\aeat tt.e.@amxé Rathi g,wfetﬂmet @%ﬁi&f% agme;apfwﬁét? ﬁo

second catal yst - dg he present cataqyst S calle
to cause extendj pEnrafdddseRingercdsedesiy o' binder n;q:ﬁqx;:@ls

catpgyst bed, mayabev&bbdbl Flort emmpaburtitamlg., zirconia an@othigh as

SR T *rh'cqgt'%r i Bptiv catalyst may e 1l O o0

composlted with e matrlx in amounts . from 80:20 to 20:80
by weight, e.g., from 80:20 to 50:50 active
catalyst:matrix. COmp051t1ng may be done by conventzonal
20 means including mulling the materials together followed
by extrusion of-pelletizing into the desired finiShed
catalyst particles. _
The catalyst may be treated by conventional pre-
sulfiding treatments; e.g., by heating in the presence of
25 :hydrogen sulfide, to convert oxide forms of the metal
components to their corresponding sulfides.
Although the-use'of the present catalyst in
_ isomerization reactions has been emphasized hereinabove,
it will be appreciated that this catalyst is useful for a
30 variety of organic, e.g., hydrocarbon, compound
conversion processes. When the present catalyst
comprisés.a hydrogenation/dehydrogenation component, it
. may be used in.reaCtions requiring the use of a dual-
functional (1) acidic and (2)
35 ' hydrogenation/dehydrogenation catalyst. Such conversion
processes include, as non-limiting examples,
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- 16- The present catal yst can be shaped Tnto a w de
variety of particle sizes. Generally speagling, the particl es* can
be in the formof a powder, a granule, or a nol ded product, such
as an extrudate having particle size 5 sufficient to pass through a
2 mesh (Tyler) screen and be retained on a 400 nesh (Tyler)
screen. |In cases where the catal yst is nolded, such as by

extrusi on, thdydrocracking twidracarhense wikh mmxmr@omﬂytmsr

partially drigGecluding a @ﬁi}éﬁﬂ'ﬁhx@(t&ﬂdﬁ%m AP ESEE Gt 6@11. may be
10 conposited W th matrix nmaterial to formthe finis

formof the ¢ 069 Fat aaPa’eF(?PthPs‘f SO 8P R iadigsphere (10 k?ﬁa)trl X
materi al s sucltcaahaiuﬁnm,amdsplﬁeﬁwnomaan{ba), a weightSiNd@FL R €pace

sui f.able with N8 i e a on: aci
bi né S deS|v?e ‘ﬁtg' °§r%}' Hpal'tb%n“; erial’s %out 20, rﬂf‘ ?’&z
exanpl e, titabysirogarbon moded ratlier of from aboutettiltw dlusst cﬂozl ays. The

active cataly hWo@’en hydrdcdBsH (& mount s
from80:20 to 20780 ating hy rWEI ght, e. ;V&dr*lié nﬁé%Pz%ékﬁgﬁﬁSO active

cat al yst : mat r GPRA3SEODS %%’y%é FEMPSRAtUR OF iTFam ahput 300°C hans

i ncl uld: ng mul labagtt I'mu‘?&t,eal plreskaget hiff fron iRt 0.1 atmospgher@Xt(pi on

elletizin re cat al] yst particles.
Th%Bcat al yst %qu °t|’a§ 3 19 gt&?%é% Siial (3% kPa) i 8 i ng
treatnents, ehgurllyy spage; NghwlﬂyeqﬁMeahﬁthKJ 1 to abouk @@en sul fide,
to convert oXifgviedtThePpara® fiRi?ito aromatlcs% Dl Ochﬁ-tthe'r

correspondi ng sul f.ides. hough t he esent

catalyst in conditions dpedpding @n%ﬁ%%&f Haam ahmus| C to
herei nabove, about 700°Ci, tampirlesbarapwfewaww o.hi & tﬁ@syméite i@ gisef ul

oo 20 o HERIE el BdAbentietos W P TG sy
hydr ogenat i onsgelepd vedesdtyorfc dngmeakout 0.5 to about Mo Endised in
reactions reqy gBﬁeh cgfrﬁ%ndklﬂle ratio of fzfdﬂﬂ% lo (€3 AGhgi ¢ and

(2) 35 rogenati drogenati on catal yst. conver5| on
processes |nc?9de°°§é’e|’F6ﬁPf? ﬁf&e%mr@ya ics, e.g., benzene,

toluene and xylenes, with reaction conditions including a
20 temperature of from about 100°C to about 700°C, a pressure
of from about 0.1 atmosphere (10 kPa) to about 60
atmospheres (6078 kPa), a weight hourly space velocity of
from about 0.5 to about 400 and a hydrogen/ hydrocarbon
mole ratio of from about 0 to about 20; transalkylating
25 aromatic hydrocarbons in the presence of
polyalkylaromatic hydrocarbons with reaction conditions
including a temperature of from about 100°C to about
500°C, a pressure of from about atmospheric (101 kPa) to
about 200 atmospheres (20260 kPa), a weight hourly space
30 velocity of from about 10 to about 1000 and an aromatic
hydrocarbon/polyalkylaromatic hydrocarbon mole ratio of
from about 0.3/1 to about 20/1, and a
hydrogen/hydrocarbon mole ratio of from about 0 to about
20; and transferring hydrogen from paraffins to olefins
35 with reaction conditions including a temperature from
about -25°C to about 400°C, e.g., from about 75°C to about

((')
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-17- ' hydr ocr acki ng hydrocarbons with reaction conditions
i ncl udi ng g ¢m3ggeat ure of from about 100[err] C to about PCT/US96/03465
700[err]C, a pressure of fromabout 0.1 atnosphere (10 kPa) to
about 30 at nospheres (3039 kPa), a weight=Mburly space 5 vel ocity
of fromabout 0.1 to about 20, and a hydrogen/ hydr ocar bon nol e
ratio of from about O to about 20;. dehydrogenat i ng hydrocarbon
conmpounds with reaction . - condi tions-incl udi- ng a tenperature of
from about 30 JJCta 700 er pL f_from.
about .0.1 at n%[sogiugr'ea(ﬁfﬁifure froﬁt}&gm{o éﬁ%ﬁé JE)]'célt ﬁﬁégﬁ%ﬁ%g ¥2013 kpPa) -

and a wei ght - about .5000 Ipsidgy(345t% kRaalit¢.9i,f foomabbout0. 1 to about

20; ' _ f i o
condi ti ons mcﬁ%gr@{éfw ' rgt%iﬁgf {faf?ié)?nggbjégéom%%{ﬂ% ??%bk Rpaa), a
about 700[ err moley Eﬁ%&m’ '6? 3} opexatfingte tekaipniefipigfibrom

kPia)s t? ab]g)u]E ot wheée&béﬁmsokm) eagwﬂiabmhaubht 5:1 to aboutpPace
velocity o

r ou
hydr ogen/ hyertog])r%gh ?‘R)c?e r%??‘ g%?'rnf)% aﬁBﬁ?eOV?%PSﬁBHt based on olefin
converting ol eif nBram abouttc8l mgabobtn.’zene, e. g. , - £¥ém abolitene08nto

xyl enes, with C;;pn condi tions.including.a 20 . .- tenperature of
from about 100[err to about 700[err C a pressure. of from

]
about 0.1 at npspher®h¢ Presant:ea gtoway also be ugedpiphaRes (6078

kPa)p a weightj fdfﬁﬁ@ﬁeoyéfﬂﬁlé]lkfiatlon rocesfstOTT!I.‘BEOB!Eoﬁa5aEQzﬂb0Ut
400 and a hydroge om aboyt

d rb
about 20; tra %ﬁa'{ hiGane ‘and thﬁr%?'rﬁf‘?‘ﬁ ﬂ?ﬂ%ﬁa?ﬁSﬁXiFﬁet ﬁ@gﬁpEsence
of noiere () .arengt i c24iydtener boMsevwisbparatEingotefidint i ons

i ncl uding a t ey Ai6n ChebeOaDaM LOPE ; P28Uo%h the preggnegOgfer’1C 2

pressure of from about at nos
at nospher es ( ZRERRGPHE @& mwemﬁwy/ dehydregenation COBPEBRNF, ofiNf 1 oin

ﬁbglst 10bt 0/ a4 | préerncd en abeeﬁéeCof cofed hydrogen, at a -
ydr ocar bon/ p aromat arpon Jom .
about 0.3/1" tg:%l[mﬁ# gnﬁré Qﬁoug ngéy%?oﬁéﬂYﬁyﬁ?Bc%r%ﬁhn?) e ratio
of from about Weing aebqunrtlcular upper limit, at a pressure from below
.atmospheric (101 kPa) to about 5000 psig (34575 kPaa) ,
. at a weight hourly space velocity based on ‘olefin. of from

20  about 0.01 to 100 hr!, and at a mole ratio of total
isoparaffin to total olefin of from about 1:2 to about
500:1. ' - '

- The present catalyst may also be used- in various

hydroprocessing reactions, such as the removal of metals,
25 nitrogen and/or sulfur from feedstobks,'such as resids,

including such elements, particularly in the form of

heterocatoms. These hydroprocessing reactions comprise

contacting the feedstock along with a sufficient amount

of hydrogen with the present catalyst under conditions
30 sufficient to remove metals, nitrogen, and/or sulfur.

Example 1
Five hundred grams of ZrOCl, * 8H,0 were dissolved

with stirring in 7.5 liters of distilled water. 263 mL
35 of conc. NH,0H were added dropwise over a. 30-45 minute
period to precipitate the Zr(OH), and adjust the pH to



éO; and transferring hydrogen fromparaffins to olefins 35

i th
‘reaction C¥RE7BIBAs i ncl udi ng a tenperature from P%%W’QS%[ err]C
to about 400[err]C, e.g., fromabout 75[erwnlC to about WO-
97/ 33689 PCT/ US96/ 03465
- 18- 200[err] C, a pressure from bel ow at nospheric (101 kPa)
to about 5000 psig (34575 kPaa), e.g., from abeut
at nospheric (101 kPa) to about 1000 psig (6996 kPaa), a nol e

rati o of total appraiimatiedyt Gt.al Thieefpnoduct fmmmed was recxvered Byt o

about 500:1, e.g- ahaoust A 1064 '&Qg wei ght
hourly space vg %gﬁfaiﬁb@gsegﬁorv{égﬁmgﬁ)ﬁﬁwtefcess W(%t%rr'omqg%eout .Cf)ll to
about 100, e. gP'FOFiPé’% wasutthenpresjurried in exgesg water, pH adjusted The

present catal ygb BRYwakthO domcis¥H,bA) 2NaRd refluxed 50BRhaGHtY ehskin
al kyl ation procgga)l The isoparaffi e jsobutane and the

n . . may Db
ol efn may be B Fn¥ag, yegGPvered by filfpatjonjand, dried qygrapghtne
i soparaffin/ol ati 85°C. A solutlibpl affi 64 grams of (NH,) dW,.0,a20exHot he
presence or : e f 0, Lan/ nation,. .
conponent, in E%ss"lvedaq?\ng'%g)r g’s}e%(g;)‘%é ggggﬁégﬂogﬁg%géggﬁﬁ r8§eﬁ}u§t a
t enper at ur e of driefh Preguct?8nd &hdisoresyddant mateslialr was calcined bigi ng

a particul ar ugper tb gk °calfoz Br asawse from bel ow at nospheric
(101 kPa) to about 5000 psig (34575 kPaa) at a weight hourly
space velocity based on olefin of from 20 about 0.01 to 100

hr[gor], and at a nole ratio of total Example 2 isoparaffin to total

ol efin of from about,,1: 2 u 00, . The

P esent cat i yst b igFsbuRated rans, of 2rocl® smo wers dissglved o
reactions, sucWith skdrrdmgvamn 3 Ondidiers »f distilled madgan add/ or sul fur

from feedst ockgeo164§Bnacontaliding 263 mL of idfidIdiNtgoRYCH08! RAEBES,
hese hydr oprocessi ng

Panct s one compfieEi118a 0, ang 54 aFREs: At 1 LBRGiHeRadiooh Xl 1

sufisci ent anoadfied dropwise ofvelrydr dgen Swintimutier perdoent That PH VL Whier

condi tions solution was approximately 9. This slurry was allowed to
mix at room temperature overnight. The product formed
was recovered by filtration, washed with excess water,
and dried overnight at 85°C. The material was then

20 calcined in air to 825°C for 3 hours.

Example 3
Three hundred sixty grams of ZrO(NO,), * xH,0 were
dissolved with stirring in 7.5 liters of distilled water.
A solution containing 263 mL of conc. NH,0H, 250 nL of
25 distilled H,0, and 54 grams of (NH,)H,W;,0, * xH.O was
added dropwise over a 30-45 minute period. The pH of the
solution was approximately 9. This slurry was then
placed in the steambox overnight. The product formed was
recovered by filtration, washed with excess water, and
30 dried overnight at 85°C. The material was then calcined
in air to 825°C for 3 hours.
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30 suff|C|ent to renove netals, nitrogen, and/or sulfur.

Exanple 1 Five hundred grams of ZrOC [err] [err] 8Herr]O
wer e d'ss%ﬁ%qlssss with stirring in 7.5 liters of dipéisbRbaygt er -
263 nmL 35 of conc. NH err] OH were added dropw se over a 30-45

m nut e period to precipitate theoZr(OH) [err] and adjust the pH
to WD 97/ 33689

PCT/ US96/ 03465 ) -19-

approximately 9. The product forned was recovered by .. ° filtration
and washed with excess water. The solid _ product was then

reslurried in excess water, pH adjustedXample 4 " to'9 (with conc.

NH err] OH), and ref bwedhanataagbtam‘s'hbf Z20OCl, * suzpr adpre! ddesoiveever ed
by filtration ag Qver ni ght &C. A solution of 54
ater. A

ed
grams of (NH eY'F'?S‘ h’fﬁf’gpr P &&?F}s P&r f’i?s%ﬁ &legrﬁr
di ssol ved i n ‘186lutioh Hpata]l.ﬂlms 26Benli ofr egnet. c¥HOH| h500 mL of -
dri duct | t . i
dri eg product guded §i Sof 859 1404 SR'gEkilh SBS ERLGBION o vas AT
Exanpl e 2 added dr’-’P"lsFl 9«¥eﬁ'uﬁd|3é’d' 45r BiRuSe ZPGGI"Fer The o joBHhe r ] 0

wer e di ssol vedgolution was @pproximatienly on 7m1ksl tsqm:xqf willss tiHere d Water

G stilled HorPROFEHNE E%%?'s”'” S erRieRRr | HhE Brpy demaa fha

xH err] O was lbecovered bgdcﬁadﬂta&pmemsbe@ﬂ&M&m evgimt ,ocandlhe pH

of jge dneassws.-mgh%sﬁaalgﬁ’gx' W&hg a%FrIQELS wak!then'@21¥ihueed to
m x~at roomtenperature ov uct d Was
recovered by fiht RA¥i &8, 8RBSReHOW ?hheléé'éss wat er , ' and dri ed
overnight at 85[err]C The material was then. 20. . calcined in air to

825[err] C for 3 hours. Exanple 3

Thr ee hundred sixty grans of ZrO(qurWerr] xH[err]OWere
This Example describes the activity of the catalyst

of Example 1 for n-hexane conversion at 220°C, 450 psig
15 (3204 kPaa), 1 LHSV, and 1.5 H,/n-C; mole ratio. Reaction

. products were analyzed by on-line gas chromatography.

The catalyst was pretreated prior to catalytic testing at

350°C for one hour in flowing hydrogen, then at 500°C for

one hour in flowing nitrogen. The experimental results
20 are shown in column 1 of Table 1.

This Example describes the n~hexane conversion

results obtained: from the catalyst of Example'z.

Operatlng and pretreatment conditions of the catalyst are
25 similar to those described in Example 5.° The results are

presented in column 2 of Table 1. The higher activity of

the improved catalyst (Example 6) compared to the

catalyst of Example 5 is apparent when comparing C,~ yield

(cracking product). '

30 EXAMPLE 7
This Example describes the n-hexane conversion

results obtained from the catalyst of Example 3.
Operating and pretreatment conditions of the catalyst are

-



di ssdl ved _wi rring in 7.5 liters of distilled water. A
"sol ution %%ﬂfﬁ%g 263 nL of conc. NHerr]COH,, 250 nL of 21;:)CTIU896/03465

distilled Herr]O and 54 grans of (NH ertgyferr]Herr]Werr]Jerr] [err]

xH err] O was added dropwi se over a 30-45 mnute period. The pH
of the solution was approximately 9. This slurry was then

pl aced in the steanbox overnight. The product forned was -

recovered by filtration, washed with excess water, and 30 dried

overni ght at 85imi}3xC toThhosetdescribed incBxasmptentd The resultsi areir

to 825[err]C f# esen@eliSin column 3 of Y&bPd/ 8368Phe higher activity of
PCT/ US96/ 0346

Exanpl e 4 the improvedcatalyshr CRXyrRte 3} E?WFGFlr F°[EPP] 8H[err] O
mere dissolvedbatalyst of Ekdlpbéi5riscappareft! whenscompdirshyl thd

J f . NH OH, 500 ni 5
d| st 11 ed H e?’?} ﬂ%’%ﬁ%’t‘%m np%(?&%ﬂna[grrf?{]grr] H% g”} Werr] Qerr]o [err]

xH err] O was added dropwi se over a 30-45 mnute period. The pH
of the sol uti on was appr oxi nghg_llér% This slurry was then
pl aced in the steanbox over n| ght . The produc or med was

recovered by filtrati GkiSpeitrecin bl Qlb.g Al WD, dried
over ni ght at W- The rraterl aI was 5_hen caI cgned 1 inair to
825[err]Cfor01§ Exanpl e 5
Thi s Exanpl e %%‘? c?rﬁ%o +c\’/1|3'ty oT t he catal yst of Exanple 1
f orlth- hexane cﬁanmm on at 220C, 450 ps@¢gP25 0.02(3204-kPaa), 1 LHSV,
and 1.5 H[err]én Cerr] nole ratio. Repgchion 2. 4 ppogucts were
anal yzed by on- %ine gas chromat ogr aphy. The catalyst was
pretreated prﬂo‘r 40 catalytic testing -3 12.450C f8r%0ne hour in
fl owi ng hydrogesg, then at 500[err] C foro.s 1.2ne houg.pn flow ng
nitrogen. The excperi mental results 20 are sgovvn in 09I um 1 of
l— 5 6.0
Tabl e 1.
15 n-Cs 1.3 1.3 0.9
2,2~-dimethyl butane 7.2 5.4 5.8
2,3-dimethyl butane 8.4 7.6 7.2
2-methyl pentane 22.0 25.7 26.7
3-methyl pentane 18.3 15.8 16.9
20 n~hexane 21.1 20.2 19.8
C+ 2.8 1.1 3.1
- yield, wt.$% 5.9 16.0 13.3
EXAMPLE 8
Normal pentane conversion was carried out over
25 catalyst from Example 1 at 232°C, 350 psig (2515 kPaa), 2

LHSV, and 2 H,/n-C; mol ratio. The catalyst was calcined
at 300°C in flowing nitrogen for one hour prior to
catalytic testing. The results are shown in column 1 of
Table 2.



EXAMPLE 6 Thi s Exanpl e descri bes the n-hexane conversion

results obtained fromthe catal yst of Exanple 2. ' “Operating and
pretreat megly gyRBEkot | ONs of the catalyst are 25 si M PeT/US96/03365s €
described 1n Exanple 5. The results are presented in colum 2 of
Table 1. The higher activity of - —22Hhe inproved catalyst (Exanpl e
6) conpared to the catal yst of Exanple 5 is apparent when
conparing Clerr]- yield . (cracking product). 30 '
EXAMPLE 7 Thi s Exanpl e descri bes the n-hexane conversion
results obtained fromthe catal yst of Eﬁ?ﬂﬁﬁiig' . Operating and.
pretreatnment conditions of the catalys ) WD 97/ 33689

PCT/ US96/ 03465 This Example describes the activity- 2dr n-pentane

L, A SRR B BnEIALS fractng ana
|nproved cataIqstaxiﬁhnpretﬂ9atﬂm§§ré@ndét@ﬁes were Slmllé&t&by&hoﬁb :
le 5 is appateibedNtR ERMMSIENE.! h@h@‘lexpérlmenglal Y8l t&Chazeki Ng

pro uct). Ta
n- Hexane ConveFBPWR LRt GOIVBR, ZxQfpFabls 2. The hlgheExéﬁﬁFyltY of

3] 6 Exanpie 9 improvedPcatalystocpmparédntovExaffple 8 is '
%Fgrr] +C[Srr]appare9t whes ngparlngcfﬁa F yle;d (cracklnéigéééuct) 12. 4
9.9 n-Clerr] 1.2 1.0
I1.g[e”] 1.3 0.9 >0 2?'25%35‘%5'&32% g.g[e”] 5.4
5. 80 n-Pentane Conversion Data from Examples _ =9
Example - - 8 9
Product composition, wt.%
C, +C; - 1.0 0.8
C, : ' 1.2 2.5
15 i-c, ' - 6.1 20.2
‘ n-C, : 0.5 1.2
i-cs : : " 66.5 . < 51.3°
n-Cs 2 ' 23,2 21.0
Ce+ : 1.4 2.9

The present catalysts, especially tungstate-modified
zirconia catalysts, are useful in a number of hydrocarbon
conversion processes,‘particularly-those'Which are
catalyzed by strongly-acidic acid catalysts.. The present

25 method involves the co-preclpltatlcn of the catalyst
components.

‘This new method 51gn1flcant1y reduces the complexity
of the synthesis, addresses potent1a1 environmental
concerns of-manufacturing, and provides avenues for

30 enhancing the activity and flexibility of this acid
catalyst system. The co-precipitation method can be
further modified by changing the synthesis pH, reaction
temperature, and solvent to alter the physical
characteristics of this catalyst (i.e., pore size
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preci pitati on ppmEcipstatecitde tempsratmrelﬂnem(ﬂsoé¢sto 900°C. or
co-catal ysts that wl| change t he act|V|ty and . . selectivity of

the hydrocarbon conversion products. For exanpl e, pl ati num coul d
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~ catalyst for idiurce of sa1dl6:?@15161@%@%OérbhﬁhVIﬁaﬁé{:S!Lnis abiSn im
elimnating a seco ar%ﬁg é ﬁgatlon step. Anot
exanpl e metatypgstates (Hang Fideh; HHnggkencea %BYBX|de such
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surface area of the zirconi a-based catal yst.
3. A method according to claim 1, wherein saiad
Group IVB metal is Zr.

4. A method according to claim 1, wherein said
source of zirconia is ZroOCl,.

5. A method for preparing a catalyst according to
any one of claims 1 to 4 comprising an acidic solid
comprising tungstate modified zirconia, said method
comprising the steps of:

5 (a) combining a first liquid solution with a second
liquid solution, said first solution cbmprising a source
of zirconia dissolved in water and said second solution
comprising a source of tungstate dissolved in water:

(b) maintaining the combined solutions of step (a)

10 under conditions sufficient to form a solid co-
precipitate comprising tungstate-modified zirconia:;

(c) recovering the solid co-precipitate from step
(b) by filtration; and

(d) calcining the recovered co-precipitate from step

15 (c) at a temperature from 750°C to 900°C.
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9. A method according to claim 8, wherein
calcination step (d) comprises heating the recovered co-
precipitate in air at a temperature from 750°C to 850°C
for a calcination time of 0.1 to 10 hours.

10. A method according to claim 5, wherein said
combined solutions in step (b) are maintained at a
temperature of less than 200°C.
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(54) Title: METHOD FOR PREPARING A MODIFIED SOLID OXIDE
(57) Abstract

There is provided a method for prepanng an acidic solid comprising a Group IVB metal oxide modified with an oxyanion of a Group
VIB metal. An example of this acidic solid is zirconia, modified with tngstate. This modified solid oxide may be used as a catalyst, for
example, to isomerize C4 to Cg paraffins. The modified solid oxide is prepared by co-precipitating the Group IVB metal oxide along with
the oxyanion of the Group VIB metal.




