WO 2005/060448 PCT/US2004/036945 | HOMOGENEOUS
MODIFIED-ALUMINA 2 FISCHER-TROPSCH CATALYST SUPPORTS 3
4 FIELD OF THE INVENTION 5 6 This invention relates to improved
woala@lyst@aupports. More specifically, this 7 invention relate sptorars2004/636945
homogeneous, amorphous modified-alumina cogel 8 material, the
attributes of which make it especially useful for use as a support 9 for
1 Fischer-Tropsch cata3isOBENEBACMORBRIBAQE MINAINVENTION
12 13 The preparati Q%Fy es{prgagasrwell known
2 in the art 14 and ?silr'%gua y i%?ﬁgsgﬁggﬁ?ﬂopsch sl#;]#hesis, the
3 Fischer-Tropsch 15 process, or Fischer-Tropsch reaction(s). Catalysts for
4 use in such synthesis 16 uysgally cgntaie anatalptieally active Group VIII
metal supported on a carrier. 17 The support may be alumina, silica,
S titania, zirconia, magnesia and their 18 mixtures. The Group VIII metals,
g irom e balbriskebiard twiheniovedexalbsesudiateMosedmaitially, this
catalytically active metals. Cobalt and iron have been found, 20.to be most
TSuif%‘ﬁ?QthF\‘/éﬁ *@%i@g@‘&(%@?ﬁﬁ%?&ﬁ%@’ e R
8 primaitdyidly the ceiftiions hafingidivenakenbes packadly atmnhs f@2usddienaliyport
the catalyst ntai or more promoters. The catalyst 23
gprofr%%%a[esr\éﬁ%af é%ngé%a(s%zp%gl %e'such as Th02, La203, MgO, Zr02, and
10Ti02, 24 although promoters may also comprise noble metals such as Pt,
11 Pd, Ru, Rh, 25 Os, anghlFe8iRagfmelalsarcineatidg, and Au; and
other transition 26 mefalS'sUCH as Fe, Mn, NI, and Re. Fischer-Tropsch
12 catalysts and processes 27 are described in U.S Patent Nos. 6,476,085;
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15  process, or Fischer-Tropsch reaction(s). Catalysts for use in such synthesis

16 usually contain a catalytically active Group VIl metal supported on a carrier.
17  The support may be alumina, silica, titania, zirconia, magnesia and their

18  mixtures. The Group VIll metals, iron, coball, nickel, and ruthenium have been
19  often used as the catalytically active metals. Cobait and iron have been found
20  to be most suitable for catalyzing a process in which synthesis gas is

21  converted to primarily hydrocarbons having five or more carbon atoms.

22  Additionally, the catalysts often contain one or more promoters. The catalyst
23  promoter may be a basic oxide such as ThO,, Laz0s, MgO, ZrO;, and TiO;,
24  although promoters may also comprise noble metals such as Pt, Pd, Ru, Rh,
25 Os, and Ir; coinage metals such as Cu, Ag, and Au; and other transition

26  metals such as Fe, Mn, Ni, and Re. Fischer-Tropsch catalysts and processes
27  are described in U.S Patent Nos. 6,476,085; 6,586,481, and 4,568,663. The
28  active metal may be incorporated into the base by impregnation, drying and
29 calcination as disclosed in U.S. Patent Application 2003/0162849 A1 to van
30 Bergeetal.

31

32  Alumina is one of the most desirable supports in catalysis. Due to its high

33 surface area and good mechanical properties, particularly gamma form of
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30 Berge et al. 31 32 Alumina is one of the most desirable supports in

catalysis. Due to its high 33 surface area and good mechanical

properties, particularly gamma form of -1 WO 2005/060448
wBGIAA5Re94/036945 | alumina has been used widely in inglorstog fan /036945

many catalytic applications. 2 However, in an acidic or alcohol containing
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be free of metal and other contaminants that could 16 adverse\lcl}éiaffe_ct its
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16 shawglyersely affect its subsequent processing.

17

18  Thus it is highly desirable fo have a catalyst support with the favorable

19 characteristics of an alumina support with much improved acid resistance.

20

21 U.S. Patent No. 5,733,839 to van Berge et al. shows that silica coating on

22  gamma alumina particles improves dissolution tendency of alumina and the

23 - silica-coated alumina support is useful as a Fischer-Tropsch synthesis

24 catalyst. U.S. Patent Application 2003/0162849 A1 to van Berge et al. shows

25  that silica-coated alumina prepared via in situ coating in a slurry of aluminum

26  hydroxylate prior to spray drying is also useful as a support for a

27  Fischer-Tropsch synthesis catalyst. Daniell et al. studied the latter material in

28  depth using FT-R and XPS and showed that little mixing of the two oxide

29  phases take place on the surface so the surface can be depicted as

30 comprising two separate oxide phases (Applied Catalysis A: 196, 247-260,

31 2000).
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25 that silica-coated alumina prepared via in situ coating in a slurry of
aluminum 26 hydroxylate prior to spray drying is also useful as a support
for a 27 Fischer-Tropsch synthesis catalyst. Daniell et al. studied the latter
material in 28 depth using FT-IR and XPS and showed that little mixing of
the two oxide 29 phases take place on the surface so the surface can be
depicted as 30 comprising two separate oxide phases (Applied Catalysis
A: 196, 247-260, 31 208dMIPARMIMARY INVENMEBOINVENTION 2 3
This invention relates to a homogeneous, amorphous catalyst support 4
comprising a modifying-metal-oxide and a base-metal oxide, in which the
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unmodified alumlna A silica-modified-alumina 12 cataT %@gort of the

prEVERERT ERIRES ﬁﬁ’a%ﬁ&fﬁ@@ﬁ@%ra%@b%%ﬁ%&%‘fﬂ@ﬁl g
e@@tﬁé@@h@ﬁdﬁmm@@ waeﬂf@@ummmﬂ%@l&m% 360 k0!8 & HSbut
ct, ther rovid enequs, amorphous cogel 18 catalyst
R LSHINLING Ao G o Hel R aCE ar BA UBEnaRtD 20ve!
V}\:hﬁ&!mttghfhgmglbﬁkhﬁﬁteﬁ'ltak@ﬂdﬁﬁﬁﬁ&fmmlﬁbd%@tﬁmﬁﬁgd@umma

thrg ut the base-metal oxide, the cat urfac

S R R R R R P g s o
abaiumlna aﬂim:é)‘m|bi@ﬂm@'aas)$tﬁycdlmmm\ﬁmmﬁbmmmmdth
and lower

in a first aspect, there is provided a homogeneous, amorphous coge

‘ catatyst support comprising a modifying-metal-oxide and a base-metal
oxiage, wherein the modifying-metal-cxide is homogeneously distributed
throughout the base-metal oxide, the catalyst support having a Surface to
Bulk modifying-metal /base-metal atomic ratio of from about 0.2 o about 1.1
and exhibiting an X-ray diffraction having broader line width and lower
intensity than is exhibited by the base-matal oxide.

In a second aspect, there is provided a homogenesous, amorphous silica-
modified-alumina cogel catalyst support having a Surface to Bulk Si/Al
ratio of from about 0.9 to about 1.1 and exhibiting an X-ray diffraction

- having broader line width and iower intensity than is exhibited by unmodified

alumina.



23 intensity than is exhibited by the base-metal oxide. 24 25 In a second
aspect, there is provided a homogeneous, amorphous silica 26
modified-alumina cogel catalyst support having a Surface to Bulk Si/Al 27
ratio of from about 0.9 to about 1.1 and exhibiting an X-ray diffraction 28
having broader line width and lower intensity than is exhibited by
unmodified 29 alumina. 30 -3 In a third aspect, there is provided a
homogeneous, amorphous silica- modified-alumina catalyst support
exhibiting an X-ray diffraction having a broader line width and lower

intémsitihikhaspenthibited ibypuovivetifiechatitgiese BRI FErdRSEREETIRN

OF THE FIGURES Figure 1 is a Powder X-ray diffrgction of alumina and
T al UTe e g R i DRty o AL AP R s =
as lzrdaetrdmafvicte. abDE DWEEREHSEC RENTICNHhiesto howing stetatied
degﬂiﬁ}ri%n is made with reference to a preferred embodiment of the
invention, a silica-modified alumina Fischer-Troosch catalyst support. It is
not the intention that the invention be construed in this limited fashion.
Other metal oxides may be used as support materials, For example, the
base-metal oxides o B BB 5;3 oA tanials e ixtures. The
base-metal oxides may be modified with modifying-metal-oxides such as
silica, titania, zirconia, magnegja and their mixtures. The materials
deSaitiad g BEVREG AR S AGLP B AT ANC BoSTSRREalumina.
PCT/US2004/036945 1 catalysts other than Fischer-Tropsch catalysts.

Ot 2 vr%r?tiogs %ill bS % “%RS%rg)nn utgﬁthe skilled artisar} base on the
desc?ff)non ‘ﬁer&n.pg Vily change as a funciion of time.

DETAILED DESCRIPTION

The following detailed descripfion is made with reference fo a preferred
embodiment of the invention, a silica-miodified alumina Fischer-Tronsch
catalyst support. It is not the intention that the invention be construed in this
limited fashion. Other metal oxides may be used as support materials, For
exampie, the base-metal oxides may be ajumina, sliica, iitania and their
mixtures. The base-metal oxides may be modified with
modifying-metal-oxides such as sllica, fitaniz, zirconia, magnesia and their
mixtures. The materials described may be used as a catalyst support for



4 As more fully described herein, an acid resistant alumina support is
prepared 5 by cogellation of a homogeneous solution containing alumina
and a small 6 amount of silica. Upon calcination, the process produces

wganmmadygse 7 amorphous alumina with silicon dioxide incopparased)4/636945
uniformly throughout the 8 structure. Aluminum leaching of this catalyst
by acid attack is significantly 9 reduced in this homogeneous

1 silicatalysdtfiethatihsnd iseppuifiropsehtystabstso Gtigoranadgshvill be
2 ad%gga%ﬂmvtﬁ%@mﬁ%%tﬁg@Lemiﬂ%mg%n%% the reaction

conditions are vigorous and cause attrition of catalyst particles. A 12
3 silica-coated alumina support may lose its coating upon attrition in a

4 reaciohad3nieeas B saladysins apnaski ReassardanemwB s thp Aeseibpared
invention will 14 maintain its acid resif&ﬁnce uniformly t roufghout 151

5 As ORI PIRRLN? BRI BEERQNSHRATY SR RIRS Qldrga AR s mal
6 siliemotifttisasitcanbgoasialcngtitieitimigtoressAludineets ghmprafgped
base-me;sl 18 oxide. W rghtchf %@g)((a +d$

u rtis alumina, th min
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- 99 wt%. 25 26 Silica is the preferred modifier for alumina. Alternative
12 mo%liF@r§%%‘}%Q’HQNQ,S%PQIHBHHP&%%égi%f‘,‘%HF?ﬂ&ﬁ#%%é?@of.%mﬂ
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15homogeneous. This means that silicon dioxide is incorporated 31

o S G e s g

17 unifanicamiagaesiatne teinpogires id howris s preferred base-metal

18  oxide. Where the base support is aiumina, the alumina component may have
19 any phase form selected from eta, gamma, delta, theta, alpha and their

20 mixtures, it is preferred that the base support is alumina in the gamma phase.
21 The base material in the support is generally present in concentrations of from
22 about 70 wt% or greater. Desirable base support conient is from about

23 70 -90.75 wt% of base-metal oxide, preferably 80 - 98.5 wt%, and most

24 preferably 90 - 99 wt%.

25

26 Silica is the preferred modifier for alumina. Alternative modifiers can be titania,
27  zirconia, magnesia, and mixtures thereof. Desirable modifier content is from
28  about 0.25 - 30 wi% of modified oxide, preferably 0.5 - 20 wt%, and most

29  preferably 1 - 10 wit%. The modified-alumina composition of the present

30 invention is homogeneous. This means that silicon dioxide is incorporated

31 uniformly throughout the structure of the particles. Two different indicators are
32 described that demonstrate that silicon dioxide incorporation is uniform and
33 that the composition is homogeneous.
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-4 WO 2005/060448 PCT/US2004/036945 1 First, a "Surface to Bulk Si/Al
Ratio" (SB Ratio) is a measure used to indicate 2 that the
modified-alumina of the present invention is homogeneous. 3 4 5 (Si/Al
watonsioari® of the surface measured by XPS) SB Ratio = @¢SilAbatoasiess
ratio of the bulk measured by elemental analysis) 7 8 9 To determine the

1 SBRH9, the puAl %Ogu& @1%&; efdhe siisrmasiitied )@i&g& éQewéaﬁai&fe

measdred Tsing x-ray photoelectron spectroscopy ( is 11 also
2 knthwhthe eledified-eheviresebiiy RiceRBRIVANRIRAS BYRSEARBifce the
5 12 penetration depth of XPS is less than 50 A, the Si/A! atomic ratio
measured by 13 XPS is for the surface chemical composition. Use of
4 XPS for silica-alumina 14 characterization was published by W. Daniell et
5 al. in Applied Catalysis A(SY8haienizggtio o Ba 7utoe Trased BEcHmdue
is, BeRetere; effective-imi6-measuring thethemicattompositionof the
8 outer layer of catalytiSihateia wéeahthe folkarasast dnilemertalalysis)

7 techniques, such as Auger electron 18 spectroscopy (AES) and
Secondary ion mass spectroscopy (SIMS), could 19 also be used for
measurement of the surface composition. 20 21 Separately, the bulk Si/Al

9 rafie ofefesnsivm fusitBraticdha Bl @ipons saticH demitivampdifipdgiumina

Th f
B e e e i

11 sealeribnaTings SlBRBISEeRERgEPY At icalanalvsis 525 bIsse the
12 AnpaRipdiAfdepthseRP die Baderah iIScCANMpleBinhamegenaRUsca8ured by

R e S8 ol b 4 e s i
14 alughireBigdzation was published by W. Daniell et al. in Applied Catalysis A,

15 196, 2000, pp 247-260. The XPS technique is, therefore, effective in

16  measuring the chemical composition of the outer layer of catalytic particle

47  surface. Other surface measurement techniques, such as Auger electron

18  spectroscopy (AES) and Secondary ion mass spectroscopy {SIMS), could

19 alsobe used' for measurement of the surface composition.

20 '

21  Separately, the bulk Si/Al ratio of the compeosition is determined from

22  ICP eiemental analysis. Then, by comparing the surface SVAI ratio to the bulk

23 SifAl ratio, the SB ratio and the homogeneity of the material is determined.

24  How the SB ratio defines the homogeneity of a particle is explained as

25 follows. An SB ratio of 1.0 means the material is completely homogeneous

26  throughout the particles. An SB ratio of less than 1.0 means the patticle

27  surface is enriched with aluminum {or depleted with silicon), and aluminum is ‘
28  predominantly iocated on the external surface of the particles. The SB ratio of
20  more than 1.0 means the particle surface is enriched with silicon (or depleted
30  with aluminum), and aluminum is predominantly locaied on the internal area
31 of the particies



28 predominantly located on the external surface of the particles, The SB
ratio of 29 more than 1.0 means the particle surface is enriched with
silicon (or depleted 30 with aluminum), and aluminum is predominantly
wipsaieckongthe internal area 31 of the particles. -5 WO 2008{06042484/036945
PCT/US2004/036945 | A silica-modified-alumina composition is
homo eneomgﬂ?n its Surface to .2 Bulk ratio (SB ratio), i.e., the ratio of
7

T the/sH/ii%t8 t TR COmRSBERSHS 3 RIRRLEPEL by IpRurtace to
2 surfagk ratid (B8 SatAd)atemitheatidio bitteebBikivi atwasuraibhyf dlementpbsition
analysis is from ut,Q,6 to about 1.3..The.. 0. 5 is.preferahly from
3ab ?%s.‘ér%g %B’oﬁu?%? rﬁ%rseu[gtr)ae er‘c}gthbayt f%%n’{ a é%%t‘%l.%rt%lpégig%%} , and
4 mosigmefedbly dl@ngnillasetysitlisitira@raiitid o mboeinbidy DhehsB ratio
silica; ified- i t4n Q). .
S d i o o A oo ek A T e oy s 8.0 o
6 Exappied; thanthEwritRrefeably drhe XRD 11 peaks is significantly
7broader for the silica-modified-alumina as compared to a 12 reference

unmodified alumina. For example, the full-width-at-half-height 13 (FWHH)
8 of S YRRBHEGIERIH LR NORREERSN %atﬁ**fﬁﬁtfmﬁﬁ@@@eﬁ% B

9 ﬁlﬁ}@s‘@ﬁ’ﬂ praeaditm ﬁb.Qﬁ@wﬁ}ﬂiﬁda{’?hﬁriiaefhﬁ:{thﬁafrtimtlﬁﬁtmiytmﬁeiﬂgon
omogeneous,, the silica- ified- ' iti 17.,0f t t

=T Sk e e R P T e

11 refereaieeissigritiified aknoddar Thrdhansdighousiiimdiaohthe a9 compared to a
co " L vention i . .20

12 R BB S SRS P B T T AP RAN B A el

13sedRVeiHlahtha Bt tagiamn ik paak siQuabdifiesvddimthat nersdacreased
140veall iiensips 22-3URSRATalbrIPWS LR E e reference alumina, which

indicates that is more 23 amorphous than the reference. In one instance,
13the relative crystallinity was 24 estimated to be 58% of the reference by

1gintggradimgdhecdsehgeweegsheeak; the silica-modified-alumina compositions
17  of the present invention are amorphous, having a lower relative crystallinity
18  than the reference unmodified alumina. The amorphous nature of the

18 compositions of the present invention is shown by comparing the X-ray

20 diffraction patterns of modified and unmodified compositions. As will be seen
21 further in the Examples, the silica-modified-alumina has an overall intensity
22  substantially lower than the reference alumina, which indicates that is more
23 amorphous than the reference. in one instance, the relative crystallinity was
24  estimated to be 58% of the reference by integrating the 38.5 degree 29 peak.
25

26  Silica-modified-alumina according to the present invention is preferably

27  prepared by a cogel process. It may be prepared by a variety of methods

28  employing batch and continuous processes in different combinations. The

29 silica-modified-alumina is preferably prepared in accordance with the methods
30 disclosed in commonly assigned U.S. Patent Application Serial

31 No. 10/291,114 iitied "Method for Preparing A Highly Homogenous

32  Amorphous Silica-Alumina Composition”, filed November 8, 2002 and

33  incorporated by reference herein.
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25 26 Silica-modified-alumina according to the present invention is

preferably 27 prepared by a cogel process. It may be prepared by a

variety of methods 28 employing batch and continuous processes in
wiffeerbegmbinations. The 29 silica-modified-alumina is prefarabbwos036945

prepared in accordance with the methods 30 disclosed in commonly

assigned U.S. Patent Application Serial 31 No. 10/291,114 titled "Method
1for ﬁh@ﬁm@aﬁtm@mt%m@g@riadgemaaﬁf@tmmnmmﬁ@ alumina

200%&'99@ g&mwtﬁe%@@a% @@Mﬁéﬁﬁﬁ@fﬁﬁegegrrewaﬁafﬁrﬁé‘%%d
erein. 6W 200 /060448 PCT/US2004/036945 ™1 The two most

3|md@rk&ﬁ#%fﬂ@ﬁsofﬁhﬁé‘ﬂréﬁ'&%ﬁo?ﬁﬁ? SURDRRRESaIT AR Noedari RR53,

4(1) psepai QRN RbrAtes S@'@M‘@@J%éﬂt@@c@%ﬁ'%ﬂﬂﬁcﬂ@@ (2)
gel lation of the %%)gfﬁi%? se solution. See U.S. Patent No. 4,289,653,

54 JIIREDROGF "@@@659 Pecoraro, both of which are 5
gincorporated by reference hereln 6 7 The starting materials for the sol

et e e aa bt s S RROUER AR . i
8alusmidumsiiod ey rariming sluitiews) aﬂhhmmd}hmm m@mmm

gbrogyide.aly rnm&%d%@mmmagm SRR R (@ﬁpﬂ&@ CHOI

aluminum carboxylate, and aluminum ‘metal or alumina’ in aC|

1012 ARG RIRNYEar QTR dOSEi RTINS ARk, %lywnera@&ome
11hydipehigiin asiBorpeBitds deltniRes HAle SPHIGRT R eliddenutiArenet

14 I|m|ted to, sodium silicate, rec itated silica dissolved in a base, and
12collbRASIDRS AGi 50U e NI Ak dArEYR B I Wik aFigia a
3batnpqmmcyowpanﬂ nu@maad@ Meeelikalicisctitiegl tecmad)tein the pbt

14'3;?{ d ?ﬁix%rgide fer%el urﬁ#g;%%ttéfeg %llgan gizsso ve %\g%%rsoeusaﬁg colloidal
15 smca.

16

17 The sol preparation can be done sither via a batch process or a continuous
18  process. It is critical to maintain the pH iess than 3.0, preferably less than

18 2.5, and to ensure vigorous and complete mixing of the aluminum salt and

20  silicate solutions to minimize any unwanted gel or particle formation.

21 '

22 A basic precipitant such as ammonium hydroxide is then added to the

23  acidified sol solution. The addition of the precipitant raises the pH of the sol
24 above 3, resulting in cogelling the silica and alumina species. Dilute ammonia
25  solution is the preferred base for the gellation. In addition to dilute ammonia,
26  other bases such as NaOH, NaAlO,, KOH or organic amine derivatives can
27  also be used for the gellation. |t is preferabie to use an inorganic base for its
28  lower cost.

29

30  The gellation step can be done either via batch process or confinuous

31  process. The desirable final gellation pH is in the range of 5-9, preferably 6-8.
32 s critical to have complete, vigorous mixing of the Si-Al solution with the

33  basic precipitant, and to maintain uniform pH throughout the mixiure during
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20 silicate solutions to minimize any unwanted gel or particle formation. 21
22 A basic precipitant such as ammonium hydroxide is then added to the
23 acidified sol solution. The addition of the precipitant raises the pH of

wihevenls@dmbove 3, resulting in cogelling the silica and alumirspeeiBss94s
Dilute ammonia 25 solution is the preferred base for the gellation. In

addjtion to dilute ammonia, 26 other bﬁas s.such as NaOH, I}l 2, KQH
or SR SR R i BB B gl feltap s
2prefemablosandalaminademiginsmse for its 28 lower cost. 29 30 The
3gellation step can be done either via batch process or continuous 31

process. The desirable final gellation pH is in the range of 5-9, preferably

4 6-8T reppagipiifes) (I NeRBHIBIBR HATRREUS FMKIPYEATHAITRAR S fidtate

sWith the R3Sl PERCHNERHe ARALAMABHRAIM WA tBrasebessHaum.
mixture during -7 WO 2005/060448 PCT/US2004/036945 1 the

6 pretipaRBaLRIRLIN 48 597 DAL ARPIRIIIAEY rérm AR Gt iQAsidarenREptyre or
7 dorapiisslhaldrind eemainst Gp 4oTdipteciniiaiad trosheaeedgdbay be
washed tq remove an unreacte%\;ili ate Sém%aluminup salt, and then. it
81 SRS Qe RANVRA R S L AR SRS G B RS0
Sfor sypmpoxifoathlid 2 Hma sabesinT temperative roayhatfartele patedssed fo
1Oteqﬁgrﬁ}gg[%&g%ttﬂ&ﬁ%é?&%@%{Q_e aged cogel may be 8 spray-dried

for convenience’in handling and storage, or for preparation of 9 support
11for fluidized bed catalyst. The wet cake may be further processed to 10

12thefinabraiahst FrmdhMelshsate: ddeibihd o %ﬁ&(éﬁﬂf&ﬂﬂ'&?@ﬂpoﬂs

drying and calcining of spherical form of supports 13 includes an initial
13sprip HARRG BT ST airovifsealeryBratt J60E6E ANEA1RPRrp0°C and a
14 calginatienciARPr 8bA8hie60:6-1a baIRIRcuRIRas LB dd or kiln.

15

16

17 If desired, the material may be extruded to produce a fixed-bed catalyst or

18  catalyst support. The silica-modified alumina as-is or in combination with other
19  ingredients can be formed by adding sufficient amount of water to produce a
20  moisture content of approximately 60% by weight. After mulling for

21 approximately 1 hour, optionally in the presence of peptizing acid or base, the
22  material will attain a piastic or doughy state which is suitable for extrusion in
23  commercial extrusion apparatus. The extrudates then needs to be dried and
24 calcined. The preferred method of drying and calcining includes an initial

25  drying step in an air-purged oven at 85-175°C and a final calcination at

26  480-850°C for 0.5-12 hours in a furnace or kiln. These and other methods of
27  finishing the material are set forth in U.S. Patent No. 4,289,653, Jafie,

28  incorporated by reference herein.



15 16 17 If desired, the material may be extruded to produce a fixed-bed
catalyst or 18 catalyst support. The silica-modified alumina as-is or in
combination with other 19 ingredients can be formed by adding sufficient
wemoantefizvater to produce a 20 moisture content of appradmatey S0 45
by weight. After mulling for 21 approximately 1 hour, optionally in the
presence of peptizing acid or base,gggw@égaterial will attain a plastic or
doughy state which is suitable for extrusion in 23 commercial extrusion
2 apparatus. The extrudates then needs to be dried and 24 calcined. The
3 prefagegimared el-AneaGantcaleinamitplgessant miveh2brdyingataot
in an air-purged ovEn at 65-175C and a final calcinatign at 2@490%850[%‘
4 forlptBDESHh B e NG REOS RifM T R BY S SY NG HEFMERIGE GF S 7' the
5 finighingsthainradgiial are set forth in U.S. Patent No. 4,289,653, Jaffe, 28
5 incorporated by reference herein. 8 WO 2005/060448
PCT/US20041036945 | Examples 2 3 The following Examples are
7 illugxativleof 18y piftesinpiftibinadviodiliedraHoting itk &Y &G’ IRFibie\203)
invention in any way beyond what is contained in the 5 claims which
follow. 6 7 Example 1: Synthesis of Silica-Modified-Alumina (2.5% SiO2/
9 97 AnERitEDSiBIDURh sidRNaISRIHIRM IseritRIR S0l At E&MaINES 10
10 WI%r8}205) WRgidsbRIsEZIRIbY liasclving, 23080010t AYDB s mod: acid
13.7 ?oof hydrochlori¢ acid 11 (37% ,coné:%wtrated) Al;l %SE%Oﬁdeiog%%F
1 waf8r A GRRESEEHRMDNbF SBaie 49 Vitieste @BTutibh HETATRI 3™
12 w}%&s@@%)l(w_amﬁmpam_edt@éwdmgmg gﬁ% ai%%z whsmn@mmmN _éwj-ﬁ_iﬂﬁim 43.6¢
silicate solution (contains 29 wt% an o Na
1swa[§r9%%eal‘[]%éﬁ %Posél 75tie i |g8|§ %nr;cezgts)lu |o“rgt%\§Fan2 5?1%”@)%%%320)
14  with deionized water. The alumina/ hydrechioric acid solution (Solution 1) and

15 the silicate solution {(Solution 1) were pumped separately and simultaneously
16. info the mixing chamber of an in-line biender. Mixing in the in-line biender was
17  vigorous with 1800 RPM blender-blade rotation. The volume of the mixing

18 chamber is smaller than the total volume of solutions pumped in 1 minute

19 (i.e., less than 1 minute residence time per volume). The mixing produced a
20 clear silica and alumina sotution at the outlet of the inline blender (Solution. I}1}.
21 The pH of the Solution Il ranged 1.5 - 1.7. The Solution ill contained

22

23 Si/Al atomic ratio of 0.022
24 H*/ Na* molar ratio of 1.1
25

&  Then the product from the in-line blender (Solution Il containing the sifica and
27  alumina sal) and the dilute ammonia solution (Solution 1V containing 8 wi%
28  NHa) were pumped separately and simultaneously into the mixing chamber of
20 a second in-line blender for gel formation. The rate of the ammonia solution
30 was adjusted to maintain the pH of the gel product at 7 + 0.5. The mixing in
31  the in-line blender was again vigorous with 1600 RPM blender-blade rotation.
32  The gel product was collected and then aged at room temperature for 2 hours
33  while stirring. This cogelled silica-modified alumina was filtered to produce a

-0-



15 the silicate solution (Solution 11) were pumped separately and
simultaneously 16 into the mixing chamber of an in-line blender. Mixing in
the in-line blender was 17 vigorous with 1600 RPM blender-blade
wootattarspddse volume of the mixing 18 chamber is smaller tharirths2o04ai36945
volume of solutions, pumped in 1 minute 19 (i.e., less than 1 minute
residence time rﬁ)_er volume). The mixing@gduced a 20 clear silica and
I

1 aldifiriads6aifor BE R urRs WeEShIE SRIRBECSYRIRSAOIRYYes DY AR
2 PH:phishRehsiamdhgangad d ot dolitbReoSatbfionilincoitiaiead 22v88, 24 .

Si/Al atomic ratig of 0.022 24 H+/ Na-' mol igof 1,1. 25 26 Then t
3 or IR S At P EOITEST I oAt B M o e
4 aluiniacskd) wasl diedlitiRHarkrovaraigbtufibe Solartiond¥lechaliaining \8as sized
t% 28 NH3 t ' [
5 e e BRES A eheate G arTosa . B Hibur for
6 of erdivatimoacbrItkaAMBE was aaitisrd ab tagiaietHe oI dp hogere

7 aﬁaﬂgféﬁl Cifl e BIRSL . %}Q&@h@_ﬁ&lﬁé@% WMRTREANIMOROYSed

ith 1600 RPM blender-blade rotation. e gel product was collected
8 analtHeinaged sivawnaetpelakieetfor 2 hours 33 while stirring. This
g cogelled silica-modified alumina was filtered to produce a -9 WO

2005/060448 PCT/US20 36945 | filtered cake [ s, washed
10 o BRI C TGP 361 B By A BRI iR A
14 solution of ammonium nitrate (8.3 wt%, 24 L. 3 solution) for 15 minutes,
and.then rinsed with 48 IQRIZ [as ' ied at
12 e R RO Cor e 85 Sl Of AR YimEE &
13 anéExalopied uhie cexcestalignai chS0R0TR foind sviion 4 asevandified to

14 AngHagl s8R AREACINGE-ALAROK JR LRk AAPENRIsBHSE!

wit erent porosity. Physical properties of the final silica-modified

15 alumina are summarized in Table 1. 9

18 Si/Al atomic ratio of 0.045
17 H*/ Na* molar ratio of 1.1
18

19 Then the product from the in-line blender (Solution [l containing the silica and
20 alumina sol} and the dilute ammonia solution {(Solution IV containing 8 wt%

21 NHs) were pumped separately and simultaneously into the mixing chamber of
22  asecond in-line blender for gel formation. Then the gel product was purified
23  via ammonium exchange and deionized water rinse. Physicai properties of the
24 final silica-modified alumina are summarized in Table 1.

-10 -



10 Example 2: Synthesis of Silica-Modified Alumina (5% SiO2/ 95%
A1203) 11 12 The preparation procedure of this silica-modified alumina
was similar to 13 Example 1. The concentrations of Solution | and Solution
wi anemaogified to 14 produce a combined solution of silica agdredesninastas
a composition of 15 16 Si/Al atomic ratio of 0.045 17 H+/ Na+ molar ratio

" oA e ST 0 S ) M VA oo S

2 (Solution IV containing 8 wt% 21 NH3) were pumped separately and

3 SIMyltaneoushidHQ BsirNG: thanshes PhodRiacarrpf dnvinedanges for
gel formation. Then the gel product was Eurlfled 23 vig ammonium

4 exEnangieahd deiGRReRMIAIENARES BRI GPRIFHRD ok Bie Dadifipd to

5 silisaomediteshaitmpsaiatenanelizednd Zapiend. o8 WORMNAGI448
PCT/US2004/036945 | Example 3: Synthesis of Silica-Modified Alumina
(10% Si02/ 90% A1203) 2 3 The preparation procedure of this

7 silica-modified alumina was Sithllafcimid¢ Exianopled94he concentrations of
Solution | and Solution 1l arg mq\c]i | a combined solution

8 of silica and alumina to a compos%ggﬂ(%)%ﬁag@ii}%atomic ratio of 0.094 8

9 H+/ Nam molar ratio of 1.1 9 10 Then the product from the in-line blender

10 (SeitARY sRYMARIPEANG STICARNSeh i VARASON ARhARIABUS silica and

ammonia solution (Solution IV containing 8 wt% 12 NH3) were pump

h

d
11 cophraion SR AR ARG (A8 14t Co5 e BBE AT

12 in-ng;bleades dnies femaatien: dnesithaianbaieduetyampHitiegchamber of

13  a second in-line blender for gel formation. Then the gel product was purified
14 via ammonium exchange and deionized water rinse. Physical properties of the
15 final silica~-modified alumina are summarized in Table 1.

16

17  Example 4. Commercial Alumina base case (100% AlzO3, non-invention)

18 |

19  Physical properties of commercial pseudoboehmite alumina (Catapal B from
20 Sasol Condea) were compared with the present silica-modified alumina. The
21 pseudoboehmite alumina was calcined under excess dry air at 1000°F for
22 1 hour to convert to the gamma -form of alumina. Another sample was

23 calcined at 1200°F for 1 hour to produce gamma alumina with different

24  porosity. Physical properties of the final gamma alumina are summarized in
25 Table 1.

- 11 -



14 via ammonium exchange and deioniz

ed water rinse. Physical

properties of the 15 final silica-modified alumina are summarized in Table
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sProperties and Conversion Activity 4 of Silica-Modified Alumina

Table 1. -11

Compasitions. 5 Silica-Madified Silica-Madified Silica-Modified . _ .
Reference, Alumina Alumina Alumina G%&%‘yﬁq{f@ﬁti ot [Stlica-Modified
Invention Alumina (Exam ej:ﬁgﬁ%% mpl éﬂﬁ mpl ;’ﬂna inal S m\ma
umina (Exa SEXamplg.édkiexample)higininal Sz ntion
Content, wt% 0 2.55 10 Pgiasky after 1@0@merlginationadodace drerample 3)
m2/g 293 338 365 412 Tgtal pore volume, cc/g 0.43 0147 0.44 0.58
NEraresiy Atereb? @O F caldinations Surfsté area, m2/¢gs5217 293 318,878
Total pore volume, cc/g 0.561 0.48 0.46 0,58
Porpsity after 1000°F calcinations ‘
Surface area, m¥g 293 338 365 412
Total pore volume, ce/g 0.43 0.47 0.44 0.58
Porosity after 1200 °F calcinations
Surface area, m%/g 217 293 318 378
Total pore voiume, cclg 0.51 0.48 0.46 0.58
Na, wt% - <0.05 <0.05 <0.05
{Bulk SifAl atomic ratic, by 0 0.020 0.041 0.093
elemental anai.
Surface SIAI atomic ratio, by XP3 0.013 0.031 0.075.
Surface to Bulk Si/Al Ratio - 0.64 0.75 0.80
XRD, % crystaliine alumina phase 1100 % 72 % 58 % 59 %
(38.5° 26 peak) (base)
XRD, % linewidth (38.5° 26 peak) {100 % 163 % 213 % 244 %
{base)
nCe + iCs Model Compound Testing (a)
Total conversion, wt% 341 - 4.7 3.8
nCg conversion, wi% 2.0 - 2.2 1.8
iCg conversion, wi% 4.1 - 71 58
Isopropylamine TPAD, mmoi/g base - Lower than the |-
hase

o OO~

{2) Model compeund testing was performed at 950°F, 0.68 WHSY of the combinad hydrocarbon feed,

-12 -

The present silica-modified alumina shows excellent physical properties as
shown in Table 1. The silica-modified alumina samples show comparable or




Na, wt% - <0.05 <0.05 <0.05 Bulk Si/Al atomic ratio, by 0 0.020 0.041
0.093 elemental anal. Surface Si/Al atomic ratio, by XPS - 0.013 0.031
0.075. Surface to Bulk Si/Al Ratio 0.64 075 0.80 XRD, % crystalline
wealenvinaopisase 100 % 72 % 58 % 59 % (38.520 peak) (bassw) DARDNH36945
linewidth (38.5 20 peak) 100% 163% 213% 244% (base) nC6 + iC Model
1 Compryngh Fastine-eh 013 conversioman teSrdferdcd. QludtiBa. The present

conversion, wt% 2.0 2.3 1.8 iC6 conversjon, wt% 4.1 7.1 5.9 . .
2 o opHGRSTRANE AT PG BAGET Eo AR P e iseimeg ot
3 compaiinddestng Maspedomaadrat 950F, 0.68 WHSV of the combined

hydrocarbon feed. 7 8 The present silica-modified alumina shows

excellent physical properties as 9 shown in Table 1. The silica-modified
5 aluthia asab s siowot drepsiehimotifid® AMOPECs 06l s Table 1 are
6 P CUERAGAHRAAPAIM DI TGS BE AN RALHOMIRR0aN0E 1,

reference alumina. The present 2 silica-modified alumina shows better

7 resismhiretoshbdioneceiisiinn andaivmBaaiiishidiratss iaksiiea better.
g4 qn@&?p%%éi/éléﬁ?&%&%&ﬁéiHﬁﬁrm@QMS%@%%ﬁdﬂmiQ{!fE@hlﬂc?—the
yn

are 6 nearly identical to the compositions of the s esis medium
9 (SElRAIFITdRbITEsESiaER T UM SREAME BRIFRHAY RIS Hifitates
10 thasikisar-SolRcRIRIAIPthis I ETameatits. Merybuermplpis ik ST aliass are
of silica intg ffhgi 9 alur{ggasist %é%ﬁ%h%oﬁh.ﬁ t?.‘urfac Si/Al ratigs mea%!Jred by

11 xpaosgdq 1 indicating e malerial Is uniform an
12  homogeneous.
13

14  Figure 1 compares the powder X-ray diffraction (XRD) pattern of commercial
15  pseudoboehmite alumina to the present homogeneous silica-modified alumina
16 (5 wt% SiO; case, Example 2) in dried-only form. The present silica-modified
17 alumina exhibits two distinct characteristics. First, the overall intensity of the
18  X-ray diffraction of the silica-modified-alumina is substantially iess than the

19 reference alumina indicating more amorphous nature of the material. By

20 integrating fhe 38.5 degree 28 peak, it has an estimated 58% relative

21 crystaliinity compared to the reference alumina. Secondly, the linewidth of

22  each XRD peaks are significantly broader, more than twice, than the

23 reference alumina. By measuring the full-width-at-half-height (FWHH) of the
24 385 degree 20 peak, it is determined that the linewidth was increased by

25  113% compared to the reference alumina. The other silica-modified alumina
26 samples exhibit the exact same behavior as reported in Table 1. The features
27  of lower relative crystallinity and broader linewidth indicate that the present

28 silica-modified alumina is very homogeneous in nature and the domain size of
20  the alumina crystallites is significantly smaller than the reference alumina

30 (much less than 100 A).

31

32 Al silica-modified-alumina samples showed desirable low activity for

33 hydrocarbon conversion as shown with the mode! compound testing.

-13 -



10 comparable values to the bulk Si/Al ratios. The surface-to-bulk Si/Al
ratios are 11 close to 1 indicating the Si distribution in the material is
uniform and 12 homogeneous. 13 14 Figure 1 compares the powder
waawp/ditiraction (XRD) pattern of commercial 15 pseudobastriise004/036943
alumina to the present homogeneous silica-modified alumina 16 (5 wt%
Si02 case, Example 2) in dried-only form. The present silica-modified 17

1 alURFERRIAGROWRS didtihdoEH APAERGREROS. RRRYSIRIPDAIR intensity of
o thezddnbieay siifiaetinot hsnslierom ediipdnalbiminatie sehstansiabiuless

than the 19 reference alumipa indicating.more amorphous nature, of H
3 the ARRRSIHU RS- 30 FABUFERIA thE S iHig B SE JUBRC ARAlaSspesorption
4 estmdteslaBShoelative Zecsyplailindyidibnub dhedhte sheatraiferencedifiathina.

S dly, the. li id 1gnifi b
s SSSER AR 6780 57 el s SR ARG Low

6 fullenitith-cfttha st iFisirapss trenipbeblicgd cepatisnauhese severe
7 defermined.that g EF'&‘&MIﬂH‘a‘P@ﬁAH%B%%@@ BécRDd Berrampaseshighe

reference alumina. The oth@r silica-modified alumina 26 samples exhibit
8 thesyxB@sia R BERBSIor as reported in Table 1. The features 27 of lower
g relative crystallinity and broader linewidth indicate that the present 28
silica-modified alumina is vef%/fgorpogeneous in nature and the domain
litesti

0 sizEXmpeeRe AR NFAIRIFR 8is significantly smaller than the

11 reference alumina 30 (much less than 100 A). 31 32 All

silica-madified-alumina samples showed desirable Jow activity f .
12 g B R o R R M AT B Hisgigsed
13 WQ R0 CERE0ME PCIAIS2004/03648: eExhindad ehneetiafidomiotal

14 hy%rigﬁ%([@&ﬂ iSﬂEWﬁgiggtﬁﬁgﬁiﬁ?{g@&% 5&%&%@%;’%%?5% constant

comparable to the reference alumina 3 sample 3.1 % conversion.
15 Tepip@ntubenstsgraniiisd amine desorption 4 study also shows that the
16 Support acidity of the present silica-modified

17  in the present case, behavior of a support in an acid medium was evaluated
18 by observing a conductivity change in the acid medium using a procedure

19 similar to that disclosed by van Berge et al. For this experiment, 2 g of a

20  support sample, which was calcined eariier at 1350°F for 1 hour, was sfurried
21 in a dilute nitric acid soiution. Then the conductivity change was monitored for
22 50 - 60 hours while maintaining the slurry pH at 2.0 using an automatic

23 titrator. The conductivity change (delta) is due to aluminum dissolution to form
24  APT and other charged particles in the slurry. Thus the higher conductivity

25  indicates higher dissolution tendency of the support. The conductivity change
26 s plotted as a function time in Figure 2. The figure clearly indicates that

27 silica-modified alumina shows much lower conductivity increase than pure

28 gamma alumina at constant acid consumption, demonstrating the present

29  silica-modified alumina exhibits improved acid resistance.

30

31 While not being bound by any particular theory, the acid resistance of the

32 present homogeneous silica-modified-alumina support may come from very

33  fine domain of alternating silica and alumina phases in the support. The close

-14 -



5 alumina is comparable to or lower than that of reference gamma
alumina. Low 6 acidity of the support is desirable for metal catalyzed
reactions where severe 7 isomerization and cracking are undesirable,
weuobsasoscher-Tropsch wax 8 synthesis conditions. 9 10 EXBEH@4B136945
Acid Resistance Test 11 12 A method to obtain cumulative aluminum ion
dissolution profile was disclosed 13 U.S. Patent No. 5,733,839 to van
1 Betfiersioal. handHiccowvesrngiate o effertive indiosis e mltatna and

2 USINCHEONIUE i MGASEMAN B R RRe Rt BRIMAR AT e beRI Ohedium
time. 16 “17 In the present case, behavyior of a support in an acid mediu
3 walpeTluBEe bR ANEIH S HESRICIRRG ERaRGE e SBRRE R A (e
4 USig@ompspeadiing fdReinisas tedbit wisclosedbysmrs Bikgembaifidddakinsina
experiment, 2 g of a 20 su oFIt ample \évhi%h as C%Ic,inc-\(d eE%rIiersate ies |
5 138X RS r?ﬁ}?ﬁr%ﬁ%lﬁga %"\fﬁ S Srie AR AR EReRgs
6 conrdtwikichangastasirnonitinecfre@Bs 30edB0hours while maintaining
the slurry pH at 2.0 using an automatic 23 titrator. The conductivity
change (delta) is due to aluminum dissolution to form 24 Al3+ and other
8 charigers peeticiunarotisevelipiprprus theirsiest dbmniiaR iz Meicaesble in
9 h:@{i@ﬁ%ﬁﬁ%%%ﬁ Y RLIDSAYP BHimbiS RISt e 26 is
plo

as a functiontime in Figure 2. The figure clearly indicates that 27
10 silidhercirimendaisiond Srawdthndmsarreshingiriginers@enfepure
1128 GREMMEAHA)IRR BFLARBIRBHRAIN SO Nsa i pediEimapSiEytigdter
present 29 silica-modified alumina exhibits improved acid resistance. 30
1231 SRIPHERSBRGBound by any particular theory, the acid resistance of
the 32 present homogeneous silica-modified-alumina support may come
from very 33 fine domain of alternating silica and alumina phases in the
support. The close -14
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WO 2005/060448 PCT/US2004/036945 1 chemical bonding may
generate very effective binding sites for alumina and 2 hydrolyzed
aluminum species. Even the digested alumina in the acid medium 3
(partially hydrolyzed colloidal alumina) will be attached to the support with
the 4 stronger binding force. As a result, the homogeneous

éiliﬁgmodifiﬁ-alqmina 5 is expected to generate much lower content of
WH species in 6 a catalysis process that contains

1.

w

agueous medium. 7 8 There are numerous variations on the present

inveHiIgAoYRIFERIE BRSBTS Sdght QitHIPseaGhIIs o1 SIRGrENg
examples described herein. |t is 10 therefore understood that within the

scOIBY R ARG 1547 amasPrmRiahBskimysssifaliiced
othesyinanihanetal eI raRY SRy MAsLSly dauampiiRbDgrRIO tA8
WHAT IS CLAIMED IS: 1. A homogeneous, amorphous cogel catalyst

SUPBBTL TS QIR <N SEIRAVR]-HTERBREAGY A Paa e E & WKide,
whaeeify/the-nieesifyig-metal-sdafo sdtiorapgeneabsii distidatedt 1.1 and

throughout the base-metal gxide, the catalyst support having a Surface to,

BB Ay Ak IEREUAR R YR REGARE i ROt B R 8¥E sty

1.3hands exhibitéiohathe rasdiffaetionitiaving broader line width and lower
intensity than is exhibited by the base-metal oxide. 2. A catalyst support

according to claim 1, wherein the modifying-metal-oxide is selected from
the, geasp SNHBHMIRESINAg tHakanzirogREreinagaesia and mixtures

thereqf, 3. A catalyst support according to claim 1, wherein the
RO e R G RN TR SO R Br A G sica,
titagaaiangraonitlieadhessphrt MivRirdyIhergyiort according to claim 3,
wherein the modifying-metal-oxide is selected from the group consisting
of silica,

A catalyst support according to claim 1, wherein the base-metal-oxide

is selected from the group consisting of alumina, silica, titania and

| mixtures";hereof.
A catalyst support according to claim 3, wherein the
modifying-metal-oxide is selected from the group consisting of silica,

titania, zirconia, magnesia and mixtures thereof.

A catalyst support according to claim 4, wherein the base-metal oxide

is alumina and the modifying-metai-oxide is silica.

A catalyst support according to claim 5, wherein the catalyst support

comprises from about 70 wi% to about 99.75 wit% alumina.

A catalyst support according 1o claim 5, wherein the catalyst support
comprises from about 90 wt% to about 99 wt% alumina.

A catalyst support according to claim 5, which has been prepared by a

cogel process.

16



titania, zirconia, magnesia and mixtures thereof. 5. A catalyst support
according to claim 4, wherein the base-metal oxide is alumina and the
modifying-metal-oxide is silica. 6. A catalyst support according to claim 5,

hegai i : 9 75
i SR S S S T

catglyppsabpayvingoimpridesdrionBatio6i/d0 wwite of tibouabowlOPdmibont 1.1

8. t - r rdi [ . Whi r

cos e A e T e
cogEtensiy/sarippunitiedhy Lreiptitecte!BuikaSi/Al ratio of from about
0.9 to about 1.1 and exhibiting an X-ray diffraction having broader line
width and lower intensity than is exhibited by unmodified alumina. 10. A

10. catdyeaieysd sHrsyd Afpertngameie vRerdieteie haudaccesalBudi/Al
rati%jﬁ_)\fr%qg%m%&&..}%patalyst support according to claim 9,

wherein the catalyst support comprises from about 70 wt% to about 99.75
wt% alumina. 12. A homogeneous, amorphous silica-modified-alumina

11, CatalySL SRR BRI B ARy S A H R HAL BRAVIRG @a?é%f’@ﬁﬁiﬂ&l’" idth

and lower “intensity than is exhibited by unmodified alumina. 13, A catalyst
suppRrIsas PG fbeldin® v2 Yaniesbivtiad f(H whe Wienming.50% greater
than the line width of unmodified alumina when measured at half height.
14. A catalyst support according to claim 12, wherein the intensity is at

12.1eadh DOTyORBE BN FOnPRN OGN SR IRtk a ez seighsioruRpOrt
FISGhaNiiPRssh RIS SHE BRI R USRS HR: ARASRIRYRRgE!

catalyst support g:ompr_ls_lng a modifying- metal-oxide and a base-metal
oxidalenpibrdiame exbiiaR mercsiied RlWBIMBgeneously distributed
throughout the base-metal oxide, the

13. A catalyst support according to claim 12, wherein the full line width is 50%
greater than the line width of unmodified alumina when measured at half
height.

14. . A catalyst support according to claim 12, wherein the intensity is at

least 25% lower than for the unmodified alumina.

15. A catalyst for the Fischer-Tropsch process comprising a homogeneous,
amorphous cogel catalyst support comprising a modifying- metal-oxide and a
base-metal oxide, wherein the maodifying-metal-oxide is
homogeneously distributed throughout the base-metal oxide, the

catalyst support having a Surface to Bulk modifying-metal /base-metal

17



16.

17.

18.

catalyst support having a Surface to Bulk modifying-metal /base-metal 17
atomic ratio of from about 0.9 to about 1.1 and exhibiting an X-ray
diffraction having broader line width and lower intensity than is exhibited
by the base-metal oxide and a catalytically active Group VIII metal. 16. A
catalyst according to claim 15, further comprising at least one promoter.
17. A catalyst according to claim 15, wherein the modifying-metal-oxide is

sel S8 GHARE TERLA Qs‘il%%h%iﬁéfﬂ ARGEBRERY 2NaiMesia
andybsietien SRR dRibassrairliR ade Dwelereshiiemiag & oup

consisting of alumina, silica, titania and mixtures thereof. 18. A catal
acc@FB!ﬁg@R)Qﬁéhﬁ hascomsiahowe andisraimy icalbeaeig GoHP ML aI is

selegdpgl from the group consisting of cobalt, iron and mixture thereof. 18

A catalyst according to claim 15, further comprising at least one

promoter.

A catalyst according to claim 15, wherein the modifying-metal-oxide is
selected from the group consisting of silica, titania, zirconia, magnesia
and mixtures thereof, the base-metal-oxide is selected from the group

consisting of alumina, silica, titania and mixtures thereof.
‘A catalyst according to claim 17, wherein the catalytically active

Group VIl metal is selected from the group consisting of cobalt, iron
and mixture thereof.

18



