HOMOGENEQUS MCDI FI ED- ALUM NA FI SCHER- TROPSCH CATALYST

SUPPORTS FIELP OF THE | NVENTION This invention rel ates
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invention relates to a honogeneous, anorphous

nodi fi ed-al um na cogel material, the attributes of
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18  mixtures. The Group VIl metals, iron, cobalt, nickel, and ruthenium have been

19  often used as the catalytically active metals. Cobalt 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,, La;03, MgO, ZrO,, and TiOx,
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 Berge etal.

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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form of al um na has been used widely in industry for
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U.S. Patent No. 5,733,839 to van Berge et al. shows that silica coating on
gamma alumina particles improves dissolution tendency of alumina and the
silica-coated alumina support is useful as a Fischer-Tropsch synthesis
catalyst. U.S. Patent Application 2003/0162849 A1 to van Berge et al. shows
that silica-coated alumina prepared via in situ coating in a slurry of aluminum
hydroxylate prior to spray drying is also useful as a support for a
Fischer-Tropsch synthesis catalyst. Daniell et al. studied the latter material in
depth using FT-IR and XPS and showed that little mixing of the two oxide
phases take place on the surface so the surface can be depicted as
comprising tWo separate oxide phases (Applied Catalysis A: 196, 247-260,
2000).
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14 ungg@ e);s}%ﬂg%l‘t' g\g\fﬂ?% preBh & n%gﬁﬁ?’r r’ﬁyn%n%g desialERrsoerties of

er X-ray action of alumna and
15 SI blmna@dfeﬁmbl’a;l higheraresistanoedtozadid trenguraphdigibd wilurgina.
conductivity change as a function of tinme. DETAILED
16 DESCRI PTI ON' The fol | ow ng detail ed description is nade

7with reference gREFANESERIPHGNITHTAENFIOHRESS
18| nvention, a siliTca-nodified alum na Fl scher- Iropsch
19  Figure 1 is a Powder X-ray diffraction of alumina and silica-modified alumina.
20
21  Figure 2 is a graph showing conductivity change as a function of time.
22
23 DETAILED DESCRIPTION
24

25 The following detailed description is made with reference to a preferred

26  embodiment of the invention, a silica-modified alumina Fischer-Tropsch

27  catalyst support. it is not the intention that the invention be construed in this
28 limited fashion. Other metal oxides may be used as support materials. For
29 example, the base-metal oxides may be alumina, silica, titania and their

30 mixtures. The base-metal oxides may be modified with

31  modifying-metal-oxides such as silica, titania, zirconia, magnesia and their

32  mixtures. The materials described may be used as a catalyst support for
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catal yst support. It is not the intention that the
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exanpl e, the base-netal oxides may be alum na, silica,

titania and their mxtures. The base-netal oxides nmay
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catal yst support forcatal ysts other than
3 Fi scher - Tropsch catalysts. Oher variations will be
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description herein. As nore fully described herein, an
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ose Its coating upon attrition in a rea
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14 S A dugRs e ARTRBL BaRiBedfis . “The base

15support may be conposed of alumna, silica, titania,
magnesia and their m xtures. Alumna is the preferred
16 bade-nated praviously, thebease shep@ém;sb@ pompo'ssd af aldrpiag, silica,
t he, al um na comaQ av ect ed
17]c rﬁ tanig. é'na%qm% aghqlgml%{wée(sail %1516{3 edpf grrgé %ase metal
18 M ¥ikideeWhdrt thé bas€kapp&ist diaimind1ehd armimarPfiforiéht may have
alum na in the gamma phase. The base naterial in the
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21 The base material in the support is generally present in concentrations of from
22 about 70 wt% or greater. Desirable base support content is from about

23 70 -99.75 wt% of base-metal oxide, preferably 80 - 99.5 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 wt% of modified oxide, preferably 0.5 - 20 wt%, and most

29  preferably 1 - 10 wt%. 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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70 - 99.75 wt % of base-netal oxide, preferably 80 -

99.5 wt% and nost preferably 90 - 99 wt% Silica is
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nodi fiers can be titania, zirconia, nmagnesia, and
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¢ .
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Al
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19  also be used for measurement of the surface composmon.

20

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

22  ICP elemental analysis. Then, by comparing the surface Si/Al ratio to the bulk
23 Si/Al 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 particle

27  surface is enriched with aluminum (or depleted with silicon), and aluminum is |
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 located on the internal area

31  of the particles.



Separately, the bulk Si/Al ratio of the conmposition is
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with alum num (or depleted with sili con} and al um num

4| s measteed by elamentatanalisisis ra@ apau 0o sbeetata. dhe SB ratio
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on the internal area of the particles. A

7silica-nodified-alum na conposition i s honbgeneous

n . L C o '

s$ EPORAERT & uhblhobehih e ckahodineBiayhitsof e
9 mepsesedd inveniBs isithet hreadtlr dfdthe Ilaevhctth of 8id KLRay Biffraction

10f ?bk%s%fﬁé & tg%l‘“%%egﬁ’gh r§>< b&@ Wpﬁz'fqtﬁ q?gyach %r'tfie XRD

11Pr ZJ%%RQ g @lﬁ@@ﬁtmtadgr Rrile §m9étumc9dlﬁ°ed Eﬁfrﬁma na as compared to a

era rom to about 1.1,
12 pr eéfereatﬂewmm)dified shioind. Fadexample, tife ﬁuﬂwblmfa@ba@hegght

37 ndEREOREE R bran P BPoK RLBel et i RE tat was igpased
4D| fbfyrﬂ@% edmpafdtto e réfdrbn&eak@@nal n the Exanpl es,
l'inew dth of each or the XRD peaks is

153| gnlflcantly broader for the silica-nodified-alum na

1635 45 RO o b8 AHh o EPERh P Ml Spppositons
17 3805trcéesrre@@nf2m@@ﬂ©n ém@mdrpmdusnﬁawld%; la Ibher ratesve crystallinity

i ncreased by 113% conpared to the reference al um na,
181 n tharvihe refereace BN dHinFR] A, < herargorphous nature of the

1551 SRR o EbEL S RIRAE I R0, B chlpaPERescray
20cr yifh‘frabﬂlcbmpéﬁzems of modlfled 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 26 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 titled “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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than the reference unnodi fied alum na. The anorphous
nature of the conpositions of the present invention is
wehosesms conpari ng the X-ray diffraction pattecnasefos/036945
nodi fi ed and unnodi fied conpositions. As will be seen
further in the Exanples, the silica-nodified-alum na
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invention is preferably prepared by a cogel process.
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bat ch and conti nuous processes in different
conbi nations. The silica-nodified-alumna is

7pr é?rers&bﬂmgpnaﬂaaiakscfo'r theasal @rejparatiomistdp mbEIdeealhmm salt, acid,

d | U.S. Patent |
8 Ser515 RU1o@ 501261 B9 TP GSaIhBesa hekcam G LRea b
92{)&8%@@%@6@%1%&%&9%@émﬁmgh é alumlnum chéorlde

osition™, fil venber 8, I hcor por at e
10 by alwﬁmuembl@nhide,ealunﬂmwntlomdﬁ’oalumlmmnrao@tatesalelpnnunm alkoxide,
ca- nodi fi um n

11, B ERE; GbBRviSte. 2nd' AnBRiTe it i i dstpRey ifRgia.
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solution. See U S. Patent No. 653 affe and

13 U. bydmghéaric agid, and@gicssd. ﬁa@amaaf@ sayeees inclugei, but areenot

141 RS S L B I el )55} Ao, and ot

15al witicaum salt, acid, and a silica source. The al um num
salt source that can be used for the synthesis
6i ncl udes al uni num sul f at e, alum numnitrate, alum num

17 Shhplel e IS a%‘il&waér? Q'Hoﬂ‘é enﬂ’ule\" (o Bhich r886§sa{apg1c8Hg?1uous

acet at e, um num aI um num car
18 al Process m atitical tcahwmtam tdeqﬁrbleesedham 3al;lpﬁefeF§.a§ lddsethan

19 ES:ZSQE%rthqu@IuPeC l/llég?ou%(:grgd gor%glle?e mfb%grgn of the IaﬁlJmmum 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. It is preferable to use an inorganic base for its
28 lower cost.

29

30  The gellation 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 6-8.
32 ltis critical fo have complete, vigorous mixing of the Si-Al solution with the

33  basic precipitant, and to maintain uniform pH throughout the mixture during
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hydrochloric acid, and nitric acid. The silicate
sources include, but are not limted to, sodium
weizbismat4as precipitated silica dissolved in a basasS2@md3cod4s
colloidal silica. The sol preparation can be done-
either via a batch process or a caontinuous process.
1i s the praciitant adﬁiﬁpmséﬁmmtcwdebtq miyizentpmation of Isolated Slllca

pr and to ensure vigorous and
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mation. A basic pre I tant h as ammoni u
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conti nuous process. The

h
1Ode&? eé\rﬂ)%/lia(%ft@ t%r@ﬁﬁﬁ%ﬁsoiﬂsﬁ% is in the range of 5-9,

11preferab|y 6-8. It is critical to have conpl ete,
orous mxing of the Si-A solution with the basic

12pr g@emre@rﬁted mathodoofreliyingand caleinbgrafrhercd)fgro ef supports
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14 al finanealcipgtiomat 48850T@ o0, Saetbure ge b foerdes drkilhe
washed to renove any unreacted silicate and al um num

19salt, and then it is anmoni um exchanged to renove
sodi um The cogel should be aged for approximtely 2-5
hours at roomtenperature or at an el evated
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be spray-drie onvenj.en e in handling and, , . )
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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 plastic 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 65-175°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, Jaffe,
28 incorporated by reference herein.



the final catalyst fromthe noist state. The preferred
nmet hod of drying and cal ci ni ng of spherical form of

weuppmetasi ncl udes an initial spray drying stepCTuS204/036945
ai r-purged dryer at 260-450 0OC and a final calcination
at 480-850 OC for 0.5-12 hours_ i furnace or Kkiln.

Tt desired, the nmateri al n'g'gx E‘?ﬁrudedto produce a

o fixed-bed catal yst or catalyst support. The
silica-nodified alumna as-is or in conbination with

3 ot Tibe follayried Examplesarepbiustertivecdiiie pirsany irvenfipg; kware not

4 S8Rl Rl Ml e ok BOYR FARL Rpbyéined inthe

5 apglemis Wi folldwhour, optionally in the presence of
peptizing acid or base, the material will attain a
6 plastic or doughy state which is suitable for

7 B SRR S s bR AT o 50 A
8prefer|red rret hod of drying and cal c;jnl ng i ncludes an
t t - . 1750C
9 andnaadingluagLE sauion s Tienl segenieg T8 8k 8hngFas
10| nﬁ%&dﬂé@@?%l&%h}fﬁ QS?@ g‘%ﬁ%@l}%%ﬁ"‘ﬁﬁd ﬁ"@@ﬁh?&mchlonc acid

he nat e re set fort
11 l\b(37éP/,oZﬁ>9c6|5tBated}ah1f%653 g obdpionigeddvater.rA diduierasution of sodium

12 TR ChS Pl 0 R SR8 Bl oy stins 4269

131 nbﬁ@&%r&@téd Q@)dluH@hdéﬂé%ﬁMﬂ@ﬁ (c@ntams zwm%%roacén&w Na,0)

is contained In the clains | 1 ow. Exa
14 &/mthemlwlmd watercahwmimm@dh)«ﬂr@ﬁhIQaIC(a@ICSs@lstlmkS@wtlg%l) and

AI oe% Hﬁ%‘a Eﬁwﬁ @R@BQL’W\MZ% ;gdgﬁgr egg%&ggeq% Simyttaneously

16 239\90 theé® mixth§cRamber @ﬂdn I8lide ble(ﬁdehmrxﬂ@ilndhedn-ane dblender was

(37% concentrated) in 2553 of dei oni_zed water.
17 di vigosousowiih i16R0 6PN duengdariiade ratatiersoiha YejHme of the mixing

g con i
10 SSEAALBEPR St Bl e B 56RO pbl RO minute
19 (c@ns. alieds t24h MndinGicGR sigleric8 ¥méa@éd) volume). The mixing produced a
20 clear silica and alumina solution at the outlet of the inline blender (Solution Il1).
21  The pH of the Solution Il ranged 1.5 - 1.7. The Solution Il contained

22

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

26  Then the product from the in-line blender (Solution Ill containing the silica and
27  alumina sol) and the dilute ammonia solution (Solution IV containing 8 wt%
28  NHs) were pumped separately and simultaneously into the mixing chamber of
29 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
-9-



wi th deionized water. The al um na/ hydrochloric acid
solution (Solution I) and the silicate solution
wO3alsweoas |11) were punped separately and PCT/US2004/036945
simultaneously into the m xi ng chanber of an in-line
bl ender. Mxing in the in-line blender was vigorous
1 W filkerb8 QAKEPMhd taksl aashl sghed it tieionizetheates follaverf by an

2 ¢ o RITQHAMABE00 With S PALEIUIIN o T (s, 24 L
3 ' e§6lﬂﬁ€ﬁffo?'1g‘?nlgﬁfels ghYHan HQ@d Witk 4 %Qhef Ggféﬁ%d‘%ateﬁ The

| ear silica an ufiha col ution at e outl et
4 i nfinalecdieavakedri¢dsat 250 °Fnovdrhight. Thes giktamadifeedSaluntinamwas sized

o] 1) So 111 ined Si/Al
5 Lt ko bRal Biaces S eigheq R aRRe Ay At DR T Thafiffor
6t hﬁcﬂa‘?@HCAn&h@%%ﬁ?Ié \a 'déﬁ:lﬁ’écﬁﬂfjﬁod %Hﬂ'ﬁbﬂlr'td) roduce

containing the si al um na sol) and ute
7 anmatérial sathudifferent soramhyoﬁhysxcalcpmae:rhneag)fﬁwe\il%lm@a -modified

unped separ at | mul t aneously into the
an@ﬁéﬁﬁgwpn@r'zg%ééf&pgei n-1ine bl ender for gel
gforrratlon The rate of the ammoni a soI ution was
adj usted to maintain the pH of the g roduct a
10 0. Examie 2 Symiosa of e HRedHA sru (A Sitlgheats AlOs)
11 vigorous with 1600 RPM bl ender-bl ade rotation. The gel
product was coll ected and then aged at room

121 efm@rp@éplér@tlbl@prc?cdd@vé of thid blﬁc@-fmwd’flétgaluﬁﬁna wesgsihiladto
silica-nodified alumna was filtered to pro

13 af Exaeniel 1 c B congantraiivaswh Soldiond ang eelugien ilrﬁlrféaodlﬂed to
I »
14 LB 4 PR SRR e 13 b ohlon o

15for 15 m nutes, and then rinsed with 48 L of dei oni zed
wat er. The fi naI cake ried g ga%ﬁ over ni ght .
6 The silica-nodified aI ﬁ migdadp 2 smal | pieces

zand cal ci ned under exti‘?Né*rr?ﬂo@Hatﬁ)tofl‘p@OOF for 1 hour
for activation. Another sa e was cal cined at 12000F

18for 1 hour to produce rmte!rl al with different

o PO Reh ke etk P R e Pk cogigiaing the sica and
20  alumina sol) and the dilute ammonia solution (Solution IV containing 8 wt%
21 NHj;) 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. Physical properties of the
24 final silica-modified alumina are summarized in Table 1.
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Exanpl e 2: Synthesis of Silica-Mdified Alum na (5%

Si 2/ 95% Al 2Q8) The preparation procedure of this
weoizbispaeaawdi fi ed al um na was simlar to Exanpl eCTusiiee/036945

concentrations of Solution I and Solution Il are

1 o1 Gienale. & SBRs of e Bpagea Aminan 0% Siod G Kl:0o
5 0.045 H+/ Na+ nolar ratio of 1.1 Then the product from

the in-line blender (Solution Ill containing the
3 si The prepatatidnupiotadsice pf tirisiticre-miidifiedealamiaaas similar to

4 puokenPB ot eriPenr ERTLT SR A SR IE magired o
5 ChareRice of conbiRBA B dtion! dffichl rOsIunTies taglcofmositidross

Then the gel product was purified via ammoni um
6 exchange and dei oni zed water rinse. Physical

properties of the finalsi]ica- £} alum na are
7 summari zed in Table 1%2%'{61"3%%%%?@%& s of
g Silica-Mdified Al um i/ NeOYSaORtic. Al 208) The

preparation procedure of this silica-nodified alum na
9was simlar to Exanple 1. The concentrations of

So : : _ Co N

10 SOt B bsP SAhEGR b LASREPISbARH 1y SoBttHg né sica an

11 cogp®sina isol) apd the/dilitecdmmania adlution{SOlLaSH IVieoniddring 8 wt%
mol ar rati o of é 1 Then the product fromtge in-li n%

12 p| MiseweresaHmped seperatelyang %m@aﬂﬁ%@mte he mjxing chamber of
al ' i NNt i i Lo

10 P\ A5 B ing b TR Ao S el i

14 si wial arameoish excimngd aed dejcnirgdomaleb énsef Physiea gridperties of the

in-line blender for gel formatiaon. T t he gel
15 pr BRI ISRRIEOP AT e RHIR e Rt Fablge and
dei oni zed water rinse. Physical properties of the
final silica-nodified alum na are sunmarized in Table
17 1. Exampia é: Gompearaial Alumhinal hasernase{460¥aflkOg To0sHVention)
Al 2C8, non-invention) Physical properties of
18 commer ci al pseudoboehmte alum na (Catapal B from

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.
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Sasol Condea) were conpared with the present
silica-nodified alum na. The pseudoboehm te al um na
woasospadas ned under excess dry air at 10000F f eCTASE®W036945
to convert to the gamma -form of al um na. Anot her
sanpl e was cal cined at 12000F for 1 hour to produce
1gamma al umina with different Tpbleokity. Physical
properties of the final gamm al unina are sunmari zed
in Table 1.1 Table 1 2 3 Physical Properties and
aConversion Actl P_hf/éicéi PropSitldsmd\behierebniAstita
Conpositions 5 Silica-Mdified Silica-Mdified
4Silica-Mdified ReEBdicardedifigd AMdrana Pempasitiansni na
5GamTa I nvention Invention Invention Al um na (Exanple
1) (Exanple 2) (Exanple 3) Nomnal SiOQ2 Content, wt%O

area, nm2/ g 293 338 3@brefdite, Tot alAlyptree vol yaeminec/ g [Alumina
0.43 0.47 0.44 0.58 [Pamps tv af iryentb00 ORInvention Invention

2.5 5 10 Porositv affter 10000F icg&Moaitiedd NSilicsHViddiRe  |Silica-Modified

cal ci nations SurfaceAdmina nP/ q(Pempal 31(Examplet al(Example 3)

pore volune, cc/g 0./51 0.48 0.46 0.58 Na, W% - <0.05%
Notiind) Sics@obentBuiok Si/|Al atom c rgts o, by 0 (8. 020 0. 0410
0.093 elenental anal| Surface § /Al atomd ratio, by

posEERy aftd? 18563F Bali3kios 075.
Surface area, m?g 293 338 365 412
Total pore volume, cc/g 0.43 0.47 0.44 0.58

Porosity after 1200 °F calcinations

Surface area, m?/g 217 293 318 378
Total pore volume, cc/g 0.51 0.48 0.46 0.58
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 0.75 0.80
XRD, % crystalline alumina phase |100 % 72 % 58 % 59 %
(38.5° 26 peak) (base)
XRD, % linewidth (38.5° 28 peak) {100 % 163 % 213 % 244 %
(base)
nCe *+ iCs Model Compound Testing (a)
Total conversion, wt% 3.1 - 47 3.9
nCsg conversion, wi% 2.0 - 2.3 1.8
iCg conversion, wt% 4.1 - 7.1 5.9
Isopropylamine TPAD, mmol/g base - Lower than the |-
base

6] (a) Model compound testing was performed at 950°F, 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 alumina samples show comparable or
-12 -



Surface to Bulk Si/Al Ratio - 0.64 0.75 0.80 XRD, %
crystalline alum na phase 100 % 72 %58 % 59 % (38.5

waQusak)44¢ base) XRD, % | inewi dth (38.5 2Qpeak) PCDWSA04/036945
163 % 213 % 244 % (base) nCfi + i Cfi Model Conpound

1 coRbeEsfhoqimar o oIy el ing fidiebedstufi Thp present
2 7. dilica- ﬂwdoﬁfﬁ&br Qlﬁmﬁéfbﬁéwgﬁ’yé@er rasMthBcd BsReat thaiBiort frathat it
the - base b (a) Mdel conmpound testing was perforned

3 at metaiRs the 68riaesares betis: conbi ned hydr ocarbon feed.
4 7 8 The present silica-nodified alum na shows
excel | ent physical properties as 9 shown in Table 1.

5 Theng ibuikcsiyAmatibs ofithdl siidarmosiigal aenmsam@manamwae 1 are
or hi gher surface area and pore vol une th

6 r eneardhigenticalip dze cqm@omtl@@%ﬁf thg WE*&G%MC#'@@ (Solptiondll,
7S BB T R SRR, T B il

8 rla[nlccﬁm?{atlc}imls stoichipmetridj ieaely adrupieteninsarguration of Jititd #to the
are near identical to os ition h
9 syAlmYE? StHbu e f(es%mriﬁqeo%l/gh r@%O S EM%E# shows
10 S| l:br‘hga?ébq’e FhMEL G the B Ik%llﬁﬂ%t‘t‘(?st Fhelditfacel t’o' tﬁﬂk Si/Al ratios are
i ncorporation i's stolchionetric, nearly conple
11 i nclospdo dtindicatifig #id Bicdisiribution frethel roaterial i mnufctrm and
Th surface Si/Al ratios neasured by XPS show
HYOIENEOVR| ues to the bulk Si/Al ratios. The
3surface to-bulk Si/Al ratios are close to 1 indicating

the Si distribution in the material is uniform and
14 hoFigye® d spgnpares 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 less than the

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

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

21 crystallinity 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
29 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 model compound testing.
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Figure 1 conpares the powder X-ray diffraction (XRD)
pattern of commercial pseudoboehmte alumna to the
wonres@at44honogeneous silica-nodified al um na ( BCWMUBR®UO36945
2 case, Exanple 2) in dried-only form The present
silica-nodified alumna exhibits two distinct

1 chakaebRy 2 showsd 457 Yo3btal hiidroeeesan torversioaidny of the
X-ray diffraction of the silica-nodi EI ed-alumna is

2 subxerapla dshgwed sSs9%ranVerRion. QosirataRIcp e rgference alumina

nge faelt\{g%gn{{: nggé'%ﬁ}mj ﬁggf%‘%p §bréﬁﬁm§%hﬁhe dB¥orption

4 essthn‘wadsb 333 mattrhe/eumqﬂsaadlty of the prespat sitica-madifeed

reference al um S dl dt h of h ,XRD
5 pesliien SRR Taties i slowet tha theh of e e diaras Bigama. Low

th
6 ?elﬂﬁx gf ﬁ'ﬁa pﬁJolﬁ‘tﬁb %ﬁgﬁﬂle%mfélg%tétl dsréeasc:tlggz P/vehéare severe

7 ZQseme,rlzatlom snderackingect uhdgsinahbte, ISunb\asdTithWSTrOpsch wax
|ncrr§6\sed b% .’{.13% conpared to the reference al um na.

8 TheY§PeRIF COPFIIRBS o di fi ed al unmi na sanpl es exhibit the

g exact sane behavior as reported in Table 1. The

features of |ower relative crystallinity and broader
10 | i BeaingfenSi Add Rasistaneg Tesle present silica-nodified

11 alumna is very honogeneous in nature and the domain
size of the alum na crystallites is significantly

12 SnAl rh@ﬂhotlft@fbb‘tmﬁ oimﬁﬂéwecaummumnm ﬂigu@lmtlbawoﬁlbavasldl@closed
ilica-nodified-alum na sanpl es

13 d%%hfﬁ Ratent b 55t33\ﬁ?t&1/t0f\@n Bergestal ueﬁh%foqﬂr@ﬁgtraﬂoegf
14 5"t ohS iRt A STRAHAT dnBREONE X AERIef S B MEOnstant

ydrocarbon conv rsion an

15 3. @%Mﬁmcmbnmftmwrpar able to the reference alum na
sanple with 3.1% conversion. Tenperature programred
16 ami ne desor ption study also shows that the support

17 aCIndl!h %rﬁgeﬁt}}%g%r ﬁéﬁé\hors?f 4 QWIn ér?g @l HEYiA s evaluated

ower than that of Ference ganma
18 aI bymbaervlrtg/\a aonductivityichahge ﬁutbmmd mectimli usig e drocedure

19 angi G R ek SRR VAL BPES Gt S SOREITGito ponf @

20 Wa&upport sample, which was calcined earlier at 1350°F for 1 hour, was slurried
21 in a dilute nitric acid solution. Then the conductivity change was monitored for
22 50 - 60 hours while maintaining the slurry pH at 2.0 using an automatic
23 ftitrator. The conductivity change (delta) is due to aluminum dissolution to form
24 AP 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
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synthesis conditions. Exanple 5: Acid Resistance Test
A nmethod to obtain cumul ative al um numion dissol ution
wonoafsideetssas di scl osed U. S. Patent No. 5, 733, 8BOTHS200a/036945
Berge et al. in that concentration of alum numions
was estimated using conductivity neasurenents at a
1 COpRéMMal BEhamganhy gehérale Péryldffgetivé Birldieg BRES RiHtalumina and
case, behavior of @ support in an acid nmedi um was
2 evhydr@i)@@dtqlummwﬁ wbages. kwenihe digested shaming indhe ssid medium

3 G b EE) STR8 el ghaCatdit T e HudcBehdBing spprortyitn he

4 of sfo httjm FoRlet As\WhieslitWae Homhegerebueadilideemodlfied-alumina
13500F f or our, was slurrled inadilute nitric

5 aclSdemﬂcmd tﬂwgel’ﬁfé’ﬁ? Heh M@mnt%nttqf “ePlHRlge ajrginum species in
ai ning the
PR oo el alBike e 0 e
7conductivity change (delta) is due to aIuwnnum
di ssolution to form Al 3+ anﬁ ot her har

es . .
8 1 TRt BrenyperoHaarakians o] e Prsseattienion Wiih Si Bessible in

hi
9 ol SRR N LA ?@%X%@ﬁgmf unct“.‘osﬁﬂé."”em e
10 Fi therefo?e u'rﬁtjers‘td)cghﬂmt wlithar the scopecdties fallosting claims, the
silica-nodified al shoms ch | ower,. cqonduct i Vi
17 nMERLSH THAHOB BTGt TR (11 SRUIcany dgspiped or
12 cog§é;,q§m,émhe,c§¢ﬁrpnst rating the present silica-nodified
alum na exhibits inproved acid resistance. \Wile not
bei ng bound by any particular theory, the acid
resi stance of the present honpbgeneous
silica-nodified-alum na support may cone from very
fine domain of alternating silica and al um na phases
in the support. The cl osechem cal bondi ng nay generate
very effective binding sites for alumna and
hydrol yzed al um num speci es. Even the di gested al um na
in the acid nmedium (partially hydrolyzed coll oi da
alumna) wll be attached to the support with the
stronger binding force. As a result, the honbgeneous
silica-nodified-al um na
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is expected to generate nuch | ower content of
"sol ubl e" alum num species in a catal ysis process that
woanis@enss agueous nmedi um  There are nuner ous VRCTAS2OMS36945
on the present invention which are possible in |ight
achj d supporting exanples descri bed
The T lpCLAl fore understood that within the
oscope of the follow ng clainms, the invention may be
practiced otherw se than as speC|f|caIIy descri bed or
3 exdnpl i A rembgersqUSWAINDIPIBLE gatmyst spart cegmprising a

4 iod Ty1 RO e e A e R THRRE Pige IR e
5the "Ddhfddlf?mgﬂﬂhb@lm&}@ed@ Homdc}mwaewﬁrnzsuwdsﬂhrwgn@d the

t hroughout the base-netal oxi he cat al yst support
6 havi ng haserineiskoxide.Bhp Lcatmﬁtfsypﬁgrtmvmg 7 ipasiacade Aulk

780 ARt o s Pt g s 1.5

gw dth apfld |e§th@ftmg@|ﬂ(8ﬂa§/)dlﬁ|’@aﬁlom aaemgumoa@@r Ime Wwitkh and lower
base-netal oxide. 2. A cat al?‘@é support accordl ng to

9 cl ai m 1intameldhan isexhibied hy Hip hesedmelni @ddes sel ect ed
ofromthe group consisting of silica, titania,

zirconia, magnesia and m xtures thereof. 3. A catal yst
11 sugpor t Aacatalydi suppont adcairdng to oladmed, whdrein the

D e el G AT SR AR o
13 catal ySEltM%Bnécgﬁdﬁ'eg% 1% ﬁ'h)gbl"@s:j’theﬁtﬁ.r ein the

modi fyi ng met al - oxi I's select fromthe group
14 consi sting of silica, t| tanl a, zirconia, magnesia and

15.¢) 3 m ah GHIEVES ekt ORI Rl el Ser B Bk e ahftal-oxide
16 t he nodid yd|8sel8forh tr@(gl%p'c%n%lsklhg'q‘)f alumina, silica, titania and

17 mixtures thereof.

18

19 4. A catalyst support according to claim 3, wherein the

20 modifying-metal-oxide is selected from the group consisting of silica,
21 titania, zirconia, magnesia and mixtures thereof.

22

23 5. A catalyst support according to claim 4, wherein the base-metal oxide
24 is alumina and the modifying-metal-oxide is silica.

25

26 6. A catalyst support according to claim 5, wherein the catalyst support
27 comprises from about 70 wt% to about 99.75 wt% alumina.

28

29 7. A catalyst support according to claim 5, wherein the catalyst support
30 comprises from about 90 wt% to about 99 wt% alumina.

31

32 8. A catalyst support according to claim 5, which has been prepared by a
33 cogel process.
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6. A catalyst support according to claimb5, wherein
the catal yst support conprises fromabout 70 wt% to
wahosto6®d8 75 Wt % al um na. 7. A catal yst suppor PCT/US2004/036945
according to claimb5, wherein the catal yst support
conpris from about 90 wt %t a. about,. .99 % al um pa,
1 5.0R ¢ oAdRAOERE Sy EMIBLE i o BOLITERrA i PR VA SUPPort
o been prepgh g_%@e%smﬁhksmwm) & frdn RHEREBEERHSbout 1.3 and
anmor phous stlica-nodified-alumna catal yst support
3 havi ng exithitihgaa X-ta\Bdiffkactiontaving bwagier fine widihand lovwer
to about 1. nd exhi bi.ti n_X-.ra iffraction
4 havi ng BISHEINGR ﬁeemh')‘afeﬁp@h@”ﬁ“ %@iﬂ?@”@'ty than is
5 exhi bited by unnodified alum na. 10. A catal yst
support according to claim9, wherein the Surface to
6 Bul & Si Asatalystissippertiaceaidimgia clains 9 whebeinithe Spirfage to Bulk
cat al yst. r; C ' iym9, wherein the
7 Surfaceél/‘gp'%ﬁgléé gﬁ%ﬁﬂ@“&[ﬂ?%&?gﬁ@?ﬂoﬁéabout 0.9 to about
g§1l.1. 12. A catalyst support according to claim?9,
wherein the Surface to Bulk Si/Al ratio is frorpgfabm{t
9 1. 1. 13A catalystaupppriasspBling i elginaitywhesein)the mustace to Bulk
wherein t. | ses from about 70
10 W%to gg}g‘ﬁrta(ﬁgégb'éﬁ{m?%{gﬁﬁ?n&%ge%1§A honogeneous, ‘
11 anor phous silica-nodified-al um na catal yst support

exhibiting an X-ray diffraction having a broader
12 ) Wi GRS SIREDr Becalsing Jo Phitn o Seeinine Stirigpe to Bulk

unnodi f i Hn dBoutA gat al yst support accordi ng
13 to clai rsnﬁg\léll%}tl\k/%h%er}gmn t ue full Tinewdth is 50% greater

14 than the linew dth of unnodified al um na when neasured
at _half  height. 16. A catalyst support accqrding,t
15 o1 49m 14 cafuriauppprecRidhd i gBIrE aineAEInS sl spppor
16 t han f opofhRAsesHTBRN AbA 78l Wiv%h fRabout 99.75 wt% alumina.
17
18 14. A homogeneous, amorphous silica-modified-alumina catalyst support

19 exhibiting an X-ray diffraction having a broader linewidth and lower

20 intensity than is exhibited by unmodified alumina.

21

22 15. A catalyst support according to claim 14, wherein the full linewidth is
23 50% greater than the linewidth of unmodified alumina when measured
24 at half height.

25

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

27 least 25% lower than for the unmodified alumina.

28

29 17. A catalyst for the Fischer-Tropsch process comprising a homogeneous,
30 amorphous catalyst support comprising a modifying- metal-oxide and a
31 base-metal oxide, in which the modifying-metal-oxide is

32 homogeneously distributed throughout the base-metal oxide, the

33 catalyst support having a Surface to Bulk modifying-metal /base-metal
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17. A catalyst for the Fischer-Tropsch process
conprising a honogeneous, anorphous catal yst support
woanpricei4sg a nodi fyi ng- netal - oxi de and a baseecm@iSa104/036945
oxi de, in which the nodifying-netal -oxide is
honogeneously distributed throughout the base-netal
1 oxi de, Lhgnieahid ¥ofromubmRRl 0.8y ABELLY §léh6aés@n&ﬁn§uhb< -ray
nodi fyi ng-nmetal /base-netal atomc ratio of fromabout
20.6 to dbaction avingibwaseniine widthrand lowpr intensigcthasns

haV|ng bro
3 exhi b t S4B Rl MR Bbeb A G ARG A PR T AN 0, Gfoue v
4active @epslp VIIT nmetal. 18. A catal yst according to
claim17, further conprising at | east one pronoter.
519 A cat al yst according to claim17, wherein the
ﬂ Fyi %cgﬁgﬁlt a?&%rﬂﬁd[t?) (ﬁgﬁh‘?@?eﬂﬂhép%ﬁﬁﬁsﬁﬁ%ﬁeast one
co Isti'ng o srlica, tania, zircon esia and
7 m xt ur eprdrheteeof , the base-netal -oxide is sel ect ed
fromthe group consisting of alumna, silica, titania
and m xtures thereof. 20. A catalyst according to
g ¢l gpm 13\0 §teé o?cﬂﬁ ¢S CREMI7C HHofeRThb Wo bt n}\.étfall-omde is
metal is cte the group consi sti ng
10i ron andelectadbfrcem théagragf consisting of silica, titania, zirconia, magnesia

11 and mixtures thereof, the base-metal-oxide is selected from the group
12 consisting of alumina, silica, titania and mixtures thereof.

13

14 20. A catalyst according to claim 19, wherein the catalytically active

15 Group VI metal is selected from the group consisting of cobalt, iron
16 and mixtures thereof.
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