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What is claimed is:

1. A catalyst composition having improved activity a
stability in the hydrodemetallation of heavy hydrocarbghs,
said catalyst composition comprising:

(a) a support which comprises precipitated lumina
comprising spherical or substantially  sphericaf - shaped
particles; and

{b) at least one catalytic agent selecyfed from the
group consisting of a metal of Group 6 of The feriodic Table,
a metal of Group 9 of The Pericdic Table, a fietal of Group 10
0f The Periodic Tabkle, phosphorous and comfinations thereof;

wherein the support has a total po volume in the range
of from about 0.8 cc/g to about 1.2 ¢fc/g, with greater than
8% of the total pore wvolume having/a diameter greater than
3504, and 40% or greater of the Jfotal pore volume having a
diameter in the range of about/ 20CA to about 5004 and at

least 5% of the total pore yolume having a diameter above

1500A.

2. The catalyst of aim 1 wherein said at least one
catalytic agent is sflected from the group consisting of
cobalt, nickel, mofyvkdenum, phosphorus and a combination

thereof.

3. The catgllyst of «¢laim 1 wherein the pore size
distribution/ is selected from the group consisting of from
about 0.04f/cc/g to about 0.2 cc/g of the total pore volume of
the supgbrt in pores having a diameter greater than 35034;
from out 0.4 cc/g to about 0.8 cc/g of the total pore
volufie of the support in pores having a diameter in the range
off about 200A to about 500A; from about 0.04 cc/g to about

.2 cc/g of the total pore wvolume cf the support in pores

having a diameter above 1500A; and combinations thereof.
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4. The catalyst of claim 1 wherein: (i) the precipitat

alumina has nitregen total pore veolume of greater than .9

(1i1) particles comprising the precipitated alumina /have a
crystalline structure having a first dimension as/f measured
glong a 120 XRD plane and a second dimension As measured
along a 020 XRD plane, wherein the ratio o the second
dimension to the first dimension is less thapy 1.0; or (iii)

both (i) and (ii).

5. The catalyst of claim 1 wherein thef precipitated alumina
comprising the support was prepared by

(a) forming an aqueous slur by adding an acidic
compound to water in an amount/sufficient to provide an
initial aqueous slurry having a of less than 5;

(b} adding an alkaline gompound to the initial slurry
in an amount sufficient to Yprovide a second slurry having a
pH of greater than 7 to prghipitate seed alumina;

{c) repeating ste (a} to (b) at least 1 additional
time to provide an Jalumina-containing slurry having pH
greater than 7/;

{d} adding af acidic compound to the alumina-containing
slurry of step ¢} in an amount sufficient to provide an
alumina slurry/having a pH of less than 5;

(e} adgfing an alkaline compound tc the alumina slurry
of step ) in an amount sufficient to provide a final
alumina urry having a pl of at least about 9; and

{ recovering the precipitated alumina from the final
alumina slurry;

wherein the temperature during steps (a) - (e) 1is

aintained at a temperature of about 15°C to about 727C,
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6. The catalyst of claim 5 wherein the support is prepared
by:

{g) drying the precipitated alumina of step (f};

(h) peptizing the dried alumina;

(1) extruding the peptized alumina; and

{3} calcining the extrudate at a temperatur ranging

from about 700°C to about 1060°C to obtgin support

particles.
7. The catalyst o¢f c¢laim 5 wherein the mperature during
steps (a) - (e) is maintained at a temperagure from about 48°C

tc about 68°C.

8. The catalyst of claim 5 whereinf (i} the acidic compound
in any of steps (a), (c) and (d) As selected from the group
consisting of aluminum sulfate aluminum nitrate, ammonia
sulfate, aluminum chlorohydrol}} and combinaticns thereof; or
(1i) the alkaline compound jn any of steps (b), (¢) and (e)
is selected from the gro consisting of sodium aluminate,

aluminum hydroxide, sodifim hydroxide, ammonium hydroxide and

combinations thereof; (1iii) both (i) and {ii}.
9. The catalyst Af claim 4 wherein the pH in at least one
of steps (a), (bY, (c}, (d) and (e) is controlled as follows:

(a) the nitial slurry pH ranges from about 2.0 to
about 4.5;
(b} e second slurry pH ranges from about 7.5 to about
10;
the alumina-containing slurry pH of step (c) ranges
fromfabout 7.5 to about 10;

{d) the alumina slurry pH of step (d)} ranges from about

.0 to about 4.5; and
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{e) the final alumina slurry pH 0f step (e) ranges from

about 9 to about 9.5.

1G. A process for hydrotreating a heavy hydrocarbon frgction

metals, sulfur, microcarbon residue and mixtures/ thereof,
which process comprises contacting the heavy ydrocarbhon
fraction with a catalyst of claim 1 under vdrotreating
process conditions and reducing the content Jfof a component
selected from the group consisting of mefals, sulfur and
microcarbon residue in the heavy  hyflrocarbon fraction

compared to the level originally present

11. The process of claim 10 wheredn the heavy hydrocarbon
fraction is <contacted with th catalyst at a reaction
temperature ranging from about 30#°C to about 450°C, a hydrogen
pressure of about 25 to about 00 bar, a Hz:oil ratio ranging
from about 150 to about 150/ N1/1, and a space velocity from
about 0.1 tc 5 hrt,

12. The process of aim 10 wherein the heavy hydrocarbon
fraction contains a fetal selected from the group consisting

of nickel, vanadiuyyf and combinations thereof.

13. An aluminf support for a hydroconversion catalyst having
improved actfvity and stability in the hydrodemetallation of
heavy hydyfocarbons, said alumina comprising spherical or
substantally spherical particles having a total pore volume
in thefrange from about 0.9 cc/g to about 1.2 cc/g, a surface
areaffrom about 250 m‘/g to about 500 nﬁ/g and a crystalline
styucture having a first dimension as measured along a 120

D plane and a second dimensicn as measured along a 020 XRD
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plane, wherein the ratio of the second dimension to the first

dimension is less than 1.0.

14, The catalyst support of claim 13, comprising a
pore volume in the range of from about 0.8 cc/g to a
cc/qg, with greater than 8% of the total pore volumg/ having a
diameter greater than 3504, and 40% or greater o
pore volume having a diameter in the range of
about 500A and at least 5% of the total pore folume having a

diameter above 150CA.

15. A process of preparing a ecipitated alumina
composition suitable for use as the cgfalyst support of claim
1 or claim 13 comprising:

{a) forming an aquecus siyrry by adding an acidic

compound to water in an amgunt sufficient to provide an

initial aqueous slurry hagfing a pH of less than 5;

{b) adding an alkaling/ compeocund tc¢ the initial slurry
in an amount suffighent to provide a second slurry
having a pH of eater than 7 to precipitate seed
alumina;

{c) repeating JSteps (a) to (b} at least 1 additicnal

time to provjide an alumina-containing slurry having pH

adding an alkaline compound to the alumina slurcry
step (d) in an amount sufficient to provide a final
alumina slurry having a pH of at least about 9; and

{f) recovering the precipitated alumina from the final

alumina slurry;
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wherein the temperature during steps (a) - (e} 1is

maintained at a temperature of about 15°C to about 72°C.

16. The preccess of claim 15 wherein the temperature ring
steps (a) - (@) 1s maintained at frem about 48°C about
68°C.

17. The process of claim 15 wherein: (i} the agfidic compound
in any of steps (&), {(¢) and (d) is selectedffrcm the group
consisting of &aluminum sulfate, aluminum itrate, ammonia
sulfate, aluminum chlorohydrol, and cogfoinations thereof;
(ii} or the alkaline compound in any steps (b)), (c) and
(e) is selected from the group Jconsisting of sodium
aluminate, aluminum hydroxide, soghum hydroxide, ammonium

hydroxide and combinations theregh; or (1ii} both (i) and

(ii).
18. The process of claim 1f wherein: (i) the acid compcund
is aluminum sulfate; or (1) the alkaline compound i1s sodium

aluminate; or (iii) the Acid compound is aluminum sulfate and

the alkaline compound Js sodium aluminate.

19. The process claim 15 wherein the pH in at least one
of steps (a), (bY, (c), (d) and (e) is controlled as follows:

(a) the Anitial slurry pH ranges from about 2.0 to
about 4.5;

(b) e second slurrxy pH ranges from about 7.5 to about
10;

the alumina-containing slurry pH of step (C) ranges

fromfabout 7.5 to about 10;

(d} the alumina slurry pH of step (d) ranges from about

.0 to about 4.5; and
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(e} the final alumina slurry pH of step (e) ranges from

about 9 to about 9.5.

20. The process of claim 15 wherein the

prepared by:
{g) drying the precipitated alumina

(h}) peptizing the dried alumina;

(i) extruding the peptized alumina; and

{j) calcining the extrudate at a tempgrature ranging

from about 700°C to about 1060°C t obtain support

particles.
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What is claimed is:

1. A catalyst compesition having improved activity and
stability in the hydiodemetallation of heavy hydrocarbons
said catalyst composition comprising:

(a) a support which comprises precipitated alymina
comprising spherical or substantially spherical /shaped
particles; and )

{b} at least one catalytic agent selecte from the
groﬁp consisting of a metal of Group 6 of The Pepliodic Table,
a metal of Group 9 of The Periodic Table, a meyal of Group 10
of The Periodic Table, phosphorous and combinftions thereof;

wherein the support has a total pore lume in the range
of from about 0.8 cc/g to about 1.2 cc/g, with greater than
8% of the total pore volume having a/diameter greater than
3504, and 40% or greater of the totfl pore volume having a
diameter in the range of about 2 04 to about 500A and at

least 5% of the total pore volyhe having a diameter above

15004.

2. The catalyst of clai 1 whereéin said at least one
catalytic agent is selegfed from the groﬁp consisting of
cobalt, . nickel, molybdgénum, phosphorus and a combination

thereof.

3. The catalys of «claim 1 wherein the pore size
distribution is Aelected from the group consisting of from
about 0.04 cc/gf to about 0.2 cc/g cf the totaﬁ pore volume of
the support /An pores having a diameter greater than 350A;
from about/ 0.4 ccyg to about 0.8 cc/g of the total pore
volume of the support in pores having a diameter in the range
of aboft 200A to about 5004; from about 0.04 cc/g to about
c/g of the total pore volume of the support in pores

ng a diameter above 1500A; and combinations thereof.
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q. The catalyst of claim 1 wherein: (i) the precipitated
- alumina has nitrogen total pore volume of greater than 0.9
cc/g and a BET surface area of about 80 to about 180 m?/g;
{ii) particles comprising -the precipitated alumina havg a
crystalline structure having a first dimension as megfsured
along a 120 XRD plane and a second’ dimension as asured
along a 020 XRD plane, wherein the ratio of tje second
dimension to the first dimension is less than 1. i or (iii)

both (i} and (ii).

5. The catalyst of claim 1 wherein the preglipitated alumina
comprising the support was prepared by:

{a) forming an aqueous °"slurry b adding an acidic
compound selected from the group consjsting of nitric acid,
sulfuric acid, hydrochleric acid, alfiminum sulfate;_aluminum
nitrate, aluminum chloride, aluyflinum chlorohydrate, and
combinations thereof ‘to water jn an amount sufficient to
provide an initiai agueous slurfy having a pH of less than 5;

{b} adding an alkaline Jfompound selected from the group
consisting of sodium hydr xide, sodium aluminate, aluminum
‘hydroxide, ammonium hydrglkide, and combinations thereof, to
the initial slurry in/ an amount sufficient to provide a
second slurry having/a pH of greater than 7 to precipitate
seed alumina; '

{c) repeati g steps (a) to (b) at least 1 additional

time to provigle an alumina-containing slurry having pH

of nitric acid, sulfuric acid, hydrochloric acid,
'sulfate, aluminum nitrate, aluminum chloride,

chlorochydrate, and combinations thereof to the
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alumina-containing slurry of step (c¢) in an amount sufficient
to providé an alumina slurry having a pH of less than 5;

(e} adding an alkaline, compound selected from the groub
consisting of sodium hyaroxide, sodium aluminate, alumindm
hydroxide, ammonium hydroxide, and combinations thereof/ to
the alumina slurry of step (d) in an amount sufficight to
provide a final alumina slurry having a pH of at leagt about

9; -and
(£} recovering the precipitated alumina fr the final

alumina slurry;
wherein the temperature during steps Jf(a}) - (g) 1is

maintained at a temperature of about 15°C tgfabout 72°C.

6, The catalyst of claim 5 wherein thg/ support is prepared
by: ] |
{(g) drying the precipitated alymina of step (£f);
(h} peptizing the dried alumjha;

(i} extruding the péptized' lumina; and

(j) calcining the extrugfate at a temperature ranging

from about 700°C to out 1060°C to obtain support
particles.
7. The catalyst of c)aim 5 wherein the temperature during
steps (a) - (e) is majhtained at a temperature from about 48°C

to about 68°C.

B. The catalys)f of claim 5 wherein: (i) the acidic compound
in any of ste (a}, (c{ and (d) is selected from the group
consisting aluminum sulfate, aluminum nitrate, ammonia
sulfate, uminum chlorohydrel, ‘and combinations thereof; or
{(ii) thef alkaline compound in any of steps (b}, (c} and (e}
is selfcted from the group consisting of sodium aluminate,
alumfnum hydroxide, sodium hydroxide, ammonium hydroxide and

inations thereof; or (iii) both (i) and (ii).
- 38
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9. The catalyst of claim 5 wherein the pH in at least. one
of steps (a), (b), {(¢), (d) and (e) is controlled as follows:

{a) the initial slurry pH rangeé from about 2.0
about 4.5; _

(b) the second slurry?pH ;anges,from about 7.5 to/fabout
10;

{c) the alumina-containing slurry pH of step ) ranges
from about 7.5 to about 10;

(d) the alumina slufry pH of step (d) rangks from about
2.0 to abdgt 4.5; and ‘ '

(e) the final alumina slurry pH of st {e) ranges from

about 9 to about 9.5.

10. A process for hydrotreating a hea hydrocarbon fraction
containing a component selected from/the group consisting of
metals,. sulfur, microcérbon resigie and mixtures thereof,
which process compriseé contac¥fing the heavy hydrocarbon
fraction with a catalyst of/fclaim 1 wunder hydrotreating-
process conditions and reduging the content of a component
selected from the group gonsisting of metals, sulfur and
micrccarbon residue in/ the heavy hydrocarbon fraction

compared to the level! ofiginally present.

11. The process off claim 10 wherein the heavy hydrocarbon
fraction is conyacted with the catalyst at a reaction
temperature ranging from about 300°C to about 450°C, a.hydrogen
pressure.of agbut 25 to about 200 bar, a Hz:oil ratio ranging
from about 0 to about 1500 N1/1, and a space velocity from

. about 0.1 #o 5 hr'*,

12. The process of claim 10 wherein the heavy hydrocarbon
fractfion contains a metal selected from the group consisting

of fickel, vanadium and combinations thereocf.
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13, An alumina support for a hydroconversion catalyst having
improved activity and stability in the hydrodemetallation of
heavy hydrocarbons, said alumina comprising spherical

substantially spherical particles having a total pore vollme

plane, wherein the ratio of the second dimensio

dimension is less than 1.0.

14. The catalyst support of claim 13,
pore volume in the range of from about Of8 cc/g to about 1.2

cc/g, with greater than 8% of the tot pore volume having a

diameter greater than 3504, and 40% /or greater of the total

pore veolume having a diameter in e range of about 200A to-

about 500A and at least 5% of thyff total pore volume having a

diameter above 15004.

15. A process of pre ring a precipitated alumina

compositidn suitable for yfse as the catalyst support of c¢laim

1 or claim 13 comprisin

(a) forming anfagueous slurry by adding an acidic
compound selecfed from the group consisting of nitric

acid,  sulfyfic acid, hydrochleric acid, aluminum

sulfate, afuminum nitrate, aluminum chloride, aluminum

. chlorochygkate, and combinations thereof to water in an
amount /sufficient to provide an initial agueous'slurry
a pH of less-than 5;

.adding an alkaline compound selected from the group

havi
(b
nsi;ting of sodium hydroxide, sedium aluminate,
aluminum hydroxide, ammonium hydroxide, and combinations

thereof, to.the initial slurry in an amount sufficient
40
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to provide a second slurry having a pH of greater than 7
to precipitate seed alumina;

{c) Eepeating steps (a) to (b} at least 1 additiocona

time to provide an alumina-containing slurry having #H
greater than 7; )

{d} adding an acidic compound selected from the/group

consisting of nitric acid, sulfuric acid, hydygfchloric

aeid, aluminum sulfate, aluminum nitrate, aluminum
chloride, aluminum chlorochydrate, and ombinations
thereof to the -alumina-containing slurry step (c) in

a pH of less than 5;

{e} adding an alkaline compound selglcted from the group
consisting of sodium hydroxide sodium- aluminate,
aluminum hydroxide, ammonium hydpoxide, and combinations
thereof,.to the alumina slurry/of step (d} in an amount
sufficient to provide a fina)/ alumina slurry having a pH
of at least about 9; and .
(f) recovering the precjpitated alumina from the final
alumina slurry; |

wherein the temperafure during steps ({a) - (e} 1is

maintained at a temperatfire of about 15°C to about 72°C.

16. The process of /£laim 15 wherein the temperature during

steps (a) - (e} i maintained at from about 48'C to about

68°C.

17. The procgss of claim 15 wherein: (i) the acidic compound
in any of eps (a), (¢) and (d) is selected from the group
‘consistin of aluminum sulféte, aluminum nitrate, ammonia
sulfate aluminum chlorohydrol, and combinations thereof:.
{ii} #r the alkaline compound in any of steps (b}, (¢} and

is selected from the group consisting of sodium
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aluminate, aluminum hydroxide, sodium hydroxide, ammenium
hydroxide and combinations thereof; or (iii) both (i) and
(ii). '

18. The process of claim 17 wherein: (i} the acid compglnd
is aluminﬁm suifate; or (ii) the alkaline compound is dium
~aluminate; or (iii) tﬁe acid compound is aluminum sulfate and

the alkaline compound is.sodium aluminate.

19, The process of claim 15 wherein the pH in At least one

of steps (a), (b), (c), (d) and (e) is controllfd as follows:
{(a) the initial slurry pH ranges fr about 2.0 to
* about 4.5;

(b) the second slurry pH ranges fr about 7.5 to about

10;
(c) the alumina-containing sluxfy pH of step (¢} ranges

from about 7.5 to about 10;
(d) the alumina slurry pH step {d} ranges from about

2.0 to about 4.5; and _
(e} the final alumina urry pH of step {e) ranges from

about 9 fo about 9.5.

20. The process of clafm 1% wherein the catalyst support is

prepared by:
{(g) drying thef/precipitated alumina of step (f);.
{h) .peptizi the dried alumina;
(i) extrugfng the peptized alumina; and
{j) calgAning the extrudate at a temperature ranging

from out 700°C to about 1060°C to obtain support

partifles.
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CLAIMS:

1. A catalyst composition having improved activity and stability in the
hydrodemetallation of heavy hydrocarbons, said catalyst composition comprising;

(a) a support which comprises precipitated alumina comprising spherical or
substantially spherical shaped particles exhibiting a crystalline structure having a first
dimension as measured along a 120 XRD plane and a second dimension as measured along
a 020 XRD plane, wherein the ratio of the second dimension to the first dimension is less
than 1.0; and

b at least one catalytic agent selected from the group consisting of a metal of
Group 6 of The Periodic Table, a metal of Group 9 of The Periodic Table, a metal of Group
10 of The Periodic Table, and combinations thereof and optionally phosphorous;

wherein the support has a total pore volume in the range of from about 0.8 cc/g to
about 1.2 cc/g, with greater than 8% of the total pore volume having a diameter greater than
3504, and 40% or greater of the total pore volume having a diameter in the range of about
200A to about 500A and at least 5% of the total pore volume having a diameter above
15004.

2. The catalyst of claim 1 wherein said at least one catalytic agent is selected from the
group consisting of cobalt, nickel, molybdenum, and a combination thereof and optionally
phosphorous.

3. The catalyst of claim 1 wherein the pore size distribution is selected from the group
consisting of from about 0.04 cc/g to about 0.2 cc/g of the total pore volume of the support
in pores having a diameter greater than 350A; from about 0.4 cc/g to about 0.8 cc/g of the
total pore volume of the support in pores having a diameter in the range of about 2004 to
about 5004; from about 0.04 cc/g to about 0.2 cc/g of the total pore volume of the support
in pores having a diameter above 1500A; and combinations thereof.

4, The catalyst of claim 1 wherein: the precipitated alumina has nitrogen total pore
volume of greater than 0.9 cc/g and a BET surface area of about 80 to about 180 m*/g.

5. The catalyst of claim 1 wherein the precipitated alumina comprising the support was
prepared by:

(a) forming an aqueous slurry by adding an acidic compound selected from the
group consisting of nitric acid, sulfuric acid, hydrochloric acid, aluminum sulfate,
aluminum nitrate, aluminum chloride, aluminum chlorohydrate, and combinations thereof to
water in an amount sufficient to provide an initial aqueous slurry having a pH of less than 5;

(b) adding an alkaline compound selected from the group consisting of sodium
hydroxide, sodium aluminate, aluminum hydroxide, ammonium hydroxide, and
combinations thereof, to the initial slurry in an amount sufficient to provide a second slurry
having a pH of greater than 7 to precipitate seed alumina;
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() repeating steps (a) to (b) at least 1 additional time to provide an alumina-
containing slurry having pH greater than 7;

(d)  adding an acidic compound selected from the group consisting of nitric acid,
sulfuric acid, hydrochloric acid, aluminum sulfate, aluminum nitrate, aluminum chioride,
aluminum chlorohydrate, and combinations thereof to the alumina-containing slurry of step
(¢) in an amount sufficient to provide an alumina slurry having a pH of less than 5;

(e) adding an alkaline compound selected from the group consisting of sodium
hydroxide, sodium aluminate, aluminum hydroxide, ammonium hydroxide, and
combinations thereof, to the alumina slurry of step (d) in an amount sufficient to provide a
final alumina slurry having a pH of at least about 9; and

() recovering the precipitated alumina from the final alumina slurry;

wherein the temperature during steps (a) — (e) is maintained at a temperature of
about 15°C to about 72°C.

6. The catalyst of claim 5 wherein the support is prepared by:
(g) drying the precipitated alumina of step (f);
(h)  peptizing the dried alumina;
(i} extruding the peptized alumina; and
m calcining the extrudate at a temperature ranging from about 700°C to about
1060°C to obtain support particles.

7. The catalyst of claim 5 wherein the temperature during steps (a) — (e) is maintained
at a temperature from about 48°C to about 68°C.

8. The catalyst of claim 5 wherein: (i} the acidic compound in any of steps (a), (c) and
(d) 1s selected from the group consisting of aluminum sulfate, aluminum nitrate, ammonia
sulfate, aluminum chlorohydrol, and combinations thereof; or (ii) the alkaline compound in
any of steps (b), (c) and (e) is selected from the group consisting of sodium aluminate,
aluminum hydroxide, sodium hydroxide, ammonium hydroxide and combinations thereof;
or (iii) both (i) and (ii).

9. The catalyst of claim 5 wherein the pH in at least one of steps (a), (b), (c), (d) and
(e) is controlled as follows:

(a) the initial slurry pH ranges from about 2.0 to about 4.5;

(b) the second slurry pH ranges from about 7.5 to about 10;

(c) the alumina-containing slurry pH of step (c) ranges from about 7.5 to about

10;
(d) the alumina slurry pH of step (d) ranges from about 2.0 to about 4.5; and
(e) the final alumina slurry pH of step (e) ranges from about 9 to about 9.5.
10. A process for hydrotreating a heavy hydrocarbon fraction containing a component

selected from the group consisting of metals, sulfur, microcarbon residue and mixtures
thereof, which process comprises contacting the heavy hydrocarbon fraction with a catalyst
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of claim ! under hydrotreating process conditions and reducing the content of a component
selected from the group consisting of metals, sulfur and microcarbon residue in the heavy
hydrocarbon fraction compared to the level originally present.

11.  The process of claim 10 wherein the heavy hydrocarbon fraction is contacted with
the catalyst at a reaction temperature ranging from about 300°C to about 450°C, a hydrogen
pressure of about 25 to about 200 bar, a Hy:oil ratio ranging from about 150 to about 1500 N1/1,
and a space velocity from about 0.1 to 5 hr'’.

12, The process of claim 10 wherein the heavy hydrocarbon fraction contains a metal
selected from the group consisting of nickel, vanadium and combinations thereof.

13.  An alumina support for a hydroconversion catalyst having improved activity and
stability in the hydrodemetallation of heavy hydrocarbons, said alumina comprising
spherical or substantially spherical particles having a total pore volume in the range from
about 0.9 cc/g to about 1.2 cc/g, a surface area from about 250 m%/g to about 500 m*/g and a
crystalline structure having a first dimension as measured along a 120 XRD plane and a
second dimension as measured along a 020 XRD plane, wherein the ratio of the second
dimension to the first dimension is less than 1.0.

14.  The catalyst support of claim 13, comprising a total pore volume in the range of
from about 0.8 cc/g to about 1.2 cc/g, with greater than 8% of the total pore volume having
a diameter greater than 350A, and 40% or greater of the total pore volume having a
diameter in the range of about 2004 to about 500A and at least 5% of the total pore volume
having a diameter above 1500A.

15. A process of preparing a precipitated alumina composition suitable for use as the
catalyst support of claim 1 or claim 13 comprising:
(a) forming an aqueous slurry by adding an acidic compound selected from the
group consisting of nitric acid, sulfuric acid, hydrochloric acid, aluminum sulfate,
aluminum nitrate, aluminum chloride, aluminum chlorohydrate, and combinations
thereof to water in an amount sufficient to provide an initial aqueous slurry having a
pH of less than 5;
(b) adding an alkaline compound selected from the group consisting of sodium
hydroxide, sodium aluminate, aluminum hydroxide, ammonium hydroxide, and
combinations thereof, to the initial slurry in an amount sufficient to provide a second
slurry having a pH of greater than 7 to precipitate seed alumina;
(c) repeating steps (a) to (b) at least 1 additional time to provide an alumina-
containing slury having pH greater than 7;
(d) adding an acidic compound selected from the group consisting of nitric acid,
sulfuric acid, hydrochloric acid, aluminum sulfate, aluminum nitrate, aluminum
chloride, aluminum chlorohydrate, and combinations thereof to the alumina-
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containing slurry of step (c) in an amount sufficient to provide an alumina slurry

having a pH of less than 5;

(e) adding an alkaline compound selected from the group consisting of sodium

hydroxide, sodium aluminate, aluminum hydroxide, ammonium hydroxide, and

combinations thereof, to the alumina slurry of step (d) in an amount sufficient to

provide a final alumina slurry having a pH of at least about 9; and

() recovering the precipitated alumina from the final alumina slurry;

wherein the temperature during steps (a) — (e) is maintained at a temperature of
about 15°C to about 72°C.

16.  The process of claim 15 wherein the temperature during steps (a) — (e) is maintained
at from about 48 C to about 68 C.

17.  The process of claim 15 wherein: (i) the acidic compound in any of steps (a), (c) and
(d) is selected from the group consisting of aluminum sulfate, aluminum nitrate, ammonia
sulfate, aluminum chlorohydrol, and combinations thereof; (ii) or the alkaline compound in
any of steps (b), (c) and (e) 1s selected from the group consisting of sodium aluminate,
aluminum hydroxide, sodium hydroxide, ammonium hydroxide and combinations thereof;
or (ii1) both (1) and (i1).

18.  The process of claim 17 wherein: (i} the acid compound is aluminum sulfate; or (ii)
the alkaline compound is sodium aluminate; or (iii) the acid compound is aluminum sulfate
and the alkaline compound is sodium aluminate.

19.  The process of claim 15 wherein the pH in at least one of steps (a), (b), (c), (d) and
(e) is controlled as follows:

(a) the 1nitial slurry pH ranges from about 2.0 to about 4.5;

(b) the second slurry pH ranges from about 7.5 to about 10;

(c) the alumina-containing slurry pH of step (c) ranges from about 7.5 to about
10;

(d) the alumina slurry pH of step (d) ranges from about 2.0 to about 4.5; and

(e} the final alumina slurry pH of step (e) ranges from about 9 to about 9.5,

20.  The process of claim 15 wherein the catalyst support is prepared by:
(g) drying the precipitated alumina of step (f);
(h)  peptizing the dried alumina;
(1) extruding the peptized alumina; and
() calcining the extrudate at a temperature ranging from about 700°C to about
1060°C to obtain support particles.

39




