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What is claimed is: 

1. 	A 	catalyst 	composition 	having 	improved 	activity 	ar. 

stability 	in 	the 	hydrodemetallation 	of 	heavy 	hydrocarb. s, 

said catalyst composition comprising: 

(a) a 	support 	which 	comprises 	precipitated 	-lumina 

comprising 	spherical 	or 	substantially 	spheric 	shaped 

particles; and 

(b) at 	least 	one 	catalytic 	agent 	selec ed 	from 	the 

group consisting of a metal of Group 6 of The •eriodic Table, 

a metal of Group 9 of The Periodic Table, a 	etal of Group 10 

of The Periodic Table, phosphorous and combinations thereof; 

wherein the support has a total po • volume in the range 

of 	from about 	0.8 cc/g to about 	1.2 	• 	/g, 	with greater 	than 

8% of 	the 	total pore volume havin. 	a diameter 	greater 	than 

350A, 	and 40% or greater of the 	otal pore volume having a 

diameter 	in 	the 	range 	of 	abou 	200A 	to 	about 	500A 	and 	at 

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

1500A. 

2. 	The 	catalyst 	of 	. aim 	1 	wherein 	said 	at 	least 	one 

catalytic 	agent 	is 	s lected 	from 	the 	group 	consisting 	of 

cobalt, 	nickel, 	mo ybdenum, 	phosphorus 	and 	a 	combination 

thereof. 

3. 	The 	cat- yst 	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 	supr.rt 	in 	pores 	having 	a 	diameter 	greater 	than 	350A; 

from 	..out 	0.4 	cc/g 	to 	about 	0.8 	cc/g 	of 	the 	total 	pore 

vol 	e of the support in pores having a diameter in the range 

of about 	200A to 	about 	500A; 	from about 	0.04 	cc/g to about 

:.2 	cc/g 	of 	the 	total 	pore 	volume 	of 	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 	nitrogen 	total 	pore volume 	of 	greater 	than 	1.9 

cc/g and a BET surface area of about 80 to about 180 m2/.; 	or 

(ii) 	particles 	comprising 	the 	precipitated 	alumina 	ave 	a 

crystalline 	structure 	having 	a 	first 	dimension 	as 	measured 

along 	a 	120 	XRD 	plane 	and 	a 	second 	dimension 	.s 	measured 

along 	a 	020 	XRD 	plane, 	wherein 	the 	ratio 	o' 	the 	second 

dimension 	to 	the 	first 	dimension 	is 	less 	than 	1.0; 	or 	(iii) 

both 	(i) 	and 	(ii). 

5. The catalyst of claim 1 wherein the 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 	'ompound to 	the 	initial 	slurry 

in an amount 	sufficient to 	•rovide a second slurry having a 

pH of greater than 7 to precipitate seed alumina; 

(c) repeating 	ste.. 	(a) 	to 	(b) 	at 	least 	1 	additional 

time 	to 	provide 	an 	alumina-containing 	slurry 	having 	pH 

greater than 7; 

(d) adding a' 	acidic compound to the alumina-containing 

slurry 	of 	step 	c) 	in 	an 	amount 	sufficient 	to 	provide 	an 

alumina slurry 	aving a pH of less than 5; 

(e) adring an 	alkaline 	compound to 	the 	alumina 	slurry 

of 	step 	.) 	in 	an 	amount 	sufficient 	to 	provide 	a 	final 

alumina • urry having a pH of at least about 9; and 

( 	recovering the precipitated alumina from the final 

alum na slurry; 

	

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

'aintained at a temperature of about 15°C to about 72°C. 
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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; 

(i) extruding the peptized alumina; and 

(j) calcining 	the 	extrudate 	at 	a 	temperatur- 	ranging 

from 	about 	700cC 	to 	about 	1060°C 	to 	obt, n 	support 

particles. 

7. The 	catalyst 	of 	claim 5 	wherein the 	.mperature 	during 

steps 	(a) 	- 	(e) 	is maintained at a tempera, 	re from about 48°C 

to about 68°C. 

8. The catalyst of claim 5 wherei 	(i) 	the acidic compound 

in any of 	steps 	(a), 	(c) 	and 	(d) 	s 	selected from the 	group 

consisting 	of 	aluminum 	sulfate 	aluminum 	nitrate, 	ammonia 

sulfate, 	aluminum chlorohydro 	and combinations 	thereof; 	or 

(ii) 	the 	alkaline 	compound 	any of 	steps 	(b), 	(c) 	and 	(e) 

is 	selected 	from 	the 	gro • 	consisting 	of 	sodium 	aluminate, 

aluminum hydroxide, 	sod am hydroxide, 	ammonium hydroxide and 

combinations thereof; 	• 	(iii) 	both 	(i) 	and 	(ii). 

9. The catalyst 	of claim 4 wherein the pH in at least 	one 

of steps 	(a), 	(b 	, 	(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 

from about 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 frorr 

about 9 to about 9.5. 

10. A process for hydrotreating a heavy hydrocarbon fr ction 

containing a component selected from the group consi- ing of 

metals, 	sulfur, 	microcarbon 	residue 	and 	mixtures 	thereof, 

which 	process 	comprises 	contacting 	the 	heavy 	ydrocarbon 

fraction 	with 	a 	catalyst 	of 	claim 	1 	under 	ydrotreating 

process 	conditions 	and 	reducing 	the 	content 	of 	a 	component 

selected 	from 	the 	group 	consisting 	of 	m- als, 	sulfur 	and 

microcarbon 	residue 	in 	the 	heavy 	h irocarbon 	fraction 

compared to the level originally present 

11. The 	process 	of 	claim 	10 	whe 	n 	the 	heavy 	hydrocarbon 

fraction 	is 	contacted 	with 	tho 	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 H2:oil ratio ranging 

from about 150 to about 	150• N1/1, 	and a space velocity from 

about 0.1 to 5 hr-1. 

12. The 	process 	of 	,aim 	10 	wherein 	the 	heavy 	hydrocarbon 

fraction contains a 	etal selected from the group consisting 

of nickel, vanadiu' 	and combinations thereof. 

13. An alumin, support for a hydroconversion catalyst having 

improved ac 	vity and stability in the hydrodemetallation of 

heavy 	hyd ocarbons, 	said 	alumina 	comprising 	spherical 	or 

substant'ally 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 m2/g to about 500 m2/g and a crystalline 

st ucture 	having a 	first 	dimension 	as measured along a 	120 

D plane and a second dimension 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 	otal 

pore volume in the range of from about 0.8 cc/g to afre t 	1.2 

cc/g, 	with greater than 8% of the total pore volum- having a 

diameter greater than 350A, 	and 40% or greater o 	the total 

pore volume having a diameter in the range of 	.bout 200A to 

about 500A and at least 5% of the total pore 	•olume having a 

diameter above 1500A. 

15. A 	process 	of 	preparing 	a 	• ecipitated 	alumina 

composition suitable for use as the c_ alyst support of claim 

1 or claim 13 comprising: 

(a) forming 	an 	aqueous 	sl rry 	by 	adding 	an 	acidic 

compound to water in an amedunt sufficient to provide an 

initial aqueous slurry ha ing a pH of less than 5; 

(b) adding an 	alkalin 	compound to 	the 	initial 	slurry 

in 	an 	amount 	suffi. ent 	to 	provide 	a 	second 	slurry 

having 	a 	pH 	of 	..eater 	than 	7 	to 	precipitate 	seed 

alumina; 

(c) repeating 	.teps 	(a) 	to 	(b) 	at 	least 	1 	additional 

time 	to prov 4,e an 	alumina-containing slurry having pH 

greater tha 	7; 

(d) addi g an acidic compound to the alumina-containing 

slurry -.f step 	(c) 	in an amount sufficient to provide an 

alumi a slurry having a pH of less than 5; 

(e) adding an alkaline 	compound to the alumina 	slurry 

o 	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) 	is 

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

16. The process 	of 	claim 15 wherein 	the 	temperature 	• ring 

steps 	(a) 	- 	(e) 	is 	maintained 	at 	from 	about 	48°C 	. 	about 

68°C. 

17. The process of claim 15 wherein: 	(i) 	the air dic compound 

in any of 	steps 	(a), 	(c) 	and 	(d) 	is 	selected from the group 

consisting 	of 	aluminum 	sulfate, 	aluminum 	itrate, 	ammonia 

sulfate, 	aluminum 	chlorohydrol, 	and 	cori•inations 	thereof; 

(ii) 	or 	the 	alkaline 	compound 	in 	any 	.. 	steps 	(b), 	(c) 	and 

(e) 	is 	selected 	from 	the 	group 	consisting 	of 	sodium 

aluminate, 	aluminum 	hydroxide, 	so. um 	hydroxide, 	ammonium 

hydroxide 	and 	combinations 	there. 	; 	or 	(iii) 	both 	(i) 	and 

(ii). 

18. The process 	of 	claim 1 	wherein: 	(i) 	the 	acid compound 

is aluminum sulfate; 	or 	( 	) 	the alkaline compound is sodium 

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

the alkaline compound 	s sodium aluminate. 

19. The process 	• 	claim 15 wherein the pH in at least one 

of steps 	(a), 	(b , 	(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; 

(f 	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 

.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 catalyst supp 	t is 

prepared by: 

(g)  

(h)  

drying the precipitated alumina 

peptizing the dried alumina; 

of step 	(f 	; 

(i)  extruding the peptized alumina; and 

(j)  calcining 	the 	extrudate 	at 	a temp rature ranging 

from about 	700'C 	to 	about 	1060°C t 	obtain support 

particles. 

42 



PCTTUS14/26178 15-01-2015 
	

Ppgrll5§381102%g1/iaigYi 1  5  
GRACE-019 

What is claimed is: 

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 	al 	ina 

comprising 	spherical 	or 	substantially 	spherical 	shaped 

particles; 	and 

(b) at 	least 	one 	catalytic 	agent 	selectee 	from 	the 

group consisting of a metal of Group 6 of The Pe 	odic Table, 

a metal of Group 9 of The Periodic Table, a me :1 of Group 10 

of The Periodic Table, phosphorous and combin tions thereof; 

	

wherein the support has a total pore 	•lume in the range 

of 	from about 	0.6 cc/g 	to about 	1.2 	cc!', 	with 	greater than 

8% of the 	eotal 	pore volume 	having a 	diameter greater than 

350A, 	and 	40% 	or greater of 	the 	to .1 	pore 	volume 	having a 

diameter 	in 	the 	range 	of 	about 	2 	A 	to 	about 	500A 	and 	at 

least 	5% 	of 	the 	total 	pore 	vol 	e 	having 	a 	diameter 	above 

1500A. 

2. 	The 	catalyst 	of 	clai 	1 	wherein 	said 	at 	least 	one 

catalytic 	agent 	is 	sele. ed 	from 	the 	group 	consisting 	of 

cobalt, 	nickel, 	molyb.-num, 	phosphorus 	and 	a 	combination 

thereof. 

3. 	The 	catalys 	of 	claim 	1 	wherein 	the 	pore 	size 

distribution 	is 	elected 	from the 	group 	consisting 	of 	from 

about 0.04 cc/ 	to about 0.2 cc/g of the total pore volume of 

the 	support 	n 	pores 	having 	a 	diameter 	greater 	than 	350A; 

from 	abou 	0.4 	cc/g 	to 	about 	0.8 	cc/g 	of 	the 	total 	pore 

volume o• the support in pores having a diameter in the range 

of abo t 	200A to about 	500A; 	from about 	0.04 	cc/g 	to about 

0.2 	c/g 	of 	the 	total 	pore 	volume 	of 	the 	support 	in pores 

ha 	ng a diameter above 1500A; and combinations thereof. 
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4. 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 m2/g; 

(ii) 	particles 	comprising 	the 	precipitated 	alumina 	hav 	a 

crystalline 	structure 	having 	a 	first 	dimension 	as 	me•sured 

along 	a 	120 	XRD 	plane 	and 	a 	second' dimension 	as 	i-asured 

along 	a 	020 	XRD 	plane, 	wherein 	the 	ratio 	of 	to 	second 

dimension 	to 	the 	first 	dimension 	is 	less 	than 	1. 	; 	or 	(iii) 

both 	(i) 	and 	(ii). 

5. The catalyst of claim 1 wherein the precipitated alumina 

comprising the support was prepared by: 

(a) forming 	an 	aqueous 	'slurry 	b 	adding 	an 	acidic 

compound 	selected 	from the group consisting of 	nitric 	acid, 

sulfuric acid, 	hydrochloric acid, 	a iminum sulfate, 	aluminum 

nitrate, 	aluminum 	chloride, 	al 	inum 	chlorohydrate, 	and 

combinations 	thereof 	to 	water 	n 	an 	amount 	sufficient 	to 

provide an initial aqueous slur y having a pH of less than 5; 

(b) adding an alkaline 	ompound selected from the group 

consisting 	of 	sodium 	hydr,xide, 	sodium 	aluminate, 	aluminum 

hydroxide, 	ammonium 	hydroxide, 	and 	combinations 	thereof, 	to 

the 	initial 	slurry 	i 	an 	amount 	sufficient 	to 	provide 	a 

second 	slurry having 	a 	pH 	of 	greater 	than 	7 	to 	precipitate 

seed alumina; 

(c) repeatieg 	steps 	(a) 	to 	(b) 	at 	least 	1 	additional 

time 	to 	provide 	an 	alumina-containing 	slurry 	having 	pH 

greater than 

(d) aning 	an 	acidic 	compound 	selected 	from the 	group 

consistin• 	of nitric 	acid, 	sulfuric 	acid, 	hydrochloric acid, 

aluminu• 	sulfate, 	aluminum 	nitrate, 	aluminum 	chloride, 

alumi. m 	chlorohydrate, 	and 	combinations 	thereof 	to 	the 
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alumina-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, 	alum 	m 

hydroxide, 	ammonium hydroxide, 	and 	combinations 	thereof 	to 

the 	alumina 	slurry 	of 	step 	(d) 	in 	an 	amount 	suffici: t 	to 

provide a final alumina slurry having a pH of at lea t about 

9; 	and 

(f) recovering the precipitated alumina 	fr. 	the 	final 

alumina slurry; 	• 

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

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

6. 	The catalyst of claim 5 wherein the 	support is prepared 

by: 

(g) drying the precipitated al 	Ina of step 	(f); 

(h) peptizing the dried alum 	a; 

(i) extruding the peptized 	lumina; and 

(j) calcining 	the 	extrue-te 	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 ma 	tained at a temperature from about 48°C 

to about 68°C. 

8. 	The catalys 	of claim 5 wherein: 	(i) 	the acidic compound 

in 	any of 	stet 	(a), 	(c) 	'and 	(d) 	is 	selected 	from the 	group 

consisting 	t 	aluminum 	sulfate, 	aluminum 	nitrate, 	ammonia 

sulfate, 	- uminum chlorohydrol, 	and combinations 	thereof; 	or 

(ii) 	the 	alkaline 	compound 	in 	any 	of 	steps 	(b), 	(c) 	and 	(e) 

is 	se 	cted 	from 	the 	group 	consisting 	of 	sodium 	aluminate', 

alum 	um hydroxide, 	sodium hydroxide, 	ammonium hydroxide and 

co“.inations thereof; 	or 	(iii) 	both 	(i) 	and 	(ii). 
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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 	o 

about 	4.5; 

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

10; 

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

from about 7.5 to about 10; 

(d) the alumina slurry pH of step 	(d) 	ran.-s from about 

2.0 to abdut 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 fro 	the group consisting of 

metals, 	sulfur, 	microcarbon 	resi. e 	and 	mixtures 	thereof, 

which 	process 	comprises 	contac ing 	the 	heavy 	hydrocarbon 

fraction 	with 	a 	catalyst 	of 	claim 	1 	under 	hydrotreating 

process 	conditions 	and 	redur ng 	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 o iginally present. 	• 

11. 	The 	process 	o 	claim 	10 	wherein 	the 	heavy 	hydrocarbon 

fraction 	is 	con scted 	with 	the 	catalyst 	at 	a 	reaction 

temperature ranging from about 300°C to about 450°C, a hydrogen 

pressure of a.... t 	25 	to about 	200 bar, 	a 	H2:oil 	ratio ranging 

from about 	.0 	to about 	1500 N1/1, 	and a space velocity 	from 

about 0.1 	0 5 hr-1. 

12. 	T - 	process 	of 	claim 	10 	wherein 	the 	heavy 	hydrocarbon 

frac 	on contains a metal selected from the group consisting 

of 	ickel, 	vanadium and combinations thereof. 
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13. An alumina support for a hydrbconversion catalyst having 

improved activity and stability in the hydrodemetallation of 

heavy 	hydrocarbons, 	said 	alumina 	comprising 	spherical 	• 

substantially spherical particles having a total pore vo 	me 

in the range from about 0.9 cc/g to about 1.2 cc/g, 	a s 	face 

area 	from ,about 	250 m2/9 	to about 	500 m2/g and a 	cry- alline 

structure 	having 	a 	first 	dimension 	as 	measured 	al• g 	a 	120 

XRD plane and a second dimension as measured alo 	a 020 XRD 

plane, 	wherein the ratio of the second dimensio 	to the first 

dimension is less than 1.0. 

14. The 	catalyst 	support 	of 	claim 	13, 	••mprising 	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 tot. 	pore volume having a 

diameter 	greater 	than 	350A, 	and 40% 	•r greater 	of 	the total 

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

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

diameter above 1500A. 

15. A 	process 	of 	pre 	ring 	a 	precipitated 	alumina 

composition suitable for 	se as the catalyst support of claim 

1 or claim 13 comprisin• 

(a) 	forming 	an 	aqueous 	slurry 	by 	adding 	an 	acidic 

compound 	selec ea 	from the 	group 	consisting 	of 	nitric 

acid,, 	sulf 	is 	acid, 	hydrochloric 	acid, 	aluminum 

sulfate, 	a uminum 	nitrate, 	aluminum 	chloride, 	aluminum 

chlorohy• ate, 	and 	combinations 'thereof 	to 	water 	in 	an 

amount 	sufficient 	to 	provide 	an 	initial 	aqueous 	slurry 

havi 	• 	a pH of less than 5; 

(b 	adding an alkaline compound selected from the group 

••nsisting 	of 	sodium 	hydroxide, 	sodium 	aluminate, 

aluminum hydroxide, 	ammonium hydroxide, 	and combinations 

thereof, 	to .the 	initial slurry in 	an 	amount 	sufficient 
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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 	additiona 

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, 	hyd •chloric 

acid, 	aluminum 	sulfate, 	aluminum 	nitrate, 	aluminum 

chloride, 	aluminum 	chlorohydrate, 	and 	ombinations 

thereof to the 	alumina-containing 	slurry 	• 	step 	(c) 	in 

an amount sufficient to provide an alumi a 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 hyd •xide, 	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 prec •itated alumina 	from the 	final 

alumina slurry; 

wherein 	the 	temper- 	ure 	during 	steps 	(a) 	- 	(e) 	is 

maintained at a tempera .re of about 15°C to about 72°C. 

16. The process 	of 	laim 15 wherein 	the 	temperature 	during 

steps 	(a) 	- 	(e) 	- 	maintained 	at 	from 	about 	48.0 	to 	about 

66.C. 

17. The proc ss of claim 15 wherein; 	(i) 	the acidic compound 

in any of 	eps 	(a), 	(c) 	and 	(d) 	is selected 	from the group 

consistin, 	of 	aluminum 	sulfate, 	aluminum 	nitrate, 	ammonia 

sulfate 	aluminum 	chlorohydrol, 	and 	combinations 	thereof; 

(ii) 	the 	alkaline 	compound 	in 	any 	of 	steps 	(b), 	(c) 	and 

(e) 	is 	selected 	from 	the 	group 	consisting 	of 	sodium 
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aluminate, 	aluminum 	hydroxide, 	sodium 	hydroxide, 	ammonium 

hydroxide 	and 	combinations 	thereof; 	or 	(iii) 	both 	(i) 	and 

(ii). 

18. 	The 	process 	of 	claim 17 	wherein: 	(i) 	the 	acid 	comp, 	nd 

is aluminum sulfate; 	or 	(ii) 	the alkaline compound is 	-.dium 

aluminate; 	or 	(iii) 	the acid compound is aluminum sul 	te and 

the alkaline compound is.sodium aluminate. 

19. 	The process 	of claim 15 wherein the pH in 	:t 	least one 

of steps 	(a), 	(b), 	(c), 	(d) 	and 	(e) 	is control 	d as 	follows: 

(a) the 	initial 	slurry 	pH 	ranges 	fry 	about 	2.0 	to 

about 	4.5; 

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

10; 

(c) the alumina-containing slu 	y pH of step 	(c) 	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 to about 9.5. 

20. 	The process 	of clam 15 wherein the catalyst support is 

prepared by: 

(g) drying thz precipitated alumina of step 	(f);. 

(h) peptizi 	• the dried alumina; 

(i) extrue ng the peptized alumina; and 

(j) cal 	.ning 	the 	extrudate 	at 	a 	temperature 	ranging 

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

part 	les. 
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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 	than greater 
350A, 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 
1500A. 

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 200A to 
about 500A; 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 m2/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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(c) 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 chloride, 
aluminum chlorohydrate, and combinations thereof to the alumina-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 

(f) 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 
(j) 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) is 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 1 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 H2:oil ratio ranging from about 150 to about 1500 N1/1, 
and a space velocity from about 0.1 to 5 hi; 1  . 

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 m2/g to about 500 m2/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 200A 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 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 
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 

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

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 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. 

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; 
(i) extruding the peptized alumina; and 
(j) calcining the extrudate at a temperature ranging from about 700°C to about 
1060°C to obtain support particles. 
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