
;e3efe``atcc0d6eTfed~2a 30 October 2002 DESCRIPTION PROCESS TO RECOVER
MOLYBDENUM AND VANADIUM METALS FROM SPENT CATALYST 13Y ALKALINE LEACHING
Technical Field This invention relates to a process for recovering products
from spent catalyst, in particular for recovering and reclaiming metals,
oils, and fuel-rich alumina product from petroleum processing catalysts.
Background Art Petroleum hydrocarbons (oils) in and on spent catalyst feeds
are known to inhibit metal reclaiming economics. The oils present on the
catalysts block the catalyst pores and require more severe conditions to
oxidize surface metals via hydrometallurgical oxidation. In addition, oils
lead to undesirable 'organic contamination in leaching processes and
recovered products . Method commonly used to deoil catalyst , such as
thermal deoiling or roasting, are unsatisfactory, leading to alumina
reactions with metals at high temperatures and ultimately reduced metal
yields. Metals targeted for reclaiming are commonly recovered following
removal of in-use generated petroleum coke. Coking of hydrotreating
catalyst does not limit the metals recovery, but may impact processing
kinetics due to catalyst pore plugging. The coke may impact reaction
kinetics in hydrotreating by lowering diffusion rates due to catalyst pore
plugging. Removal of the coke is costly and requires high temperature
processing of 400C to 800C. At the higher temperatures, the reaction is
fairly rapid, making the process impossible to do in a gradual, controlled
manner. Further, she process, which is exothermic at the surface of the
catalyst, thermally stresses the catalyst surface and converts metals to 5
10 15 20 2S     l 30 October 2002 less soluble species such as spinels.
Therefore, a low temperature, controlled process is desirable. To meet
present day standards as a total reclaimer, oil must be recovered as a
commercial product. The oil cannot 5 be rendered as a waste stream in the
deoiling process. In conventional high temperature treatments the oil is
burned off with the coke, emitting carbon dioxide, carbon monoxide, and
sulfur and nitrogen oxide byproducts. A more robust reclamation process
minimizes air emissions and provides for 



10 recovery of the oil as a value-added product. Metals present on the
catalyst are present as a range of sulfides located in a variety of surface
geologies. Some of the metal sulfides are readily oxidized in air at
ambient temperatures, but other metal sulfides may require elevated 15
temperatures and oxygen pressures to oxidize. Disclosure of the Invention
The present invention relates to an integrated process for the treatment of
catalysts comprising aluminacontaining carriers and metals(s), said
catalysts containing 20 oil, to recover said metals) therefrom, which
process comprises the steps of: a) collecting one or more catalyst, said
one or more catalyst containing two or more metals as metal sulfides
wherein at least two of said two or more metal sulfides are a 25 molybdenum
sulfide and a vanadium sulfide, or a tungsten sulfide and a vanadium
sulfide; b) deoiling said catalyst; c) leaching said one or more deoiled
catalyse in the presence of caustic and oxygen at atmospheric pressure, 30
a temperature less than 60C, and a pH range of 10-13 for a time sufficient
to convert in a range from 50 - 70a of said at least two metal sulfides to
soluble metal and sulfur species,   r 3 30 October 2002 thereby forming a
first leached slurry comprising a first liquid stream containing soluble
metal and sulfur species and a first solid; d) separating said first
leached slurry into 5 said first liquid stream and said first solid; e)
leaching said first solid in the presence of caustic and oxygen at an
oxygen partial pressure greater than 10 psia, a temperature greater than
70C, and a pH greater than 10 for a time sufficient to convert greater than
90% of the at 10 least two metal sulfides to soluble metal and sulfur
species based upon the metal sulfides present on the one or more catalyst
before step (c), thereby forming a second leached slurry comprising a
second liquid stream containing soluble metal and sulfur species and a
second solid; 15 . f) separating the second leached slurry into said second
liquid stream and said second solid; g) collecting said first liquid stream
and said second liquid stream to form a combined liquid stream; h)
oxidizing said combined liquid stream in the 20 presence of oxygen or air
or both, thereby forming an oxidized liquid stream; i) cooling said
oxidized liquid stream and adjusting a pH of the oxidized liquid stream to
6.5, thereby precipitating dissolved alumina, and separating said alumina 



25 from said oxidized liquid stream; j) adjusting the pH of the oxidized
liquid stream to a pH of 2.5; k) contacting the oxidized liquid stream with
an organic solvent containing an extractant effective to 30 transfer
soluble metal species into the organic, thereby creating an organic phase
containing at least one soluble metal   i i 5 10 15 20 25 30 30 October
2002 species and a substantially metals-free aqueous liquid containing
sulfate; 1) recovering said substantially metals-free aqueous liquid
containing sulfate; m) stripping the soluble metal species from the organic
phase in the presence of an aqueous ammonia solution, thereby forming an
aqueous phase containing metal species; n) adjusting the pH oz the aqueous
phase to selectively precipitate at least one metal as at least one
ammonium metal salt; and o) separating said at least one ammonium metal
salt from said aqueous phase and recovering said at least one ammonium
metal salt. Detailed Description of the Invention The present invention is
a process for recovering metals from spent petroleum refining catalyst
without dissolving significant amounts of the catalyst matrix. A variety of
catalyst sources nay be used in the process a commonality of the catalysts
being they are made from alumina, alumina-silica or silica-alumina
carriers. Without limiting the scope of the invention, the process will be
described by the example of petroleum processing catalysts and, for
simplicity, in particular a blend of alumina-based petroleum catalyst
(hydrotreating catalyst), such as a residual/HDS feedstock, vanadium (v),
nickel (Ni), cobalt (Co), and molybdenum (Mo) or tungsten (W) as the
predominate metals, present as metal sulfides. The process of the invention
solubilizes the metal sulfides into solution while keeping the majority of
the alumina as a solid. The amounts of metals, as metal sulfides, in each
catalyst source are readily determined. The common metals present in
hydrotreating catalyst include Mo or W, Co, V and 



I , 30 October 2002 5 Ni. In a preferred embodiment, sulfides at least two
sulfides, such as sulfides of Mo, or W, and V, are present. The feed may be
blended to a predetermined metal mix, such as Mo+V or a V/Mo ratio. 5
Certain catalysts, such as hydrodesulfurization (HDS) catalyst, undergo
oxidation reactions when exposed to air. When an HDS catalyst is processed,
it should be mixed with a catalyst containing heavy oils, such as a
residual catalyst, to provide a protective oil coating to aid in handling
before and 10 during the initial process steps. An overall blend of 75:25
to 50:50 residual:HDS has been found to work well in the process. A
preferred blend is 75:2S. As mentioned, a residual catalyst typically
arrives containing free oil, while an HDS typically contains less oil. 15
It is desirable to remove the oils as one of the initial process steps.
`.'.'ha HD5 catalyst should remain dry prior to the deoiling process,
wherein dry as used herein means water-free. One means of deoiling; is
solvent deoiling, which removes the petroleum hydrocarbons (oils) present
on the feed without 20 removing the coke. Deep deoilong of greater than 98o
is accomplished by deoiling the feed in the presence of an organic solvent,
such as toluene or xylene. Since the catalyst may become very reactive when
deoiled, it is preferred to deoil under an inert atmosphere, such as
nitrogen. Deoiling may be 25 expedited by increasing temperature, but this
increases the cost as use of a pressure vessel becomes necessary.
Therefore, deoiling becomes a time versus cost consideration, with a
desirable deoiling time of less than 12 hours. Following deoiling, the
solvent is stripped from the feed, still under a 30 nitrogen blanket, and
the oil is separated from the solvent and recovered for further use. The
deoiling step of the present   ( 1 30 October 2002 invention minimizes
dissolution of the catalyst matrix and does not remove coke. The deoiled
and solvent stripped feedstock may be slurried with a mild caustic, such as
sodium hydroxide, at 5 conditions which minimize oxidation, thereby forming
a first slurry. The first slurry has a preferred pH of about 10-12. The
temperature during slurrying is kept below the boiling point of water. , In
order to facilitate the dissolution kinetics, the 10 catalyst may be ground
before or after deoiling and/or slurrying to improve process economics in
the solid/liquid separation steps and increase process control in the
oxidation steps. Deoiled catalysts are highly reactive and are typically
cooled to ambient or near ambient temperature to grind. If 15 grinding
deoiled catalyst, it may be desirable to cool by quenching the deoiled
catalyst with inert gas, such as nitrogen, and then slurrying with mild
caustic prior to grinding. The choice of whether and how much to grind is
20 process related and dependent upon the equipment used. If the 



catalyst particles are too large they may settle in equipment and/or cause
erosion problems as they flow through equipment. If ground too small, the
particles may require more elaborate solid/liquid separation techniques
downstream. 25 The metals present on the catalyst are present as a family
of metal sulfides (e.g. , NiS, V~S3, MoS2, CoS) . A key to the process of
the present invention is controlling the reaction of the sulfides (S`') to
soluble thiosulfates (S2O3) . Oxidation of the insoluble sulfide to soluble
thiosulfate is 30 quantitatively controlled using mild caustic oxidation.
Sodium thiosulfate is a kinetically stable oxidation product at conditions
less than 40C (105F), 15 psia O., and pH 12-13.   c , 30 October 2002 7
Sulfides will oxidize to sulfate at relatively slow rates when temperatures
are between 40-66C (105-150F) , pHs between 11-12 and O~ greater than 30
psig. Thiosulfate becomes quite unstable at temperatures greater than 148C
(300F) , O2 greater 5 than 60 psia, and pHs less than 10.5) and sulfides
will be completely converted to sulfate under these conditions. The
thiosulfate quantitatively decomposes and/or disproportionates at pH less
than 9, temperature greater than 90C (194F) and/or 0, partial pressures
greater than 30 psia yielding products 10 such as sulfur, sulfite, sulfide,
or sulfate. The deoiled, stripped and possibly ground and slurried
feedstock is leached in an atmospheric leach. To maintain thiosulfate
control, the pH of the leach should be adjusted to greater than 9 before
introducing the leaching 15 atmosphere. Preferably, leaching takes place in
the presence of caustic and air or oxygen at atmospheric pressure at a
temperature less than 60C and a pH range of about 10-13. The pH should be
tightly controlled because if the pH falls too low, control of the leaching
reaction is lost. Loss of control 20 is believed to happen as follows: as
the thiosulfate oxidizes to sulfates, an acid is formed, dropping the pH
and requiring continuous addition of caustic to maintain the pH required
for caustic leaching. Any acid formed in the pores of the catalyse
particles can create a regime wherein a pore chemistry is quite 25
different from the bulk. The alumina carrier will begin to solubilize as
conditions become more acidic. Solubilized alumina may then either
precipitate and block the pores, or coprecipitate with soluble vanadium
species present in the liquor. Some of the vanadium co-precipitated with
the, alumina 30 is lost to recovery unless the alumina is resolubilized.
Controlling the thiosulfate slows this entire process down) reducing the
need for added caustic.   t 30 October 2002 The atmospheric caustic leach
is conducted for a time sufficient to convert in the range of about 50-70%
of the sulfides to soluble thiosulfate and sulfate species, thereby forming
a first leached slurry. The pH is maintained at about 5 10-12. One
advantage of this pH range is that certain metals which may be present but
are not to be recovered in this process step, such as Fe, Ni, or Co, are
not soluble at this pH. Although the atmospheric leaching process may be
done in one step, 2 to 3 steps are preferred, with a I day residence 



10 time in each step. The use of more than one atmospheric leaching step
allows the leach conditions to be varied in each step for optimum control
of the leaching and oxidation reactions. Care must be taken in choosing
residence time because if residence time is too long, the thiosulfate may
15 oxidize to sulfate. Open tanks may be used, since only atmospheric
pressure is desired. The first leached slurry is separated into a first
'liquid stream, which contains the solubilized metal and sulfur species,
and a first solid.' The first solid may be slurried as 20 before with fresh
mild caustic to form a second slurry. The first solid is moved to a
pressure vessel for a pressure leach where air or oxygen pressure and
temperature are increased to solubilize residual metal sulfides which exist
in less soluble chemical forms or are less accessible due to 25 particle
morphology. Although one pressure leaching step using temperatures greater
than 70C and oxygen partial pressures of greater than l0 Asia may be used,
two pressure leaching steps have been found to be effective. In a first
pressure leach, the first solid from the 30 first leach is subjected to a
temperature of about 75C and 10 psia oxygen. Since thiosulfate reacts to
sulfate with acid or temperature or oxygen pressure, the residence time is
g 30 October 2002 maintained at a minimum. Total residence time in the
first pressure leach vessel is about 90 minutes. After the first pressure
leach, the slurry is sent to a solid/liquid separation step. The removed
liquor, which 5 contains soluble Mo, V, and some S?O32' is not subjected to
the second pressure leach. Fresh caustic may be added to the solids and the
solids, plus fresh caustic if added, are sent to a second pressure leach
vessel. The second pressure leach is conducted at about 120C and 35 psia O,
. The pH is maintained 10 at about 11. Residence time is about 90 minutes.
The solids recovered after a second solid/liquid separation process are
substantially free of S) Mo and V, wherein "substantially free" as used in
this steps means removal rates of as much as about 98% of the sulfur, about
97% of the molybdenum, and about 92% 15 of the vanadium. The metals (Mo and
V) arid soluble -u! fur species removed from the solids during the
atmospheric and pressure leaching steps are contained in the liquor. Th.=
liquors from the various separation steps are collected to form a combined
20 liquid stream. This liquid stream contains fully oxidized metals (MoVI
and V") as well as soluble reduced metal species such as Vr". The combined
liquid stream is oxidized, preferably with oxygen or air. It has been found
that a bubble column works well as the oxidation vessel, although standard
25 autoclaves may also be used. The solution oxidation step fully oxidizes
soluble metals to their highest oxidation state and converts any
thiosulfate to sulfate. The oxidation takes place at pH less than 10,
temperatures greater than 150C and O,/air pressure greater than 30 about 50
psia. At this stage it becomes desirable to allow the thiosulfate to
oxidize to sulfate in order to lower the pH of the liquor. The liquid
stream to the solution oxidation   



30 October 2002 10 process is controlled to a target pH of >6.5 across the
oxidation zone and an exit pH of about 6.5. If .the S,O,` 5042- reaction
does not drop the pH sufficiently, an acid such as sulfuric acid (H2S04)
may be added to reach the desired exit 5 pH. The resulting oxidized
solution is held at a pH of about 6.5 while cooling to allow trace alumina
that has dissolved in the solution during the caustic leaching process
steps to precipitate. An added benefit is that as alumina 10 precipitates,
it co-precipitates contaminants such as arsenic and phosphorus.
Essentially, this holding and cooling step is a purification step to
improve downstream metal recovery steps and prevent contaminants from
reporting to the desired final metal products. . 15 Following cooling, the
precipitated solids are removed and the pH is adjusted to about 2.5, such
as by addition of sulfuric acid. The recovery of the soluble vanadium and
molybdenum species is accomplished 'in a liquid-liquid ion exchange 20
process. The liquor stream is contacted with an organic solvent which
contains an extractant, such as an amine. The metals bond to the amine in
the organic phase. Liquid-liquid ion exchange may be done in one step;
however, two to three steps have been found to produce a final aqueous
raffinate 25 which is substantially free of metals. The use of a
countercurrent flow is effective in the extraction process. The
metal-containing organic is sent to a stripping circuit, where the organic
phase is contacted with an aqueous ammonium molybdate solution at a pH of
about 6 and the 30 molybdenum and vanadium are extracted into the aqueous
ammonium molybdate solution. The vanadium is recovered from the high
molybdenum aqueous solution by addition of ammonium hydroxide    11 30
October 2002 sufficient to increase the pH and precipitate ammonium
metavanadate (NH4V0.,). After removal of the precipitate, a portion of the
liquid stream is steam stripped to remove ammonia. The pH of the resulting
solution is lowered to about 5 2.5, sufficient to precipitate the
molybdenum as ammonium molybdate ( (NHa)4MoeO26-4H20, or similar species) .
The ammonium metavanadate is then washed and calcined to convert it to V,O;
and/or V,O,, and the ammonium molybdate is calcined to generate MoO,.
Ammonia is recovered during calcination. 10 In the example being described
herein, the solids recovered after the pressure leach solid/liquid
separation steps contain Ni and/or Co. The controlled oxidation process
described previously is effective in preparing the recovered solids for
selective leaching of Ni substantially free of 15 contamination by other
catalyst metals .such as V, Mo, and Co. The Ni may be solubilized using an
ammonia leach process. Ammonia leaching of Vi from reduced metal ores is a
common practice which is typically done in an autoclave at a pH of 910. To
recover the nickel, ammonia and some of the CO, are 20 stripped from the
leach solution to reduce the pH to about 7 and precipitate the nickel as a
basic nickel carbonate. This process works well for reduced cobalt and
nickel in lower oxidation states, although it is very difficult to recover
the nickel separate from any cobalt present. Although conventional 25
ammonia/ammonium carbonate leach processes typically used for nickel or
cobalt recovery in reduced metal ores may be used, a variation has been
found which allows recovery of the nickel with a low cobalt content from
the solids generated in the caustic oxidation leach process. 



30 In the present invention, the caustic oxidation process in the earlier
processing steps results in more highly oxidized and less soluble nickel
and cobalt species on the    12 30 October 2002 residual solids than is
normally found in other nickel recovery processes. It is believed that this
process leaves cobalt in a more oxidized and less soluble state than the
nickel. In the present invention, the nickel leach is conducted at a pH
range 5 of about 10.5-12 in an aqueous ammonia/ammonium carbonate (NH40H/
(NHq ) 2CO,) solution at temperatures in the range of about 40C to 80C. In
this pH range, free ammonia above the buffering capacity of the ammonium
hydrocarbonate is generated which allows solubilization of the oxidized
nickel species and 10 minimizes solubilization of the more highly oxidized
cobalt species present on the solids. The ammonia leach solution containing
the solubilized nickel amine complex is then stripped with heat to remove
ammonia. As the ammonia is removed, the pH is decreased to 15 about 10-10.5
and a basic nickel carbonate is precipitated. The basic nickel carbonate
mss. also contain residual vanadium species which were not solubilized in
the earlier caustic oxidation steps The precipitate is separated from the
stripped liquor and may be further purified by subjecting it to 20 sulfuric
acid at pH less than 4 and temperatures up to 80C to dissolve the basic
nickel carbonate. After filtering the sulfuric acid solution to remove
insoluble metal impurities, the sulfuric acid solution containing soluble
nickel is treated with sodium hydroxide or sodium carbonate to increase the
pH to 25 greater than 8 and precipitate nickel hydroxide (Ni(OH),) or
nickel carbonate (NiCO,) product. The remaining leached solids are dried to
remove residual ammonia. The leached solids are substantially free of
metals and sulfur, but contain the coke which is not removed in 30 the
process of the present invention. The remaining coke on the alumina
catalyst makes these solids attractive as a fuelrich alumina product for
use as a feedstock to other processes   r 30 October 2002 such as cement
kilns. In addition, any residual metals remaining on the solids after the
leaching processes described exist in insoluble forms which exclude the
solids from classification as hazardous wastes according to current 5
regulations. It will be apparent to one of ordinary skill in the art that
many changes and modifications may be made to the invention without
departing from its spirit or scope as set forth herein.    



30 October 2002 CLAIMS 1. A process to reclaim metals from catalysts
comprising alumina-containing carriers and metal(s), said catalysts
containing oil, said process comprising: 5 a) collecting one or more
catalyst, said one or more catalyst containing two or more metals as metal
sulfides wherein at least two of said two or more metal sulfides are a
molybdenum sulfide and a vanadium sulfide, or a tungsten sulfide and a
vanadium sulfide; 10 b) deoiling said catalyst; c) leaching said one or
more deoiled catalyst in the presence of caustic and oxygen at atmospheric
pressure, a temperature less than 60C, and a pH range of 10-13 for a time
sufficient to convert in a range from 50 - 70% of said at 15 least two
metal sulfides to soluble metal and sulfur species, thereby forming a first
leached slurry comprising a first liquid stream containing soluble metal
and sulfur species and a first solid; d) separating said first leached
slurry into 20 said first liquid stream and said first solid; e) leaching
said first solid in the presence of caustic and oxygen at an oxygen partial
pressure greater than 10 psia, a temperature greater than 70C, and a pH
greater than 10 for a time sufficient to convert greater than 90% of the at
25 least two metal sulfides to soluble metal and sulfur species based upon
the metal sulfides present on the one or more catalyst before step (c),
thereby forming a second leached slurry comprising a second liquid stream
containing soluble metal and sulfur species and a second solid; 30 f)
separating the second leached slurry into said second liquid stream and
said second solid;   30 October 2002 15 g) collecting said first liquid
stream and said second liquid stream to form a combined liquid stream; h)
oxidizing said combined liquid stream in the presence of oxygen or air or
both, thereby forming an oxidized 5 liquid stream; i) cooling said oxidized
liquid stream and adjusting a pH of the oxidized liquid stream to 6.5,
thereby precipitating dissolved alumina, and separating said alumina from
said oxidized liquid stream; 10 j) adjusting the pH of the oxidized liquid
stream to a pH of 2.5; k) contacting the oxidized liquid stream with an
organic solvent containing an extractant effective to transfer soluble
metal species into the organic, thereby 15 creating an organic phase
containing at least one soluble metal species and ; substantially
metals-free aqueous liquid containing sulfate; 1) recovering said
substantially metals-free aqueous liquid containing sulfate; 20 m)
stripping the soluble metal species from the organic phase in the presence
of an aqueous ammonia solution, thereby forming an aqueous phase containing
metal species; 



n) adjusting the pH of the aqueous phase to selectively precipitate at
least one metal as at least one 25 ammonium metal salt; and o) separating
said at least one ammonium metal salt from said aqueous phase and
recovering said at least one ammonium metal salt. 2. A process according to
claim 1 further comprising 30 leaching the second solid in an aqueous
ammonia solution to place at least one metal in solution, thereby forming a
metalcontaining solution and a leached second solid; and subjecting   30
October 2002 the metal-containing solution to conditions sufficient to
precipitate the at least one metal as at least one metal salt. 3. A process
according to claim 1 or 2 wherein vanadium is precipitated as a first
ammonium metal salt in step 5 (m) and further comprising removing free
ammonia from the aqueous phase of step (n); subjecting the aqueous phase to
a pH effective in precipitating a second metal as a second ammonium metal
salt; separating said second ammonium metal salt from said aqueous phase;
and recovering said second ammonium metal 10 salt. 4. A process according
to any proceeding claim wherein said one or more catalyst are blended
before step (b); wherein said one or more catalyst are slurried with a
caustic ! before step (c); and wherein said first solid is slurried with 15
fresh caustic before step (e). A process according to any peroceeding
alai::; wherein said one or more catalyst contains oil and coke; wherein
said deoiling takes place in tie presence of at least one organic solvent,
thereby removing at least 950 of said oil 20 present without removing said
coke; and further comprising stripping said solvent from said deoiled
feedstock before step (c) . 6. A process according to claim S wherein said
catalyst is a petroleum refining catalyst, preferably a 25 hydrotreating
catalyst, more preferably a hydrodesulfurization, and/or residual catalyst;
and wherein said catalyst also contains metal sulfides selected from
sulfides of cobalt, nickel, and combinations thereof. 7. A process
according to claim 5 or 6 wherein said 30 one or more catalyst are slurried
with a caustic before step (c) and said first solid is slurried with fresh
caustic before step (e), and wherein said slurrying steps are each
conducted   30 October 2002 17 at a pH in the range of 10-12 and at
conditions to control oxidation. 8. A process according to any of claim 5,
6 or 7 wherein said oxidizing step is conducted at a temperature 5 greater
than 150C arid a pH of the oxidized liquid stream is controlled to greater
than 6.5. 



9. A process according to any proceeding claim further comprising removing
entrained ammonia from said leached second solid to yield an alumina
residue. 10   10-~5-20o0 ~ 30 October 2002 ,. thereby forming a first
leached slurry comprising a first liquid stream containing soluble metal
and sulfur species and a first solid; d) separating said first leached
slurry into .5 said first liquid stream arid said first solid; e) leaching
said first solid in the presence of ' caustic and oxygen at an oxygen
partial pressure greater than 69 kPa (14 psia), a temperature greater than
70C) sad a pH grater than 7.0 for a time sufficient to convert greater than
90% of the at 10 least two metal sulfides to soluble metal and sulfur
species based upon the metal sulfides present on the one or more catalyet
before step (c) thereby forming a second leached slurry comprising a second
liquid stream containing soluble metal and sulfur.species and a second
solid; 15~ f) separtating the vetoed leached slurry into said second liquid
stream and said second solid; g) collecting said first liquid stream and
said second liquid stream to form a combined liquid stream; h) oxidizing
said combined liquid stream in the 20 presence of oxygen or air or both,
thereby forming an oxidized liquid stream; i1 cooling said oxidized liquid
stream and adjusting a pH of the oxidized liquid stream to 6.5, thereby
precipitating dissolved alumina) and separating said alumina ~5 from said
oxidized liquid stream; j) adjusting the pH of the oxidized liquid stream
to a pH of 2.5; k) contacting the oxidized liquid stream with an organic
solvent containing an extractant effective to 30 transfer soluble metal
species into the organic, thereby creating an organic phase containing at
least one soluble metal 3 AMENDED SHEET  



10-05-2000 30 October 2002 invention minimizes dissolution of the catalyst
matrix and does not remove coke. The deoiled and solvent stripped feedstock
may, be slurried with a mild caustic, such as sodium hydroxide, at S
conditions which minimize oxidation, thereby forming a first slurry. The
first slurry has a preferred pH of about 10-12. The temperature during
slurrying is kept below the bailing point of wager. In order to facilitate
the dissolution kinetica,the 10 catalyst may be ground before or after
deviling and/or slurrying to improve process economics in the solid/liquid
,separation steps and increase process control in the oxidation steps.
Deviled catalysts are highly reactive and are typically cooled to ambient
or near ambient temperature to grind. If 1S grinding,deailed catalyst, it
may be desirable to coot' by quenching the deviled catalyst with inert gas,
such as nitrogen, and than slurrying with mild caustic prior to grinding. ,
The choice of whether and how much to grind' is ZO procees related and
dependent upon the equipment used. It the catalyst particles are too large
they may settle in equipment and/or cause erosion problem as they flow
through equipment. It ground too small, the particles may require more
elaborate solid/liquid separation techniques downstream. 25 The metals
present on the catalyst era present as a family of metal sulfides (e.g. ,
NiS, V,s" MoS" Cos) . A key, to the process of the present invention is
controlling the reaction of the sulfides (S''1 to voluble thiosulfatae
(SzO,''y . Oxidation of the insoluble sulfide to soluble thiosulfate ie 30
quantitatively controlled using mild caustic oxidation, Sodium thiosulfate
is a kinetically stable oxidation product at conditions less than 40C
(105F), 103 kPa (15 psia) O~ and pH 12-13. 6 AMENDED SHEET   r v r
10-05-2000 30 October 2002 Sulfides will oxidize to sulfate at relatively
slow rates when temperatures are between 40-66C (l05-150F), pHs between
11-12 and O1 greater than 207 kPa (30 psig). Thiosulfate becomes quite
unstable. at temperatures greater than 148C (300F) , 0, greater 5 than 414
kPa (60 psia)) and pHs less than 10.5) and sulfides will be , completely
converted to sulfate under these conditions. The thiosulfate quantitatively
decomposes and/or disproportionates at pH less than 9, temperature greater
than 90C t194F) and/or O= partial pressures greater than 247 kPa (30 Asia)
yielding products 10 such as sulfur, sulfite) sulfide, or sulfate.~ 



The deoiled, stripped and possibly ground 'and slurried feedstrock is
leached in an atmospheric leach. To maintain thiosulfate control) the pH of
the leach should be . adjusted to greater than 9 before introducing the
leaching 15 atmosphere. Preferably, leaching takes place in the presence of
Caustic and air or oxygen at atmospheric pressure at a temperature Less
than 60C and a pH range of about 10-13. The pH should be tightly controlled
because if the pH falls too low, control of the leaching reaction is leaf.
Loss of control, 20 is believed to happen as follows as the thioaulfate
oxidizes to sulfates, an acid i$ formed, dropping the pH and requiring
continuous addition of caustic to maintain the pH reguired for caustic
leaching Any acid formed in the pores of the catalyst particles can create
a regime wherein a pore chemistry is quite 25 different from the bulk. The
alumina carrier will begin to Solubilize as conditions became more acidic.
Solubilized alumina may then either precipitate and block the pores, or
coprecipitate with soluble vanadium species present in the liquor. Same of
the vanadium co-precipitated with the alumina 30 is lost to recovery unless
the alumina is resolubilized. Controlling the thioeulfate slows this entire
process dawn, reducing the need for added caustic. 7 AMENDED SHEET   - , f
10-05-2000 30 October 2002 The atmospheric caustic leach is conducted for a
time sufficient to convert in the range of about 50-70~ of the sulfides to
soluble thioaulfate and sulfate species, thereby forming a first leached
slurry. The pH is maintained at about i5 10-12. One advantage of this pH
range is that certain metals which may be present but are not to be
'recovered in this ' process step, such as Fe, Ni, or Co, are not soluble
at this pH. Although the atmospheric leaching process may be dane in one
step, 2 to 3 amps are preferred, with a 1 day residence l0 time in each
step. The use of more than one atmospheric leaching step allows the leach
conditions to be varied in each step for optimum control of the leaching
and oxidation reactions. Care mu~xt be taken, in choosing residence time
because if residence time is too long, the thiosultate may 15 oxidize to
sulfate. open tanks may be used, since only atmospheric pressure iB
desired. . , .The first leached slurry is separated into a first liquid
stream, which contains the solubilized metal ancl.sulfur species, and a
first solid. The fixer solid may be alurried as ZO before with fresh mild
caustic to form a second slurry. The first solid is moved to a pressure
vessel or a pressure leach where air or oxygen pressure and temperature are
increased to solubiliza residual metal sulfides which exist in less soluble
chemical fvrmm or are less acceesibTe due to 25 particle morphology.
Although one pressure leaching steg using temperatures greater than 70C and
oxygen partial pressures o greater than 69 kPa (10 psia) may be used) twc
pressure leaching steps 



have been found to be effective. in a first pressure leach) the first solid
from the 30 first leach is subjected to a temperature of about 75C and l0
psia oxygen. Since thiosulfate reacts to sulfate with acid or temperature
or oxygen pressure, the residence time is 8 AMENDED SHEET   . . 10-05-2000
30 October 2002 maintained at :: minimum. Total residence time in the first
pressure leach vessel is about 90 minutes. After the first pressure leech,
the slurry ie sent to a solid/liquid separation step. The removed liquor,
which ,5 contains soluble Mo) V, and some S~O~'' is not subjected to the
second pressure leach. Fresh caustic may be added to the solids and the
solids) plus fresh caustic if added, era sent to a second pressure leach
vessel. The second pressure leacz is aactducted at about 120C and 241 kPa
(35 psia) O=. The pH is maintained iD at about li. Residence time is about
90 minutes. The solids recovered after a second solid/liquid separation
process are ,substantially free of 8, Mo and V, wherein "substantially
free~~ ae used in this steps means removal rates og as mush as about 98r of
the sulfur, about 97r of the molybdenum, and about 92~ 15 of the~vanadium.
Tha metals (Mo and V) and solv'ble sulfur species removed f..rorn the
solids during the atmospheric and pressur: leaching steps are contained. in
the liquor. The ~.iquors from the various separation steps era collected to
form a combined 20 liquid stream. This liguid stream contains fully
oxidized metals (MoI and V"~ as well as soluble reduced metal species such
as V~". Tha combined liquid stream is oxidized. preferably with oxygen or
air. It has been Found that a bubble ^olumn works well ae the oxidation
vessel, although standaxd 25 sutorlaYes may also be used. xhe aolutioa
oxidation step fully oxidizes soluble metals to their highest oxidation
state and converts any thiosulfate to sulfate. The oxidation takes place at
pH less than 10, temperatures greater than 150C and 0,/air pressure greater
than 3 o about 345 kPa (50 psia). At this stage it becvrnes desirable to
allow the thiosulfate to oxidize to sulfate in order to lower the pH of the
liquor. The liquid stream to the solution oxidation 9 ' AMENDED SHEET  



,, . , .. 0-Oa-2000 30 October 2002 CLAIMS 1. . A process to reclaim metals
from catalysts comprising alumina-containing carriers. and metal(e), said
catalysts containing oil, said process comprising: ,5 .a) collecting one or
more catalyst, said one or more catalyst containing two or more metals as
metal sulfides ' wherein at least two of said two or more metal sulfides
are a molybdenum sulfide and a vanadium sulfide, or a tungsten sulfide and
a vanadium sulfide; l0 b) deoiling said catalyst; c) leaching said one or
more deoiled catalyst ,in:the prese:~ce of caustic and oxygen at
atmospheric pressure, a temperature lees than 60C, and a pH range of 10-13
for a time sufficient to convert in a range from 50 - 70~ of said at i5
least'two metal sulfides to soluble metal and sulfur species, thereby
forming a first leached slurry comprising a first liquid stream containirsg
aaluble metal and sulfur species and a fire~t solid; ~ . d) separating said
first leached slurry into 20 said first liquid stream and said first solid;
e) leaching said first aol3,d in the presence of caustic and oxygen at an
oxygen partial pressure greater than 69 kPa (10 psia)) a temperature
greater than 70C, tad a pH greater than 10 for a time sufficient to convert
greater than 90t of the at 25 least two metal sulfides to soluble metal and
sulfur species based upon the metal sulfides present on the one or more
catalyst betare step (c), thereby forming a second leached slurry
comprising s second liquid stream containing soluble metal and sulfur
species and a second solid 30 f) separating the second leached slurry into
said second liquid stream and said second solid; 14 AMENDED SHEET .A3U.A
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