
PROCESS FOR SEPARATING AND RECOVERING METALS CROSS-REFERENCE TO RELATED
APPLICATIONS [001] This application claims benefit under 35 USC 119 of US
Provisional Patent  5 Application No. 61/374,171 with a filing date of
August 16, 2010. This application claims priority to and benefits from the
foregoing, the disclosure of which is incorporated herein by reference.
TECHNICAL FIELD 10[002] The invention relates to a process for separating
and recovering metals from spent hydroprocessing catalyst. BACKGROUND [3]
Catalysts have been used widely in the refining and chemical processing
15industries for many years. Hydroprocessing catalysts, including
hydrotreating and hydrocracking catalysts, are now widely employed in
facilities worldwide. After being used for hydroprocessing, used or "spent"
hydroprocessing catalysts typically contain metal components such as
molybdenum, nickel, cobalt, vanadium, and the like. [4] With the advent of
heavier crude feedstock, refiners are forced to use more 20 catalysts than
before for hydroprocessing and to remove catalyst contaminants and sulfur
from the feedstock. These catalytic processes generate quantities of spent
catalyst. With the increasing demand and market price for metal values and
environmental awareness thereof, catalysts can serve as a source for metal
recovery. [5] In order to recycle catalytic metals and provide a renewable
source for the 25metals, efforts have been made to selectively extract
metals from mixtures. It has been reported by Yatirajam et al. of
Kurukshetra University, India (1972), among other sources including US
Patent No. 7,255,795, that molybdenum (Mo) can be selectively extracted as
molybdenum xanthate from other metal elements, including vanadium, from
liquid mixtures by potassium ethyl xanthate at an acidic pH with the use of
agents such as hydrochloric acid. 30 US Patent Publication No. 2007/0025899
discloses a process to recover metals such as molybdenum, nickel, and
vanadium from a spent catalyst with a plurality of steps and equipment to
recover the molybdenum and nickel metal complexes. US Patent No. 6,180,072
discloses another complex process requiring oxidation steps and solvent
extraction to recover metals from spent catalysts containing at least a
metal sulphide. US Patent No. WO 2012/024124PCT/US2011/047199 7,846,404
discloses a process using pH adjustment and precipitation, for recovery of
metals from ammoniacal pressure leach solution generated through oxidative
pressure leaching of spent catalyst. 



[006] There is still a need for improved methods to recover metals
including but not 5 limited to molybdenum, nickel, and vanadium from spent
catalysts. In one embodiment, the invention relates to a method for
recovering Group VIB metals from a pressure leach solution in a process to
recover metals from spent catalyst. SUMMARY 10[007] In one aspect, the
invention relates to a method of recovering metals from a spent catalyst,
comprising: leaching a Group VIB metal, a Group VIII metal, and a Group VB
metal, with an ammonia containing leach solution at a temperature and a
pressure sufficient to dissolve the metals and form a pressure leach
slurry; separating and removing the solid coke residue containing most of
the Group VB metal from the pressure leach slurry to form a 15 pressure
leach solution comprising a Group VIB soluble metal complex, a Group VIII
soluble metal complex, small amounts of a Group VB soluble metal complex
and ammonium sulfate (amsul); treating the pressure leach solution by
chemical precipitation and performing a liquid-solid separation step to
generate a first effluent stream containing less than 600 ppm of the Group
VIB metal, less than 400ppm of the group VIII metal, less than 100 ppm of
the 20 Group VB metal, less than 480,000 ppm of amsul and a solid residue
containing at least 97% of incoming VIB metal and over 80% of incoming
group VIII metal.        [8] In another aspect, the method further
comprises repulping the solid residue containing at least 97% of incoming
VIB metal and over 80% of incoming group VIII metal with acidic water
having a pH in the range of 2-3.5 and temperature between 60 - 90C, 25
performing a liquid-solid separation step and recovering the second
effluent to add to the first effluent stream forming a combined effluent
stream. In another aspect, the solids recovered from the liquid-solid
separation step are digested in warm ammonia solution to form product that
can be routed to catalyst synthesis. 30 BRIEF DESCRIPTION OF THE DRAWING
[9] Figure 1 is a block diagram illustrating one embodiment of a process to
recover metals from spent catalyst.        [10] Figure 2 is a block diagram
illustrating another embodiment of a process to recover metals from spent
catalyst, wherein oxydrolysis and iron addition are performed as WO
2012/024124PCT/US2011/047199 separate steps, and wherein a chelating agent
is used in the removal of Group VIII compounds from the precipitate.
DETAILED DESCRIPTION 5[011] The following terms will be used throughout the
specification and will have the following meanings unless otherwise
indicated.         [12] "ppm" refers to parts per million. One ppm is
equivalent to 1 mg per liter. [13] "gpL" refers to gram per liter. 



[14] As used herein, the term "aerated" refers to the natural and / or
mechanical 10 methods of mixing air and water. Any suitable mechanical
aeration device can be used. Suitable devices are described in US Pat. Nos.
3,142,639 and 4,695,379, the references are including herein by reference.
[15] The Periodic Table referred to herein is the Table approved by IUPAC
and the U.S. National Bureau of Standards, an example is the Periodic Table
of the Elements by Los 15 Alamos National Laboratory's Chemistry Division
of October 2001.       [16] "Spent catalyst" refers to a catalyst that has
been used in a hydroprocessing operation and whose activity has thereby
been diminished. For example, if a reaction rate constant of a fresh
catalyst at a specific temperature is assumed to be 100%, the reaction rate
constant for a spent catalyst temperature is 80% or less in one embodiment,
and 50% or less 20 in another embodiment. In one embodiment, the metal
components of the spent catalyst comprise at least one of Group VB, VIB,
and VIII metals (of the Periodic Table), e.g., vanadium (V), molybdenum
(Mo), tungsten (W), nickel (Ni), and cobalt (Co). The most commonly
encountered metal to be recovered is Mo. In one embodiment, the spent
catalyst contains sulfides of Mo, Ni, and V. 25[017] A reference to "metal"
or "metal components" to be recovered in a spent catalyst includes metals
in its elemental form, as metal compounds, or metal complexes thereof
[018] The reference to Mo or "molybdenum" is by way of exemplification only
a Group VIB metal, and not intended to exclude other Group VIB metals /
compounds and 30 mixtures of Group VIB metals / compounds. Similarly, the
reference to "nickel" is by way of exemplification only for a Promoter
metal in a hydroprocessing catalyst, and is not meant to exclude other
Promoter Metals, i.e., group VIII non-noble metal components; Group VIIIB
metals; Group VIB metals; Group IVB metals; Group IIB metals and mixtures
thereof that can be used in hydroprocessing catalysts.  WO
2012/024124PCT/US2011/047199       [019] The reference to "vanadium" is by
way of exemplification only for any Group VB metal component that may be
present in spent catalysts, and is not intended to exclude other Group VB
metals / compounds and mixtures that may be present in the spent
hydroprocessing catalyst for metal recovery. 5[020] The reference to
"incoming molybdenum" (or "incoming nickel," or "incoming vanadium," etc.)
refers to the amount of metal that is initially present in the spent
catalyst prior to the metal recovery process.        [21] Spent Catalyst
for Metal Recovery: In one embodiment, the spent catalyst originates from a
bulk unsupported Group VIB metal sulfide catalyst optionally promoted 10
with at least a Promoter Metal selected from a Group VB metal such as V,
Nb; a Group VIII metal such as Ni, Co; a Group VIIIB metal such as Fe; a
Group IVB metal such as Ti; a Group IIB metal such as Zn, and combinations
thereof. Promoter Metals are typically added to a catalyst formulation to
improve selected properties, or to modify the catalyst activity and/or
selectivity. In another embodiment, the spent catalyst originates from a
dispersed 15 (bulk or unsupported) Group VIB metal sulfide catalyst
promoted with a Group VIII metal for hydrocarbon oil hydroprocessing. In
another embodiment, the spent catalyst originates from a Group VIII metal
sulfide catalyst. In yet another embodiment, the spent catalyst originates
from a catalyst consisting essentially of a Group VIB metal sulfide. In one
embodiment, the spent catalyst originates from a bulk catalyst in the form
of dispersed or 20slurry catalyst. In another embodiment, the bulk catalyst
is a colloidal or molecular catalyst. 



[22] Prior to metal recovery and after the heavy oil upgrade, the spent
catalyst in one embodiment undergoes treatment for the removal of
hydrocarbons such as oil, precipitated asphaltenes, other oil residues and
the like. The spent catalyst prior to deoiling contains carbon fines, metal
fines, and (spent) unsupported slurry catalyst in unconverted 25 resid
hydrocarbon oil, with a solid content ranging from 5 to 50 wt. %. In one
embodiment, the treatment is a deoiling process which may include the use
of solvent for oil removal, and a subsequent liquid / solid separation step
for the recovery of deoiled spent catalyst. In another embodiment, the
treatment process further includes a thermal treatment step, e.g., drying
and / or pyrolizing, for removal of hydrocarbons from the spent catalyst.
In yet 30another embodiment, the deoiling is with the use of a sub-critical
dense phase gas, and optionally with surfactants and additives, to clean /
remove oil from the spent catalyst.        [23] The spent catalyst after
deoiling in one embodiment contains less than 5 wt. % hydrocarbons as
unconverted resid. In a second embodiment, less than 2 wt. % hydrocarbons.
In a third embodiment, the deoiled spent catalyst has less than 1 wt. %  WO
2012/024124PCT/US2011/047199 hydrocarbons. The amount of metals to be
recovered in the de-oiled spent catalyst depends on the compositional
make-up of the catalyst for use in hydroprocessing, e.g., a sulfided Group
VIB metal catalyst, a bimetallic catalyst with a Group VIB metal and a
promoter Group VIII metal, or a multi-metallic catalyst with at least a
Group VIB and at least a 5Promoter metal. In one embodiment, after the oil
removal process, the spent catalyst containing metals for recovery is in
the form of a coke-like material, which can be ground accordingly to a
particle size ranging from 0.01 to about 100 microns for the subsequent
metal recovery process. [024] Metal Recovery: After de-oiling, the deoiled
catalyst is leached, and 10subsequently undergoes chemical precipitation to
generate a supernatant containing ammonium sulfate (Amsul) and less than
1,000 ppm of Group VIB & Group VIII heavy metals such as molybdenum and
nickel. The supernatant is further purified of residual heavy metals via
single pH sulfidation, followed by a combination of oxydrolysis and iron
precipitation. 15[025] In one embodiment, the deoiled catalyst first
undergoes a pressure leaching process, wherein ammonia and air are supplied
to induce a leaching reaction. In one embodiment, the spent catalyst is
first caustic leached under atmospheric pressure before pressure leaching. 



[26] In one embodiment, the deoiled and dried spent catalyst is leached in
an 20autoclave, e.g., a multi-chambered, agitated vessel at a sufficient
temperature and pressure, in which ammonia and air are supplied to induce
leaching reactions, wherein metals such as Group VIB and Group VIII metals
are leached into solution forming soluble metal complexes. Most of the
(incoming) group VB metals, e.g., vanadium, in the spent catalyst is
oxidized and is precipitated in the solids coke phase (following discharge
from the autoclave) 25 and up to 10% of the incoming Group VB metal is
leached into solution. For example, for a spent catalyst feed stream
containing 0.5 wt. % vanadium, up to 0.050 wt % ends up in the leach
solution (based on the total weight of the feed stream).        [27] In one
embodiment, vanadium is converted into ammonium metavanadate, molybdenum is
converted into molybdate compounds including ammonium orthomolybdate, 30and
portions of nickel and cobalt (if any) are converted into amine complexes,
e.g., cobalt amine sulfate, nickel amine sulfate, or the like, thereby
being leached. In one embodiment, at least 70 wt % of the group VIB and
group VIII metals are leached into solution. In another embodiment, at
least 80 wt % of the Group VIIIB metal is leached into solution and in
another embodiment at least 90% of the Group VIB metal is leached into
solution.  WO 2012/024124PCT/US2011/047199        [28] In one embodiment,
the leaching is carried out at a pressure proportional to the temperature,
e.g., a leach temperature between 120 to 250C and autoclave pressure of 0-
1200 psig. In another embodiment, the autoclave pressure ranges between 300
- 800 psig. In one embodiment, the spent catalyst is pressure leached from
60 - 360 minutes. In another 5 embodiment, the pressure leach is for less
than 240 minutes. In one embodiment, the pH of the leach solution is
maintained within a range of 9 to 12 with sufficient amounts of ammonia to
complex the nickel, molybdenum, vanadium and cobalt (if any). In one
embodiment, the molar ratio of ammonia to nickel (plus any cobalt, if
present) plus molybdenum plus vanadium is in the range of 20:1 to 30:1. In
one embodiment, the free ammonia concentration 10 is maintained at > 1 wt
%, and 2-7 wt % in another embodiment.        [29] The leach slurry is
subject to liquid-solid separation via methods known in the art, e.g.,
settling, centrifugation, decantation, or filtration using a vertical type
centrifugal filter or a vacuum filter or a plate and frame filter, and the
like, generating a liquid stream (Pressure Leach Solution stream, Pregnant
Leach Solution, or PLS) containing the group VIB 15 and VIII metal
complexes together with ammonium sulfate (Amsul), ammonium sulfamate and a
small amount of group VB metal complexes (up to 10 wt % of the incoming
group VB metal), and a solid residue comprising coke and group VB metal
complexes (up to 90 wt % of the incoming group VB metal), e.g., ammonium
salts of vanadium such as ammonium metavanadate (NH4V03) and coke. 20[030]
In one embodiment, liquid-solid separation is carried out in a filtration
device, giving a filter cake containing NH4V03precipitate and coke as solid
residue, and a Pressure Leach Solution containing ammonium molybdate,
nickel amine sulfate, ammonium metavanadate, ammonium sulfamate and
ammonium sulfate having a pH ranging from 8 to 11. In one embodiment, the
filter cake contains about 35-65 wt. % solids. In another 25embodiment, the
filter cake contains 45-55 wt. % solids. In one embodiment, the liquid
(filtrate or PLS "pregnant leach solution") contains 10 to 100 gpL (grams
per liter) molybdenum, 1 to 20 gpL nickel, 0.05 to 2.0 gpL vanadium, and 50
to 1000 gpL ammonium sulfate ("Amsul"). In a second embodiment, the
filtrate contains 20 to 100 gpL molybdenum, 5 to 20 gpL nickel, 0.10 to 1.0
gpL vanadium, 8 to 40 gpL ammonium sulfamate and 100 to 30 500 gpL ammonium
sulfate. 



[031] In one embodiment after the leaching reaction, the PLS is treated to
further reduce the concentration of the group VIB heavy metals such as
molybdenum to less than 600 ppm. In one embodiment, the pH of the PLS is
controlled to a level at which selective precipitation of the metal
complexes occurs ("pre-selected pH"), e.g., precipitation of at least  WO
2012/024124PCT/US2011/047199 90% of the Group VIB metal, at least 80% of
the Group VIII metal, and at least 40% of the Group VB metal initially
present prior to the precipitation process. In one embodiment, about 50-80%
of the vanadium leached into the PLS is recovered with the Mo-Ni
precipitate with the rest remaining in solution. In yet another embodiment,
up to 90% of the vanadium in 5solution can be recovered in the sulfidation
step used to additionally precipitate molybdenum and nickel remaining in
solution.        [32] In one embodiment, an acid is employed to adjust the
pH of the Pressure Leach Solution to a level at which precipitation of the
metal complexes occurs. The acids used to precipitate the metal complexes
include any inorganic mineral acid with a relatively  10 high ionization
constant. In one embodiment, the acid is used in a strength ranging from
0.2 to 12.0 normal. In another embodiment, the acid is selected from the
group of sulfuric acid, hydrochloric acid, phosphoric acid, nitric acid,
and the like.        [33] In one embodiment, the precipitation is carried
out under mixing conditions at a temperature in the range of 35 to 95C., a
pH range of 2 to 6, and for a sufficient amount of 15time, e.g., for at
least 1 hour, for at least 90% of the molybdenum and 80% nickel in the PLS
to precipitate out as metal complexes. In another embodiment, the
precipitation is carried out at a temperature of 60-90C and a pH range of
between 2.5 and 3.5. In one embodiment, at least 95% of the molybdenum
precipitates out after 2 hours as a molybdenum compound such as ammonium
octamolybdate. In another embodiment, at least 80% of the nickel
precipitates 20 out with the molybdenum as a double salt of nickel sulfate
and ammonium sulfate.        [34] In one embodiment, the pH of the PLS is
continuously regulated for at least part of the precipitation step with the
continuous addition of the additive, e.g., mineral acid, to control the
rate of the precipitation as well as the type of metal complexes
precipitating from the PLS. In one embodiment, a sufficient amount of
sulfuric acid (20-100% by weight) 25 is used to adjust the pH of the PLS to
less than 6. In another embodiment, a sufficient amount of sulfuric acid is
added to the PLS to target a pH of 2.5-3.5, with the mixture being
maintained at a temperature of 75-85C until 99% of the molybdenum
precipitates out as molybdate compounds.        [35] After precipitation,
the solid precipitate is separate from solution by known 30means including
settling, filtration, decantation, centrifugation etc., or combinations
thereof, generating an effluent stream or primary filtrate (also referred
to as Clarified Amsul stream (CAS)) and an unwashed precipitate. In one
embodiment, the CAS contains less than 1000 ppm of soluble heavy metals
such as molybdenum, and less than 500 ppm of group VIII metals. In another
embodiment, the CAS contains less than 1,000 ppm total heavy metals 



WO 2012/024124PCT/US2011/047199 such as Mo, V, Ni, Cr, and the like. The
amount of Amsul is less than 1000-gpL in one embodiment; less than 800-gpL
in a second embodiment; less than 500-gpL in a third embodiment; and less
than 400 gpL in a fourth embodiment.       [36] In one embodiment,
following solid-liquid separation, the unwashed 5 precipitate contains over
90% of the incoming molybdenum and over 70% of the incoming nickel. In
another embodiment, over 97% of the incoming molybdenum and over 80% of the
nickel is recovered in the unwashed precipitate. In one embodiment, the
unwashed precipitate contains 25-50 wt % Mo, 2 to 10 wt % Ni, less than 0.5
wt % V, less than 30 wt % Amsul, 1 to 10 wt % S, with a Mo to Ni ratio
ranging from 5:1 to 25:1. In yet another 10 embodiment, the unwashed
precipitate contains up to 35 wt % Mo, 6 wt % Ni, less than 0.05 wt % V and
about 28 wt % amsul.       [37] In one embodiment, after liquid-solid
separation, the precipitate is optionally washed with hot acidic water,
e.g., at 80C having a pH in the range of 2 to 3, to remove Amsul and the
double salt of nickel sulfate and ammonium sulfate that may be entrained in
15 the precipitate. In one embodiment, the acidic water temperature is in
the range of 60-90C. In one embodiment, a sufficient amount of acidic water
is added to "repulp" the filter cake to a slurry density of 20-40 wt. %
solids. After repulping, liquid-solid separation is performed to recover
the acidic wash water filtrate ("secondary filtrate") from the solids
phase. In one embodiment, the acidic secondary filtrate is added to the
primary filtrate CAS as feed to the 20 sulfidation step for additional
recovery of heavy metals such as Mo, V and Ni.       [38] In one embodiment
after the repulp separation step, the precipitate containing ammonium
octamolybdate is dissolved in warm ammoniacal solution, e.g., at a
temperature from 50 to 70C, generating compounds such as (NH4)2Mo04 or
ammonium molybdate, which can be routed to a catalyst synthesis operation
to prepare fresh catalysts. 25[039] In one embodiment, during solid-liquid
separation of the unwashed precipitate, a chelating agent is added to
remove Group VIII compounds such as Ni double salt from the precipitate,
obviating the repulping step for additional metal recovery. Examples of
chelating agents include but are not limited to formic acid, acetic acid,
propionic acid, maleic acid, fumaric acid, succinic acid, tartaric acid,
citric acid, oxalic acid, glyoxylic 30acid, aspartic acid, alkane sulfonic
acids such as methane sulfonic acid and ethane sulfonic acid, aryl sulfonic
acids such as benzene sulfonic acid and p-toluene sulfonic acid and
arylcarboxylic acids such as benzoic acid. In one embodiment, the chelating
agent is added to the wash water employed in the filtration process. In one
embodiment, the wash water contains 1 - 20 wt. % of a chelating agent such
as maleic acid, with the pH in the range of 1.5 8  WO
2012/024124PCT/US2011/047199 and 5. In another embodiment, the wash water
contains 5-15 wt. % of the chelating agent. In yet another embodiment, a
sufficient amount of chelating agent is added to the wash water to have a
pH in the range of 2 - 6. In one embodiment, the wash water containing the
chelating agent is heated up to a temperature ranging from 40 to 90C. In
another 5 embodiment, the wash water temperature is between 50 - 80C. 



[040] Further Removal of Heavy Metals from the CAS: In one embodiment, the
pH of the CAS (plus any acidic filtrate from the optional steps of
repulping and filtering the mixed metal cake) is adjusted during a
sulfidation step to further precipitate the residual metals in the CAS as
metal sulfides. 10[041] In one embodiment, the pH is maintained at a range
between 6 and 7 at a temperature of 50 - 100C, following which a
precipitate of Mo, Ni, and V sulfides is obtained. In another embodiment
with cobalt being used as a promoter group VIII metal, since cobalt
precipitation increases with increasing solution pH, the pH is adjusted
upward to 12 to precipitate more than 95% of the cobalt remaining in the
CAS. 15[042] In one embodiment, a water soluble sulfide-containing
compound, e.g., water soluble sulfides, a water soluble polysulfide, or
mixtures thereof, is added to the CAS for precipitating residual metals. In
another embodiment, the water soluble sulfide-containing compound
("sulfiding agent") is selected from the group of hydrogen sulfide,
ammonium sulfide, NaHS, or Na2S, or mixtures thereof. In yet another
embodiment, hydrogen sulfide is 20 used in an amount of about 0.05 to 0.2
molar to precipitate out nickel, molybdenum, and the like from the CAS. In
another embodiment, hydrogen sulfide gas at an overpressure of 6- psig is
used to precipitate out the metals in the sulfidation vessel.        [43]
After the sulfidation step, the slurry stream in one embodiment is
depressurized through a flash drum with baffle trays to lower the soluble
free H2S content to 25less than 60 ppm. The sulfided slurry is next sent to
a separator to isolate the solids containing residual metal sulfides from
the CAS. Separation can be carried out by means known in the art including
settling, filtration, decantation, centrifugation, etc., or combinations
thereof. The solids containing precipitated metal sulfides, e.g., nickel
sulfide, are sent to a holding tank for subsequent dissolution. The
supernatant or filtrate still contains 30 less than 100 ppm of soluble
heavy metals such as molybdenum and vanadium.        [44] In one
embodiment, the solids containing primarily nickel sulfide are oxidized in
a pressurized reactor with air sparging at about 150 - 180C, at a pressure
of 100 - 200 psig for several hours, prior to the solubilized product being
sent to a catalyst synthesis unit. In another embodiment, the filtered
solids are first washed with water to remove adhering  WO
2012/024124PCT/US2011/047199 Amsul and soluble sulfides and then repulped
to a density of 10 - 40 wt. % solids. The repulped NiS is next acidified to
a pH ranging from 4 to 6 before pressure leaching with air for conversion
into nickel sulfate. In one embodiment, the complete conversion from NiS
solids to nickel sulfate occurs after 2-5 hours with the product solution
at an acidic pH of < 2. 5[045] Oxydrolysis and Iron Scavenging: In one
embodiment, the supernatant or filtrate from the separator is pumped to a
reactor for oxidation of soluble free sulfides, hydrolysis of residual
ammonium sulfamate to amsul and precipitation of residual heavy metals. The
filtrate or supernatant, containing primarily amsul, is first adjusted to a
pH value at which selective precipitation of the residual heavy metal
complexes occurs ("pre-selected 10pH") with the addition of at least ferric
ion at pre-selected temperature and oxidizing means, wherein oxydrolysis
takes place. Oxydrolysis refers to the circuit wherein two reactions occur:
1) the hydrolysis of sulfamate, and 2) the oxidation of soluble free
sulfides. The oxydrolysis and iron scavenging in one embodiment is carried
out at a temperature in the range of 150 - 400C, and a pressure of 200-600
psig in the presence of injected air. In 



15another embodiment, iron scavenging with ferric ion addition is performed
after the oxydrolysis step.        [46] In one embodiment, the Amsul
solution following oxydrolysis (e.g. devoid of free sulfides and sulfamate)
is depressurized and cooled down to a temperature of between 60 and 90C
followed by the addition of ferric ion and maintained at the pre-selected
pH for at 20least forty five minutes.        [47] In one embodiment, the
pre-selected pH is between 4 and 8. In another embodiment, between 4 and 7.
In a third embodiment, the pH is set between 4.5 and 5.5. The pH adjustment
can be accomplished by the addition of at least an acid with a relatively
high ionization constant, e.g. sulfuric acid, hydrochloric acid, phosphoric
acid, nitric acid, 25and the like. In one embodiment, the acid is used in a
strength ranging from 1.0 to 12.0 normal. In one embodiment, sulfuric acid
is used in view of its availability and low cost. In another embodiment,
sufficient free acid is present in the ferric sulfate to maintain the Amsul
solution at the pre-selected pH. In another embodiment, the pH adjustment
can be accomplished by the addition of at least a base such as ammonium
hydroxide at a strength 30ranging from 4.0 to 10.0 normal.        [48] In
one embodiment, ferric ion in the form of ferric sulfate is added in view
of its availability, low cost, and ease of use. In another embodiment,
ferric chloride is employed. In yet another embodiment, a divalent metal
cation such as ferrous sulfate is added during oxydrolysis that can be
subsequently converted to ferric ion.           [49] In one embodiment, an
iron additive is introduced in an amount sufficient to provide about 6 to
50 ppm (parts per million) of ferric ion for each ppm of the metal to be
removed. By varying the concentration of the additive to heavy metal ions,
nearly total removal of dissolved heavy metal ions can be achieved. In one
embodiment, at least 50% of 5 the heavy metals can be removed as a
precipitate with the rest remaining in solution. In another embodiment, the
removal rate is at least 75%. In a third embodiment, the removal rate is
90%. In yet another embodiment, the rate is at least 96%. In one
embodiment, the level of Group VIB metals in solution such as Mo is reduced
to less than 10 ppm. In another embodiment, a level of 5 ppm or less. In
yet another embodiment, the Group VIB metal 10 level is reduced to 1 ppm or
less. In one embodiment, the level of Group VB metals in solution such as V
is reduced to less than 10 ppm. In another embodiment, a level of 5 ppm or
less. In yet another embodiment, the Group VB metal level is reduced to 1
ppm or less.        [50] In one embodiment, oxidizing means such as
aeration or an oxidizing agent such as hydrogen peroxide is provided for
the oxydrolysis step. 15[051] The contact time between the Amsul solution
and the ferric iron additive varies depending on factors including but not
limited to the size of the equipment and feed flow rate. In one embodiment,
the treatment is for at least a retention time of 30 minutes under
agitation, aeration, temperature and pressure to enable the formation of
the insoluble heavy metal salts together with effecting hydrolysis of
sulfamate and oxidation of free 20sulfides. In another embodiment, the
retention time ranges from 30 minutes to 2 hrs. In yet another embodiment,
the retention time is for at least an hour. The treatment is at a
temperature ranging from 60C to 300C in one embodiment, from 100 to 250C in
a second embodiment, and 230C in a third embodiment. In one embodiment, the
treatment is at a pressure ranging from 100 to 500 psig. In another
embodiment the pressure is at 450 psig. 25 The addition of ferric ion
promotes scavenging of Group VIB and VB soluble heavy metals such as
molybdenum, tungsten, chromium, vanadium, etc., forming insoluble
precipitates such as iron molybdate, tungstate, vanadate, and the like. The
following reactions are postulated to occur during oxydrolysis and iron
precipitation: 



[052] Sulfamate hydrolysis: NH4NH2S03 + H20 -> (NH4)2SO4 30[053] Soluble
free sulfide oxidation: S2- + 202 + 2H ->H2504 [54] Molybdenum
precipitation: 2Fe 3 + 3Mo042Fe2(Mo04)31(s) [55] Vanadium precipitation:
WO 2012/024124PCT/US2011/047199 Fe 3 + V03- + 20H- -> FeVO4,(s) + H20 and
2Fe '3 + 6V03--> 2Fe(V03)31 (s) [056] Iron precipitation: 5Fe2(SO4)3(aq) +
4H20 (aq) -> Fe203*H20 (s) + 3H2SO4(aq) Fe2(SO4)3(aq)+ 4H20 (aq) -> 2Fe0OH
(s) + 3H2SO4(aq) 10[057] In one embodiment, air injected into the reactor
promotes sulfamate and iron hydrolysis and oxidizes free sulfides in the
feed Amsul stream. It is postulated that the iron oxide and oxy-hydroxide
precipitates formed assists in adsorbing and co-precipitating the insoluble
iron complexes formed with the heavy metals.          [58] In the next
step, the slurry stream containing heavy metal precipitate along 15with any
insoluble iron oxides and oxyhydroxides is depressurized and flashed to a
temperature of 80C or less prior to liquid solid separation.        [59] In
one embodiment, the oxydrolysis and iron scavenging steps are performed
separately. In one embodiment, the supernatant or filtrate from the
separator is pumped to an oxydrolysis tower for oxidation of soluble free
sulfides and hydrolysis of residual ammonium 20 sulfamate to Amsul. The
oxydrolysis in one embodiment is carried out at a temperature in the range
of 200 - 300C, and a pressure of 300-500 psig in the presence of injected
air. The Amsul solution following oxydrolysis (e.g., devoid of free
sulfides and sulfamate) is depressurized and cooled down to a temperature
of between 50 and 90C, followed by the addition of ferric ion and
maintained at the pre-selected pH for at least forty five minutes 25prior
to liquid solid separation.        [60] Liquid solid separation can be done
by methods and apparatuses known in the art, e.g., via the use of an
inclined plate settler. The metal precipitate in one embodiment may be
slime-like in character. In another embodiment, the precipitate may be in
the form of suspended matter as fine particulates. In one embodiment, the
liquid solid separation is 



30achieved via "body feed" or addition of a material such as calcium
silicate or diatomaceous earth or cellulose. In one example, the slurry
containing the insoluble metal complexes is body fed with 1,000 - 20,000
ppm of diatomaceous earth. The diatomaceous earth provides a matrix for
agglomerating the fine particulates together, assisting solids settling
through the use of an inclined plate settler. In one embodiment, the
inclined plate clarifier overflow stream at an 35 Amsul concentration of
10-40 wt% contains less than 10 ppm each of heavy metals such as  WO
2012/024124PCT/US2011/047199 soluble Mo, Ni, V, etc. In another embodiment,
the clarifier overflow contains less than 5 ppm each of heavy metals. The
purified amsul can be used as a fertilizer meeting industry grade
specifications. Clarifier solids containing iron, diatomaceous earth or
cellulose, etc. and low levels of Mo, V, etc., can be shipped off-site to a
metals reclaimer, or recycled to the front end 5of the circuit for metals
recovery via ammoniacal pressure leaching with spent catalyst.        [61]
Reference will be made to Figure 1 which is a block flow diagram
schematically illustrating an embodiment of a process to recover metals
from spent hydroprocessing catalyst. The process as shown comprises of a
number of processing steps, with one or more of the steps operating in a
batch flow mode, a sequential mode, or a 10 continuous flow mode having a
continuous or periodic inflow of feed.        [62] Deoiled spent catalyst
is first leached in autoclave 10, e.g., a multi-chambered, agitated vessel,
in which ammonia and air are supplied to induce leaching reactions. After
leaching, the leach slurry is depressurized and subject to a liquid-solid
separation step 15, generating a solid residue containing coke and ammonium
metavanadate (NFL V03). The PLS 15stream removed from separator 15 is
subsequently subject to precipitation step 20 with the addition of a strong
mineral acid to adjust the pH. The slurry generated from the acid
precipitation step undergoes liquid-solid separation in step 25, generating
a residue, which is subjected to a hot acid re-pulp step 30, and a primary
filtrate (CAS). The slurry after acidrepulp is subject to a liquid-solid
separation step 35, generating a purified ammonium 20 octamolybdate filter
cake. The cake may be dissolved with dilute ammonia in mixing tank 40,
yielding ammonium molybdate that can be used in a catalyst synthesis step
80. The filtrate from separator 35 can be added to the primary filtrate as
feed to the sulfidation reactor 50.        [63] The sulfided slurry
discharge from sulfidation reactor 50 is first depressurized (not shown)
then sent to separation zone 55. The filtered solids containing NiS is
pressure  25 leached with air in reactor 70, for conversion into NiSO4,
which can be sent to a catalyst synthesis unit 80. The filtrate or
Clarified Amsul stream (CAS) is fed to a stirred tank reactor 60 that is
dosed with Fe '3ion. In one embodiment (not shown), air is injected to
promote soluble free sulfides oxidation together with sulfamate and iron
hydrolysis and reaction. After depressurization (not shown), the discharged
slurry stream is sent to 30separator 65, where diatomaceous earth ("DE") or
cellulose is added to assist in the separation. The clarified discharge
Amsul stream with less than 5 ppm of heavy metals may be used as
fertilizer. The iron solids, containing minor amounts of base metals, can
be sent off-site for metals recovery, or recycled (not shown) to the leach
step 10. 



WO 2012/024124PCT/US2011/047199        [64] Figure 2 is a block flow
diagram schematically illustrating other embodiments to recover metals from
spent hydroprocessing catalyst. In one embodiment as shown, CAS filtrate
from separator 55 is first sent to oxydrolysis tower 60 for oxidation of
soluble free sulfides and hydrolysis of residual ammonium sulfamate to
Amsul. The solution is 5depressurized and cooled (not shown) prior to the
addition of ferric iron in stirred tank reactor 45. The discharged slurry
stream is sent to separator 65 as shown in the previous Figure. In one
embodiment as shown, at least a chelating agent is added to the wash water
in the filtration step 25, for the removal of Group VIII compounds such as
Ni double salt from the precipitate, obviating the need for repulping the
precipitate. The precipitate containing 10 ammonium octamolybdate can be
dissolved with dilute ammonia in mixing taffl( 40, yielding ammonium
molybdate that can be used in a catalyst synthesis step 80.        [65]
EXAMPLES: The following illustrative examples are intended to be
non-limiting.        [66] Example 1: A Ni-Mo slurry catalyst as described
in US Patent Nos. 7737072 15 and 7737073 was used in a heavy oil upgrade
process as described in US Patent No. 7390398. The spent catalyst underwent
a deoiling step similar to the procedures described in US Patent No.
7790646, generating a deoiled solids coke product containing metal
sulfides. The coke containing appreciable quantities of Mo, Ni, and V
sulfides was subjected to ammoniacal pressure leaching, liquid-solid
separation, acidification of the PLS and 20generation of a filter cake and
a primary filtrate. The primary filtrate contains less than 1000 ppm total
soluble Mo, Ni, V species and an Amsul content of about 450 gpL.
[67] The filter cake is repulped to between 25 and 35 wt. % solids with hot
80C acidified water at pH 2 to 3 for 30 minutes to solubilize entrained
ammonium sulfate and permit removal of the soluble double salt of Nickel
sulfate and ammonium sulfate. The 25mixture undergoes solid-liquid
separation, generating a purified octamolybdate cake and a secondary
filtrate. The secondary filtrate contains low levels of Mo and V (less than
600 ppm total), about 20 gpL Ni and around 100 gpL Amsul. Subsequent to
liquid-solid separation, the purified octamolybdate cake is solubilized in
ammonia at 60C to yield ammonium molybdate and transferred to catalyst
synthesis for further processing. 30[068] Table 1 shows the concentration
of heavy metals in the filter cake prior to and following repulping and the
amount of heavy metals dissolved into the filtrate. There is minimal
leaching of Mo & V from the Mo-Ni repulped cake with approximately 90% Ni
and Amsul dissolution. The increase in concentration of Mo in the washed
solids is a consequence of removal of most of the Ni and Amsul from the
cake.  WO 2012/024124PCT/US2011/047199 Table 1 



Mo Ni V Amsul Unwashed Filter Cake (wt%) 24 3 0.05 27 Washed Filter Cake
(wt%) 57 0.8 0.1 6.3 Filtrate (% dissolution) 0.2 90 8 90 



[069] The combined primary and secondary filtrate stream containing about
530 ppm Mo, 55 ppm V, 5.6 gpL Ni and 365 gpL Amsul is sent to a sulfidation
reactor operating at 40 5 kPag (6 psig) H2S overpressure and a temperature
of 80C for 1 hr., resulting in Ni removal to less than 2 ppm, and with
soluble Mo and V in the Amsul stream of less than 100 ppm. Table 2 depicts
metal removal efficiencies. Table 2 Feed Type H2S Overpressure Kpa Temp (C)
Rxn Time (min) pH Primary + Secondary Filtrate 40 (-6 psig) 80 60 6.5 MoNiV
Sulfidation Head (ppm) 



MoNiV Sulfidation Tail (ppm) 530 5,600 55 78 <2 15  10[070] The hot
sulfided slurry discharge is depressurized through a flash drum with baffle
trays, to lower soluble free H2S content to <60-ppm, and then fed to a
clarifier unit. The clarifier underflow is pumped to a filter press with
the filtered solids being washed with fresh water to remove any adhering
Amsul and soluble sulfides; the washed solids are then repulped to a
density of -20-wt% solids. The repulped NiS slurry is acidified to a pH -5,
and introduced 15into a reactor for pressure leaching with air at 165C and
a total pressure of 1,100 kPag (160- psig). Complete conversion of the NiS
solids into nickel sulfate occurs within 3-hours with the product solution
at an acidic pH of less than two. [071] The clarifier overflow stream
containing less than 100-ppm soluble metals and 365-gpL amsul is feed to a
stirred tank reactor at 230C and 450-psig. The reactor is dosed 20 with
2000-ppm Fe 3 (as ferric sulfate) ion, with the pH being maintained around
5 with ammonia or sulfuric acid for 60-minutes. Air is injected to promote
sulfamate and iron hydrolysis, and oxidize free sulfides in the Amsul
stream. The iron oxides and oxy-hydroxide  WO 2012/024124PCT/US2011/047199
precipitate formed adsorbs and co-precipitates insoluble iron complexes of
Mo and V. Table 3 portrays oxydrolysis and iron scavenging conditions and
metal removal levels. Table 3 



Feed Type Fe+3 (ppm) Temp (C) Pressure (psig) Rxn Time (min) pH Oxydrolysis
Feed 2,000 230 450 60 5 MoNiV Oxy/Fe Precipitation Head (ppm) MoNiVFe 



Oxy/Fe Precipitation Tail (ppm) 75 <1 15 <1 <1 <1 1  5The discharge slurry
stream is depressurized and flashed to 80C, then body fed with up-to
10,000-ppm of diatomaceous earth to assist in solids settling through a
lamella inclined plate clarifier. The clarifier overflow stream at -34-wt%
Amsul concentration contains less than 5- ppm each of soluble Mo, Ni and V.
10  WO 2012/024124PCT/US2011/047199 CLAIMS:        1. A method for
recovering metals from a spent catalyst, the method comprising: leaching a
Group VIB metal, a Group VIII metal, and a Group VB metal, from the
used catalyst with an ammonia containing leach solution at a temperature
and a pressure 5sufficient to form a pressure leach slurry;
separating and removing solid residue from the pressure leach slurry to
form a pressure leach solution comprising a Group VIB soluble metal complex
and a Group VIII soluble metal complex; 



treating the pressure leach solution by chemical precipitation to
precipitate at least a portion of the Group VIB metal and at least a
portion of the Group VIII metal as metal complexes; recovering the
precipitated metal complexes by at least a separation means selected  10
from settling, filtration, decantation, centrifugation and combinations
thereof, forming a first effluent containing less than 600 ppm of the Group
VIB metal and less than 400 ppm of the group VIII metal and a solid residue
containing at least 97% of incoming VIB metal and over 80% of incoming
group VIII metal;         sulfiding the first effluent with a sulfiding
agent to form a sulfided slurry comprising a 15 Group VB metal sulfide
and/or oxide, a Group VIB metal sulfide and a Group VIII metal sulfide;
separating and removing the Group VB metal sulfide and/or oxide, the Group
VIB metal sulfide and a Group VIII metal sulfide from the sulfided slurry,
forming a second effluent comprising a Group VB and a Group VIB soluble
metal compound; 20contacting the second effluent with an effective amount
of ferric ion at a pre-select pH for the ferric ion to form a complex with
the Group VB and Group VIB metal;       performing a liquid-solid
separation to remove the Group VB and Group VIB metal complex as solids,
forming a third effluent containing less than 5 ppm of the Group VB metal
and less than 5 ppm of the Group VIB metal. 25        2. The method of
claim 1, wherein the contact with ferric ion is carried out at a sufficient
temperature and pressure with aeration for oxydrolysis to take place.
3. The method of any of claims 1 - 2, wherein the contact with ferric ion
is at a 30pre-select pH between 4.0 and 8.0.  WO
2012/024124PCT/US2011/047199        4. The method of claim 3, wherein the
pre-selected pH is between 4.5 and 5.5.        5. The method of any of
claims 1 - 2, wherein the contact during oxydrolysis is at a temperature
between 150 - 300C 5        6. The method of any of claims 1 - 2, wherein
the contact during oxydrolysis is at a pressure of 300-600 psig.
7. The method of any of claims 1 - 2, wherein the precipitated metal
complexes 10 is recovered by filtration and water washed, and wherein the
wash water comprises at least a chelating agent. 



8. The method of claim 7, wherein the wash water has pH ranging from 1.5 to
5.0, and wherein the wash water contains 1 -20 wt. % of a chelating agent.
9. The method of claim 7, wherein the chelating agent is selected from the
group of formic acid, acetic acid, propionic acid, maleic acid, fumaric
acid, succinic acid, tartaric acid, citric acid, oxalic acid, glyoxylic
acid, aspartic acid, alkane sulfonic acids, aryl sulfonic acids,
arylcarboxylic acids and mixtures thereof        10. The method of any of
claims 1 - 2, further comprising repulping the solid residue with acidic
wash water.            11. The method of claim 10, wherein the solid
residue is repulped with acidic 25 wash water having a pH in the range of
2.0 to 3.0.        12. The method of claim 10, wherein the solid residue is
repulped with a sufficient amount of water for a slurry density of 20-40
wt. % solids. 3013.The method of any of claims 10 - 12, further comprising
separating and removing the solid residue to recover the wash water as a
filtrate. 14.The method of claim 13, further comprising adding the wash
water filtrate to the first effluent for sulfidation with the sulfiding
agent to form the sulfided slurry.  WO 2012/024124PCT/US2011/047199
15. The method of any of claims 1 - 2, wherein the second effluent stream
is brought in contact with an effective amount of ferric ion for at least
50% of the Group VB metal and at least 50% of the Group VIB metal to be
removed by forming an insoluble 5complex with the ferric iron.       16.
The method of claim 15, wherein the second effluent stream is brought in
contact with an effective amount of ferric ion for at least 75% of the
Group VB metal and at least 75% of the Group VIB metal to be removed by
forming an insoluble complex with the 10ferric iron.       17. The method
of claim 16, wherein the second effluent stream is brought in contact with
an effective amount of ferric ion for at least 90% of the Group VB metal
and at least 90% of the Group VIB metal to be removed by forming an
insoluble complex with the 15ferric iron.       18. The method of any of
claims 1 - 2, wherein the second effluent stream is brought in contact with
an effective amount of ferric ion for the ferric iron to form insoluble
complexes with the Group VB and Group VIB metal and for the Group VB and
Group VIB 20metal in solution to be 5 ppm or less. 



19. The method of any of claims 1 - 2, wherein the effective amount of
ferric ion ranges from 6 to 50 ppm of metal cation to each ppm of the Group
VB and Group VIB soluble metal compounds in the second effluent stream. 25
20. The method of any of claims 1 - 2, wherein the ferric ion is selected
from ferric sulfate, ferrous sulfate and ferric chloride.         21. The
method of any of claims 1 - 2, wherein the second effluent stream is set to
30 the pre-selected pH prior to contact with ferric ion by adding sulfuric
acid or ammonium hydroxide to the second effluent stream.  WO
2012/024124PCT/US2011/047199 22.The method of any of claims 1 - 2, further
comprising subjecting the second effluent stream to aeration at a
sufficient temperature and pressure for oxydrolysis to take place prior to
contacting the second effluent with an effective amount of ferric ion.
523.The method of claim 22, wherein the second effluent stream after
oxydrolysis is cooled down to a temperature of less than 100C prior to
contacting the second effluent with an effective amount of ferric ion.
24. The method of claim 23, wherein the second effluent stream after
oxydrolysis 10is cooled down to a temperature of 60-70C prior to contacting
the second effluent with ferric ion.          25. The method of any of
claims 1 - 2, wherein the contact with the ferric ion is for a sufficient
amount of time for at least 50% of the Group VIB soluble metal to form an
15insoluble complex with the ferric ion.        26. The method of any of
claims 1 - 2, further comprising aerating the second effluent stream while
it is in contact with the ferric ion. 2027.The method of any of claims 1 -
2, wherein the liquid-solid separation to remove the Group VB and Group VIB
insoluble metal complexes is via an inclined plate settler.          29.
The method of any of claims 1 - 2, wherein the solids containing the Group
25 VB and Group VIB metal complexes is body fed with at least one of
calcium silicate, diatomaceous earth, and cellulose.          30. The
method of any of claims 1 - 2, wherein the first effluent stream is
sulfided with a sulfiding agent selected from the group of hydrogen
sulfide, ammonium sulfide, 30 NaHS, Na2S, and mixtures thereof 


