;e3eol @O6RTIa$ 30 Cctober 2002 DESCRI PTI ON PROCESS TO RECOVER MOLYBDENUM
*AND VANADO UM I\/ETM@ \[‘WFPEI\H’ CATALYST 13Y ALKALI NE LEACHI NG Techni cal
Field This inv “ @ J s to a process for recovering u

spent catal yst Eﬁm “ I ar for recovering and reclaim %Pﬁgfoﬁegfzb@?} S,
and fuel -rich al um*H&“Product from 5 petrol eum processi ng catal ysts.

Background Art Petrol eum hydrocar bon§,S i_ls) OI n and on spent catal yst feeds
Rg——ggéﬁe%-éﬂs i The oils present on the

are known to inhibit metal reclaim :
cat al ySRROCBSSOBK REC@VERaMAL YBIEND B £4D SANADIOMrMEJIALS FROWISPESTE CaTAL YSO meti AUK@NMEL O
oxi di ze'E4GHMNSce netal s via hydrometal lurgical oxidation. In addition, oils

| ead to urdesiicl ec1®1gani c contam nation in | eaching processes and
recovered products. Methods commonly Used to deoil catalyst( such as
thermal deoiling orThbastinygntéan unedatetadior ¢, HEoteadi Mt oratovenang
reactions with netals at_hi gh temperatures and_ul ti mate!%; reduced et al

yi el ds. RECANETSrGePRASPEFYr EATE RSty ar'e E%ﬁﬁi)ﬁP;aFe reRF6HT R ngnd

removal gledilis SRRl Petngl cumEOktie K 00 QWAL LERUAY ron
catal yst does not 1imt the netals recovery, 20 but may 1 npaCt processing
ki nets cs p@te diematmt ySésPORE OaUEUYBEs . The coke may inpact reaction
kinetics in hydrotreating by lowering diffusion rates due to catal yst pore
pl uggi ng BaR&emminchfArthe coke is costly and require] high tenperature
processing of 4&0C to 80?0. At ttae hi gher 25 ter eﬁat ures, the reaction is
fairly rapid, nmakifftHRIPIBcedyINAETRMS 1 6°ddSn a2 7yr aBBEl , FontFBETEd
manner . Euy, t o} S jch..i -herg.c Jat 4 C

cat al yst ,clétttﬁtelsinsél Iéﬁctgér' eggisk?ﬁghcg? a??gtégtégr ?Y{agct%lanr(ft %%?1%%@ %%%%?éﬁf%'
_ ., 2 30Thet eielrs A0O2sersSonaolkttld eapastsss shiThcRs thpi Relts lyBers @ £) ard

| ow tenperature, controlled process is desirable. To neet present day

st andar d¥Fesilig e oharer GV ifer COBALLARSE o r exdvidzed aidrbaconmerteilsl via
g{ggggg: quﬁero%!e'ta ANNOL; 2aPe L9NdRGLAS RSt AL RAM I N the dgRild ng,

undesirable ©organic contamination in leaching processes and

recovered products. Mexthcds commenly used to deoil catalyst,
such as thermal deoiling or roasting, are unsatisfactory,

15 1leading 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 ccke. Coking
of hydrotreating catalyst does not limit the metals recovery,

20 but may impact processing kinetics due to catalyst pore
plugging. The coke mway 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 400°C to 800°C. At the hnigher

25 temperatures, the reacticn is fairly rapid, making the process
impossible to do in a gradual, controlled manner. Furthesr, the
process, which 1s exothermic at the surface of the catalyst,

thermally stresses the catalyst surface and converts metals toO
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conventional high tenperature treatnments the oil is burned off with the

" coke, enmitting carboy. dioxide, carbon nonoxide, and sul fur and nitrogen
oxi de byproducts. A nore robust reclamation process m ni m j i-SSi ons

and provides for 10 recovery of the oil as a val ue- addednéﬁg);cﬁﬂt)é.rm al s

present Qrdde Landlgst fPa-ipFesenics @ I agimals sul fitesréoeated kn aow

variety of surface geologies. Sonme of the netal sulfides are readily

oxi di zed tiempgra Air it ept rebhpdrarocess bat deshsabhst-al sul fides may

require el evated 15 tenperatures_and.oxygen _pressures to oxidi ze. .

Di scl osure of the I eﬂgFBnpfﬁée&tes%‘W gﬁ@ﬁﬁ??%ﬁ A afed AR hnreAt24PET ed

process fan the.d 52! gseavggeaafa@' U5 oL 21 NGy GLUELNACHHAT O N0-annor
carriers and netal s(s), said catal ysts contai ning oil, to tecover sai
netals) therebh@aredhizh procass: ceapenmesit hehet efsodliina? sobkesti ng ope
or nore catalyst, said one or nore catal yst containing two or nore netals
as net al canven@englerki@natempasatung Gireddimngnttio Brenoie st dbusnad i dEs
are a 25 nol.ybdenum sul fide.and a vanadi umsul fi.de, or_.a tungsten sulfid
and a vaﬁ"d‘d:i%njfgﬁl FC8E&: b?mﬁtégwgn§a§ ¢ g%i’%ﬁ/g?: GETRA MRS EHGF 'on%ngr
mor e deoid talyst ij3d esgReR=0f RAlSId d o}:ygen_at. At hetic
pressure,sug'ghgrat e%r%gratﬁrterl&fgeeg{s tﬁgFCiQGOC, “and dauccptlai%qrangy %f %@,Lfg P%?}S’%g
ti me suf fdedilemiadimrcopyetesisn minangee$ r aiwS0emi g0ont saidl airdvadsts t for
metal sulfides to soluble neal and sul fur species, 7 C-C5-200p 30 Cctober
200210 : herestyvexny Mg ke fe¥btas eacheliuet addgdcepnpaisitng a first |iquid
stream cont ai ni ng jg%lUb]Iesz net al _and su%fur 'ssggci es_and a first solid; d
separating said firSt-3eadtet™ St ur?y FRtoC2s sEFl BFAsPISSRITY 3% r2 R B9
said fist,salitkif)s IR &g i g fAfstegobEdsipehbe @re%sl%gaeegf 'SGRISLE C
and oxygen at an oxygen partial pressure greets: than™69 kPa (10 psia), a
t enper at wiee gmeablr shafide€, ane aqadigneaseridilrad 7.6 f aira Btnmeambient
sufficient to convert greater than 90%.of the at 10 | east two netal
sul fi des HEPREFABIRETret HU tanBtBEY f e tpeciSéd IH4eed BRYn. reAeinet flavRtsdes
pr esent e 0 e & Y, f ep..( thereby formng a

£ %%ﬁé;edragc{hﬁrreréy 04 S @% é}eQSuP%SI ?B 8§£§}ze

second | eac ~conpri second | rqui réam cont ai ni ng sol ubl e
met al ang iy fauuspest eshanth@esecond solid;

The present invention relates to an integrated
process for the treatment of catalysts comprising alumina-
containing carriers and metals(s), said catalysts containing

20 o0il, to recover said metal(s) 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 catalys:
in the presence of caustic and oxygen at atmospheric pressure,

30 a temperature less than 60°C, and a pH rang=s of 10-13 for a
time sufficient to convert in a range from 50 - 70% of said ac

least two metal sulfides to solubkle metal and sulfur species,



15~ . f) separating the second | eached slurry into said second |liquid
" stream and said secondd solid; g) collecting said first liquid stream and
said second liquid streamto form a combi ned liquid strqubcg% oxi |ng
18:896cR0®8nbi ned |iquid streamin the 20 presence of oxygen Qbey
t hereby form ng an oxidized liquid stream i) cooling said oxidized I|qU|d

str'eam and adjusting a pH of he pxi,dized liquid streamto 6.5, thereby
pr eCHSFERY i P h%ol fed A Uni ﬁacﬁﬁ‘a ssépir"a't i igTERF 82 3F urft ng‘i?)tf rom sai d

OX' q'xgﬁ gl gqyé&’m Séémn.h)g gUBLENGetdE Nd Fullthe @Fediiagdahiioyi d stream
H . k) contacting the oxidized liquid streamw th an organic

solfgmstpsuladnlng an extractant effective to 30 transfer sol uble netal
Bast one sol Ubl e et aF 52 REKDED SHEET 1950 YA SHos Cpltree and a
_§ubghagnt kakiy TREASG FrreamagHaosaifli Lt eltiai;ni ng sul fate; 5 10 15 20 25
30 1) recovering said substantially metals-free aqueous |iquid containing
sul f at e: e} leaching sald firat solid in the presence of

caustic and oxygen at an oxygen partial pressure greater than

69 kPa (10 psia), a temperature greater than 70°C, and a pH greater than

10 for a time sufficient to convert greater than 90% of the at
10 leagst two metal sulfides to scluble 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 comprisin g a second liquid stream containing soluble

metal and sulfur species and a second solid;
15' . . £) separating the second leached slurry into

said second ligquid stream and said second solid;

g) collecting said first liquid stream and said
second 1liquid stream to form a combined liquid stream;

h) oxidizing said combined liquid etream in the

20 presence of oxygen or air or both, thereby forming an oxidized
liquid stream;

i) cooling said oxidized 1liquid stream and
adjuating a pE of the oxidized liquid stream to 6.5, thexeby
precipitating dissolved alumina, and separating said alumina

25 from said oxidized liquid stream;

3 adjusting the pH of the oxidized liguid
gtream to 2 pH of 2.5;

X) contacting the oxidized liquid stream with
an organic solvent containing an extractant effective to

30 transfer soluble metal species intc tha organic, thereby

creating an organic phase containing at least one soluble metal

AMENDED SHEET



- m 'stripping the soluble netal species fromthe organic phase in the
presence of an aqueous ammoni a sol ution, thereby form ng an aqueous phase

contai ning nmetal species; n) adjusting the pH of the aque

selectively precipitate at | east one netal4 as at | east on@%ﬁ%ﬁﬁg%t al
salt; and. Q- separatiNg sai datsd £A61200¢ Ay 1un peLal seatttectttsom sahdia
aqueous phase and recovering said at |east one amoni um netal sal

Det ai | ed ddescximping@nsolfehe;l nvention The present invention is a process

for recovering netals fr%n spent petrol eum r.ef i ni ng cat al yst W t hout
di ssol vi ng significant afbunt $SGCYSE tht &PAYSt FEPFFRICANAY efgtais-free

cat al yst Saurces %@% Pﬁ Hggga&qlpge RPNPGRSS; a comonal ity of the catal ysts
bei ng theyqare reide ™17 om al um n alum ia-silica or silica-alunina

carrigrs. Wthout linitipg tberseeaegofthtehedlm&rg it al hepPERESSEr ¥ | thbe
descri bed by the exanpl e of petrol eum processing catal ysts and, for

si npl i ci torgami paphieel dm acl epdesknglurihaahasqd epetsr oA ruon Tat abystion,
(hydrotreatin cat al yst), such as a residual/HDS feedstock, vanadium (V),

ni ckel (ND er ‘?WBB? a@n8IMEPYFdE (Wt@rlfﬁﬂﬂgs‘%"naj(vﬁp%l%e
predoni nate netals, pres ?t a§dﬁ@s@' ulgﬁgeg\%n +11e REQCes u%ugngoha%ven%on
n

sol ubilizes the netal sul fides to's Iutlon e keepin orlty of
the al umidea extasval $0ldshc e ar@uRls DEaget abse afetraet absSULE Q%,stl Nogach
catal yst source are readily deternmined. The common netals present in

hydr 30 r eanimon oat ahgseli agludeaNd or V\) Cc, Vand 30 October 2002 5 N .
In a preferred enbodi nent, sulfides at ah‘ét two_sul fides) such as sul fides

of Mo, or w, and V, are ﬁ?eséﬁ@arﬁte”t%e%a ahe IGRSAIGTG AR Bkt B R hed
met al 0. a S,

hydr odes%af uri za@ﬁon%}ﬁD%G%a%{{ EQEE gelr%gcc)ze%éx%%tf% %éggt |aot?1sllc &S ene
exposed tgmmbdiuvhedcab ERSccat aI yst |s processed, it should be mxed with
a catal yst containing heavy 0| | s, such as a residual catalyst, to provide a
protect i \Ret@EiledReagripta i EasdInygrisdfosy e and 10 durlngthelnltlal

pr ocggs steps. An oyerall bl erg af _75:25 t0.50: 50 resj dual fHDS ha
found®to work wel | 1Rt &P ssmvf%’l&nerllgd B P T5525. Iﬁgcovermg

Menti Onegye 3 &S| Cf‘:l:%mcats%!e)f'ﬁtt tg)elte@tllemarrtge%n%@t ai pbed1{/6ee Oidunddi !l e
an HDS typically contains less oil. 15 It is desirable to rénove the oils

as one ofdidmoliwning alspyoitisanst epsmodhes HRE catred ystatshiotdtd menmiim.dry A
prior to the deoiling process, wherein dry as used herein means water-free.
One neans’ 31 efeoi [Ging Caite 1YSity eRPUAESFI ity W cRSEEnDYRs iR PECFEF&IM2 .
hydrocar bo pr.es o] he, ep
deoi | i ng o gcélg%atjt%%y % %glgs 'S J&%ﬁ%%%ﬁ% Ehe eoF%mr%{({%ef eedgmjt%
presence a)Iurﬂiiha)JQ:aDLGaSC&ﬁ/eBhllehalammm ueaeraemyl enelitdoute l1hwiting
catal yst may becone very reactive when deoiled, it is preferred to deoil
under an threr scaprosphekbe sl@éﬂt?Té:leﬂ'tr’e}genPID@(ﬁslﬁ gl Fhy Dee I3 sdhad tly
by |ncret§b teg@erature but this increases the cost a Juse of_a pre sure

vessel e¥80BdEar o T ThB?EF&l&“”‘de(ﬁW%egs%‘e‘&%negaé Sver¥liy ¢

consi der spLable lin IS

Fol | ow nggﬂgﬂa\in%p t hlgiesg?vg%t u|@L§(24stérl| gétg?@?r‘gfm ta%zl%fltgreég%asst%tdmﬁunﬁ%lre%m 30
ni trogen ddweakest anHytiheceehtingsepartatlodtiromdieh sohyent andsiécalHRe

for further use. The deoiling ste8 of the present 1b- UsS- 2000
25 feedstock, vanadium nickel (Ni), cobalt {Co), and

&

molybdenum (Mo) or tungsten (W) as the predeminate metals,
present as metal sulfides. The process of the invention
solubilizes the metal sulfides into solution wh:le keeping the
majority of the alumina as a solid.

30 The amounts of metals, as matal suliides, in each
catalyst source are readily determined. The common metals

present 1in hvdrotreating catalvst include Mo or W, Cc, V and



30. Cct ober 2002 inYention mnimzes dissolution or the catalyst matrix and
does not renove coke. . The deoil ed and sol vent stripped feedstock nay be
slurried with a mld caustic, such as sodi um hydroxi de, a L bhAKS
whi ch .m ni m ze oxidation, thereby Perm ng a first slurry. @%&?pgt_?bgﬂ?u”y
has a prgterr H ﬁpo 10- - t engpar, ri | urryi s _kept
bel ow thggboi I%?ln% gen ‘o#lé%/a?g%.gdf'ﬁggﬁ:de%%t gafgg:sflald%a%gg?ﬁeyﬁﬁgség%r?gﬁ'
ki neti cssuthe 230 catmilyessd sRymbe growndabef ar.e aofe astesedeoi | TR 28640khay,
slurrying to inprove process economcs in the solid/liquid separaticn stéps
and i ncr bas®lgndess s ontpoedepernensdi datiadn Ndepsudieors eotdt at yat ¥ /aice
hi ghly reactive and are typically cooled to anbi ent or near anbient

t enper at 4RE %0 grind. If 15 grinding deoiled catalyst, it may be desirable
to cqo | by quenching.thg, d@QkéfgsEQt aly s Wt %ald}%cle%ffuﬂ‘%‘tf‘én {HDS)
nitrogen, and then Sturrying with mfd caustic prior to grinding. ,

choi ce otawaahher, anddeeydnuekildatdidmdreastdCny Oeefh I ehlR@@ndo air.
dependent upon the equipment used. |f the catalyst particles are too |arge
t hey mayWhent |an i HD8quigk@eits andf o rewlfists & .0s1 bn shrabl @nbe agikdy Witdw a

t hrough equipnent. |If ground too small, the particles may .require nore

el abor at E45BIVEH (6 ' GEHAT abT ORY { GERHF TGS "Gt el S bl THRE HEXSF s T
present gpotheccatgly avBr 838NRY ithd a8 | ;81 i BBt RIngU ] d8se d £ 9

Ni S) stﬁgﬁ/bgg, %o% &%\giey to ?Lhe pr olceéss of % elpr esennfﬂlr{%}(/entlcgrﬁeiasmd
contr! | dagitke theadidiai 0 phecsusf sdeps(S Ah bvezeibligl ddd asulfatee o
(SSO'""i . xidation o the insoluble sulfide to soluble thiosulfate is 30
quant i t abPvél0y resitdust) diP8shag bees dawtd coxwvaaki oellSddi uha hosceéat e

is a kineticall 3{- roduct at conditions |ess than 40C

stabl e Oé(i dat'zgn
(105F), 2oBYepSrEfs PSS S shd pBr 12-13. 6 AVENDED SHEET  10- 05- 2000 30
Oct ober 2002 Sul fi i caxidi ze, t ] e L agi I r en
tenperatures are bgi%smeﬁg%hgégélg%'(%05??3(%!@;1@? pﬁtigévée\r{;sﬁf%%qgnﬁéfvw
greater tbhamai0ZPeE SO psig) whillieosurl fRDS besbordlquidenusisisablesatoil.
tenperatures greater than 148C (300F) , Os greater 5 than 414 kPa (60
psi A5 afd piE IR IRRE 105, TENAVSUttitdeSinF| | 2He RAPIEt eFhecorviriad
to sulfa nder these condit.i@ns. [ f at titativel
decorrposégo§r?%%or5tcﬁ%sp'ro'g%gt %g%at%:gs,tgalssfoﬂ e%ﬁsl$h§%gg?gt edr%:ﬁ’erlc’artl etg?eté &r
than 90C3ed34hh @k Ske O5, PAhki-alk nPBSS W £Sugéahek et famedhs kia {30 PsEa)
yi el di ng product's 10 such as sulfur, sulfite, sulfide, or sultate. The
deoi | ed) Cster i ppmus apd pissi bi g gicsunsb hvens| depiidd feedshock irsmog@shethen

an atnospheric | each. To maintain }hi osul fate control, the pH of the |each
shoul d b@SAFUSKEY ¥ G PO Ran D et orRF §PRPbdueR ngt BRe 28 hivngrhout
20 removing the coke. Deep deoiling of greater than 98% 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 deoilaing time of less than 12 hours. Following
deoiling, the solvent 1s 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



15 ‘atnosphere. Preferably, |eaching takes place in the presence of Caustic
and air or oxygen at atnctspheric pressure at a tenperature Less than 60C
and a pH range of about 10-13. The pH should be tightly conér | | ed E@iiuse
id-o642e0pH falla too low, cortrol of the |eaching reaction Pe Qieber of
control ~0 is believed to happen as follows: as the thiosulfate oxidizes to

sulfates, an acid is formed, droppi he pN and ;squiring gopntinuous
addi Hh o tgion: AdSLMEzes %Pﬁ?%ﬁ‘iﬁ‘?pfﬁér%ﬁs‘ﬁe&&f‘ﬁga&iia?iacﬁiﬁét%c& ing. Any

aci dy foramd e cbRe . pores of the catalyst particles can create a regine
wherein a pore chemstry is quite 2 Sdifferent fromthe bulk . The alum na
carrier will Bagi rdawllegd udndi Aolyensonthizinnes heeedet It emari diec.

lubj lized, al i t th Lth | pi t he, ,
Copr ShH e ovbPEn 2 gHY oo ERa G LmelesBL B R T Mt eRE et (BT e o

tdhe ¥amarh WREC HIRC i i itk Wokbdithiom ushesedp Esrhodsy @O fideavery unl ess
*the alumna is resolubilized. Controlling the thiosulfate slows this entire
pr ocelermown, ThedfitTly BheTrvelafol HFGERTEREsPHC ©%7 aauNDED SREET

.10- G 20 = ehu29fle THRLATMEP! 87 ikepeausii&y | eBeh heiigagducted for
a tieﬁnegsggfn?gi'g%{%o E%nvért in the rajr'lge OP about 50- 70% of th%dsul fides
to spbitd eft kassulfate and sul fate species, thereby formng a first |eached

slurry. The pH.is i ntai ned,at _abou - i vant.age of this pH
range is that q&‘ef’f’g?ﬁ tglggig\ﬁ%hgn%?ébégﬁ%%%%%a%’gé}é ndt'(E S be

10 ecCoONed Bk Nral)i Sbe pPE@oRad sbeforeuctrasafeer NidediliZy amel/pet sol uble
at this pH Al though the atnospheric |eachin rogess n@%e, ‘dqone in one
st epslyrnEng st pdMprOVS ePEPTRYE WPRCOR E5da8R r E8PdefT FHE i s each
St ePg o dd15n14se RkefR! 8akihdRcLEEsA! FR6GESS | GotersNi 1) e maldaewent he | each
conditi‘ons to be varied in-each step _fox optinmumcontrol of t-he |eaching

and exépmi | Pecidadt Fahalye? cATRISHAE N ZREATIVA ERBATHS YRISAddKce time
gﬁf?g%glé’éq)éeﬁsggﬁg%tbge e Ol ddifpditaidl @) g fBYa 15 9¥i dize to

S nmay be use since only atnospheriT pressure is
desi gethding -dFbkldd r setkdgehed i1 umay ke sdpatzabiei oo @9k rby |iquid

.strea i ch tains.the s blize al ; S ro. cieg, and a
fi rs?“r%’b‘?*%g T%g’%fi FEP‘@S% dgéggi#ezs?‘ﬂ#ﬁ edlgésﬂzolgoge#or és%\%ﬁt hgér esh nild
caushirdgerf,or emg sesend slurryindlheviftly smiddl i daustiwvadriteer atpressure

vessel ,for a pressure | each where air or oxygen pressure and tenperature
are FRtPESd to sol ubilize residual metal sul fides which exist in |ess

sol ubl e cheni e®le fE@hdBe®r o ewhethencerssi hbe dussH 0t35 gwirid che
nor phol ogy. Al though one pressure | eachi ng step usi Q,% tenperatures greater

2hanPrIeRs s ie 1BEege ANBa FEPSRAPRESURPR SERE gF BtARIIE T X% ede kPL EP€O psia) may
be USgEa10 P-RITIED BRI FRYRS dine mgeradirand o dpiiphbeet i ve.

and/or cause c:rosion problems as they flow through équipment.
If ground too small, the particles may 'raquire more elaborate
solid/liquid separation techniques downstream. '
25 The metals present on the catalyst are present as a
family of metal sulfides (e.g., Ni§, V,§5;, MeS,, CoS). A key to
the process of the present invention is contzclling the
reaction of the sulfides (S") to solukle thiosulfates (5,0,%}.
Oxidation of the inscluble sulfide to soluble thiosulfate is
30 quantitatively controlled using mild caustic oxidation. Sodium

thicsulfate is a kinetically stable oxidation procduct at

conditions less than 40°C (105°F), 103 kPa (15 psia) O, and pH 12.13.

AMENDED SHEET




~In'a first pressure |leach) the first solid fromthe 30 first leach is
subjected to a tenperature of about 75C and 10 psia oxygen. Since

thiosulfate reacts to sulfate with acid or tenperature or en sure,
10408-2089i dence time ie 8 AVENDED SHEET y e-o0s-20ao 30 Oc%‘g&go%%ﬁe&

mei ntained at a mininum Total. residence tinme in the first pressure |each
vessel is about 90 mnutes. After the first pressure |leach, the slurry is
sentsu1@ide 50Wi UL | bRid b eparail fatestasp relaeivedpvetiovi gaves wherch 5
contains soluble M, V, and so I s not subjected to the second

nme S208'"'
preseMperabares IFeshetwann 40 'r§é§cb§%|a’eép°€é 't RESsBEFYEeRNY 1R sol i ds,

plus fir b7 i , THRuBRMbechRiedqiiacond pressure | each vessel,
The %89?3%“%?@3%“%%‘3@?@%3%@3& e 120C and 241 kPa (35 psi )

OZ. yHaeaBih! S:MBeRbaiaeskrdd geshmtittian RESCA4006°R) M0, gredpat 90
m nutes. The soljds recovered er.a n olid/liquid separation

:5r odhand 14 kBa (OQipsia) apd aﬁf F*ﬁ%%ﬁ"gs*ﬁgeé%ﬁig? wherein "substantially free"
ras used, | i Sedaps s(.aFaval uhAkes tHesas dBMAN rasngbout@8; r of the
.sul %ﬁﬁ?lég%&b 39%%? % eénnlsybaenummand abgut 921C fS gf theTvanadi um The

met alhdogvbfana Yhasnitaivueilye daddmpesgse Edl/ oFe fdvpdopeoriemat &0l i ds duri ng
t he at nospheric _and_ pressure | eaching, ste r i,ged. _in, the |iquor.
The 3 &ﬁo&és?rﬁﬁ? e v%?“i‘%fsatélé'ﬁatggfgcgﬁrsfg gﬁg g???‘éﬁl‘legf e%r”“?/o“r orm a

conpy dsl@Y bidaret theP07 kPRI(S0 pdiWihiss pRawercont ains ful Iy oxidi zed
rre??l’? Ma%lgsgxﬁgb%@) as wel | a(tséo?u%bl e rﬁeduced nmetal species such as VI V.
10he ssishbraceMl f i PWEicam PELbiFti 2% BPrf&&rably with oxygen or air. It

has been foung ¢ hak.a; PUbbl egp COLIN WHKS Y8 4iS, t he-udatdpn vessel .
al t hough st a%a%d é% a%tg'cl avef:grfay al so be%ﬁsed. SyThre?‘sol ution. oxidation

st e Lkl gd o)fedidzeockol bl beaghed sino aTher EMPFYIETC okearhi on T ate and

TR IR chRsPH i TP g d5b ekl gpchacR Rt ol o5

0. ab@jus348 kia blapst akhaAt & hbsfstagentrodecines thesikebdtdmgo al | ow the

20k sle Lo oudize Lo, sul Lole L gy Sedone Lo bl e 11 auor.
of caustic and air cr oxygern at atmecspheric pressure at a
temperature less than 60°C and a pH range of about 10-13. -The
pH should be tightly controlled because if the pE falls too
low, contxrol of the leaching reaction is lost. Loss of control

20 1is believed tc 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
caugtic leaching. Any acid formed in the pores of the catalyst
particles can create a regime wherein a pore cheuistry is quite

25 different from the bulk. The alumina carxier will begin to
solubilize as conditions Lkecome more acidic. Sclubilized
alumina may then either precipitate and block the pores, or ‘co-
precipitate with soluble vanadium species present in the
liquor. Some of the vanadium co-precipitated with the alumina

30 i8 1lost to recovery unless the alumina i1s resolubilized.
Controlling the thiosulfate slows this entire process down,

reducing the need for added caustic.

-
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30 ‘Cct ober 2002 10 process is controlled to a target pi: of >6.5 across the
oxi dation zone and an exit pHof about 6. 5. T_ f .the S0  ~ ~ SQ2-
reaction does not drop the pH sufficiently, an acid such ul furi cid (
18892090 may be added to reach the desired exit 5 pH The ?é%éctt?%&@di zed
solution is held at a pH of about 6.5 while cooling to allow trace al um na
that has dissolved in the solution, during the cauystic Iﬁachi ng, process
steps to preci Pt A-FceREexdGoG2HERLE | 123D HBaCORCUSEARI AAT 18 PiBRI pi t at es,
it CQupEeEi Md akgs eﬁ;—n}&@ N2RT $ 1RUCLadfe AHECTH KRN s PLPSPhREUSE

Esse%h?a ’]gy?ﬁthi s holding and cool i ng@gzet ep is a purification steefo to

i mpr eudfiidemstoesninblal thdopudfptet and Al Jatey cfPecirt ant herely f rom

reporting to the desjred fjnal metal Jproducts. 1] owi ooling, the
pr ecifBF?‘g’t’%das H%‘%iﬁ@ *Arid t'rﬁé gﬁl ?‘g Eé?ﬁgg‘é’ae oagb%‘?ﬁ“?. 5, such
a5 bygadditi gRe Rfvantigei 6zaghls FhersingoVes yrhict bersoinbhe amnadi um and
ol ybdenum species is acconplished in a liquid-liquid ion exchange 20
procebichTmaY i brioPreseaEmBUE caRBadt®d WPt PeanT8FgEd sdpveitismi ch
contains. an ractant, _su agian gne-ne. e d.to amne in
the BFGaRTe %ﬁ%%’e.é’ﬁél%u?%-??éw%'i 8% g)%éhaa%e Hr;gai% o%e alttn %Hr}gs st ep;
howegHt, fhwehbtaghhtiee stepsphexic bbesxrHingnprosemsodaye ke fdam@ iagueous
raffi nate 25 whi ﬁh i,s substantiallyfree of ,netal rs% cjil'he usse.é])%_ a
counPBRCcBFERNt 2f FBWSi &8RP AT% P FRETextalt ifort PP s OAnse

1%t akig@ntiagl Nedéh OBYaPI.C | Theenisd 0od Maxeppthgn Cionaui Asmadiriea-ilhe or ganic

phase is contacted with an aqueous a ni um nol ybdat e soJ ution at a pH of
abouteBChIRE t LB R ¥R 15U e&ﬁg‘ ﬁagggF%ﬁ?F aF R & Yarhay ihi&Fthe aqueous

amop| b Utd t-rohhe ofanadeUMbschesVvessdl fdapatianhi gh

nol yEggﬁ]arr:?g%ug%%?“gﬁ utdidgﬂ;rb} addi tion of amfrpn?um hvdr cxi de 11 30

Oct obeac2Dfs suf fCafeentmusd iber dakent Ha prhepsipd exepiaanee atddsi um

met ayanadat e , ((NHAV/ AfLer o r o} e Ciyy p jon of the
li qu acg‘t‘f%al’*ﬁ(fi sresqeé)éﬁcs?t r%preedggg\‘ér’ﬂecnnj\tloeﬁ%'m%%?a.tm%tﬁghgﬂag? ?‘Eg resul ting
59| ubkpaizé |twieselfdrve aboutpbn?. Sankeuf Mayi eme tusedh echpreat entliye

mol ybdenum as, ammoni um mpl ybdate.( (NH4 ), MbeOZti ~ 4HzO, or sinilar
specPERPSEheIAE BRFEA GM téﬁﬁga%%te is then washed and <¢al ci ned to convert
it to V=0 andfHy F{Fst aDéasied astomyinisobypdaseed sintbcangdxso generate
M03, Ammonia is recovered during calci ton, 10 In.the exanpl e being
descrtiBE4I hEFETH t%@bﬁ%%@éo&g’l’eﬁgﬁ’éﬂﬁ P ‘Isé"g%hr

sol i ghbbgpid SRPE Fikak sbERE.COnkeifiMr ardidr mip. bd hel aelerohked

oxi dation process described previousl reparing the

is effective in
2ecovefere solthis xesh E*éllécFFVE“%a"c‘hi%“bP RIFCQGBS'EMF?QI ly free of 15
contam nation ﬂe A fiel GRld Sis TS tS U prsasireMresgll €9 dhe N may

be solubilize sing an ammoni a | each process. Ammonia | eaching of Nj. from
redupedssend beass: whegec BANDAT pPRXISRE E1AsEAE 3ndyErTRANALUESNATEN an

aut o f o al r ni ha 43S of the
CO g‘%‘%@@%ﬁ?ﬁ% r(]}%zt%%e{ﬂgagg\égsg%gﬁo%&{ggi?eeﬁl%qhhgﬁé%ttgﬁgbout 7 and
pr ecilgsBatelivd eni cheticel afbasdc af ckre dasSomescessible piurcess wor ks wel |

d bal d ni i | i_dati | hit i
981 y FRPFIT el TR ey or AchEchin BHE paRhale! RSkl e o RS e
Al t heugBecoryedy i Grult &35 HEFD NI RCAERANbKIG CAr Ponsls) Irecupescesses

typically used for nickel or cobalt recovery in reduced netal ores may be
used gregtey than §0 kB (9 psichmey be visdFwatpresHralerding sisssovery of the nickel with a

low ¢Qbal LeSQNESIHa flePBat Resagtids, generated in the caustic oxidation |each
Process: In a first pressure leach, the first sclid from the
30 first leach is subjected to a temperature of about 75°C and 10

psia oxygen. 8ince thiosulfate reacts to sulfate with acid or

temperature or oxygen pressure, the residence time is
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30 In the present invention, the caustic oxidation process in the earlier
processing steps results in nore highly oxidized and | ess sol ubl e ni ckel
and cobalt species on the 12 30 Cctober 2002 ( residual solids than is
reosmbby found in other nickel recovery processes. It is B Qelobgrefd? this
process |l eaves cobalt in a nore oxidized and | ess soluble state than the
nickel. In the present invention, the nickel |each is conducted at a pH

r angmlamfirrdoutt 1@ aih2miam. an Baprdouse sidendea/ Gimmniamtder birstte ( NHAOH/

( NH4 2CC3 solution at,fe tdif €5 he range of about 40C to 80C In
t hi sSPPHEFRfge®3fre¥cd n+é %%{/cg #hg“ﬁhg?éfi ng capacity of the ammoni um

hydr ocar bonat g firarg€Rer ai 6t Wredsurid Qeachol the | s hattywniofadrre texi di zed
ni ckel species and 10 m nim zes sol ubilization of tge nor e hi ghl y oxi di zed

cobakt sopédi biapidssnpasatine FHeds. ke FHRAYES | LAGHOE 0l WHGH cont ai ni ng
the soluhiliz ihGkel, aml ng,.coRkeX gl &3t hen Iy | lalgh pRegt. ot 0 renove
ainoﬁ?%t.a‘,&‘ss tsﬁcgug%%oﬁoé iwé ?ggo\%g‘g tsh% pH Is dtec%?%ggg\geido t"r165q.'zt§x§out 10-10. S
and ged@fd Cppéskete caehehat e Fsepneciapistatedayrhbebasidedni tielthear bonat e

may al so contain resjdyal vanadi um,species whch e not solubilized in
the eekidemndabsei 8o0bxifiatP gétré“'ﬁg‘ TRy ?“écf‘%i?%%\%'i S5 &R, fromthe

Stri pPggdidiuoke itk Bl 20 fubiddaar, puHef isatopy pifjs@aiieng elalcnt @520 sul furic
acid at pH less than 4 and tenPe{atures up to 80C to dissolve the basic
ni ckesndussadiaontzont | 200 and 241 kRad? 3 prip)Che ThEPHL (s meintiied sol ution to renove

sol ubl e nmetal inpuritie sy UG & L4l on nt gi,NiyRg sol ubl e
1’1 ckBF 4% e];’t'ed%{#esnoczel uénjih'%yd%loxallﬂgé' o?%sgﬂdii%g#%ar bg‘r%%t es%tlgldlgncrease t he
DH t pedSsqedat st dthan Seanddpmedid/Laqeidi eRPATAYHDXPdecess (@ER: ) of

ni ckel car bonate (N CO3 roduct . e LRI RG. | i are dried to
r eno¥eR AL G Ya it Bhi ﬁ.} ghg&? é %%gt; gg‘f?lggggar %‘ﬂ"sﬁﬁé{}g%lﬁg'l Ifg;%ﬁ ee of
met ahs @k Sith fekie batlagd il thnovalle raltieah oif s aBOtukBMAedbioat 30 t he

process of the present invention. Th remaSia,ni coke an the al ugi na
cat aPfstofratke PRHEET sARME ATy £ ithe X h‘{}gl“fni'cﬁn | PPRE Pe&duct for

e _ to ot her processes ( 13 30 Cctober 2002 such as cenent
ﬁl n§§ ?’né gﬁgﬁﬁ‘?gﬁ any residual netals remaining or. the solids alter the

| eachi ng proc@beesnekesks i B¥d 3%t Vi n ands of UHR-§ oFWBIWRI @pesteFude the
eauF T TR e O R RS0
manylesciges strepsatief iauttiadmedrdy Bdenddaues -t h&henddsiiesa wEehout
depagting, from iéespaszpaitri.iotn OJte%%O%%aa%oiqtecftQBt BoN268h"a combined
20 liquid stream. This ligquid stream contains fully oxidized
metals (Mo*! and VY) as well as scluble reduced metal species
such as VY. The combined 1ligquid stream i1a oxidized,
preferably with oxygen or air. It has been found that a bubble
aolumn works well as the oxidation vessel, although standard
25 autoclaves may also be used. The solution coxidation step fully
oxidizes soluktle metals to their highest coxidation state and
converts any thiosulfate to sulfate,
The oxidation takes place a+* pH 1less than 10,
temperatures greater than 150°C and O,/air pressure greater than
30  about 345 kPa (50 psia). At this stage it becomes desirable 1o allow the
thiogulfate to oxidize to sulfate in order to lower the pH of

the liquor. The liguid stream to the scluticn oxidation
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30 'Cct ober 2002 CLAIMS 1. . A process to reclaimnetals fromcatal ysts
conprising alum na-containing carriers. and netal (s), said catal ysts

containing oil, said process conprising: ,5 a) collectin ®
catal yst, said one or mare catal yst contapning two or m?eé@%ttgq%rr%s met al

sul f1 des cuhercln at Legst tuo. of caid tag.qr more ngtal sulfides are a

nnrybdengnlsul € an vanadi umsul a tungsten su

di fide; t il i,.d t X hi ng.sai z
vanadi umsulfiden, (9o deal 1100 sakd oatalysino ) Leachi ngesgid angaor 5

nor e deol catal ys ; resénce of caustic and oxygen at

pressur eso -t eERRILAIIH eid€es nbhanL9E, caad p phhf Bigee9E130- 13, fon A didw
sufficient to convert in a range from50 - 70% of said at 15 | east two

met al subfi ded frugrisplabid® (8120,)sad s bd lrddpackes reeledr athe fdead regl aextid st
| eached slurry conprising a first liquid stream containing vol ubl e netal
ari d Sul Plr species and a first solid; d; separating said first |eached

slurry into 20 sai jr L4 gui d i.dsfirsi.salind eachi n
said first solid i #r{%els%?%%gggg (%)#}E%?@csgﬁgqég?ge# a’?le(}(réli oa>e<%/g‘Lén %ar%ﬁal

pressur eapoeat ek .sthawhiekPaddlQmsi a)d alrpperetate ofPahehat hawh70Gzand
a pH greater than 10 for a tine sufficient to convert greater than 90t of
the at Z8iksadtvednoimethe s@lhitden tdusdngbltdhaetalsthd delafalringpenicesss

based upon the nmetal sulfides present on. the one qr npre catal yst hefore
Sren (&) Stehar oy RO ' Sobond T e AR SPOPEF SConF | SRS abedonine
i quf 5%&?@&?&%&%@5@' g selu rf‘ec!(}f‘;fféa E%fc%i%%%‘?:'sess‘g% %ssg&os%%c
solids 3 ) Separating the sécon eached slurry into sard second Tquid

st ream aaddpaitdsgerant Sol Edsehd 1AVENDER HSHERTo1d 88y Gehabeb 2003 stkd ds
collecting said first liquid streamand said second |liquid streamto forma
conbi nedal Pyuiid iatdan FeBxrai AMRFRHE FYRDPEHedN | NgERd SEcsamryn Steps

presence_of. oxygen or air or. both, thereby form ng an oxidized 5 liquid
st ream ia)ndccﬁ)liy?qﬁ%n%af:SnS?F‘ A i éﬁ?@ s’%lerpe ‘rﬁlarh% 381 Lé?‘:f néeélﬁlifiofgfltr’r‘f‘e1
oxi di zedplki-gyi ¢,$Fi 83w to 6.5, thereby precipitating dissolved alunina) and

separating said alumna fromsaid oxidized |liquid stream
' 15 Following <cooling, the precipitated solids are

removed and the pH 1is adjusted to about 2.5, such as by
addition of sulfuric acid.

The recovery-sf the soluble vanadiun. and molybdenum
species 1is accomplished in a 1liquid-liquid ion exchange

20 process. The liquor stream 1is 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 counter-
current 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 agueous
ammonium molybdate solution at a pH of about 6 and the

30 molybdenum and vanadium are extracted into the agueous ammonium
molybdate solution. The vanadium is recovered from the high

molybdenum agueous solution by addition of ammonium hyvdroxide



10 j) adjusting the pH of the oxidized liquid streamto a pH of 2.5; k)
contacting the oxidized liquid streamw th an organic solvent containing an

extractant effective to transfer soluble nmetal species int FHHL
therehy 15 creating an organi c phase contdiining at | east oﬁ%@g?tgérl e r%t al

species a ibstantially tals-free ue | i Qyi d_cont.ai.ni sulfate; 1)
recoveri ng(asf;:i&lseﬂb%st alr:?i a%frr?e Saelrs-tfsge a‘!ﬁeo%lgg| i §UiT Eon azrﬂkgani nﬁmm‘mlum
sul fate; 2Rravlihadddpimg:,vbe sol uhkeeret dmsSPLLi st f a8 t Beeoriganix¢ phage
in the presence of an aqueous ammoni a sol ution, thereby form ng an aqgueous
phase conpamntileg metfal téygecileguin) adiesmi ngst hetpHmof sthéprgdeots phageveo
selectively precipitate at, Iﬁgazt one netal as at |east one 25 ammoni um

metal sal B™RRd o) sEPErBE ed LRSY HastS ofel RRAERI dh ietaTr el §o fabant

sai d uegus ph o] i i d. e o] i al_salt, 2.
A pr og%ss%égdor%i%%é% ?%L e(r:rﬁgi é%& ?%re?%ég L?%trrépr @%g%ﬁ%@%ﬁ@gn&%e ERORH™
solid in aBl3wERELEs AMRNI RS, uULHA, terpkasa 1al- | 8361888, MetAle i fhmoniy
solution) thereby form ng a netal containing solution and a | eached secondm
sol i d; antesabjaecdate is16h80 Gesitesl 2092caltheedettad -comtarni g sal WL,oon
to conditi ogs sufficient to precipitate the lgqg | east one netal as at | east

one netal 38EVET F:0n pPBLeSECaCEBIM M OV RAFT S 8F FaMensch barkrnerate
Droc1 LI 2k, 25 Amhbhsh WTQUMDIRIAq Al |0 BLERSD; Of) and Turt her

conprising rénoving free ammoni a ous  phase of step (n);

subj exding the aqueays phaseekompleH ifwet Qe drii ¥ @CiRirleal NJr Be SeSIM s
netal as a second amoni um netal salt; separating said second anmoni um
met al sal refoyereal daffraous hghapresawt g edepati neakid) sepoidl ssrmniatmon

metal 10 salt. 4. A process according to_any proceedjng claimwherein said

one or nof&ESPSt FI3t é?e?‘fﬂ e‘ff&‘ggo’ﬁefc%r'e E]P%pcp t,rc\%ﬂltﬁ‘gi A*d4Rr8168Re RFOFRTR
cat al yst lswrrg it huyaicausd i g refore st , ; 9}/vh in.sai

first sol ?[é'%i‘:?lgeffr ﬁglégb\%\n %1% %S% egﬁ causlt iec ng ((?r:geepsa?ggl e?i.:lgST}efadﬁgeol&eedSS
accordi ngsbdidzsy poeceediegtihal nivheheng satd whe StbsPELr cal dlystree of

contains oil and coke; wherein said deoiling takes place in the presence of

at | ddse empatemgamitd vl henptheRecaina vstovinaga s Iseigdt BH0V of Meai @ndi 1CR0

t without. i [ ;_and furth trippi id
Corvent 175 S TG [ AEGHETOBE Tt BP 61 B 0] OB -CA P OEReP oceRs.

accor di ngatRoelial Maawhehe bsad Catahytedit- Pal-aheusreefl il N common
catal yst, preferably a 25 hydrotreating catal yst, nore preferably a

hydr odesubfracitzatel ohiandisrcyesrdldly datnal yist;aranduwheleva sai d @it alfyst-
al so contains netal -sulfides_ selected fromsulfides of cobali, nickel, and

conbi nati 6fs t h&PedtESTVeR phEcesTiftor MGG cFRFMSS™6r & whBFei P:s @t F
20, LA sk B18 Sloyah odatLich g, bel me shenelohoald 2
sai d sl urgydngprdEnsitaeecagh eaedt efls 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




30 Cctober 2002 ' 17 ' at a pHin the range of 10-12 and at conditions to
control oxidation. 8. A process according to any of claim5, 6 or 7 wherein
sai d oxidizing step is conducted at a tenperature 5 great gb% and a
pH of the oxidized liquid streamis contri@led to greaterfqga?ﬂ r g

process acLorging Lo ARy PLo eEQ' Harﬁ!ai‘h EBL Beﬁncwif'ﬁﬂck§@¥%§8very

ent'r ai ned anmoni a %rom sal d eached seco h dto yield an a

resi due. dfbecdssdes A3IA 1s believed that thls process leaves cobalt in a
.A&us. A AY. A A A A A A&us-. Al L A(s. A% A( | +z”nst z{y} zupkf a\'W ca] ca] cTa] ca

1 ca] ca] cd}erg c@]’t@] é&?cépéa]%%a?%b‘]}cbe cafebpciped) cipeapéaked].ca] Tnakbe] ¢
Na] ca] cMa

GH } 1 Uei Jlliﬁ%)?fét [V]“é%‘]“‘cé?‘aa] EBfc BECAla e h o) CRTCEFES R At ) ] EARPES]
ca] calca] of al pal gal Gal ealica] 6a) Caa]rPa G%J]e%u%] Cahfidmia/ammoniy W caTREROT5E o

CDLM {uoi cAYT~yt 0] €[] ca] ca] cal] caU] cal| ca] cal] ca] ca

aU] cal] catffix@HeaNea] ;ca],ca]soahca]oca]ata]mlj]e:adﬂxmaé# ca]acalﬁ\ét w23y o H64byntf a
\W c] ca] ca] caU] cal caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] cH] éh] ta] cad¥a] caj dal] camguvpzsm vpnge, f*e" ammonia above the

ca] cal calta %%axrl%]% %é;?%-, | A g A bonate 19 Cé‘éﬁé‘%&?]eéa]

ca] ::gi Ei] ca] ca] ca a ca]lcg]t g}”ca hgeg]%g:}&f%%g] %%%%?&G/%/%@ﬁ% /d/%

Wﬁ(‘W&WMr&i’@%b&&&&&li\Ma@l%and decd | healecaheahag] cakecal ealkicatsvicall

cal caU] caU] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
&' b' e' f'apgcieq (KX4I9nY W) Wpe) $p}ids0++++++~ytnid_ZUni d_Z] ] ca] ca] ca] ca] ca
J ca ca] cau cal Ca‘”%ﬁ‘”a%?m cpdl gall.gal call caul caul cal ca) calical caj a) ca] cal c

a] ca] ca] caJ ca] ca

+++27, a]]C ?ﬂ 'énlmfo CafcaU]Psr -tth str F!a'i_’f{\é l-gp] %ﬂa}a‘i] Celacgﬂéfr@%\fél] ¢

a] ca] ca] C cal ca] ca] ca cal ca] ca] ca] a] ca] ca] ca] caJ ca] ca] caj
ca] cal] cadmmdbiH/ * / ag/ bhe/ phmdid / 190@emoved, the pH is decreased to
000000 0c0Y1[111111| wgl gb] X] ] c] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca
] ca] 8] caAk}ealfal-faPcar?] @a] baped] cH|dw caFeaPeapis) cas 1 PrEQipigated.
2n2n2222%§§22§ c -
33( 3) 3R3TIEZP 33T WF nREAVEI |G VAT £ Ra) c AT 68 (U AT Raf EAT-ERPda) 33T Y] ¢
a] ca] ca] cglead &) Galical caker] cabeal §@1§Bl§@ké@] ca} cad 83333344 4EAKA4592535H
51 5J5K55555G6K66666666yt 0] e ZU] ] cal] ca] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca]
ca] ca] ca]eeica]tet)] calen$ ca] caTbe] crFealpatrebl:calsa] cajrealadal b6 6B566 6666667
7>72TVTXT PTYRESY 77868298 iR aY ZBF] EUTEAFEaPRAT EA6FC AP 4R R chYy tay
| 6 3H3[ 8
cal capl calgprepl carcancal cpleadaal anleal cahgal eabeakerhed) qfl oal ogRasstsl

} 7 nheA Vi g 2bb1 eal aalakealieal salkeal cahesbhalea cal sstal] el catsahcathea
ca] ca] ca] ca] ca] cal]caUl ca] calca]caUcalcaUca ;;;a;d;v
sulfuric acid solution to remove J.nsoluble '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 1leached solids are dr:i:ed to remove
residual ammonia. The leached solids are substantially free of
metals and sulfux, 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 fuel-

rich alumina product for use as a Ieedstock to other processes



<<<<p<g<==5=6============>{ vqgkf " [ U U] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] cal] ca] ca! >>>B>CD>E
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TAQ@ @ GIBHEERAPASALMBBNE) BLBBBBBEHF + B iRAIGH } | iy xsak d: dUbhcaleakaa]
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca]ca]ca]c
aU] ca] catemalicdlealdd | the J3OM s after the leaching processes described

M=MdM MVMVMVWMIVMVMVMK Oz OPPPP} xsmhc” Y] | ca] ca] ca] cal ca] c”a] ca] ca] ca] ca] ca] ca
] ca] ca] c&Féaltca)idn] cueal ehiea) EQFRE] c#Pd&ta] @5F chfiea] &dica] %%i ¢85 PQEZRR

R_RaRb T UsUL U i
ca] ca] ol ST CAI AP Ua] oA} cal PAPCAFRR ool C3F £5] ot CaTEal Hd] cal Tl AFEArEal
AXBXDXQXXINEQE £ i2ed 222Z[ [[ [[IWILIIIIILLLL

\+H\WMW ~ytoid_ZU] ]| ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] calc

a] ca] ca] ca] ca] c”a] @a]wihl chicappaleatcajcapva! WA \oxdinaky] 1944 5] Lh] EhE] |
1111122 "H S ywgke ZTi d_ZU] ca] caU] caU] cal] caU] cal] caU] caU] ca] ca].ca] ca] ca] ca
Ul ca] ca] @lrcal taf cAgrea] ERPEAFEa) TH] cHOPCAPCA Ches] Edcabe " made to the

cal cal cAONERLEAT] ERERERF c AR C% af ESTCa] CAUI S AT ¢ AP AT Bh o b afE) ¢
a] caUl calgealifaldain,

o
2,
o
2,
o

>
2,
o
2,
o
2,
o
2,
o
2,
o
2,
o
R
o
R
o
2,
o
2,
o
2,
o
2,
o
2,
o
2,
o
2,
o
2,
o
2,
o
2,
o
2,
o
2,
o
2,
o
2,
o
o

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]caz"m <
"109& ()-2!" 109008 ()-2 " 109Kk () -2 ' 109008 () -23"109%& () -

109008 () -nF] | ywU3! e' 109008 () -2!'s' 109008 () -2!" 10%00&" () -2!i "' 109008 () - 2! x
109008 ()-2!" 109008 () -2yz{|} {VY8!

(109& ()-7'1(10%8/ S/ & ()-7'(10%/j/& ()-7'{(10%/ b/ & ()-7 100 100
1009<109& () -

xVA{Y8!' '} (10% /& ()-7'(10%/ u/ & ()-7!(10%/z/ & ()-7'(10%/ g/ & ()-7
{(10%b& ()-7'v(109/]1/& ()-7FGH Ue}oP1! 109%&' ()- YnLO%& ()- 10// 10//

10/ /1 (10% /& ()-7'6(10%/ & ()-7!'< (10%* #

& ()-7eKi xV4oP1! 3AMBLOYPP& () -t $! ~ IMBLO%&' ()-t$ k3IMPLOYBUBE () -t $! {
F&$109%&' ()-!{ F&PL0%& ()-!~OF&sSP10UKKE' () -5 kzX60P1!!

SMB1O9%& () -t$! 3MBL0%c&' () -t $3MBLO% & () -t $! ~ SIMPLOUKKE () -t $!



3MBLOYR' ()-t$! SMBLOYPPE () -t $k~\=I1L"10% & ()-![ Mb10% (& ()-- 10 10
10<109%&' () -:s10%&' ()-!3MB10% & ()-t$!'$ *zdB~\ =!I MB10% (& ()-2Y3710% & () -
F. 109% & ()-3% 10% & ()-3f 10% & () -

PeRq-8993 - z#UKDzX6~\ =! | MB10O% (& () - 2! Mb10% (&' () - 2MB109%&' () 301Qmebeg2303 ) - 2!
MB1O% (& ()-2! MB10% (& ()- 2DEFGYMoME! | MB10% ! " & 10% "f"& ()--! & 10% "f" & (
)- -1 C0&s' 10% " & ()-1[&s' 10% | & () .2Q(( 10(( 10(( !"#g$r$sSwuco=!! 10""
10""1j & 108" & ()--1x & 10%'"&59#3—.&‘&' 10%"& ()--! & 10%"z"& ()--1\"& 1
0% " & () - - s$t GESSVYRAOMrd el O%E (redlyDP 1Rkl 139R10% £ K frsl! 09510% (
)-1"109%& () - 3mlO%& ()

10" " eogpr isdmgy6 aluninE=-tonRa i ping 1098t ierns 198 anN¢Yal(0$10%ald

& ()-11"9310%& ()-1! v9$10%&' () - l#+++++z - uSl! 0%&' ()-1! YMB10%J&' () - 1!
S ABTOSBBE (S CHP 0T S r B B aopg cmpr BN LRETYE O !
. 10. 5./ QD12R3zX6uSlhal YMEADYe L Sing -Ailey O¥b 1d¥e catalyst, said one oz

& ()-11t YMBLOY& ()- 1! aYMBLO%&' ()- 1! aSYMBL0%& ()- 1" YMBL0%&' () - 1R3T3b3c3d3e3p
'33| 4BEFe | $AabARL FNLAIPYRENRES OF FRETUERERIS@A MeFal sulfides

- 10=1088 d i - S0P ) vt 0) 8ROy W Shela Hulsices are a

molybdenum sulfide and a vanadium sulfide, or a tungsten

sulfide and a vanadium sulfide;
10 b} deciling said catalyst;
¢) leaching said cne or more deciled catalyst
in:the presence of caustic and oxygen at atmosphaeric pressure,
a temperature less than 60°C, and a pH range of 10-13 for a
time sufficient to convert in a range from 50 - 70% of maid at
15 least two metal sulfides to scluble metal and sulfur species,
thareby forming a first leached slurry comprising a first
liguid stream containing soluble metal and sulfur species and a
first solid;
d) separating said firast leached slurry into
20 said firsgt liquid stream and said first soclid;
e) leaching said first solid in the presence of
caustic and oxygen at an oxygen partlal pressure greater than
69 kPa (10 psis), & iemperature greater than 70°C, and a pH greater than
10 for a time sufficient to convert grsater than 90% of the at
25 least two metal sulfides to scluble metal and sulfur apeéies
based upon the metal sulfides present on the ene or more
catalyst before step (¢), thereby forming a second 1leached
slurry comprising a second liquid stream containing soluble
metal and sulfur species and a second solid;
30 £) separating the second leached glurry into

gaid second ligquid stream and said seceond solid;
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resence o oxygen or air or both, thereby forming an oxidized

5 liquid stream;

i) cooling said oxidized 1liquid 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 3) 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 cbntaining at least one soluble metal
species and a sabstantially metals-free aqueous liguic
cointtaining sulfate;

1) recovering said substantially metals;free
agueous liquid containing sulfate;

20 , m) stripping the soluble metal species from the
organic phase in the presence of an agueous ammonia solution,
thereby forming an agueous 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 agueous ammonia solution toO
place at least one metal in solution, thereby forming a metal-

containing solution and a leached second solid; and subjecting
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aqgueous 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).

5. A provess according to any proceeding <laiax
wherein said one or more catalyst contains o0il and coke;
wherein said deoiling takes place in tiwe presence of at leas:
one organic solvent, thereby removing at least'95% 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 5 wherein said
catalyst is a petroleum refining catalyst, preferably a
25 hydrotreating catalyst, more preferably a hydrodesulfurization,
and/ocr 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
(¢) and said first solid is slurried with fresh caustic before

step (e), and wherein said slurrying steps are each conducted
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further comprising removing entrained ammonia from said leached
second solid to yield an alumina residue.
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