;e3ef e’ "atcc0d6eTf ed~2a 30 October 2002 DESCRI PTI ON PROCESS TO RECOVER
MOLWBDENUM AND VANADI UM METALS FROM SPENT CATALYST 13Y ALKALI NE LEACHI NG
Technical Field This invention relates to a process for recovering products
fromspent catalyst, in particular for recovering and recl3 Ocithef@bob S,
'oils, and fuel-rich alum na product from petrol eum processing catal ysts.
Background Art Petrol eum hydrocarbons (oils) in and on spent catal yst feeds
are known to inhibit netal reclaim ngzgeePertss- The oils present on the
catal ysts bl ock the catalést gores and require nore severe conditions to
D Yq?ﬁ

requ

oxi di 7o BREEREo RacayER YouyHppHihs APL NP METAR OM SHENT CATALIST BYGHXAbINES
lead to uné%3|rable ‘organi c contam nation in | eaching processes and
recoveredEﬁﬁﬁaﬁbﬁéLiiwﬁgﬁod commonly used to deoil catalyst , such as
thermal deoiling or ti Le_u i cLary. i to alumna .
reactions with net alfsﬁ)a ﬁﬁgﬁn‘?éﬁﬁer a%ér%éséakg u t#rgrgfd'ggg rfgocfuc’éﬁcﬁﬁ?ﬁﬁng
yi el ds. N?ix&icﬁ.té@é geted Epenteehabliyag,ane gAYl eceyer edcbell oM Ngng
renoval of in-use generated petrol eum coke. Coking of hydrotreating
cat al yst domslaioting nimetieds nmevals, r egtvefyelbyticayal wpas: prockssi nfrom
ki netics due to catal yst pore pluggjng. The coke may inpact reaction
kinetiésiﬁ?qﬁﬂﬁ?HWe§g§?l ?&n$dﬁ%$$L§gﬁ?ffusion rates due to catal yst pore
plugging.&gggg%%gu A coke is costly and requires high tenperature
processin 0C. At the higher tenperatures, the reaction is
fairly rapid, nmakingpdteopswneshydtrpeasbbhe toialid d)n aigr acumal , @mntgﬁéhgd
manner. Further, she process, which is exothermc at the surface of the
catal yst, aHaryust \feedesaes kmeweatal yRhikif faeeahnycednleing aepabwices.5
10 15 20 .| .30 _October 2002 |e sol.ubl e speci.es such, as_spi nel s.
Ther ef ore, el%ﬁé?eﬁﬁ%?%?ﬁrg? ggﬁtf@&%égsﬁfoégégﬁﬁ§j3%s??%%}%§tT§°ﬁ%§tand
presenp dayestardlandsecassd dd aboh8¢kabABTN tPi bxldSie PBUEGRLENRL 855 Avi g
comerci al product. The oil cannot 5 be rendered as a waste streamin tﬁe
deoi | i ng pryubessetd hleopveal i opaldaitdlnt.enpler at adéitient nemtidst heledd i so

burned off w th the coke, enjttin%Fcanbon,dioxlde, carbon nonoxi de, and
sul fur and'Hfis$ DXIFE BT 0FORLSMIRANGFE  BusteF ] Bt e EFseSesand

m ni m zes Pééo@érllééi ?J%d%%spr q\)(é.'gﬁédgoftommonly used to deoil catalyst,

such as thermal deoiling or roasting, are unsatisfactory,

15 leading to alumina reactions with metals at high temperatures
and ultimately reduced metal yields.

Metals targeted for reclaiming are commonly recovered
following removal of in-use generated petroleum coke. Coking
of hydrotreating catalyst does not limit the metals recovery,

20 but may impact processing kinetics due to catalyst pore
plugging. The coke may impact reaction kinetics in
hydrotreating by lowering diffusion rates due to catalyst pore
plugging. Removal of the coke 1is costly and requires high
temperature processing of 400°C to 800°C. At the higher

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

thermally stresses the catalyst surface and converts metals to
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10 recovery of the oil as a val ue-added product. Metals present on the

cat 8l yst are present as a range of sulfides located in a variety of surface
geol ogi es. Sonme of the netal sulfides are readily oxidized in air at

anbi ent tenperatures, but other netal sulfides may requirgoahetebeec20dd

t enperatures and oxygen pressures to oxi df ze. Disclosure of the Invention
The preserkessivesrlynle elanesies avdht 8§ ats®dnglscess floerefene . eatmredpwof

catal ysts conprising al um nacontaining carriers an tal s(s), said

cat al ysts tceo'ﬁ%a’fﬁlh EQOC%WI,:Ofge?e%%?/e?Ssa}% ‘ir%?ﬁ%‘ff%her efrom which
process conprises the;sheRs @res@heCdeCit HEALPEs Ohs"Y e &8L 8l Yolkn a3akd,
one or nore catalyst containing two or nore netals as netal sulfides

wher ei n atoikastst woeofesavdredoasr anmosmertclals difadiest ar eThe 2bidnkyghdenum
sul fide and a vanadi um sul fi de, or a tungst,en sul fide and a vanadi um

sul fi dé; Y dEEPAPRE s Cat®iSit ; SEFSPBact nf"SaiPDne e REPEEEoi | edn
catal yse 10,k he PISRENCRIGh CRHRLEG:ARE OXLARRCAL ALIRSRILY | £5PLESRURC 30

a tenperature pH range o a time suffrcrent
to convertwithhathangeole onehfttidfa cefrbea ddadxldast chwboretmbnskl dé desnto
sol ubl e netal and sul fur species, r 3 30 Cctober 2002 thereby formng a
first |eactiebferur PRACONPFIEIIRP a PKiECE | DYPXPBIGtE&am confai NMege soreblust
metal and sul fur ecies and a first, solid;, _d) separati ngln%gi

S d first
| eached sITFT{APAEL R PICFSSS FLHBAE sfrarf T {N| tp’é%‘l”r%?s efor

| eachijpg spLdofLigtofothd b1the Presencea@iegaysbiGand oxygen at an
oxygen partial pressure greater than 10 psia, a tenperature greater than

70C, and a pH great eMetahs pbefent soni ke scdfatyentate poasent gseat eangbkan
90% of the at 10 |east_two netal sulfides to_soluble nmetal and sul fur
speci es baREdsupbidefel ABehrdsthfd JERT pPe¥ecPf SHrERESoHEBCAPIAGEe c&OHEYSE

bef t f, ' : lqur ¢ i S| .
cecond 11 cERe 7l SanAlet fcd, MRy SRUIR T EE BIE) & SlgPen

second sol t dmpddarufdssepartat baethansecondulgaghed shyr redut L saildvaeeand
liquid stream and said second solid; g) collecting said first liquid stream
and sdid seeondriryued sndeanygenfbrasraurefbiaedxldgaed stream h)

oxi di zing said C(s)rrbi ne L ul dvst. eam in the 20 presence of oxygen or air
or both, tié—?é@ﬁ—%?—n?—grg—b‘%—g%I iquid stream i) cooling said
oxi di zed liquid stregfrang adieust i ngvaMER the Lddi zed | haui d ptldgamelso
6.5, thereby precipitating dissolved alum na, and separating said al'um na
process for the treatment of catalysts comprising alumina-
containing carriers and metals(s), said catalysts containing
20 oil, 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 wvanadium sulfide, or a tungsten
sulfide and a vanadium sulfide;
b) deoiling said catalyst;
c) leaching said one or more deoiled catalyst
in the presence of caustic and oxygen at atmospheric pressure,
30 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 said at

least two metal sulfides to soluble metal and sulfur species,



/25 fromsaid oxidized |iquid stream ) adjusting the pH of the oxidized
lig¥id streamto a pH of 2.5; k) contacting the oxidized liquid streamwith
an organi c solvent containing an extractant effective to 30 transfer
soluble netal species into the organic, itghereby creating apn OkIBB Soppase
containing at | east one sol uble netal i 510 15 20 25 30 30 Cctober

2002 specicgerahd argvhshantd aldin-dret aleschede 8queeys omird 6oy aia_nidflgrst

sul fate; 1) recovering said substantially netal s-free aqueous |1 qui

cont ai ni nd isuifatseremn soncppnagat iselebilebime tiedt @ndpeiel Ber f spacihe angaani c
phase in the presence of an aqueous ammoni a solution, thereby form ng an
aqueous pﬁ&sfétc@r?ﬁ&lddi ng netal species; n) adjusting the pH oz the aqueous

phase to sel ectively pregjpi tgggaggtligazgsi%rlﬁt EYFE%lt ageatnkgasty

ammoni um nmetal salt; and 0) separating east one ammoni um et al°
salt fg§omssdidd fagieeoud quiidsetaram e akiing fiaist afolshst one ammoni um

netal salt. Detailed Description of the |Invention The present invention is
a process for recoveringeénet dedchisg $gek fgastolsukid efrnthg preaeyse of

e R LA A U O A e

bei ng t hey jare :nmade, fr, 1na, ) jd i r sid i ca-ql yni
carriers. i\%?%&l%? |%i %#@%a?%&sgfeﬁgﬁ?ﬁgﬂl nﬁfr??i oaz%d t%gplgrggéggel\?vi F?a%e
descri bed 1oy fidre £xaimp esudff ipetarad eton poveessi ggeaakal iz agwly $HPrthe at
simplicity, in particular a blend of alum na-based petrol eum cat al yst
(hydr b®r edtsiams ciM@l PeERl sSydhidesa tRsFaLEPARDS St s BEk, Swhiidi apecies

n okl (NoeetPRbLn( Bl 0T yidenum (WD) sl ungst en Moo he e
heal um o e T o T T he aroUnte ‘of potal b e eedl Surr e Packed
cat al yst sdunuy acempeadihy det eegpbndd. lidnei @ ommreamwt gontpriesent s0luble
hydrotr eatniert:% lcg:[n%l yssutl fiunrC lslilaceiaecil\e/bs OarndWa c&“),Oe’co\{ldansdo1id;
15 . £) separating the second leached slurry into
said second liquid stream and said second solid;

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

h) oxidizing said combined liquid stream in the

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

i) cooling said oxidized 1liquid stream and
adjusting a pH of the oxidized liquid stream to 6.5, thereby
precipitating dissolved alumina, and separating said alumina

25 from said oxidized ligquid stream;

) adjusting the pH of the oxidized 1ligquid
stream to a pH of 2.5;

k) contacting the oxidized ligquid stream with
an organic solvent containing an extractant effective to

30 transfer soluble metal species into the organic, thereby

creating an organic phase containing at least one soluble metal



£

| , 30 Cctober 2002 5 Ni. In a preferred enbodi ment, sulfides at |east two
sul fides, such as sulfides of Mo, or W and V, are present. The feed may be
bl ended to a predeterm ned netal mx, such as Mo+V or a V(Mo ratio. 5
Certain catal ysts, such as hydrodesul furization (HDS) catagysétob&i2FID0

oxi dation reactions when exposed to air. Wien an HDS cat al yst 1S processed,
it shoul d dyeedieed wnidh aacatsalbstaromieldiyni ngehedsy foeks, amcdowds aliquid
resi dual catalyst, to provide a protective oil coating to aid in handling
bef ore andFor-amping $HeEfRtial process steps. An overall blend of 75:25
to 50: 50 residual: HDS has,been .0 wor k. well i . prQee

preferred blend is 75: 28.125 rrg%glgg(r%gé?lga %%Jé%ugﬁg%agta y%ffygl%ggﬁﬁfree
arrives coihddsidd {geedotont abniggasublbSceypically contains less oil. 15
It is desirable to renove the oils as one of the initial process steps.
“.'."h& HD5 catal yst shouRd rewaiBPdRY pheopolbblRemgesil| spgcpescéson the
wherein d% as_used, herei.n ans vvater-freg. e _neans_of deoil i ng. IS

sol vent d&FITHS RAPER rdhois ThESPHREToPEuRThyHF STt HoRT PR R s FOpHELBRY
on the fe%&é&g%o@@iﬁgwa«guéaascgksseDesﬁtggaahgnaeefa19%9@&9559han 980
is acconplished by deoilTing thé feed I1n the presence of an organic sol vent,
such as toluene or xylenen) S ne@]jtbeiogt alhest phayibetiose avprepuseashiase wben
deoiled, it is preferred to deoil under_an inert atnosphere, such as

ni trogen. TRHRTEHE My BEIPEa5&i féd ]o?aff%croé’é‘si‘ﬁ@t@gm?e? aflr eledift PRAPs

mcregﬁes gnggogogrg g%tﬁesgit? pLgssure vessel beco_rres necessary.
Therefore, deoiTing becones a’'tinme versus cost consideration, with a

desirable deoiling tine ob)l essphhan ihy heuEs. atFolé ¥t ngndeanhmbRdumt hetal
solvent is stripped fromthe feed, still under a 30 nitrogen bl anket, and
the oil issakpafaredsktrigmadeass vehasandnfeceroved ing sard hat dsest Thee
deoiling step of the pr sen& ( 1 30 Cctober 2002 invention mnimzes

di ssol uti oEH“‘E‘Fan‘HB 'B%?ﬁ?yE? fatri x and does not renove coke. The deoil ed

and sol Ve?eééii@@eﬁefsegégwek geyche ghyeptedowith a mild caustic, such as
sodi um hydroxi de, a conditions ich mnimze oxidation, thereby, form ng
a firgsts slurry. The Thestpisdasnty Hasremtpoef eised pproteaboufod 0xrk2ovEléng

tenperature during slurrying is kept below the boiling point_of water. , In
order to fBRFalfat LAMR diSREAut i BFLROAENcs, TER&NIDIcat@ Y3t Yy M the8tnd

before or ?IESS%Q?R g Qﬁﬂz{géné' Uéréé!&rﬂ‘@st%é ’T%%VGCBEQ?Lgéﬁ ‘5‘8999{'}95 .\
the solid/Trqurd separa ?on steps and i1 ncrease process control 1n the
oxi dati on shepetyDeni | edtreatyaltysssuateshight y becagtede andchee pyptesd ) ya
cool ed to anbient_or near anbient tenperature to grind. If 15 grinding
deoi | ed catanypenalityngf BdedeHAtalEEs PRy BYeyudhehimaget K& Fesijvadna,

CaEL VR W IntBELL; 9385 6D 33, 0LLLAUR D! U L O
20 processchel alegheanss dependertediiosh t heneqprprert used. bé Geecribed by
the example of petroleum processing catalysts and, for
simplicity, in particular a blend of alumina-based petroleum
catalyst (hydrotreating catalyst), such as a residual/HDS
25 feedstock, vanadium {(V), nickel {Ni), cobalt (Co), and
molybdenum (Mo) or tungsten (W) as the predominate metals,
present as metal sulfides. The process of the 1invention
solubilizes the metal sulfides into solution while keeping the

majority of the alumina as a solid.
30 The amounts of metals, as metal sulfides, in each

catalyst source are readily determined. The common metals

present in hydrotreating catalyst include Mo or W, Co, V and



catal yst particles are too large they may settle in equi pnment and/ or cause
erosion problens as they flow through equipnent. If ground too small, the
particles may require nore el aborate solid/liquid separation techniques
downstream 25 The netals present on the catal yst are preggihctagec2dea |y
of nmetal sulfides (e.g. , NS, V~S3, MxS25 CoS) . A key to the process of
the present .i ntenti QRcife G rahdddigndrite, raart id@ss ohet beastl fhdesu(Sgdst o
sol ubl e thiosulfates (S2G8) . Oxidation of the insoluble sulfide to soluble
t hi osul f aBvchs a30 syddidesadfy g, BntWoland Usiawe nPreseaust i Thoxfaad i may
Sodi um t h'bos%llf ate is a kinetjcally. stable ol>l<i dation product at conditions
| ess t han®F0ELEIGEE) Fo18 pEiedeser Cgl—rf'ﬁtfi giix, SuchgagMgplon gV Mo
Sul fides wikl; oxidize to sulfate at relatively slow rates when tenperatures
are between 40-66C (105-150F) , pHs between 11-12 and O- greater than 30
psi g. SThi osul f at e beeamas it lystsabl sucth d<eripedadde 881 Hient £ i dhayddpC
(300F) , @2 greater 5 than 60 psia, and pHs |less than 10.5) and sul fides
will be cE6RpPAtSlty cBRFEFEed PHidaFiabe IfREFieREs'RIndiaxpessd The air.

t hi osul fa u i i (o] S di;spr Lopat es _at. pH l.ess
than 9, t%’ﬁ%&ra ur%ﬁégrégké}g’%ﬁa%@?%gégaén&%orﬁgc?ﬁ%%r E?aﬁuﬁ?gsswd‘rt& a
greater thanal9spsicantizandintg HEOauES1d0 Suah a5 subésidusul ddtysul fide,
or sulfate. The deoiled, stripped and possibly ground and slurri eoy

f eedst ockpireviidac lre prat et rerospheecbatingcho ad dnaimtlaamd i shd fate and
control, the pH of the | e%éh shoul d be a}%’usted to lgreater than_ 9 before

i ntrodici AYFERS &8 HE 15 RIS rTECRY of AR YT R AR fd 12k e packein

t he presenge <@f .G . i y t .at heri«, pressure at a
trper at upg Psd TGy e Dhe P 880SR" B TR UL LSO Siftrdeone
tightly canprelfledtededauwssl ifs t7e:qgH falls too | ow, control of the |eaching
reaction is lost. Loss of control 20 is believed to happen as follows: as
the thiosul fate oxi diSze8eRbignefat s refidedd Fatpdymed, tyiriomdiloy atmeipes
and requi [cion% contni nuous, aodd' ti ogi?f cau isc L9 .rgai1 tain the pHrequire

for caust F&EAHNTg I AN Gttt Yor hed®F'n TPRe Y8 AEE oY (1P yiees o1l
partipcd es1gan; §r el £ P BYi R WRehevE atRer &iCnenhst r¥nks SR t8e25initial

different fromthe bulk. The alum na carrier will begin to solubilize as
condi t i onpriveesse shars acilid ciDSotabal yzed shbuddnaemmirt hibry gitiver to the
preci pitate and bl ock the pores, or coprecipitate with soluble vanadium

Speci 65 pFESENLLTh RIRFAITuorNe Lo BF VI R VSTadMAR TR JPeetPi vat ek HTh:

t he, al um i Se | gst i Ver : t iha i s :resalubilize
Cont ol 1152 AR oS8 (e ST e Hni D ot e b oad g S T e T
need for addadlcaust hydroda3fbr(t olaarl D00 rEsenat masphehiec €addt iwitleact

is conducted for a tinme sufficient to convert in the range of about 50-70%
of thel suEMREinD §5PubFEXERi osHFeR e O8d 1409 aPE sPERRERY tHEmeb¥8For #Fng

first | | : ' i 0t al ned; at =1 ;
Advant age o TS BT Bgcn 2N s T BT AT eRenle e Seveni:

are not t@adledracoveneH iads t bbluphecess syEPnesuchsScéehd ,caaly®Gr aney
not soluble at this pH Al though the at nosglijeri c |l eaching process may be
done in oeaawg, veryo :attebse avbepr deeilel, with 15 | pagferssiiddircedeoil

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,
deciling becomes a time versus cost consideration, with a
desirable deoiling time of 1less than 12 hours. Following
deoiling, the solvent is stripped from the feed, still under a
30 nitrogen blanket, and the oil is separated from the solvent and

recovered for further use. The deoiling step of the present



10 tinme in each step. The use of nore than one atnospheric | eaching step
all 6ws the | each conditions to be varied in each step for optinmum control
of the | eaching and oxidation reactions. Care nust be taken in choosing
residence tinme because if residence tine is too |ong, thegph@spér2ie my
15 oxidize to sulfate. Open tanks may bebused, since only atnospheric
pressure iinwasi ted. mikenfiastdilsachad gl wrfr \thes apalnatednant bDx aahdr &bes
"liquid stream which contains the solubilized netal and sul fur species,
and a firSOSo§PVE ¥RESirst solid nmay be slurried as 20 before with fresh
mld caustic to formg, saeeadedl Udy. oMAGehtr steoobbal SIS LS Ray be
pressure vessel for a pressure |eac €re air or ygen pressure and

t enper at urg] @ ei ddicveaseda t middl ubhhézee F esiudtal agetaldsuh f hgas-oMiigeh exi st
in less soluble chemical forns or are | ess accessible due to 25 particle
nmor phoBogycomdi thiotrgh Whechr SugUiTd Zec aeki G 5eRp Ghieaghyenperminges gf kaser
than 70C and oxygen_parti.al pressures, of great th I i a ,may be used,
t wo pressmﬁn]é“lf Achi A estéelﬁ-sSth ulb’é}énh?%u%dptr(? raéne@?i é’% ark?P‘%l\tf??é%z-
pressure 1Bach. e itk S@hEfnd" YNNG 3R fiEStkdLaChd 1w URRC ;1 9n G
tenperature of about 75C and 10 psia oxygen. Since thiosulfate reacts to
sul f at e wipdimciaf oratenperature or oxygen pressure, the residence tine is
g 30 Cctober 2002 maintained at a mninmum Total residence tine in the
first pressure | each!¥el%efT | §Cabdailoba ke ntihes diABCAM RN hiret hrossthe

| each, the_s ry.is nt, 1o ,d/ ] Lgul.d separatdon step...The renpved
quuo}P\Mﬁ%#éiy%%nt%$§s E%Iugfégkg, b%gék s%%e %; ' ié?#ﬁ&l%%bjgﬁgzarto
the secondspiessii® IRACAmpEbOEh sRsedds Embridmiaddednt ochBe sglidp) agdighe
solids, plus fresh caustic if added, are sent to a second pressure | each
vessel . Theeparanitopressps eahdashcreagendyoredsatroatewtl 120G kado8bdpsian(,
The pH i s naintajined out 11. Residence tine is about 90 m nutes.

) 10 at e

The sol i dss?%E%ver%‘Eioth?cng%t% AR il PR R pFecE¥RIGRLLY
substanti ee of ; [{MbnSu ' f.ree’ used;kn
this stepgéér)réé}a%g ?é’m"’},a l% 2‘2901}{&3\59,”%%11%%@aggt‘?ggg&hg}é t%‘% gtﬁ??‘ﬁlr a%gut
97% ofLst hegnbhgbaenuwoidred abaubl192% 15 f nalye banadksiradhe nei alceoiMoband
V) arid soluble -u! fur species renoved fromthe solids during the

at nospher i duanghpresstibe | €8ehifgd sFapalufe cYALA nd@axt t HERSi quORSAThas

l'iquors fr ari separ at i r ol |ected 1Q. m i ped
20 i quid ’gﬁ’tﬁégﬁ?x'rhi%‘l iqﬁ?%gst“%fe)grm kg A %/f%xi%né“z‘é Q%retélrgg?bl\/b%
and V') asgweh#iing.sol ubl e reduced netal species such as Vr". The conbi ned
liquid streamis oxidized, preferably with oxygen or air. It has been found
that a bubbl e col umTher kehakds &£F t Whebhedataod easelmudd t Rouglréngndasd
25 autzcbcl ayes m al $9 bﬁ gsgd. eTh§a1 soLuti Qn %)lglied%ti an St ¢ L1;uléy oﬂd'&:{,}gs
sol ubl®® mePAPSeEs fRaPFE igﬁesf1 8xi ggPl onPst'at e ard c¢divert s 3y

thiosul fatgatQ1gutf gherithesoxirdatin 1akes phagemdly REAdESS 1haBgk@pment
tenperatures greater than 150C and O, /air pressure greater than 38 about 50
psia. At thhd/strageuise Fecmiem destbldne a® shegwitleer tthihosughatqutipment.

oxidize to_sulfate in order 1o |ower the of the liquor. The liquid
streamto g%egaﬂqmg(ﬂpqnﬁTﬁ&}bnthe partigtgs may requlire more e agorate

solid/liquid separation techniques downstream.

25 The metals present on the catalyst are present as a
family of metal sulfides (e.g., NiS, V,5,, MoS,, CoS). A key to
the process of the present invention is controlling the
reaction of the sulfides (S) to soluble thiosulfates (S,0,%).
Oxidation of the insoluble sulfide to soluble thiosulfate is

30 quantitatively controlled using mild caustic oxidation. Sodium
thiosulfate 1is a kinetically stable oxidation product at

conditions 1less than 40°C (105°F), 15 psia O, and pH 12-13.



30 COct ober 2002 10 process is controlled to a target pH of >6.5 across the
oxi dation zone and an exit pH of about 6.5. If .the S, O  5042- reaction
does not drop the pH sufficiently, an acid such as sulfuric acid (H2S04)
may be added to reach the desired exit 5 pH The resultingoitdbéesgoo2
solution is held at a pH of about 6.5 whi’/l e cooling to allow trace al um na

~that has dissol.ved i.nt Sol uti } t L eachin r.oces
(hat has gLesphued L LN sl on GurERe.he SausLGehealing Macess o
it co-precipbbakes QN3 Mty SHClo a5 RT S@ £ B FPNOSRROMS ween 11-12

Essentially, this holding and cooling step Is a purification step to

i mprove demdst Ogammeettar r etarer Bt gesiand prEviersu ldateanibrrdmsed r auite

reporting to the desired final netal products. . 15°Fol | owi ng cooling, the
preci pi t avBgtableds tareerRiadr ehdIrfatpH tHaadjidfed (BOCaBout O2 . Breahah

as by addjtion sul.furic acid. The recovery, of_the_gol ubl e yanadi nd

nol ybdsgnu §Bepﬁo€};spﬁéaacc pl PSRed “Th ggqudéa)L%rl il isouﬁlé&%%nﬁéﬁ%abe

process. Igﬁph.legk@? sddoAdRd s cept agtiech oM t An@Br 0tGRRIC SOMIENIoNRI Ch The

contains an extractant, such as an amne. The netals bond to the amne In

t he organthipbadéatkei quiahtitpatiideélyn ézchmpgeesnpnde odonk Spraper tstapEtes

however, two to three steps have been found to produce a final aqueous

raf fi nat eap5phhilelss bt arisepeyatier GFeabenl sharTh80Se(bP4H) and/or

countercugrent fl.owis effelqtive inatepe E trac &on rocess The

met al - conai RPAG *6rgahf t5P 8" §8nt9 10" 2™ st 1 F‘S& n% ciHed tY %g}ggt HRF S ¢
phase d s ggphagked Wrlk aR,agye@uUs RMMNHLIMIWIyAGRe sol ution at a pH of

about” 6 and the 30 nol ybdenum and vanadi um are extracted into the aqueous

ammoni um nol ybdat e Stleut idarnildd, vasadippeds recbvepesisibbyn t keocangh and

nmol ybdenum aqueous sol ution by addition of anmoni um hydroxi de 11 30

Oct ober 2683r&deA cfeftsSteckndriea éaf:ﬁédpk?'%ndmpr%E‘T“b%l?}é?’él(émﬁﬂﬁq}"m To
met avanad H4\/0, r of keCl pi e, ri f .t he
T qui d ot Pagperety itosfiiate (SRR 1 HAE BECOPIERET S EhBLE e
sol uti on kgjuewededrbo dute’> ZHan sof fhefent totpodticingat ehthe€leachin
mol ybdenum as anmmoni um nol ybdate ( (NHa) 4Mbe(26- 4H20, or sim | ar species) .
The avmonpgmesphargnadaPeeferahen, wdshediagd wliad nebae® &onvdet presendae O

and/or V,0,, and the ammnium nolybdate is _calcined to generate MO,.
Ammoni a i STr etdVRFEE dtitY ngiEal RF ndPPET: 16% nd bR }}%W%fepﬁcﬁ‘c‘ngdlrc?eséﬁ Kad

her ei n. 1t B2, 3allad%, JPCUE! Geh { 6od Nendl £S8HT eahGaCReS QLM ligind . =

. 2 .
separation s?’eps contain N and/or Co. The controf oxi dation process
descri bedppr esthoubd y bes tefdlecty veonr rplépdr igrdum r € ovwdreedpBolfiadg =f aroo

sel ective_| eaching of. N substantially free of 15 contam nation by ot her
catal yst mo¥al §°.Igw¥(9hl & \Fhap e aghind TeRiEF 1§D ey RS Ssol iRTT 24 TR Pan

amonia | eac 0 . ia .l hj Vi .Lr r 1S, a
omoRCor S8t bl DEFed: 6THRRy RAS IO Ghs 1| oL SR SIS ST 50
recover the nckelte@mMmbeAi acaad isonoffied hedEebp i€ 2ResSioH ppell féomitheg

| each solution to reduce the pH to about 7 and precipitate the nickel as a
basi ¢ ni clksintdansvrataddithien ppbcesysibek s owslalintad ny ddige e copratirethdtor

ni ckel in | ower, oxidation states,_ althpugh it.is very diffigult to_recover
the ni ckel*¥¥parat ??}b’rﬁganyapcrb\ba‘-l‘cfl%rgggrﬁ?é %f!lt'h%%g%o%%%v%ﬁt?%%a?aﬁ%fy&
ammoni a/ algEy M LArHonat £ 4 @ACH PEYLRS SPRe Y Dh Cal pyraisedeh P5L By Ckel g@ite
cobalt recovery in reduced netal ores may be used, a variation has been
f ound2@hi chi ftAld wewst r écowergheof bahk . ni cRe¢ wiltimiaal overcolst t wedat éreg ifty obe
the solids generated in the caustic oxidation | each praqcgess. o
solubilize as conditions become more acidic. Solubilized
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 is lost to recovery unless the alumina 1is resolubilized.

Controlling the thiosulfate slows this entire process down,

reducing the need for added caustic.



30 In the present invention, the caustic oxidation process in the earlier
protessing steps results in nore highly oxidized and | ess sol ubl e ni ckel
and cobalt species on the 12 30 COctober 2002 residual solids than is
normal Iy found in other nickel recovery processes. It is Belostomst 2002t this
process | eaves cobalt in a nore oxidized 8nd less soluble state than the

ni ckel . I n the preserieia@dpiyyid addkelld faghi & Scenaduetad rak- 8 Rhlme
range 5 of about 10.5-12 in an agueous anmmoni a/ armoni um car bonat e ( NH4AOH
(NHgq ) 2CEuifitigntontat €epperhat drestha ttrngange ofbabbut520T0k0 SOCthen
this pH range,. free_ampni a .above. t he. buf f er.i capacjty of the ammoni u
hydr ocar b %lcgess ggﬁersaqqé‘@ﬂ\ﬁwi Etﬂl%ﬂl]oggt%olau I?Qg?ialc-)ﬁ cﬁp‘?%e%x%féagy
ni ckel spegclgg; and, 19; pipi msﬁeé%yak%zat gk u the #p{ec hi ghky jexidized
cobalt species present on the solids. e ammoni a | each solution containing
t he sobubildzed. ni okel advianecagenplfexhis tglenrahgepped thidth deatatia meaaye
amonia. As the amonja is renoved, the pHis decreased to 15 about 10-10.5
and a basi¥hiflek&RYcaPBorRH&SaE pPEEI F¥at Pt THE bB8I FeFR%eredaribnabés
nss. al so ' jdu anadi ci i ch r ot l,upilized, i.n

t he earlié%gggﬁggi%ggéfd%Ffén%%tégg]?ﬁg’p§§citha?%gigoge§§}§¥§§af?éngpﬁ8
stripped |gguor AaBHougy kel Wihitepheurid | _ehdiyi sybpesteBg infayt 0b@03dsHES URi C
acid at pHless than 4 and tenperatures up to 80C to di ssolve the basic

ni ckel cardomaseepAf Rertd il terepg ahe Pyeferinedaci dithl atilonday resddence
insol ubl e netal .inpuriti the syl furic aci.d solutian containinﬁEfo ubl e

ni ckefYi s $1%%t @ V\F?ﬁhlscef%q?ﬁn hydt ki d’egeo_rogod'f‘ﬁﬁ?catr. at®'% o A HOPRASE 1 he
PH to 25 eeééﬁ{ng% N385 andoRs eEhe! L BhENNLEREL CedOXdled N4k a) 18 each

ni ckel carbonate TN CO ) product. The remaining | eached solids are

renove resselipl porONbprimhe | eanbedlsobifds tavee Subsdlaivig al Apudf r exidhtion
metal s and sul fur, but contain the coke which is not renoved in 30 the
process ofreédetiprsent CAVENtTWIHE Tfe Eak@lni Hy DBIRODMNI haefifdanme time

catal yst npkes, Lhesg soLLds.alLr agkicve; 85 A uekich ghumiia produet. for,

use as a f ck "t'o other “processes r oCt 2's

Kilnsasln gddiison cankyigsicdual nepahs £ Nidy Obd heised || dss iafdeer ohh e
| eachi ng processes described exist in insoluble forms which exclude the
sol i ds fronrvebashéricaprepsase hey ateiredast es according to current 5

regulations. It wll_be gpparent tq one of ordinary skill in.the art that
many changes and nnd?g?cgﬁi8ﬁsqﬁﬁvﬂﬁﬁpnﬁgﬁrf% ffe TRRARRFOA Withfoug first
departing {{Qmét gc SRt WAL cACERRLAInECL nkOTddL I Bidkd metal and sulfur
species, and a first solid.  The first solid may be slurried as

20 before with fresh mild caustic to form a second slurry.

The first solid is movad to a pressure vessel for a
pressure leach where air or oxygen pressure and temperature are
increased to solubilize residual metal sulfides which exist in
less soluble chemical forms or are less accessible due to

25 particle morphology. Although one pressure leaching step using
temperatures greater than 70°C and oxygen partial pressures of
greater than 10 psia may be used, two pressure leaching steps
have been found to be effective.

In a first pressure leach, the first solid from the

30 first leach is subjected to a temperature of about 75°C and 10
psia oxygen. Since thiosulfate reacts to sulfate with acid or

temperature oOr oxyden pressure, the residence time 1is



30 Cctober 2002 CLAIMS 1. A process to reclaimnetals fromcatal ysts
‘conprising alumina-containing carriers and netal (s), said catal ysts

containing oil, said process conprising: 5 a) collecting one or nore

catal yst, said one or nore catal yst conta@ning two or norgorétabser 28021et al

sul fides wherein at |east two of said two“or nore netal sulfides are a
"ol ybdenungsuhf b 9g.andca yanadi wimsul f1deal Ored flaugsd eninel fiderand @ o
vanadi um sul fide; 10 b) deoiling said catalyst; c¢) |eaching said one or

nore deoi | pdesatnéydeath veespk ebeneleowt 2Ausinetafdd oxygen at at nospheric

pressure, a tenperatyure less than 60C, and a pH range,of 10-13 for a tine
sufficient to conver#EF?\ratkP%ng’erﬁﬁ%ﬁsgrf‘?o%ﬁ?ﬁsa?&eatsjligqyedsst S8 to

metal sul fLdes i poldible UebakapRdnSWidp. SPCeheS rbheyahy 1o5bag Gulidist
| eached slurry conmprising a first liquid stream contalning sol uble met 4l
and sulsf urcspeairs aollubléi Mst, ¥0l iathd domsepsycat ng sadd Bubgkckedched che
slurry into 20 said first liquid streamand said first solid; e) |eaching
said firstSeePnd inrasfIys edefeB  of EAGSH cCARAL 6Ky JBAY atPein ntpartheal
pressure greater than_ 10 ja,.a e e Ler .th 70C, and a pH
greater thﬁﬂfigsf%gat%?nggish??i cﬁggﬁr? %%égéngg‘?%g%?ealtfe% eéjff: m&erﬁn at

25 | east tyogsaebak pHddee @30 udsseet al Taed sdddnd ppeskagebasadHUPAN
the netal sulfides present on the one or nore catal yst before step (c),

t her eby foeohdgcaedeaandbbeached®s! andy 3comeisi®g a Theopd lisquid redaiarsd
contai ning soluble netal and sulfur species and a second solid; 30 f)
separ &t ngathebesgond -| e RGP AGH Y11t 5sFPFUEe G I PYEEE - st (Toem S ds

sai d second sal id; t ober 2 ol lecti j o first liquid
stream andrESPHegsgor?ﬁ%%u%)dggtcr%ggm %@%4%%“%%rrbl ea?faa}ﬁdlq%ﬁ d%§9FSgﬁ] aﬁs)e
oxi di zi ng gabdcaarhbhned krayi dfstlead hAdt 16 RHEFeAsE "JukBOLR LI A firdd

both, thereby formng an oxidized 5 liquid stream i) cooling said oxidized
liquid streamumed addj ustingtepH ndanheroxpuied atieui df saseamctho ad Bbout

t hereby precipitating dissolved alunm pa, and separati said _alum na from
sai d oxi di 28d Pfquitf s?‘fjei'}ﬁ_' 1PFYE a%l?%sf’?n&htené“%}'%$g?ﬂ'§' oRNG ABPUL AT
streamd o gspkaf ,2,3gikk.contacting the oxidized liquid streamw th an
organi ¢ solvent containing an extractant effective to transfer sol uble
metal species into theeorgauals t(Ner eepdl5/ cr eald ngodnodreganuefphasspecies
containing at |east one soluble netal species and ; suhstantially

net al s- f r e&=8QYEEUST TeHuthec IR Hi nuEaPFatlehe 1 PYQSRAGY ¥y &8Pd Pressure

Stri poi ng. CRE TR oIS TR o e R et B e Tt
of an aqueews amwitd Sedpitaiton hetepy bteenmdi] lattaiienys fphase cosbisd médg
metal ggeCH%ZLid stream. This 1liquid stream contains fully oxidized
metals (Mo’ and V') as well as soluble reduced metal species

such as V™. The combined 1liquid stream is oxidized,
preferably with oxygen or air. It has been found that a bubble

column works well as the oxidation vessel, although standard

25 autoclaves may also be used. The solution oxidation step fully
oxidizes soluble metals to their highest oxidation state and

converts any thiosulfate to sulfate.

The oxidation takes place at pH less than 10,

temperatures greater than 150°C and O,/air pressure greater than

30 about 50 psia. At this stage it becomes desirable to allow the

thiosulfate to oxidize to sulfate in order to lower the pH of

the 1laiguor. The 1liquid stream to the solution oxidation



n) adjusting the pH of the aqueous phase to selectively precipitate at

| east one netal as at |east one 25 ammonium netal salt; and o) separating
said at | east one ammonium netal salt from said aqueous phase and
recovering said at |east one amoni um netal salt. 2. A prage3&oBec2OCk ng to
claim1 further conprising 30 | eaching thédsecond solid in an aqueous
anmoni a sYrldoist 6 Pl R Aol RASt e aretakgeR Spliutdpn, ¢ her ey JQrmpag a
nmet al cont ai ni ng solution and a | eached secong sol1d; and subjecting 30
Cct ober 20£32i d4wi st abneonirai Nang es@lutpionot 0 akendi té ons sufff i ghens.do -
precipitate the at |east one netal as at |east one netal salt. 3. A process
accor di ng 3@ clxgasuior dogRemsitn dxeRdEbfm PH prufdiisiientdd asam arkdt such
amroni um net al lt.in_step and furth onprisin nmovj ng free |
amoni a f rdm ?%]Zg‘éﬁh%oﬁglghégéé(g?f) d1%p R%)?&é%%j g@t FR3< hégﬁqﬁ%ﬁg?ﬁh%étt 0
a pH egfeghiye in precipitating a second netal as a second anmmoni um net al
salt; separating said second ammnium netal salt from said aqueous phase;
and recovering sai d BezomdsadtromounxiedstedOssdutiod. is phetésstaccasuli 689
to any proceedi ng clai mwherein said one or. nore catal yst. are bl ended

before st eéPIW); trer dithti&i FIREIT e e T yirafSe” Sinming whak ahas
tic ! : i .d first 1d. i cried. with 15
frosh causts eSbErS ot She HUAYILOR Bupshd e cA o PodeHibL CPrgeets

alai::; whetghs sal dppeeiPicavee cahal yeddednbanesii | iandnaeke;s WAenRkAa
said deoiling takes place in tie presence of at |east one organic solvent,
t her eBY r eproad gl LAt ¢easi to3P Wreaipl brte0 cpngaminantshamnch eavvangesacd
coke; and further conprising strinppi sai,d. sol vent from.said_ deoiled |
feedst ock Ha PAOSPRGLYE) | B8 SR IAdATse Hhcor i KLAD Thai RPSLAREY 8F AP sAPd
catalyst is 3,peEfohevshrstipi G CaRR IS  adhEerabhy at|
catal yst, nore preferably a Eydrodes%llf urization, %d?%%grﬁeg?égég%ga%ggggt ;
and wher ei andapdevahal ysintdsinaons aifremetapostlfidq des sHeectiedifedNfinal

sul fides of cobalt, nickel, and conbinations thereof. 7. A process
accor di ng #®t2} aPHPBUGFS6 wherein said 30 one or nore catalyst are slurried .

Caust 18 beror o st ep (21 oRkGS AR o b TR et o aidd e
conduct ed rem®vést ol 20Q2 pE aisa adhuscélie tangeok 10-82 agdert as b
conditions to control oxidation. 8. A process according to any of claimS§5,
6 or 7 wher@dhtsardobxpdlFwngcseepdi-s conducted at a tenperature 5 greater
than 150C arid a pH gf the gxidized Loyl 4 th8am |5, 090 OLhed 1 9 Bhgater
species 1is accomplished 'in a 1liguid-liquid ion exchange
20 process. The liquor stream is contacted with an organic
solvent which contains an extractant, such as an amine. The
metals bond to the amine in the organic phase. Liquid-liquid
ion exchange may be done in one step; however, two to three
steps have been found to produce a final aqueous raffinate
25 which is substantially free of metals. The use of a counter-
current flow is effective in the extraction process.

The metal-containing organic 1is sent to a stripping
circuit, where the organic phase is contacted with an aqueous
ammonium molybdate solution at a pH of about 6 and the

30 molybdenum and vanadium are extracted into the agueous ammonium

molybdate solution. The wvanadium is recovered from the high

molybdenum aqueous solution by addition of ammonium hydroxide



. 9. A process according to any proceeding claimfurther conprising renoving
entrai ned anmmonia fromsaid | eached second solid to yield an al um na
resi due. 10 10- ~5- 2000 ~ 30 Cctober 2002 ,. thereby formng a first

| eached slurry conmprising.a first liquid stream contai ni ngggsQkiebep2082 al
and sul fur species and a first solid; d) §éparati ng said first |eached

sslurry inteuebisabge fi kst lidgiidhad reanearigh saighfi psbesphidte®) ABRgNiAI
said first solid in the presence of ' caustic and oxygen at an oxygen
partial pressavangizaeer(NHhIR, 69 kPAfter psédmdvah taempehat wpregimatare t han

70C) sad a pH grater_than 7..Q far, a tinme sufficient to convert greater than
00% of t hPTCIR| diist o TRCHLCSuPEFEEY { 6osoPLBRB retaiP f aiemove

speci es baas,ﬁ'r?lo nt I I i @f&?t (o] t e
before step C#Pigherggsn?g?r%ﬁg%ﬁs S@%So"ﬁ{i eaci‘ggug?ﬁ?r3%2%{5?%?%%%%8 nd
l'i qui dsst reasn conisf it hgnsol tdhl eretiai warce suHair mpsddamand a3 SeaABE ium

solid; 15~ f) separtating the vetoed |eached slurry into said second liquid
st r eam and"@&yedaee ondNEol MPsOgY 4B 1 e€¥i FdMdicd f9periesiqui dTher eamandm

said second_Jliquid.stream forma c i ned_liqui tream. h)_ oxidizin

sad conbRPTRutIa &t P8 ten Cehs prederiebt BRol Tee r il et ot ot -
t her eby f ofd pgr a0, Xi dinged Hd Wintbstueamd1yda£e8! i B9caakdnayi g'oz%gnleEg'ﬂ'ed
stream and adjusting a pH of the oxidized liquid streamto 6.5, thereby

pr egi pi ;altmcv@, di devlordd dlunerdverrst sbparry | ol shiat &dboum na ~5 from sai d
oxi di ze iquid stream j) adjusting the pH of the oxidized |iquid stream
to a pR of 2.5 k) cbht d:b{q nSkFWB'lSXila?Jz Iqe@ﬁr&%‘i(egﬂﬁﬁlf‘h ;‘F%rﬁﬂlilés

Speci os | s RePI Rk P, P g TR R A e Befe A hap
| east one seepdl eoftlbdn NAVENBEDrSHIZET The controlled oxidation process
described previously is effective in preparing the recovered
solids for selective leaching of Ni substantially free of
15 contamination by other catalyst metals.such as V, Mo, and Co.
The Ni may be solubilized using an =mmenia leach process.
Ammonia leaching of Wi from reduced metal ores is a common
nractice which is typically done in an zutoclave at a pH of 9-
10. To recover the nickel, ammonia and some of the €O, are
20 stripped from the leach solution to reduce the pH to about 7
and precipitate the nickel as a basic nickel carbonate. This
process works well for reduced cobalt and nickel in lower
oxidation states, although it is very difficult to recover the
nickel separate from any cobalt present. Although conventional
25 ammonia/ammonium carbonate leach processes typically used for
nickel or cobalt recovery in reduced metal ores may be used, a
variation has been found which allows recovery of the nickel
with a low cobalt content from the solids generated in the
caustic oxidation leach process.
30 In the present invention, the caustic oxidation
process in the earlier processing steps results in more highly

oxidized and 1less soluble nickel and cobalt species on the



10-05- 2000 30 Cctober 2002 invention mnimzes dissolution of the catalyst
matri x and does not renove coke. The deoil ed and sol vent stripped feedstock
may, be slurried with a mld caustic, such as sodi um hydroxide, at S
conditions which mnimze oxidation, therq y formng a figgtogbbér2002The
first slurry has a preferred pH of about 10-12. The tenperature during

sl urrying téskeépsl bebdwds hehdri L& ngopeahty ofouadein baherdatckelf aeiddvieatye
t he di ssolution kinetica,the 10 catal yst may be ground before or after

devi l i ng aPEPeRSSE8Ir r JFngSt BeilAVEde t%‘ﬁécéé‘ése&?ﬁtﬁﬁfc% }eaYee sobrdrl itgquiad
, Separation steps.and_i.n a 0 con i e i dati,on steps.

Devi | ed carf‘%f?/sg}sugrlgeﬁi éhﬁysj‘%&s%(’:tslcc\’;ﬁe%alned %é%?y%?%& It?/?écono]lcekaerﬁtb arbi etﬁ’te
or near anbiesént eiReEAtULE, t @nEr hAdkelf 188cr iiRdidithdlesd d@da€atabystrarde
may be desirable to coot' by quenching the deviled catalyst with inert gas,
such a$ niefogamouand. @ Hfarl S| Wy yiang adukops| davagstiad agwmoodiuno griridinage |
The choi ce, of vl\_lpfat he anSrEhO\ﬁ/ mych to grind is ZO procees rel ated and
dependent RB¢? h(é\mei]{ﬁ% FELyEEE™ Bt CFEPEFRIWES ot t FRF 52898 Pdo abauge
they may setéle. in Wi pment. an [, cayse_ e io robl em as. they fl ow

t hr ough eq‘gép&rrertf‘to. Etg %'roun(Li[nt og£§%| ?H tﬂaeﬂ%%’rtirkc S r?gnymor ]qaui %%erethe
el abor at e sQfFéfihgubdpaepeayabiror HeeGiftictum doyisdd £aPbn20e THE RLAr%ited
present on the catalyst era present as a famly of netal sulfides (e.g. ,
Ni S, V,s" wbEthCatlowsAskdpbifdzehaopr ofesheofoxith ggdsehtkéhvepeicarsi and

contralling.the.reactiaqn of the sulfides (S '1 to voluble thiosulfatae
(SzO, '¥Q .gwam%n %%%%H%%l 893J1f§% dBot§ SIB}%}BEX 1 igEiAght €obalso

quantitati ygby;contioLLeA Usi PRl 6 gaustic oxidation, Sodiumthiosulfate
is a kinet %@aﬁ'y S ab%e ox?datﬁ%n pr(l)duct at conditions |l ess than 40C

(105F), 103 kPa (15 pseagm@bniandl phch2sdBut SoAMEDIDERL BHRET ther sblfubilized
10- 05- 2000 30 October 2002 Sulfides will oxidize to sulfate at relatively
sl ow r at esNhABALL ApEiat GEED1gxe bt i@ 46566RPEA0SWIEDF) heats tet wespve

3
11-12 and Ol gr eater Ig‘haghém kPa .(_30. gsig%}b(%i o] thfatg hecones qui
1

1
unstable. APTOBRBer at’st esnE; SIS ithah OR)E e oPH | dsnr QT CESRRE 484

kPa (60 pshabhtand Pits, d egfat hanpdQis) randesul EhdBsnukk! be preeipietrlas.
converted to sul fate under these conditions. The thiosulfate quanfitatively
deconposesThadbasidi spraksdr t¢oneerstat mpH Réss thartwin t eapidaalir oragraehuer

t han 90C t194F) and/or O= partial pressures.greater than 247 kPa (30 Asia
yi el di ng pFB&E)éFé 187 55R K esulnpﬁlro, S?EP#’?‘?é%gul Jf’i"detﬁ"_‘?)r esa\ﬂ]f’aqré.(gauStl

oxidation steps The precipitat: 3is sgseparated from the
stripped liquor and may be further purified by subjecting it to

20 sulfuric acid at pH less than 4 and temperatures up to 80°C to
dissolve the basic nickel carbonate. After filtering the
sulfuric acid solution to remove insoluble metal impurities,
the sulfuric acid solution containing soluble nickel is treated
with sodium hydroxide or sodium carbonate to increase the pH to

25 greater than 8 and precipitate nickel hydroxide (Ni(OH).) or
nickel carbonate (NiCO,) product.

The remaining 1leached solids are dried to remove
residual ammonia. The leached solids are substantially free of
metals and sulfur, but contain the coke which is not removed in

30 the process of the present invention. The remaining‘coke on
the alumina catalyst makes these solids attractive as a fuel-

rich alumina product for use as a feedstock to other processes



The deoil ed, stripped and possibly ground 'and slurried feedstrock is

| eathed in an atnospheric | each. To nmaintain thiosulfate control) the pH of
the | each should be . adjusted to greater than 9 before introducing the

| eachi ng 15 at nosphere. Preferably, |eaching takes place B0 Odieber22nce of
Caustic and air or oxygen at atnDspheric1§ressure at a tenperature Less
"than 60C agdna gk rasgenof abomg. 10- It HEoelipH shpulahpe tegidbyl camdtald ed
because if the pHfalls too |ow, control of the |eaching reaction is |eaf.
Loss of coamméhing0ops thel isalddis ditdipehhas i partong & AIRSIeH odessaiteed

oxi dizes to.sul fates,, an.aci.d i & fornmed,, dr.oppi p nd uirin
continuou?xéﬁaipﬂ8n &P%ﬁ%ﬁgﬁ%:ﬁ%nﬁﬁlﬂﬁﬁ%F?heég%légguiEg_f(%éiké%ti em

| eachi ng \%Egsgglchfagrigﬁd idk t hea POFr@su el thered al ¥stopaihfCl &% Capuer&at e
a regine erein a pore chemstry is quite 25 different fromthe bul k. The
al um na caegu@atdohls .begin to Sol ubilize as conditions becane nore acidic.

Sol ubi li zed alum na nmay then either precipitate and bl.ock the r.es, or
coprecipitate with <8 (e R PRAR %chscﬁF%s tofﬂlPﬁEyH%H§;; 18, neghf

t he vanadi_um co- precipi it h e ; Ls | T en SsS
t he aIuniﬁﬁtisgbgéoﬁﬁgkfﬁagg?&%%nﬁbglfﬁ%gf%ﬁga?ﬁ?ggufﬁgiebgldﬁgg%hfg)gﬁ%fre
process dawRrentedwCiwvip: ider ndegatreingddixbiradsisi cspVr MVENREDSSHEET as -set f
10- 05- 2000 30 Cctober 2002 The atnospheric caustic |leach is conducted for a
time suffiforemt heowredonvert in the range of about 50-70~ of the sulfides to
sol ubl e thioaul fate and sulfate species, thereby formng a first |eached
slurry. The pHis maintained at about i5 10-12. One advantage of this pH
range is that certain netals which nay be present but are not to be
"recovered in this ' process step, such as Fe, Ni, or Co, are not soluble
at this pH Although the atnospheric |eaching process may be dane in one
step, 2 to 3 anps are preferred, with a 1 day residence |0 time in each
step. The use of nore than one atnospheric |eaching step allows the |each
conditions to be varied in each step for optinmumcontrol of the |eaching
and oxi dation reactions. Care nu~xt be taken, in choosing residence tine
because if residence tine is too long, the thiosultate nay 15 oxidize to
sul fate. open tanks may be used, since only atnospheric pressure i B
desired. . , .The first leached slurry is separated into a first liquid
stream which contains the solubilized netal ancl.sulfur species, and a
first solid. The fixer solid nay be alurried as ZO before with fresh mld
caustic to forma second slurry. The first solid is noved to a pressure
vessel or a pressure |each where air or oxygen pressure and tenperature are
increased to solubiliza residual nmetal sulfides which exist in |ess soluble
chem cal fvrmmor are | ess acceesi bTe due to 25 particle norphol ogy.

Al t hough one pressure | eaching steg using tenperatures greater than 70C and
oxygen partial pressures o greater than 69 kPa (10 psia) may be used) twc
pressure | eaching steps



have been found to be effective. in a first pressure leach) the first solid
fromthe 30 first leach is subjected to a tenperature of about 75C and |0
psi a oxygen. Since thiosulfate reacts to sulfate with acid or tenperature
or oxygen pressure, the residence tine is AMENDED SHEET 30 QctobdP26d2 2000

30 Cctober 2002 maintained at :: mininum '"Total residence tinme in the first
pressure | each vessel is about 90 m nut gsaIMBter the first pressure |eech,
the slurry ie sent to a solid/liquid separation step. The renoved |iquor,

which , 5 contains solubl e f)PYCC8RE sbRe BrOLaim sMaBRlSybf EEPedcdbrlRES

second pre | . Fresh c: i ¢. Ay, be o] sql i,d d the .

solids) pl %?“{p?éssﬁ%ggus{ll‘%ﬂ}?a :ngé%d(ﬁ?l er seﬁ?ggggggse%%gﬂd g‘&eetsa?[]fl% | eatdrd
vessel . Thea$ea9Rd spicestdiningaes li,s s PrdaskatcahottsPC and 241 kPa
(35 psia) O=. The pHis naintained iD at about |i. Residence time is about
90 mi nubes. The solids re@dvercedlgfatdma e o weFe dFat yly sk sepaidtomn or

process are ,substantially free of 8, M and V, wherein "substantially.
Froo— ae HS3E I90THHYS St EPRERERHET  BifGy AT 1RER BG a4 mash TRt shotit] Bisleor

the sul fur ,pnahayt, %\7% pén%gr_gg?w@' yedenym Jpd &Pomarg%egglgfsﬂﬁ%ﬁgadée“rB

Tha netals (M and v' ble sul fur species renov ..rorn

sol i ds durimed ydenaimospidide aaddpr assuanabldéamhi sglétidps ave cant@imesken N
the liquor. The ~.iquors fromthe various separation steps era collected to
form a contivddd deo Anidyd yasecdam Sifkidgigui d stream contains fully

oxi di ngl nmetals (Ml and }g&~ %%O\ﬁlj]nsgassasig.i Ltbaldtea%%q?ped met al speci es such
| Zed. pre

as V~"7"Tha conbined liquid stream1s oxXl ‘erably with oxygen or

air. It has been Found thay a bsbbhengolsuia Wr&ksorehbrae ddi 106 dadd L1y st
vessel , al though standaxd 25 sutorlaYes may al so be used. xhe aol utioa

oxi dati on smepgHeulpnessiiah zet calsbie aptabxygen ki ratnogmstr Dxi peddoure,
state and converts any thiosulfate to sulfate. The oxidation takes place at
pH | ess t h@n BENPEERpPEFat 4EES Jriedt ef0than2n80@ aPd Ganger ¢f et8uid dowataer

L1 . "2 Y3 ACA L0 o i Ly Skl pounSs RoALE f o
l'i quor 15 Tha ddsquitstheaa t sutbeasel Wd b bt eBa? 'arAVENDER:SHREI ies,
thereby forming a first leached slurry comprising a first
liquid stream containing soluble metal and sulfur species and a
first solid;
d) separating said first leached slurry into
20 said first liquid stream and said first solid;
e) leaching said first solid in the presence of
caustic and oxygen at an oxygen partial pressure greater than
10 psia, a temperature greater than 70°C, and a pH greater than
10 for a time sufficient to convert greater than 90% of the at
25 least two metal sulfides to soluble metal and sulfur species
based upon the metal sulfides present on the one or more
catalyst before step (c), thereby forming a second leached
slurry comprising a second 1liquid stream containing soluble
metal and sulfur species and a second solid;
30 f) separating the second leached slurry into

said second liquid stream and said second solid;



- , 0- Ca- 2000 30 Cctober 2002 CLAIMS 1. . A process to reclaimnetal s
"from catal ysts conprising alumna-containing carriers. and netal (e), said
catal ysts containing oil, said process conprising: ,5 .a) collecting one or
nore catal yst, said one or nore catal yst containing tw oBQrQOdteber2G02 as
metal sulfides ' wherein at least two of sthd two or nore netal sulfides

are a ol ybdenum sul fide gnd acyasading sulifi ¢a.rser 13 GuRDHeR 51 dHqde ;and
a vanadiumsulfide; 10 b) deoiling said catalyst; c) l'eaching said one or

nmore deoi |seFerd al yguidi atraempkes&orme aotopdisieidc 1o ick \syene aat;

at nospheric pressure, a tenperatyre.lees than 60C, .a range of 10-13
for a tine sufficient to EgﬁvaFfHFﬁngréﬁdg N yg§3ﬁlagdﬁ% S&ES@matln ghe

Least’ {0 gl ncdl! b dagybansehillia 1k aboend EHEEF%ﬁ REEhify LACIEIN zeq

formng afirst |eached urry conprising a first stréam containirsg

aal ubl 8 neEXadukhdssoéémf species and a fire~t solid; ~ . d) separating said
first leached slurry into, 20 said first liquid streamand said first solid;
e) leaching said first ao%é,diQ?QMk?%wé§@%%e°6ﬂdé&G§tiélahﬁdo%?@éﬁﬂmtaa@
oxygen partial pressuyr r eat t . 69 a,(10.psi t enper at ur,

greater théadﬂqﬁ%giag %Pgl-fggr g%ﬁe:}%@hcglnz%% %ggiuégtis%)ex)esau £¥2i 8n ’t(’f%c%ﬁ\?é(rt
greater tharedbivicihe atizplwast alvhimetal asal fdedRsramp! shle mmialand
sul fur speci es based upon the netal sulfides present on the one or nore
cat al yst betamessidpoxtdizetielébhpifliosnirrgma second | eached slurry
conprising s second liquid stream containi g sol ubl e netal and sul fur
speci 88 and a second soli#’ 30 P%J iﬁg t R s &fon8PrearEdt 28%r Ay Guico

said seco i i SLr gnbgng §aid second solid; 14 AVENDED SHEET . A3U. A
. AFa. A ( ggtA%é.%h}o {71?2. A; I.SAF. Aa”AN'A . A9-. A(. AF;

§.AyY@6AuY*.A{Y.AAY.AY{.AEhJAdodEﬁﬁﬁﬁdé]gMZKbxidized liquid stream with

" hj } xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c

a]ca]cAa]dma]c®é$%%}@a]é@}&eaFcaF@N&Fé&P@a!jﬁﬁsvﬁFFraCtant effective to
transfer soluble metal species into the organic, thereby

15 creating an organic phase cbntaining at least one soluble metal
species and a2 substantially metals-free aqueous liguic
containing sulfate;

1) recoveriag said substantial.y metals;free
agqueous liquid containing sulfate;

20 m) stripping the soluble metal species from the
organic phase in the presence of an aqueous ammonia solution,
thereby forming an agueous phase containing metal species;

n) adjusting the pH of the aqueous phase to
selectively precipitate at least one metal as at 1least 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 to

place at least one metal in solution, thereby forming a metal-

containing solution and a leached second solid; and subjecting
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] ca] ca] ca] caU] ca] ca ca ] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] ca
Ul ca] cal] ca $4; 7. A process according to claim 5 or 6 wherein said
>@PU ezt oi dMYSi cAXScU] ca] caU] ca] caU] ca] cal] caU] cal] ca] caU] cal] ca] cal] cal] c
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alU] ca] cgU] Ic ca%]]l as]%%%jg ]%%J]UT%a]g’L\Jl E}% glaU]%!: LlJ‘lsct ] ablg]'gg}g
LI $1090& ()st LI(§)10‘V@H(3) wh%rlehﬁl(?sé&d)sl@rryln steps are each conducted
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| ~F( 109" &' () - TF(10%& ()- 7!KF(109KK& ()- 7! F(10%&' ()- 7
2xVAb@ F(10%&' ()- 7! XF(109%&' ()- 7 IF(10% ) & ()- 7)!'F(109%& ()-
7! F(109%& ()- 7! F(109%& ()- 7?@BD; (r P@ F( 10%&' It @10% . & 40 Obtober 2002
f @10%& ()-!DXY)109&' ()-' F109& ()- 10 10 4 @ 0 f@lO/zz& 011 @10
10( E8] WUBP@ ) @10% & Gtl)@10% ) - G!f 1098 ()-! X 9 -
%Dé& ]()-It%fo%Hing)ﬁ*B o%?,@foﬁf& %é 1do9¢¢ (3¢ FoeditgQns to control
10cc!) @103 )l
) @10% (). b) @109°P& () - GdBoP1Ss10! 3Y&$10% (& ()-37@ 710% & () -. 10% & ()
“f&10% & () - 10% & ()810%2: protiabuXaaRbraYaH10% ( &hf) ¥/ 3YRSLIAYES (§- 37 3Y&
$10% (& () - 37I 3Y&$10% & () 371 3Y&$10% (& () - 37! 3Y&$10% (& ()-37f (rSilp
y&10%=& (Whensgin0wgaid - oi%ing ( pLepovks()cendegted at a temperature

5 greater than 150°C and a pH of the oxidized liquid stream is
controlled to greater than 6.5.
9. A process according to any proceeding claim
further comprising removing entrained ammonia from said leached
second solid to yield an alumina residue.

10
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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 $0¥%¥ of the at
10 least two metal sulfides to soluble metal and sulfur apecies
based upon the metal sulfides present on the one or more
catalyst before step (c), thereby forming a second leached
slurry comprising a second liquid stream containing soluble
metal and aulﬁur.species and a second solid;
15‘ _ . £) peparating the second leached gslurry into
said second liquid stream and said second solid;

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

h) oxidizing said combined liquid stream in che

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

i) cooling said oxidized liguid stream and
adjusting a pE of the oxidized liquid stream to 6.5, theraby
precipitating dissolved alumina, and separating said alumina

25 from said oxidized liquid stream;

i) adjusting the pH of the oxidized liquid
gtream to a2 pH of 2.5;

k) contacting the oxidized liquid stream with
an organic sclvent containing an extractant effective to

30 transfer soluble metal species into the organie, thereby

creating an organic phase containing at least one soluble metal

AMENDED SHEET
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The temperature_dﬁi‘ng alurry- is kept below the bo:.l:.ng
point of water.
In order to facilitate the dissolution kinetics, ‘the
10 catalyst way be ground before or after deociling and/or
slurrying to improve process economics 4in the solid/liquid
separation steps and increase process control in the oxidatien
steps. Deciled catalyst.s are highly reactive and are typicélly
cooled to ambient or near amblent temperature to grind. If
15 grinding deoiled catalyst, it may be desirable to cool by
quenching the deoiled cataiyst with inert gas, s8uch as
nitrogen, &nd then slurrying with mild caustic prior to
grinding. .
- The choice of whethar and how- much to grind’ is
20 process related and dependent upon the equipment used. If .t:he
catalyst particles are too large they may settle in equipment
and/or cause erosion problems as they flow through équipment.
If ground too small, the particles may -raquira mora elaborate
solid/liquid separation techniqueas downstream. '
25 The metals present on the catalyst are present as a
family of metal sulfides (e.g., Ni§, V,5,, MoS,, CoS). A key to
the process of the present invention is controlling the
reaction of the gulfides (S") to soluble thiosulfatas (5,0,%).
Oxidation of the insoluble sulfide to soluble thiosulfate is
30 quantitatively controlled using mild caustic oxidation. Sodium
thicaulfate is a kinetically stable oxidation product at

conditions less than 40°C (105°F), 103 kPa (15 psia) O, and pH 12-13.

AMENDED SHEET
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:5  than 414 kPa (60 psia), and pHs less than 10.5, and sulfides will be '
completely converted to sulfate under these conditions. The
thiosulfata quantitatively decompeses and/or disproportionates
at pH less than 9, temperature greater than 90°C (194°F) and/or
O, partial pressures greater than 207 kPa (30 paia) yielding products

10 such as sulfur, sulfite, sulfide, or sulfate.

The deoiled, stripped and possibly ground ‘and

‘glirried feedstock is leached in an atmospheric leach. To
maintain thiosulfate control, the pH of the leach should be
adjusted to greater than 9 before introducing the leaching

1S atmosphere. Preferably, leaching takes place in the presence
of caustic and air or oxygen at atmospheric pressure at a
temperature less than €0°C and a pH range of about 10-13. :The
pH should be tightly controlled because if the pH falls too
low, control of the 1eaéhing reaction is lost. Loss of control

20 iz believed tc happen as follews: &s the thiosulfate oxidizes
to sulfates, an acild is formed, dropping the pH and requiring
continuous addition of caustic to maintain the pH required for
caustic leaching. Any acid formed in the pores of the catalyst
particles can create a regime wherein a pore cheuistry is qﬁite

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

30 418 1lost to recovery unlass the alumina i1s resolubilized.
Controlling the thiocsulfate slows this entire process down,

reducing the need for added caustic.
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0% ghigides to soluble thicsulfate and sulfate species, theraby
forming a first leached slurry. The pH is maintained at about
5§ 10-12. One advantage of this pH range is that certain metals -
which may be present but are not to be recovered in this
process step, such as Fe, Ni, or Co, are not soluble at this
pH. Although the atmospheric leaching process may be done in
cne step, 2 to 3 steps are preferred, with a 1 day residence
10 time in each step. The use of more than one atmospheric
leaching step allows the leach conditions to be varied in each
stgp for optimum control of the leaching and oxidation
reaactlions. Care must be taken in chooéing residence time
because if residence time i3 too long, the thiosulfate may
1S oxidize to sulfate. vpen tanks may be used, since only
atmospheric pressure is desired. .

.The £irst leached slurry is separated into a f£irst
liqui.d stream, which contains the solubilized metal and .sulfur
species, and a first solid. The first solid may be slurr:.ed as

20 before with frash mild caustic to torm a second slurry.

The first solid is moved to a preassure vessel for a
pressure leach where air or oxygen pressure and tamperature aras
increased to solubiliza residual metal sulfides which exist in
less soluble chemical forms or are less accessible due to

25 particle morphology. Although one pressure leaching step using
temperatures greater than 70°C and oxygen partial pressures of
greater than 69 kPa (10 psia) may be used, two pressure leaching steps
have been found to be effective.

In a first pressure leach, the firat solid from the

30 first leach is subjected to a temperature of about 75°C and 10
psia oxygen. B8ince thiosulfate reacts to sulfate with acid or

temperature or oxygen pressure, the residencs time is
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a 8olid/liquid separation atep. The zremoved 1liquor, which
.S contains soluble Mo, V, and some §,0,"" is not subjected to the
second pressure leach. Fresh caustic may be added to the
solids and the solids, plus fresh caustic 1f added, are senﬁ to
a second pressure leach vessel. The second pressure leach is

conducted at about 120°C and 241 kPz (35 psia) O,. The pH is maintained
10 at about 11. Residence time is about 90 minutes. The Bsolids
recovered after a second solid/liquid separation process are
 substantially free of 8, Mo and V, wherein “substantially free”
as used in this steps means removal rates of as much as about
98% of the sulfur, about 97% of the molybdenum, and about 92%

15 of the vanadium. '

The metals (Mo and V) and soluble sulfur species
removed from the solids during the atmospheric and pressurs
leaching Bteps are contained.in the liquor. The liguors from
the varicus separation steps aras collected to form a combined

20 liquid stream. Thie liquid satream contains fully oxidized
metals (Mo"' and VW) as well as soluble reduced maetal species
such as VY. The combined 1liquid stream is oxidized,
preferably with oxygen or air. It has been found that a bubble
zolumn works well as the oxidation vessel, although standard

25 autoclaves may also be used. The solution oxidation step fully
oxidizes soluble metals to thelr highest oxidation gtate and
converts any thiosulfate to sulfate,

The oxidation takes place at pH less than 10,
tamparatures greater than 150°C and O,/air pressure greater than

30 about 345 kPa (50 psia). At this stage it becomes desirable to allow the
thiosulfate to oxidize to sulfate in order to lower the pH of
the 1liquor. The ligquid stream to the soclution oxidation
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catalysts containing oll, said process comprising:
.5 a) collecting one or more catalyst, said one or
. more catalyst containing two or more metals as metal sulfides
wherein at least two of said two or more metal sulfides are a
molybdenum sulfide and a vanadium sulfide, or a tungsten
gulfide and a vanadium sulfide;
10 b) deolling said catalyst;
¢) leaching said one or more decilad catalyst
dn:the presence of caustic and oxygen at atmospheric 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 said at
15 least two metal sulfides to soluble metal and sulfur species,
thereby forming a first Jleached elurry comprising a tirst
liguid stream containing soluble metal and sulfur species and a
first solid; :
d) separating said first leached slurry into
20 said first liquid stream and said first solid;
e) leaching said first solid in the presence of
caustic and oxygen at an oxygen partial pressure greater than
" 69 kPa (10 psia), & remperature greater than 70°C, and a pH greater than
10 for a time sufficient to convert greater than 50% 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 (c), thereby forming a second leached
slurry comprising a second liquid strsam containing soluble
metal and sulfur species and a gecond solid;
30 £) separacting the second leached alurry inte

gaid second liquid stxeam and said second solid;
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