PROCESS FOR SEPARATI NG AND RECOVERI NG METALS CROSS- REFERENCE TO RELATED
APPLI CATI ONS [001] This application clains benefit under 35 USC 119 of US
Provi si onwsb 2Peemi24 5 Application No. 61/374,171 wi th apCrhiso@1datigy of
August 16, 2010. This application clains priority to and benefits fromthe
foregoing, the disclosure of which is incorporated herein ¥§ref erence.

TECHNI CAL FI ELOPROITS FORSERYBATING AN 98@5‘%8&@4 separating

and recovering nmetals from spent hydroprocessing catal yst. BACKGROUND [ 3]
Catal Y SRORNEHABINGRSD REFAED ApbRECARIAULNG and chem cal processing
15i ndustries many years roprocessing catalysts, including

Pydr Ft reati ﬂgOF]nglﬁyﬁifpbfﬁt&ﬁkﬂﬁgm@&hﬁﬂit}g&?@r 35aUSCrﬂd\9/dﬂLtﬂeﬂ>ry>vsmhb}yaa&dltl n
acilitjes, wor de, Afte ing used for rocessi ng used or "spent
hy dPoprotesaioyNeap Lpyad &l pithia éﬂmgﬁa&‘oqﬁ%ws B SrivRlication clains

ol ybd?ﬂﬂ)’i‘i‘t 1 448 net‘f‘t@%h{t ‘f@t@?ﬁhg 9105151@ ok'wlfl?ch ik ﬂcow&éﬂe& Héareﬁ% nt of
heavi e cru%e feegstoc |ne rced to use nore catal yst's than
beforeréfmreﬂay.droprocesm ng and to renove catal yst contam nants and sul fur
fromthe feedstock. These catal ytic processes generate quantities of spent
catalyst. Wth the increasing denmand and market price for netal values and
envi r onpERiCc Anaenpss thereof, catal ysts can serve as a source for netal
recovery. [SH In order to recycl e catalytic nmetals and provide a renewabl e
soudce for t 6@2]25Pif@tmv<stltloefr¢1@he$@ hpreecssderrsenading andistecringengjaleiomact
netal s fr g%o Lures cat 1 %s been reported by Yatirajamet al. of
Kurukshsg? YERR rgﬁ?%/ T a (1972), anong ot her sources including US

Pat ent No. 7,255,795, that nol ybdenum (Md) can be selectively extracted as
nol ybdenum xant hate from ot her nmetal el enents, including vanadium from

li qui d BARAGKGIRQUBY pot assi um et hyl xanthate at an acidic pH with the use of
agents such [Béghy@a[tagélk Ré&ecbe%ﬁhged\%‘?iefﬁnt@ér%ﬁh Lét&g fahicQ %Pss@ 07/ 0025899
di scl oses a cess to recover 1°§7suc it éenum ., and
van]adl umhismnmfar mpﬁjnyea@satH@deqirowmhg aatpﬂysts,ahcluylngﬂlydtoﬂpstl@njldeqU| prent to

ecover, the | ybdenum and ni ck met al xes Pat ent . 6,180, 072
d| scl osfaér%ﬁ%@r{@rca tabyb: @se rﬁ%&f&@ ?réalawqc ngp ﬁﬁtl%ﬁa‘ff?rﬁvv@?eégtea eing ¥paflent

extract r e 5y j east a
ot ol o Ry G TR R ek e Gl SISl DRI Bl 225 02

di scl osaemp@nmt@msas unmlyigieph‘tnanlijCkldt crbatt, \aamdgilpneancpthteaﬂmon for recovery of
retal s from GEPNacal B esoune. ) each, SRLULLGN RIS RL Al LN Qu Ry dat i ve
20  catalysts than before for hydroprocessing and to remove catalyst contaminants and sulfur

from the feedstock. These catalytic processes generate quantities of spent catalyst. With the
increasing demand and market price for metal values and environmental awareness thereof,
catalysts can serve as a source for metal recovery.
[005] In order to recycle catalytic metals and provide a renewable source for the
25  metals, efforts have been made to selectively extract metals from mixtures. It has been
reported by Yatirajam et al. of Kurukshetra University, India (1972), among other sources
including US Patent No. 7,255,795, that molybdenum (Mo) can be selectively extracted as
molybdenum xanthate from other metal elements, including vanadium, from liquid mixtures
by potassium ethyl xanthate at an acidic pH with the use of agents such as hydrochloric acid.
30 US Patent Publication No. 2007/0025899 discloses a process to recover metals such as
molybdenum, nickel, and vanadium from a spent catalyst with a plurality of steps and
equipment to recover the molybdenum and nickel metal complexes. US Patent No.
6,180,072 discloses another complex process requiring oxidation steps and solvent extraction

to recover metals from spent catalysts containing at least a metal sulphide. US Patent No.
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[006] There is still a need for inproved nmethods to recover netals
including but not 5 1limted to nolybdenum nickel, and vanadi um from spent
cat al yst swol2n120nei2¢nbodi nent, the invention rel ates to a&cmatshad/oitpy
recovering Goup VIB netals froma pressure | each solution in a process to
recover tals,.fromspent catal yst.. SUWARY 10[Q07] In one aspect,. the

i nvent i7p§f@‘§14£1&9%aar%§w&1&ﬁﬁ PYBYER| 49g pﬁ@{l%ﬂa&&?’rfgﬁﬁeaogeaé mefalsal yst,
conpri sidig émhﬁﬁ?a@hl%_es@u@l@a!éﬁ_sthor{T?étﬁfa’tedath@ugH Bxithiide fB@He leRRfhedrG OUp VB

metal, wth an ammoni a containing Feach solution at a tenperature and a
pr essurspeuhfalysi.ent to di ssolve the netals and forma pressure | each

I X i d r.enovi the solid.coke residue contai.ni st of
The. & oup. Ve ORk athery S s REYs Be bliF P RLEnSE Rk Rine i SRedR o

| eagh gphiwdd ©MAPERM S ARkE, SPHRaYuB BOhURER chRlAls. IRBRE 8bodmchouR VI I |
sol ubl e netal conpl ex, smal [ anobunts of a oup VB sol ubl e netal conpl ex

and anriayintion selhteatoea ghed for reeovsani fgouh ¥ 1B mesads frem) acpressurolicashi sotntion

chem c recipitati f in | i quid-solid separation step to
gener aﬁlelagjr?ciers@torgﬁs%vfggrél%mssﬁcr?%asﬁ%ﬂcpgﬁ'tgglgtni ng |l ess than 600 ppm of the G oup
VIB netal, |ess than 400ppm of the group VIII netal, |less than 100 ppm of
the 20 owpaY® netal, | ess than 480,000 ppm of anmsul and a solid residue
containing at |east 97% of incom ng VIB netal and over 80% of incom ng
grodp VI 1| rie0dll .Inone aspect, gl invendina telaics sspaisthod o seopeeinsomeighstiimn a

conpris r |.ping the sal i,d resi t ai ni t 9 i m ng
B rec G Dhgbbfir Barnd FELSUPORALY GBIV ISR 30 Brolf B
havi ng raetpliviith ahhenr@iigeorfindrgdedrhabihtios APe teatpdrAuld@hwa hcstfre sudent 25

performng a liquid-solid separation step and recovering the second
ef f | ueri® dissolyathormetalyand forg a prepyuie epckstlpnnmcpyirting gnd reveBnaths sefid | uent

stream |\ 0, ANRLREHASREGbst % GRbAT hREQYENER AT E NG ch isfiydo 3qhi ¢
| geste P (6] 8

separation step are I n warm anmoni a s tion to form’product that
canisbe presstuededoh sohtiah yempsying h€apsp VBB sédikb ErmEEHSORIPRK, XG0k VHE seikRBMI NG

[9] Figure 1 is a block diagramillustrating one enbodi nent of a process to
_recovermﬁélt%ﬂnﬁ% St ﬁ%ﬁ?ﬂtégfél gy VB Soluble fhefyf Complay and smenogiugy siies agr am
i T ust rahkng Rphh ek pgé@%uéa%ﬁtsog&ip@bp CRGRR S lsrecif)@%\fl%drﬁ%ﬁfaiéﬁing LOM spent

catal yst, wherein oxydrolysis and iron addition are perfornmed as WO
2012/ 0tk i) sopaetidn g4y togensepas fitse cluepisstreamdontagrieg lesathen60@ppmefagent

peTar et Besey BETRRTapo g FiBestostf AP YA I B DO Bt BirGhout ne

spewi fiG@up VB ARehLVIEds!thdhoasD, G006 pnObi i 8ndTe 8611 @S dUOEERSin R e [38ktSE %
i ndi cat ed. [12] "ppm' refers to parts per mllion. e ppmis

equi valadntcopsng Vg msel ang pser 84% of incgping grevr Vel mietdr am per liter.
[008] In another aspect, the method further comprises repulping the solid residue
containing at least 97% of incoming VIB metal and over 80% of incoming group VIII metal
with acidic water having a pH in the range of 2-3.5 and temperature between 60 - 90° C,
25  performing a liquid-solid separation step and recovering the second effluent to add to the first
effluent stream forming a combined effluent stream. In another aspect, the solids recovered
from the liquid-solid separation step are digested in warm ammonia solution to form product

that can be routed to catalyst synthesis.

30 BRIEF DESCRIPTION OF THE DRAWING
[009] Figure 1 is a block diagram illustrating one embodiment of a process to
recover metals from spent catalyst.
[010] Figure 2 is a block diagram illustrating another embodiment of a process to

recover metals from spent catalyst, wherein oxydrolysis and iron addition are performed as

2



[ 14] As used herein, the term"aerated" refers to the natural and / or
mechani cal 10 nethods of mxing air and water. Any suitabl e nechani cal

aer ati on weuvi#2e¢ea be used. Suitable devices are descripbedseo1o81Pat . Nos.
3,142,639 and 4,695,379, the references are including herein by reference.

[ 15] The Periodic la le.referred to herein is the agée aRﬁiPVEd by .| UPAC
and t heCRAr&e siQRt-iaph Ahersif e ehirlaing gpeH inysgd }nfélﬁr%%‘f%P fuP YA GoERogRdt Tabl e
of thefﬁhﬁggg&gdpmn&os 15 Al anps National Laboratory's Chenistry Division
of COct ober 2001. [ 16] "Spent catalyst” refers to a catal yst that has
been used in a hydroprocessi ng operati on and whose activity has thereby

been di.ni le, if a reaction rate constant of a fresh
cat al yﬁﬁ%ﬁgﬁggé{qﬁﬁlgfmperature is assuned to be 100% the reaction rate
const ant f or[o@1 s PEH¥ foRéW il SimsheIlRRN Bbd fRohgho GO Spedi®sBioh Bn@ el RaROdi nent

and 50% or less 20 in another enbodinent. In one enbodi nent, the netal
conpondhe dllewvingmeapag urdess fhpsvise vrdivdtese at | east one of Group VB, VIB,

N S Tl ML L

encount er ed [0&3]al“ghD” befcris @6 gt gt litsr. M0. 1 n one enbodi ment, the spent
catal yst contains sulfides of Mo, NI, and V. 25[017] A reference to "netal"”

or "metal cdfbnehtwedherehp thedery sraated nrefers frothe naraapd( of meshigics! et al s

inj.ts . I ] r eof

[014) AR FOE A R il o RO e Bl o BT, B o ol
a G oupuwtaBlerdetabs araddsanibbd imUsPde Ndso3 ,é42 bidendot, 625,313, thpretdr&coedal s /
corrpoundél &nd 30.m xtures of Goup VIB netals / conpounds. Simlarly, the
ref er erte! 198 hereg Ry ¥§"%y way of exenplification only for a Pronoter

metal in a hyds OPFRARSRBUTITBRL kel to BB i§ tROTabEAProddd BXE/PAE A e
Pronoter Metals, i.e., group VIIl non-noble netal conponents; Goup VIIIB
met al s;U.& Napondl Bunet aif SfanGudsimnlcyBmptetiathe; Pe@odigpl ableBofithe Elesneatscbyni.ost ur es

2013] 02Xt ORGP 6 MY O TG HRRFABThC: (0 vanadi unt i by

way of exenqgbié] c@pe@rtailsy’ efis @NYcatlPH PhayBadBed lus€di Réprb&ratingmy be
present in spent catalysts, and is not intended to exclude other Goup VB
met al s gpcrdiapondudosmrtivity hay disrebh decmeiyninishqsy Bewenariple, ercagiemtrate
'f'l_ydr OpPr A&t 19 cf%%h %%t%l(%rtst Jt,%.rs g kenﬁpee?aﬁv iy ass§lng& Qc] beT P(ﬁ)‘%,e[flg F&R6& Ita,?e

i ncom ng nol ybdenu Sr %R m ng ni cKel , of “incom ng vanadi um - etc.)

ref er s doasthftefonmropsnt collysmat@perhfuad isis89% o [essaih loyic pi®sdificnt, And BEYeSqrees
catalyst prior to the nmetal recovery process ent Catal yst

[ . 211 S
f or20netiBRNesBeRARRAmenRt. JRong sEvarlivht, the metad B@HPOI}?QESaﬂ[fﬁl%f% Spég‘i Giretes from a
bul k i : | ted 10
u U%ﬁ@gg% Eglga FoRYBr MR {fff,,&lélff,%& 'é/gﬁfnf%}%l?gé/%% g%&@g@%ﬁﬁg,@r onot €

with at r onot er el ect nmet a 'él'jch as Vv,
Nb; a GroaguMl (M), meltyatcrsmciMa) tudigsteCOW ) aniGad (1) Vird Bbak{@d). Sihehmass Fe; a

G oup I VB netal such Ti ; G oup I I.B netal suc S Zn, and conhi nations
t her eofOTH F%“roumf‘ils@etafk@abwﬁ? s1odys Xifad one eﬁlge‘if%ﬂ%élﬂe %PSP‘n“Lﬂ?;gﬁton to
I npr oveosRiRGLEHPHPRERY. Nissd Wwr to nodify the catalyst activity and/or
selectivity. In another enbodinment, the spent catalyst originates froma

di s¥er sed 150{Blul & rdercoestopipmtal@di “ratolgpnyioBentst tol besgbdvicd o atsabntst
pronmoted, Wi th G oup.VII.] netal .for hydrocarbon ojl hydrpprocessing. In
P ot nercciabisb il SePingls ol S P a R SR EREPRu r RS LRSS et ol

sul fi dahgab@l yst. I n yet another enbodi nent, the spent catal yst originates
froma cat alﬁ\;st consisting essentially of a Goup VIB netal sulfide. In one

enbodi nent, [Phel shherefeeencary/Mo asr maplyhdeawmt isdni wasped wegwlidrgtion anly ¢he form
S Riof gilﬁrmgt%s 'ar:rt{ hot if@h @S texdllﬁ'e SRQ! BRSup SROHL AR combBEndRYhl catal yst
is a collotdal or nolecular catalyst.
30 mixtures of Group VIB metals / compounds. Similarly, the reference to “nickel” is by way
of exemplification only for a Promoter metal in a hydroprocessing catalyst, and is not meant
to exclude other Promoter Metals, i.e., group VIII non-noble metal components; Group VIIIB
metals; Group VIB metals; Group IVB metals; Group IIB metals and mixtures thereof that

can be used in hydroprocessing catalysts.



[22] Prior to netal recovery and after the heavy oil upgrade, the spent
catal yst in one enbodi nent undergoes treatnent for the renoval of

hydr ocar bwo=osurin2as oil, precipitated asphaltenes, othecTaiskommesildues and
the |like. The spent catalyst prior to deoiling contains carbon fines, netal

fines, and ( nt), unsupported slurry catalyst in unconverted 25 resid
hydr ocar bon il Vet TSBIQ o' AEBHEENS PANGY ﬁéwfm‘%" g &Py g, TP one
enmbodi NeRinetd] Qsm_fplaﬁaﬁ R hlaly%ggaéé%%gﬂ ihlsp&teaﬁg@tl%,saﬁmg &bt iﬁ?e%ﬁdéd‘ﬁ)' ddfdthe use

of solvent for oil renoval a subsequent” liquid / solid separation step
f or t hethedovep Y¥Bohc@bdidoagospdsrand caikairgssthat rhay baptehoat inethboplintrent , t he
treat nent, process fuyrt includes a thermal treatnent step, e.g., drying
and / nﬁ’rydf)(ﬁ’lr%‘ieissifl%‘d#a]?'%%?@ﬁ%l/%ﬁco‘éefry'hyqr ocarbons fromthe spent catal yst.

I n yet 30anqpober EiERefkdRBto "ih&nide Yy BEREnLS" bt hdoRfnd/siekdf" & sub-critical
dense phase gas, and optionally with surfactants and additives, to clean /
r enove 'didonfipgyenadiens petst) refgrsgp yla amount of mefap d1at Haitighe presenitimthespenif t er
deoi ling,.i odi t. contai | ess than 5 wt. % hydrocarbons as
unconvecg%y t&e}gﬁ%@ %e{aﬁageec%%ﬁ%%r%%di ment, less than 2 wt. % hydrocarbons.

In a third qobpdispent Cathiyet fdeMdtd Rcsp@iny: Dbl arstodirasnt] B8 Spdibamasmt . % WO
2012/ 024124PCT/ US2011/ 047199 hydrocarbons. The anmount of netals to be

bons.

r ecover@iiaesiam gdutl ysaprasedGrenr Al g@etﬁéﬁlﬁf@éﬁtﬁwsf piRs w8 BEIMIterhal

make- U, pf attlgfsr 8@?&5&%1{)1\4]‘69&'1 s#?&ed Roth: d@%@%ﬁr‘%‘tﬂ ucheas%’l\é& aSG'Ilofub Glﬂg Group
| y a aaly a Goup VIBnetal and a

VIB netal catalyst, a binet I C cat st wt

pr onot enmctéd smalp a3/NLICayat@oup SR mathltduchres Bé;lal Groopt ¥Byst¢talviuch agli;laecast a
Goup VLB and at | east 5Pronoter netal. In one e diment, after the oil
r enoval UirBLE Rt e Ay foarRiegiogy easi dge temet%léﬁrer%ea@l& %fidieg in
the forg,Qha®sERIRinlatilh (RhGoI@belcotdy ﬁbg&a& BEtoahosRARCsAN Adivityt 0 @
particle size ranging from®0.01 to abou 100 m crons for tHe subsequent

met al raadov eelyctpriyc ebsanofl@E2 4inbiviireint, Hecspeet satal it beagindtes dioin mdisperbad deoi | ed

catal yst is | eache d1 bseque nder goe hem cal ipitation to
Gonar kel yERRORuR IR S e i DR PRty VB ™ e

1, 000 pBAhRro&diBsHoiVhRIrSpret Qg VYl Thlanb@avymbiRiiakst, fléGPedTaab)syHegnus and

ni ckel . The supernatant 1s further purified of residual heavy netals via

si ngl e fprn g GitpiRIXIH anetalisplfidowedlisy n pmppthar erabodimenix harsorstsitlyshd iron

P ec PN 8l BuRnan e IROM R s 4B, WIS SRA VROl TS
under goes a pressure eaé%|ng Focess, Wier'el b amioni & and air ar e suppl i ed
t o i ndugsbodith@actht Bgent eaaltykotigihdiesoiiem amaddiarndt in thedospentispatal orst i s

first caustic | eached under atnospheric¢c pressure before pressure | eaching.
20 slurry catalyst. In another embodiment, the bulk catalyst is a colloidal or molecular catalyst.

[022] Prior to metal recovery and after the heavy oil upgrade, the spent catalyst in
one embodiment undergoes treatment for the removal of hydrocarbons such as oil,
precipitated asphaltenes, other oil residues and the like. The spent catalyst prior to deoiling
contains carbon fines, metal fines, and (spent) unsupported slurry catalyst in unconverted

25  resid hydrocarbon oil, with a solid content ranging from 5 to 50 wt. %. In one embodiment,
the treatment is a deoiling process which may include the use of solvent for oil removal, and
a subsequent liquid / solid separation step for the recovery of deoiled spent catalyst. In
another embodiment, the treatment process further includes a thermal treatment step, e.g.,
drying and / or pyrolizing, for removal of hydrocarbons from the spent catalyst. In yet

30 another embodiment, the deoiling is with the use of a sub-critical dense phase gas, and
optionally with surfactants and additives, to clean / remove oil from the spent catalyst.

[023] The spent catalyst after deoiling in one embodiment contains less than 5 wt. %
hydrocarbons as unconverted resid. In a second embodiment, less than 2 wt. %

hydrocarbons. In a third embodiment, the deoiled spent catalyst has less than 1 wt. %
4



[26] In one enbodi nent, the deoiled and dried spent catalyst is |eached in
an 20autocl ave, e.g., a nulti-chanbered, agitated vessel at a sufficient

t enper at we 2ared2pr2essure, in which ammoni a and air are ®apaisced/osndd nduce
| eachi ng reactions, wherein netals such as Goup VIB and G oup VIII netals

are | eached into lution formn ol ubl e tal conpl exes. st. of the

(i ncpmﬁﬁ’giocélfb&% Jge BtOANsof ractyls o 5%11%98% T e daie et %%I%Peqdé

oxi di zeg) tﬁ@@oﬂlﬁos@tﬁcﬁfélﬁf R@-gﬁgf Ha chb s§§r'u9éin°l%‘?oﬁ?8@e§§r(1§,fe@é.! QyBﬂlﬁ&ledj' schar ge
0

fromthe autocl ave) 25aan up to 10% the i'ncom ng oup VB netal is
| eachedGionp ¥ 1Bohetul catalysEor bisxtatlpd eutalfssrwith s@enip 6t mktpband eponstaream

cont ai ni,n wt.. % vanadi um...up .t.o .0..050 .wt . %9.end i he | each

col ut 1 crerBIABaRe PrARLRE e B Prvitrd Wsee bR moufip 1882 P51 | e
enbadi MeBinotey atadi UMohns cMBONiBIchE At the of FEmRBY 4 iRl VRNPeAt taly®! ybdenum i s
converted into nol ybdate conpounds i ncl udi ng ammoni um or t honol ybdat e, 30and

port i oreonigining gktals nsccovtrslis in(the faymf aagokecibavrateread, Wiich cambngrosatpl exes,
e.g., ¢ I ne_ sl 1 i C i | f . or i t her eby
bei'ny Tsaarng iRt S S iruit on 8 aR epbluBidisfs W’ tSt Ul 5 an
group \héthl redwalpspacess) eached into solution. |In another enbodiment, at

| east 80 wt % of the Goup VIIIB netal is |eached into solution and in
anot her enbd82Hhleryictat Recoysry: glgrsic-ailyee, dhadgeilvd patpkattdp lgaghqdearthed i nt o

sol ut i 59&1%/ 4PCT AL I nbodi ment ,
t helldl e§@R?6ﬁ§QIt car %%ééég}but ﬂjgkj %Q%galggﬁﬁg&g%%%rs%rf%gndg%mtcgm? ﬁglgte enperature,
e.g., anmachmtsaipenansub abeiese drmn 1200t pn260GreaupdV [Buk dedoay & [Hhessur e of 0-

1200 psi g., | n_anot her ., enmbodi ment e autocl ave_.pressurge r e t ween 300
- 800 ﬁgl%@l_.s Shelt rigo L@%ﬂ&ﬂ@%l}l&%@ﬁémewﬁ%ﬁlyéﬁ‘thegpﬁﬂﬁ@ﬁr%@@ﬁﬁaéa from
60 - 3607 §8cle bR ANRIABH, BIISWOPH FeShbinkfién Bf SSEHISi &RCH{ S for less

than 240 m nutes. Fn one enbodi nent,” the pH of the "l each solution is
mai nt aipredpwitioni n a range of 9 to 12 with sufficient anbunts of ammonia to

conpl ex the npnickel, nmol ybdenu vanadi, u nd.cobalt (if any)..ln .one
Bt ment - DpE Taionl BpERaR o DA o SR T R Retnobi b aftp s afuiRes

pr esentﬁroc_wsy,sxzﬁ@éiﬁ( BE@UNE £ldusr M@@@ﬂjliémté i?ndiuae 4 t&cﬁiﬁ@%c%n. 2:ohet 0 30:1. In
one enbodi nent, the free ammni a concentration 10 is maintained at > 1 w

% and cabpdignent, the spand cafalystdmibisd icaustic leached under atojosmirsic psesshredicliorey i s
subj ect iiqui d-solid separation via nethods known in the art, e.g.,
settli rpr,%sgléliaer%galrjchgﬁgati on, decantation, or filtration using a vertical type

centrifugal [D2é]t €h oaE embudigntamtiid ddosied ond arigl Gledt @ndydt iclagcted id e, and t he
i ke, generating a liqujd stream (Pressure Leach Sol ution stream Pregnant
Lea®h I8AH3VEns-Lop Mtarhapbrred. seligfed Messglrabapuiiictsnt ranseptyne and pegsgyre, in

conpl exgs ro it 1 . i I te and a
| R e oy A 6 o g
group \@onptVdB)and dirdum Vild Inatials exsilchobed onpsdlsiiogfocinke sahblgmotap VB net al

conpl exes (up tq 90 % of .the incoming group VB netal), e.qg., ammbnium
sal Us &iniﬂ%ai ﬂ%@é_ﬁfe GRComHHGF A I%@l%%égaﬁ‘q%f &an@RI%V@gIheéﬁa%&awgzst 20[ 030]
|n one RAAAC ARG preipfticd i Bl 1 SCRALPHLQN (1R BisOfhr@Ufohh@aliblibigt | on

device, giving a ter cake containi n?‘ NH4VO3preci pitate and coke as solid
r esisdueandamdo 40P dsbumeomarwcbro8p MB instal csontcicdiing selntiomifomexanylbdar &,

i ckel ' I i d ' f .and
armront URETEREL ROV BB PG R P BUTo e O 11D Shet SHRURIRER:  t ne

filter |eakor@ibhabdisd ok eéttoRPweRhWbf th¥d&alstdsm).| n anot her 25enbodi ment, the
filter cake contains 45-55 w. %solids. In one enbodinent, the liquid

(filtrate orlOPs Inppegmaadimeah yrnabimis emrvertedintaimaoniynt getpganagpte. (gr ams

per lit . i 07: t o . i and 50
o 1000 gyeIRREDR a5 1P vl Qs el bufth R ork RN AR,
fil3or atadd portichs B$ nkQcltadd LOBalgOLany) bidoa@nenid intot @nidd cgmplerts kel, coball0 to 1.0
gpL vanadium_ 8 to 40 gpL anmoni um sul famate and 100 to 30 500 gpL ammmoni um
sul f at eimine sulfate, nickel amine sulfate, or the like, thereby being leached. In one embodiment, at
least 70 wt % of the group VIB and group VIII metals are leached into solution. In another
embodiment, at least 80 wt % of the Group VIIIB metal is leached into solution and in

another embodiment at least 90% of the Group VIB metal is leached into solution.
5



[031] In one enbodiment after the |eaching reaction, the PLSis treated to
further reduce the concentration of the group VIB heavy netals such as
nol ybdenuwot2o1dese4t han 600 ppm | n one enbodi nent, thepPplHUuskottilog71BLS i s
controlled to a | evel at which selective precipitation of the netal
conpl exes oc S pre-sel ected p precipitation of at | east
2012/ 024124d§#§]u§§@mﬁ@3¢1@§n@é@% 16?311%18@161?6 OV & HRIEIIC RIPPPTEQEY! tEy, of
the G qupnMhiuke, @Pg{ & lea@emPLrahf@BLwA0T0 8 totﬁ@ SRy Qutyaa@ﬁl%ksuk@éftd al l'y
pr esent prl or tothe precipitation process. In one enbodi hent, about 50-80%
of t he NaAadigurin heetbérenntodirerthtbe PuBCliase pl@sweraage&/bdtweetnhﬁ)ol\ﬁm&pmg In

i.nin not her enbodi nent,

P e o strscamoment I R e TR D p s Bt s 9y B RS R Enal T ant | on

step us@thddtn@fdht gﬁé@ﬁﬂrb YeaBk 8CloPickath@n MBb WhAEEH NhdRE chibediedent, @RBHMAIOAY i N
sol ution. In one enbodi nent, an acid is enployed to adjust the

pH of tthélepehasﬁ,m@ lﬁérmmtalséqi withore reogaof Sicel2 withwnificienprens ebameanisf t he
et al 8@81!118?%“&@&%%1%01 @Serf‘%& ‘%%a&'cﬁurﬁ a¥18 cl% Eft 1PA gﬁtlﬁ %}gg%lg‘&{i]l%le £Qpl exes

i ncl ude any*inorgani ¢’ m aci 1Ohi zat i on

const anholat ml@r@ea@mw toBidkel (Phes @61 dbals, 1ﬂple@bn|t)rplas ﬁlbryfbdgtdm pRBgi ng from
0.2 to 12.0 normal. In another enbodi nent, the aC|d is selected fromthe
gr oup ofanadjpmys incthg snge ohglirl de B0 dr intongcsrebodienspthe fice 2pEnenia sancentgation; d

h{aiﬁﬁalned at> 1 “L%]anh'i P&?Welmﬂgih%?&hbo&&%?tﬁr ecipitation is carri ed

out unﬁe m X1 ng conditi’'ons “at a tenperature i1n e range of 35 to 95C, a
pH range of [929]0 Ehe leauth simryxasalogf:étltcihqmﬁd sehidyeardfonhbs nethodekgown frothe at

| east 1 hour, for at ast. 90% of t he I bdenum and 80% ni ckel.in the PLS
to predipfEatetdi et it Qecrbtasioncor T ARSI EGY & BBt Sk ront gt

preci pifiad 'oPQ vhéluﬁﬁﬁﬁéx‘%ﬁi aQHhte @hd Brat€ TIREF, %&”ﬂ‘?e 1, g icPieaNduid fidakange of
between 2.5 and 3.5. In one enbodi nent, at | east 95% of the nol ybdenum

preci pi (Peﬁssge b@@chﬁqlemomstMmr Bregsarg h@@¢ly$1detmmoc 8hPdeomdaismgthagroapnYdBi um
oct ther enbodi.nent , at % af the nic

o A g RS et e R AR D LR uE et ot at o
and anm@giakMaslinidinef group VB ;dt] cdriiplens (ﬁ?’&pﬂ) Wens of thehcblif grolig VIB-S i s
continuously regulated for at |east part he precipitation step with the

cont i nuaetsD) zdiasobf resiductrempaigingiopke and group iBhaetal cepaplaxest(vp toM wobo efhe
rate Of Pé Fl%ot% rgué ﬁ’tg ]%Etéﬁs? geg nn%?n tnp gal{syol% %aﬁ’aduﬁg %ﬁéh as gaﬁrllgﬁﬁr%

preci pi anount of

sul furlrﬁetawnddz(tamﬂlg)@%)mﬁd\wk@ht) 25 is used to adj ust the pH of the PLS to
| ess than 6. | n another enbodi ne a sufficient ampunt of sulfuric acid is
adddd to t hd0gfls Ingne am&e@msfnb Hqslfd @héﬂspasatl% if Gairigd O B fileratien dgyice,

mai nt a!%?gggﬁtﬁlf%r Em{lﬁ‘hﬁfﬁ% Hyon ?é%ﬁét‘d{étdnh c%ﬁe/%fioh}d*}%l&ﬁ)é ¥RAEBH R yre

pr eci pi s out as no ter precipitation,
t he sollicclpBelutipn tateining as@peniatendlybdats alickiel ammla;su]«fatevmnlﬁﬁmamﬂs i ncl udi ng

settlin Ig fi Iaratlon decaprtatlon centrlfu&?tlgn .etc or COEb tions
t her eof TCRERA %{?ﬂ’i‘&n%lﬁu@fsfl Al a&fira@élﬂﬁ“é‘imﬁ Ve F&’F‘a”@%gltlé O ¢ & erred
to as Cilarlnfd&cenmm&herﬁtth@ﬁ%( ERSkdnBRd aBELtBBWESHE S, RIIRS] Rhtdb@er | N ONE
embodi ment, the CAS contains | ess than 1000 ppm of sol ubl e heavy netal s

such a@ﬂﬁmdyb@téﬁhmﬁltaln@klwgstamhéﬁ -500t. ppsalidk. dnonpenbodiment, diesliquidy anot her
embodi ELe SIS SARGOM R o185 ) Baits O0% PTLSlhm 5@ Heret 2! o

molybdenum, 1 to 20 gpL nickel, 0.05 to 2.0 gpL vanadium, and 50 to 1000 gpL. ammonium
sulfate (“Amsul”). In a second embodiment, the filtrate contains 20 to 100 gpL. molybdenum,
5 to 20 gpL nickel, 0.10 to 1.0 gpL vanadium, 8 to 40 gpL. ammonium sulfamate and 100 to
30 500 gpL ammonium sulfate.
[031] In one embodiment after the leaching reaction, the PLS is treated to further
reduce the concentration of the group VIB heavy metals such as molybdenum to less than
600 ppm. In one embodiment, the pH of the PLS is controlled to a level at which selective

precipitation of the metal complexes occurs ("pre-selected pH"), ¢.g., precipitation of at least
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WO 2012/ 024124PCT/ US2011/ 047199 such as Md, V, N, C, and the |ike. The
anmount of Ansul is |ess than 1000-gpL in one enbodi nent; |ess than 800-gpL
in a secomd2emdizaent ; | ess than 500-gpL in a third empoaiusenti/o4apd | ess
than 400 gpL in a fourth enbodi nent. [36] In one enbodinent,

foll ow S i q se t|o t wash pre itat cotalns over
90% of %rb??e()ﬁheg%wv@%h%mﬁaﬁ sEflroce) Sre Giowp ofith ek ﬁ%%?ﬁl tipGdihe |

anot herGeuheH mRm mlewpr%; H ﬂtflmttb €nd ﬁeamtmmrmwégg THYAR @ﬁgoéﬁiﬁ%ht g00Gtof the
nickel is recovered in’the unwashed precipitate. In one embodi ment, the
unwas hed- %ﬁ%ofmet\aneilumdte@ihn@m%tlﬁd’h& 1sYedogred with tmew-N‘i/@Nlcl,pltlaesmth han 0.5

w %V, |les to.N .ratio

Fangi nght FobieBpg huion F iR ndhermdioditenty g m e ne T oE Rt i e

presi pidhaitidncanbaldddvetdd tPthd JuldatterMiep Bseltio %d\ﬂl@naﬂll‘??ﬁecﬁﬁlﬁi'ﬂe RolBdwtunte V and
about 28 wt % ansul . [37] In one enbodi nment l'i quid-solid

separ atandrlilwkteh@ﬂwlengmmt@m s optionally washed with hot acidic water,

e.g., at 80 Vi and t he
doubl e salt o mlg%él e&@Pégleépglﬁ ggngr%nplo%esuq %délfSEalekpﬁgyﬁle%g%rﬁt rained in
15 t he Ipacle Bpiutiat & a levclan evhedtomdtipiation dftie @euaﬁc&nmei@rocb@epehawﬂe isin
the range of 60-90C. In one enbodinent, a sufficient ampunt of acidic water
i s addetied & preeplittpthemetak Ganiniexes Angdudegny i ingrganiy mieeidh acyd with 2aclapvely . %

sol j,ds ver

* e "aci AL ERLYRIAR, 1 bLLALGEILS, SERCIAk b3 E R ohtE?
phase. tbn2dneraabodh arsther dnliedanerd] the aeidanstdeoyed frdbntlat group ofisid@dictaoid, he

primary filtrate as feed o.the 20 sulfidation step for additional
recoverhs}’dH?rCEl[P@é\?ﬁ%Arﬁ?%pgo%%% Jutriggicidya Nﬁl [38] In one enbodi nent

after the rqpsip 159RALALLGMAE, %p&&ﬁltﬁl’cﬁﬁh Eé&%&%u@&f&e@hﬂhﬁg c@r{HR?(SHsLéW
oct anol ybdate i's di ssolved in warm amoni acal solution, e.g., at
t enper attampetatuenible rogz@C3s e AECat pf@rmgﬁptﬁam@é addhr asufﬁNelm) mmﬁ,06r

o or eqtvs e dene skt Y6 1 b R wkindiBhimait O eRY SaRMS qu o

separ atth @rec@fitatd ut U RSN SEMPIRES. P a@tﬂ@ar eﬁﬁfébﬁh@& IthgpRepthtidrsisdgaRd du
remove Goup VIIIl conpounds such as N double sal t ?romthe preC| pitate,

obvi at iatg terheerremOffiond Staag afrdt raagelpf baswaen Féwad 3r5e1:1b<\)@rf§mb ol ds of
chel ati 102 98 g)tf%hé Iggfy'ﬂggnu?ryf)re f ﬁat%g Bu af{& E%‘gurts%s fa%cm lgdegﬁht nfp%%héi guc%CI d,
proplonlc ac g acid, succinic 3 ar aci d,
citric a@@hdmorﬁlxrﬁblctanﬁﬂ)yhﬂlateghymoyﬂdr @mBG&l(me(ﬂt adRparsorecofiht dickal feacipitaed f oni c

aci ds such_as nethane sulfonic acid and et hane sul fonic aC|d aryl sulfonic
acids withdhpaabddenwyps 6H%bleéfrlaoféwebsqléﬂt%@wear%epwm ulfafs d and

aryl car boxyly§4 aCIh i P‘?lﬂbz]&'l ﬁtﬂﬁ] forlah hel ati ng
agent is ad b§] ﬁ%éwgg ﬁ"?%/gter err% oye S|1rslret0 f0 Wrg%l{%ﬁd porlrocgeaélés?t I n one
enbodi mantqf thd‘l}ﬁremﬂﬂloﬂsﬁﬂim with fteadontindous a@@itinh of %emfddmveheg amimegalageint such

as maleic acid, with.the pH.in the r of 1.5 8
2012/ oz*af?ﬁtﬁs&ﬁmfﬁeafffwa%%aewelfﬁsgﬁﬁ&n%éaf %&BWW PRI, wat er

cont ai NorR kP 1AL crhHRIABRL ALHMGiATRRbun bR MBlARE! @@HO@WWE@E’D a

sufficient anount of chelating agent is added to the wash water t ave a
pH 35n tihesaddngdjustthe pH df thq LS eleemthanl b niernothehembedimenan sufficont ahpimg t he

anot hero S B Bt ReniBLh Yo lrkf ALY a0 SR eI G0R 0% © soc "

maintained at a temperature of 75-85°C until 99% of the molybdenum precipitates out as

molybdate compounds.
[035] After precipitation, the solid precipitate is separate from solution by known
30 means including settling, filtration, decantation, centrifugation etc., or combinations thereof,
generating an effluent stream or primary filtrate (also referred to as Clarified Amsul stream
(CAS)) and an unwashed precipitate. In one embodiment, the CAS contains less than 1000
ppm of soluble heavy metals such as molybdenum, and less than 500 ppm of group VIII

metals. In another embodiment, the CAS contains less than 1,000 ppm total heavy metals
7



[ 040] Further Renoval of Heavy Metals fromthe CAS. In one enbodi nent, the
pH of the CAS (plus any acidic filtrate fromthe optional steps of

repul pi ngwardiZikt2eri ng t he m xed nmetal cake) is adjust edTdiseéng4H99
sulfidation step to further precipitate the residual netals in the CAS as

metal sulfides. 10[ 041 n one enpodi nent, the pH is majntained at a range
bet weer?Ugh %MWVaNL’aEYt %‘F‘Fjp’é‘Fi*E-r e B argpunt of syl RdpebamipUraniin gne _
pr eci p'etn?tfo%irﬁént,l\'fgss hn 8GNGp1YiSHLdcbA® SmbSdiRRhA14E than!SD0APRLRG habOdi ment

with cobalt being used as a pronoter group VIIl netal, Since cobalt
preci pidngtodonecritrarddesgband Q0hgrilnioracfasithgmbodintanbn pH, the pH i s adj usted

upward to 1 recipitat.e re,than 95%.of. t he cobal.t remaining in the
cas 15[ 04211034) BRETE BB e oL RE & MU e s LSRN ng
CoOMBoUNgecifitde coM@hebvEOOUPbENS Hich moBybUEiURE afPo R 70V st tNSifchingdRy Or

m xtures thereof, is added to the CAS for precipitating residual netals. In

anot hernigsebodi argther anthedivagnsroved P Uil of thainterdmeaaelybdanumpndmypnddia of the
("sul fiding: nt"),..9.s€electe ; h r . r.oge i de,
R e e A A T L R

enbodi readipitdiy dsrmgan2 80 wtde M& 220 10sad, INi, a8y aam05twtof \abewthdh. 3wt % 0. 2
nol ar to precipitate out. nickel, nolybdenu and the like fromthe CAS. In

anot herABpHolfqEhwt “nS-dyighe Mostel i rgo saeing: frofp Sohterksr e da tigtengthes- psig is
used t | it [ | {4 Salh W V8 [ 43]
Af tel gr %hnggos ﬁ*ﬂtdtg% ﬁgﬁyihteg ?ectﬂﬁ{g?és Slﬁa!r?lilstlg)tetro ngn%ﬂa}\glr)fe engglgﬁlrlfcg%tthaflso'os

depr essutr%oAédnd fhonudwa %6 bashl. drumwith baffle trays to | ower the sol uble
free H2S co t to 25l ess. than 60 .ppm The sulfided slurry .is next sent to
2 separator 091 $8I°8¢ smﬁﬂimlfar,ia&sr %ﬁﬁ@-é?#%@wgwﬁspreﬁ@etaﬁye ISOPHIRAE from
the CASyasREPRiBhHoPILiIGRRE, CAT Tk §0PCORlvilklYa PREN KAWL Mol & RRJovkNC! udi ng
settling, filtration, decantation, centrifugation, etc., or conbinations

t her eof AmJiHend thd disiboattaif nidkgl qutfetsi apidt arnmdnivet sulfagthitidesbe entgpinedni ckel

sul fid are. sent to a holding, tank .for subsequent di.ssol ution. .The

supBr ndbaREEERER | broag et erireeoft SiiE it TEBE s P AR sthaed eostlic o
heavy maloat $mbb&incas anFidace akiduANE ¢ Rif@RhidMs added to “réftdd” the fidBecake to .
enbodi ment, the solids containing Erlnarlly ni ckel sulfide are oxidized in
a pr essutliredensénof 89-Hiveth esotids pAftei ispulaingaboud-seBd sepaggoe s parfoamgd essur e
of 100 .- Lg.for several rs 1.or ; Ny prpduct being
cent  td0 A0 L8 PREE IR SeoBldhll AP BoRhERY I BRES | fifFeq

sol i ds eaft®dimém] thnasidrRccvdridaryiltate it addodro vie: mihat ifitgatc \WAS as feed to the

2012/ 024124PCT/ US2011/ 047199 Ansul _and sol ubl e sul fides and then repul ped
to X4 dentidaionptep doraddpionpl reegvesy plcavyrAstalepich ge lnVsidsNhext acidified to
a pH rangin 0 I gl i L for si on
A A S e L R A e
sol i ds dnononichelctandljlatae 6 dyolyed it warnRarhmooiacsl seitiont hig., praodomptragot ut i on

at an aci di of < 2. .5[045] Oxydrol ysi d Iron Scavenging: In one
cmbodi e S0¢heb LS OTBURAY WrBet VAP Re S BBEPANGH T Hefped o a
react oryffigh caxbIdutedNo Alca@Blstifingcbis @peratbih tdiseparB idiplH S §ts Of T esi dual
ammoni um sul famate to anmsul” and precipitation of residual heavy netals. The

fil2rate or [§3Plerinananmbodiornaiduiing seird-hauid sgpazatiomlof thesurfwashed adj usted to a
pH val ue _at. which | ective precipitati of e resi dual ,heavy al

Pomt ettebittacheBEpe Sy BRlET bshBy: ftefd VHE Sl e SN BB e v o
ion at qlteoseiheeh@shitadpBliatitg teabishiPixk dicp ifoith JIRBMEI mefaBreebverpxydr ol ysi s
takes place. Oxydrolysis refers to the circuit wherein two reactions occur:
1) the sﬁ%helémn&@gen@mlé@e buigronott meitaditp derniie Acidf acsb¢ atifledropiesic

sul fides; . r .S..and . i L. e i ispcarried
out ot Bid EOSCAHE Bt BB BRNRE RERR' B i O SRIRELTE LGS EGT (50
psi® i ncidyesparasaid allahe biif@id eddaduch ab methane sulfonic acid and ethane sulfonic

acid, aryl sulfonic acids such as benzene sulfonic acid and p-toluene sulfonic acid and
arylcarboxylic acids such as benzoic acid. In one embodiment, the chelating agent is added
to the wash water employed in the filtration process. In one embodiment, the wash water

contains 1 — 20 wt. % of a chelating agent such as maleic acid, with the pH in the range of 1.5
8



15anot her enbodi nent, iron scavenging with ferric ion addition is perforned
after the oxydrolysis step. [46] I n one enbodi nent, the Anmsul

sol uti on Wwol2bvizmz4oxydrol ysis (e.g. devoid of free sul Praas2ancd4med f amat e)
is depressurized and cool ed down to a tenperature of between 60 and 90C

fol | owed by dditjon of ferric ion and. naintai t ot pre-sel ected
pH for &> 201t fhet g 9dimepe tha Wigghgyater contains % n"% éﬂ&@ﬁ@&&gﬁ%?ﬂ t he

pre- Se'lﬁ?&?&oﬁl‘ér e RbBEYRE sﬂft?dﬁ@ht%mohﬂt cﬁfb%lfaﬁﬁg gg@ﬂ@ﬁ' a!aﬁ&i to tﬁ@%v\ﬁ@r?ﬂzaf&r and 7.
In a third enbodinent, the pHis set between 4. . 5. The pH adj ust nent
can be tabeonppHshéd rblygetdfé -afdiit pmrerafodamenhteths twaah wamrdomatnﬁngathcel atively

high ionization constant. e. sul furic .aci.d chl |d phosphori c
nela, e Rbe Seind S alypefa Rt GrBE S AT Thefalfh’: Plsed i n a
st f%ngtéi*n‘tfo@ﬁﬁérﬂgthé RWRABK Jafr t@npefatfreNb&Meen 50 -®0eC embodi nent, sul furic acid
is used in viewof its availability and | ow cost. | n anot her enbodi nent ,

sufficient flPéQ dairthei Removal ofiHichyy Metals fiomithe EAISt alneonesmhwidimentrthe pH Ansul
sol uti ol t S t ust ment
oo bo SR CARTRR 8P SRRty Mool (e 3RRGRR LiTBPLD [0l arkilficBile B 000 T
hydr OXIrdﬁedltne@alﬁ?shlfeQﬂgédju@&i’ @ﬁgignagsuflﬂidblﬁbﬂs&ptt@flikﬂlef)pmi’pﬁtaﬂe_the residual [48] I'n
one enbodi nent, ferric ionin the formof ferric sulfate is added in view
of its fﬁ?ﬁ&hﬂ%&ﬂ@%@“F’@Wlé‘blﬁﬁies and ease of use. In another enbodinment,
fergic chl Orbﬁ' IS o‘ﬁQBh{BX@&en{ MRl gh{t}ﬁﬁedemq weeﬁédal‘daﬂ &0 et al
catlon such as errous su te |s a uring ox yS|s t at can be
subsequampémtm:@mﬁ/ﬁn é@() “Cofdlming whiwh.a precipitate of Mo491] and Vosmefiéssheodi nment, an

iron additive F}g dln aFa.Erqnt suff|C|ent to rovgﬁ about 6to
50 ppm g %no H§ tydp cpali ing wie @aewr%%% TOpR %Hﬂ to be
removed;n Byokar ﬁfﬂe@i%ltﬁtl&ﬁl HORGEOLYiAl hORa@he (G hy SHLQad)RAVY upRidlo | ONS,

nearly total renoval of dissolved heavy netal i'ons can be achieved. In one
enbodi nigrtb prexipitatampre309s %i%ioftthaewhelavqmmglmsﬂma@ﬁ&e renoved as a

precipitate h _t he ret i ni i ol yti [.n. anot her enbodi

Perval rar d0taT" dh Org SEPO YRR a4 i bRt e R DpenE T Yo | s
90% | no}dle AMAIREL waikbgslispre fibblysﬁl'ﬂi@e rrBixtugesthele8A$ add6dao 1he S for

embodi nent, the |evel of Goup VIB netals in sol ution such as M is reduced

to | esPredipiteting rpsidual metadn dntapthenbobodimant, the wateieiolube Silfdmeantainiags. | n
t )t b 1
s RonRuSCR SR qech'Fis S RH80 o IR b 1y 8Yen \PROEATRR S chPrs

is redtsuﬁ“diet NaHBs&r Ndy8nork@ixmpss thbfboﬁnhimﬁnﬁﬁﬁtlﬂmﬁﬂdhhentﬁh}}d@w@n saffide ippm or
| ess. %et anot her enbodi ment, Goup VB netal level is reduced to 1
g

pprior qs i an amount of afgyut P95 4p 8- Zéﬁ%atwmﬁ%lplt%sz P Hcked melxhdeny e pngithe
aerati i ed for
The xS A e D e P R e PR A 851 t o
and t hepsfeeis k@l torpoerisichad d)mt\thae marailmthi@mkﬁdhmgv@ssef actors including but not

limted to t Si ui ndfeedflowr | n. one enbodi nment,
the treat mer{BE%]s 4&?1“ tg? Sl}qﬁ%@’%nélgqpeﬂ@ﬁrqr@nsnfe?%n(?fle Pr‘?lmf%’é under

agi t at '&Presﬁﬁfz@a HRBugH £IRG BLMNSitRRLTIP Eﬁ?ﬁéﬂ@w&ﬂh@ @@1%@ a1 KRN @n Of

t he i nsol ubl e heavy rretal salts together with effecting hydrol ysis of

sul Bandess tw%mmatT hosulbfled slewy 2Omuit $6ndl tosa sdparatordo hetatethsodiident , t he

L b AL S B EA0 o e P D8 e e

t enper atndtva 1ﬁmmmcfua A Cg@‘ﬂtaﬁﬂﬁi H&caffdoR RAEifi@iion, dté.0sa 100 to 250C in
a second enbodi nent, 230 in athird enbodi ment. I n one enbodi nent, the

t r eat meRmbingatigns ﬁle{ﬂoés s J he selidsgongimnspicepUated nBwD spidgs. oig nigkst mefide
nbodi 5 F
oot 0L 1 EARRILR: bt A RIS S, TAP ML LB Pl 00 kg,

ol pbddedsrthart 100gsine of scfhhlﬂahtavmmefcal@amhmm@lpbdcnuhmnmvagadmmol ubl e
precipitates such as iron nol bdate tungstate, vanadate, and the |ike. The

fol I owi ng r @44l Jronarmbpdisicat dacrplidy C%&lﬂfngcnm%y sickakifjds ase gridized on
preci pih %tp'r&'gurlzed reactor with air sparging at about 150 — 180°C, at a pressure of 100 — 200

-

psig for several hours, prior to the solubilized product being sent to a catalyst synthesis unit.

In another embodiment, the filtered solids are first washed with water to remove adhering
9



[052] Sul famate hydrol ysis: NHANH2S03 + H20 -> (NH4) 2SO4 30[ 053] Sol ubl e
free sulfide oxidation: S2- + 202 + 2H ->H2504 [54] Mbol ybdenum

preci pi t avoan12/@2Fe43 + 3Mo042Fe2( Mo04) 31(s) [55] Vanadi eorrsediipitiasi on:

WO 2012/ 024124PCT/ U82011/ 047199 Fe 3 + V03- + 20H -> FeVO4, (s) + H20 and

2F 3 6V03- - | t Fe2(SO) 3
200 (dpoul3nasiBlenpiiie ad hehpteticdds - AentibalyB( o) v dhsdicaginc > srabor
(s) + %ﬁ%m@ 1s%@£%?d1ﬁé@to%%ﬂé%§ &AL, to%lﬂefarelp%ggﬁé 1da0hife b dieact or

pronotes sul famate and 1ron hydrolysi's and oxidizes free sulfides in the
f eed Arfsutornsersemnmto rticked sypdme. ulnadnedntbiod imdreghé campleic awavaﬂldncfwyﬂ Ny&lr oxi de

preci pi es f.qr ssists dn orb| and e itatin qubIe
P on ConpreRauSiDriale Sk i 2renuy Wi afEprod e RO RROR iyt b

step, the sligasy oty/Rsis and ﬁrbﬂSBﬁveH@@éy INBh¢mBSBRbR ihatsapahanst 0155wI t h any
i nsol ubl e iron oxi des and oxyhydroxides is depressurlzed and flashed to a

t enper dtltipte fesm geaeparator spuptricd to & seactod divrddxsddtion of splablgtficgmulfides, [59] In
one e ?é,ﬁ%oqeﬁ ofrteislaua(ﬁ cu," r#é%‘?’l f%ggte LS S G g{?p Iﬂ@tlﬁrﬁ ep es%r & el or med

separ at 00 super nat an I‘ om

separ atrgtalis srlwmﬁafé dr@upé’inmmddicﬁitadﬁing ptrms@lny ﬁIQSuIODSIﬂiIﬁtaldﬁﬂtedfto scpHJdail@ free
sul fides and hYdroI ysis.of residual amonium 20 sul famate to Amsul. The
oxydr ol &) 8ihich; sslesHec RispipHptigief the residual @@%Wtaém@pkeéwafsli weispleetsd range

of 200 'Hi%ﬁ:)l th@‘gﬁidl OIPBF%SIHS?feﬁflc %Ql%ig O ARt t%lﬂpéﬁaﬁlr%&?&ﬁ& P%fméa%js,e(:t ed
air. sol ut1on ow ng oxydrolysis . free

sul fi d%haﬂd osudbbisattalesiptacde pDesisoly$ix eaferam(dtlmamﬂcetd whowen tve Eattdmlper ature

of between 0 and 9 owed h |t|o erric

i nt ol eG4 r}i’é(diﬂ?ﬁé“ss%f%@ ﬁ@atep#dr% R it fSBMF St B 25pr i or
toli q%x?d&@yéﬁarﬁﬁ%%%ﬁ%&l@mg in one emb8§@eht ﬁ%hl@leﬁ%’t g ast%{??EﬁHrQ'fh fﬁ@n be done

by nethods and apparatuses Known in the art, Vi a e use of
i ncl i ngdngsl d‘tléoseﬁt(lﬂf)@,rand'ﬁrmemteadf ZQQé@Dmslganeha memee efvinpdiodet Imy be

I I ik t I th nbodi th b
el ortb Bt BubBiaRe ThustRetage PibdEBRISh Bk b R RMGRLAS: hon -t he
liquid Oﬁgghfd.ﬂys%ﬁ@@{_atl on is

[046] In one embodiment, the Amsul solution following oxydrolysis (e.g. devoid of

free sulfides and sulfamate) is depressurized and cooled down to a temperature of between 60
and 90°C followed by the addition of ferric ion and maintained at the pre-selected pH for at

20  least forty five minutes.

[047] In one embodiment, the pre-selected pH is between 4 and 8. In another
embodiment, between 4 and 7. In a third embodiment, the pH is set between 4.5 and 5.5.
The pH adjustment can be accomplished by the addition of at least an acid with a relatively
high ionization constant, e.g. sulfuric acid, hydrochloric acid, phosphoric acid, nitric acid,

25  and the like. In one embodiment, the acid is used in a strength ranging from 1.0 to 12.0
normal. In one embodiment, sulfuric acid is used in view of its availability and low cost. In
another embodiment, sufficient free acid is present in the ferric sulfate to maintain the Amsul
solution at the pre-selected pH. In another embodiment, the pH adjustment can be
accomplished by the addition of at least a base such as ammonium hydroxide at a strength

30 ranging from 4.0 to 10.0 normal.

[048] In one embodiment, ferric ion in the form of ferric sulfate is added in view of
its availability, low cost, and ease of use. In another embodiment, ferric chloride is
employed. In yet another embodiment, a divalent metal cation such as ferrous sulfate is

added during oxydrolysis that can be subsequently converted to ferric ion.
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30achi eved via "body feed" or addition of a material such as cal cium
silicate or diatonmaceous earth or cellulose. In one exanple, the slurry
cont ai ni nyotzhe/izmeael ubl e netal conpl exes is body fed w POTAISINA/047129, 000
ppm of di at omaceous earth. The di at omaceous earth provides a matrix for
aggl oner at i he fine particul ates tqgether ssi;sting solids. settling

t hrough ther}aéé] glfl O8f ewﬁe@m}?@a apjitoped g vF Fselfﬂhfoﬁl chApan BW?tr'?B%tClen[tF%

| nel | nafopliahBout ka6 50 b @) ﬁlérwum BRBrAL marfo@éac@g?m ofAROREN fbd on of
10-40 wt % contai ns | ess t m each of heavy als such as WO

2012/ OZAmﬁﬂ@tﬂmemg/tMWmentwiomﬂf ¢haviditiNie, to Ygawatroctall imnamearthetotanbodi nent ,
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spegi f itﬁahw?&netﬁk air bd &hoii@di bl Ffe@ﬂﬁta A igthie & rerfdiAtn@ TR ESIRHS. €@l t h or

cel l ul ose and |l ow | evels o , V, etc., can be shipped off-site to a

met al s ane&ﬂeaﬁrnb@dln@nt thsopaiouel rets is srdedst 35ito. einch Bisfl enﬁedmernwhq refagvabet al s
recover ni ... pr n [ 61]
Bt T e IR T D e
schematlegdbl Grodp VES matalig salutionoodh axavib mfedacqart@c@s shahq Orp@mwaranmbal S
fron1spent hydr opr ocessi ng catal yst. The process as shown cgggrises of a

nunber 1bodiBeEssicHgl eI onfessh Bt arothereanbedimery. the Sgeun¥Es sty in a
bat gh flkspémmﬂ&ed%gﬁa@ﬁ%mf;&'l %m@ﬁl&&ﬂhs?%EW%Pk}é’me@% having a
eed.

contl nuous or perio I nf | ed spent catal yst
is fi rssbldtleacshﬁdas‘ﬁ1sanet1meldawk:siﬂ1andOg)pm anrmbthier ehbohereda lagl 63 pgnvessel

in which a nia and air_ are sup |nd eac actions. After

| eachi Y nwsfa%w%rﬁmdlﬁ?naé%é %ﬁwiww@w%%w%a sol i d
separ at| on 9[b§(§[\{| 1B ogeniaihad, o”mé&in‘ %éa% SelhesGRRLiBh B RYoLialksh marrrmnl um
met avanadat e (NFL VO3). The PLS 153tream renmoved from separ at or

subsequsenln Hglhmmeaqiemmdq)usemmdetda[brm@mémlm st h the addition of a st rong

pr e rg: tf’jlttC : gRg gt Zﬂ*efﬁs?ta@utc tﬂ)rgg'gﬁ I?rﬁ]i?ﬁls %1 ggﬁgﬁgﬁﬁ?gﬁféﬁl@s@gﬁa lvegener ating

a resi dugies eﬁ&n%%n%@b@%&ﬁhlhgb@t ﬂwuma@u% thR-spAdl o tlﬁé&ﬂlﬁl@antaﬂ&jfe%dp“ mary
filtrate (CAS). The slurry after acidrepulp is subject to | i qui d-solid

separ atflonraie.epn g5 crgearbmant Hig teafsuant 19 for atdlasrb AiretAnt tiae aﬁiﬂ yhddese filter

cake. Y, ute 40,
yi el di n“gl%% 1t3t15’1? ae%%oﬂcf%%g&\éﬁlg? X\ﬁ%ﬁ gsje euts0 ed i h A car%1 Qtf tggln Sﬁu*é]ies step
80. Thenehiy fnl’eaill aalfsrt@geﬂseﬁepaﬂlaéffﬂcuﬁ@hgmblybg oa@lﬁleainette aﬁdlexmaitidimfyfre‘el ltrate as

feed to the sulfidation reactor [6 The sul fided_slurry
di S@harsylidesorth apptherpapbasimentalbe eﬁte@m timg raingfs B Pedaigpics &2 ivotin é’ﬁ"own)

then sepp Pelﬁﬁgdéﬁwg{}ﬂ B2 £RAGorPBme [{for fa{ ﬂe&s‘;{%ﬁﬁgﬁp' THS rEARLA NP9 NS IS

pressure wth air In reactor , or conversion into N SA4,

whi ch dempbetuseninging feone ét)"a] hps?tOO%@ i biesérsbadiment8fromTHod t6 250Caine serond
Clarifie nsul str is fed to stirred.tank reactor 60 that is
dosed Wit ﬁﬁaente%n&ﬁ%% W moHas TheRe IRRRHCntahe tieatmont S Atdg t o

pr onot %r@é@hﬁé%ﬁ‘glﬁé ﬁ%ms}doftb%ﬁ p@%' Batnofer Eﬁgg&lﬁéhtﬁﬂb?&swleﬁsa&&ts@ pH diron
hydrol ysis and Teaction. After depressurization shown), the di scharged

sl wsry HBreraddinonofdarnic ieroprd0weparatcoging®f Gmla:r‘élﬂra@d Hﬁb&@édﬂ@h@aymtz(ls DE") or
cel | ul os S a ass st in the separation.. The ¢ i ed .di scharge
Amsul serearrRRDR e R e BRitEr RS he R B e Elas

fertil |s€61'i as FEemolydda@Oluh State CRNL@ItEiaNG tHE INQ.  BRONbS/ i) rebafRs aRt al s, can

be sent off-site for netals recovery, or recycled (not shown) to the | each
st ep 1@ostulated to occur during oxydrolysis andiron precipitation:

[052] Sulfamate hydrolysis: NH4sNH,SOs + H,O — (NH4)2SO4
30 [053] Soluble free sulfide oxidation: S + 20, + 2H" —H,SO;4
[054] Molybdenum precipitation: 2Fe" + 3Mo0, — Fe:(MoO4)ss)

[055] Vanadium precipitation:
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WO 2012/ 024124PCT/ US2011/ 047199 [64] Figure 2 is a block flow

di agram schematically illustrating other enbodinents to recover netals from
spent hydwvoporoeseing catal yst. In one enbodi nent as sheem/USGAORTIberat e
fromseparator 55 is first sent to oxydrolysis tower 60 for oxidation of
soluble free sylfides and hydrol ysis of residual amonium sulfamate to
Ansul . The d61 utiVéh T 308lepr Es¥Orl@ediAhndcool ed (not shown) prior to the
addition of ferric iron in stirred tank reactor 45. The discharged slurry
streamis sa@Re t-o6vOpapaFe(V6H;as shown in the previous Figure. In one
enbodi mrent as shown, at |east a chelating agent is added to the wash water
in the filtr[@fblornret @pcighatidnor the renoval of Group VIII conpounds such as
Ni double salt fromthe precipitate, obviating the need for repul ping the

oregi pi 2t . Tt prGl MIGHSGaL6L 09, 18, AGIRR) um octam ybiat e can be

di ssol ved wt ute ammoni'a in mXxi yi el di ng anmoni um

nol ybdat e t tqs«q; De Mssl b L el Yot 31§ esi s step 80. [ 65]
EXAMPLES: T%z 0 %\% ng | H}s_t)r an[él ve ée/)xa%rp esﬂé)re i ntended to be
non-limting. [66] Exanmple 1: A Ni-M slurry catal yst as descri bed

in S Pat entrops.1n 643 ER4dikRn R ifjé3ld o é}gesreyc?&dprbﬂlo?es @ﬁ%atlg lbhd HBQr ade

process as described in US Patent 'No. 7390398. The spent catal yst underwent
a deoi |hydoplptiemdsoxmilizey frecosul findes pn dedded Amsdesieninbeld is postubitehthehthe Non

7790646, .generati.ng a.deoil.ed solids, coke praduct containing netal

i 11 dei g ot eidSh R Eplorasd B Budipeddd s mis e B v

sul fi dggsor@sic FUREGPRAc RriafRith AcaheaRy @Reds e | eaching, |iquid-solid
separation, acidification of the PLS and 20generation of a filter cake and

a primry fil08%latla themext pep.the ylufryyiStream eondeiningi heevy mstal pregipita@edongpm t ot al
sol ybl e . N, V eci es, and, an. Ansul onf ent of L.
oA P anslsontf REROE SN0 QTR RUBBL R lraR BN R EB 1 1o it hot

80C aciteinptratira\et &°Car 1¢¥klpAot @ 1FuidsolidQeparatidres to sol ubilize entrained
ammoni um sul fate and permt renoval of the soluble double salt of N ckel

sul fate and [QaModners swbediment, feoxydiolxetsind QA der§BEIBE §6PS AC perdRimed

separ at I r I :

R Rl e G R L N
600 pproxtydtohysis toalofur oRRlageh ofNiolerid frac eulfidesld hydtolysisolf resiSudl sempueridmt o
liquid-solid separation, the purified octanol ybdate cake is solubilized in
amni é?ﬁjf‘mé@@ ?\@Syﬁ-eﬁaﬁ ARPERAY T Sy BRRALEMEH S EHEFS P WA B PTRRFTUBTEPy st

synt hesthérafngé of 850 D8HORY, QEES BiRire 3RS0 ﬂ_ﬁﬁ’hlethé SIS Jrigeqensgntrat i on

of heavy netfals in the filter cake prior to and fgllovm ng repul ping and the
anount AvhsiHealyionelaivengpssbiblyed (¢.pt devoheé of fré¢ sudfides afitl suldarnaenis ni mal

| eachi ng _of M V. fr he -Ni__repul cake_wi t p i el.y 90% Ni
and AP e 68 BieTeords h (o Steb Rt BEReERTT sl D ER RN omshea
sol i ds ddgitRnCPREEE UENER] Bhinfa@(Fa\hethePre JBSEte@PHIBRat NeasB RSty MERUhinlfe@M t he
cake. WD 2012/ 024124PCT/ US2011/ 047199 Table 1
25  prior to liquid solid separation.
[060] Liquid solid separation can be done by methods and apparatuses known in the
art, ¢.g., via the use of an inclined plate settler. The metal precipitate in one embodiment
may be slime-like in character. In another embodiment, the precipitate may be in the form of
suspended matter as fine particulates. In one embodiment, the liquid solid separation is
30 achieved via “body feed” or addition of a material such as calcium silicate or diatomaceous
carth or cellulose. In one example, the slurry containing the insoluble metal complexes is body
fed with 1,000 — 20,000 ppm of diatomaceous earth. The diatomaceous earth provides a matrix
for agglomerating the fine particulates together, assisting solids settling through the use of an

inclined plate settler. In one embodiment, the inclined plate clarifier overflow stream at an

35  Amsul concentration of 10-40 wt% contains less than 10 ppm each of heavy metals such as
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Mo N V Ansul Unwashed Filter Cake (\t% 24 3 0.05 27 Washed Filter Cake
(wt9% 57 0.8 0.1 6.3 Filtrate (% dissolution) 0.2 90 8 90
WO 2012/024124 PCT/US2011/047199

soluble Mo, Ni, V, etc. In another embodiment, the clarifier overflow contains less than 5 ppm

cach of heavy metals. The purified amsul can be used as a fertilizer meeting industry grade

specifications. Clarifier solids containing iron, diatomaceous earth or cellulose, etc. and low

levels of Mo, V, etc., can be shipped off-site to a metals reclaimer, or recycled to the front end
5  of the circuit for metals recovery via ammoniacal pressure leaching with spent catalyst.

[061] Reference will be made to Figure 1 which is a block flow diagram
schematically illustrating an embodiment of a process to recover metals from spent
hydroprocessing catalyst. The process as shown comprises of a number of processing steps,
with one or more of the steps operating in a batch flow mode, a sequential mode, or a

10 continuous flow mode having a continuous or periodic inflow of feed.

[062] Deoiled spent catalyst is first leached in autoclave 10, e.g., a multi-chambered,
agitated vessel, in which ammonia and air are supplied to induce leaching reactions. After
leaching, the leach slurry is depressurized and subject to a liquid-solid separation step 15,
generating a solid residue containing coke and ammonium metavanadate (NHsVO3). The PLS

15  stream removed from separator 15 is subsequently subject to precipitation step 20 with the
addition of a strong mineral acid to adjust the pH. The slurry generated from the acid
precipitation step undergoes liquid-solid separation in step 25, generating a residue, which is
subjected to a hot acid re-pulp step 30, and a primary filtrate (CAS). The slurry after acid-
repulp is subject to a liquid-solid separation step 35, generating a purified ammonium

20  octamolybdate filter cake. The cake may be dissolved with dilute ammonia in mixing tank 40,
yielding ammonium molybdate that can be used in a catalyst synthesis step 80. The filtrate
from separator 35 can be added to the primary filtrate as feed to the sulfidation reactor 50.

[063] The sulfided slurry discharge from sulfidation reactor 50 is first depressurized
(not shown) then sent to separation zone 55. The filtered solids containing NiS is pressure

25  leached with air in reactor 70, for conversion into NiSQOj,, which can be sent to a catalyst
synthesis unit 80. The filtrate or Clarified Amsul stream (CAS) is fed to a stirred tank
reactor 60 that is dosed with Fe ion. In one embodiment (not shown), air is injected to
promote soluble free sulfides oxidation together with sulfamate and iron hydrolysis and
reaction. After depressurization (not shown), the discharged slurry stream is sent to

30  separator 65, where diatomaceous carth (“DE”) or cellulose is added to assist in the
separation. The clarified discharge Amsul stream with less than 5 ppm of heavy metals may
be used as fertilizer. The iron solids, containing minor amounts of base metals, can be sent

off-site for metals recovery, or recycled (not shown) to the leach step 10.
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[ 069] The conbined primary and secondary filtrate stream contai ni ng about
530 ppm Mo, 55 ppmV, 5.6 gpL NI and 365 gpL Anmsul is sent to a sulfidation
react or operatymgi2at 40 5 kPag (6 psig) H2S over pressur eCarus2@ 1eTper at ur e
of 80C for 1 hr., resulting in Ni renoval to less than 2 ppm and with

| ubl e Mo V i.n the A tre f t 1100 . Tabl e,.2 depi ct
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Sul fidation Head
filtrate from separator 55 is first sent to oxydrolysis tower 60 for oxidation of soluble free

sulfides and hydrolysis of residual ammonium sulfamate to Amsul. The solution is

5  depressurized and cooled (not shown) prior to the addition of ferric iron in stirred tank reactor
45. The discharged slurry stream is sent to separator 65 as shown in the previous Figure. In
one embodiment as shown, at least a chelating agent is added to the wash water in the
filtration step 25, for the removal of Group VIII compounds such as Ni double salt from the
precipitate, obviating the need for repulping the precipitate. The precipitate containing

10  ammonium octamolybdate can be dissolved with dilute ammonia in mixing tank 40, yiclding
ammonium molybdate that can be used in a catalyst synthesis step 80.

[065] EXAMPLES: The following illustrative examples are intended to be non-
limiting.

[066] Example 1: A Ni-Mo slurry catalyst as described in US Patent Nos. 7737072

15  and 7737073 was used in a heavy oil upgrade process as described in US Patent No.
7390398. The spent catalyst underwent a deoiling step similar to the procedures described in
US Patent No. 7790646, generating a deoiled solids coke product containing metal sulfides.
The coke containing appreciable quantities of Mo, Ni, and V sulfides was subjected to
ammoniacal pressure leaching, liquid-solid separation, acidification of the PLS and

20  generation of a filter cake and a primary filtrate. The primary filtrate contains less than 1000
ppm total soluble Mo, Ni, V species and an Amsul content of about 450 gpL.

[067] The filter cake is repulped to between 25 and 35 wt. % solids with hot 80°C
acidified water at pH 2 to 3 for 30 minutes to solubilize entrained ammonium sulfate and
permit removal of the soluble double salt of Nickel sulfate and ammonium sulfate. The

25  mixture undergoes solid-liquid separation, generating a purified octamolybdate cake and a
secondary filtrate. The secondary filtrate contains low levels of Mo and V (less than 600 ppm
total), about 20 gpL Ni and around 100 gpL. Amsul. Subsequent to liquid-solid separation, the
purified octamolybdate cake is solubilized in ammonia at 60°C to yield ammonium molybdate
and transferred to catalyst synthesis for further processing.

30 [068] Table 1 shows the concentration of heavy metals in the filter cake prior to and
following repulping and the amount of heavy metals dissolved into the filtrate. There is
minimal leaching of Mo & V from the Mo-Ni repulped cake with approximately 90% Ni and
Amsul dissolution. The increase in concentration of Mo in the washed solids is a

consequence of removal of most of the Ni and Amsul from the cake.
14



MoN V Sul fidation Tail (ppnm) 530 5,600 55 78 <2 15 10[070] The hot

sul fided slurry discharge is depressurized through a flash drumwth baffle
trays, towbaeero2schuble free H2S content to <60-ppm an@Ctrhiseomfed/vo a
clarifier unit. The clarifier underflowis punped to a filter press with

t he fiIteredEE%JLds bei ng washed with fresh water to renove any adhering
Amsul and sol sul fides; the washed solids are then repul ped to a
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depicts metal removal efficiencies.

Table 2

Feed H,S Overpressure Temp Rxn Time pH

Type Kpa (9] (min)
Primary + .
Secondary Filtrate 40 (~6 psig) 80 60 6.5

Mo Ni v Mo Ni v

Sulfidation Head (ppm) Sulfidation Tail (ppm)
530 5,600 55 78 <2 15
10 [070] The hot sulfided slurry discharge is depressurized through a flash drum with

baffle trays, to lower soluble free H,S content to <60-ppm, and then fed to a clarifier unit. The
clarifier underflow is pumped to a filter press with the filtered solids being washed with fresh
water to remove any adhering Amsul and soluble sulfides; the washed solids are then repulped
to a density of ~20-wt% solids. The repulped NiS slurry is acidified to a pH ~5, and introduced
15  into a reactor for pressure leaching with air at 165°C and a total pressure of 1,100 kPag (160-
psig). Complete conversion of the NiS solids into nickel sulfate occurs within 3-hours with the

product solution at an acidic pH of less than two.

[071] The clarifier overflow stream containing less than 100-ppm soluble metals and
365-gpL amsul is feed to a stirred tank reactor at 230°C and 450-psig. The reactor is dosed
20 with 2000-ppm Fe" (as ferric sulfate) ion, with the pH being maintained around 5 with
ammonia or sulfuric acid for 60-minutes. Air is injected to promote sulfamate and iron

hydrolysis, and oxidize free sulfides in the Amsul stream. The iron oxides and oxy-hydroxide

15



Feed Type Fe+3 (ppm) Tenp (C) Pressure (psig) Rxn Time (mn) pH Oxydrolysis
Feed 2,000 230 450 60 5 MoNV Oxy/ Fe Precipitation Head (ppm MN VFe
WO 2012/024124 PCT/US2011/047199

precipitate formed adsorbs and co-precipitates insoluble iron complexes of Mo and V. Table 3

portrays oxydrolysis and iron scavenging conditions and metal removal levels.

Table 3
Feed Fe' Temp | Pressure | Rxn Time pH
Type (ppm) | (°C) (psig) (min)
Oxydrolysis Feed 2,000 230 450 60 5
Mo Ni A% Mo Ni A% Fe
Oxy/Fe Precipitation Head (ppm) Oxy/Fe Precipitation Tail (ppm)
75 <1 15 <1 <1 <1 1

5  The discharge slurry stream is depressurized and flashed to 80°C, then body fed with up-to
10,000-ppm of diatomaceous earth to assist in solids settling through a lamella inclined plate
clarifier. The clarifier overflow stream at ~34-wt% Amsul concentration contains less than 5-

ppm each of soluble Mo, Ni and V.

10

16



Oxy/ Fe Precipitation Tail (ppm 75 <1 15 <1 <1 <1 1 5The discharge slurry
streamis depressurized and flashed to 80C, then body fed with up-to

10, 000- ppwoabidizat2emaceous earth to assist in solids setclriusgoitiiosnagh a
lamella inclined plate clarifier. The clarifier overflow streamat -34-w%
Ansul %ﬁy{gration contains less than 5- ppmeach of soluble Mo, N and V.

10 WO 24124PCT/ US2011/ 047199 CLAI Ms: 1. A nethod for
recovering netal sy ffﬂe%dafmsf%%merﬁ@trﬁétéﬂ%tfrorﬂg' éﬁ%aﬁ gstcﬂl%%ét§dd‘ébmﬂr%%f§" ng a
Goup VIB netal, a Goup VIIl netal, and metal, from

used cat al yslt:aqmrtgm @rouaﬁﬂ&matah@r(ﬁraulm’\/ﬂlj nh@dcmctmeupo\ﬁBametd fremgke at ur e
and a pre sagre 55 fficient.to orm sure ach s %i

separ at'® F@ i’ﬂ HYMOBI Gn Elc}lil%l Wf%aé 3?188%‘}“&6‘1‘ a8 ry to

form a ngf%ﬁéﬁ&@fdrﬁﬁ@ﬂeﬁf&kh&ﬂslwpr | Si ng a Goup VIB soluble nmetal conpl ex
and a Goup VIl soluble metal conplex;
separating and removing solid residue from the pressure leach slurry to form a
pressure leach solution comprising a Group VIB soluble metal complex and a Group VIII
soluble metal complex;
treating the pressure leach solution by chemical precipitation to precipitate at least a
portion of the Group VIB metal and at least a portion of the Group VIII metal as metal
complexes;
recovering the precipitated metal complexes by at least a separation means selected
10 from settling, filtration, decantation, centrifugation and combinations thereof, forming a first
effluent containing less than 600 ppm of the Group VIB metal and less than 400 ppm of the
group VIII metal and a solid residue containing at least 97% of incoming VIB metal and over
80% of incoming group VIII metal;
sulfiding the first effluent with a sulfiding agent to form a sulfided slurry comprising a
15  Group VB metal sulfide and/or oxide, a Group VIB metal sulfide and a Group VIII metal
sulfide;
separating and removing the Group VB metal sulfide and/or oxide, the Group VIB
metal sulfide and a Group VIII metal sulfide from the sulfided slurry, forming a second
effluent comprising a Group VB and a Group VIB soluble metal compound;
20 contacting the second effluent with an effective amount of ferric ion at a pre-select pH
for the ferric ion to form a complex with the Group VB and Group VIB metal;
performing a liquid-solid separation to remove the Group VB and Group VIB metal
complex as solids, forming a third effluent containing less than 5 ppm of the Group VB metal
and less than 5 ppm of the Group VIB metal.
25
2. The method of claim 1, wherein the contact with ferric ion is carried out at a

sufficient temperature and pressure with acration for oxydrolysis to take place.

3. The method of any of claims 1 - 2, wherein the contact with ferric ion is at a

30 pre-select pH between 4.0 and 8.0.
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treating the pressure |l each solution by chemi cal precipitation to
precipitate at least a portion of the Goup VIB netal and at | east a
porti on obothe/@iap VIII1 metal as nmetal conpl exes; rec®CEMSA 1A
preci pitated nmetal conplexes by at |east a separation neans selected 10

fromsettling, filtratjon, .decantation,, centrjfugatjon and conbi nati ons
thereof, forhing Taberm?tb?(? %ﬁﬁﬁlﬁéﬂr%ﬁpﬂwrﬁa%@gphﬁﬁe@mnéérﬁn&fi%-he G oup
VIB netal and | ess than 400 ppm of the group VIII netal and a solid residue
containing at |east 97% of incomng VIB netal and over 80% of incom ng
group VI rfetal ;The method ofarlyfafdiags tl ke, Mhewin dkcbuteettduning loxpdrelyisisiislaing
agent to forrrgl][ae%ytlfl d §I%g§({g/ conprising a 15 Goup VB netal sulfide

and/ or HXI"HE Sup? sulfide and a Group VIIl netal sulfide;
separating and renoving the G oup VB netal sulfide and/or oxide, the G oup
VIB netal sulfide and a Goup VIII netal sulfide fromthe sulfided slurry,

fornmi ng a sdcond Erefmetbed otanypiickiing la 2onvbarsingbe gaataet drivg oxBlsHI BBl e
nmetal co und: tacting the second effluent with an effective anount
of ferraiépgé)sbl%%ftﬁg%g)r@é&sgél ect pH for the ferric ion to forma conplex with
the G oup VB and G oup VIB netal; performng a liquid-solid
separation to renpve the G oup VB . and Goup VIB netal conplex as solids,

formng a thrd effmehed elbayafsiags leds Whaisin Be pipirittadiactel o lomss net al
alndloI eSs ré\ﬁﬁ%}eg’ by @iwa‘?lfontaﬂﬁ v&%&%&ﬁ%(ﬁ ahEbAbreiRe wash wate? cohPfisd¥at g Of
1, e contact wt

claim ereint érric ron is carried out at a sufficient
t enper athalaengagenpr essure with aeration for oxydrolysis to take pl ace.

3. The method of any of claims 1 - 2, wherein the contact with ferric ion
is at a 30pre-select pH between 4.0 and 8.0. WO

2012/ 024124RCT/ USERIALAGT 488Qaim 7, wheréin tﬂ@@ama&dhégfpﬁllaﬁ%ﬁg%mm%rtgi n the
4.5 and 5.5. 5. The ne

pre-selected pHis between 4.5 . . The hod of any of

cl ai s 310,-an@ whetren dicrwashevatorvoarinsdur 2hyt. O pldrohglgiing dgenat a tenperature
betl\geen 150 - 300C 5 6. The nmethod of any of clains 1 - 2, wherein
thecontact during oxydrolysis is at a pressure of 300-600 psig.

7. The nethad of BHYm&ho&bRiIAEn 1, wheteinWhe CREIRtitd @cRf B GEIREtL@ TR B leAlup
conpl exes 10 is recovered by filtration and water washed, and wherein the

wash wetfelormisrsid, gedficacid, peppionac atiél malpisgcilg@mparic acid, succinic acid, tartaric
acid, citric acid, oxalic acid, glyoxylic acid, aspartic acid, alkane sulfonic acids, aryl sulfonic
acids, arylcarboxylic acids and mixtures thereof.
20
10.  The method of any of claims 1 - 2, further comprising repulping the solid

residue with acidic wash water.

11.  The method of claim 10, wherein the solid residue is repulped with acidic

25  wash water having a pH in the range of 2.0 to 3.0.

12.  The method of claim 10, wherein the solid residue is repulped with a sufficient

amount of water for a slurry density of 20-40 wt. % solids.

30 13.  The method of any of claims 10 - 12, further comprising separating and

removing the solid residue to recover the wash water as a filtrate.

14.  The method of claim 13, further comprising adding the wash water filtrate to

the first effluent for sulfidation with the sulfiding agent to form the sulfided slurry.
18



8. The method of claim7, wherein the wash water has pH ranging from1l1l.5 to
5.0, and wherein the wash water contains 1 -20 w. % of a chelating agent.
9. The newbadi2oiR24rhai m 7, wherein the chel ati ng agent i #C3alseattipd71hby om t he
group of formc acid, acetic acid, propionic acid, maleic acid, fumaric
acid, succinic acid, tartaric acid, citric acid, oxalic acid, glyoxylic
acid, aspartic acid, al kane sulfonic acids, aryl sulfonic acids,

ar yl car boxyl jsc_actiiSnansl BF iy Breith8"- 200 hercin the sk@nd BigyciELRaAh @f any of
clains 1 - 2, further conprising repul ping the solid residue wth acidic

wash watrewght in contact with ah kffcFime ammm@ df tfriciomifor dt0¢ashbi@roeif tha GewupdB d

residue_i.s rep e i th,aci di ter Hin range of
20 ¢ o maetd andht 1SSl bR GeRbE TR 3 B et Ve iR e Sl ¢ oot due i s
repyl pednwidhwah Méftbirlift amount of water for a slurry density of 20-40
w. %solids. 3013. The nethod of any of clainms 10 - 12, further conprising

separating and renoving the solid residue to recover the wash mater as a

filtrate. The t ajml [ wash
water 111 tr e toeracned ot S Pt Mo ROTRIT MR N e, o ng
agent tgnfaor with Bﬁ cffedtivicdaduat off fEMlc ioM\Er20 1&5@25«% SARCTbR2 Q’Blﬂl%yélﬂﬂat

15. The nethod of any of clains - 2, wherein the second effluent stream

i s brodest 75 of g Graupvi HBrmetal f@rbeéempv@ Bniomngom ipgtyble complek grithehe | east
509%, Ofd%ﬁﬁ’$SOUp VB netal and at |east 50% of the Goup VIB netal to be
renove orm ng an insoluble 5conplex with the ferric iron. 16.
The nethod of claim 15, wherein the second effluent streamis brought in

contact with _an fect] of ferric ion at | east, 75% of the
Group VB net'dr a capethedafe "’Plgb/j PherRn &50GHO %ﬁ%&téﬁe% IORE Y ed by

form ngoanci RRRhyRffEtRRMR RNt ¥ fehidiBR 3k ki S0oh bPhe Group VBLhetall 3R YT hod
of claim 16, wherein the second effluent streamis brought in contact with

an ef f detst 9@¥arthmGroup VB metel fodre rempvert by Fasingdovingflullheo@plos pviiBheret al

and atgleast 90% of the G oup VIB netal to be renoved by form ng an

i nsSl ubfF8'tipl ex with the 15ferric iron. 18. The nethod of any of
clainms 1 - 2, wherein the second effluent streamis brought in contact with
an effective amount of ferric ion for the ferric iron to forminsol uble
conpl exes wil8h t Heheanghed v cimsp -\ Bhﬁ@nraﬂhe aseonfl gftlyonest@asuis VB and

G oup \{)rgug%g r?f:éo%taclt Qv1t%%|11%tff68 etagn&ﬁ‘lt éf R h f101e the ‘ferric iron to form insoluble
complexes with the Group VB and Group VIB metal and for the Group VB and Group VIB

20  metal in solution to be 5 ppm or less.

19. The method of any of claims 1 - 2, wherein the effective amount of ferric ion
ranges from 6 to 50 ppm of metal cation to each ppm of the Group VB and Group VIB
soluble metal compounds in the second effluent stream.

25
20.  The method of any of claims 1 - 2, wherein the ferric ion is selected from

ferric sulfate, ferrous sulfate and ferric chloride.
21.  The method of any of claims 1 - 2, wherein the second effluent stream is set to

30  the pre-selected pH prior to contact with ferric ion by adding sulfuric acid or ammonium

hydroxide to the second effluent stream.
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19. The method of any of clainms 1 - 2, wherein the effective anmount of
ferric ion ranges from6 to 50 ppmof netal cation to each ppm of the G oup
VB and GwopoM@4rel ubl e metal conpounds in the second etCfluseorti/ostipeam 25
20. The net hod of any of claims 1 - 2, wherein the ferric ion is selected

fromferric sulfate, rro | fate and ferric chloride. . 21. The
met hod of arf?- of %heam 0d 0 anzot%\mL?émé. n%ﬁéﬁ@ée%m%% q“fbéwmgmeessﬁ% set to
30 the r ul furic
R %Saﬁ%“ﬁ%%%S%ff?l%”s’f‘“%%aé“‘*‘sta?? PSR Ry o ek

2012/ 02142 4POT tdSHidkc1ih @ 4heleeoRRefThent mathhandefGfctiamymotdnt off &rms idn. - 2, furt her
conprising subjecting the second effluent streamto aeration at a
sufficient tenperature and pressure for oxydrolysis to take place prior to
contsacting the segpnfctgbd br@hiin Y2, twheddin ﬂ{efs%ééﬂd@ﬂaémﬂéar@aﬂ&edx@ufows@@

523. The nethod of claim 22, wherein the second effluent stream after

oxydr ollygwed down sl ettnpeature of &ss thapdPAtQporgp chrtgetingthe secoocefihicor t o
contact‘;”t fﬁ%cpggnduﬁﬂggue@goynth an effective anount of ferric ion.

24. The ?h o] "WHerein the second effluent stream after
oxydrolysis 10is cooled down to a tenperature of 60-70C prior to contacting
the second effluent with ferric ion. 25. The nethod of any of

claims 1 - 24 whekheimethodobdpnni. Whordin theescerndrqtHueny strpagn aer %ywlw&n ent
anpynt 19%(?31&?&0&/ fo @{Van{ re%?%/@-%) ¢ P@gﬁo%‘dﬁtayﬁ%%gl %}%Inﬁ Wﬁ% wﬁt £.0% m an

15i nsol ubl'e co ex erric od o any

cl ai s idn.- 2, further conpr|5|ng aerating the second effl uent strean1mhlle
it isin contact with the ferric ion. 2027. The nethod of any of clainms 1 -
2, wherein the |iquid-solid separation to renove the Goup VB and G oup VIB

i nsol ubl e netsal Cﬂ%@cﬁ@@ of éﬁljy_lvdf%lﬁi'ﬂs iinel 'w'ﬂ%npﬂh@tcgnt%@ct\;/llﬂ?{he ferricionis 29

The nmet hod of any of clains , wheréin the solids containing the Goup
25 VB dnda @fﬁupnmrBDMDﬁtlm(fnmtée@esS (% ol dutyGroep MiBtshlubic metabto fone anf

aIC|un1shI|cate |a%§Ha geous earth, and cell ul ose. 30. The
metRod BTN Sypbler Atghq Frmsion, ne i n the first effluent streamis
sulfided with a sulfiding agent selected fromthe group of hydrogen

sul fide, amonium sul fide, 30 NaHS, Na2S, and m xtures thereof
26.  The method of any of claims 1 - 2, further comprising acrating the second

effluent stream while it is in contact with the ferric ion.

20 27.  The method of any of claims 1 - 2, wherein the liquid-solid separation to
remove the Group VB and Group VIB insoluble metal complexes is via an inclined plate

settler.

29. The method of any of claims 1 - 2, wherein the solids containing the Group
25 VB and Group VIB metal complexes is body fed with at least one of calcium silicate,

diatomaceous earth, and cellulose.
30.  The method of any of claims 1 - 2, wherein the first effluent stream is sulfided

with a sulfiding agent selected from the group of hydrogen sulfide, ammonium sulfide,

30  NaHS, Na;S, and mixtures thereof.

20



