1 "Method for the Extraction and Recovery of Vanadium® Field of the

I nvention The present invention relates to a nethod for the extraction and
recovery wb2vmnasdsam Mre particularly, the nmethod of Phe/AiRes00519
invention utilises a hydronetal lurgical route for the extraction of

vanadi um fromits ores. Background Art Traditional y, vanadiumis ext ract ed
and recovered fromits ores through a pyrornetallurgi cal process that

i nvol ves a salt roasting step foI | owed by vvater | eachi ng. Environnent al
concerns ar e ‘{Methodfg iractien apdiRgeove bVar ’'hose wishing to

est ablish new m ner al processi ng- operatlons and t hose processes that
require roastin re often than not emt products that have an o

over whel mi ngllitel%bghthe\lavemm onnment al inpact: Hydrometal | urgical options
for the extraction and recovery of vanadiumfromits ores have not been
explored to date, ;as a rule, as a result of difficulties in both the 15

| each step anth& néese@émoetrelﬁtew\m iR medad farotheeg¥iradling ardt 6e&averY iof on
is typically ac I t S
present, such&gsaa%n@g/ bﬁeﬂ%flE \L,Pl’ld ﬂ?&l ;tg%grﬂgtgﬁlé“@?gwe: ytp%ygrgbsveﬁllﬁﬁsgglesghﬁs in
concer ns Segandirergetadungidal Wuty fastheaytractiac lof sanadivredone ity opsocesses. | ron
is co-extracted with vanadiumin the acid | eaching since 20 vanadiumis-

| ocked as solid solution within the t|tanonagnet|te matrix. Mnimsing the
di ssol uti on dBaskgsaund Arti d |'eaching is ‘often a chal | enge wi t hout
sacrificing the extraction efficiency of vanadium Sol vent extraction

requi res that_the solution pH be adjusted prior to the solvent extraction
step. This ofTréﬁltlpeelbl t@nadiunhds cextipciad @ndatqconersd fiogh itgnarepatiglama

pyrometallurglcal process that mvolves a salt roastlng step followed by water

leaching. Environmental concerns are becommg of increasing importance to
‘.'10 those wrshlng to establish new mineral processmg operatlons and those
',processes that require roastmg more often than not emlt products that have an

' 'overwhelmlngly negatlve envrronmental |mpact

“ ‘ Hydrometallur'gical options ifor .‘the. _extraction and ‘r_ecove,ry of vanadium frorr_t its
ores héve not been explored to date as a'rule-' as' a result of difficulties in both the
15 leach step and the recovery step. With regard to leach and recovery, iron is
' typlcally co-extracted with the vanadium, and trtanlum |s often also present such

as may be found in tltanomagnetlte type ores..

o ~ This results in concerns regarding ,sel‘ectivity_ of any leach and _recovery
~processes. lron is co-extracted with‘Van'édi'um in the acid leaching since

20 = vanadium is locked as solid soldtion within  the ?tit'a’noma'gnetite matrix.

| '.~M|n|m|smg the dlssolutron of iron in “acid leachlng is often a challenge without .
- sacrificing the extractlon effi crency of vanadium.

Solvent eS(tractionzrequires'that the __solution pH be adjusted prior to the solvent -
~ extraction step. This often results in the co-precipitation of iron and vanadium.



Renya et al (Renya et al., Solvent Extraction and |Ion Exchange, Vol. 21.,
No. 4. pp. 573-589, 2003) conducted a study for solvent extraction of
vanadi umweizog/@dy@nex 923. However, there is no discl osece/aaf2011200031b |
process fromleaching to purification st eg]_by sol vent extraction _
and' stripping and the recovery of vanadi uArby precipitation. Furthernore,
nultrple stri-pping agents are required which may involve extra processing.

cost in a fulRensgRbealqPehijal éial., 80flicht BRghdtion daylop Exehbh@é, Vel 2£¢ Moy C -
viability of a hydrometal l'urgi cal route for the extracti on and recovery-. of

vanadi um an®PaRy 328802088k eonductash stydyt farsolveat extsactioncef b%lﬁﬂmrliﬂ% 10
The met hod Ony%E Qsepltovdeogre'ﬂldé@rls %Sd@ao%m@ PR l%ﬁt ré&%%erPémirga&Y

subst anti al | ovenent i ohe r obl ens the p art east
provi de a usoﬂuﬂcaiionatﬂabv \selvehleeﬁtao;tlon Bhd' smmmmjamg thel eecovsriyof vahadiae

backgroun ar nde cilit nder e _present -
i nventi. ongonlby dféﬁh Qé sﬁé‘i‘ﬁ%{l"?‘i@ lii%t?"pi%%?t?gﬁiék?ﬁs)‘tll?%g %Eq())fure Wlagtr]n"%%y 1 on
that any of tir’m;lvwéﬁrambcewtmcminafulss@lemamrt of the common general
know edge as at the. pri orr ty date of the application. Throughout the - :
specrfrcatron and cl ai-ns, unless the context requires otherw se, the word

‘conprise"- o#\ddaronally e:11:7 mteuhtraiﬁor‘ econoniis Ebility of adtyrlrometaljiirgroal Irdiutbefor
under st ood t t he i,ncl usi on, of state i nte of | nt egers
but not 20t fhe ERiAkenamdgreRyy 8 foedifh Arefery SRSa e e gite

Di scl osur e ohot beerl BeRBhstedted.N accordance with the present i nvent | on there
is provided a nethod for the extraction and recovery of vanadi um f rom | ts
ores, the nethod characterised by the steps of: WO

2011/ 143689P¢ﬁéAM%ﬂth Q0@ Presedt invention has as one object thereof to overcome

substantially the abovementloned problems of. the prror art, or to at Ieast provrde a
useful alternatlve thereto '

. The preceding discussion of the background‘art is 'intended to facilitate an

~ understanding of the present invention only This drscussron rs not an

15 acknowledgement or admission that any of the material referred to is or was part
| ofthe common gen_er_al knowledg_e as atthe prrority date of the applrcation.

- Throughout the specrfrcatron and ClalmS unless the context requrres otherwise,

" the word “comprise” or variations such as “comprises” or comprisrng will be

_ understood to imply the mclusron of a stated |nteger or group of rntegers but not.
20 "~ the exclusron of any other rnteger or group of rntegers

Disclosure of the lnvention o
In accordance with the present invention there is provided a method for the
extraction and recovery of vanadium from its ores, the method characterisedi by

the steps of: '

- 25 (1) Acrd leachlng of an ore contarning vanadium and |ron to extract vanadium
and iron into solution;



(11) Passing the product of the leach step (i) to a solid/liquid separation
step; (iii) Passing the lIiquid product of separation step (ii) to a

sol vent ewOnacti4e39st ep i n whi ch vanadi um and iron are @exTrAaRIEDIOVFIPO an
organi c extractant fromthat liquid product;. (iv)Passing the |oaded organic
extractant produced in step (iii) to a s{Br—ppl ng step in which acid is used
to selectively and sequentially strip the vanadiumand iron fromthe

organi ¢ extract (ﬁpfpas&ng the bi&u?ﬁ&&h@%dch%téfﬁ@?@'é%ﬂlﬁﬂﬁbw S pdatfon’ $tép;

sol ution of step ( 0 a recovery step one f'orm of the present
invention the ore* contains titaniumin addition to vanadi umand iron. The

aci d | eaching 0§m)$ia§9m§lthe liGuid® pRScRIcRBl eparatibnadtes (il 36 BBt ertfdiohGt@si d
(HCl). ‘More preférab |y, the concentration of NC' is within the raa@ge of

about 20%to 32% (mmn)ch varRdiym apddrasy allel §xtrackrd ke @n wganicRxtastand H@ntt ed
in the range of abauta &r&&’ucﬁﬂc under at nospheric. pressure. The residence
time of the acid Ieacﬁ I's preferably between about 30 to 360 ninutes.
The solids content duri ng acid | eaching is preferably about 20% ww.

Preferably, th t \
ref orabl v | NSGAPIASG 15X 16ARkPBGaRk Sdetcht pidaeanldistep PRSNG|

oxide. .20 ‘Still pRosphi ne oxi anex
preferably, the eﬁtemmtvdmh a@dm ummmmvalww/seqamﬁlx mmmae@% v/ v

organi ¢ sol vent. and iron.from the orgamc extractant; and

V) Passing the vanadium conta\mng strip solution of step (iv) to a recovery

step

10 In one form of the pres'en't- invention the ore’ contains_ titanium in a_iddition to

- vanadium and iron.
~ The acid leaching of step (i) is preferably cbnduc:ted using hydrochloric acid (HCI). -

 More preferably, the concentration of HC! is within the range of about 20% to 32%
(wiw). o | o o |
15 Still preferably, the acid leaching is conducted in the range of about 25°C to 80°C
| ~under atmospheric pressure. The 'residénce time of the_aCid leaching is preferably
betWeeni about 30 to 360 minutes. ‘ The' solids content during acid leaching is
. preferably about 20% wiw. " I |

Preferably, theorgan.ic extractant of step (iii) contains a phosphine oxide.
20 - still preférably, the phosphine oxide is Cyanex 923™.

. Yet,-still pfef_erably, the extractant compriges about 40% viv Cyanex 923™and
. 60% vl/v organic solvent. R : . }



- 4 - Preferably, the aqueous to organic ratio during the sol vent
extraction step (iii) is between about 1:1 to 1:20. Mre preferably, the
aqueous twoanyamB@9rati o during the solvent extraction SCEMU20i1/Pos18 about
1:5. Still preferably, the stripping step (iv) is conducted in a
counter-current -manner. 5 whereby vanadi urdis stripped fromthe | oaded
organic extractant prior to the stripping of iron fromthat .sol ution.

Preferably, tpigreaghi Me%ueeué '?@oﬁdadrcprétfo &lrfiy theVdolent @xﬂéefdﬂ QepqjiRe d

The hydrochloric acld i's preferab % In a concentration of between about
to 4 Mwhen detwegn aboutahiide mrzp TMore pirfotaiis the aaueaysity qsgatie ralin guring a

concentratio ripping iron. The purity of the
vanadi um sol 3’&‘?%%'%%%@2’% g%"'m nggjpﬁtget ween about 76%to 95% The
purity of. the iron solution produced is pr ef erabl'y about 99% Descri ption

of the Draw ngs prﬁfefggp HYf Qﬁ@%? dr?gt/ c‘cfpddctépotﬂ 9%09§ H@ﬂt mdhn¥Ry of

exanpl e onIy eren nt thereo

acconpanybng vdrembylgranadrnm/visr sthppedirfgmm dhd loadesl brganics Beteactdmppnon oy thee
met hod for th extratloin rg%g‘i very of vanadiumfromits ores in
accordance w FPR"P%°§'F%E¢£ ap 'i°5'n Figure 2 is a graph of the
extraction of .iron, vanadium and ti tanl um over various.leach ti rres vm th

10% w w solids _go 6% 3 |.s

a graph of t ﬂ%eg%tﬁla‘ch r?%’?%?%ﬁﬁq gé)u%ﬁ%’tgaz@gt gnr Jm g\%'r'c vaé:rl ous 1each
times with 20 dvdoicril dais iscorefeeatily irt ampeceﬁtmtlen@f bé@earabcR® oto/dMHGen - 5
- Figure 4 is a aph of the_extra n.of iron tum and ti over

various | eactst 't'ﬁ"ﬁ’é% W?ﬂ'“%%"& qcf @g”%@r(ftd B pre;r! ﬁﬁ& Tt ar%pngfan%%@ 20%
W w HCl: 10 . about0.01M when stnppmg iron.

- The. purlty of the vanadrum solutlon produced is preferably between about 76% to
95%. The punty of the iron solutron produced is preferably about 99%

Description of the Drawings
. T_he present invehtion will now _be described, by VWay of example "o‘nl.y, with
15 reference to one e_mbodime'nt'there_of and the accompanying drawings, in which:-.

Figure 1 is a flow sheet depicting a method for the extraction and recovery -
~ of vanadium from its ores in accordance with the present invention;

Figure 2is a graph of the extraction of iron, v'anadium”and titanium'over
: . various feach trmes with 10% wiw’ SO|IdS content, temperature of 80°C and
20 36% wiw HCI, |

Flgure 3 is a graph of the extraction of iron, vanadlum and trtanlum over
~ various Ieach times. wrth 20% w/w sohds content, temperature of 25°C and
- 32% wiw HCI;



Figure 5 is a graph of the effect of A:0 ratio on the extraction efficiency
of 5iron, titanium and vanadi um by 20% v/v Cyanex 923Tm 80% v/ v kerosene;
Figure 6 we2algragh of the effect of HCl acidity on thePppuAtyrigoosianadi um
product recovered from | oaded organic of Cyanex 923 TM and Figure 7 is a
graph of the effect of HC .acidity on thedstripping efficiency of iron and
vanadi um 10 Best Mdde(s) for Carrying Qut the Invention In Figure 1 there

i s shown a met hod Fifuré & ist HQrapti bR Skradhen (0P G@WeLinadiuvoda titamunt @ver t s
ores in accordance W th the present invention. The met hod 10 con&)l ses a -

| each step 12, soN@E@Hs @ﬁ@hﬁﬁﬁsdﬁt%?%é wiw sefigs £ontantlempsptie 2t 85C1andind
iron stripping st 80/1@ ggﬁ?rlor to the leach .step 12 there are provided
both a crushing ci rcwt ‘and a beneficiation circuit 22.- The purpose of
the crushing and beneficiation circuits 20 and 22 are to produce a crushed
ore-with a sizet r o9 thal s

run-of - m ne (ROM “tr%?i ,grgag%gheof F@%‘gedgmgb%tlgr?? tggde)(ﬂga eréﬂg@igncf‘of :
dunped 205onto a 00, mtanupeamdw@a;mn‘ba 2§th vlx1Gyapex H2AM/BE 0l e kerpsam bi n
30. Oversize material is scalped on the grizzly 28. Scal ped ROM ore i s

di scharged fromthe bin 30 using a variable eed apron feeder. 32 and
directed to a jawFigwisifeis @8graph offe effaet of lﬁgﬁeﬁc'@w eeifircryrity i vegpdisnye of

t he incom ng mater BySyHlj scharged onto
a crusher dlgscharEzgdcug?l\eee(%grg}é?éf&g%é\%%h 552%;’%2%%% neat t he agron B

feeder 32 to collect. any spi |l ages therefrom

2011/ 143689PCT/ AU; S Wﬁ; ne
crusher 38 equi ppe WI t h 261% ﬁ%ﬁtﬁ#‘%@@ﬂgﬁ?&la@ﬁ??& tﬁggger éﬁ%%g%rgﬁshed

ore from the cone iron@ideanadiuns then transported to a stockpile 44, with a
capacity of 24 hours, by way of a feed bin 46, vibrating feeder 48 and a
screen 50. Crushed ore is drawn fromthe stockpile 44 by a stockpi |l e

di schargéocorﬁegld\ﬂo'lﬂ(shfﬂ! GarayingdPutiredaventiothi gh pressure grinding. rolls
(HPGR) 54 and 56, arranged in series. The use of the HPGR' is understood to
produce mcro-cracks in the ore particles which ﬁ lows for a significa

t
i ncrease i n JobEEYERAL tharkiisi diewmeniethad dR Rrdheediacker Andr JF5a¥eVethi ng
over convent '\%?\%Hld?ﬂ brbin ¥ ore8 inf Bécdréidrite vﬁih’%@ d?ésé‘r‘l?‘?ﬁeﬁﬁon S IREerRiRA 10

closed circuit wmth a screen 58 cutting at . The oversize fromthe

screen 58 i s curnpisesd leach stepet?, tspweabe)ﬂ@ctwstenew YRANAGHRGSIERPINGSIERVES t he
| i beration of. r{dq?onvgthg@nh%té@ {@ral s. The screen undersize material is
e

transferred in r 62 for a subsequent counter current rougher
nagnetlc Separator 64, being a part of the beneficiation circuit 22.

15  Prior to the leach step 12 there are provnded both a crushmg circuit 20 and a
benefi cnatlon circuit 22.  The purpose of the crushing and benefi cnatlon circuits 20
| and 22 are to produce a crushed ore W|th a size that. is amenable for

hydrometallurglcal processmg

* A run-of-mine (ROM) material 24 is delivered by front end Ioader 26 and dumped_ '

20 . ontoa 600 mm aperture static grizzly 28 mounted over a ROM bin 30. Oversize
matenal is scalped on the gnzzly 28. Scalped ROM ore is dlscharged from the _
bin 30 using a variable speed apron feeder 32 and_ directed to a jaw crusher 34..

_"‘I’he jaw crusher 34 reduces the top-size of the incoming material to about -250
mm. The crushed ore is dlscharged onto a “crusher: dlscharge conveyor: 36
25 Wthh extends underneath the apron feeder 3210 collect any splllages therefrom.



15 Process water is added and the slurry is punped to the rougher nagnetic
separator 64. The crushed ore is beneficiated using counter current
nmagnet i ¢ wopariamedobef ore the concentrate is punped to Phe/Azanliongsst ep
12. It is envisaged that an additional grinding step may be utilised to
produce a product that is about mnus 150 pm dependi ng upon the |evel of
titanium 20 preferred in the residue of the | eaching step 12. 'The smaller

the ore is whgg o?ﬁs‘h'“‘e%cbrb(?s fHaf doﬁaéludiato% epnél erusher 38 eljmbpédiwnhelfeeuw ,
| evel of ‘titaniumin | each residue. Tails 66 fromthe rougggsﬁ%et iC

separat or 64 4Qr%'lqowhtﬁitﬂlgtf§e@§ft%2 | i Higscrushed OfrfropBthgnesne st
recover ed f Orr'apggér?%tghfst%c ifeYad, with™ € &54%%@?%%@;’ &fSa f06dWsin 4B! -

Thi ckener ove ravi tes 'to a process water ‘whi I e underfl ow
74 is punped vitpatira 1e|edgs486nd ‘a'm:remgﬁ@t i Grusbed org isadrewnérqduklwesiockpllew

pur pose_ob 1Y PosiBraBoSHhAe  cdeor 52T A, %y RPoed 38w, nity el e,

vanadi um-and grih@ingirBh9(HRERS 548nd DBealrangddi ingeries.ep 12 is conduct ed in
rubber |ined,” epoxy coated, agitated steel tanks arranged in series. The .

slurry is cascaded t hrough the acid | each train. Hydrochloric acid i's added
to a first. tanle Osd of ] HBGRtibmndelstoanttsptoﬁube n6fh-aratksdinothevare grarticldhe -

d | eachi ducted at t f bet baut 2
For “exanpl ¢ SO SHANS Gt foSREPRE PRERSHrD SILSBRLYN DA beral et ihee

time of betV\ﬁﬁétaﬁlé%ter?@nléacﬁlﬁgonenetsrﬁentlélﬁwmumhglal HCl concentration i's
mai nt ai ned at between about 20%to 32%w w, for exanple at 20% w'w. The

| each tenperature is.able to be 10controlled at about 80 to 85C through

i nsul ati qp angheCRRPiskeodt MPER! SERhoperaled. in Thuset arebit ndthreeacrieborss euttmg .
represented by the equation below Fe304 + 8HCl %§CI 3.+ Fed %f
V205 6HCI --ﬁtzvom 3 Thexpsisize oy thy speeen YhisrRIMeLIOA edPn 20;fer B‘u [ed to

a leach thickepaingdd u'nBrdV@:' tR8 libévation of the valuable minerals. The screen undersize -
material is transferred |nto a feed hopper 62: for a subsequent counter current
}rougher magnetlc separator 64, being a ‘part of the beneficiation crrcurt 22.

15 Process water is -added and the slurry is pumped to the rougher magnetlc '
-separator 84. The crushed ore is beneficiated using counter current magnetic

v separator before the concentrate is pumped to the leaching step 12.

CItis envisaged that an additional "grinding step‘ maybe utilised to produce a .
. product that is about mlnus 150 um, depending upon the level of- trtanrum
120'. ‘preferred in the residue of the leachlng step 12. The smaller the ore is when
| ',passed to the Ieachmg step 12 the higher the relative level of tltanlum in the Ieach

res:due

Tails 66 from the rougher 'magnetic separator 64 a‘re'pumped to a tailings,
 thickener 68 where process water is recovered for reuse. The slurry is thickened
' 25 to 60% solids by weight. Thickener overflow 70 gravntates to a process’ water
‘tank 72 while .underflow 74 is pumped to tallings 76. The magnetic concentrate‘
is pumped to the leaching. circuit for the extraction of vanadium and iron.



15 slurry is thickened to 50% solids by weight. An overflow solution 82 is
gravitated to an agitated netal extraction feed tank 84. An underfl ow

sol uti on W86 206l/13868ped to a feed tank 88 and in turn to Paw/Awninoeiial bel t
filters 90 arranged in parallel. Here the | each residue is washed in a
counter current manner using fresh waterz7kbther |iquor and wash filtrate
fromthe filters 90 are punped to a wash water 20 tank 92 before it is
transferred tThd barpoekadf Bt leash istsp fged tbadktrazt tﬁ@@aﬂmlé%étslnép&fésr detion
step 14.. The leach residue cake fromthe filters 90 is stock 4 and

it is envisag@magdiva apdiieon st Kolutian. dukhe lerehingystee Rs@dc%iug%d lnnmbbee
trat | t St 4,
oot ot e RS BUP IR, MEeP M afid bl AR, TR SRR O

met al uni ts foaspaddrkthresghitheddaid Iecanh |tnama &aqammmm amdrmadded;tmg firstelank

Fon T anic 3o O RS PR R e BRRP SR Feight TGS R0 SR RAT L,

14 in which idt &isefperdthie ah bhvisEH Gbeut .o_sm aatas@rfoe@@m;ﬁe BeLoIREpe
oxi de. Specifi cal I%/é the extractant is provided in the formof a mx of 40%

v/v Cyanex 9ZSMRSPRETBORESSSNICIQEABo¥RCaN adesidepee dme of hatwaee @bauL30 i
organi ¢ tO APk, A)Tl'feaIHtIQI At E@ﬁ&ﬁ%a&?%“ﬁqaﬂm% %‘3@ ? t]vH_l HOSbdtl 31094 ©

5:1. In this step, vanadiumand iron are co-extrac e organi c
phase. . It shdulw%e\ﬂhotf@d exaaplealab 20%6 Wwof Thadeachoternpelatiad eid amedotlbm

e anail r BRI SLatRRk pRfo BT FafH P4 RBiGTEnd BEPk AP Blutfen E%'giﬂ.;

100 is then transferred into a stripping plant, in" which the vanadi um and

ron are sel ofid Kehing FOAKANEChe TRRCEHER B8 dobafigndlgled 1 n @ seauent ia

manner invol vi:ng SeT ool Tve r|p ng o owed by iron.
Stripping is conducted in a counter-current fashi-on wthin each step 16 and

18. The vanadi um 'F%g?,%@'md’%@%;ﬁﬁ%@% aded organi ¢ using HC of

bet ween 15 about to 5M This produces a vanadi um
enri ched sol uti on 102 havi ng a purity of about 81% The vanadi um enri ched

sol ution is. then gpumadslol 3 NRGONE! IH for exanple a vanadium -
precipitation circuit 104 for the produ ctl on of vanadi.um pent oxi de (\V205).

Met al | oaded organic 106 fromthe vanadi um stripping step 16.is then -
cont act ed 20 AvstuiryH® fréf th@tlea%ﬁrst@dmms Burfpdd toa GedtimMhickerereatimplgicR LM

HCl, in the iron stri An iron enriched solution 108 at a

pi ng ste
purity of1® ab(ﬁ}f"b@%‘icg M/p (§°"%E~Y Weisht-erfi exeiowstolitionP2lis @raytatrrhped
to the acid rtS%%t@ié&ﬂe@l @Qﬁ'ac%%n 144y {afk feﬁgeﬂﬁfﬁdﬁﬁlow S&HHidn @qurﬂﬁ'ﬁﬁéﬂ 110

is recycled 110 back to the netal extraction st eF for reuse.
to a feed tank 88 and in tumn to two horizontal be ﬁlters 90 arranged in paraHe’-

" Here the leach residue is washed ina counter current manner usmg fresh water.

. Mother liqguor and wash filtrate from the'ﬁlters 90 are pumped to'a washvwater
20 tank 92 before it is _t_ransférred to the metal extraction feed tank 84 and the solvent -
o extravctiovn_ step 14. The leach residue cake from the filters 90 is stockpiled 94
' _and it is envisaged that this leach tésidué cake may be. used as an 'ilmenite |
. concentrate. ' " |

This purpose of the solvent extractibn Step 14, the vanadium étripping step 16 and
25 iron stnpplng step. 18 are to extract the valuable metal units from the leach -
. -solutlon in-a sequentlal manner usmg the appropnate extractant and stripping
- ‘agents. | | |



25 Amonium chloride is used as the precipitating agent in the vanadi um
precipitation circuit 104. Vanadiumis precipitated as amoni um

met avanadsioen1iNHaa8s+ VOCI 3+ 4NaOH NHAVO3 + 4NaCl + 2H20PCWWAU2011/000519

2011/ 143689PCT/ AU2011/ 000519 9 - After a filtration step 112, the ammoni um
nmet avanadate i s cal cined using a rotary kBl-n 114 operating at about ™
500-550C, to dry the product, renoving the water of crystallisation and to

convert the f%ﬁﬁfmg@f«gge a}egaﬁ%éanaﬂﬁ%uom@&egk(%@autﬂshss% to'thB |

pentoxide is then p r transportation. “Filtrate 116 fromt Il ter
step 112 is . mxtiastion step f#dn mM@‘eﬂanertm amk ofganicr extwtanthéorbexampIe a '

i oot SRBRMRE At et he BARTHE SR FLrd i 1% R,
aci dhr ggelner a40°,®wéquaame>ggz3Wha Oflime/b Qv \egesméteat Twe mmﬁm lthtcbrrcduli:fﬁd at an
pyroyroy5|sar1 I'S unhderstood- to _proceed accaor .to the tollown
reactions® 1(HBRME 30 qquedis &8)2“"4 EHII(% %‘?‘ﬁf?@%o”ilﬂe% 13792@"ﬂ"@|‘%3§\qﬂ gb203
It is to be un@ediep opmatiith afd veh a@é%ee%@ateu%nté ttﬁ'e bwt@bﬁééé)nlpéhcﬁﬁdd |
may . be utilised wthout departin romthe scope of present invention.

Rogener at ed dee aolad taataosh g1 Qfhestion iy 1AadS o6Ite oEgPNinG A bAer SHRGR! £ 0
t he 15hyd | h
val uabl & prodtipt UG ARt ind Cfepaitit! Fob [SOUKAR, B Fohdieed ctot it

descri bed w trbgeeéreh@'mplant%sever al non-liniting exanples. A

metal | urgi cal test work programme was based on an ore fromthe Munt Peake

20proj ect-in the Northern Territory of Australia, the project having an -
Inferred 1IQeso‘hm%a'§ﬁanﬁd avpangs 00805 heuAumsieseshintpi strippingZ8ssti inowhich the

: "vanadlum and iron are selectively separated The stripping is conducted in a
sequentlal manner involving selective stripping of vanadium followed by iron.

. Strlpplng is conducted in a counter-current fashion wnthln each step 16 and 18. "
The vanadlum is stripped from the metal Ioaded organlc using HCI of. between :
15 about 2. 5M to 5M, for example 4M HCI. This produces a vanadlum ennched'
o solutlon 102 havmg a purity of about 81%. ‘The vanadium enriched solution |s o
) then pumped to a recovery step, for example a vanadlum prempltatlon c1rcu1t 104
" forthe productlon of vanadium pentoxnde (V205 .

- Metal loaded organic 106 from the vanadlum stnppmg step 16 is then contacted_
. 20 W|th HCI of between about 0.01M to 0. 05M, for example 0. O1M HClI, in the iron
T stripping step 18. An. iron enriched solution 108 at a punty of about 99% is
recovered. The iron ennched squtlon 108 is pumped to the acid regeneration
plant 98, while regenerated orgamc extractant 110 is recycled 110 back to the' o
metal extractnon step 14 for reuse.

- 25  Ammonium chioride is us'ed‘ as the precipitating -agent in the va_nadiUm :
: precipitatio'n_circuit 104. Vanadium is precipitated as ammonium metavanadate:

' NH4Cl + VOCl + 4NaOH > NH.VOs + 4NaCl + 2H,0



A vanadiumrich concentrate (Pao 150 pm 75 pmand 45 pm from a cl eaner
magneti c separation process was subjected to acid | eaching to exam ne the
I mpact ofwgrzi)nd143682e, solids content and aci d concent r aPCORAU2T11000519
conposi ti-on of 25 the vanadiumrich concentrate is as depicted in Table 1:
WO 2011/ 143689PCT/ AU2011/ 000519 - 10 - -Ta®Fe 1 Gind Size (M) Concentrate
Gade (% Fe V205 TiQ2 .Si02 Al 203

- After a filtration step 112, the ammonrum metavanadate s calcmed using a rotary
kiln. 114 operating at about 500-550°C,_to dry the product,_removung the water of

i ICrystaIIisation and to convert the filter cake to vanadtum pentoxide (V205). The
dry vanadium pentoxrde is then packaged for transportation. Filtrate 116 from

A

5 the filter step 112'is pumped rnto the process water tank for reuse.

o The barren efﬂuent 96’ from the soIvent_extraction.:step 14 together with the iron
enriched  solution 108 from the iron- stripping step. 18 is pumped into the acid
- regeneration T'plant 98. The acid.revgene'ration process utilis_es.'pyrohydrotysis and

) i's.understood to proceed acco,rding'to the following reactions: S

10 | 4FeCly + 4H,0 + O; > BHCI + 2Fe;05
2FeCly + 3H,0 > 6HC! *Fe05

lt is to be understood that other processes for the regeneratlon of acid may be
,' utrllsed wuthout departrng from the scope of the present rnventron

Regenerated acid ata strength of 20% wiw is co_llecte'd and pumped back to the
15 '_hydrochlortc _acid feed tank,, while the iron oxide can he sold as a valuable
“product. © | - | |

The'method' 10 of the present inventton Wilt now be described with reference,-to _
several non-limiting examples. ’

| }A metaIIUrgical testvwork programme was based on an ore 'from the Mount Peake
20 - project in the Northern Territory  of Australia, the prorect having an Inferred o
o Resource of 140 Mt @ 0.30 % V205, 5 9% T102 and 29% iron. '

A vanadium rich concentréte (Peo '150 pm, 75 pm' and 45 pm)’-from a cleaner‘ j
magnetrc separatron process was subjected to acid Ieachrng to examine the
_ - rmpact of grind size, solrds content and acid concentratlon The composutron of
-~ 25 the vanadlum rich concentrate is as depicted in Table 1: o |



P 150 51.7 1.10 15.8 5.30 3.0 0.013 0.03 75 55.3 1.19 16.5 2.07

WO 2011/143689 PCT/AU2011/000519
| -10- -
- Table 1
“Grind Size | ' Concentrate Grade (% .

(mm) Fe V05 | TiO; | . SiO2 |ALOs| P - | S |
150 5171110 1568 | 530 | 3.0 0013} 0.03 o
75 55.3 | 119 | 165 | 207 | 25 |0.004| 0.03 |

45 - | 554 | 118 | 16.3 .| 2.12 2.4 |0.005]| 0.03

10

15

Head Assay | 34.5 | 054 | 9.2 | 229 | 50 | 0.08 | 0.03 |

~ The leaching in t}hesetests was conducted '_ét ambient or room temperature (about

25°C) uSing hydrOchloric acid as the Iixiviant. -

To study the effect of HCI concentratlon the Irxnvant was set at 20 wt % HCI and

10 wt. % HCI
- Unless stated, the initial solids content fixed at 20% wiw. The leach kinetics was .
allowed to take place for 4 hours. Samples were collected intermittently for

~ assay analysis.

- The vanadium- rich concentrate was amenable to -acid 'le'aehing ,’yielding a

V'anadi’urh' extraction greater than 90%. Co-extréction of iron and titahium was

: a\so recorded at 77-81% and 16—19%, respectwely Reducmg the grind size -

from Pgo 150 pm to 45 M only affected the leach kinetics mildly, as can be seen

- with reference to Figures 2, 3 and 4.

These results showed that good control of the SiO; to Al,03 mass. ratio is not

~_crrt|cal in. the hydrometallurgrcal processmg to achreve a high extractlon of

vanadium.

| .Analysrs of the leach resrdue showed .an upgrade in the TiO; grade from 16. 6- :
-16.8% to 38. 3-43.5%. | |

v'The leeChing- of _the Pgso 150 pm concentrate consumed comparativety less acid in

comparison to leaching of the Pgg 45 pm concentrete, see Figure 5. At a Pg of .



2.5 0.004 0.03 45 55.4 1.18 16.3 2.12 2.4 0.005 0.03 Head Assay 34.5 0.54
9.2
WO 2011/143689 ‘ | ' PCT/AU2011/000519

11 -

© 150 pm it rn\rolves a reduction, not only in the reagent costs but also the grinding
cost. It is understood that the grinding coSt»ikncreas,esexponentially with the -
decrease in the grind sizes. Subseduent tests Were cond'ucted using Pgo 150 ym .
concentrate. | | | ‘ |

5 An increase in the pulp densrty from 20 wt.% solld to 30 wt. % solid reduced the
acid consumptron from 579 kg HCl/tonne feed ore to 480 kg HCl/tonne feed ore, '
‘as shown in Figure 6. Desplte this, the vanadium extractlon decreased from "
90% to 75%, as shown in Figure 7. Srmllarly, the iron extraction also decreased
-from 77%_ to 61%, as shown in Figure 8. A decrease in the titanium extrac_tron '
10 was alsg observed, as shown in Figure 9. | |

The effect of HCI con'eentration on the vénadium extraction was also been
_mvestugated A drastlc decrease in the vanadlum extraction was observed,
| followrng the decrease in the HCI concentratuon Srmllarly, the iron and titanium
_ extractlon also decreased accordmgly, as shown in Flgures 10, 11 and 12,

15 respectlvely

The poor extractlon efficiencies are understood to be attnbutable to the relatively
low acid strength in the solution, resultrng in the leach proceedmg very slow|y Itis
‘envisaged that heating the solution to 80°C may promote the dissolution of iron
" and vanadium, increasing thereby the leach kinetics. Heating of the'solgtion.to
20 80°C is understood to have |mproved vanadlum ‘extraction. A Vanadium
o extractron at 97 5% has been successfully achleved using 20 wt.% HCl at 80°C

A plot of extracﬂon versus acid consumpuon was developed. The result is shown
“in Figure 13. A- strong correlation is seen between the acid consumptlon and'
.extractlon To achreve a vanadium extraction greater than 90% about 579 kg

2'5‘ _HCI/tonne of feed ore is required.

- A high 'dissdlutionof ron is required to achieve a high extraction of vanadium.
This is understood.to be due to the locking of vanadium with titanomagnetite.



22.9 5.0 0.08 0.03 The leaching in these tests was conducted at anbi ent or
roomtenperature (about 25C) using hydrochloric acid as the lixiviant. To
study thewefzbaet43e3p HCI concentration, the |ixivant wasPSEtAR11200340 . % HCI
and 10 wt. % HCl. Unless stated, the initial solids content fixed at 20%

w w. ‘The | each kinetids was al I owed to t die place for 4 hours. Sanples were
collected intermittently for assay analysis. 10 The vanadiumrich .
concentrate e aciensabbesuntedats ditackathiel ingn, Winkdokingothe wemadilinuto @rdmatet |tsnn
greater than 90% .Co-extraction of iron and titaniumwas al so recorded at
77-81% and 16"%1% IOPespectively.. Reducing the grind size from P50 150 pmto
45 pmonly affected the | each kinetics mldly, as can be seen with .
reference to Figures 3 and 4. 15 Thege.results d_that good trol
of the s 02" Pooska Batdas Bondicta I RUaY He BenFbiY L 3 crnbB e Seteat g o
processing tgq- ﬁﬁfhh)eg&\é‘aieugﬁbrﬁkhé skl gfrhigh - praszac ?ﬂhdlﬁ@&b”@ W@R&Q@%cldea
resi due showed an ‘upgrade in the Ti Q2 grade from 16.8%to 5%
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inther eagerbtr &Ry, At wah S8 m@epc?o"simgx e éﬁﬁﬁﬁa&rn@t thbsné%d%rsﬁr%ognh%ﬁé the

grindi ng cost Incredses exponentia rease In the g i zes.
Subsequent - t e'l'sttesleadweg was doodected ot ﬁ@ Gvaod P8P denstpntabimidh.c. Comentrmacbase

in the pulp / t % e

consunption from é%éjsfg%%e[ %EE 13' o?eea%ﬁ %%VY% f‘?%k% gPthdfog

shown in Fi glhors. TPeslpaching I‘Bssut is sreowrainafdlgunen it r act i on decr eased from 90%
to 75% as shown in Figure 7. Sinmilarly, the iron extraction also decreased

from77%to 61% as shown in Figure 8. A decrease in the titanium A
extracti d@ The leach kmetrcs increased with increasing leach time and. reached equilibrium

after 120 min. "At 120 mnn about 97% of the vanadium was extracted. There
'y\ras also 89% of. |ron»and 55% of trtanlum belng co-extracted. No apparent
~change in the extraction efﬁcie_ncy for iron, titanium and vanadium was observed
'after 120 min. However, the acid consumption increased from 596 kg HCl/tonne

15 feed ore to 772 kg HClitonne feed ore. The loss in acid is attributed to
| , evaporation and/or beingv-c_onsumed to leach the remaining gangue"minera'le. o

In comparison to the leach performance of the Peo 45 pm and- 150 gm-
concentrates s|ower leach kinetics were observed wrth the -1 mm concentrate. |
_ ‘This is expected since the Pso 45 um and 150_ Mm. concentrates have hlgher
| 20 _ surface area to volume ratio than_that of -1 mm concentrate. While the fasteet _
o _I_each k_inétics were achieved at Pgo 45 pm, it is-important to note that the grinding ,'
~ power increases exponentially at finer grind sizes. - |

K -The amount of acid 'co'nsumed‘ by t-he'-1 m_m concentrate was comparable to that
of Pao 45 um and 150 pm concentrates. tis expected that the -1 mm concentrate
25 may consume higher amount of acid since it contained a hlgher level of gangue
| minerals ‘than that in the Pgo 45 pm and 150 um concentrates. The acid _
consumption is understood to. be governed by the leaching of iron. '



10 was al so observed, as shown in Figure 9. The effect of HCl concentration
on the vanadi umextraction was al so been investigated. A drastic decrease
in the vawnadoum4sssdracti on was observed, follow ng the aetmaasa/iopsihe HC
concentration. Simlarly, the iron and titaniumextraction al so decreased
accordingly, as shown in Figures 10, 11-d®d 12, 15respectively. The poor
extraction efficiencies are understood to be attrl butable-to the relatively

| ow aci d strenish resulshindiealethabfor sbeRUrkityges, ball tmmhgaﬁﬁy bee&eledemronery
slowy. It is envi sa(ged that heating the solution to ronote the

di ssol ution dhe Mmeshohatthe presant ventien: e ddierRliminaliangs ttaltémt'@sd expefded .
Heating of tZ@aosf?J' é‘Féon&tnér‘Prnztﬂe%Qﬁtél%nﬁ%%b‘ﬂngc&g%dlﬂﬁee i nproved vanadi um

extraction. vanadi um extractioh at 97.5% h een succeSsful ly achieved
using 20 wt.% HCl at 80C. A plot .of extraction versus acid consunption was

devel oped. The skrikidg test WdMBonduttdd ®/TiRd iBe Hies‘ttdé?fé@rnﬁeré)&ta%tdrﬁrfot gheeen
between the acid consunption and extraction. To achieve a vanadi um

extracti oﬁ grsoiveat extragtion ®fyamaslivms 79he gxpatantsttesiad indludeded ore is
required. - - 12 - The acid is consuned to attack the iron, unlocking the
vanadiumto pronote its di ssol ution. A separate test was conduct ed to. study

the amenabi | ity 020% wobpamex ZAATYB0% Mveketoskne) generated fromthe use of
hi gh pressure grinding rolls (HPGR) to acid | eaching. This test aimed to
investigate the beneficial effect.of HPGR processing, as well as the
possibility of elimnating the need for fi ne rindin The | eaching was
conducted at 80C 20 VHUCKARRNEAZT)/BGf% Woﬁﬂénf% Yaney &7 8?”&%’6’ HCl was used as
the lixiviant. The reaction was allowed to take place for 6 hours.. The

| eaching result is shown in Figure 14. 10 The | each ki netics |ncreased with

Do east 10 1 eoe ST BRI TSR SR By, 7, 120 and 55%

of titanium bei ng co-extracted. No apparent change in the extraction.
efficiency for -iron, titanium and vanadi um was observed after 120 mn. ,
However, the /&mbnlgsiothxemrprmn' 928 Bh gavle f thenbests exigaction/ vbvaeadiBrr ectheor e
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to the 1each Wfb@lﬂ%oely@ﬁdrabted%nﬁﬂammmai:B@l8p$n/anadrum, respectively. B

| ‘Co—extractlon of iron was observed The Cyanex 923*M extracted a cumulatlve "

- 99% i |ron

| Similarly, TBP/DEHPA also produced a cumulative extraction of 99% iron. By
15 contrast, Cyanex 272™ only extracted a cumulative 94% iron. . Since the
~ vanadium is co-extracted with- iron, it mdrcated that a selectlve strlpplng would be 7

- .’needed to separate the vanadlum from iron.

A test work programrne .was desighed to explore the use of Cyanex 923™ as the ;
sole extractant for the extractron of i lron titanium and vanadium: Cyanex 923™
20 was chosen because it was demonstrated to be capable of extractmg vanadlum

o wrthout the need for the pre-removal of iron.

The solvent extraction test programme was conducted using 20% viv Cyanex
'923™ in 80% ylv' kerosene at A:O ratios of 1:1, 1:5, 1:10, 1:20.  As shown in



concentrates, slower |each kinetics were observed with the -1 nm
concentrate. This is expected since the P80 45 pm and 150 pm concentrates
have hi ghwo 280/”9848bace area to volune ratio than that ofPCTAUmMIdoeentr ate.
Wil e the fastest |each kinetics were achieved at P80 45 pm it is
important to note that the grinding power14 ncr eases exponential ly. at finer
grind sizes. The anount of acid consuned by the -1 mm concentrate was

conpar abl e t Figdrat 1R fth&Hest We% BIREHASS ADhR 34 ESratiblof £26X PRAS 66!
that the -1 nm concentrate consune_hi gher anount of acid since It

cont ai ned a texgRetedibegausean g&fﬁﬁe iRithAZD saticnweuld ingrease thedusier 05 sites and
150 pin conceniL s forfish, b ARIVARLAIAN b beYOsIRA RO Giicdover ned by

the | eaching o ese results In Sone or.e
types, ball mlling may be excluded fromthe nethod of the present’

i nvention. hﬁ‘tﬁﬁldn‘iTW%%tIFQ e ob@téad 'dn‘t&‘@gageﬂéﬁﬁ’ﬁi fidcérﬁpér%%ﬂ tBCiro% and |

reduction in and operati hg exp ture screeni ng test
conduct ed5t o VIanadlun‘ne Garopletecedtactien oblitanmm was abbllevedhet solArematienf ﬂﬁ@t | on

of vanadi um The X I ude ne 72Tm 80% v/ v
o o SRR A bR T SR eaT e BB G DR
DEHPA/ ﬁSO/%/ v elBR/ib M6 brsencnef é@éﬂﬂbﬁ)ﬁlﬂ?ﬁo_rh unlt ;fmﬂgsblutvbﬁfp '\/;T\Qraﬂe@ rQQ@Ef Vi
gave the best trac vanadi ,um e extract |
cumul ative 759 /ﬁ; L?ﬁtp° ?L@edﬂﬁgwnﬁﬁsﬁﬁ%rl?%&?g OANE With tsa@t Qg a
cunul ative SQ%aaﬁibéﬁ, MRSk, respectively. Co- extractlon of iron was
observed The Cyanex 23T" -ext ract ed a cunul at Ive 99%: i ron. ' o

| 10 YThIS optlon not only uses a smgle extractant but also el|m|nates the need for extra -
ox:dant addntlon for the re-oxndatlon of Fe(II) to Fe(lll)

_ The results showed that a stable emulsion was formed Moreover a third phase
' _ was observed during the phase separation. A modifier such as nsodecanol can
- be added to prevent the emuls:on}and third phase formation.

15 Itis envisaged that changing the' volumetric ratio of Cyanex 923™ to kerosene ,.
may also heip to, resolve these problems.' - Additionally, it is further envisaged that
‘t_he introduction of a filtration ..st_ep prior to solvent extraction, so as 10 remove
' undissolved solids, would reduce the impact of emulsion forrmation. | |

These tests aimed to determine if 'sele'ct‘ive. stripping of vanadium can be achieved
o .20 from the nitetail loaded organics, and to evaluate the ability of the e)(tractant to be
_ regenerated for reuse. The main focus is to identify the best stripping solutlon to
* be used for separating vanadium from |ron It is not designed to,opt|m|se the
stripping efﬁcuency of vanadium and iron. | |

B The Cyanex 923™, which has beeniloaded'with iron and vanadium was used as
. 25 the feed. solution for the stripping test. Two stnppmg solutions at 2M HCI and 1M
' HCl were evaluated for the stnpplng of vanadium, as shown in Flgure 16.



Simlarly, TBP/DEHPA al so produced a cunul ative extraction of 99%iron. By
15 contrast, Cyanex 272Tmonly extracted a cunul ative 94% iron. Since the
vanadi umwe 200/83¢8pacted with iron, it indicated that aPE®IARDINS0519
-stripping woul d be needed to separate the vanadiumfromiron. A test work
programme was designed to explore the usélSf Cyanex 923Tm.as the sole
extractant for the extraction of iron, titanium and vanadium Cyanex 923Tm

20 was - choserTHzeairium twamnd{nﬂembéatf% tree bfyaeuﬁpﬁambﬁeefbﬁhtersaﬁémﬁ@ of

vanadi um wi t hout the need for re-renoval iron ure 15,
the best per flMmutiee WRAMoGEr Vde ‘é‘?mb'ﬁeﬂ resylty pte sePreserged mnyeﬂlgﬂwtﬂect ed
because an wpqge,gs]e inthe A:0 ratio would increase the nunber of sites
avail able fo ron, titaniumand vanadiumto be | oaded onto the organl C.

Ti tani um was | oaded nore readily onto Cyanex 9231" in conparison to iron

and .vanadi um PR t 44t 8ni tio
of 1:20. It |Sét |m%ﬁf§ﬁ?é§%ﬁftgggwﬁaq d&aﬂgéugmﬁgggné?ehyﬁg%%dvgpﬁﬁgm

onto the &r geﬁ@ilﬁloé\)@lth Bn avheger pEtn ot 76%. s Vet theastripping dest was pedarmed

solution. At LTS o] adi um.was _al so
| oaded onto t e or garllﬁ':' % ?h %ff(?ogffl?hgie %%I/é)cg\é'& gsg%@egk%%@mﬁ' aTB % s
option not - ordegressed daastically. e leyitldad baahadiut sdlgtiorelvitmaverages pukity sferds f or.
extra oxi-dant addition for the re-oxidation of Fe(ll) to Fe(lll). The
results showed that. a stable enul sion was fornmed. Mreover, a third phase

was observed E‘dﬂnsqupntlyevwbhadbe skzqnbdaargmmc wasnmieti with 8100V atEllatmheﬁmlcf can
be added to pr \ i hird.ph formation. 15 It is

envi saged t hg‘t*acﬁél%{bé%%d%hm c@] SIO‘V@BM' ? BH'& °g§5®anex 923TM t 0. kerosene
may al so hel p-to resolve these probl ems Additionally, it is further

envi sagednpt h Q%JSC gl ven
extracti gg % Sﬁlgsmg%étmveg%ﬁg?g‘g% c-f‘bggﬂeﬁggﬁ hgh@@gt &N, I%‘i‘?ﬁ of
emul sion for wum 65% chres@%dsamumn amﬂ?t)% denadiomne n this abstc ther strippirigopi ng
of vanadi um can_be ach d 20, fr t.h t,al 0

oval uate 1 ne ABPRRT s BERRMESH pE0d 2 CL S, B B e M Mmool Histe

mei n.focus i st aimdddenevdiyate hfethbemnt)ﬁbf trmov:macmh HollAidnt anbse iRBHVEA With
separati ng vanadi yum Enﬁom i {y({}él,l]e not designed to optl m se the stripping

ef ficiency of"YEF strlppfﬁﬂéowﬁﬂex 923T", whi ch has been | oaded
with |ron and vanadi um was used as 25 the feed solution for the stripping

o ARBAE AR R A S L L™

HCI for the recovery of the iron.

When the loaded organic was 'mixed-‘wit'h 4M HCI at an A:O ratio of 3’1 the
) vanadlum was stripped from the loaded organic, producmg a vanadlum solutlon
' W|th a purity of 95%. . . ' ( '

20 Subsequently, mixing of the loaded Organic with 0.0‘1_M‘ HCI produced an _'iron
solution with-a purity of 99%. : | v |

The test results clearly demonstrated that the vanadium can be 'se'le.ctively.
' sep'arated from.iron.- ’ : ' C o .

) - The purity of the vanadlum solutlon can be tuned by manlpulatlng the acndlty of ‘
25 the strlpplng solution. '



- 15 - The vanadiumwas initially stripped fromthe organic foll owed by

stripping of "iron using 0.01M NCI. The conbined results are represented

t he

conveni erwbyoim4Bisgure 17. Stri ppi ng of vanadi um by 2MPHTAW®D112400A90 rati o

of 2:1 produced a vanadi umsolution with an average purity of 76% Wen

t he

stripping test was performed using 1M HGI16&t an A:0 of 1:1, the selectivity

bet ween vanadi um and i.ron decreased drastically. It vyiel ded a vanadi um

sol ution wit M%éﬁér%ﬂ@té%‘t'w&&’pﬂfgréfﬁ%’e %h&%@ut.hgw’@o@ éx'?t%cta‘?@‘o?@y%gf‘mc

was mxed with 0 at an A0 of 1:1, it generated an Iron solution

with a puri tﬁ&ﬁfmewEWthtsﬂte vmadugm@temuvmgn liron caorki toeded @ificientlygyranex
923TM whi ch nﬂ?ﬁgﬁ @?bg\gﬁ&tmé '%8 épnbﬁp& rgzréatrherﬁg' um and 70% vanadi.um

In this test

d using a HCl solution

at 4M HCl, . 2.5M HCl and 2M HCl. It ained to eval uate if the purity of the

vanad um Sol Uik, GAR RS BIGUEY 1oh MibRERFERd YanbBrr Rk laskaols Kleno

stripping solu vanad

organi c wds matiednareasedifrObM: H@b 1fafr  Whanr ACoratioyofof 20, niplete. extieetion bé

| oaded d, w A 0 c1..1th anadi
wa st pred Wi Hed Eabgd it e SRy algdi, Bn s oL ablc R ot 1
purity of 95%xtr%ete‘aubsequent ly, mxing of the | oaded organic with 0.01M HCl

produced an iron solution-with a purity of 99% The test results clearly

denonstrated that the vanadi umcan be sel ectively separated fromiron.

2011/ 143689 PCtippiAG 1 B0 (E5tbmed 16n - métamep@adade Oyeaéx VaR3M pshrgmam’rbat the -

duct ed the sol e extractant 923Tm_showed th
vanadi um 1 CBOPHRTECPT 6% SSFPEY) HIRRRACIRTY | DAL IUSHIF § WG, HOhoard

wi t hout tilge remeknteatont 20f NI eoepeﬁaungnén the @ord.fyaef It Rippifg esHitRM, 05
iron, . titanium and vanadi um i ncreased as the A:0 ratio increased from 1

to 1:20. At afRnadym geiutioRwith:paty e%?@@&@%@&wa@emmdt@edt i AANTQMsYlEkion
achi eved wit it 8 PuridPae Qé%vc,%atsa k&eoe@féd%mﬁe tdafaedttﬁgmc faem‘aXé bagt ﬁét

- as the strlpplng solutlon

' Further solvent extraction test work was conducted using the HPGR prddbct»

- 15. ‘described hereinabove. The leach slurry was filtered to remove the residue solid
before subjected to the solvent extraction. - '

' Cyanex 923™ was used the extractant. As. descnbed immediately . above thrs'

extractant has been prevuously found to extract iron, vanadlum and tltanlum,

effec;tlvely. The extraction was carried out usmg 40 vol.% Cyanex 923™ in 60

20 vol.% kerosene at an O:A ratio of 1:1, 5.1,85:1,9:1, 10:1,and 12.5:1.

:bAs shown ir_t_ Figu_re 18, the extraction of vanadium, iron and titanium ihcreased- '

~ with the IO'A ratio. This is attributed to the increase: in the organic concentration
at higher O:A ratio, improving the number of adsorptlon S|tes for the loadlng of
iron, titanium and vanadium onto Cyanex 923

.25 _ McCabe T’h‘iele diegrems were co'nstrubted to dete&hinethe number of etages

~_required for the extraction of vanadium, iron_' and titanium. These are illustrated

in F'igures 19 to 24. At an OA of_ 5:1, it was determined that titanium can be
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Stripping test perfornmed on netals | oaded Cyanex 923 TM showed that the
vanadi um can be selectively stripped fromthe organic using HCL at a 10
concent r avoan11214368%1 Depending on the acidity of the stPCpagiIgoddi on, a
vanadi um'sol ution with purity of 76%to 95% can be produced. An iron
solution with a purity of 99%can be recdWered fromthe | oaded organic
using 0.01MHCl1 as the stripping solution. Further solvent extraction
test .work Wase)&r%@dmeﬁﬂné#ﬁlynﬁw td‘%ldﬂ?@%tﬂ?@dﬂcboﬂécﬂesqd ehek®adiRA0GE.
The l-each slurry was filtered to renove the residue solid before subj ect ed
to the sol vemanamurramasOﬁchl@;%m@itegmcrnstm @Ec@Macd eker enarit requied
descri bed | | s been previously found to
extract iron, %éa |éé%?éa%§}éoe%crbgur§%ﬁ1é%t %18'3.%3?@ The extraction was carried
out using 40 vol. % Cyanex 923TM in 60 20vol . %ker osene at an O:Aratio of
1:1, 5:1, 8. Jydyif 8ac}fbns]a91d1var%ﬂg d§L %—h s w%%ﬁﬂ@‘@ghgerﬁ'ttglﬂé?s%ﬁed taQ&ressee
extraction of vanadium Ir ani um ncrease he 0: A ratio.

Thi s is aftridratcedsiteredite falhwmaaasne scopetaf the praseot iowertian r at i on at hi gher
0: A ratlo i nproving the number of adsorption sites for the |oading of
iron, titanium and vanadi umonto Cyanex 923. 25 MCabe Thiel e di agrans
wer e constructed to det erm ne the nunber of stages required for t he
extraction of vanadium iron and titanium These are illustrated in Figures
19 to 24. At an O:A of 5:1, it was determned that. titaniumcan be - 17 -
extracted efficiently in a single stage of contact. Conplete extraction of
vanadi um was achi eved after two stages of contact. For ‘iron, it required 6
stages-of contact to achieve an extraction of 88% Modi fi cations and
vari ations such as woul d be apparent to the skilled addressee 5are '
consi der ed to faII wi thin the scope of the present invention.



Clainms A nethod for the extraction and recovery of vanadiumfromits ores,
the nmethod characterised by the steps of: (i) Acid |eaching of an ore

cont ai ni nyovanadaasm and iron to extract vanadi um and ir ®@QTiAtR0119001P 1 ON;
(ii) -Passing the product of the |each step (i) to a solid/liquid separation
step; (iii) Passing the liquid product eff8separation step (ii) to a sol vent
extraction step in which vanadiumand iron are extracted.into an organic
extractant fromthat |iquid product; 10(iv) Passing the | oaded organic .
extract ant prGldimsed in step (iii) to a stripping step in which acid is used
to selectively and sequentially strip the vanadiumand iron fromthe

organi c extractant; and (v) Passing the vanadi um containing strip solution
of step (iv) 1toAame¢lmd/émrytt@t extractibn 2andArersavend oh vaoadiung from b aones,1 the
wherein the ore cQ Eo(iu ns n addl ion to vanadium and.iron. 3. A

met hod accor di n§ e FA" ttf”%?d émqﬁtsé?%ﬁ?t the acid | eaching of step (i) i

conduct ed using hydrochloric acid. - - 4. A nethod according to clai m 3

wherein the conc ' H t Q t 0% 32%
e ' 16 ARt AR WachinalSh 4 b Bilahlp SREAINR. el if iR %
wher ei n t e acid | evariidigmiand drondatotsetlition; t he range of about 25C to .80C
under atnospheric pressure: 7. A nethod according to any one of the

precedi ng clains, wherein the resi dence tinme ofacid | eaching is between
about 30 to 360 l(m)nBang the product of the leach step (i) to a solid/liquid separation step;

(iii) Paésing the ttquid produCt of separation step (i) to a solvent ‘extraction
step in which vanadlum and iron are extracted into an organlc extractant 'v '
~ from that Itquud product; '

10 (|v) Passing the Ioaded organic extractant produced in step (m) to a'stripping
step 'in which acid is used to selectively- and sequentlally strlp the
vanadrum and iron from the organlc extractant and '

vy Passrng the vanadrum contalnlng stnp solutron of step (rv) to a recovery
step ' ' ' '

o 1"5 2. A method accordlng to ctatm 1 wherein the ore contains tttamum in addltlon
| 'to vanadlum and iron. '

3. A method according to clatm 1 or 2 wherein the. acud teachlng of step (|) is
- conducted usrng hydrochlonc acrd

4. A method according to claim 3; wherein the co'ncentr_at'ron of HCl is within the
1200 range of about 20% to 32% wiw. - o

5. A method accordingv to any one of the preceding claims, wherein the o'rganic_"
extractant of step (iii) contains a phosphine oxide.



8. A nethod according to any one of the preceding clains, wherein the
solids content during acid |leaching is about 20%ww. 9. A nethod according
to any orwoabitiagespr ecedi ng cl ai ns, wherei n the organi c PEXtATR0t12000510f St ep
(iii) contains a phosphine oxide. 10 10. A nmethod according to claim?9,

wher ei n the phosphine oxide is Cyanex 923%™ 11. A nethod according to
claim9 or 10, wherein the extractant conprises about. 40% v/v Cyanex

923Tmand 60%gy/ W, RiediY mﬁcé&bmsptﬁeanangae ofARIBOAT SRl Gnb i e %ﬁiedf

t he precedi ng “clains, ereln eous 15to or icratio ing t

sol vent extract iemhmgelp condudted in thet range ofilabaut 25°L‘ too8QPC20nder Aatmasplerivod
according to any one of the preceding clains, wherein the aqueous to :
organic ratio déF‘?sﬁ "% he solvent extraction step (iii) is about 1:5. 14. A
nmet hod according to any one of the preceding cI ai s, wherein the stri ppl ng

(i d b d
Strippod 11 ek & Ao TeliRS choseufly ABoRby o Tie; BRERGnenaRursy wiRRERLI o

from t hat 5sol ut rédidence ti#fe of thé .aci les&ﬁl@giusamwedm BBoditB0ctocd6m rhfmutedher ei n t he
hydrochloric acid is provided in a concentration of between about 2 to 4 M

when stripping vanadium 17. A nethod according to claim15 or 16, wherein

t he hydrochl @i & methbd acqurding dednyrore cbinecpreceding wlaihs aivbetei tHE sblidgen
stripping iron. hod, accor di.n o] e of the preceding clains,
wherein the pur FPS}teBﬁdWHLg %%%@Fﬁ'ﬁgé%gmﬁﬁ/bwgﬂuced in the recovery step
(v) is between about 76%to 95% - 19. A met hod according to any one of the
precedi ng cl ur|t he iron. solution ced in.the

r ecover y st e% Eni) n}\ggweogqgécr};[otr @g/ (o] any ftthe preceglng claims, wh%Fe?rq e organic

v extractant of step (m) contains a phosphme ox1de ‘

10 10 A method accordlng to clalm 9 whereln the phosphlne oxnde is Cyanex
g23™, '

11. A method accordlng to clalm Sor 10 wherem the extractant compnses about'
40% viv Cyanex 923“"and 60% viv organlc solvent “

12, A methcd according to any one bf the preceding claims wherein the aqueous
15 : to orgamc ratio during the. solvent extraction step (m) is between about 1:1 to
1:20.

13. A'method according to.a'ny one of the preceding claims, wherein the equeou’s '
o organic ratio during the so_lvent extraction step (iii) is‘ab'_out 1:5.

- " 14. A method aCCOrding to any one of the preceding claims, whefein th'e 'étripping

- 20 step (iv) is conducted in a counter-current manner whereby vanadtum is.
stnpped from the Ioaded organlc extractant prlor to the stnppmg of iron from
that solution.

'.15.‘A method accordlng to any one of the precedmg claims, wherem the acid . -
used in the strip of step (|v) is hydrochlornc acid. '



10 20. A nethod for the extraction and recovery of vanadiumfromits ores
substantially'as herei nbefore described with reference to any one or nore
of the acworpanysesg Figures. 21. A nethod for the extra&ctiaanoandosigcovery
of vanadiumfromits ores substantially as hereinbefore described wt h
reference to any one or nore .of 15t he Exa%pJ es.

16. A method accordrng to claim 15, whereln the hydrochloric acid is provided in a
co_ncehtration of between ebout 2to 4 M when stripping vanadiurn.

:117. A method accordmg to olalm 15 or 16, wherern the hydrochlorrc acid is -
‘ provided in a concentratlon of about 0.01 M when strlpprng iron.

5 B 18.,A method a'ccording to any one of the preceding clairns wherein the por‘ity of..
| the vanadrum solution produced in the recovery step (v) is between about_
. 76% to 95% ' '

19. A method according to'any. one of th_e preceding claims, wherein the purity vo'f S
the iron solution produced in the recovery step (v) is about 99%. -

10 20. A method - for the extraction and recovery of vanadium from its ores
. substantially ‘as hereinbefore descrrbed wrth reference to any one or more of -
.o the accompanyrng Fi rgures ’ '

21. Arr'nethod for .the . eXtraction. and recovery of vanadium from its- ores
~ substantially as hereinbefore described with reference to-any one or more of
15 the Examples. | | :



