PRETREATMENT OF REFRACTORYTI TANI FEROUS ORES [ 0001] The
present application clains priority to U S. S. N

w® 0068632284 fil ed Decenmber 10, 2004, the enti rBCT/US2005/044599
contents of which are incorporated herein by
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operation decreases, the amount of TiO, left in the residue increases, and the process

becomes uneconomical.

SUMMARY

[0005] It has now been found that it is possible to submit weathered ilmenite ores
or, in genéral, titaniferous ores that cannot be leached or digested with good efficiency,
to a simple pretreatment step that enhances the recovery of TiO, in solution and
significantly improves the economics of the leaching or digestion process. With this
simple pretreatment step it is possible to economically treat ore containing TiO; not only
as ilmenite, but also ores containing a sizable fraction of TiO, as anatase, rutile,

leucoxene, or other insoluble titanium oxide compounds. The simple pretreatment step
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further processing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1 to 3 show the amounts of the different iron and titanium compounds

that are stable under different conditions of temperature and oxidation potential.



sintering occurs and the resulting product nmay need to
be crushed and m |l ed before further processing. BRI EF
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the amounts of the different iron and titanium
conmpounds that are stable under different conditions
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of the mxture. [0013] FIG 6 shows the X-Ray
m'Xt“redlffractl on pattern of FIG 5, after heating and
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refractory titani um di oxi de ore concentrate is
reactiorsigb] @Y°€dfor 3ht he fol | owi ng st eps, shown schematically
in FIG 4 . [0015] Atitaniferous ore or ore
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[0014] gég?*\eﬁr%gc%r?gi?aﬁmﬁ%loxﬁg%ré Hcé’ﬁﬂ‘é’tg |§'§M %@te’fﬂo@ﬁe foIIowmg

I ntermedi ate oxl e Iron oxid
steps, smawnbschematicady reliGrén ore. Exanpl es of oxi di zed iron

[0015] Gog P MEBITOrBg GrF Gis Obg LaCeRiAa S B AR VA o ghmpound
se|ecte@¥ﬂoﬁ'?|rbﬁb§fo%v w%ﬁ'rh@t‘él i@ Gral & irdrPb X188 aflliidhOmERE. The iron

ling of steel. The iron netal may be in the form of
oxide rrwypim/\ﬂefomFe&J Feeascomanieintermediatermdde. pahe urohe))@dezmay be an

o Fop b, ESaPFGEDL kR iohirkb e REPRR Froqhiie. sic
jarosite GAINGRARIS.. THE Srofil oidd niHyCA1S6 BeBRaiRed PR @kﬂ%da?é/rsaaéﬂled
means. The m xi ng process 10 may al so be conbi ned W th

oxide sgal@omnﬁdtd%wg t@edﬂlmnstqfrsgeelorTh@erorbmeialﬁ@abb@ﬁrathenform of a
powdercf LR TRRGHY | A5l e A SRef N Bl Bl apipgyor
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mixing pro%glser‘, %(ljayi tsfe Bg?fcenpmed by any means. The mixing process 10 may also be
combined with a comminution, granulating, or pelletizing operation to bring the mixture
to the required physical conditions for the next step of the operation.
[0016] A preliminary estimate for the amount of iron compound required is based
on the chemical reaction between TiO; in the ore and FeO in the additive as:

TiO2 + FeO = FeO « TiO; (iimenite)
[0017] FeO can be added as such or an equivalent amount of FeO can be obtained
by mixing iron metal and iron oxides in such a way that the iron/oxygen molar ratio in
this mixture is equal to 1.
[0018] In practice, there are a number of factors that influence the amount of iron
compound to be used: if TiO; in the ore is in part present as an iron-titanium oxide (for

example ilmenite, leucoxene, or pseudobrookite) the required amount of iron oxide will
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FeOin the additive as: TIiO2 + FeO-> FeO Ti 2
w@ edoseeszee) [ 0017] FeO can be added as such orpP@mUS2005/044599
equi val ent anount of FeO can be obtained by m xing
iron netal and iron oxides in such a way that the
be decreasead. ol Y orenalready mmtalnsnrqrmsdmnmnetaés |tbe @meuntod relqmred

ron o0 Bl AR 5 e 885 2l o8 PR TR SRER BB B nave o
chemlcér'r%uctlﬁ? tal8oR! Sudhsad Pyrﬁéfdr O ESRUIMideRS o@@rgdrﬁ@cbhip@[lhﬁén(for
oxi d or exanple i1 menite, Ieucoxene

example;@éu@w@u@dﬂﬁ tnegortqe@tra&mbt@m\eérfmmmcﬁanﬂﬁbﬁh%%"paéo oxygen ratio
should E% éocﬂfceﬁeqf St%qul alrrﬁodrﬁ%nﬁrtﬁ Eé&ﬁfﬁy o‘f%Q d?ilﬁ' o? dé’cfhcmg

nera he “anount o requi

compodnl'de iadsk brevendvithe irbe cdmﬂoﬂaae@re bf:cmdaeelgb Ikaownntma reg|uired
nponents that have a chem cal reducing . action, .such

amountg tfpfe/ roR copPadindesanshe Falgalatedpn dhe hasis of g staichiomely of
omdaho@ﬁf‘l’&é’n{gﬁgsg {)n tﬁﬁé&t@%@ 'Iﬁy’adtf&ecﬂmé%rr % ug‘gﬁ%‘gﬂ)‘? Hof fHXRase,

Iron t enratio s
and theroptioosd anmdurtt foé mot@mmMaaMVehe beeatateiminey byftrial and

oxi di zi or_redu C eore nd t he
error. 1§ Sfefrfs ATl atGRaRae inbR.addeAS i rabgs of s o 50
weight %'E?Ucﬁé a@rﬁoddi%f'o?é’@oﬁ&!m%éd can be calculated on the
basis of the stoichionmetry of oxidation and reduction

[0019] r eaa'hedngturerofﬂn()aethe@@d Roieademperatgre be@@mwo ¢ and

1200°Cy, 15 48 S6ineBfrlpts faria i, of FainBonRds Foi Wit g dRanilY
compound t8ReMG cefrofditArM@MmadimpsiAds0 e REGRTY 26 ndy bé8ccomplished

range of 5 to 50 weight % of the anmount of ore

by suitabishawans dnewn todhose phakilintherart.off hgmaaélnge@t@aym to
accompt"ﬁsﬁ 4! a%?ﬁrléiz %BP n%%ﬁtl&ﬂgat%dq‘ﬂ%a]c% c% n, IPEhtth\ﬂuf’rhac(ehi(se directly

ure r ron conpoundas reac

heated,td hanﬁralmtnmpharwmutsbb@ma:iummed ommammlmma;mmounds

The heating, 20 may be, acconplished by suitable nmean
advantageops! Ytlbsqqgf%as‘éfﬁ a9qd hompgenitypfia Peweerrshigedyang t%sﬁa'd a

porous gfarfiffate rrbér‘ﬁﬁhé{‘?zﬂ} ﬁ% h%&& la¥ s‘?fch'lﬁ‘g‘.é ﬁ&h{ éfeﬁeat ed

ur nace urnace 1Is rect eated, a
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retrieved from a furnace and will require extra processing steps to make a feed usable
for a leaching/digestion operation. In general, a temperature range of from about 900°C
to about 1100°C is preferred.

[0021] The mixture is kept at temperature for a time in the range of 10 min to 8h. In
general, however, 2h is sufficient to insure good reaction.

[0022] For a concentrate made from oil sands, a preferred temperature is about
1050°C +/- 30°C. If the mixture is formed from an oil sands concentrate, the heating

step may be used to simultaneously remove organic residues from the concentrate.



[0020] If the tenperature is too |ow, the reaction
kinetics will be too slow. If the tenperature is at
wo bwechégber end of the indicated range, sinterP@musfo0s/044599
the m xture may occur and the product may tend to form
a solid mass that cannot conveniently be retrieved
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equilirGf AipScana G1GS. [16b 25 PAEAR AP SHuPIER T dat a
Oxidatidh feat@dhkabl e in the literature for titaniumand iron

oxides, as well as for a nunber of titaniumiron
[0026] oxi dée. reBgb®pl es of titaniumron oxides are FeO Tiq 2

(psoutorti®s) Gad %o FR&B Y IEdshiiel ) 68251 The

reacti on data shown bel ow are calculated with the
conmerci al l'y avail abl e program HSC, sold by Qutokunpu
has a sfanslesd bee ePergy ofradciind AGatl- 1t4iﬁekJérq1q>i at HP0Uhand a9 sdmnol at
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Reduction
[0027] The reaction
Fe,03+TiO, + Hy > 2FeO + TiO, +H0 (2)

has a standard free energy AG of -17 kJ/mol at 500 °C and of -45 kJ/mol at 1000°C. It
also favors completion of the reaction over temperature range from about 500°C to
about 2000°C.
Formation of ilmenite
Fe + Fex0O3 + 3TiO, » 3FeO « TiO, (3)
and
FeO + TiO, > FeO « TiO, 4)



has a standard free energy of reaction DG of -146
kJ/ nmol at 500C and -96 kJ/nol at 10000C. The reaction

wo beseéxnee favors conpletion of the reacti on ORET/US2005/044599
tenperature range from about 3000C to about 1200C.
Reduction [0027] The reaction Fe23 Ti2 + H2 - 2FeO
+ Ti02 +H20 (2) has a standard free energy DG of -17
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[0031] FIG. 1 shows that under reducing conditions, with a CO/CO; equilibrium
ratio of 1000 in the gas phase, the compounds present at equilibrium are mostly TiO,
and Fe, with a small amount of iimenite at low temperature and a mixture of other
titanium oxides at higher temperature.

[0032] FIG. 2 shows that when the conditions become more oxidizing (CO/CO; =
10), iron metal is no longer stable, but ilmenite is the main stable species up to 800°C.
The compound 2FeO + TiO, (ulvospinel) is also present. Even at the higher
temperatures, ilmenite and ulvospinel taken together will bind the majority of the
titanium in the system.

[0033] FIG. 3 shows the equilibrium species in the same system as FIGS. 1 and 2,
but where the gas phase consists of air. TiO; and Fe,O3; are the main species, while a
smaller amount of Fe,TiOs (which can also be written Fe,O3 * TiO,) is present.

[0034] FIGS. 1, 2, and 3 taken together show that while a TiO, and FeO mixture
leaves most of the titanium as TiO2 both in reducing and oxidizing conditions, there is a
range of intermediate oxygen potentials or CO/CO; ratios, where ilmenite and

ulvospinel are the main compounds at equilibrium.
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[0035] t i t #vifentmeakndetatdtighitemperatersp treatmixtere {sGdid B0 @ aheutral
t hat when. the cond |ons nor e i di zi

atmospggg dbglus Efﬁse”it’r%d?f&rb‘fv %CCHBQPB%WEPOQ%BQ )élnglé{xé] ged Fe-Ti

oxide cbmPBOhAS may b forfRid) wHiGPWAl reBaee 8% SGubMityB80PGn hT/HR)chIonc
compound 2FeO Ti @2 (ul vospinel) is also present. "Even
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concenffe BAGHSERA, e 4% 4 e EURET T dEEMEIRGh qpoune
will be ignificarstiyblpwenyd ifeas sise Af h’éhlmetal br of laggehamaahtsvf iforimayide can
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[0038] The iron compound added to the refractory titaniferous ore may be an iron
sulfide such as pyrite, marcassite, pyrrhotite, or mixtures thereof. The iron sulfide will
make iron available for reaction, but will have a reducing action. Air or another oxidizing
gas will be introduced during heat treatment to increase the oxygen potential to the
desired level. Certain titaniferous ores contain iron sulfide. In such an instance,
additions may not be required and it will only be necessary to add an oxidizing gas to
bring the oxygen potential to the required level.

[0039] The description of the process so far refers to a titaniferous ore. The
process may also be advantageously employed to treat other oxidized titaniferous

compounds, i.e. compounds where titanium is present as an oxide. It can also be used



step 3 are larger than 1 nm but have high porosity,
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a t'ta”'fﬁ'@l@u YRigonegnrale Jreieixed with rpre Powdeps eirtcoﬁf FRITQHS @¥ide and

are the@&oéﬁé@%négp&%?e fcg'gggf&nex' de can be avoided. [0038]

I ron conpoun to the refractory titaniferous
[0041] or e Titebts wsed reageatiyfaded-e poWwdasapy Fieb®©; added as aidagnple of

rhotite, 1 Xt UL thereof. The iron sulfide wll
concenﬁé{ge C?’F%'H'%%‘?q’@tﬁbe)] Te§2reacti on, but will have a
red
[0042] { "SR SN The diferdiit Ao0eRERs O bl Bl 3Pt and o
the ironaccongpourss: wsed. aThls dablbealsteshowesl tHeeresults Of teashing tests performed
tltanlfer sor ain i,ron.sul.fide n.such an
on thespsaimies T i SRS ofk peHRiRE D e o iR Eo5fen.

[0043] 0Nl Yn tr@sfwfcre@ 5%%;&9@@1 a8rappribd ml T&t@agob%g@ﬁédiﬁehh@te was
otentlal to the required | evel

heated ﬁbggel tinder aflowef argon dersabsaut ol Teast ér\ezas coaducted under the

sarme Cgaéﬁﬂ?éééﬁf?s 5 Exeed ol 08 S RoRPhyR 8P e 1a.400°C and that

the roW@ﬁ@@bﬁW@@pﬁ%ﬁﬂWéﬁch ofthyd@gaounds where titani um
present as an oxide. It can also be usedto treat

[0044] | nt M&sm  tp A 3dragent gradsdireluand fontaxigs pewsdersotvere mixed

it aoGGR0L P88y S SN e B BinF AP B B

[0045] conna;snad/vaswdrhm aaﬁmﬁldiﬁﬁﬁ@&@m a aFWtMokphéreneaBbet 5h. The

roducts are mddlin of adr mlling operation or
sampleﬁ @sqralﬁ%e@forai? pHe in ﬁ1 il pn@laﬁ%e igtGydRdrigatAlgs).esucibles
(with thb%%gﬂn\;\%gﬁ tha th@"éﬂul%dt?n@lofﬁé CLhEL WBDIPFaR BB & RERldXidizing
tests ere m xtur

atmosphere). The sample product was ground for thirty minutes in a ball mill.

[0046] The experimental method for Test 5 was similar to that of Test 4. The
samples were mixed in a ball mill and then roasted in a muffle furnace. The resulting
sample was also ground to powder in a ball mill for thirty minutes.

[0047] In tests 6, 7, and 8, 500 g of heavy mineral concentrate were combined with
varying amounts of reagent grade Fe powder and Fe,O3 and roasted in an oven at
850°C. The amount of iron and Fe,O3 are given in Table |. Test 7 had the concentrate
mixed with Fe powder only, and test 8 consisted of concentrate mixed with Fe,O3 only.

Test 6 consisted of concentrate with additions of both Fe and Fe,O;. Each sample was



a titaniferous ore concentrate are mxed with iron
powder, ferric, or ferrous oxide and are then roasted
wapmencxdef f erent conditions. [0041] The tests RSEUS2005/044599
reagent grade Fe powder and Fe2(03 added to a sanple of
_ concentrate containing about 30% Ti 2. [0042] Table |
mixed g advdl milldfor 1@ meineand estsst for serghly ShsaWtariraasting, all samples

f ' . C | s table
were or§FRS SOHOHE P Alad B8 £ AT ladFreablls |20
[0048] t heSansslap e tebte 9] ¢acamdy1 tomibinel 800 gsfrdobedniratet viigh

.. follow ng section. [0043] In Test 1, no_pretreatment
additiongef FaHpp\der ane FeeQs and vigre r@é\%ﬁﬂ@éﬂ@éﬂﬁ doreabpyy S hr. Test 12

t r f.ar t 5h.
was the?{%b&%smgése §g%§§ll}%? g?tgﬁd;;e%rgﬁqgmsagn@%%gﬁgi 1t1i%?g§' as Test
[0049] 2, é’mﬁmz fclt)hﬂiin?dwsoo @mfemaben&?mm(tjh g'ddieidms of Fegﬁﬁldmchnd
at the ow of , argon was repl ace a oW .0
Fe20s. J@r?ﬁi@ﬂ'?s Mﬁ@'xﬁé%ﬁwf’s thhé) H‘"ité,“’j Wéédj%ﬁ%tea iR e pyemat
1142°Cﬁgg3'yﬂr9ﬁ'h%)ﬁr BuBOREERMBE SisTHOr6 s WdsB AP eactilh. 9t Rhas

m neral concentrate obtalned fromoil sands
ground vaingi angembjrizti¢s]of Pestle 4ndavortamandriagamtdfpueckf millnace in

100501 {5, P 1% T35 P b Syrfesiiad Whnina 1226 £ and 3576 F&;0; and
roastingf%i 95@’:’0 forla Ms3RCEYSEPERRIHIN tI'HFIjF@@ A3 YFBLAG UsiAS pestle

e oil content of the sands would maintalin a
and mortenaogtisifivedriping advp K sgreemhdnsampuet ¢fr ifug of Wa® was then

d thirt i ' bal |. m.I]l. [0046] Th
added (S ol fle-ooNicantiale £ ohE Satip € wil eneiioy fnoat qetip at
1050°CHeBb ht. Théhgodasmhas fgwﬁfrfd WiKgBebtle an8ahdrtdA drd sieded using the
then roasted in a nmurfle furnace. The resulting sanple

No. 40 ggreenl(s¢2§rduhd to powder in a ball mll for thirty

' . t o 00 f. h
10051 7 43 chfEkiivn bRbER T Bemirtud Brfre 1 Peg et it
correspohdingagerimatitadsilice anavelonindS&etheanilsmaiPeadt dofredPonding
oven_at 85Q0C. The ampunt of iron and Fe2O3 are [%I ven

to rutilejig, visiie e No ilmeitg ispvisible. t'?\féerd@ﬁém’rta? bematisel PeA ﬁ.iqa@pears
and imEFNESERTY FIFS GiorpraSRsIY ERAOARISTTENS €40
FIG. 6 eurispoads tothdptdduee obifidstFHR 08. it Showsthephatevialsoli e 5 after it
nas beqtf rogppand Ahaa50 T, THp Palafbrdapiel A5 BerPoRES Y it
which af@hbt ptdsentidF i as NeHetdastnd hedtit®hretdng in FRECS Abs
disappeared.

[0052] To confirm that the roasting process made the titanium in the ore more
soluble and amenable to leaching, the product was treated as follows:

[0053] An amount of 20 liters of concentrated hydrochloric acid solution (35 weight
% HCI) was fed to a 10 gallon, stirred glass-lined, Pfaudler reactor. The products of
‘each of the tests 1 to 13 of the previous section were added to the reactor in separate
runs. The reactor was closed and hot water was passed through the reactor water
jackets to bring the contents to 80°C. A pressure of about 30 psig built up in the

reactor. Every hour, a sample was taken out of the reactor and analyzed for titanium



[0048] Sanples fromtests 9, 10, and 11 conbi ned 500 g
of concentrate with additions of Fe powder and Fe2(3
wa@nabeoen2el r oast ed at 10500C for about 5 hr. TeBtT/UR2008644599

the sane as 9, except that the tenperature was raised
to 11500C. [0049] Test 12 conbi ned 500 g of

and irorcoAtien®h &f ecaqtion, thedieactiyvass cqﬂée@msmw% wager threugh the
S I

jackets.? 1B (E3oBE W Brifieqtine 30fis VAf, Ficblfcly 373 IBRNEihed. and

dried. Ftte polumiesofthe predtietrsolieant was mddsuwdi egfdoal sdmpﬁe Wgsaaken for
i nortar .and r.in

conbi nat on of pe e an -a
analysigy; P\Ima&‘f a'Gnseég']?'F%P @%@th@amémeageg% g@@@eﬂf”d the
amount'BfXFt 'éﬁd ]I'-'ge?‘d@sgl%ﬁ“ﬁ’I eder tékt %&ﬁ@%s@@%sr 25bf a"’r%ogﬁ‘m%e feed
hrs 1n a closed crucible. The Fe was groun

was caloshat@ al hesesultsfnreach test asmdivenendabisi.ng a No. 40
screen. An amount of 166.'.‘& ﬂE 1FeO was then added to
500 g of the concentrate % sanpl e was m xed by hand
and| roasted at 10500C for 5 hr. The progdetiinas @f eiredn
Tassi NQombtdriscof predreamridrdr and si eved usfi ngolttich ND. ddlution
$CI EROplefredtdonttm) . [ 0051] X-Ray diffriacti gn patterng
o1 I Rextdd wlsuh-esungei Qr e roasting show peaksg 58
§0T [ BeRAdiobS I PaBaBLELE. SiTica, and Ziuconi 4. 85

(0] OoT ITelrTs

Z\?l S @i’@iﬁ?ﬁf’?r%;r? ?‘gﬁ{(ggs{g@g&%% er rogﬁsti ng, thge3

o | Ao PP e Dot e E0F 6res,f‘ SE 8, [ana %0

G T L o Test A0, 1. e §
ghov\éfd't %ﬂgﬁﬁ)‘g??za 13? %qgeﬁé&g?tggrcqﬁt has47éeenI oo

PT OL ket ﬂo is%?@%&r\mﬂd‘fo ToRELy SNOWS Wekj —defineds;

peaksuQblei | Meni t'e are not present in FIG 5,

Mefﬁé’oﬁnoﬁu%ﬁsﬂ BRI, lfealll ©P@f0bC Inlbiostd> |0 hagz 95
di sagpess ed 0252] To confirmthat the roasting

@fo"ﬁéoﬁno%@?s% BE,d,! doRBé, Haktk&tol 1060RN i [TOT €7 601 UD€ agid
anenabdea ckrinleeac chi ng, the product was| treated as

1001 | R¥tionloP YRR Fe ), @@P#ﬂ“he&éd 64 05d° &ers Of 7&ONCENt I ageed
hydl pGltsed érGeimel d sol ution (35 wei ght] % HCl) was fed

10 Baddhicddk 58P Fe .| 190£EL GLASPI1bERE, [PTaugd er reactgy .
The| preRdecérscisé each of the tests 1 tjo 13 of the

2 eV h@ditonDEE4% PB,0M8JL FaGESHEd IO 156ve if eact Ofo I N $epargg e
closed crucible

13 Addition of 33% FeO, heated to 1050°C in closed 68 0]
crucible

)

[0054] Test 1 gives the reference point. It shows that only 18% of the Ti and 43%
of the Fe dissolved from the ore concentrate as provided. Test 2 shows that heating
under argon has only a small effect on the results. Test 3 corresponds to reducing
conditions with the reducing agent being hydrogen gas. This test shows a decreased
solubility of Ti and an increased solubility of Fe. These results are consistent with a
mechanism corresponding to reaction (2): reduction liberates iron oxide which is well

soluble and TiO» which is not.
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runs. The reactor was closed and hot water was passed
t hrough the reactor water jackets to bring the
weonbee2s1 t 0 8C0C. A pressure of about 30 psi gpdmiub1008/p44599
in the reactor. Every hour, a sanple was taken out of
the reactor a anal yzed for tltanl umand iron. After
[0085]5p, ofne Mtﬁ&ﬁ% st Gapdustedaithden eerly TpRSiidesaddtions show
that thé’\ﬁfo%f cér'i‘lbfé!giﬁllés%%tloﬁ%ﬁ‘eltﬁs ogﬁ%é'oe {(550 Whﬁgﬁé hﬁ;‘iiuest additions

he solids were recovered on a f| ter,
of Fez%a@dFeTI@m@amﬁaTe‘St 9 Bed gRashoots that thts adiditiars of FeO is also

. nd a s .e taken for . anal
eftectivEE ARG (R SBuREPY Ty SBRuoRMH: i R B B 10T Simitar
amounﬁ‘éit ipdn haded! a8 Fe,0h6 REOFBE affindistdbrbedd, Wb&ﬁdof'tﬁe reagents
ach test expressed as a % of the anmount in the

and of W&spr@érﬁ@mamfeﬁeph% tp detpken indp asgeunt; asd the magt eennomnc
condiid ey ot O ohehORTAL e Blpp b oridor 580G e

[0056] Fe cB@das/Elfda éddmmnrx] béFeraeldqmgp@me@tc&hﬁsmm?dsd@éh be used to
at eatin unaer argon as on a sha

adjust %Pfoé%‘fat ?H%' é@%ﬂ%coﬁ‘g%ﬂtfaje @Gﬁﬁ@@yaﬁd@m@ﬁ%@mlwg oxide

mlxture%ctﬁﬁll 'o?'b%rﬁ&lﬁ/hots%%ﬂléﬁ’féﬁ'h @Ey@%bﬂ%ro'&}pﬂg gr]n&%%se the

his test shows a decrease
SOlUbI“tymf rlé 4 He ersl earidentratenf FGeexérmpIeennﬂsmSSf @0Geand CO,, mixtures

ot R0 R AR B S o
can be $i8dbT@edBehpBratute Wil 58 id ﬁheﬁ‘éhgé%@@@b td r190()3@1"I’(h%rﬁ’l“odynamlc

the tests conducted with iron and/or iron oxid
calculations #imiias & ket RTgsented IRbias. dodrohebe uesklol datbominafthe
diti d ai ned at 10500C with the highest additions of
eon ”OES &?ug% Fe. Conparing Test 9 and 13 shows that the

[0057] addiWhiben thisre Fe@ei el @escgbédwna\t &re ?Péd@thﬁgfbeﬂlbﬁe@[@ldétthe
er an for a

Ti i,n solution was sli snal

preferr%cI ﬁmbgplr%wﬁqu the mv,eaﬂogmtggge skilled inthe g wilkegaliza that changes
and modit

EeRons RlayPho RERE: theRio shfHouf Lep g TrATihe sBRf ofthe
inventiagdt tshistensted toabeionalt seamdnangessambynouifications tieatdakithin the

t.he hest proportion of Ti in solution.

true scc?éfoé@?‘eé@ﬁ'g@g"the addition of Fe and iron oxides,

ot her nmethods can be used to adjust the oxidation

| evel of the ore concentrate and convert iron

oxi de-titaniumoxide m xtures totally or partially to

soluble titaniumiron oxi de conpounds and increase the

solubility of Ti in the ore concentrate. For exanpl e,

m xtures of CO and CO2, m xtures
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of H2 and H2O, or gases fromthe conbustion of fuel in
relatively reducing conditions can be used. The
wo esopesreure will be in the range of 500 to 12000CS2005/044599
Ther nodynam ¢ cal cul ations simlar to those presented
in Figs. 1-3 can be used to determ ne the conditions
AL : 057] Wiile there have been descri bed what
are 6%2%&?% y believed to be the preferred enbodi nents
of the invention, those skilled in the art wl|l
1. Agzretreatm et metmmiges oaidizenotitahiueratomPoun@Y, tRenifeeEs ore, ore

reto witho arting fromthe spirit of the
conceqtm?%,nce rHH(tuqetsl{fwg t“é’rﬂ'ﬁ IRG claimall such changes

and mofdidi i f
the i nvenﬂtl'c‘l?gﬁ I%%drﬁgé%ﬁcgildrrae%h?iﬁg thsmhwg?rﬁéwﬁdé) titaniferous
ore, orgspReRNtrae, exmintuas theteofianch ma(mgmwrfden a ml)ame‘ er ous

there

re, e mi xt.ur es _

8 ERRETRERA: S ANUAIR S aEBk = B e F et
form am:cvcrpdnmdam ¢omp®urﬁder ous ore, ore concentrate, or
m xture reof and mxing to forma m xture; b.

freat i ﬁtrlﬁlet gislanuttaniuma epmpopd: adl.l ed at m)sphere for

a per r mc
. coo*"?ﬁ”é"mé sl b O AP SR e ieror
dissolutipe in hyﬂfochtoalmamd conpound to produce a powder

suitable for dlssolutlon in hydrochlorlc acid. 2 . The

2 T oI bR e bR P LSl s

concen rate I

compogmad splecteasironi the gpbu dbhsistin ROPFARE, an'a%’é‘em‘éﬂh%xene Drookite,
ite, pseudobr ookite, pseudorutile, and m xtu

pseudo?)mlgtgﬁ pseudorgfile, aaednaktuses theteef. 1 wherein the | ron
conmpound is netallic iron. 4. The nethod of claim1

3. M@ﬁﬁatﬁ&@ofFal mQ‘l’\ﬁﬂmﬁWtHeslr r?[:{)ﬁgg)ugéﬁsgﬁm%h? E&ﬁ

net hod ereiln the'rr
sel ected fromthe group consisting of iron powder,

4. The matkodef dlajmflevhére theiichm campoumdckistfeasut bxicof . 6 .
The net hod of claim4 where the anpbunt of ferrous

5. PR ARtAGHSEFciafin 1 wherein the iron compound is selected from the group

consisting of iron powder, ferrous oxide, ferric oxide, and mixtures thereof.

6. The method of claim 4 where the amount of ferrous oxide added is
stoichiometrically equivalent to the amount of free TiO, present in the ore, based on the
reaction FeO + TiO, = FeO « TiO..

7. The method of claim 1 wherein the iron compound is a mixture of ferric iron and
iron powder.

8. The method of claim 1 where the iron compound is an iron sulfide.

9. The method of any of claims 1 to 8 wherein the iron compound is a mixture of

iron powder and ferric oxide present in stoichiometrically equivalent amount to the

12



stoichionetrically equivalent to the amount of free

Ti 2 present in the ore, based on the reaction FeO +
wap@e0s320e0O Ti 2. 7. The nethod of claim1l wheeBUSR005S4599

iron conpound is a mxture of ferric iron and iron

8. . d_of ' wher e, t [
amourf BYHEE Ti8, plerti) MRSt pd 6h e 2Sirdiondce oiF exky 8TI0: =
3FeO cTi@,0s 1 to 8 wherein the iron conmpound is a mxture

iron powder and ferric oxide present in
ui,val ent anmpunt to theanmount of

of
i chi i cal l
10, TR eI i I WA 5 heA e O o leomparature

betweeh Woer?d*@(ﬂ)% = 3FeO Ti2. 10. The nmethod of cl ains
1to 9 where the heating is perfornmed at a tenperature

bet ween 500 ar_ld 1200C. 11. The nethod of clains 1 to 9
11. hhemeethnd dfekaiined! ics9 pefo theekleatingpis tparoemadute temperature

be n 1l 1100C. 12. The nmethod of clains 1 to
betwe%{mraé‘({)ﬁgoﬁggti ng i s perfornmed under a neutral

at mosphere. 13. The nethod of claims 1 to 12 where the
12.  AROWSthed o&b%iﬂnrsqntocpﬂmef@tHesh@éﬂng;ﬁ% %‘ér&aﬂg&é‘iﬁw‘efégneutral

account the reducing effect of an res ,
atmosphyege. 14. The method of clains 1 to 13 where the

at nosphere is controlled by passing a m xture of CO
13. R &R : 1 ] re..15.. The nmethod of =
Cﬁgl s ﬁgzbgeﬁr“\%ﬂzt?gfwgb Fa% %gs%ﬂéwét ?fgﬁgérﬁprctﬂm%%%'s adjusted
to take frtesiceguat thiexedueingfeffd2t engn bR asiues int e sl i d
m xture. 16. The nmethod of clains 1 to 15 wherein the

i) 0. d hyd hl ori i d of
14, e MRl B CBHES Jookd Where.ihéi aioevers tgsirolig by passing a

mixtureSsfl COidrid €OPf ovdi@hé sbAdhiiiuf the titaniferous ore or
ore concentrate. 17. A synthetic conpound forned

ccordi n(? to the nmethod of any of clains 1 to 16 .
15. e method of claims 1 to 13 where the atmosphere is controlled by passing a

mixture of H, and H»0 over the solid mixture.

16.  The method of claims 1 to 15 wherein the solubility in concentrated hydrochloric
acid of titanium in the powder is at least 1.5 times the solubility of the titanium in the

titaniferous ore or ore concentrate.

17. A synthetic compound formed according to the method of any of claims 1 to 16.
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