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cerned with the productxon of an “up- by buming, the chlorine thus generated
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suitable for use as 4 feed material in the - e chlorination process that as pure
production of high purity titanium oxide grade of TiO, as possible is used in order 55
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immense and ever expandmg developments there are economic and technological
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- 30 pigment and paper industry, combined witli ¢onsumption, -increased tank capacity and
the increasing demand for titanium metal; output, decreased need of scrap iron, con-
appears to be outstnppmg the available traction of waste disposal problems etc.) in 65
sources of rutile. Due to this and because of using an acid soluble form of TiO, rather
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50 figures appear to be very specific to the
particular type of ore employed. Moreover,

with some ores significant amounts of tita-
 nium values are precipitatéd in a finely
divided form whilst leaching. Finally, the
55 efficient recovery of 20°Be HCl from
chloride containing  effluents by existing
commercial processes is considerably more
difficult and expensive than the recovery of
HCI of significantly lower concentrations.
60 In another direct acid leaching process
(U.S. patent No. 2,127,247) an attempt has
been made to overcome the similarity in
reactivity to acid leachants of ferric oxide
(Fe,0;) and TiO, in natural parily altered
65 ilmenite by preliminary chemical reduction

processes are claimed to produce a benefi- 115
ciated product _containing up to 90% w/w
TiO,. Here again, it is likely that the practi-
cability of this type of process is very de-
pendent upon the detailed composition of
the ' particular ftitaniferous ore. body em-
ployed. o
The general object of the present inven- -

tion is therefore to . provide an improved

process for the beneficiation of titaniferous
ores which will, preferably, avoid the dis-
advantages associated with each of the
above mentioned classes of prior art pro-
cess and, yet, will not add significant dis-
advantages of its own. Thus, it would be
advantageous if the treatment processes 130
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ﬁr@ql °C for four hours mineral in associ

pT esen]?e oped & eéﬂfdﬁgéﬂdcgghlm;ﬁotmn gﬁsﬁ‘%gﬁ us ores is undesirable. 1577
t age or 1n pr In the sulph d process the unselective --- :

duct cont%ﬁ 76% wfw TiO, with @n 4@ature of the acid digestion stage takdsXAMPLE 4

A| [err] q%eﬂi ent loss correspondigg R30. 6% of the
Austral ja TiOs originally presqat,( -

23. 4% FeO and k- B%ral ilmenite was oxidized by

FeO[ err] wais fbrr et h@hrast BT S Xxbetfigré ebeﬂxg
di.anet erzsfk'i‘z‘ﬂ1

ugi ng air A lg‘? ﬁﬁﬁ%?g?
The oxi di zj wasss% oft

T err] present . 6% -throu
Fe[err] ] ter ox1d1zmg]in air as %0 7e9[mer
95 (IP%'B Ultle - miteflal 4L Gé‘a!t ?vitl'i‘g

di agr ammat hyilaighryatl 815:§ for gée nfdutgdTin oﬂfeé t
aifterf aci

s esseng .Pitcg}ﬁg for 3 ouﬁ? but othermse as in (2)

) - above, a pale-yellow product was obtained

which contained 97.1% wjw TiO, with an

effluent loss corresponding to about 1.29%

of the TiO, originally present.

the material made by the process of this
invention (para. 5 above). not only is of a
far superior grade than those prepared by
45 the methods described in paras 1 to 4
above, but also has a significantly higher
TiO, content than that of most grades of
rutile in current commercial production.
Clearly, therefore, the synthetic ilmenite
50 must differ s1gmﬁcantly from the natural
ilmenite..
Whilst it is dlﬂicult to specify the precise
nature of the changes occurring during the
. formation of the synthetic ilmenite,. it is
55 thought that, during the deoxidation stage
when the ilmenite structure is being formed,
the development of this structure is ex-
tremely rapid in comparison with that which
probably occurred during the formation of
60 the natural ilmenite. As a result, a material
is produced. which possesses many struc-
tural defects and lattice strains which, it is
considered, are largely. responsxb]e for the
enhanced chemical reactivity.
65 We therefore ptefer to carry out the oxid-

-economic - penalty on

1t will be noted that the TiO, content of -

chromiume vilues ifitp oyiutione glong with t85of

tltam iron. values. ChrongW 0
fon “are of great concern m&ﬂmS 2% Ti O,

only are they difficult to separate from the
lih:eequaﬂy V]ﬂ&l}ﬂmbdﬂl ‘Rpaiest. 5 cm

b“ Vefadtf outing 90 r eact or

? the q‘%%”ﬁm[err]c
tx

nna onaﬁﬁdsrlgge tﬂ%@ﬂ

inimmtvlmntals tresintf ip 1thef greapapi nut es at

C?ep"’ﬁfi rfﬁﬂg%#‘ OHV\%‘%MOHBF'%(? to room

YU
£ do ndt Hesult ACEem3R- Shown
et dﬁﬁmmﬂatzcadomnee GhaAl titklem Fi gure 2
dioxide product in this case but the presence

of significant amounts of iron and chromium 100

species in the charge increases the consump-

tion of chlorine per unit weight of titanium

dioxide produced and this imposes an

the chlorination 105

process.

To achieve a reduction in chromium con-
centration, consistent with the use of one or
other of these processes, it has been neces-
sary in the past to sub]ect the ore to an
initial magnetic separation step to thereby 110
produce a titanium-rich and chromium-rich
fraction. However this has provided only a
partial solution since the similarity in the
magnetic susceptibilities of - ilmenite and
chromite (which is the main chromium-con-
taining impurity usually associated with
titaniferous ores) prevents a clean separa-
tion of those minerals. Thus, if titaniferous
ores containing chromite are to be exploited
effectively for their titanium values, signifi-
cant losses of ilmenite will be incurred when
lowering the chromium content to an accep-
table level by magnetic methods.

We have found that if an ilmenite ore
containing chromite is subjected to the oxid-
ation and reduction stages of the . . process
described above, the chemical activity of
the iron oxxde component of the ilmenite
that is, the iron values associated with tita-
nium, is enhanced, as has been descnbed 130

115
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8 nmet hods, whilst the chromte may be used maintained at 108-110[err]C

STt OS2 Gyt eToveTy o Cchromurm var ues. provi ded by

shaking the flask. At the end This nodification of the invention is

of the |eaching time, the m xture was cool ed, further illustrated by the

following exanple filtered, washed. wi.th water and the r§4 due 5 5.

driedqt horoughly. The resi due wasi-325 816 EXAMPLE 5 7 :
| meni te

passe -Saptes—of —sTx T
ores havimed assme“Adﬂn’epnocuss mdeWmeﬂh(BntlShlﬂt *Ef d ciated |
etg‘gtdt %ﬂ §t|onr|ch|n
q~h§ ) raaehe products

at eacts tavefeelemm Isa@0Cia8 anateri am aaz:ebl%wsstage are s
'preset;tgegflzo% éﬁaiubre niake-up afifl (eidg béddd r eact or_ysing air Jghe fluidizing
30 a at 870 C. The di zed WPLE 6

( Compar a?d ‘% FS sjunﬁer 1ﬁus§ate<{§)r en deoxfl%zed by pas2i ng hyd-:

sanpl ej@ rrenlte(Ore |1

idt he lﬂ

“chr oni t efepevse chiot eeélqw % ﬁ@ ragd @
cess of Eiﬁg.l %ﬂ;‘l y%ffgﬁce

A S|ngle

§ [ in rogen thr€a@h the fl ué%bed for?3five
m nutes Tabl e-1) d--t hrough a ‘hi gh ten- 15 a 70[err] C. The
mat eri al v&émh%gfaﬁ‘](“l‘ h v rﬁ;“sf?f‘oﬁim nduced 1 separ at @igpusi ng progres-
t enper at 1 tha IzI ng at nosphere .. “Sivel y s ncr eased magnetic

1b-“"'ffi‘)act i ons of

ht ions for
e of rﬁetce -he

fiel dsis The rrass 35 and thfe/n Ieachedrh?waﬁbtgi@ls
t he products o¥Oyhe differ chl orqY¥algi@ s
three stages E%et her wit Et hei r an;{g coment

t enperat ure ofcﬁ,@achl ng wa®.1sn Tabl e tge.of msoluble gingﬁ&&na&ﬁ@l [err]

20 MnO 1.77
MgO 0.46 EXAMPLE 4
ALO, 0.23 * Ilmenite from west coast of Australia
Ca0O 0.05 having 55.2% TiO,, 23. 4% FeO and 17.8%

25 was oxidized in a 4.5 cm. diameter fluid bed
reactor using air as the fluidizing gas for
two hours at 870°C. The oxidized ore was
then deoxidized by passing hydrogen
through the fluid bed for five minutes at

30 870°C. The material was cooled to room
temperature in a non-oxidizing atmosphere.

70 gm. of the deoxidized material was
then leached with 200 gm. of 20% hydro-
chloric acid solution under refluxing con-

35 ditions for three hours. The temperature of
leaching was maintained at 108-110°C and
agitation was provided by shaking the flask.
At the end of leaching time, the contents
were allowed to cool, filtered, washed with

0 water and the residue dried and then ignited
at 800-850°C. The ignited product analysed
as follows:

97.1%
1.08 .
0.14
0.08
0.05
03
0.03

EXAMPLE 2
Iimenite from Quilon (India) containing
60.3% TiO; 9.7% FeO and 24.8% Fe,Os
55 was oxidized, deoxidized and leached as in
example 1. The leached product on drying
and 1gmt10n analysed as follows:—

TiO, 95.8%
Fe, 0, 0.7

EXAMPLE 3
Mined and dressed titaniferous material
from Tahawas (U.S.A.) containing 44.4%
65 TiO,, 36.7% FeO and 4.49% FeO, was

45

50

60

Fe,O, was treated as in example 1. The
upgraded matenal had the following 90
analysis.

TiO,
Fei0: 95

The process shown diagrammatically in
Figure 2 is essentially the same as that of
Figure 1. A natural ilmenite having asso-
ciated chromite enters the oxidation stage A
where the iron values associated with tita-
nium are oxidized by air in a suitably
heated reactor. .

After oxidation at A the oxidized
material is subjected to the deoxidation
stage B in which the material is treated
with hydrogen or hydrogen containing
gases. Thls results in the formation of a
“synthetic” ilmenite, as described above.

The deoxidized material (which is now
essentially a mixture of synthetic ilmenite
and chromite) passes to the leaching stage
C where it is leached with 209 aqueous
hydrochloric acid. This dissolves out the
ferrous iron of the synthetic ilmenite, as
well as other acid-soluble non-titaniferous
impurities, but not the ferrous iron of the
chromite, thereby leavmg a titanium dioxide
rich residue containing chromite. The liquid
and solid phases are separated as before in
liquid separator D, "the aqueous ferrous
chloride liquor then passing to the hydro-
chloric acid recovery process F.

The solid product from D is washed and
dried and passed to magnetic separator G,
which consists of any suwitable known appa-
ratus, to effect a clean separation of the
product into a non-magnetic titanium di-
oxide rich fraction and a magnetic chromite
fraction. The up-grade may then be treated
to recover titanium values by known 130

96.6%
1.0
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1 225 826 10 These results show

that in order to obtain 5. A process as clained in claim 4, ilmenite
cont gi-Tm . : i % s~

at mospheric air. magneti c separation .methods, approxi mately 6. A
process as caﬁ med in any one of 73% of the ilnenite has to be rejected.

On he precegling clains, wherein the depxsdgs 5 the other hand, by theg

met hod of t-he present t+ i op—-s—catrriad—out hu cont-acti ng the oxi r‘|| Qnr‘l-
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1% of the Tigerr] val ueEXAMPLEgases I aﬁﬁg@m stbaak - A5

further nodi- tamlé\grs %ﬁt @;:} oreg IhaYlg‘ggﬁEn n ¢e omameuq%?gradef qulan n@g@n@ ¥
be made to the ,ge@'ﬁ{ :Eﬁ‘éﬁ“g ns r g‘Z{‘Mj ag on rich in
descri bed. Fouto le&@re dxidliéd So ciaehebddl stagedare r&%rﬁéﬁl; :tcﬂgct@ﬁlartmeachl n- '
claim5 or - afwidjbed Iln;smbm aieathe foglizing, ﬁat the basis claim 6, 30 .

wherei n.the deofdss f ivee k. Yray be
carried out at ggggis?gﬁ& (ﬁd ,ﬁ%ﬁ% égrrTLd% % ﬁ@ggﬂzﬂge( o ég;f,"n%/tes

cont ai ni ng ot Meat 870%C hiGwas coolecrmrro&ﬁntsi?gl Ehdﬂ&dlﬂinbld’e t&smﬁg h,ggge not

9. A process fo Ospheras smly altcmasedvmgheuct fiddanThamas. 3. ,
silicates, mat e @3&% est er Wlth theu‘ uggvﬂm alg?rmtt y s
such that . thei l’hddi'sQnI‘tﬁeO ratuke Of 1%&1*,8 v&%elﬂ/\fn‘ (ﬁ i Ses®

tent:is sen3|bly unchangegwdurlng t he oxidai - out the- process of any one
of clainms | to 8, 20 tion, deoxidation and | eaching operations of and

| eaching the thus treated ore to renopve 85 the upgradlng process
substantially all of the iron val ues there- o

from EXAMPLE 7 = - - ¢ T ' 10. A process as
clainmed in claim 9, = The upgraded naterial obtained in Ex- wherein
the ore is leached with acid. anple 3, after passage through a nagnet.i c-
111 - A process as clainmed in claim 10, 90 . separator, produced in.a
non-magnetic frac- wherein the acid is hydrochloric acid. - tion
significantly richer. in titanium dioxide 12. A process as clained in
claim 9, than the original upgraded material, Analysis wherein the
treated ore is leached with =~ of the non-magnetic fractioon was as
hydrochloric acid of 20% w w concentra- 30 follows: - S o

tion at a tenperature of from 105C., to 95. A D
110[err]C - . Tidgerr] 92. 26% - : 13. A process
as clainmed in any of ' : - Fe[err]Jerr] " ' 1.7 %

claims 9 to 12, wherein the ore contains S o
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Cr[err]derr] 0.01% magnetic materials and wherein

after Ieach 35 MyO 0.17% ing the ore is
e et TSepaT— —tterrioterri— 0. 79%

ratron treat nent to renove substantially all

of the magnetic materials fromthe ore. VWHAT WE CLAIM I S: -
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WHAT WE CLAIM_ I8:— o
1. A process for the treatment of titani-
ferous ore comprising the steps of oxidising

substantially all of the iron values asso- -
ciated with titanium in the ore to the ferric:

state; and deoxidizing substantially all (as
herein defined) of said iron values to the
ferrous state or ferrous and metallic states,
the amount of said  iron values in the
metallic state following the deoxidation not
exceeding 20% w/w of the ore.

2. A process as claimed in claim 1,
wherein the deoxidation is carried out so
that substantially all of said iron values are
deoxidised to the ferrous state.

3. A process as claimed in claim 1 or

claim 2, wherein the oxidation is carried out
at a temperature below that at which sinter-
ing of the ore occurs.

4. A process as claimed in any one of
the precedmg claims, wherein oxidation of

the ore is carried out by contacting the ore

with an oxidant comprising gaseous oxygen;.

a mixture of oxygen with at least one other-

- gas which is inert under the reaction con-
 ditions, or a compound containing Oxygen
and which is capable of oxidising iron to
the ferric state under the reaction conditions.
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14. A process as claimed in any one of
claims 9 to 12, wheréin the ore contains a
chrommm-contammg mineral, .and wherein
after leaching the ore is subjected to a mag-
neti¢c separation treatment, to remove -sub-
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t he upgradl mg rar(pmeess as claimed i claim 9,
| ed mpiterigly Pbained: ine Ep-  wherein the ore is leached with acid.
l:%( 3, after. passage through a magnetic-
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_ration treatment, to remove -substantially all
- . of the magnetic materials from the ore.
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stantially all of the chromium-containing

-mineral from the.ore.

- 15. A‘process for the productxon of an
upgrade material. rich in titanium dioxide
substantially :as hereinbefore described with
fdifaerence to Figure 1 of the accompanying

WIngs.
16. A process for the productlon of an

116

115

upgrade material rich in titanium dioxide

substantially as hereinbefore described with
reference to Figure 2 of the accompanymg
drawings.
17. ~ A process for the treatment of a tita-
niferous ore involving the steps of oxidation
and deoxidation substantially as hereinbe-
fore describéd with réference to any:one of

‘Examples 1 to 4 éxcluding the leaching step.

. 18. A process for the treatment of tita-
niferous ores substantially as hereinbefore
described with reference to Examples 5.

120 :

19. A process for producing an upgrade

material rich in titanium dioxide substanti-

_ally as hereinbefore described with reference:

130
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the amount of said iron values in the upgrade material rich in titanium dioxide

metallic state following the deoxidation not substantially as hereinbefore described with

exceeding 20% w/w of the ore. reference to Figure 1 of the accompanying
a 2. A process as claimed in claim 1, drawings.

50 wherein . the deoxidation is carried out so 16. A process for the production of an 115
that substantially all of said iron values are upgrade material rich in titanium dioxide
deoxidised to the ferrous state. substantially as hereinbefore described with

3. A process as claimed in claim 1 or reference to Figure 2 of the accompanying
. claim 2, wherein the oxidation is carried out drawings.

55 at a temperature below that at which sinter- 17. A process for the treatment of a tita- 120

ing of the ore occurs. niferous ore involving the steps of oxidation

4. A process as claimed in any one of and deoxidation substantially as hereinbe-
the preceding claims, wherein oxidation of fore described with reference to any one of
the ore is carried out by contacting the ore - Examples 1 to 4 excluding the leaching step.

60 with an oxidant comprising gaseous oxygen, 18. A process for the treatment of tita- 125
-a mixture of oxygen with at least one other niferous ores substantially as hereinbefore
gas which is inert under the reaction con- described with reference to Examples 5.
ditions, or a compound containing oxygen 19. A process for producing an upgrade
and which is capable of oxidising iron to material rich in titanium dioxide substanti-

- 65 the ferric state under the reaction conditions. ally as hereinbefore described with reference 130

I

A UG R




11 1 225 826

11 to any one of exanples 1 to 4 including acid at 108[err]C
t 0 A4Oferrde = ar ST tETTacnh ng step. '

pheric pressure. _ 20 .

21. A titaniferous ore product whenever 20. A titaniferous ée

pr oduct : produced by the process of any of clains 1 5 z) l

di spl ayi nglthe X-ray powder diffrac- 2% %®6and 17 and, excluding t he *

| eaching t7on pattern of 1l nepite;, . St LAl d .
(ii) in whi cr{gsaggﬁ;arg{g;é?‘wesd to dalpdlivgi , @ E‘;A{‘;uﬁfnghl ?ea?lguag%%r ap
prodlict when- 2 s P defined) of theyi b fitaibrets oroprodyicnahdngver ever

produced by theo.prociesiferafs amypraduct: produced by e aresess wf any eftetaimg 1 ani um
in the claPns @ diplayige teaXapypavgiler diffeg fo 8 andy i FiflarmAHng, B
tion pattern o s 15 1

ferrous state g in which subsm‘g{‘_éﬁl)%egﬁﬁasal%iﬂmft%.lc}%mﬁ lﬁg%ﬁs' ore product when- 25
ELKI NGTON & FI E defined) of tHel iton)vaRenérizinallyngeveDiprodneed byhahe Broeésaof any of

of metallic,_iron;asssiited with the titanium in the  claims GhigribetetndPtd ent Agent s,
(iv) which 1% in gﬁ%&ggﬁgﬁf%‘%ﬂ@ﬁ% hat kl'gg@r&ql‘@gfthouse, 15
sai-d iron val ugg gﬁ{agﬁhgaﬁ& thdte 20% wiv C E% 4 H gh Hol born,

ferrous state or bfemenlis ismndandetal [icC Chaftered] $atent\gents,, -

states can be (i@awkighjisdup 1paAstiye giale such that r@&? %Q)“ﬂ? w w

hydr ochl ori ¥ ;:‘ﬁm @&ﬁ%ﬁé"ﬁﬁg}ﬁ?\ppl i cant enads! %ﬁzgﬂn’f or Her

Maj esty' s Stati ongits &ﬁwﬁa ¥d buebyl wesddal e Press Ltd., )

Ber wi ck- upon- Tweedent19iti 309b| w/ghbyfireshlotihe Pat efgent for dke, Applicgisit hanpt on

Bui'l di ngs, London WC2A | AY from which-copies—

may be Obtﬂ’inQ@C}or Her Majesty’s Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1971
’ Published at the Patent Office, 25 Southampton: -Builbtth;x_lg:,d Loridon WC2A 1AY from which copies
. may be obtamed.

$

00,




