
5                                         1225 826
17  5                effluent being about 0.5%  of the TiO[err]  ation
stage at relatively low temperatures               originally present.
(e.g. about 900[err]C) both  for economy reasons and in order to facilitate
the forma-                 2. The natural untreated ilmenite was  tion of
hematite (FeO[err]) and rutile (TiO[err])            5 treated in a single
stage with a 20% excess as separate phases with a minimum amount 70
of a 20%  hydrochloric acid solution at of pseudo-brookite (FeO[err]
TiO[err]).               110[err]C for four hours under reflux condi-    A
modification of the process of this          tions. The dry product
contained 72.9%  invention renders it particularly useful for
w/w TiO[err] with an effluent loss correspond- the treatment of
titaniferous ores containing           10 ing to 0.5% of the TiO[err]
originally present. appreciable quantities of associated chro- 75
mium minerals and other minerals having                 3. The natural
untreated ilmenite was magnetic properties.               treated with
hydrogen at 875[err]C until the    In both the conventional sulphuric acid
ferric values present originally had been  leaching process and the more
recent chlori-           15 reduced to the ferrous state. This material
nation process, the presence of appreciable 80               was then
leached at 110[err]C for four hours  quantities of chromium mineral in
associa-               with a 20%  excess of 20%  hydrochloric  tion with
the titaniferous ores is undesirable.               acid under reflux
conditions. The dry pro- In the sulphuric acid process the unselective
duct contained 76%  w/w  TiO[err] with an  nature of the acid digestion
stage takes           20 effluent loss corresponding to 0.6% of the
chromium values into solution -along with 85               TiO[err]
originally present.               titanium and iron values. Chromium values
in solution are of great concern since not                 4. The natural
ilmenite was oxidized by  only are they difficult to separate from the
air for two hours at 875[err]C before being  subsequently precipitated
titanium  species,           25 leached with 20% hydrochloric acid as de-
but they also have a pronounced colourina 90               scribed in 2)
above. The product contained  effect on the final titanium dioxide product.
55.2% w/w TiO[err] with an effluent loss cor- In the chlorination process,
substantially all               responding to 5.6%  of TiO[err] originally
of the chromium values, together with iron               present.
and impurity metals present in the ore may           30
be separated readily from  the titanium 95                 5. After
oxidizing in air as described in  values  after  chlorination.  Chromium
(4) above, the material was treated with  minerals therefore do not result
in signifi- 



hydrogen at 875[err]C for five minutes in order  cant contamination of the
final titanium               to produce synthetic ilmenite. After acid
dioxide product in this case but the presence           35 leaching for 3
hours but otherwise as in (2) of significant amounts of iron and chromium
100               above, a pale-yellow product was obtained  species in the
charge increases the consump-               which contained 97.1% w/w
TiO[err] with an  tion of chlorine per unit weight of titanium
effluent loss corresponding to about 1.2%  dioxide produced  and this
imposes an               of the TiO[err]) originally present.
economic  penalty  on  the  chlorination           40
process.                                   105                 It will be
noted that the TiO[err], content of   To achieve a reduction in chromium
con-               the material made by the process of this  centration,
consistent with the use of one or               invention (para. 5 above)
not only is of a  other of these processes, it has been neces-
far superior grade than those prepared by  sary in the past to subject the
ore to an           45 the methods described in paras 1 to 4  initial
magnetic separation step to thereby 110               above, but also has a
significantly higher produce a titanium-rich and chromium-rich
TiO[err]) content than that of most grades of  fraction. However this has
provided only a               rutile in current commercial production.
partial solution since the similarity in the               Clearly,
therefore, the synthetic ilmenite  magnetic susceptibilities of ilmenite
and           50 must differ significantly from the natural chromite (which
is the main chromium-con- 115               ilmenite.
taining impurity usually associated with                 Whilst it is
difficult to specify the precise  titaniferous ores) prevents a clean
separa-               nature of the changes occurring during the  tion of
those minerals. Thus, if titaniferous               formation of the
synthetic ilmenite, it is  ores containing chromite are to be exploited
55 thought that, during the deoxidation stage  effectively for their
titanium values, signifi- 120               when the ilmenite structure is
being formed, cant losses of ilmenite will be incurred when
the development of this structure is ex-  lowering the chromium content to
an accep-               tremely rapid in comparison with that which  table
level by magnetic methods.               probably occurred during the
formation of    We have found that if an ilmenite ore            60 the
natural ilmenite. As a result, a material containing chromite is subjected
to the oxid- 125               is produced which possesses many struc-
ation and reduction stages of the process               tural defects and
lattice strains which, it is  described above, the chemical activity of
considered, are largely responsible for the  the iron oxide component of
the ilmenite               enhanced chemical reactivity.           that is,
the iron values associated with tita-           63   We therefore prefer to
carry out the oxid-  nium, is enhanced, as has been described, 130     
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6            but that if the iron oxide componenet of the  tice in yielding
a means for obtaining a           chromite is not materially changed.
clean chromite fraction, substantially free of           This result thus
offers a material advan-  titaniferous values. This clean high-chromite
tage for the up-grading of ilmenite ores   fraction may therefore be
further processed        5      containing  chromite and which as a con-
by  known  means for  the recovery  of          sequence have been of
little economic  chromium compounds or metallic chromium          value.
For, after the above treatment, the  without the need for an extensive and
clostly          ore may be subjected to a suitable leaching  purification
step  to  remove  titaniferous          operation,as described above to
remove the  values.       10 activated iron values orginally associated
Thus, in a further aspect of the, present 75          with titanium, and
thereby leave a product  invention, there is provided- a process for
comprising essentially titaniumn dioxide and  up-grading titaniferous ores
containing asso-          substantially unaltered chromite. This pro-
ciated chromite,whereby the ore is treated          duct is readily
amenable to further up   as described above to thereby provide both
15 grading since,although untreated dilmenite is  a titanium-rich up-grade
substantially free 80          strongly magnetic, the up-grade, or "syn-
of chromium vallues, and a chromium-rich          thetic rutile", derived
from  this mineral is       up-grade substantially free of titanium
not. Thus it is now possible to use a mag-      values          netic
separation step to separate the un-    To  further portray the nature of
the      20 chchanged magnetic chromite from the leached       present
invention, the chosen embodiment         product.
illustrated in the accompanying drawings            Thus when  the ore
contains, magnetic  will now be described. In the drawings:
materials it is possible, according to the        Figure 1 is a flow sheet
of a typical         invention, to subject the ore after leaching
process according to the invention; and      25 to a magnetic separation
treatment, to re-   Figure 2 is a flow sheet of  a modified         move
substantially  all of the  magnetic  form of the process for
chromite-containing         materials from  the ore.
ilmenites.           The present invention thus provides a    Referring
firstly  to  Figure  1, natural         process for up grading titaniferous
ores   ilmenite enters an oxidation stage A where      30 containing
chromium-containing  minerals,  it is oxidized by air in a suitably heated
95         wherein said, ore is subjected in turn to  reactor. Both this
stage and the following         oxidizing - conditions sufficient to
convert  deoxidation  stage may  be  conveniently 



substantially all of the iron values asso-          carried out in a single
reactor although for         ciated  with titanium  to  the  ferric state,
convenience of description two separate     35 without significant
oxidation of the iron        stages are shown. The reactors may be of
component  of  the  chromium-containing      any suitable known type and
may be of         mineral; and then to deoxidizing conditions      the
stationary or fluid bed type or alter-         sufficient to convert
substantially all (as     natively may be of the counter-current type
herein defined) of said iron values from the  in which the solid and
gaseous reactants     40 ferric state to the ferrous state or ferrous  each
move in opposite directions through        and metallic states, the amount
of said iron       the reactor.        values in the metallic state not
exceedin    After oxidation at A, the oxidized material        20%  w/w  of
the ore, and the iron com-     is subjected to a deoxidation stage B in
ponent of the chromium-containing mineral  which the material is treated
with hydrogen     45 being  unchanged; whereafter the ore is  or hydrogen
containing gases. This results in 110        leached to remove
substiantially all of the  the formation of synthetic ilmenite as here-
deoxidised iron values, and the  subjected  inbefore described.        to a
magnetic separation, treatment to re-    The synthetic ilmenite passes to a
leach-        move substantially all of the chromium-  ing stage C where it
is leached, in conven-     50 containing mineral, thereby leaving an up-
tional apparatus with 20% aqueous hydro 115        grade, rich in titanium
dioxide and sub-  chloric acid which dissolves out the ferrous
stantially free of chromium values.          iron and other acid soluble
non-titaniferous          While natural chromite will be the form
impurities,leaving an  up-grade which is       in which chromium  minerals
will normally  rich in titanium  dioxide. The liquid and    55 be
encountered in association with titani-  solid phases are separated in stae
D which 120       ferous ores ratios of chromic oxide to iron  consists of
any suitable known apparatus       outside the normally  accepted range for
such as a batch or continuous filter, de-       chromite are to be
understood as being in-  canter, centrifuge or any suitable combina-
cluded within that term  in the following  tions thereof. The solid
up-grade product is    60 description.                                then
washed and dried calcined.         It will also be appreciated that while
the    The, aqueous ferrous chloride liqour then       present invention
provides a means for  passes to a conventional hydrochloric acid
obtaining  an up-grade rich in titanium ,di-  recovery process F  which is
here shown       oxide but low in chromium, it also provides  separated
from the rest of the process by the    65 a further advantage over the
prior art prac-  dotted line E-E. The recovery process illus- 130     
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7      trated is the "Aman" process in which the  ground to -30 mesh
(British Standard) and     ferrous chloride liquor is oxidized and  then
treated as in example 1 and 2 above     hydrolyzed with steam  to form
hydro- except that the leaching time was increased     chloric acid vapour
and ferric oxide. The  from  three to four hours. The upgraded  acid is
returned to the leaching stage C as material analysed as follows:     70 a
20% solution, make-up acid being added if necessary. -
TiO[err]          83.8%        The invention is further illustrated by the
Fe[err]0[err]          3.0     following examples:
SiO[err]           5.2   10
CaO                1.0           75                   EXAMPLE 1
MgO                0.8        150 gm. of ilmenite from east coast of
Al[err]0[err]              3.6      Australia(Gladstone) having the
following    Cr[err]0[err]            0.02   typical analysis:   15
The analysis showed that the iron re- 80              TiO[err]
52.9%           moval in this case was good, but that the
Fe[err]O[err]           11.9            TiO[err] content of the product was
much              FeO               30.8            lower due to the
presence of large percen-              Cr[err]O[err]            0.15
tage of insoluble gangue material.  20         MnO                1.77
85              MgO                0.46                         EXAMPLE 4
Al[err]O[err]            0.23            Ilmenite from  west coast of
Australia              CaO                0.05           having 55.2% TiO,,
23.4% FeO and 17.8%
Fe0[err] was treated as in example 1. The  25 was oxidized in a 4.5 cm.
diameter fluid bed  upgraded  material  had  the  following 90      reactor
using air as the fluidizing gas for analysis.      two hours at 870[err]C.
The oxidized ore was      then  deoxidized  by  passing  hydrogen
TiO[err],             96.6%      through the fluid bed for five minutes at
Fe[err]O[err]          1.0   30 870[err]C. The material was cooled to room
95      temperature in a non-oxidizing atmosphere.   The process shown
diagrammatically in        70 gm. of the deoxidized material was Figure 2
is essentially the same as that of 



then leached with 200 gm. of 20% hydro- Figure 1. A natural ilmenite having
asso-      chloric acid solution under refluxing con- ciated chromite
enters the oxidation stage A   35 ditions for three hours. The temperature
of where the iron values associated with tita- 100      leaching was
maintained at 108-110[err]C and  nium  are oxidized by air in a suitably
agitation was provided by shaking the flask. heated reactor.      At the
end of leaching time, the contents    After oxidation  at A  the  oxidized
were allowed to cool, filtered, washed with  material is subjected to the
deoxidation   40 water and the residue dried and then ignited  stage B in
which the material is treated 105      at 800-850[err]C. The ignited
product analysed  with  hydrogen  or hydrogen  containing      as follows:
gases. This results in the formation of a
"synthetic" ilmenite, as described above.               TiO[err]
97.1%             The deoxidized material (which is now   45
FeO[err]           1.08            essentially a mixture of synthetic
ilmenite 110              Cr[err]O[err]            0.14           and
chromite) passes to the leaching stage              MgO                0.08
C where it is leached with 20%  aqueous              MnO
0.05           hydrochloric acid. This dissolves out the
A1[err]O[err]            0.3            ferrous iron of the synthetic
ilmenite, as   50         CaO                0.03            well as other
acid-soluble non-titaniferous 115
impurities, but not the ferrous iron of the                    EXAMPLE 2
chromite, thereby leaving a titanium dioxide        Ilmenite from Quilon
(India) containing  rich residue containing chromite. The liquid      60.3%
TiO[err] 9.7%  FeO and 24.8%  Fe[err]0[err] and solid phases are separated
as before in   55 was oxidized, deoxidized and leached as in  liquid
separator D. the aqueous ferrous 120      example 1. The leached product on
drying  chloride liquor then passing to the hydro-      and ignition
analysed as follows:-     chloric acid recovery process F.
The solid product from D is washed and               TiO[err]
95.8%           dried and passed to magnetic separator G,   60
FeO[err]           0.7            which consists of any suitable known
appa- 125                                                 ratus, to effect
a clean separation of the                    EXAMPLE 3
product into a non-magnetic titanium di-         Mined and dressed
titaniferous material oxide rich fraction and a magnetic chromite      from
Tahawas (U.S.A.) containing 44.4%  fraction. The up-grade may then be
treated   65 TiO[err], 36.7%  FeO  and 4.4% FeO[err] was to  recover
titanium  values by  known 130     



8                            1 225 826
8    methods, whilst the chromite may be used  maintained at 108-110[err]C
and agitation was 20   for the recovery of chromium values.    provided by
shaking the flask. At the end      This modification of the invention is
of the leaching time, the mixture was cooled,   further illustrated by the
following example  filtered, washed with water and the residue 5 5.
dried thoroughly. The residue was then                 EXAMPLE 5
passed through a magnetic separator to pro- 5      Samples of six ilmenite
ores having asso- duce non-magnetic up-grade rich in titaniun   ciated
chromite were subjected to the pro- dioxide and a magnetic fraction rich in
cess of the present invention. 150 gm  chromite. Analysis of the products
at each 10 samples were oxidized in a 4.5 cm diameter stage are as
presented in Table 1.    fluid bed reactor using air as the fluidizing
30    gas for two hours at 870[err]C. The oxidized    EXAMPLE 6
(Comparative Example)    ore was then deoxidized by passing hyd-   A single
sample of ilmenite (Ore II in    rogen through the fluid bed for five
minutes Table I) was passed through a high inten- 15 at 870[err]C. The
material was cooled to room  sity induced roll separator using progres-
temperature in a non-oxidizing atmosphere  sively increased magnetic
fields. The mass 35   and then leached in 400 gm of 20% hydro- fractions of
the products of the different   chloric acid under reflux conditions for
three  stages together with their analyses are given   hours. The
temperature of leaching was in Table II.        1 225 826 [err]      



1 225 826                                       10     These results show
that in order to obtain   5. A  process as claimed in claim  4,    ilmenite
containing less than 0.2% Cr[err]0[err] by  wherein the oxidant is
atmospheric air.    magnetic separation methods, approximately   6. A
process as claimed in any one of    73% of the ilmenite has to be rejected.
On  the preceding claims, wherein the deoxida-  5 the other hand, by the
method of the present tion is carried out by contacting the oxidised-
invention the production of an upgrade con-  ore with a reductant
comprising hydrogen    taining more than 95%  TiO[err] and about carbon
monoxide, hydrocarbon gases, or    0.1% Cr[err]O[err] is achieved with the
loss of as mixture containing any two or more of these    little as about
1% of the TiO[err] values.     gases. 10  It will be appreciated that
further modi-   7. A  process as claimed in claim  6, 75    fications may
be made to the procedure just wherein the reductant is hydrogen.
described. For example, it will be apparent,  8. A process as claimed in
claim 5 or    and it has been demonstrated, that the basis  claim  6,
wherein the deoxidation step is    for upgrading by magnetic methods may be
carried out at a temperature of from 850[err]C., 15 applicable to ilmenites
containing other  to 900[err]C.    iron-containing impurities which are not
9. A process for producing an upgrade    associated  with  titanium, e.g.,
silicates, material rich in titanium  dioxide from  a    whose stability is
such that their iron con-  titaniferous ore which comprises carrying
tent is sensibly unchanged during the oxidai-  out the- process of any one
of claims I to 8, 20 tion, deoxidation and leaching operations of and
leaching the thus treated ore to remove 85     the upgrading process.
substantially all of the iron values there-
from.    EXAMPLE 7                                    10. A process as
claimed in claim  9,       The upgraded material obtained in Ex- wherein
the ore is leached with acid. ample 3, after passage through a magnetic-
111  A process as claimed 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 claimed in
claim  9,    than the original upgraded material, Analysis  wherein the
treated ore is leached with    of the  non-magnetic  fraction  was  as
hydrochloric acid of 20%  w/w concentra- 30 follows:-
tion at a temperature of from  105C., to 95
110[err]C.             TiO[err]         92.26%     -        13. A  process
as claimed in any of             Fe[err]O[err]            1.7 %
claims 9 to 12, wherein the ore contains 



Cr[err]O[err]            0.01%          magnetic materials and wherein
after leach- 35         MgO                0.17%           ing the ore is
subjected to a magnetic sepa-             Al[err]0[err]            0.79%
ration treatment, to remove substantially all
of the magnetic materials from the ore.       WHAT WE CLAIM IS:-
14. A process as claimed in any one of       1. A process for the treatment
of titani-  claims 9 to 12, wherein the ore contains a 40 ferous ore
comprising the steps of oxidising  chromium-containing mineral, and wherein
substantially all of the iron values asso-  after leaching the ore is
subjected to a mag-     ciated with titanium in the ore to the ferric
netic separation treatment, to remove sub-     state; and deoxidizing
substantially all (as  stantially all of the chromium-containing     herein
defined) of said iron values to the  mineral from the ore. 45 ferrous state
or ferrous and metallic states,   15. A process for the production of an
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      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      
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10     These results show that in order to obtain    5. A  process as
claimed in claim  4,    ilmenite containing less than 0.2% Cr[err]O[err] by
wherein the oxidant is atmospheric air.    magnetic separation methods,
approximately    6. A process as claimed in any one of    73% of the
ilmenite has to be rejected. On  the preceding claims, wherein the deoxida-
5 the other hand, by the method of the present tion is carried out by
contacting the oxidised     invention the production of an upgrade con-
ore with a reductant comprising hydrogeL     taining more than 95%
TiO[err] and about carbon monoxide, hydrocarbon gases, or a     0.1%
Cr[err]O[err] is achieved with the loss of as  mixture containing any two
or more of these     little as about 1% of the TiO[err] values.  gases. 10
It will be appreciated that further modi-   7. A  process as claimed in
claim  6,     fications may be made to the procedure just wherein the
reductant is hydrogen.     described. For example, it will be apparent,  8.
A process as claimed in claim 5 or     and it has been demonstrated, that
the basis  claim  6, wherein the deoxidation step is     for upgrading by
magnetic methods may be  carried out at a temperature of from 850[err]C.
15 applicable to ilmenites containing other  to 900[err]C.
80     iron-containing impurities which are not   9. A process for
producing an upgrade     associated  with  titanium, e g., silicates,
material rich in titanium  dioxide from  a     whose stability is such that
their iron con-  titaniferous ore which comprises carrying     tent is
sensibly unchanged during the oxida-  out the process of any one of claims
1 to 8,  20 tion, deoxidation and leaching operations of  and leaching the
thus treated ore to remove 85     the upgrading process.
substantially all of the iron values there-
from.     EXAMPLE 7                                     10. A process as
claimed in claim  9,       The upgraded material obtained in Ex-  wherein
the ore is leached with acid.  ample 3, after passage through a magnetic
11. A process as claimed 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 claimed in
claim  9,     than the original upgraded material, Analysis  wherein the
treated ore is leached with     of  the  non-magnetic  fraction  was  as
hydrochloric acid of 20%  w/w concentra- 



30 follows:-                                   tion at a temperature of
from  105[err]C., to 95
110[err]C.              TiO[err]         92.26%               13. A
process as claimed in any of              Fe[err]O[err]            1.7 %
claims 9 to 12, wherein the ore contains              Cr[err]O[err]
0.01%           magnetic materials and wherein after leach-  35         MgO
0.17%            ing the ore is subjected to a magnetic sepa-
Al[err]O[err]            0.79%           ration treatment, to remove
substantially all                                                 of the
magnetic materials from the ore.       WHAT WE CLAIM  IS:-
14. A process as claimed in any one of       1. A process for the treatment
of titani-  claims 9 to 12, wherein the ore contains a  40 ferous ore
comprising the steps of oxidising  chromium-containing mineral, and wherein
105     substantially all of the iron values asso-  after leaching the ore
is subjected to a mag-     ciated with titanium in the ore to the ferric
netic separation treatment, to remove sub-     state; and deoxidizing
substantially all (as  stantially all of the chromium-containing     herein
defined) of said iron values to the  mineral from the ore. 45 ferrous state
or ferrous and metallic states,  15. A process for the production of an
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       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  I 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 I 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  
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11       to any one of examples 1 to 4 including        acid at 108[err]C
to 110[err]C and atmos-      the leaching step.
pheric pressure.                   20
21. A titaniferous ore product whenever        20. A  titaniferous ore
product:        produced by the process of any of claims 1    5    (i)
displaying the X-ray powder diffrac-  to 8 and 17 and, excluding the
leaching tion pattern of ilmenite;           step, claims 15 and 16.
(ii) in which substantially all (as herein    22. A  titaniferous ore
product when- 25            defined) of the iron values originally  ever
produced by the process of any of            associated with the titanium
in the  claims 9 to 16, 18 and 19.   10       ore therein are in the
ferrous state o            ferrous and metallic states;
ELKINGTON & FIFE,        (iii) containing not more than 20% w/v
of metallic iron; and                        Chartered Patent Agents,
(iv) which is in a reactive state such that      High Holborn House,   15
said iron values which are in the              52-54 High Holborn,
ferrous state or ferrous and metallic            London, W.C.1.
states can be leached out by treat-            ment with 20%  w/w
hydrochloric            Agents for the Applicants.   Printed for Her
Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1971 Published at the Patent Office, 25 Southampton
Buildings, London WC2A  lAY from  which copies
may be obtained.    


