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Description 

Background  to  the  Invention. 

5  The  present  invention  relates  to  a  process  for  the  formation  of  acid  digestible  titania  products.  The 
major  application  of  titania  bearing  minerals  is  feed  to  processes  for  the  formation  of  white  titania  pigments. 
Two  types  of  alternative  pigment  production  operations  exist,  viz.  chloride  and  sulphate  processing.  Of 
particular  interest  to  the  present  invention  is  the  sulphate  method  of  pigment  production,  for  which 
specifications  on  mineral  feed,  both  in  composition  and  particle  size  distribution,  are  generally  less  stringent 

io  than  for  the  chloride  method. 
A  particular  requirement  of  the  sulphate  process  for  pigment  production  is  that  the  mineral  feed  should 

be  substantially  digestible  in  strong  sulphuric  acid.  For  naturally  occurring  titanium  bearing  minerals  this 
requirement  is  met  only  by  ilmenite  mineral  (FeO.  Ti02)  or  its  weathered  products  with  strictly  limited 
degrees  of  alteration  to  rutile  and  ferric  titanate.  However,  synthetic  sources  of  acid  digestible  titania  are 

75  available  in  the  form  of  slag  products  formed  in  the  smelting  of  ilmenite.  Slag  products  (75  -  85%  Ti02)  are 
considerably  upgraded  in  comparison  with  acid  digestible  ilmenite  (up  to  58%  Ti02)  and  are  preferred 
where  acid  consumption  or  waste  disposal  are  problems  for  sulphate  pigment  producers. 

In  sulphate  pigment  production,  ilmenite  feed  has  the  disadvantage  of  low  titania  content  while  slag  feed 
has  the  coupled  disadvantages  of  requiring  dangerous  and  unpredictable  digestion  conditions  and  providing 

20  incomplete  titania  recovery  in  digestion  and  subsequent  dissolution. 
Not  all  acid  digestible  ilmenites  are  suitable  for  pigment  production  via  the  sulphate  process  or 

upgrading  to  slag.  In  particular,  ilmenites  with  greater  than  about  0.15%  Cr2  03  have  not  found  direct  or 
indirect  application  in  sulphate  pigment  production,  as  chromium  causes  severe  problems  with  pigment 
product  colouration.  Ilmenites  with  relatively  high  iron  contents  (especially  in  excess  of  the  composition 

25  "FeO.  Ti02M)  and  with  high  gangue  contents  (eg.  about  5%  total  contained  alumina  and  silica)  are  unlikely 
to  be  suited  for  upgrading  to  a  valuable  slag  product,  and  may  also  not  compete  economically  with  other 
feeds  for  the  production  of  sulphate  process  pigments. 

In  recent  years  there  has  been  a  recognition  that  the  feeding  of  ilmenite  to  sulphate  pigment  plants  is 
potentially  environmentally  damaging  since  it  has  resulted  in  the  discharge  of  relatively  large  quantities  of 

30  acid  and  iron  sulphate  by-products  either  to  water  courses  or  to  the  ocean.  There  is  a  trend  to  conversion  of 
sulphate  pigment  plants  to  accept  feeds  such  as  slag  which  consume  less  acid  and  produce  smaller 
quantities  of  by-products.  Alternatively,  acid  regeneration  schemes  which  are  expensive  in  terms  of 
equipment  and  energy  costs  have  been  used  to  limit  discharges.  These  costs  are  much  reduced  for 
operations  accepting  slag  rather  than  ilmenite. 

35  The  advantages  of  slag  over  ilmenite  as  a  feed  to  the  sulphate  process  may  be  summarised  as  follows:- 
(i)  Acid  consumption  is  lower. 
(ii)  By-product  wastes  are  reduced  in  quantity. 
(iii)  Acid  regeneration  requirements  are  reduced. 
(iv)  Transportation  and  handling  costs  are  lower. 

40  However,  the  relative  prices  of  slag  and  ilmenite  and  limitations  in  slag  availability  have  ensured  that 
ilmenite  remains  an  attractive  feed  to  sulphate  pigment  operations. 

A  major  consideration  in  the  relative  prices  and  availability  of  ilmenite  and  slag  is  the  scale  of  operation 
required  to  justify  capital  expenditure  on  ilmenite  smelting  to  slag.  Most  ilmenite  producers  are  not  large 
enough  to  justify  such  expenditure  and  are  not  located  advantageously  with  respect  to  existing  smelters, 

45  which  are  also  tied  to  specific  mineral  production  sites. 
At  present  there  is  limited  opportunity  for  an  ilmenite  producer  to  supply  more  attractive  upgraded 

products  such  as  slag  to  sulphate  pigment  operations.  Further,  it  is  not  possible  to  treat  alternative  titanium 
mineral  sources  (eg.  leucoxene  or  rutile)  economically  for  the  production  of  acid  digestible  titania  products. 

It  is  the  object  of  the  present  invention  to  provide  a  means  for  the  production  of  an  acid  digestible 
50  titania  product  for  which  the  following  are  requirements:- 

(i)  The  product  should  be  formed  economically  at  scales  of  operation  of  less  than  25%  of  current 
slagmaking  operations. 
(ii)  The  titanium  content  of  the  product  should  be  equal  to  or  higher  than  the  range  of  titanium  contents 
associated  with  slag  products. 

55  (iii)  The  titanium  mineral  source  for  the  product  may  be  minerals  other  than  ilmenite.  Ilmenites  which  are 
not  suitable  for  slagmaking  or  direct  feeding  to  sulphate  pigment  operations  should  also  be  capable  of 
upgrading  to  useful  products  by  the  process  considered. 
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(iv)  Acid  digestibility  and  titanium  recovery  in  sulphate  process  pigment  should  be  higher  for  the  product 
than  for  currently  available  slag  products. 
(v)  The  process  should  be  operable  under  physical  conditions  which  can  be  economically  attained  and 
continuously  sustained. 

5 
Prior  Art. 

A  process  for  the  production  of  a  high  grade  acid  soluble  titania  product  from  natural  minerals  without 
the  need  to  smelt  to  a  slag  product  was  previously  described  by  Martin  and  Hockin  (US  Patent  3,502,460, 

70  24  March  1970).  In  this  prior  art  process  the  titanium  bearing  minerals  were  treated  with  addition  of 
magnesium  compounds  in  a  high  temperature  firing  operation  before  reduction  in  a  rotary  kiln  at 
temperatures  in  the  range  1200  -  1300°C.  It  was  recognised  that  the  resulting  titania  matrix,  in  which 
metallic  iron  was  contained  as  encapsulated  subgrains,  was  highly  digestible  in  sulphuric  acid.  However,  no 
means  was  indicated  for  the  removal  of  the  metallic  iron  which  would  be  effective,  economic  and  would 

75  avoid  the  production  of  an  environmentally  difficult  iron  waste. 
An  effective  method  for  metallic  iron  removal  by  aqueous  aeration  in  the  presence  of  additives  was 

described  in  Aust.  Pat.  247110,  Jan  1961  -  Becher). 
However,  in  this  case,  metal  removal  was  from  a  matrix  consisting  of  titania  having  a  structure  which  is  not 
acid  soluble,  and  from  which  iron  metal  may  in  practice  be  more  readily  removed  than  for  an  acid  soluble 

20  matrix. 
A  logical  progression  from  prior  art  disclosure  would  be  to  combine  the  firing  and  reduction  conditions 

necessary  for  the  formation  of  an  acid  soluble  titania  matrix  disclosed  by  Martin  and  Hockin  with  the  iron 
removal  process  disclosed  by  Becher.  In  this  manner  an  economic  acid  digestible  titania  product  could  be 
formed  in  a  similar  fashion  to  that  used  to  form  synthetic  rutile  from  Western  Australian  ilmenite.  Despite  a 

25  considerable  incentive  for  the  development  of  such  a  process  there  has  been  no  such  successful  formation 
of  an  acid  soluble  titania  product  under  industrially  realistic  conditions. 

It  is  considerably  more  difficult  in  practice  to  economically  produce  acid  soluble  titania  from  natural 
minerals  than  suggested  in  the  prior  art  literature  considered  above.  The  reasons  for  the  difficulties  may  be 
listed  as  follows:- 

30  (i)  The  necessary  additives  (specifically  magnesium  sources)  are  not  readily  incorporated  into  a  titania 
matrix  in  either  oxidation  or  reduction  roasting.  High  temperature  reduction  (typically  1200  -  1300°C)  is 
necessary  with  most  available  natural  minerals  for  homogeneous  distribution  of  additives  to  occur  in 
static  carbon  beds  in  residence  times  of  less  than  two  hours.  This  is  despite  the  claim  in  the  prior  art  that 
reduction  can  be  operated  at  temperatures  as  low  as  1130°C  with  sufficiently  effective  additive 

35  incorporation  to  ensure  full  development  of  acid  solubility. 
(ii)  The  formation  of  an  acid  soluble  titania  matrix  involves  partial  reduction  of  Ti02  to  Ti305.  Formation 
of  product  having  the  required  homogeneous  degree  of  reduction  from  most  available  natural  titaniferous 
minerals  also  requires  relatively  long  residence  times  at  high  temperatures. 
(iii)  Despite  claims  to  the  contrary  in  the  prior  art  the  high  temperatures  and  residence  times  actually 

40  required  for  homogeneity  of  distribution  of  oxygen  and  additives  within  an  acid  soluble  titania  matrix 
result  in  unacceptable  accretion  formation  in  any  realistic  apparatus  for  continuously  treating  most  natural 
minerals.  This  observation  applies  irrespective  of  whether  or  not  pre-oxidative  roasting  is  practised. 
(iv)  Under  the  necessary  conditions  for  effective  reduction  quantities  of  titanium  and  iron  nitrides  and 
carbides  are  formed.  These  phases  result  in  a  lowering  of  the  effectiveness  of  iron  removal  and 

45  significant  reduction  in  titanium  solubility. 
(v)  It  has  been  found  that  removal  of  iron  metal  in  an  aqueous  aeration  process  according  to  the  methods 
described  in  the  prior  art  (for  synthetic  rutile  production)  cannot  always  be  applied  effectively  for  iron 
removal  from  a  matrix  consisting  of  acid  soluble  titania. 
(vi)  For  many  titaniferous  minerals,  the  presence  of  liberated  or  unliberated  gangue  or  grains  of 

50  impurities  (eg.  phosphates,  chromite)  which  cannot  be  easily  removed  from  the  feed  mineral  results  in 
product  grades  which  do  not  represent  an  acceptable  feed  to  sulphate  pigment  production. 
The  need  to  conduct  oxidative  roasting  of  minerals  according  to  prior  art  disclosure  is  a  considerable 

penalty  in  actual  processing  to  acid  soluble  titania  since  it  involves  the  use  of  an  additional  high 
temperature  treatment  step.  A  further  penalty  is  the  stated  requirement  for  the  addition  of  magnesite,  which 

55  is  an  added  cost  and  has  a  substantial  effect  on  final  product  grade. 
It  is  the  object  of  the  present  invention  to  provide  an  industrially  useful  process  for  the  production  of 

acid  soluble  titania. 

3 
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Accordingly  the  present  invention  provides  a  process  for  producing  acid  soluble  titania  which  process 
comprises  the  steps  of:- 

(i)  adding  if  necessary,  a  manganese  or  magnesium  compound  to  a  titaniferous  mineral  so  that  the 
mineral  contains  sufficient  manganese  and  magnesium  to  satisify  the  following  relationship:- 

5 

1 .98   a  +  1  .  14  b  >  0 . 0 8  

d  

10 
where  a  represents  the  percentage  by  weight  of  MgO  contained  in  the  mineral, 
b  represents  the  percentage  by  weight  of  MnO  contained  in  the  mineral,  and 
d  represents  the  percentage  by  weight  of  TiCfe  contained  in  the  mineral; 
(ii)  heating  the  titaniferous  mineral  in  the  presence  of  a  reductant  at  a  temperature  and  for  a  time 

is  sufficient  to  permit  contained  iron  to  be  reduced  to  its  metallic  form  and  contained  titania  to  convert  to  an 
acid  soluble  form  without  significant  accretion  of  the  mineral  occurring; 
(iii)  cooling  the  product  of  step  (ii);  and 
(iv)  subjecting  the  product  of  step  (iii)  to  an  aqueous  chemical  treatment  to  substantially  remove  iron 
from  the  mineral 

20  wherein  the  manganese  or  magnesium  compound  is  an  oxide  or  is  capable  of  decomposing  to  an  oxide 
under  reaction  conditions. 

In  a  preferred  form  of  the  invention:- 
(i)  Titanium  bearing  minerals  (such  as  ilmenite,  leucoxene,  anatase  and  rutile)  are  optionally  mixed  with 
small  quantities  of  additives  to  provide  uniform  dissemination  of  inputs.  Fine  titanium  minerals  (eg.  those 

25  for  which  100%  passes  through  a  100u.m  aperture  screen)  may  generally  be  mixed  without  grinding.  The 
majority  of  titanium  bearing  minerals  (eg.  those  found  in  beach  sands)  will  benefit  by  grinding  during 
mixing  in  order  to  provide  adequate  mineral/additive  contact  or  sufficient  mineral  surface  area  for 
subsequent  steps. 
(ii)  The  minerals  are  then  optionally  agglomerated  using  techniques  described  in  International  Patent 

30  Application  No.  PCT/AU89/00314  to  provide  an  agglomerated  product  which  is  suitable  for  subsequent 
treatment  without  excessive  dusting. 
(iii)  The  as  received,  ground  or  agglomerated  mineral  is  reduced  by  heating  to  a  sufficient  temperature 
and  for  a  sufficient  time  in  the  presence  of  carbon  or  other  suitable  reductant  such  that  contained  iron  is 
substantially  converted  to  solid  metal  and  contained  titania  is  converted  to  an  acid  soluble  form. 

35  (iv)  Reduced  mineral  is  cooled  to  near  room  temperature  and  then  subjected  to  aqueous  chemical 
treatment,  eg.  leaching  or  aeration,  for  substantial  removal  of  contained  metallic  iron.  Agglomerates  may 
be  crushed  prior  to  aqueous  treatment  in  order  to  sufficiently  liberate  unmetallised  gangue  grains  for 
separation,  eg.  by  magnetic  separation.  The  resulting  acid  soluble  upgraded  titania  product  is  washed 
and  dried. 

40  (v)  Typically  the  removal  of  metallic  iron  results  in  disintegration  of  the  agglomerates,  liberating  original 
gangue  impurities.  These  impurities  may  be  removed  by  a  variety  of  means  which  were  not  previously 
effective  or  convenient. 
The  titania  product  may  contain  greater  than  90%  Ti02  (on  the  basis  of  contained  titanium),  yet  it  will 

normally  have  higher  solubility  in  sulphuric  acid  and  exhibit  higher  recoveries  of  titania  in  sulphate  process 
45  pigment  than  slag  products,  which  typically  only  contain  up  to  85%  TiCfe.  The  product  properties  will 

depend  on  the  particular  feed  used. 
The  improvements  over  the  prior  art  disclosure  associated  with  the  present  invention,  which  have 

allowed  the  formation  of  high  value  acid  soluble  products  from  natural  titaniferous  minerals  under  industri- 
ally  achievable  conditions,  may  be  listed  as  follows:- 

50  (i)  There  is  no  need  according  to  the  present  invention  to  operate  an  oxidising  roast  for  incorporation  of 
additives  or  to  assist  in  the  prevention  of  accretion  formation. 
(ii)  According  to  the  present  disclosure  there  is  never  the  need  to  operate  a  reduction  step  at 
temperatures  in  excess  of  1200°C.  Accretion  and  carbide  and  nitride  formation,  may  consequently  be 
avoided. 

55  (iii)  It  is  not  necessary  in  the  present  disclosure  to  include  additives  for  all  feeds.  The  improvements 
associated  with  the  present  invention  allow  the  maximum  advantage  to  be  taken  from  the  composition  of 
the  as  received  mineral.  Alternative  additives  to  magnesium  compounds  have  been  identified  as  part  of 
the  present  invention. 

4 
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(iv)  Conditions  have  been  identified  which  allow  effectively  complete  removal  of  available  metallic  iron 
from  reduced  mineral  products  by  aqueous  aeration  treatment  without  the  formation  of  iron  oxide  within 
titanium  bearing  grains.  Further,  the  type  of  separate  iron  oxide  product  formed  (eg.  magnetite  or 
hydrated  ferric  oxide)  can  be  regulated  to  enhance  minerals/iron  oxide  separations  and  to  provide  an  iron 

5  oxide  by-product  of  consistent  properties. 
(v)  A  ready  separation  of  much  of  the  original  gangue  and  contaminant  mineralisation  can  be  achieved 
after  reduction  and  also  after  metallic  iron  removal.  This  represents  a  particular  advantage  where  such 
separations  are  not  readily  achieved  with  as  received  mineral. 
The  flowsheet  illustrating  a  preferred  embodiment  of  the  invention  is  depicted  diagrammatically  in 

io  Figure  1  .  The  flowsheet  consists  of  an  (optional)  grinding  step  followed  by  an  optional  mixing/agglomeration 
step,  a  thermal  reduction  and  cooling  step  and  an  iron  metal  removal  step.  Optional  mineral  separations 
step  may  follow  iron  removal. 

Where  fine  grained  minerals  are  to  be  treated  or  where  additives  are  required  a  particular  preferred  step 
is  agglomeration  prior  to  the  heating  step.  For  effective  homogeneous  incorporation  of  additives  and 

is  homogeneous  reduction  of  titania  without  the  need  for  excessive  residence  times  and  high  temperatures  in 
reduction  or  the  operation  of  a  preliminary  oxidative  roasting  step,  it  is  important  that  there  is  a  high  mineral 
surface  area  and  good  mineral/additive  mixing  and  contact.  This  is  because  reduction  and  diffusion  of 
additives  into  the  titania  matrix  occurs  topotactically,  from  grain  exteriors  to  grain  interiors.  Consequently  a 
finer  mineral  particle  size  optionally  obtained  by  grinding  will  result  in  higher  reduction  and  homogenisation 

20  rates. 
It  has  not  been  possible  in  practice  to  obtain  the  expected  benefits  from  fine  mineral  particle  size  in 

reduction  of  titaniferous  minerals  because  of  the  difficulties  of  containment  of  fine  minerals  in  reduction 
systems,  for  which  relative  gas/mineral  velocities  are  such  that  excessive  dusting  losses  of  mineral  occur. 
This  is  especially  the  case  where  relatively  long  residence  times  (eg.  in  excess  of  30  minutes)  at  high 

25  temperatures  (eg.  above  1100°C)  are  required  for  the  reduction  of  the  fine  mineral. 
The  present  invention  allows  for  the  use  of  mineral  in  fine  grained  form  (typically  100%  passing  a 

100u.m  aperture  screen  but  95%  coarser  than  5u.m  diameter).  Following  agglomeration  the  agglomerates 
are  capable  of  being  treated  in  the  reduction  systems  of  the  present  invention.  For  most  naturally  occurring 
titaniferous  minerals  it  will  be  necessary  to  grind  the  feed,  using  any  suitable  technique  prior  to  the 

30  agglomeration  step.  Since  the  titania  product  derived  from  a  mineral  feed  which  is  finer  than  20u.m  in 
diameter  is  not  be  easily  separable  from  fine  iron  oxide  products  in  subsequent  processing  steps  the 
grinding  step  should  seek  to  minimise  the  proportion  of  the  mineral  reporting  to  the  minus  20u.m  fraction. 
The  weight  average  particle  size  of  the  ground  product  would  ideally  lie  between  50u.m  and  100u.m. 

The  agglomeration  step  will  typically  include  the  addition  of  binder  to  a  moistened  (eg.  5  -  12% 
35  moisture)  fine  mineral  feed  in  a  suitable  agglomerating  device.  Either  low  intensity  disk  or  drum  type  or  high 

intensity  mixing  type  agglomerators  are  preferably  used,  although  briquetting  or  any  other  suitable 
technique  may  be  applied.  A  range  of  suitable  agglomeration  techniques  has  been  described  in  Interna- 
tional  Patent  Application  No.  PCT/AU89/00314.  There  are  few  limitations  on  agglomerate  size,  although 
advantageously  only  a  few  percent  of  the  agglomerated  product  should  pass  a  screen  with  50u.m  aperture 

40  and  agglomerates  of  less  than  4mm  particle  size  will  be  more  readily  treated  in  subsequent  steps  of  the 
present  invention.  A  narrow  particle  size  distribution  is  not  required. 

Where  the  inclusion  of  additives  with  the  mineral  feed  is  advantageous  these  additives  may  be 
incorporated  in  either  the  agglomeration  or  grinding  steps.  Even  distribution  of  additives  within  the 
agglomerates  is  advantageous.  Additives  may  be  included  in  powdered  or  slurry  form  or  in  solution  with  the 

45  moisture  input  to  the  agglomeration  step.  Typically  additives  may  include  compounds  of  magnesium,  as 
disclosed  in  prior  art.  Alternatively  compounds  of  manganese  may  be  used  to  achieve  special  advantages 
under  some  circumstances. 

Any  suitable  organic  or  inorganic  binder  may  be  used  in  the  agglomeration  step.  In  many  cases  a 
combination  of  inorganic  binder  (eg.  sodium  silicate,  bentonite  and  other  clay  minerals,  magnesium  salts, 

50  lime,  soda,  etc)  and  organic  binder  (eg.  lignosulphonate,  PVA,  molasses  etc.)  may  be  advantageous. 
Binders  which  hydrolyse  in-situ  (eg.  tetraethyl  orthosilicate,  aluminium  sulphate/urea  mixtures)  have  also 
been  shown  to  be  effective.  Binder  additions  in  the  range  0.5  -  5.0%  on  a  water  free  basis  have  been  found 
to  be  suitable.  In  the  case  of  inorganic  binders  it  is  beneficial  to  limit  binder  addition  to  less  than  1%  on  a 
water  free  basis. 

55  In  some  situations  it  will  be  beneficial  to  operate  two  separate  grinding/agglomeration  circuits.  Where 
two  mineral  sources  of  different  composition  and  requiring  different  additive  regimens  are  to  be  treated 
separate  agglomeration  steps  can  be  used.  In  this  manner  additives  may  be  incorporated  in  locations  where 
maximum  effectiveness  can  be  obtained,  resulting  in  higher  quality  products  and  lower  additive  consump- 

5 
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tion. 
It  is  particularly  desirable  to  form  agglomerates  having  an  open  st2ructure  and  little  closed  porosity.  In 

this  manner  the  surface  which  is  available  for  reduction  and  for  inward  diffusion  of  additives  will  only  be 
slightly  lower  than  that  of  the  mineral  prior  to  agglomeration.  The  formation  of  densely  packed  agglomerates 

5  which  shrink  and  sinter  significantly  upon  heating  is  consequently  to  be  avoided.  The  desired  open  structure 
is  more  readily  achievable  where  the  mineral  to  be  agglomerated  contains  only  small  quantities  of  material 
of  smaller  particle  diameter  than  20u.m  and  where  the  average  size  of  agglomerates  is  less  than  1mm 
(although  larger  particle  size  can  be  used). 

Additional  steps  may  be  incorporated  between  grinding  and  agglomeration,  for  example  where  grinding 
io  has  resulted  in  the  liberation  of  gangue  or  impurity  bearing  grains.  A  separation  step  of  any  type  but 

especially  including  separations  based  on  particle  size  and  density,  magnetic  or  electrostatic  response  or 
on  surface  properties,  or  on  any  combination  of  these  properties,  may  be  included.  If  necessary  the 
liberated  and  upgraded  mineral  may  then  be  dried  prior  to  agglomeration,  using  any  suitable  drying  device. 

While  reduction  may  be  carried  out  in  any  suitable  device,  eg.  packed  bed,  fluidised  bed  or  circulating 
is  fluidised  bed  reactors,  the  most  suitable  device  for  continuous,  long  residence  time  (greater  than  30 

minutes),  high  temperature  reduction  with  metallisation  is  an  inclined  rotary  kiln,  using  coal  or  coke  as  fuel 
and  reductant.  Rotary  kilns  for  iron  ore  reduction  and  ilmenite  metallisation  in  the  production  of  synthetic 
rutile  have  been  in  operation  for  almost  two  decades  and  their  operation  is  well  documented.  Kiln  operation 
according  to  the  present  invention  is  similar  to  that  for  synthetic  rutile  production. 

20  It  has  been  discovered  that  operation  of  the  process  of  the  present  invention  is  possible  at  high 
temperatures  without  any  evidence  of  accretion  formation.  This  is  particularly  so  in  the  case  of  agglomer- 
ates  because  of  the  ability  of  agglomerates  to  absorb  any  liquid  phase  (eg.  liquid  iron,  silicates  or  oxides) 
formed  in  high  temperature  reduction  or  local  oxidation.  Such  liquids  are  held  within  meniscii  formed 
between  solid  surfaces  within  the  open  agglomerate  structure.  Consequently  the  liquid  phase  cannot  act  as 

25  a  bridge  between  individual  agglomerates,  and  accretion  formation  is  minimised,  if  not  eliminated. 
It  has  not  been  necessary  according  to  the  details  of  the  present  disclosure  to  operate  a  reduction  step 

at  a  maximum  temperature  in  excess  of  1200°C  in  order  to  produce  an  acid  soluble  titania  matrix  of 
suitable  properties  from  most  titaniferous  minerals.  For  many  materials  temperatures  as  low  as  1130°C  can 
be  used.  Despite  the  use  of  highly  reducing  conditions,  nitride  and  carbide  formation  are  minimal  for  such 

30  relatively  low  maximum  temperatures  in  reduction. 
It  has  been  found  that  many  carbonaceous  reductants  from  lignite  to  sub-bituminous  coals  to  coke 

breeze  and  coke  fines  can  act  as  suitable  reductants  according  to  the  present  invention.  While  gaseous 
reductants  may  be  used  in  fixed  and  fluidised  bed  processes  it  is  most  advantageous  to  use  carbothermic 
reduction  in  a  rotary  kiln.  Where  less  reactive  carbon  sources  (eg.  cokes)  are  used,  higher  carbon  to 

35  mineral  ratios  will  apply.  More  reactive  carbon  sources  such  as  lignite  and  lignite  char  allow  the  formation  of 
the  acid  soluble  titania  phase  at  lower  temperatures. 

Where  reduction  is  conducted  in  a  rotary  kiln  it  is  found  to  be  advantageous,  although  not  necessary,  to 
operate  a  kiln  temperature  profile  which  is  slightly  different  from  that  used  for  synthetic  rutile  production  or 
the  production  of  direct  reduced  iron.  By  adjustment  of  kiln  discharge  end  burner  and  kiln  freeboard  gas 

40  combustion  air  injection  locations  it  is  possible  to  maintain  a  relatively  constant  temperature  in  the  reducing 
zone  of  the  kiln  bed  for  completion  of  iron  metallisation.  Titania  reduction  may  then  be  completed  in  a  short 
region  of  rising  bed  temperature  near  the  kiln  discharge  end.  The  result  is  reaction  completion  under  the 
necessary  high  temperature  conditions  (eg.  at  1170°C)  while  the  charge  is  held  at  significantly  lower 
temperatures  (eg.  1130°C)  for  the  majority  of  its  reduction  time.  Such  operation  also  assists  in  minimising 

45  accretions. 
For  many  mineral  sources,  specifically  those  containing  sufficient  magnesium  and  manganese  within 

the  original  titania  mineral,  there  is  no  need  to  incorporate  additives  into  the  agglomerated  mineral  in  order 
to  form  an  acid  soluble  titania  during  reduction.  The  ability  to  form  a  suitable  product  without  additives  is  a 
direct  advantage  provided  by  agglomeration  in  enhancing  the  reduction  step  and  reducing  the  tendency  for 

50  accretion  formation. 
Some  guidelines  for  the  need  for  addition  of  additives  have  been  established.  In  particular  the  titania 

content  of  the  reduced  titania  matrix  should  be  accounted  for  predominantly  within  a  single  phase  of 
general  chemical  formula  M3O5  consisting  of  a  solid  solution  of  Ti305,  MgTi205,AI2Ti05,  FeTi205  and 
MnTi205.  It  is  important  for  the  formation  of  a  high  grade  acid  soluble  titania  product,  that  sufficient  diluent 

55  elements  (especially  magnesium  and  manganese)  are  present  to  suppress  reactions  of  the  type:- 

6  Ti305  +  FeTi205  =  5  TUO7  +  Fe 
8Ti305  +  3  FeTi205  =  5  Ti60n  +  3Fe 
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which  form  acid  insoluble  "reduced  rutiles". 
As  a  general  rule  adequate  additive  additions  will  be  represented  by  the  following  relationship  between 

oxide  contents  in  the  final  titania  product: 
5 

1 . 9 8   a  +  1 . 1 4   b  >  0 . 0 8 0  

d  

10 
Where  a,  b  and  d  have  the  meanings  herein  before  defined. 

While  lower  levels  of  additive  than  suggested  by  the  above  expression  can  be  used,  operational 
difficulties  can  be  avoided  if  the  indicated  limiting  oxide  contents  are  observed.  For  many  ilmenites  the 
above  relationship  would  not  recommend  the  addition  of  additives  at  all. 

is  Additives  may  also  be  incorporated  in  order  to  assist  in  removal  of  impurity  grains  in  operations 
subsequent  to  reduction.  In  particular  it  has  been  found  that  chromite  metallisation  is  encouraged  by 
addition  of  manganese  into  agglomerates,  enhancing  chromium  removal  from  the  acid  soluble  titania 
product  by  magnetic  separation  after  aqueous  aeration  in  which  the  magnetic  ferrochrome  alloy  remains 
passive.  Separations  based  on  chromite  metallisation  are  the  subject  of  International  Patent  Application  No. 

20  PCT/AU89/00461  . 
After  reduction  reduced  mineral  and  excess  char  are  cooled  preferably  in  a  rotary  drum  cooler  or  any 

other  suitable  device.  The  char  may  be  separated  from  the  minerals  by  a  combination  of  sizing  and 
magnetic  separation.  Where  the  mineral  has  been  agglomerated  prior  to  reduction  the  reduced  agglomer- 
ates  may  be  crushed  to  liberate  gangue  which  has  not  been  metallised,  allowing  upgrading  by  magnetic 

25  separation. 
An  important  aspect  of  the  present  invention  is  an  improvement  to  prior  art  processes  for  removal  of 

metallic  iron  from  reduced  mineral.  Prior  art  methods  of  aqueous  aeration  for  metallic  iron  removal  have 
been  applied  to  removal  of  iron  only  from  non  acid  soluble  titania  matrices.  It  has  been  found  that  the  prior 
art  methods  are  not  always  effective  in  the  removal  of  metallic  iron  from  acid  soluble  matrices  without  in- 

30  situ  precipitation  of  contaminating  iron  oxides  within  titania  grains.  Difficulties  are  especially  observed  where 
the  desired  iron  oxide  product  for  subsequent  separation  purposes  is  a  granular  magnetite. 

The  reason  that  prior  art  methods  of  aqueous  aeration  as  practised  may  not  be  effective  for  removal  of 
iron  from  acid  soluble  matrices  is  associated  with  both  the  higher  sintering  rate  of  the  acid  soluble  phase  in 
reduction  and  the  different  distribution  of  metallic  iron  within  the  titania  matrix.  The  net  effect  of  the 

35  differences  is  that  iron  metal  is  less  accessible  for  removal,  encouraging  iron  oxidation  and  precipitation 
within  titania  grains. 

The  improvement  resides  in  the  definition  of  the  necessary  conditions  for  the  effective  removal  of  iron 
metal  from  an  acid  soluble  titania  matrix  with  control  of  the  nature  of  the  separable  iron  oxide  product.  In 
particular  it  is  the  definition  of  specific  reagents  which  are  effective  in  assisting  iron  removal  by  aqueous 

40  aeration  which  is  the  basis  of  the  improvement. 
The  method  of  aqueous  aeration  presently  disclosed  involves  the  agitated  suspension  of  metallised  acid 

soluble  titania  in  a  solution  of  reagents  formulated  in  a  particular  manner  into  which  finely  divided  air 
bubbles  are  introduced.  Advantageously  such  aqueous  aeration  is  conducted  in  the  temperature  range  60  - 
80  °  C  and  will  continue  for  from  8  to  24  hours. 

45  The  improvement  comprises  adding  reagents  to  the  aeration  step  which  form  complexes  with  iron  in 
order  to  stabilise  iron  in  aqueous  solution  and  also  have  the  effect  of  locally  buffering  pH  in  such  a  manner 
that  iron  oxides  form  only  at  higher  oxidation  potentials,  i.e.  at  sites  away  from  metal  bearing  grains.  The 
reagents  should  also  ideally  act  to  stabilise  a  particular  iron  oxide  (eg.  magnetite,  haematite,  lepidocrocite  or 
goethite).  Further,  despite  prior  art  references  to  the  use  of  alkali  salts  it  has  been  found  that  such  additions 

50  are  to  be  avoided,  as  they  interact  with  the  iron  oxide  product  in  such  a  manner  as  to  encourage  in-situ  iron 
oxide  formation. 

Specifically,  it  has  been  established  that  aqueous  systems  which  provide  for  chelation  or  complexing  of 
iron  i.e.  sequestering  agents  for  iron,  and  therefore  have  the  effect  of  stabilising  iron  temporarily  in  aqueous 
solution  in  pores  in  and  around  the  titanate  grains  are  highly  effective  as  aeration  systems.  However,  the 

55  stability  of  iron  in  solution  must  not  be  such  as  to  prevent  its  precipitation  as  iron  oxide  under  the  strongly 
oxidising  conditions  which  exist  in  the  general  aeration  liquor.  Strong  stabilisation  of  iron  in  solution  will 
result  in  consumption  of  complexing  reagents  and  sharp  increase  in  pH.  As  a  consequence  further  transport 
of  iron  out  of  titanate  grains  will  be  retarded  and  in-situ  iron  oxide  precipitation  may  result.  Both  the  nature 
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of  additives  to  the  aeration  step  and  the  level  of  addition  are  therefore  of  importance  in  ensuring  effective 
aeration.  In  particular  the  range  of  useful  additive  levels  will  depend  on  the  nature  of  the  reduced  titania 
product,  which  in  turn  depends  on  its  reduction  history  (i.e.  rate  of  reduction  and  time  held  at  temperature). 

In  particular  citric  acid  is  a  particularly  preferred  additive  for  assisting  aeration  of  reduced  titania 
5  minerals,  especially  where  the  titania  matrix  is  acid  soluble.  Useful  additions  have  been  made  in  the  range 

0.06  to  1.0%  by  weight  to  aerating  solutions.  Citric  acid  may  be  added  by  itself  or  in  adjunct  to  other 
previously  disclosed  aeration  chemicals,  such  as  ammonium  chloride.  Further,  the  addition  of  chloride  irons 
by  way  of  ferric  chloride  even  at  high  levels  (eg.  5%  ferric  chloride  addition)  has  been  found  to  be  effective. 
Many  other  complexing  systems  are  similarly  expected  to  be  effective  in  a  manner  not  previously  foreseen. 

io  It  has  also  been  discovered  that  suitably  formed  reduced  agglomerates  can  be  made  to  disintegrate 
into  subgrains  which  are  roughly  equivalent  to  the  original  titaniferous  grains.  This  behaviour  is  associated 
with  the  tendency  for  metallic  iron  to  form  bonds  between  original  grains  in  reduction  of  agglomerates 
formed  in  the  manner  disclosed.  Removal  of  this  intergranular  bonding  iron  then  results  in  disintegration  of 
the  agglomerates. 

is  Agglomerate  disintegration  during  aeration  allows  removal  of  the  thus  liberated  gangue  or  impurity 
bearing  grains  by  any  suitable  means  after  aeration.  Iron  oxides  are  first  removed  from  the  predominantly 
titaniferous  granular  product  of  aeration  by  wet  cycloning,  gravity  based  separation,  wet  screening  or  any 
other  effective  means.  Subsequent  separation  of  non  titaniferous  grains  (eg.  by  flotation,  magnetic  separa- 
tion,  electrostatic  separation  or  gravity  based  separation)  may  be  used  for  final  product  upgrading.  Such  an 

20  upgrading  step  is  particularly  useful  for  impurity  grains  whose  properties  are  similar  to  the  process  feed 
properties  prior  to  the  disclosed  treatments  but  where  a  property  difference  exists  between  product  grains 
(eg.  where  the  feed  is  contaminated  by  chromite). 

A  particular  feature  of  the  acid  soluble  titania  product  formed  according  to  the  disclosed  procedures  is 
that  a  small  amount  of  metallic  iron,  at  0.1  -  2%  by  weight  of  the  product,  remains  in  a  form  which  is  totally 

25  inaccessible  to  aeration  or  acid  leaching.  It  has  been  found  that  this  residual  iron  metal  typically  is 
distributed  in  metal  particles  of  diameter  less  than  3u.m  which  are  totally  encapsulated  by  dense  acid 
soluble  titania.  This  residual  iron  metal  allows  an  effective  magnetic  separation  of  the  product  from  non 
magnetic  contaminants,  eg.  quartz  and  silicate  gangue,  while  not  interfering  with  the  removal  of  highly 
magnetic  material  at  lower  magnetic  field  strengths  and  field  strength  gradients. 

30  As  an  optional  final  step  in  the  disclosed  process,  titaniferous  product  washing  with  dilute  acid,  for 
example  5  -  20%  sulphuric  acid,  may  have  the  effect  of  slightly  increasing  product  grade  by  the  removal  of 
residual  iron  oxides  (and  small  quantities  of  metallic  iron). 

It  has  also  been  established  that  operation  of  the  processes  herein  described  for  the  formation  of  acid 
soluble  titania  has  the  advantage  of  removing  phosphorus  impurities,  whether  present  as  granular  phos- 

35  phates  (removed  in  the  separation  steps)  or  as  phosphorus  in  original  titanate  grains  (removed  by  reduction 
into  metallic  iron  and  separation  with  iron  oxides  during  aeration  or  with  leach  liquors  after  leaching). 

A  further  valuable  discovery  is  that  chromite  grains  remaining  in  the  titaniferous  products  of  the 
processes  described  herein  may  not  be  apprecially  soluble  in  acid  digestion  of  the  contained  titania.  The 
chromite  grains  are  rendered  inert  to  acid  digestion  during  thermal  reduction  in  the  presence  of  ilmenite. 

40  This  disclosure  has  important  implications  for  the  usefulness  of  the  product  in  the  sulphate  process  for 
pigment  manufacture. 

Examples  :  The  following  examples  describe  a  number  of  tests  which  serve  to  illustrate  the  methods 
disclosed  herein. 

Example  1  .  In  this  example  300g  of  a  fine  grained  ilmenite  of  composition  provided  in  Table  1  and 
45  average  particle  size  of  55u.m  was  mixed  with  150g  of  Victorian  brown  coal  char  (-4mm 

+  0.5mm)  and  placed  into  a  stainless  steel  furnace  pot.  A  10mm  layer  of  char  was 
placed  on  top  of  this  mixture  and  the  pot  was  positioned  in  a  heated  muffle  furnace.  The 
charge  reached  a  maximum  temperature  of  1180°C  after  75  minutes  and  was  held  in  the 
furnace  for  a  further  120  minutes  before  the  pot  was  removed  and  allowed  to  cool  in  air. 

50  Coarse  char  was  separated  from  the  reduced  product  by  sizing  through  a  200u.m  screen, 
followed  by  magnetic  separation  to  provide  a  separate  metallised  ilmenite  product. 
Chemical  analysis  indicated  that  metallisation  of  iron  was  94.1%  complete.  X-Ray 
diffraction  analysis  indicated  that  virtually  all  contained  titania  was  present  as  anosovite, 
with  no  evidence  of  rutile,  reduced  rutiles  or  nitrides/carbides. 

55  Impurity  separation  after  reduction  and  char  separation  was  tested  by  magnetic  separa- 
tion  of  a  subsample  using  a  laboratory  Carpco  lift  type  magnetic  separation,  rejecting  non 
magnetics.  In  this  step  44%  of  the  chromium  could  be  rejected  as  non-magnetic 
chromite,  accompanied  by  only  10%  of  the  contained  titania. 
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It  was  necessary  to  aerate  the  reduced  product  for  16  hours  in  1.8  litres  of  0.5%  NhUCI 
solution  at  80  °C,  with  initial  addition  of  2ml  of  10%  H2SO4  solution  and  with  air  addition 
at  0.5  litres  per  minute  for  completion  of  metallic  iron  removal.  The  iron  oxides  formed  in 
aeration  were  primarily  black  magnetite,  as  confirmed  by  X-Ray  diffraction.  After  removal 

5  of  separable  iron  oxides  by  screening  at  38u.m  the  aeration  product  contained  a  total  of 
6.3%  iron,  with  0.3%  iron  present  as  metal.  The  titanium  content  of  the  product, 
expressed  in  terms  of  the  dioxide  was  84.4%. 
Magnetic  separation  in  a  Carpco  lift-type  magnetic  separator  was  performed  to  reject 
72%  of  the  contained  chromium  (as  chromite),  37%  of  the  contained  aluminia  and  48% 

10  of  contained  silica  to  a  magnetic  fraction,  leaving  an  86.9%  Ti02  non-magnetic  product  at 
0.30%  Cr203. 
Product  acid  solubility  was  tested  in  refluxing  71%  sulphuric  acid  for  15  minutes.  The 
inseparated  aeration  product  was  88.5%  soluble,  equivalent  to  91  .6%  titania  solubility. 

Example  2.  In  this  example  5g  of  a  fine  grained  siliceous  leucoxene  of  composition  provided  in  Table 
15  2  and  average  particle  size  of  55u.m  was  mixed  with  7.5  wt%  of  finely  divided  magnesite 

and  placed  in  a  molybdenum  furnace  boat.  This  mixture  was  heated  and  reduced  in  a 
tube  furnace  under  a  flow  of  mixed  CO2/H2  gas  to  provide  an  equilibrium  oxygen  fugacity 
of  10_1G  atm  at  1200°C  for  4  hours. 
The  reduction  conditions  were  chosen  as  simulating  conditions  in  a  direct  reduction  kiln. 

20  At  the  end  of  this  equilibration  the  sample  was  quenched  by  withdrawal  to  a  water  cooled 
brass  furnace  end.  X-Ray  diffraction  indicated  that  titania  was  present  primarily  as 
anosovite  after  this  treatment,  with  only  trace  quantities  of  the  reduced  rutile  TkC>7 
remaining.  The  acid  solubility  of  titania  in  the  reduced  product,  measured  in  the  same 
manner  as  for  example  1  was  86.2%. 

25  Example  3.  Example  3  was  conducted  identically  to  example  2  with  the  exception  that  7.5%  MnCfe 
addition  was  made  in  place  of  the  magnesite  addition.  The  acid  solubility  of  titania  in  the 
reduced  product  was  measured  as  97.4%  in  this  case.  Investigation  of  the  reasons  for 
the  high  effectiveness  of  manganese  addition  in  promoting  acid  solubility  by  comparison 
with  magnesium  addition  (example  2)  indicated  that  magnesium  was  not  distributed 

30  evenly  throughout  the  product  while  manganese  was  homogeneously  distributed.  Magne- 
sium  penetration  into  titanate  grains  was  assisted  by  the  fine  grained  nature  of  the  titania 
but  was  limited  by  diffusion  into  grain  interiors  via  the  solid  titania  matrix.  Manganese 
was  capable  of  faster  transport  via  vapour  phase  diffusion. 

Example  4.  Ilmenite  having  the  composition  provided  in  Table  3  was  ground  and  sized  to  the  range 
35  -106  +  53u.m.  A  sample  of  400g  of  this  material  was  mixed  with  7.9g  of  finely  divided 

magnesite  and  200g  of  -44mm  +  1.4mm  brown  coal  char  and  placed  into  a  stainless 
steel  pot  for  identical  treatment  in  reduction,  separation  and  aeration  to  that  summarised 
in  example  1,  with  the  exception  that  no  magnetic  separations  were  performed.  Black 
magnetite  was  formed  in  aeration,  which  was  slow  and  incomplete  after  24  hours.  The 

40  aeration  product  contained  in-situ  iron  oxides,  having  a  total  of  9.7%  iron,  with  6.2%  iron 
present  as  metal.  The  titanium  content  of  the  product,  expressed  in  terms  of  the  dioxide 
was  73.9%.  Titania  solubility  according  to  the  test  described  in  example  1  was  90.3%. 

Example  5.  In  this  example  the  ilmenite  to  be  reduced  (55u.m  average  particle  size)  was  first 
agglomerated  with  addition  of  3%  lignosulphonate,  0.7%  bentonite  and  10%  moisture  in 

45  a  laboratory  Patterson-Kelly  agglomerator.  The  -2mm  +  0.25mm  agglomerated  product 
was  dried  for  subsequent  reduction.  The  composition  of  the  agglomerates  is  provided  in 
Table  4.  A  400g  quantity  of  agglomerates  was  admixed  with  200g  of  -4mm  +  1.4mm 
Victorian  brown  coal  char,  with  a  top  layer  of  char  as  for  example  1.  Reduction  at 
1180°C  as  for  example  1  then  followed. 

50  After  reduction  and  separation  of  char  from  the  cooled  reduced  agglomerates  they  were 
carefully  crushed  in  closed  circuit  with  a  90u.m  aperture  screen  such  as  to  fall  in  the 
particle  size  range  38  to  90u.m.  Magnetic  separation  was  then  used  to  reject  4.9%  of  the 
material  to  a  non  magnetic  fraction  containing  29%  of  the  original  chromium  and 
producing  a  magnetic  product  having  0.44%  Cr2  03. 

55  Aeration  of  the  reduced,  separated  product  was  conducted  on  a  200g  sample  of  reduced 
mineral  added  to  1  .8L  of  0.8%  ammonium  chloride,  0.2%  citric  acid  solution  at  0.5L/min 
air  addition  and  80  0  C  for  6.5  hours.  The  iron  oxides  formed  in  aeration  were  red/brown 
lepidocrocite.  After  removal  of  separable  iron  oxides  by  screening  at  38u.m  the  aeration 

9 
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product  contained  a  total  of  6.5%  iron,  with  0.5%  iron  present  as  metal.  The  titanium 
content  of  the  product,  expressed  as  the  dioxide,  was  86.1%. 
Magnetic  separation  in  a  Carpco  lift-type  magnetic  separator  was  performed  to  reject 
61%  of  the  contained  chromium,  31%  of  the  contained  alumina,  24%  of  the  contained 

5  silica  and  37.5%  of  the  contained  phosphorous  to  a  magnetic  fraction,  leaving  an  88.9% 
Ti02  non  magnetic  product  at  0.33%  Cr2  03. 
Product  acid  solubility  was  tested  as  per  example  1  without  further  grinding.  The  titania 
in  the  product  was  determined  to  be  88.1%  soluble.  The  final  phosphorus  content  was 
0.09%  P2O5  compared  with  an  ilmenite  feed  phosphorus  content  of  0.46%  P2O5. 

10  Example  6.  In  this  example  300g  of  a  fine  grained  ilmenite  of  composition  provided  in  Table  5  and 
average  particle  size  of  55u.m  was  mixed  with  150g  of  Victorian  brown  coal  char  (-4mm 
+  1.4mm)  and  placed  into  a  stainless  steel  furnace  pot  for  reduction  in  an  identical 
manner  to  that  described  in  Example  1  . 
Magnetic  separation  of  the  mineral  after  reduction  removed  25.0%  of  the  contained 

15  chromium  as  non  magnetic  chromite  grains.  The  reduced  and  separated  product  was 
subjected  to  aqueous  aeration  in  1.8  litres  of  0.2%  NhUCI,  0.06%  citric  acid  solution  for 
6.5  hours  at  80  0  C.  The  iron  oxides  formed  were  separated  by  screening  to  undersize  at 
38u.m  screen  aperture,  and  were  confirmed  to  consist  of  red/brown  lepidocrocite.  The 
+  38u.m  mineral  contained  a  total  of  4.2%  iron,  with  0.03%  iron  present  as  metal.  The 

20  titanium  content  of  the  product,  expressed  as  the  dioxide,  was  88.8%. 
Magnetic  separation  was  performed  on  the  +38u.m  aerator  product  to  reject  29.8%  of 
the  contained  chromium  (as  chromite),  13.9%  of  the  contained  alumina  and  9.9%  of  the 
contained  silica  to  a  magnetic  fraction,  leaving  a  90.2%  TiCfe  non-magnetic  product  at 
0.61%  Cr2  03.  The  final  phosphorus  content  was  0.19%  P2O5  compared  with  a  feed 

25  phosphorus  content  of  0.46%  P2O5. 
Example  7.  Identical  treatments  were  performed  on  the  ilmenite  of  Table  5  to  those  outlined  in 

example  6  with  the  exception  that  aqueous  aeration  was  performed  in  1  .8  litres  of  1  .0% 
NhUCI,  0.7%  citric  acid  and  0.3%  triammonium  citrate.  After  24  hours  of  aeration 
samples  of  aerator  solids  still  evolved  hydrogen  when  exposed  to  5%  aqueous  hy- 

30  drochloric  acid,  i.e.  iron  metal  removal  was  not  complete.  Further,  the  iron  oxide 
produced  in  aeration  was  predominantly  a  brown  amorphous  material  which  did  not  settle 
readily  and  could  not  be  removed  from  the  +38u.m  product.  It  was  evident  that  in-situ 
iron  oxide  formation  within  titanate  grains  had  occurred  as  the  +  38u.m  product  contained 
a  total  of  6.3%  iron,  with  continuing  evidence  of  iron  present  as  metal.  The  titanium 

35  content  of  the  product,  expressed  as  the  dioxide,  was  only  82.0%. 
Example  8.  In  this  example  agglomerates  in  the  particle  size  range  -4mm  +  0.25mm  were  formed 

from  ilmenite  of  composition  given  in  Table  6  by  mixing  with  3%  lignosulphonate,  0.7% 
bentonite  and  7%  moisture,  followed  by  drying  in  a  rotary  dryer.  These  agglomerates 
were  fed  to  a  5m  long,  0.4m  internal  diameter  rotary  kiln  at  5kg/hr  with  13kg/hr  of  -5mm 

40  +  0.5mm  Victorian  brown  coal  char.  The  temperature  distribution  in  the  kiln  was 
controlled  by  use  of  discharge  end  burner  and  air  injection  lances  inserted  into  the  kiln 
gas  space  from  the  feed  end  such  that  for  the  final  2.5m  of  kiln  length  the  temperature 
was  above  1  100  0  C  and  for  the  final  0.5m  of  kiln  length  the  temperature  was  1  135  0  C. 
The  kiln  discharge  was  cooled  in  an  Archimedes  spiral  before  collection.  The  cooled 

45  discharge  was  magnetically  separated  from  char  and  analysed  by  X-Ray  diffraction  for 
the  presence  of  insoluble  rutile  and  reduced  rutile.  Conversion  to  anosovite  was  com- 
plete.  After  removal  of  metallic  iron  by  leaching  with  5%  sulphuric  acid  the  mineral 
product  was  found  to  be  85%  soluble  according  to  the  previously  described  test 
equivalent  to  90.3%  titania  solubility  by  this  method. 

50  Analysis  of  the  residues  of  acid  solubility  testing  of  acid  soluble  titania  products  prepared 
in  the  manner  of  examples  5  and  6  indicated  that  only  the  chromium  present  within 
titania  grains,  amounting  to  less  than  0.20%  Cr2  03  was  soluble  in  the  test  performed  with 
71%  sulphuric  acid.  Chromium  contained  in  chromite  grains  was  invariably  found  to  be 
insoluble,  both  in  tests  performed  with  71%  sulphuric  acid  and  with  92%  sulphuric  acid. 

55  In  comparable  tests  with  92%  sulphuric  acid  on  the  feed  ilmenite  22%  of  the  chromium 
contained  in  chromite  was  dissolved.  Chromium  present  as  chromite  grains  had  thus 
been  rendered  inert  to  solution  in  sulphuric  acid  by  the  high  temperature  reduction 
process.  Grain  analyses  using  electron  microscope  techniques  indicated  substantial 
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replacement  of  iron  in  the  chromite  by  manganese  originally  present  in  the  ilmenite. 
Substantial  alteration  of  the  chromite  had  effectively  rendered  it  inert  to  acid  digestion. 

Of  the  above  examples  the  advantages  of  commencing  with  a  fine  grained  mineral, 
possibly  agglomerated,  for  incorporation  of  additives  and  homogeneity  of  reduction, 

5  allowing  formation  of  acid  soluble  titania  from  titaniferous  feedstocks  at  relatively  low 
reduction  temperatures,  as  not  exemplified  in  prior  art,  are  indicated  by  examples  2,  3,  4 
and  8.  The  relative  inadequacy  of  prior  art  aeration  practice  (using  ammonium  chloride 
additives)  in  the  formation  of  acid  soluble  titania  is  exemplified  by  comparison  of  the 
effectiveness  of  aeration  in  terms  of  time  required  for  iron  removal  in  examples  1  and  4 

io  with  that  of  examples  5  and  6.  The  effectiveness  of  complexants  in  enhancing  aeration  is 
demonstrated  by  examples  5  and  6,  and  the  existence  of  limitations  on  complexant 
addition  are  indicated  by  example  7  in  comparison  with  example  6.  Further,  the  ability  to 
alter  the  nature  of  the  iron  oxide  product  formed  in  aeration  by  use  of  chemical  additives 
is  demonstrated  in  examples  1  ,  4,  5,  6  and  7. 

is  Example  3  has  identified  manganese  additions  as  effective  in  promoting  the  formation  of 
acid  soluble  phases  in  a  similar  or  superior  manner  to  that  of  magnesium  disclosed  in  the 
prior  art.  The  effectiveness  of  separations  before  and  after  aeration  form  removal  of 
chromium  and  phosphorus  is  exemplified  by  examples  5  and  6.  The  ability  to  practically 
produce  an  acid  soluble  titania  product  at  relatively  low  reduction  temperatures  in  a 

20  rotary  kiln  without  excessive  accretion  formation  according  to  the  principles  disclosed 
herein  is  demonstrated  by  example  8. 
It  will  be  clearly  understood  that  the  invention  in  its  general  aspects  is  not  limited  to  the 

specific  details  referred  to  hereinabove. 

25  Table  1 

Composition  of  Ilmenite  in  Example  1  . 
wt  % 

Ti02  52.0 
Fe  (total)  31  .45 
MgO  1  .55 
MnO  1.53 
AI2O3  0.60 
Si02  0.98 
Cr203  0.44 

40  Table  2 

Composition  of  Siliceous  Leucoxene  in  Example  2. 

wt  % 

Ti02  82.1 
Fe  (total)  1  .42 
AI2O3  1.45 
Si02  10.2 
Zr02  2.58 

NB.  Sample  contains  3.5%  free  quartz  and  3.5%  free  zircon. 

55 
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Table  3 

Composition  of  Ilmenite  in  Example  4. 

wt  % 

Ti02  47.3 
Fe  (total)  32.3 
MgO  0.21 
MnO  1.64 
CaO  0.87 
AI2O3  2.01 
Si02  2.09 
Cr203  0.01 

15 

Table  4 

Composition  of  Ilmenite  Agglomerates  in  Example  5. 

wt  % 

Ti02  50.3 
Fe  (total)  28.5 
MgO  1  .46 
MnO  1.38 
Al203  0.91 
Si02  0.54 
Cr203  0.46 

Table  5 

Composition  of  Ilmenite  in  Example  6. 

wt  % 

Ti02  53.5 
Fe  (total)  30.4 
MgO  1  .58 
Mno  1  .60 
Al203  0.73 
Si02  0.96 
Cr203  0.65 
P205  0.46 

50 
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Table  6 

Composition  of  Ilmenite  in  Example  8. 

wt  % 

Ti02  53.4 
Fe  (total)  25.2 
MgO  1  .48 
MnO  1.23 
AI2O3  1.94 
Si02  1  .60 
Cr203  0.62 
P205  0.46 

13 
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TABLE  7  :  SUMMARY  OF  CONDITIONS  FOR  THE  FORMATION  OF  A 
SOLUBLE  TITANIA 

AGGLOMERATION/REDUCTION 

Feed  %  Ti02  4 5 - 9 5  

Ground  Mine ra l   -250  +  50^m 
s i z e   r a n g e  

A g g l o m e r a t e   -4mm  +  100/an 
s i z e   r a n g e  

T y p i c a l   b i n d e r s   0 . 5 - 1 . 0 %   b e n t o n i t e  
0-3.0%  1  i g n o s u l p h o n a t e  
0-1.0%  poly   v i n y l   a c t a t e  

A g g l o m e r a t i o n   8-12% 

Maximum  r e d u c t i o n   1 1 3 0 - 1 2 0 0 ° C  
t e m p e r a t u r e  

R e s i d e n c e   t ime  >0.5  h r s  
above  1100°C 

M a g n e s i t e   a d d i t i o n   0-10% 

Mn02  a d d i t i o n   0-10% 

AERATION 

A e r a t i o n   0 . 0 - 1 . 0 %   ammonium  c h l o r i d e  
C h e m i s t r y   0 . 0 - 1 . 0 %   c i t r i c   a c i d  

0 . 0 - 1 . 0 %   ammon  ium  th  i  ocy  ana  t e  
0-5%  f e r r i c   c h l o r i d e  

A e r a t i o n   t e m p e r a t u r e   60-8  0°C 

A e r a t i o n   t ime  5-18  h r s  

E x i t   gas  oxygen  c o n t e n t   1-14%  ( v o l )  

Claims 

1.  A  process  for  producing  acid  soluble  titania  which  process  comprises  the  steps  of: 
(i)  adding,  if  necessary,  a  manganese  or  magnesium  compound  to  a  titaniferous  mineral  so  that  the 
mineral  contains  sufficient  manganese  and  magnesium  to  satisfy  the  following  relationship:- 

1 . 9 8 a   +  1 . 1 4 b   >  0 . 0 8  

d 

where  a  represents  the  percentage  by  weight  of  MgO  contained  in  the  mineral, 
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b  represents  the  percentage  by  weight  of  MnO  contained  in  the  mineral,  and 
d  represents  the  percentage  by  weight  of  Ti02  contained  in  the  mineral; 

(ii)  heating  the  titaniferous  mineral  in  the  presence  of  a  reductant  at  a  temperature  and  for  a  time 
sufficient  to  permit  contained  iron  to  be  reduced  to  its  metallic  form  and  contained  titania  to  convert 

5  to  an  acid  soluble  form  without  significant  accretion  of  the  mineral  occurring; 
(iii)  cooling  the  product  of  step  (ii);  and 
(iv)  subjecting  the  product  of  step  (iii)  to  an  aqueous  chemical  treatment  to  substantially  remove  iron 
from  the  mineral 

wherein  the  manganese  or  magnesium  compound  is  an  oxide  or  is  capable  of  decomposing  to 
io  an  oxide  under  reaction  conditions. 

2.  A  process  according  to  claim  1  wherein  the  temperature  to  which  the  mineral  is  heated  lies  in  the  range 
from  1130°C  to  1200  °C. 

is  3.  A  process  according  to  either  claim  1  or  claim  2  wherein  the  manganese  compound  is  added  in  the 
form  of  manganese  dioxide. 

4.  A  process  according  to  either  claim  1  or  claim  2  wherein  the  magnesium  compound  is  either  magnesite 
or  magnesium  carbonate. 

20 
5.  A  process  according  to  any  one  of  the  preceeding  claims  wherein  the  mineral  is  agglomerated  prior  to 

heating  and  ground  prior  to  agglomeration  if  it  has  a  particle  size  in  excess  of  100  microns. 

6.  A  process  according  to  any  one  of  the  preceeding  claims  wherein  the  aqueous  chemical  treatment 
25  comprises  aqueous  aeration  in  the  presence  of  a  sequestering  agent  that  is  capable  of  sequestering 

iron  in  aqueous  solution  and  buffering  local  pH  so  that  iron  oxides  form  only  at  higher  oxidation 
potentials  at  sites  away  from  metal  bearing  grains. 

7.  A  process  according  to  claim  6  wherein  the  aqueous  solution  contains  from  0.06  to  1  %  by  weight  of  the 
30  sequestering  agent. 

8.  A  process  according  to  claim  6  or  claim  7  wherein  the  sequestering  agent  is  citric  acid. 

9.  A  process  according  to  any  one  of  claims  1  to  8  wherein  the  product  of  step  (iv)  is  washed  with  dilute 
35  acid  having  a  concentration  in  the  range  from  5  to  20%  by  weight. 

10.  A  process  according  to  claim  9  wherein  the  acid  is  sulphuric  acid. 

11.  A  process  according  to  any  one  of  the  preceeding  claims  wherein  the  reductant  is  selected  from  the 
40  group  consisting  of  coal,  coke,  char,  brown  coal  char  and  densified  brown  coal. 

12.  A  process  according  to  any  one  of  the  preceeding  claims  wherein  the  product  of  step  (iii)  is  subjected 
to  a  magnetic  separation  with  the  non-magnetic  fraction  being  extracted  as  product  and  the  magnetic 
fraction  proceeding  to  step  (iv). 

45 
13.  A  process  according  to  claim  12  wherein  the  product  of  step  (iv)  is  subjected  to  a  magnetic  separation 

step. 

14.  A  process  according  to  any  one  of  the  preceeding  claims  wherein  step  (ii)  is  performed  in  an  inclined 
50  rotary  kiln  having  a  discharge  end  burner  and  air  injection  means  so  located  along  the  rotary  kiln  that 

the  kiln  has  a  reduction  zone  and  a  relatively  short  completion  zone  adjacent  to  its  discharge  end 
wherein  the  reduction  zone  has  a  temperature  that  remains  relatively  constant  and  the  completion  zone 
has  a  temperature  that  increases  towards  the  discharge  end  of  the  rotary  kiln. 

55  15.  A  process  according  to  claim  14  wherein  the  temperature  of  the  reduction  zone  is  about  1130°C  and 
the  temperature  in  the  completion  zone  reaches  about  1170°C. 

16.  Acid  soluble  titania  produced  by  a  process  according  to  any  one  of  the  preceeding  claims. 

15 
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17.  Acid  soluble  titania  containing  acid  insoluble  chromite  impurities  produced  by  a  process  according  to 
any  one  of  claims  1  to  15. 

18.  Acid  soluble  titania  containing  reduced  phosphorus  levels  where  phosphorus  is  a  contaminant  in  the 
5  titaniferous  mineral,  the  acid  soluble  titania  being  produced  by  a  process  according  to  any  one  of 

claims  1  to  15. 

Patentanspruche 

io  1.  Verfahren  zur  Herstellung  von  in  Saure  loslichem  Titandioxid,  das  die  folgenden  Schritte  umfaBt: 
(i)  man  gibt  gegebenenfalls  eine  Mangan-  oder  Magnesiumverbindung  zu  einem  titanhaltigen 
Mineral,  so  dal3  das  Mineral  genugend  Mangan  und  Magnesium  enthalt,  urn  der  folgenden  Glei- 
chung  zu  genugen: 

15 

1 .98   a  +  1 .14   b  >  0 . 0 8  

d  

20 
wobei  a  den  Gehalt  (in  Gew.-%)  an  MgO,  das  in  dem  Mineral  enthalten  ist,  bedeutet, 
b  den  Gehalt  (in  Gew.  -%)  an  MnO,  das  in  dem  Mineral  enthalten  ist,  bedeutet  und 
d  den  Gehalt  an  Ti02  (in  Gew.-%),  das  in  dem  Mineral  enthalten  ist,  bedeutet; 

(ii)  man  heizt  das  titanhaltige  Mineral  in  Anwesenheit  eines  Reduktionsmittels  bei  einer  genugenden 
25  Temperatur  und  wahrend  einer  genugenden  Zeit,  dal3  das  enthaltene  Eisen  zu  seiner  metallischen 

Form  reduziert  werden  kann  und  enthaltenes  Titandioxid  in  eine  saurelosliche  Form  uberfuhrt 
werden  kann,  ohne  dal3  ein  signifikantes  Ansetzen  des  Minerals  vorkommt; 
(iii)  man  kuhlt  das  Produkt  der  Stufe  (II)  und 
(iv)  man  unterwirft  das  Produkt  der  Stufe  (iii)  einer  waBrigen  chemischen  Behandlung,  urn  im 

30  wesentlichen  Eisen  von  dem  Mineral  zu  entfernen, 
wobei  die  Mangan-  oder  Magnesiumverbindung  ein  Oxid  ist  oder  unter  Reaktionsbedingungen  sich 
zu  einem  Oxid  zersetzen  kann. 

2.  Verfahren  nach  Anspruch  1,  wobei  die  Temperatur,  auf  die  das  Mineral  erhitzt  wird,  im  Bereich  von 
35  1130  °C  bis  1200  °C  liegt. 

3.  Verfahren  nach  Anspruch  1  oder  2,  wobei  die  Magnesiumverbindung  in  Form  von  Magnesiumdioxid 
zugesetzt  wird. 

40  4.  Verfahren  nach  Anspruch  1  oder  2,  wobei  die  Magnesiumverbindung  entweder  Magnesit  oder  Magnesi- 
umkarbonat  ist. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  4,  wobei  das  Mineral  vor  dem  Erhitzen  agglomeriert  und  vor 
dem  Agglomerieren  gemahlen  wird,  wenn  es  eine  TeilchengroBe  uber  100  urn  besitzt. 

45 
6.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  wobei  die  chemische  Behandlung  eine  wassrige 

Beluftung  in  Anwesenheit  eines  Maskierungsmittels  (Komplexbildners),  das  Eisen  in  wassriger  Losung 
maskieren  kann,  und  das  Abpuffern  des  lokalen  pH  umfaBt,  so  dal3  Eisenoxide  nur  bei  hoheren 
Oxidationspotentialen  an  Platzen  entfernt  von  metallhaltigen  Korpern  gebildet  werden. 

50 
7.  Verfahren  nach  Anspruch  6,  wobei  die  wassrige  Losung  von  0,06  bis  1  Gew.-%  des  Maskierungsmittels 

(Komplexbildners)  enthalt. 

8.  Verfahren  nach  Anspruch  6  oder  7,  wobei  das  Maskierungsmittel  (der  Komplexbildner)  Citronensaure 
55  ist. 

9.  Verfahren  nach  einem  der  Anspruche  1  bis  8,  wobei  das  Produkt  der  Stufe  (iv)  mit  verdunnter  Saure 
mit  einer  Konzentration  im  Bereich  von  5  bis  20  Gew.  -%  gewaschen  wird. 
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10.  Verfahren  nach  Anspruch  9,  wobei  die  Saure  Schwefelsaure  ist. 

11.  Verfahren  nach  einem  der  Anspruche  1  bis  10,  wobei  das  Reduktionsmittel  aus  der  Gruppe:  Kohle, 
Koks,  Teer,  Braunkohlenteer  und  verdichtete  Braunkohle  ausgewahlt  ist. 

5 
12.  Verfahren  nach  einem  der  Anspruche  1  bis  11,  wobei  das  Produkt  der  Stufe  (iii)  einer  magnetischen 

Trennung  unterworfen  wird,  die  nicht  magnetische  Fraktion  als  Produkt  extrahiert  wird  und  die 
magnetische  Fraktion  auf  Stufe  (iv)  weitergefuhrt  wird. 

70  13.  Verfahren  nach  Anspruch  12,  wobei  das  Produkt  der  Stufe  (iv)  einem  magnetischen  Trennungsschritt 
unterworfen  wird. 

14.  Verfahren  nach  einem  der  Anspruche  1  bis  13,  wobei  Stufe  (II)  in  einem  geneigten  Drehofen  mit  einem 
Brenner  am  AuslaBende  ausgefuhrt  wird,  der  entlang  des  Drehofens  so  angeordnete  Lufteinleitungsmit- 

75  tel  besitzt,  dal3  der  Ofen  eine  Reduktionszone  und  eine  relativ  kurze  Vervollstandigungszone  benach- 
bart  zu  seinem  AuslaBende  besitzt,  wobei  die  Reduktionszone  eine  Temperatur  aufweist,  die  relativ 
konstant  bleibt,  und  die  Vervollstandigungszone  eine  Temperatur  aufweist,  die  nach  dem  AuslaBende 
des  Drehrohrofens  anwachst. 

20  15.  Verfahren  nach  Anspruch  14,  wobei  die  Temperatur  der  Reduktionszone  etwa  1130  °C  ist  und  die 
Temperatur  in  der  Vervollstandigungszone  etwa  1170  °C  erreicht. 

16.  Saurelosliches  Titandioxid,  hergestellt  nach  einem  Verfahren  nach  einem  der  Anspruche  1  bis  15. 

25  17.  Saurelosliches  Titandioxid  das  in  Saure  unlosliche  Chromit-Verunreinigungen  enthalt,  hergestellt  nach 
einem  Verfahren  nach  einem  der  Anspruche  1  bis  15. 

18.  Saurelosliches  Titandioxid,  das  reduzierte  Phosphorgehalte  besitzt,  wobei  Phosphor  eine  Verunreini- 
gung  in  dem  titanhaltigen  Mineral  ist,  wobei  das  saurelosliche  Titandioxid  mittels  eines  Verfahrens  nach 

30  einem  der  Anspruche  1  bis  15  hergestellt  worden  ist. 

Revendicatlons 

1.  Procede  pour  la  production  de  dioxyde  de  titane  soluble  dans  un  acide,  qui  comprend  les  etapes  de  : 
35  (i)  addition,  si  cela  est  necessaire,  d'un  compose  de  manganese  ou  de  magnesium  a  un  minerai 

titanifere  pour  que  le  minerai  contienne  suffisamment  de  manganese  et  de  magnesium  pour 
satisfaire  a  la  relation  suivante  : 

40  1.98  a  +  1.14  b  >  0  08  
d  

dans  laquelle  : 
45  a  represente  le  pourcentage  en  poids  de  MgO  contenu  dans  le  minerai, 

b  represente  le  pourcentage  en  poids  de  MnO  contenu  dans  le  minerai, 
d  represente  le  pourcentage  en  poids  de  Ti02  contenu  dans  le  minerai; 
(ii)  chauffage  du  minerai  titanifere  en  presence  d'un  reducteur  a  une  temperature  et  pendant  une 
duree  suffisantes  pour  permettre  au  fer  contenu  d'etre  reduit  en  sa  forme  metallique  et  au  dioxyde 

50  de  titane  contenu  d'etre  converti  en  une  forme  soluble  dans  un  acide  sans  qu'il  apparaisse  un 
notable  accroissement  du  minerai; 
(iii)  refroidissement  du  produit  de  I'etape  (ii);  et 
(iv)  soumission  du  produit  de  I'etape  (iii)  a  un  traitement  chimique  aqueux  pour  enlever  pratiquement 
le  fer  du  minerai, 

55  dans  lequel  le  compose  de  manganese  ou  de  magnesium  est  un  oxyde  ou  est  capable  de  se 
decomposer  en  un  oxyde  dans  les  conditions  de  reaction. 
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2.  Precede  suivant  la  revendication  1,  dans  lequel  la  temperature  a  laquelle  le  minerai  est  chauffe  est 
comprise  dans  la  gamme  de  1130  et  1200°C. 

3.  Procede  suivant  les  revendications  1  ou  2,  dans  lequel  le  compose  de  manganese  est  ajoute  sous  la 
5  forme  de  dioxyde  de  manganese. 

4.  Procede  suivant  les  revendications  1  ou  2,  dans  lequel  le  compose  de  magnesium  est  de  la  magnesite 
ou  du  carbonate  de  magnesium. 

io  5.  Procede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  minerai  est  agglome- 
re  avant  chauffage  et  broye  avant  agglomeration,  s'il  a  une  dimension  particulaire  superieure  a  100  urn. 

6.  Procede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  traitement  chimique 
aqueux  comprend  une  aeration  aqueuse  en  presence  d'un  agent  sequestrant  qui  est  capable  de 

is  sequestrer  le  fer  en  solution  aqueuse  et  de  tamponner  le  pH  local  de  telle  sorte  que  des  oxydes  de  fer 
se  forment  uniquement  a  des  potentiels  d'oxydation  superieurs  a  des  sites  eloignes  des  grains  portant 
le  metal. 

7.  Procede  suivant  la  revendication  6,  dans  lequel  la  solution  aqueuse  contient  de  0,06  a  1%  en  poids  de 
20  I'agent  sequestrant. 

8.  Procede  suivant  es  revendications  6  ou  7,  dans  lequel  I'agent  sequestrant  est  I'acide  citrique. 

9.  Procede  suivant  I'une  quelconque  des  revendications  1  a  8,  dans  lequel  le  produit  de  I'etape  (iv)  est 
25  lave  avec  de  I'acide  dilue  ayant  une  concentration  comprise  dans  la  gamme  de  5  a  20%  en  poids. 

10.  Procede  suivant  la  revendication  9,  dans  lequel  I'acide  est  I'acide  sulfurique. 

11.  Procede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  reducteur  est  choisi 
30  dans  le  groupe  consistant  en  charbon,  coke,  charbon  animal,  charbon  de  houille  brune  et  houille  brune 

densifiee. 

12.  Procede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  produit  de  I'etape  (iii) 
est  soumis  a  une  separation  magnetique,  la  fraction  non  magnetique  etant  extraite  en  tant  que  produit 

35  et  la  fraction  magnetique  dirigee  vers  I'etape  (iv). 

13.  Procede  suivant  la  revendication  12,  dans  lequel  le  produit  de  I'etape  (iv)  est  soumis  a  une  etape  de 
separation  magnetique. 

40  14.  Procede  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  I'etape  (ii)  est  conduite 
dans  un  four  rotatif  incline  ayant  un  bruleur  a  I'extremite  de  decharge  et  un  moyen  pour  I'injection  d'air 
dispose  le  long  du  four  rotatif  de  telle  sorte  que  le  four  presente  une  zone  de  reduction  et  une  zone 
d'achevement  relativement  courte  adjacente  a  son  extremite  de  decharge,  dans  lequel  la  zone  de 
reduction  a  une  temperature  qui  reste  relativement  constante  et  la  zone  d'achevement  a  une  tempera- 

45  ture  qui  augmente  en  direction  de  I'extremite  de  decharge  du  four  rotatif. 

15.  Procede  suivant  la  revendication  14,  dans  lequel  la  temperature  de  la  zone  de  reduction  est  d'environ 
1  130  °  C  et  la  temperature  de  la  zone  d'achevement  atteint  environ  1  170  °  C. 

50  16.  Dioxyde  de  titane  soluble  dans  un  acide  produit  par  un  procede  suivant  I'une  quelconque  des 
revendications  precedentes. 

17.  Dioxyde  de  titane  soluble  dans  un  acide  contenant  des  impuretes  de  type  chromite  insolubles  dans  un 
acide,  produit  par  un  procede  suivant  I'une  quelconque  des  revendications  1  a  15. 

55 
18.  Dioxyde  de  titane  soluble  dans  un  acide  contenant  des  taux  de  phosphore  reduits,  lorsque  le 

phosphore  est  un  contaminant  dans  le  minerai  titanifere,  le  dioxyde  de  titane  soluble  dans  un  acide 
etant  produit  par  un  procede  suivant  I'une  quelconque  des  revendications  1  a  15. 
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