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BENEFICATION OF ILMENITE        (71)   We, BENILITE CORPORATION  OF  weight
(20[err]Be)  hydrochloric  acid. These     AMERICA, a corporation of
Delaware, having  processes have been found to be uneconomical     a place
of business at 233, Broadway, New   and impracticable due to the high cost
of     York, New York, United States of America,  production, particularly
the heavy consump-  45 5  do hereby declare the invention, for which  tion
of hydrochloric acid, and the waste dis-     we pray that a patent may be
granted to us,  posal problems.     and the method by which it is to be
per-    In a commercial process it is not practical     formed, to be
particularly described in and  to heat externally a large vessel or
digester     by the following statement:-                that is lined with
acid-resistant bricks. In view  50 10   The invention relates to a
beneficiation  of the corrosive nature of boiling hydro-     process for
ilmenite and other titaniferous  chloric acid, indirect heating of the
digester     ores and slags in which iron and other acid   in such a
process is therefore possible only     soluble constituents are extracted
from  the   if very expensive materials such as tantalum     ores by
leaching with hydrochloric acid.  Ex-  or titanium are used to construct
the digester.  55 15  amples of tataniferous ores other than ilmenite  In
practice the digester is usually constructed     arc  ilmenite-magnetite,
ilmenite-hematite,  with less expensive materials such as acid-
titaniferous magnetite, and titaniferous resistant bricks with a rubber
lining and     hematite.                                   therefore
indirect heating is not possible. As       Beneficiated ilmenite is also
known as syn-  a result, heating  in such processes using  60 20  thetic
rutile or upgraded ilmenite and has a  31.5% by weight hydrochloric acid
has norm-     high titanium dioxide content and a low iron ally been by
injecting steam directly into the     content and is particularly suitable
as a raw   digester. The amount of steam which con-     material for the
manufacture of titanium   denses is not controllable and therefore dur-
tetrachloride for titanium  dioxide pigments  ing the digestion the acid
concentration varies  65 25  and  other  titanium  compounds  by  the  with
the result that the product is not uniform     "Chlorination"  (or
"Chloride")  process.  in quality.     Natural rutile is in increasing
demand and     due to the limited world production and in-   It has
therefore been necessary to find a     creasing costs, beneficiated
ilmenite is there-  better process by which the cost of beneficia- 30  fore
becoming of increasing importance as a  tion could be competitive with the
price of  70     substitute since there are large deposits of  natural
rutile, and which would produce a     ilmenite all over the world and the
titanium   product suitable  for the  manufacture  of     dioxide content
can be enriched to the re-  titanium compounds.     quired value.
Beneficiated ilmenite is also   According to the present invention, in a 35
more versatile and has superior characteristics,  process for the
beneficiation of a titaniferous  75     particularly porosity thus
increasing the re-  ore or slag which comprises leaching the     action
contact surface which is advantageous  ore or slag in a digester with
hydrochloric     in the Chlorination process.                acid leach
liquor, the liquor is heated by 



Commercial  quantities  of  beneficiated  feeding a vapour mixture, formed
by distill- 40  ilmenite have been produced by processes in  ing an
azeotropic mixture of hydrochloric  80     which the ore is leached with
31.5%  by  acid and water, into the digester, by which     [Price 25p]
1,262,401                                          2      means the
hydrochloric acid content of the  be derived from  a recovery treatment on
liquor is simultaneously replenished.        liquors produced by the
process of the inven-       In carrying out the process according to the
tion.     present invention, the ilmenite or other titani-    The  total
acid  consumption, including 5  ferous ore, depending upon the ferric iron
hydrochloric acid condensed during digestion,  70     and ferrous iron
content in the ore, may first  for ilmenite of 55%  to 60% by weight titan-
be subjected to reduction using conventional  ium  dioxide content, is
about 2.6 parts by     reductive roasting processes, e.g. with coke  weight
of 20%  by weight hydrochloric acid     at 815[err]C to 1,090[err]C in
which most of the  per 1 part of ilmenite. The actual consump- 10  ferric
iron is converted to ferrous iron. This  tion of acid for other types or
qualities of  75     roasting also breaks up the crystal lattice  ilmenite
and other titaniferous ores would of     structure of the ore with the
advantage that  course depend on the iron content and the     the iron in
the ore is more readily accessible  acid soluble non-titanium  values of
the ore.     to the acid during the digestion process.   However, in
practice 15 to 20%  by weight 15    The ilmenite or other ore or slag,
whether  stoichiometric excess of acid should be pro-  80     or not it has
been prereduced, is charged  vided for maximum extraction.     into a
digester vessel that is lined with suit-   It is generally preferred that
the leaching     able acid resisting material. An aqueous solu-  should
proceed under a pressure of 20 to 50     tion of hydrochloric acid is
provided in the  p.s.i.g. and at an operating temperature in 20  vessel and
the azeotropic vapour mixture is  the range of 108 to 145[err]C. Under
these  85     fed into the liquor. Conveniently the digester  operating
conditions in a two stage counter-     rotates slowly during digestion.
current process each leaching stage would       The process is preferably
carried out as a  require about 5 hours, but the exact time     two stage
countercurrent process with the ore  cycle would depend on the type and
pro- 25  being fed first to the first stage and then to  parties of the raw
material.               90     the second stage and liquor being drawn from
It is easily possible so to carry out the     the second stage and fed to
the first stage  process of the invention that up to 94%  by     and then
being passed through a recovery  weight of the iron content in the original
process to recover hydrochloric acid which  ilmenite or other ore or slag
is dissolved in 30  may then be recycled to the second stage. Of  acid
while the residue may contain up to  95     course the process can also be
carried out as  98%  by weight of the titanium dioxide pre-     a single
stage process in which the liquor is  sent in the original ore or slag.
taken off from the single stage, hydrochloric    The waste leach liquor
obtained after the     acid is recovered from it and recycled, as the
extraction  process contains all the  ferric 35  leach liquor or to provide
the vapour mix-  chloride from  the ore together with some 100     ture. In
a two stage process it is generally  free acid. Satisfactory recovery of
the hydro-     preferred that about half the leaching should  chloric acid
from this waste liquor makes an     be conducted in each stage, so that
about half  important contribution to the efficiency of     of the total
acid requirement is supplied to  the process according to the invention,
since 40  the first stage while the other half is supplied  if the waste
leach liquor was discarded it 105     to the second stage.
would not only create pollution problems but       The constant boiling
azeotropic mixture of  would make the process uneconomical. The
hydrochloric acid varies according to the pres-  recovery of the acid may
be carried out by     sure. For example, at 760 millimeters mercury
conventional processes such as the "Aman" 45  pressure the constant boiling
acid contains  process by Woodall-Duckham of England and  110     20.22% by
weight hydrochloric acid and boils  the recovery plant by Dr. Otto and
Company     at  108.85[err]C;  and  at  1,000  millimeters  of Germany.
mercury  pressure, it contains 19.73%   by    Basically the recovery
processes generally     weight hydrochloric acid and boils at 116.18[err]
involve hydrolysing metal chlorides at high 50  C; and at 1,200 millimeters
mercury pressure,  temperatures by direct contact with combus- 115     it
contains 19.42%  by weight hydrochloric  tion gases. The chemical reactions
involved 



acid and boils at 122.38[err]C. The azeotropic  are:     mixture cannot be
concentrated by simple               FeCl[err],->FeC1[err] + 1/2 Cl[err]
distillation. The result is that the vapour mix-
(260[err]C-500[err]C) 55 ture being supplied to the liquor always con-
tains about 20%  by weight hydrochloric acid   2 [err]   120     and
naturally the liquor will tend to have the     same concentration. During
start up, when             [err]     liquid hydrochloric acid is being
supplied to              (in the absorber) 60 the digester, it is therefore
preferred to use     a 20% by weight aqueous solution.               The
products of the reaction are therefore       The azeotropic vapour mixture
is con-  ferric oxide and aqueous hydrogen chloride     veniently generated
simply by distillation of  which on distillation yields an azeotropic  125
aqueous hydrochloric acid and the hydro-  vapour mixture of about 20%  by
weight 65  chloric acid being distilled may conveniently  hydrochloric acid
vapour.             3                                           1,262,401
3         The use of the azeotropic vapour mixture  is usually sent to a
thickener, which is con-     as the heating medium in the process of the
structed of an acid proof material, to recover     invention has many
advantages.                the fine slime of titanium dioxide. The clear
A particular advantage of using the azeo-  waste leach solution is then
pumped to the 5  tropic mixture of hydrochloric acid as the  hydrochloric
acid recovery unit for the re-  70     leach liquor is that the mixture has
the maxi-  generation and recovery of hydrochloric acid     mum constant
boiling point and thus the ex-  which can be reused for the digestion
and/or     traction process can operate at the highest  for the
vapourisation, thus completing the     temperature and lowest pressure. 20%
by  cycle of the process. The following is an 10  weight hydrochloric acid
also provides the  example of the invention.                       75
optimum rate of reaction, the reactivity being    "Quilon"  ilmenite
(produced  in  India),     higher than more or less concentrated acids.
having the following analysis by weight, was     Also at this concentration
the loss of titanium   pre-reduced by heating with coke at about
dioxide in the waste leach liquor is minimised  900[err]C. for 40 minutes:
15  due to the fact that titanium dioxide dissolves     more easily in weak
acid solution at higher       TiO[err]                   59.55%         80
temperatures. The azeotropic mixture also has    Fe[err]
22.73%     a very low partial pressure at boiling tem-       FeO
10.77%     perature which minimises the loss of acid         A[err]
1.44% 20  due to vapourisation during digestion. Also it   SiO[err]
1.41%     has the very important commercial advant-         Others
balance       85     ages that it is the vapour mixture that is most
easily obtained from the recovery process to  One  part by  weight of the
pre-reduced     which the liquors are subjected and recycling  ilmenite was
leached in two stages with a 25  it reduces the consumption of acid. Also
the  total of 2.6 parts by weight (plus 15% excess)     process has the
overall advantage that it  of pre-heated (100[err]C.) fresh HCl of 20%  by
avoids the disadvantages incurred previously  weight strength, with 20%  by
weight vapour  90     by the use of steam heating.
(108[err]C.) used for direct heating therein, each        Equipment
suitable for carrying out the  stage for 5 hours. After separation and dry-
30  cyclic process according to the invention for  ing, the beneficiated
ilmenite had the follow-      the beneficiation of ilmenite or other
titani-  ing analysis by weight:      ferous ores is illustrated in the
accompanying      drawing. The leaching equipment illustrated
TiO[err]                   92.12%         95      is for a batch operation
but continuously         Fe[err]                     3.10% 35  operating
equipment can also be employed.        FeO                           0.25%
In the drawing, 1 is a rotary spherical      digestor which is constructed
of a mild steel  The beneficiated ilmenite to raw  material 



body which is lined with rubber and covered  weight ratio was 63.0:100. The
amount of      with acid resistant bricks. It may, for ex-  total iron
extracted was 93.7% by weight and  100  10  ample, have 16' O.D. in which
event it will  the amount of TiO[err] recovered 97.5%  by      hold about
15 short tons ilmenite. 2 is a  weight.      hydrochloric acid evaporator
which is con-      structed of impervious graphite heating tubes   WHAT WE
CLAIM  IS:-      for evaporating the acid with steam. 3 is a    1. A
process for the beneficiation of a 45  hydrochloric acid constant head tank
which  titaniferous ore or slag which comprises leach- 105      can  be
made  of impervious graphite  or  ing the ore or slag in a digester with
hydro-      'Haveg' 41 (a reinforced phenol formaldehyde  chloric acid
leach liquor, in which process      resin), which controls the acid level
and  the liquor is heated by feeding a vapour mix-      separates the
hydrochloric acid gas and liquid  ture formed by distilling an azeotropic
mix- 50  ('Haveg' is a Trade Mark). 20%  by weight  ture of hydrochloric
acid and water, into the  110      hydrochloric acid at about 91[err]C may
be con-  digester, by which means the hydrochloric      tinuously fed into
the evaporator to generate  acid content of the liquor is simultaneously
hydrochloric acid vapour which is used to  replenished.      heat up the
digestor. During digestion, pres-   2. A process according to claim 1 in
which 55  sure up to about 50 p.s.i.g. with correspond-  the titaniferous
ore is ilmenite.         115      ing temperature up to about 143[err]C. is
main-    3. A process according to either preceding      tained. After the
digestion is complete the  claim in which the leaching is conducted at a
finished product is discharged from the man-  pressure of 20 to 50 p.s.i.g.
and at a tem-      hole into the pumping tank 4, in which it is  perature
of 108[err]C to 145[err]C. 60  mixed with water and pumped to a filter. The
4. A process according to claim 1 in which  120      filtered  product
after washing  free  from  the hydrochloric acid in the liquor resulting
hydrochloric acid is dried and may contain  from the leaching is recovered
and is re-used      90-95%  by weight Ti[err]. The waste leach  in the
process as hydrochloric acid leach      liquor mainly contains iron
chlorides and a  liquor or is recycled to provide the vapour  65  small
amount of free hydrochloric acid and  mixture.
125        3                                           1,262,401        The
use of the azeotropic vapour mixture  is usually sent to a thickener, which
is con-     as the heating medium in the process of the  structed of an
acid proof material, to recover     invention has many advantages.
the fine slime of titanium dioxide. The clear       A particular advantage
of using the azeo-  waste leach solution is then pumped to the 5  tropic
mixture of hydrochloric acid as the  hydrochloric acid recovery unit for
the re-  70     leach liquor is that the mixture has the maxi-  generation
and recovery of hydrochloric acid     mum constant boiling point and thus
the ex-  which can be reused for the digestion and/or     traction process
can operate at the highest  for the vapourisation, thus completing the
temperature and lowest pressure. 20%  by  cycle of the process. The
following is an 10  weight hydrochloric acid also provides the  example of
the invention.                      75     optimum rate of reaction, the
reactivity being    "Quilon"  ilmenite (produced  in  India),     higher
than more or less concentrated acids.  having the following analysis by
weight, was     Also at this concentration the loss of titanium
pre-reduced by heating with coke at about     dioxide in the waste leach
liquor is minimised  900[err]C. for 40 minutes: 15  due to the fact that
titanium dioxide dissolves     more easily in weak acid solution at higher
TiO[err]                     59.55%        80     temperatures. The
azeotropic mixture also has   Fe[err]                     22.73 %     a
very low partial pressure at boiling tem-     FeO
10.77%     perature which minimises the loss of acid       A[err]
1.44% 20  due to vapourisation during digestion. Also it   SiO[err]
1.41%     has the very important commercial advant-       Others
balance       85     ages that it is the vapour mixture that is most
easily obtained from the recovery process to  One part by  weight of the
pre-reduced     which the liquors are subjected and recycling  ilmenite was
leached in two stages with a 25  it reduces the consumption of acid. Also
the  total of 2.6 parts by weight (plus 15% excess)     process has the
overall advantage that it  of pre-heated (100[err]C.) fresh HC1 of 20% by
avoids the disadvantages incurred previously  weight strength, with 20%  by
weight vapour  90     by the use of steam heating.
(108[err]C.) used for direct heating therein, each 



Equipment suitable for carrying out the  stage for 5 hours. After
separation and dry- 30  cyclic process according to the invention for  ing,
the beneficiated ilmenite had the follow-     the beneficiation of ilmenite
or other titani-  ing analysis by weight:     ferous ores is illustrated in
the accompanying     drawing. The leaching equipment illustrated
TiO[err]                    92.12%         95     is for a batch operation
but continuously        [err]                        3.10% 35  operating
equipment can also be employed.         FeO                         0.25%
In the drawing, 1 is a rotary spherical     digestor which is constructed
of a mild steel  The beneficiated ilmenite to raw  material     body which
is lined with rubber and covered  weight ratio was 63.0:100. The amount of
with acid resistant bricks. It may, for ex-  total iron extracted was 93.7%
by weight and  100 40  ample, have 16' O.D. in which event it will  the
amount of [err] recovered 97.5%  by     hold about 15 short tons ilmenite.
2 is a  weight.     hydrochloric acid evaporator which is con-     structed
of impervious graphite heating tubes    WHAT WE CLAIM  IS:-     for
evaporating the acid with steam. 3 is a    1. A  process for the
beneficiation of a 45  hydrochloric acid constant head tank which
titaniferous ore or slag which comprises leach- 105     can  be made of
impervious graphite  or  ing the ore or slag in a digester with hydro-
'Haveg' 41 (a reinforced phenol formaldehyde  chloric acid leach liquor, in
which process     resin), which controls the acid level and  the liquor is
heated by feeding a vapour mix-     separates the hydrochloric acid gas and
liquid  ture, formed by distilling an azeotropic mix- 50  ('Haveg' is a
Trade Mark). 20%  by weight  ture of hydrochloric acid and water, into the
110     hydrochloric acid at about 91[err]C may be con-  digester, by which
means the hydrochloric     tinuously fed into the evaporator to generate
acid content of the liquor is simultaneously     hydrochloric acid vapour
which is used to  replenished.     heat up the digestor. During digestion,
pres-    2. A process according to claim 1 in which 55  sure up to about 50
p.s.i.g. with correspond-  the titaniferous ore is ilmenite.        115
ing temperature up to about 143[err]C. is main-    3. A process according
to either preceding     tained. After the digestion is complete the  claim
in which the leaching is conducted at a     finished product is discharged
from the man-  pressure of 20 to 50 p.s.i.g. and at a tem-     hole into
the pumping tank 4, in which it is  perature of 108[err]C to 145[err]C. 60
mixed with water and pumped to a filter. The    4. A process according to
claim 1 in which  120     filtered  product after washing  free from  the
hydrochloric acid in the liquor resulting     hydrochloric acid is dried
and may contain  from the leaching is recovered and is re-used     90-95%
by weight TiO[err]. The waste leach  in the process as hydrochloric acid
leach     liquor mainly contains iron chlorides and a  liquor or is
recycled to provide the vapour 65  small amount of free hydrochloric acid
and  mixture.                                       125        4
1,262,401                                          4        5. A  process
according to any preceding     8. The product of a process according to
claim in which the leach liquor has a hydro-  any preceding claim.
chloric acid concentration of substantially     20%  by weight. 5     6. A
process according to any preceding             For the Applicants:-
claim  in which the leaching is conducted in     GILL, JENNINGS AND EVERY,
at least two countercurrent stages.                   Chartered Patent
Agents,       7. A  process according to claim  1 sub-             51/52,
Chancery Lane,     stantially as hereinbefore described with rc-
London, WC2A  1HN. 10 ference to the accompanying drawing.          Printed
for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa,
1972.          Published by The Patent Office, 25 Southampton Buildings,
London, WC2A lAY, from                                   which copies m ay
be obtained.    


