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It 1s known that the iron oxide in iron ores
can be reduced to magnetite by roasting In the
presence of reducing coal gas and can then be
enriched to & certain extent by magnetic separa-
tion. If, however, there is any stronger combina-
tion between iron ox!de and silicic acld a concen-
tration of the iron content cannot be obtained
In this way because the reduced iron oxide re-
mains coalesced with the silicic acid.

It has now been found that this difficulty can
be obvlated and the Iron oxide can be loosened
from the silicie acld to a much greater extent by
subjecting the material contalning iron and silicic
acid, In particular of ores which have a low con-
tent of {ron and a high content of silicic acid, to
8 special treatment. This treatment consists in
maintaining a mixture of the startlng material
which contains iron and sillcic acid, preferably
in a state of flne subdivision, with mineral coal,
brown coal, peat, bituminous shale or like car-
bonaceous combustible material at an elevated
temperature which preferably does not exceed
600° C. while avoiding access of alr or oxygen
unti] carbonisation of the carbon-containing ad-
mixtures has occurred, after which the {ron com-
pounds can be separated, for example by a mag-
netic separator, from the residue which remains.

This looszning of the iron oxide from the silicle
acid which is effected by the treatment of the
present invention 1s due to the intense reactivity
of the vapours from the carbonisation which,
shortly after being released, have the tendency fo
decompose or crack at the elevated temperature.
If therefore these vapours come into contact with
metal compounds which contain oxyvegen. such ns
iron oxide, they remove oxygen from them by
means of unsaturated hydroxyl groups with the
formation of water. Since this formation of
water proceeds within the molecular assoclation
at a temperature considerably above the bolling
point of water, an excess pressure is probably pro-
duced in the molecular structure owing to the
pressure of the steam which results in a thorouch
loosening. After this loosening has occurred the
reduced iron oxide can be separated by mechani-
cal means from the silicie acid.

The process in accordance with the present in-
vention has great economical advantages in that,
on the one hand, the loosening of the jron oxide
from the silicic acid already takes place at the
relatively low carbonising temperature of the ad-
mixed carbonaceous material, which in general
lies between about 300 and 600° C., and, on the
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other hand, in that valugble carbonisation prod-
ucts can be obtained in the same operation.

The course of the reactions which take place
in the process of the present invention can be
favoured and the reaction promoted by conduct-
ing through the material being treated or through
the furhace containing sald material a com-
bustible gas or other washing gas. A preferred
gas 15 pure nitrogen which contains no consider-
able proportions of carbon diox!de and oxygen,
such as obtained for example in the Linde proe-
ess for producing oxygen and does not contain
more than 1% of oxygen.

Again special advantages from the point of
view of heat economy can be obtained by subject-
ing the siliceous Iron starting matertal before 1ts
admixture with the carbonaceous carbonisable
materiais to a preheating, for example by means
of heating or furnace gases and then mixing
them in this preheated condition wlth the car-
bonaceous carbonisable substances which may
in some cases Hkewise be preheated. By using
slliceous iron-containing starting materials which
have In this way been highly heated as heat car-
riers, the carbonisation temperature of the ad-
mixed carbon-containing materials ¢an be
reached, so that the indirect supply of heat can
be considerably reduced and the carbonisation in
indirectly heated carbonising furnaces in the
absence of air Is considerably facilitated.

If 1t is desired to obviate the necessity, after
separation of the iron compounds, for isolating
for economical reasons the carbonisation prod-
ucts from the silleie acld or of working the coke
and silicesus reaction mixture to form a useful
product, the process can be carriéd out in such
a way, in accordance wlth a particularly advan-
tageous modification of the invention, that the
siliceous iron-contalning starting materials are
treated, preferably in a fine state of sub-division,
at an elevated temperature which preferably does
not exceed 609° with the vapours which are split
off when mineral coal, brown coal, peat, bitu-
minous shale and the like 1s carbonised, any di-
rect mixing with the carbonisable materials be-
ing dispensed with. If the process is carried out
in this way and the siliceous iron-containing
starting material is treated, not in mixture with
coal or the like, but only with the vapours from
the carbonisation thereof, a product is obtained
in which reduced iron compounds with silicle
acld are present in logsened form and from which
the iron compounds can be separated, for exam-
ble by magnetic separation or with the ald of
solvents, the extent of this separation being con-
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siderable and far greater than was formerly pos-
sible.

In particular, when the process of the inven-
tion is carried out in this manner, the treatment
may be undertaken in a furnace to which the
iron-containing materials and the substances to
be carbonised are supplied separately, preferably
in counter-current. This can be carried out by
passing the finely pulverised iron-containing suh-
stance on the one hand and the substances to
ba carbonised on the other hand in layers
which are separated, for example by a wire net-
work or separate supports, together through a
carbonising furnace in such a way that the va-
pours from the carbonisation, as they are split
off from the carbonaceous material come directly
into contact with the iron-contalning layer to bhe
treated. By using the counterflow principle a
large output of treated ore or the like can be ob-

talned in uniform stages of treatment with a -

small charge of carbonaceous material.
Accerding to a further modification of the in-

vention, the operaticn Is carried out in two fur-

naces which are in direct communication the one

with the other, In one of which the carbonisation .

is carried out and in the other of which the iron-
containing materlal is heated to the carbonisa-
tion temperature and is brought inte intimate
contact with the hot vapours discharged from the
first furnace.
iron oxygen compounds and logsening of the iron
from the gangue 1s obtalned. After the treated
material has cooled, the iron fraction which has
been loosened or become magnetic can he sep-

arated in this case also from the silicle acld by & :

magnetic separator. Likewise the iron which has
been freed from the silicic acld can be extracted
from the loosened materlal by dissclving it out
chemieally.

It has further heen found that it is advanta-
geous In all cases to subjeet the material to be
treated, before the separation of the iron com-
pounds from the siliclc ac¢ld, to a disintegrating
process prefergbly to fine grinding as the separa-
tion is conslderable faeilitated by this means.

The processes of treatment of the present in-
vention ¢an be used for all siliceous iron ores,
minerels, sands and other materials, as well as
for bauxite and the resldues which accumulate

In this case also reduction of the .
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in the recovery of alumina therefrom, and also .

for pyrites, for example such as Is obtained in
addition, to heavy spar at Meggen In Westphalla
and other similar materials.

For carrying out the process of the present in-

vention all earbonisable materials which on car- 35

bonisation evolve vapours or gases similar to
those evolved by hrown coal and mineral coal,
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such as for example various kinds of peat, bitu-
minous shales, oil distillation residues and the
like, can be used.

The consumption of carbonisable material in
the process according to the present invention
can be very considerably restricted while never-
theless maintaining favourahle operating condi-
tions. On the other hand, there are scarcely any
losses of importance because the decomposed or
cracked carbonisation product hbreaks up into
lower henzines which can be recovered hy con-
densation, while the carbonisation gas which is
formed in large quantity can be utilised for heat-
ing the carbonisation furnace or the heater for
the ore.

The iron ore conceatrate which is accumulated
in the form of a fine powder by the process of the
present invention can either be melted out di-
rectly in a suitable furnace or after heing bri-
quetted can be Introduced in a normal blast fur-
nace.

Example 1

In a horizontal carbonisation furnace having
a grate system of the Bartling-Honigmann type,
the grate 1s sub-divided in such a way that coal
and iron ore can he supplied to separate adjacent
grate plates. The charging of the oven is carried
out in such 8 way that 1000 kg of coal and 3000
kg of finely ground ore are passed together
through the carbonisation zone. During this the
grates are shaken so that an alteration of the
position of the carbonisation material and also of
the ore and therefore of its surface of contact
with the gases continuously takes place. From
the ore which has been pre-treated In this man-
ner and is poor in iron and rich in silicic acid an
iron concentrate which is suitable for being
smelted can be recovered, after cooling, for ex-
ample by magnetic separation.

Example 2

In a vertical carbonisation furnace which is ex-
ternally heated, for example a furnace of the
Borslg-Geisen type a carbonisable brown coal is
carhonised. The hot vapours produced are drawn
off and are conducted directly to a furnace for
heating the ore which Is of similar construction
to known ore roasting furnaces and In whieh the
ore is pre-heated to a temperature of about 500°
C. and is kept in continuous movement by ro-
tating the charge. This trestment loosens the
finely disintegrated iron ore and the reduced iron
oxjde becomes more easly mechanieally separahble
from the associated silicic acid. In some cases
separation can be facilitated by grinding the
treated material,
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