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Process for the recovery of iron as hematite and other metallic values from a

vvvvv T

vvvvvvvv

Description

Technical field of the invention

The present invention relates to a process for the recovery of iron as
nematite and other metallic values from a sulphate leach solution.

Background of the invention

Leaching of metal bearing materials with sulphuric acid is widely ap-
plied process. Iron removal from the leach solution is important for the recovery
of other metals and for process economics. Iron is normally removed from the
solution as jarosite, goethite or hematite but none of them result in a usable iron
product. Jarosite and goethite produced as such are discarded as waste with no
economic value. For hematite production, iron precipitation should be carried
out in an autoclave at temperatures of over 200 °C and oxygen pressure of 18
bars or over.

Iron Is also precipitated out of the leach solution as hydroxide by
precipitation with a suitable pH adjuster such as lime, magnesium hydroxide,
caustic or ammonia etc. lron hydroxide precipitated in this way presents difficui-
ties in filtering, and an unacceptable amount of metallic values is lost in the filter
cake.

A great deal of research has been conducted in iron precipitation as
hematite that can be used in industry. U.S. patent 7.294.319 describes a method
for precipitating iron from zinc sulphate solution as hematite under atmospheric
conditions. Similarly, WO2007/079532 describes a hydrometallurgical method
for precipitating iron in the form of hematite from leach solutions containing
nickel, cobalt and iron.
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The Article "Uniform Particles with a large surface area formed by
hydrolysis of Fe2(504)3 with Urea’ published in 1999 in Maierials Research Bul-
letin Vol 34 No 6 pp 905-919 describes hydrolysis of iron oxide from a solution
of Fe2(504)3/Urea mixture under various conditions. The article indicates that
slow hydrolysis of aqueous solutions of Fe2(504)3 with Urea in the temperature
range 60-100 °C leads to a characteristic form of iron (l11} hydrous oxides and
basic suifates. Thermal dehydration of this iron (Ill) hydrous oXides yields amor-
phous Fe203.

summary of the invention

The object of the invention is to provide a method for efficient recov-
ery of iron as a usable iron oxide product such as hematite from a Fe2(S04)3
solution containing other metal sulphates resulting from leaching of metal bear-

iIng materials with sulphuric acid.

This object Is achieved in accordance with the present invention by
providing a method in which iron can be recovered from ferric suiphate solu-
tions, obtained from |leaching of metal bearing materials with sulphuric acid, in
the form of an oxide as a useful product by precipitation as hydroxide and by
subsequent pressure oxidation followed by calcining of iron hydroxide, as de-

fined in appended patent claim 1.

During the work leading to the present invention it was found possi-
ble to recover iron under atmospheric conditions from a Fe2(S04)3 leach solu-
tion containing nickel and cobalt suiphates.

The advantages with the method according to the invention is that
the method can be performed at atmospheric or low pressure and at tempera-
tures ranging from 60 °C to 140 °C, that no gases are emitted, and that due to
short residence time, simple and inexpensive equipment can be used to perform

the method so that iron can be recovered as a usable product.

Thus, the present invention basically relates to a process involving

the recovery of dissolved iron as iron oxide.
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The method can be applied to ferric sulphate solutions which contain
dissolved metals such as nickel and/or cobalt and/or zinc and/or copper and/or
similar other metals that are normally soluble in sulphuric acid.

Additional features and advantages of various embodiments of the
invention will become evident from the following detailed description and the
appended claims.

vvvvv

The term ‘metal’ used herein and in the appended claims encom-
passes nickel, cobalt and any other metals that are normally soluble in sulphuric
acid.

Subsequent steps a) through m) describe a specific embodiment of
the method in accordance with the invention. As will be noted by a skilled per-
son, not all of said steps are required in connection with the present invention,
which is defined by the appended claims.

a) Magnesium hydroxide solution (10%-15%) is added to a sulphate
leach solution with pH as low as 0.5 containing iron and other
metal sulphates in order o raise the pH to around 1.8.

b) The new leach solution with a pH of about 1.8 is then added into
a magnesium hydroxide solution (10%-15%) with a pH of 10.5 in
order to bring the final pH of the sulphate leach solution to
around 3.5. With the increase in pH, iron precipitates out of the
solution as hydroxide.

¢) This ‘shock rise in pH’ as in step b) above helps to eliminate gel-
type formation of iron hydroxide and thus makes filtering much
easier. This also helps reduce metallic values contained in the
iron hydroxide precipitate.
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Following solid/liquid separation by thickening, the overflow solu-
tion now containing most of the metallic values except iron is
treated further to precipitate other metallic values using any one
of known precipitation methods such as by pH regulation, by sul-
phidation etc.

The underfiow from the thickener containing mainly iron as hy-
droxide and alsoc an unnegligible amount of other metallic values
Is then treated in a pressurized vessel at a pressure of 2-3 bars
and temperature of 120-135 °C for about minimum 20 minutes.
This treatment in a pressure vessel helps break up hydroxide gel,
and consequently any encapsulated sulphate ions and metallic
values become liberated. The pH of the slurry drops to about 1.8
from the starting value of pH 3.5 indicating the release of any

suiphuric acid associated with iron.

f) The slurry from the pressure vessel is filtered easily. A proper

d)

h)

flocculant may further ease the filtration.

The filter cake is thoroughly washed with water to minimize any
soluble metallic vailues remaining in the cake.

The fiiter cake, which is now nearly free of other metallic values
such as nickel, cobalt, zinc, copper etc, but containing still some
amounts of metallic values such as aluminium, chromium, man-
ganese etc, is then calcined at a temperature of around 250 °C.
During calcining, free moisture is removed and then iron hydrox-
ide is converted to hematite, Fe203, which constitutes a saleabie

product.

The filtrate and the washing waters containing metallic values are
either (re-}used In the process where required or subjected to

metal precipitation.

i) Metallic vaiues remaining in the solution such as nickel, cobalt,

zinc, copper etc. are precipitated as hydroxides using ammonium
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nhydroxide separately by pH adjustment at various pH levels cor-
responding to each individual metal.

K) Metal hydroxide precipitates are separated by filtration for further
use or treatment. The filtrate which now contains mainly magne-
sium sulphate and ammonium sulphate can be treated further

with ammonium hydroxide to precipitate magnesium hydroxide.

l) Following solid/liquid separation by thickening, the overflow con-
taining now mainiy ammonium sulphate will be treated with lime
to convert ammonium sulphate to ammonia gas and to convert
sulphate to gypsum, while the underflow from the thickener which
contains mainly magnesium hydroxide is recycled to he (re-)used
In the process.

m) Gypsum can be separated by filtration and discarded while the
ammonia can be emitted in gaseous form. This gas can be con-
verted to ammonium hydroxide in an absorption column to be re-
used in the process.

Practically, the method is advantageously performed in vessels
made from stainless steels or mild steel or concrete tanks which can be lined
with proper protective lining.

The invention will now be further explained in the following working
example. This example is only intended to illustrate a specific embodiment of
the invention and should in no way be considered as limiting the scope of the

invention,

Non-iimiting example

1. A leach solution obtained from leaching of a nickel laterite ore was
used. The pH of the process leach solution (PLS) was 0.5 and con-
tained 42,400 ppm Fe, 2.800 ppm Ni and 140 ppm Co.
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2. 3.0 liters of PLS were placed in a beaker, and its pH was slowly ad-

justed to 1.6 with pre-prepared 10% magnesium hydroxide solution

while stirring at atmospheric conditions. No gel formation occurred at
this particutar pH.

. In order to avoid gel formation, the solution with pH 1.6 was slowly

added into pre-prepared 10% magnesium hydroxide solution while stir-
ring at atmospheric conditions to bring the pH to 3.5. This ‘shock pH
adjustment’ eliminated gel formation opportunity.

. At this pH, Iron was converted to hydroxide and was filtered out of the

solution as precipitate. Fe concentration in the fiitrate dropped to 113
ppm indicating more than 89 % conversion of Fe to hydroxide. 3.150
mi of filtrate was obtained from the fiitration which contained 2.262
ppm Ni and 112 ppm Co indicating 72.5 % recovery of nickel and co-

bait into the fiitrate while 27.5 % of Ni and Co remained in the iron hy-
droxide precipitate.

. The iron nhydroxide precipitate was then placed in siurry form in a

pressure vessel where it was kept under 2-3 bar pressure and 120-135
"C for about 20 minutes while stirring.

. After 20 minutes the slurry was discharged from the pressure vessel

and filtered with addition of a flocculant. During treatment in the pres-

sure vessel the slurry pH went down from 3.5 to less than 2 indicating
the release of or the conversion of SO4 ions to sulphuric acid.

. The fiiter cake was analyzed for Fe and Ni and was found to contain

0.52% Ni and 50 % Fe. It was then washed thoroughly with water and

filtered. After washing, nickel content in the final filter cake dropped to
0.02% indicating an overall Nickel loss of around 3 % in the process.

8. The filter cake now free of nickel and cobalt but containing 50 % Fe

(on dry basis) was heated to 250 °C to convert iron hydroxide to hem-
atite, Fe203. The final iron oxide product contained 57 % Fe.



10

15

CA 02899132 2015-07-23

WO 2014/114746 PCT/EP2014/051399

9. The fiitrates from step 4, step 6 and step 7 were treated to raise the
pH to initially 4.5 with ammonium hydroxide to precipitate any dis-
solved aluminum and then to 8.5 to precipitate nickel and cobait by fil-

tration.

10.The filtrate from step 9 was further treated with ammonium hydroxide
to precipitate magnesium hydroxide. This slurry was not filtered, but
magnesium hydroxide settled down in the beaker after waiting a short
while. This magnesium hydroxide suspension was reused in the pro-

cess for pH adjustment.

11.The solution free of any suspended solids was siphoned out of the

beaker and was further {reated with lime. Sulphates in the solution
were converted to gypsum which settled down in the reaction beaker.
During this period, ammonia gas was emitted. Gypsum residue was

discarded.
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Claims

5 1. A method for recovering iron from ferric sulphate solutions, obtained from
leaching of metal bearing materials with suiphuric acid to produce an iron
pearing leach solution, in the form of oxide as a useful product by precipita-

tion as hydroxide, by subsequent pressure oxidation, and then by calcining

of the iron hydroxide.
10
2. The method according to claim 1,wherein a pH of the iron bearing leach solu-
tion Is initially raised, in particular from around as low as 0.5 to 1.8, by addi-
tion of 10-15% magnesium hydroxide solution to the iron bearing solution,

15 3. The method according to claim 2, wherein the pH of the iron bearing solution
Is raised, In a second stage, in particular to 3.5, by addition of said iron bear-
ing solution, preferably with pH 1.8, into a 10-15 % magnesium hydroxide so-
lution, in particular of pH 10.5, this shock pH adjustment eliminating gel type
formation of iron hydroxide and facilitating filtration.

20

4. The method according to any one of claims 1 to 3, wherein sulphates and
other metallic values such as nickel and cobalt remaining in the iron hydrox-
ide precipitate are removed by treating an iron hydroxide cake resulting from
sald pressure oxidation in a pressure vessel in a slurry form, preferably at a

25 pressure of 2-3 bars and a temperature of 120-135 °C for as short as 20
minutes while stirring, optionally followed by filtration and further washing of

the filier cake with water.

5. The method according to any one of the claims 1 to 4, further comprising
30 addition of a flocculant to a product of said pressure oxidation in order to fa-
cilitate a filtration thereof, in particuiar to facilitate filtration of the slurry from
the pressure vessel according to ciaim 4.

6. The method according to any one of claims 1 to 5, characterized in that it is
35 performed essentially at or slightly above atmospheric pressure.
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7. The method according to any one of ¢claims 1 to 6, wherein metallic values
contained in the solution are precipitated out of the solution at their relevant
pH levels by using ammonium hydroxide as a pH regulator.

8. The method according to any one of claims 1 to 7, wherein magnesium sul-
phate in the solution is converted to magnesium hydroxide with ammonium

hydroxide to be reused in the process.

9. The method according to any one of claims 1 to 8, wherein ammonium sul-
phate in the solution is converted to ammonia gas and gypsum with lime.

10. The method according to any one of claims 1 to 9, wherein ammonia gas is
converted to ammonium hydroxide by a known conventional ammonia ab-

sorption technique to be reused in the process.

11.The method according to any one of claims 1 to 10, wherein no additional
magnesium hydroxide or ammonium hydroxide is added from outside except
for compensating mechanical losses such as spillage etc.

12.Application of the method according to any one of claims 1 to 11 to ferric
suiphate solutions which contain dissolved metals such as nickel and/or co-
balt and/or zinc and/or copper and/or similar other metals that are normally
soluble in sulphuric acid.
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