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(57) ABSTRACT 
A nickel recovery loss reduction method that makes it pos 
sible to reduce nickel recovery loss by lowering the concen 
tration offine floating Solid components in overflow liquid in 
precipitating and separating treatments, and consequently to 
further reduce a nickel recovery loss, a hydrometallurgical 
method for nickel oxidized ore to which the nickel recovery 
loss reduction method is applied, and a Sulfurizing treatment 
system. The present invention is a nickel recovery loss reduc 
tion methodina Sulfurizing step for blowing hydrogen Sulfide 
gas into a nickel containing Sulfuric acid aqueous solution to 
generate nickel-containing Sulfides and a barren liquid, and 
the nickel-containing Sulfides with the average particle size 
adjusted to a predetermined size or larger are added as seed 
crystals to the Sulfuric acid aqueous Solution. It is more pref 
erable to adjust the average particle size of the nickel sulfides 
to be added as seed crystals to 55 um or more. 

4 Claims, 2 Drawing Sheets 
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1. 

NICKEL RECOVERY LOSS REDUCTION 
METHOD, HYDROMETALLURGICAL 
METHOD FOR NICKELOXIDIZED ORE, 

AND SULFURATION TREATMENT SYSTEM 

FIELD OF THE INVENTION 

This invention relates to a nickel recovery loss reduction 
method, a hydrometallurgical method for nickel oxidized ore 
and a Sulfurizing treatment system, and more specifically 
concerns a reduction method for a nickel recovery loss in a 
Sulfurizing step in which by blowing a hydrogen Sulfide gas 
into a Sulfuric acid aqueous solution containing nickel so as to 
form sulfides containing nickel and a barren liquid, a hydro 
metallurgical method for nickel oxidized ore to which the 
reduction method is applied, and a Sulfurizing treatment sys 
tem. 

The present application asserts priority rights based on JP 
Patent Application 2011-180298 filed in Japan on Aug. 22, 
2011. The total contents of disclosure of the Patent Applica 
tion of the senior filing date are to be incorporated by refer 
ence into the present Application. 

BACKGROUND OF THE INVENTION 

Conventionally, in a nickel metallurgical method, a mat 
having a nickel quality of about 30% by weight is obtained by 
carrying out a dry metallurgical treatment on nickel Sulfide 
ores, and electrolytic nickel is then produced by using a 
chloride leach-electrolytic harvest method. 

In recent years, as the hydrometallurgical method for 
nickel oxidized ores, a high-temperature pressure acid leach 
method using Sulfuric acid has drawn public attentions. Dif 
ferent from a dry metallurgical method that is a conventional 
generally-used metallurgical method for nickel oxidized ores, 
this method does not include dry processes such as reducing 
and drying processes or the like, and is composed of consis 
tent wet processes so that this method is advantageous from 
the viewpoints of energy and costs. Moreover, this method is 
also advantageous in that Sulfides (hereinafter, referred to also 
as "nickel sulfides') containing nickel, whose nickel quality 
has been improved to about 50% by weight, can be obtained. 
These nickel Sulfides can be precipitated and generated 
through processes in which, after purifying a leached liquid 
obtained by leaching nickel oxidized ores, by blowing a 
hydrogen Sulfide gas thereto in a Sulfurizing process, a Sulfu 
rizing reaction is exerted (for example, see Patent Document 
1). 

In this case, the nickel sulfides that are precipitated and 
generated by blowing a hydrogen Sulfide gas into a Sulfuric 
acid aqueous solution containing nickel obtained by leaching 
nickel oxidized ores are recovered by carrying out precipitat 
ing and separating treatments on a slurry containing the nickel 
Sulfides by the use of a solid-liquid separation device Such as 
a thickener or the like. More specifically, in the precipitating 
and separating treatments, the nickel Sulfides corresponding 
to a precipitate in the sulfide slurry obtained by the sulfurizing 
reaction are recovered from the bottom of the solid-liquid 
separation device, while an aqueous solution component in 
the slurry is overflowed and recovered as an overflow liquid 
that forms a barren liquid. 

At this time, in conventional precipitating and separating 
treatments, a large amount of fine floating Solid components 
are undesirably contained in the overflow liquid that is over 
flowed. The floating solid components are composed of fine 
nickel sulfides that have not been formed into precipitates to 
remain in the aqueous Solution, and overflowed, as they are, to 
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2 
be formed into a barren liquid, and finally subjected to a 
neutralizing treatment or the like and then discharged out of 
the factory together with the leached residues. For this reason, 
the floating Solid components, which are composed of fine 
nickel Sulfides remaining in the overflow liquid and are dis 
charged out of the system, cause a loss in the nickel recovery. 

Conventionally, a method has been proposed as a technique 
in the Sulfurizing process in which by repeatedly adding 
Sulfides containing nickel and cobalt obtained after the Sul 
furizing process to a Sulfuric acid aqueous solution contain 
ing nickel that serves as a starting liquid as seed crystals so 
that the added amount of seed crystals is managed so as to 
form a ratio of 4 to 6 of the nickel amount contained in the 
seed crystals relative to the nickel amount contained in the 
starting liquid; thus, a nickel recovery rate can be increased 
(for example, see Patent Document 2). 

However, the technique described in Patent Document 2 is 
designed to increase the nickel recovery rate by Suppressing 
adhesion of the generated sulfides onto the inner surface of 
the reaction Solution, and this technique for controlling the 
added amount of seed crystals fails to reduce the concentra 
tion of fine floating solid components in an overflow liquid in 
precipitating and separating treatments after the Sulfurizing 
process. 

In view of these circumstances, there have been strong 
demands for a nickel recovery loss reduction method that 
makes it possible to reduce the nickel recovery loss by reduc 
ing the concentration of the fine floating Solid components in 
the overflow liquid, and consequently to further enhance the 
nickel recovery rate. 

PRIOR-ART DOCUMENTS 

Patent Document 

PTL 1: Japanese Patent Application Laid-Open No. 2005 
350766 

PTL 2: Japanese Patent Application Laid-Open No. 2008 
231470 

SUMMARY OF THE INVENTION 

In view of these circumstances, the present invention has 
been proposed, and its object is to provide a nickel recovery 
loss reduction method that makes it possible to reduce a 
nickel recovery loss by reducing a concentration of fine float 
ing Solid components in an overflow liquid obtained from 
precipitating and separating treatments and consequently to 
further improve a nickel recovery rate, and a hydrometallur 
gical method for nickel oxidized ores to which the nickel 
recovery loss reduction method is applied, as well as a Sulfu 
rizing treatment system. 
The inventors of the present invention have made extensive 

studies in order to achieve the above-mentioned object and 
found that in a Sulfurizing step, by adding Sulfides containing 
nickel that have been adjusted so as to have an average par 
ticle size of a predetermined size or larger thereto as seed 
crystals, the concentration of fine floating Solid components 
in the overflow liquid can be reduced, thereby completing the 
present invention. 

That is, the nickel recovery loss reduction method in accor 
dance with the present invention, which relates to a reducing 
method for a nickel recovery loss in which by blowing a 
hydrogen Sulfide gas into a Sulfuric acid aqueous Solution 
containing nickel, a Sulfurizing treatment is executed togen 
erate Sulfides containing nickel and a barren liquid, is char 
acterized in that Sulfides containing nickel, which are 
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adjusted so as to have an average particle size of a predeter 
mined size or larger, are added to the Sulfuric acid aqueous 
Solution as seed crystals. 

Moreover, in the nickel recovery loss reduction method, 
the sulfides to be added as the seed crystals preferably have an 
average particle size of 55um or more. 

Furthermore, in the nickel recovery loss reduction method, 
the sulfides to be added as seed crystals are preferably 
obtained by classifying Sulfides containing nickel that have 
been recovered through a Sulfurizing step in a liquid cyclone. 

In the nickel recovery loss reduction method, as the sulfuric 
acid aqueous solution, a mother liquor may be used, which is 
composed of a Sulfuric acid aqueous solution containing 
nickel and cobalt recovered through a leaching step, a solid 
liquid separating step and a neutralizing step in a hydromet 
allurgical method based upon a high-temperature pressure 
leaching process for recovering nickel from nickel oxidized 
OS. 

Moreover, the hydrometallurgical method for nickel oxi 
dized ores in accordance with the present invention, which is 
a hydrometallurgical method for nickel oxidized ores for 
recovering nickel from the nickel oxidized ores, is character 
ized by a Sulfurizing step in which by adding Sulfides con 
taining nickel that are adjusted so as to have an average 
particle size of a predetermined size or larger to a Sulfuric acid 
aqueous solution containing nickel that is obtained by leach 
ing the nickel oxidized ores with Sulfuric acid as seed crystals 
and by blowing a hydrogen Sulfide gas into the Sulfuric acid 
aqueous solution containing nickel, Sulfides containing 
nickel and a barren liquid are formed. 

Furthermore, the Sulfurizing treatment system in accor 
dance with the present invention, which is a sulfurizing treat 
ment system for use in a Sulfurizing treatment in which by 
blowing a hydrogen Sulfide gas into a Sulfuric acid aqueous 
Solution containing nickel, Sulfides containing nickel and a 
barren liquid are generated, is characterized by including: a 
stirring reaction vessel to which the Sulfuric acid aqueous 
solution is loaded and in which by blowing the hydrogen 
Sulfide gas to the Sulfuric acid aqueous Solution, the Sulfuriz 
ing reaction is carried out; a precipitation vessel for precipi 
tating and separating a Sulfide slurry generated by the Sulfu 
rizing reaction into the Sulfides and the barren liquid; a relay 
vessel for holding the sulfides separated in the precipitation 
vessel and for distributing the sulfides at a predetermined 
ratio; and a classifying device for classifying a predetermined 
amount of the sulfides distributed in the relay vessel at a 
predetermined classifying point, and in the classifying 
device, the Sulfides are adjusted so as to have an average 
particle size of a predetermined size or larger, and the Sulfides 
that have been particle-size adjusted are circulated and Sup 
plied to the stirring reaction vessel by using a pump, and in the 
stirring reaction vessel, a Sulfurizing reaction is carried out by 
using the Sulfides that have been average particle size adjusted 
to a predetermined particle size or larger as seed crystals. 

Effects of Invention 

In accordance with the present invention, since the Sulfur 
izing reaction is carried out, with the Sulfides containing 
nickel that have been average particle size adjusted so as to 
have a predetermined particle size or larger being added as 
seed crystals, it is possible to reduce a concentration of fine 
floating Solid components containing nickel in an overflow 
liquid overflowed in precipitating and separating treatments 
by using, for example, a thickener or the like, and conse 
quently to increase a nickel content to be recovered as Sul 
fides, thereby reducing the nickel recovery loss. 
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4 
In particular, in the hydrometallurgical method based upon 

a high-temperature pressure leaching process for recovering 
nickel from nickel oxidized ores, the present invention is 
effectively applicable to a sulfurizing step in which by blow 
ing a hydrogen sulfide gas into the Sulfuric acid aqueous 
Solution containing nickel and cobalt, Sulfides containing 
nickel and cobalt as well as a barren liquid are formed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic view showing one example of a 
Sulfidizing treatment system for use in a Sulfidizing process. 

FIG. 2 is a process chart for a hydrometallurgical method 
for nickel oxidized ores. 

DETAILED DESCRIPTION OF THE INVENTION 

The following description will discuss specific embodi 
ments of the present invention (hereinafter, referred to as 
“present embodiment”) in detail in accordance with the fol 
lowing order. Additionally, the present invention is not 
intended to be limited only by the following embodiments, 
and it is needless to say that various modifications may be 
made therein within a scope not departing from the gist of the 
present invention. 

1. Nickel Recovery Loss Reduction Method 
2. Sulfurizing Treatment System in Sulfurizing Step 
3. Hydrometallurgical Method for Nickel oxidized ore 
4. Examples 

1. Nickel Recovery Loss Reduction Method 

A nickel recovery loss reduction method in accordance 
with the present embodiment relates to a Sulfurizing step in 
which by blowing hydrogen Sulfide gas into a nickel contain 
ing Sulfuric acid aqueous Solution, a Sulfurizing reaction is 
carried out to generate nickel-containing Sulfides and a barren 
liquid. Moreover, the nickel recovery loss reduction method 
relating to the present embodiment is characterized in that in 
the Sulfurizing step, by adding nickel-containing Sulfides 
with an average particle size adjusted to a predetermined size 
or larger as seed crystals to a nickel-containing Sulfuric acid 
aqueous solution (starting liquid), the Sulfurizing reaction is 
carried out. 

In this manner, by using the nickel-containing Sulfides 
(hereinafter, referred to also as “nickel sulfides') with an 
average particle size adjusted to a predetermined size or 
larger as seed crystals, the Sulfurizing reaction is generated so 
that the nickel content of sulfides that are precipitation-pro 
duced is increased so that upon carrying out precipitating and 
separating treatments, it is possible to reduce the concentra 
tion of fine floating Solid components containing nickel, 
which are contained in an overflow liquid. 

That is, the nickel sulfides added as seed crystals are 
allowed to form cores for the generation of sulfides that are 
newly generated and deposited by the Sulfurizing reaction So 
that the particles of the generated Sulfides are made larger. 
Moreover, in this case, by adding the nickel sulfides with an 
average particle size adjusted to a predetermined size or 
larger, the function as the cores for the generation of Sulfides 
can be more effectively exerted so that the precipitation prop 
erty of the particles containing fine nickel that are present in 
the solution is increased and the fine particles can be suffi 
ciently precipitated as a precipitant of sulfides. Therefore, 
fine floating Solid components, which have been contained in 
the overflow liquid in a conventional precipitating and sepa 
rating treatments after the Sulfurizing reaction, can be effec 
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tively precipitated as one portion of the precipitate of the 
Sulfides generated by the Sulfurizing step; thus, it becomes 
possible to reduce the concentration of the fine floating solid 
components contained in the overflow liquid, and conse 
quently to effectively reduce the nickel recovery loss. 

In this case, with respect to the nickel sulfides to be added 
as crystal seeds, those having an average particle size adjusted 
to 50 um or more are preferably used, and those having an 
average particle size adjusted to 55 um or more are more 
preferably used. By adding the nickel sulfides whose particle 
size is adjusted to 50 um or more, more preferably, to 55 um 
or more, as crystal seeds, the concentration of the fine floating 
Solid components containing nickel that are contained in the 
overflow liquid can be effectively reduced. Additionally, the 
upper limit value of the average particle size of the nickel 
sulfides to be added is preferably set to, for example, 100 um 
or less. In the case of the nickel sulfides whose particle size is 
adjusted to more than 100 um, the effect for reducing the 
concentration of the fine floating solid components contained 
in the overflow liquid is no longer obtained, and this case is 
not efficient from the viewpoint of particle-size adjustments 
as well. 

With respect to the particle-size adjusting method for the 
nickel sulfides to be added, although not particularly limited, 
by using a wet (liquid) cyclone, a vibration sieve or the like, 
a classifying treatment may be carried out at a classifying 
point determined so as to set the average particle size of nickel 
Sulfides to a predetermined size or larger. In particular, the 
classifying treatment is preferably carried out by using a 
liquid cyclone. In the liquid cyclone, the nickel Sulfides are 
made to collide and in contact with one another, and a granu 
lating process proceeds so that the particle-size adjusting 
process is more effectively carried out so as to provide a 
desired average particle size. Moreover, in the case when 
Sulfides obtained in the Sulfurizing step are circulated and 
used as crystal seeds as will be described later, unnecessary 
slurry components or the like can be separated. 

Additionally, in the case when the particle size of the 
Sulfides is too large, prior to the classifying treatment, for 
example, a grinding process may be carried out on the nickel 
Sulfides by using a general-use grinder Such as a ball mill, a 
rod mill, an AG mill or the like, if necessary. 
As to whether or not the average particle size of the sulfides 

that have been particle-size adjusted as described above is 
made to have the predetermined particle size or larger, prior to 
the addition thereof to a Sulfuric acid aqueous solution, a 
grain size measuring process may be carried out, for example, 
by using a laser diffraction method, or the like. In this manner, 
after the particle-size adjustment Such as the classifying treat 
ment or the like, by carrying out the particle-size measuring 
process prior to the addition of the nickel sulfides to the 
Sulfuric acid aqueous solution, nickel Sulfides whose average 
particle size is greater than a desired size or more can be 
positively added as seed crystals. 

Moreover, with respect to the nickel sulfides to be added, 
one portion of the Sulfides containing nickel newly precipi 
tated and generated by the Sulfurizing reaction in the Sulfur 
izing step is preferably circulated and again used. That is, the 
Sulfides containing nickel generated by the Sulfurizing reac 
tion are precipitated and separated so as to be recovered, and 
a predetermined amount of recovered Sulfides are classified as 
described above, or after having been subjected to the grind 
ing process, if necessary, are classified so that the resulting 
nickel Sulfides are circulated and Supplied to a reaction con 
tainer for use in the Sulfurizing reaction by using a pump or 
the like. In this manner, the predetermined amount of the 
nickel Sulfides that are newly precipitated and generated and 
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6 
thus obtained in the Sulfurizing step can be circulated and 
used again after the average particle size thereof has been 
adjusted; thus, it becomes not necessary to prepare nickel 
Sulfides serving as the seed crystals in a separate manner So 
that it is possible to carry out the processes more efficiently. 

Moreover, with respect to the added amount of the nickel 
sulfides, although not particularly limited, it is preferable to 
add nickel sulfides having an amount corresponding to 4 to 6 
times greater than the amount of nickel in the nickel-contain 
ing Sulfuric acid aqueous solution. Thus, it becomes possible 
to sufficiently Suppress the generated Sulfides from adhering 
onto the inner surface of the reaction container for use in the 
Sulfurizing reaction, and consequently to reduce the concen 
tration of nickel to be contained in a barren liquid. As a result, 
it becomes possible to further reduce the nickel recovery loss. 
Additionally, in the case of the added amount of less than 4 
times, the nickel concentration in the barren liquid might 
increase to cause an increase in the nickel recovery loss, and 
in contrast, in the case of the added amount of more than 6 
times, further effects are no longer expected to cause ineffi 
ciency. 
As the Sulfuric acid aqueous solution serving as the initial 

Solution, not particularly limited, Sulfuric acid aqueous solu 
tions containing nickel and/or cobalt may be widely used. 
Among these, a mother liquor, which is composed of a Sul 
furic acid aqueous solution containing nickel and cobalt 
recovered through the leaching step, a Solid-liquid separating 
step and a neutralizing step in a hydrometallurgical method 
based upon a high-temperature pressure leaching process for 
use in recovering nickel from nickel oxidized ores, is prefer 
ably used. Since the Sulfuric acid aqueous Solution obtained 
by leaching nickel oxidized ores through the high-tempera 
ture pressure leaching process is derived from nickel or the 
like leached at a high leaching rate, it becomes possible to 
recover nickel at a high recovery rate by using this Sulfuric 
acid aqueous Solution. 

Although not particularly limited, the reaction temperature 
of the Sulfurizing reaction in the Sulfurizing step is preferably 
setto, for example, 70 to 95°C., more preferably, to about 80° 
C. Although the Sulfurizing reaction itself is generally accel 
erated as the temperature becomes higher, in the case of more 
than 95°C., many problems arise in that, for example, high 
costs are required for raising the temperature and the adhe 
sion of sulfides to the reaction container occurs due to a high 
reaction speed. 

2. Sulfurizing Treatment System in Sulfurizing Step 

The following description will discuss a device facility of a 
Sulfurizing treatment system for use in the Sulfurizing step to 
which the above-mentioned nickel recovery loss reduction 
method is applied. FIG. 1 is a schematic drawing that shows 
the device facility structure of a Sulfurizing treatment system 
10. As described earlier, as the sulfurizing treatment system, 
for example, a system in which one portion of nickel Sulfides 
newly generated in the Sulfurizing step are circulated and 
again utilized may be used. 
As shown in FIG. 1, the sulfurizing treatment system 10 is 

constituted by a stirring reaction vessel 11 in which a sulfu 
rizing reaction is carried out, a precipitation vessel 12 in 
which a Sulfide slurry generated by the Sulfurizing reaction is 
precipitated and separated into Sulfides containing nickel and 
a barren liquid, a relay vessel 13 that primarily holds the 
sulfides separated in the precipitation vessel 12 and distrib 
utes themata predetermined ratio and a classifying device 14 
that carries out a classifying treatment on the Sulfides (nickel 
sulfides) distributed in the relay vessel 13 so as to be circu 
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lated and used in the Sulfurizing reaction at a predetermined 
classifying point. Moreover, the Sulfurizing treatment system 
10 is further provided with a grain size measuring device 15 
that measures the grain size of the nickel sulfides classified in 
the classifying device 14. 

In the stirring reaction vessel 11, a starting liquid com 
posed of a Sulfuric acid aqueous solution 16 containing nickel 
is loaded at a predetermined flow rate, and by blowing hydro 
gen Sulfide gas 17 into the Sulfuric acid aqueous solution 16, 
a Sulfurizing reaction takes place. In the present embodiment, 
by adding nickel Sulfides 18 whose average particle size has 
been adjusted to a predetermined size or larger as seed crys 
tals to the sulfuric acid aqueous solution 16 loaded into the 
stirring reaction vessel 11, a Sulfurizing reaction is generated. 
The precipitation vessel 12 is a precipitation separation 

device Such as, for example, a thickener. In the precipitation 
vessel 12, a sulfide slurry 19 generated in the sulfurizing 
reaction in the stirring reaction vessel 1 is sent, and nickel 
sulfides 20 as its precipitate are separated and recovered from 
the bottom thereofas a condensed slurry (precipitate), with an 
aqueous solution component in the Sulfide slurry being over 
flowed so as to be separated and discharged as an overflow 
liquid 21. The nickel sulfides 20 separated from the bottom of 
the precipitation vessel 12 are sent to the relay vessel 13, 
while the overflow liquid 21 is subjected to a neutralizing 
treatment or the like as a barren liquid in a separated manner 
and discharged out of the system. 

In the relay vessel 13, the nickel sulfides 20 that are pre 
cipitates separated from the bottom of the precipitation vessel 
12 are primarily held, and distributed into nickel sulfides 20A 
serving as a recovery portion and nickel Sulfides 20B serving 
as a portion to be circulated and used at a predetermined ratio. 
The nickel sulfides 20A distributed as the recovery portion in 
the relay vessel 13 are drawn by a pump or the like, and 
processed in another process and recovered. On the other 
hand, the nickel sulfides 20B distributed as the portion to be 
circulated and used in the relay vessel 13 is sent to a next 
classifying device 14, and Subjected to a classifying treat 
ment. Additionally, in the relay vessel 13, the flow rate of the 
starting liquid to be loaded to the stirring reaction vessel 11 is 
measured and adjusted, and in the case when it fluctuates, the 
circulation flow rate of the nickel sulfides obtained from the 
precipitation vessel 12 can be adjusted. 

In the classifying device 14, the nickel sulfides 20B serving 
as the portion to be circulated and used, which are distributed 
through the relay vessel 13, are recovered and subjected to a 
classifying treatment so as to form nickel Sulfides 18 having 
an average particle size that is a predetermined size or larger. 
More specifically, in the classifying device 14, the classifying 
treatment is carried out at a classifying point set so as to carry 
out particle size adjustments preferably to an average particle 
size of, for example, 50 um or more, more preferably, to 55 
um or more. As the classifying device 14, for example, a wet 
(liquid) cyclone or a vibration sieve or the like, which can 
carry out a classifying step at a desired classifying point, may 
be used. Additionally, as the classifying device 14, Such a 
device as to also have a function for grinding nickel Sulfides 
may be used, if necessary, and the nickel sulfides may be 
Subjected to a grinding treatment prior to the classifying 
treatment. 

The nickel sulfides 18, which have been classified in the 
classifying device 14 and adjusted so as to have an average 
particle size of a predetermined size or larger, are circulated 
and Supplied to the stirring reaction vessel 11 and used as seed 
crystals in the Sulfurizing reaction. 

Moreover, the sulfurizing treatment system 10 may be 
further provided with a grain size measuring device 15. The 
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8 
grain size measuring device 15 measures the grain size of the 
nickel sulfides 18 that have been classified at a predetermined 
classifying point in the classifying device 14. As the grain size 
measuring device 15, for example, a laser diffraction type 
grain size measuring device or the like may be used. The grain 
size measuring device 15 makes it possible to determine 
whether or not the classified nickel sulfides 18 have an aver 
age particle size of a predetermined size or larger. 

In this manner, the sulfurizing treatment system 10 for use 
in the Sulfurizing step has a structure in which a predeter 
mined amount of nickel Sulfides, generated by the Sulfurizing 
reaction and separated in the precipitation vessel 12, are cir 
culated and Supplied to the stirring reaction vessel 11 so as to 
be used as seed crystals in the Sulfurizing reaction. Moreover, 
the present embodiment is provided with the classifying 
device 14 which, upon circulating and using the nickel Sul 
fides 18 as seed crystals, can carry out a classifying treatment 
at a predetermined classifying point on the nickel Sulfides 
20B recovered through the relay vessel 13 as the portion to be 
circulated and used, with the average particle size of the 
nickel sulfides 20B being adjusted. With these arrangements, 
it is possible to add the nickel sulfides 18 whose particle size 
has been adjusted to a predetermined size or larger to the 
Sulfuric aqueous solution 16 as seed crystals so as to exert a 
Sulfurizing reaction. 

Moreover, it is possible to install the grain size measuring 
device 15 in succession to the classifying device 14, and 
consequently to measure the grain size of the nickel Sulfides 
18 that have been classified. Thus, it becomes possible to add 
the nickel sulfides 18 that have been preferably adjusted so as 
to have a predetermined average particle size more precisely 
to the sulfuric acid aqueous solution 16 as seed crystals. 

Since the present embodiment has a device structure in 
which a Sulfurizing reaction is carried out by adding the 
nickel sulfides 18 that have been adjusted to have a predeter 
mined average particle size or larger in this manner as seed 
crystals, fine floating solid components contained in the over 
flow liquid 21 overflowed from the precipitation vessel 12 
Such as a thickener are allowed to have a reduced concentra 
tion so that the nickel recovery loss can be effectively 
reduced. 

3. Hydrometallurgical Method for Nickel Oxidized 
Ore 

The following description will discuss a hydrometallurgi 
cal method for nickel oxidized ores including a Sulfurizing 
step to which the above-mentioned nickel recovery loss 
reduction method is applied. In this case, the hydrometallur 
gical method using a high-temperature pressure acid leaching 
method is explained as a specific example. 

FIG. 2 shows one example of a process chart for the hydro 
metallurgical method using the high-temperature pressure 
acid leaching method for nickel oxidized ores. As shown in 
FIG. 2, the hydrometallurgical method for nickel oxidized 
ores is provided with a leaching step S1 for leaching nickel or 
the like from nickel oxidized ores, a Solid-liquid separation 
step S2 for Solid-liquid separating the resulting leached slurry 
into a leached liquid and leached residues, a neutralizing step 
S3 for neutralizing the leached liquid so as to be separated 
into a mother liquor for use in recovering nickel and a neu 
tralized precipitate slurry, and a sulfurizing step S4 for blow 
ing hydrogen sulfide gas into a Sulfuric acid aqueous solution 
serving as the mother liquor to carry out a Sulfurizing reaction 
So as to obtain sulfides containing nickel and a barren liquid. 
The following description will discuss the respective pro 
cesses in more detail. 
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(Leaching Step) 
In leaching step S1, sulfuric acid is added to a slurry of 

nickel oxidized ores, and a stirring process is carried out 
thereon at a temperature of 220 to 280° C. so that a leached 
slurry composed of a leached liquid and leached residues is 
formed. In leaching step S1, for example, a high-temperature 
pressure container (autoclave) is used. 
As the nickel oxidized ores used in leaching step S1, 

examples thereof mainly include laterites, such as limonite, 
saprolite and the like. The nickel content of the laterites is 
normally in a range from 0.8 to 2.5% by weight, and nickel is 
contained therein as hydroxides or magnesium silicate min 
erals (magnesium silicate). Moreover, the iron content 
thereof is in a range from 10 to 50% by weight, and iron is 
mainly contained therein as trivalent hydroxides (goethite), 
with divalent iron being partially contained in the magnesium 
silicate minerals. 
More specifically, in leaching step S1, leaching reactions 

represented by the following formulas (1) to (5) and a high 
temperature hydrolysis reaction are caused so that nickel, 
cobalt and the like are leached as sulfuric acid salts, and the 
leached iron Sulfate is secured as hematite. In this case, how 
ever, since the securing process for iron ions does not com 
pletely proceed, normally, the resulting leached slurry con 
tains divalent and trivalent iron ions in its liquid portion in 
addition to nickel, cobalt or the like. 

Leaching Reaction 

(additionally, in the formula, M represents Ni, Co, Fe, Zn, Cu, 
Mg, Cr, Mn, or the like). 

High Temperature Hydrolysis Reaction 

Although not particularly limited, the slurry concentration 
of the leached slurry in leaching step S1 is preferably adjusted 
in a range from 15 to 45% by weight. Moreover, although not 
particularly limited, the added amount of sulfuric acid used in 
leaching step S1 is preferably set to such an excessive amount 
as to leach iron from ores. For example, the added amount is 
set to 300 to 400 kg perton of the ores. The added amount of 
sulfuric acid exceeding 400 kg perton is not desirable due to 
the increased Sulfuric acid cost. 
(Solid-Liquid Separation Step) 

In Solid-liquid separation step S2, the leached slurry 
formed in leaching step S1 is Subjected to multi-step washing 
steps so that a leached liquid containing nickel and cobalt and 
leached residues are obtained. 
As the multi-step washing method in Solid-liquid separa 

tion step S2, although not particularly limited, a counter cur 
rent decantation method (CCD method) in which the leached 
slurry is made in contact with a washing liquid without con 
taining nickel as a counter current is preferably used. With 
this method, the washing liquid to be newly introduced into 
the system can be reduced, and the recovery rate of nickel and 
cobalt can be set to 95% or more. 
(Neutralizing Step) 

In neutralizing step S3, by adding calcium carbonate so as 
to suppress oxidation of the leached liquid separated in Solid 
liquid separation step S2, while reducing the pH of the 
leached liquid to 4 or less, a mother liquor for use in recov 
ering nickel and a neutralized precipitate slurry containing 
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10 
trivalent iron are formed. In neutralizing step S3, by carrying 
out the neutralizing step on the leached liquid in this manner, 
the excessive acid used in leaching step S1 by the use of the 
high-temperature pressure acid leaching is neutralized, and 
trivalent iron ions, aluminum ions or the like, remaining in the 
Solution can also be removed. 
The pH of the leached liquid to be adjusted in leaching step 

S3 is set to 4 or less, as described earlier, and preferably in a 
range from 3.2 to 3.8. When the pH of the leached liquid 
exceeds 4, more nickel hydroxides are generated. 

Moreover, in neutralizing step S3, upon removing trivalent 
iron ions remaining in the Solution, it is preferable not to 
oxidize iron ions located in the solution as divalentions. For 
this reason, for example, the solution is preferably prevented 
from being oxidized due to air blowing or the like thereto to 
the utmost. Thus, it is possible to suppress the amount of 
calcium carbonate consumption caused by removal of diva 
lent iron and the increased amount of generation of the neu 
tralized precipitate slurry. That is, it becomes possible to 
reduce the nickel recovering loss of the precipitate due to the 
increase of the amount of the neutralized precipitate slurry. 

Furthermore, the neutralized precipitate slurry obtained in 
neutralizing step S3 can be sent to solid-liquid separation step 
S2, if necessary. Consequently, nickel contained in the neu 
tralized precipitate slurry can be effectively recovered. More 
specifically, by repeating the neutralized precipitate slurry to 
Solid-liquid separation step S2 operated under a low pH con 
dition, simultaneously with a washing process of the leached 
residues, the dissolution of nickel hydroxides generated by a 
local reaction of the neutralized precipitate with adhered 
water on the surface of the neutralized precipitate can be 
accelerated, thereby making it possible to reduce nickel com 
ponents to cause a recovery loss. Additionally, simulta 
neously with nickel, one portion of the hydroxides of iron is 
again dissolved, with the result that the neutralizer is some 
times required again for securing leached trivalent iron ions. 
For this reason, from the viewpoint of this also, it is desirable 
to prevent divalent iron ions from being oxidized and conse 
quently to reduce the amount of the neutralized precipitate. 
The reaction temperature in neutralizing step S3 is prefer 

ably set in a range from 50 to 80°C. In the case of the reaction 
temperature of less than 50° C., the neutralized precipitate 
containing trivalent iron ions to be formed becomes finer to 
cause adverse influences to the processes of solid-liquid sepa 
ration step S2 to which the neutralized precipitate is circu 
lated, if necessary. In contrast, in the case of the reaction 
temperature exceeding 80°C., a reduction in corrosion resis 
tance of the device materials and an increase in energy costs 
for heating are caused. 
(Sulfurizing Step) 

In Sulfurizing step S4, by blowing hydrogen sulfide gas 
into the Sulfuric acid aqueous solution serving as a mother 
liquor for use in recovering nickel obtained in the neutralizing 
step S3, a Sulfurizing reaction is exerted so that Sulfides con 
taining nickel and a barren liquid are generated. 
As described earlier, in the present embodiment, the sul 

fides (nickel Sulfides) containing nickel that have been 
adjusted to have an average particle size of a predetermined 
size or larger are added to the Sulfuric acid aqueous solution 
as seed crystals. With this arrangement, upon carrying out the 
precipitate separation treatment for separating the Sulfide 
slurry generated in the Sulfurizing reaction into Sulfides serv 
ing as the precipitate and a barren liquid, the concentration of 
fine floating Solid components containing nickel in an over 
flow liquid can be reduced to increase nickel components to 
be formed into precipitates as Sulfides, thereby making it 
possible to reduce the nickel recovery loss. 
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The added amount of the nickel sulfides forming seed 
crystals is preferably set to an amount corresponding to 4 to 6 
times the nickel amount, relative to the amount of nickel 
contained in the mother liquor. With this arrangement, it 
becomes possible to Suppress the adhesion of generated Sul 
fides onto the inner Surface of the reaction container, and also 
to stabilize the nickel concentration in the barren liquid at a 
further lower level. 

Moreover, with respect to the nickel sulfides to be added as 
seed crystals, Sulfides, which are classified and particle-size 
adjusted so as to have an average particle size of a predeter 
mined size or larger, after having been generated in Sulfuriz 
ing step S4 and recovered through the precipitate separation 
treatment, are preferably circulated and utilized. Addition 
ally, prior to the classifying treatment, a process for grinding 
the Sulfides may be carried out, if necessary. 

The mother liquor is a Sulfuric acid aqueous solution gen 
erated by leaching nickel oxidized ores as described earlier, 
and is obtained through neutralizing step S3. More specifi 
cally, as the mother liquor, for example, a Sulfuric acid aque 
ous solution having a pH value of 3.2 to 4.0, a nickel concen 
tration of 2 to 5 g/L and a cobalt concentration of 0.1 to 1.0 
g/L, which also contains iron, magnesium, manganese, or the 
like as impurity components, may be used. Although the 
impurity components greatly fluctuate depending on a redox 
electric potential of leaching, operation conditions of an auto 
clave, and ore qualities, those components generally contain 
iron, magnesium and manganese of about several g/L. In this 
case, a comparatively large amount of the impurity compo 
nents exist relative to nickel and cobalt to be recovered; how 
ever, iron, manganese, alkali metals, and alkali-earth metals 
such as magnesium, which have low stability as sulfides, are 
not contained in the Sulfides to be generated. 

Additionally, in the case when Zinc is contained in the 
mother liquor, prior to a treatment for generating nickel or the 
like as Sulfides through a sulfurizing reaction, a treatment for 
use in selectively separating Zinc as Sulfides may be carried 
out. As the treatment for use in selectively separating zinc, 
Such a treatment is proposed in which, upon carrying out a 
Sulfurizing reaction, by forming weak conditions so as to 
Suppress the rate of the Sulfurizing reaction, coprecipitation 
of nickel having a high concentration in comparison with Zinc 
is Suppressed so as to selectively remove zinc. 

In this manner, in Sulfurizing step S4, Sulfides containing 
nickel containing hardly any impurities and a barren liquid in 
which the nickel concentration is stabilized at a low level are 
generated and recovered. More specifically, the slurry of sul 
fides obtained through the Sulfurizing reaction is Subjected to 
precipitating and separating treatments by using a precipita 
tion and separation device, such as a thickener or the like, the 
Sulfides corresponding to the precipitate are separated and 
recovered from the bottom portion of the thickener, with an 
aqueous solution component being overflowed and recovered 
as a barren liquid. Additionally, this barren liquid has a pH 
value of about 1 to 3, and contains impurity elements, such as 
iron, magnesium, manganese, or the like, that are contained 
therein without having been sulfurized. 

In the present embodiment, as described earlier, by adding 
nickel Sulfides that are particle-size adjusted so as to have an 
average particle size of a predetermined size or larger as seed 
crystals, a Sulfurizing reaction is carried out so that it is 
possible to lower a concentration of fine floating Solid com 
ponents containing nickel that are contained in an overflow 
liquid at the time of precipitating and separating treatments. 
Thus, the barren liquid to be discharged out of the system is 
brought into a state in which hardly any nickel is contained so 
that the nickel recovery loss can be reduced. Moreover, since 
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12 
hardly any nickel is contained therein in this manner, it 
becomes possible to prevent hydroxides from being gener 
ated even in the case when the barren liquid is reused as a 
washing liquid in Solid-liquid separation step S2. 

4. Examples 

The following description will discuss examples of the 
present invention; however, the present invention is not 
intended to be limited by the examples described hereinbe 
low. 

EXAMPLES 

A nickel Sulfuric acid aqueous solution (starting liquid) for 
use in the following examples and comparative example was 
a mother liquor which was composed of a Sulfuric acid aque 
ous solution containing nickel recovered through a leaching 
step, a solid-liquid separating step and a neutralizing step in a 
hydrometallurgical method based upon a high-temperature 
pressure leaching process for use in recovering nickel from 
nickel oxidized ores, and had a nickel concentration of 4 g/L 
and a pH value of 3.5. Moreover, metals used in the examples 
and comparative examples were analyzed by using an ICP 
emission spectral analysis. 

Example 1 

By using a sulfurizing treatment system 10 shown in FIG. 
1, the following sulfurizing step was carried out. That is, a 
nickel Sulfuric acid aqueous Solution was loaded into a stir 
ring reaction vessel 11 as a starting liquid, and a nickel Sulfide 
(MS), which was generated by a Sulfurizing reaction and 
adjusted so as to have an average particle size of 55um, was 
added to this starting liquid as seed crystals, while controlling 
a reaction temperature in a range of 70 to 80°C., so as to have 
a nickel amount of 4 to 5 times higher than the amount of 
nickel contained in the starting liquid. 

In this case, as the nickel sulfide thus added, a nickel sulfide 
having an average particle size of 55um, which was derived 
from sulfides obtained by a sulfurizing reaction and recovered 
from the bottom of a thickener (precipitation vessel 12) so as 
to be used for circulation through a relay vessel 13, and 
classified by a liquid cyclone (classifying device 14) and then 
measured by a laser diffraction-type grain size distributing 
device SALD-201V, made by Simadzu Corporation (grain 
size measuring device 15), was used. 

Additionally, the flow rate of the starting liquid was altered 
within a range from 200 to 450 m/hr, and in cooperation with 
this, the circulation flow rate into the stirring reaction vessel 
1 of the nickel sulfides obtained from the thickener was 
adjusted. 

Moreover, while blowing hydrogen sulfide gas into the 
nickel Sulfuric acid aqueous solution to which the seed crys 
tals had been added, a Sulfurizing reaction was carried out. 

Successively, a sulfide slurry generated by the Sulfurizing 
reaction was sent to the thickener (precipitation vessel 12) 
where precipitating and separating treatments for separating 
the slurry into Sulfides containing nickel and a barren liquid 
were carried out. The supply flow rate into the thickener was 
set to 400m/hr. Then, at this time, a floating solid component 
concentration in a thickener overflow liquid to form the bar 
ren liquid and a nickel concentration in the thickener overflow 
liquid were found. 
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As a result, the floating Solid component concentration in 
the thickener overflow liquid was 58 mg/L and the nickel 
concentration was lower than 0.1 g/L corresponding to the 
detection lower limit. 

Comparative Example 1 

A Sulfurizing reaction was carried out in the same manner 
as in example 1, except that nickel Sulfides generated in the 
Sulfurizing reaction and recovered therefrom, as they were, 
were added to a nickel Sulfuric acid aqueous solution serving 
as a starting liquid as seed crystals, without carrying out 
adjustments on their average particle size. Then, in the same 
manner as in example 1, a floating Solid component concen 
tration and a nickel concentration in a thickener overflow 
liquid in the precipitating and separating treatments were 
found. Additionally, when the average particle size of the 
nickel sulfides added as the seed crystals were measured, it 
was found to be 45 um. 
As a result, although the nickel concentration in the thick 

ener overflow liquid was less than 0.1 g/L corresponding to 
the detection lower limit, the floating solid component con 
centration therein was 110 mg/L that was nearly 2 times 
higher than that of example 1. 

The following table 1 collectively shows the results of 
measurements in example 1 and comparative example 1. 

TABLE 1. 

Nickel sulfide Floating Solid 
(seed crystal) component Nickel 

concentration in 
overflow liquid 

concentration in 
overflow liquid 

average particle 
size 
(Lm) (mg/l) (g/l) 

Example 1 55 58 <0.1 
Comparative 45 110 <0.1 
Example 1 

As described above, it was found that by carrying out a 
Sulfurizing reaction by the use of the nickel-containing Sul 
fides with the average particle size being particle-size 
adjusted to a predetermined size or larger as seed crystals, the 
concentration of fine floating Solid components in an over 
flow liquid overflowed in the precipitating and separating 
treatments could be lowered. In particular, in the case when 
nickel Sulfides with the average particle size being adjusted to 
55um or more were added as seed crystals, the concentration 
of fine floating solid components in the overflow liquid could 
be cut to about half in comparison with the case in which 
nickel sulfides, as they were, without having been particle 
size adjusted, were circulated and used. 

Therefore, it is found that since the fine floating solid 
components in the overflow liquid forming a nickel recovery 
loss are lowered in this manner, nickel can be recovered at a 
higher recovery rate. 

REFERENCE SIGNS LIST 

10... Sulfurizing treatment system, 11... Stirring reaction 
vessel, 12... precipitation vessel, 13. ... relay vessel, 14. . . 
classifying device, 15 . . . grain size measuring device 
The invention claimed is: 
1. A nickel recovery loss reduction method comprising the 

steps of: 
blowing a hydrogen Sulfide gas into a sulfuric acid aqueous 

Solution containing nickel and cobalt recovered through 
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14 
a leaching step, a solid-liquid separating step and a neu 
tralizing step in a hydrometallurgical method based 
upon a high-temperature pressure leaching process for 
recovering nickel from nickel oxidized ores, carrying 
out a Sulfurizing treatment in which a sulfurizing reac 
tion is executed to generate Sulfides containing nickel 
and a barren liquid, 

wherein sulfides containing nickel that have been recov 
ered through the Sulfurizing step are circulated and used 
again and the Sulfides which have an average particle 
size of 55 um or more obtained by classifying the sul 
fides in a liquid cyclone are added to the Sulfuric acid 
aqueous Solution as seed crystals. 

2. A hydrometallurgical method of nickel oxidized ores 
based upon a high-temperature pressure leaching process for 
recovering nickel from the nickel oxidized ores, comprising 
the steps of: 

blowing a hydrogen Sulfide gas into a sulfuric acid aqueous 
Solution containing nickel and cobalt recovered through 
a leaching step, a solid-liquid separating step and a neu 
tralizing step, carrying out a Sulfurizing treatment in 
which a Sulfurizing reaction is executed to generate Sul 
fides containing nickel and a barren liquid, 

wherein sulfides containing nickel that have been recov 
ered through the Sulfurizing step are circulated and used 
again and the Sulfides which have an average particle 
size of 55 um or more obtained by classifying the sul 
fides in a liquid cyclone are added to the Sulfuric acid 
aqueous Solution as seed crystals. 

3. A Sulfurizing treatment system for use in a Sulfurizing 
treatment in which by blowing a hydrogen Sulfide gas into a 
sulfuric acid aqueous solution containing nickel and cobalt 
recovered through a leaching step, a solid-liquid separating 
step and a neutralizing step in a hydrometallurgical method 
based upon a high-temperature pressure leaching process for 
recovering nickel from nickel oxidized ores, a Sulfurizing 
reaction is executed to generate Sulfides containing nickel and 
a barren liquid, comprising: 

a stirring reaction vessel to which the Sulfuric acid aqueous 
solution is loaded and in which by blowing the hydrogen 
Sulfide gas to the Sulfuric acid aqueous Solution, a Sul 
furizing reaction is carried out; 

a precipitation vessel for precipitating and separating a 
Sulfide slurry generated by the Sulfurizing reaction into 
the sulfides and the barren liquid; 

a relay vessel for holding the sulfides separated in the 
precipitation vessel and for distributing the sulfides at a 
predetermined ratio; and 

a classifying device for classifying a predetermined 
amount of the sulfides distributed in the precipitation 
vessel at a predetermined classifying point, 

wherein the classifying device is a liquid cyclone and the 
Sulfides obtained by classifying in the liquid cyclone that 
have an average particle size of 55 um or more are 
circulated and Supplied to the stirring reaction vessel by 
using a pump, and 

wherein in the stirring reaction vessel, a Sulfurizing reac 
tion is carried out by using the sulfides that have been 
circulated and Supplied as seed crystals. 

4. The Sulfurizing treatment system according to claim 3, 
further comprising: 

a grain size measuring device for measuring the grain size 
of the sulfides that have been classified in the classifying 
device. 


