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(57) Abrege(suite)/Abstract(continued):

from the agueous solution to precipitate a mixture comprising a phosphorus compound and a calcium compound. In this manner,
a mixture comprising a phosphorus compound and a calcium compound and containing phosphorus in an amount of 1% by mass
or more In terms of phosphorus atom content can be produced.
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ABSTRACT

An aqueous solution containing 30 ppm or more of carbon dioxide is brought into contact
with a steel-making slag to elute phosphorus and calcium contained in the steel-making
slag into the aqueous solution. Subsequently, carbon dioxide is removed from the
aqueous solution to precipitaic a mixture comprising a phosphorus compound and a
calcium compound. [n this manner, a mixture comprising a phosphorus compound and a
calcium compound and containing phosphorus in an amﬁunt of 1% by mass or more in

terms of phosphorus atom content can be produced.
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DESCRIPTION
Title of Invention

PHOSPHORUS AND CALCIUM COLLECTION METHOD, AND MIXTURE

PRODUCED BY SAID COLLECTION METHOD

Technical Field

[0001] The present invention relates to a method of recovering phosphorus and calcium
from steelmaking slag. and a mixture obtained by t’h-e recovery method.

Background Art

[0002] It has been known that steelmaking slag produced in steelmaking process (e.g.,
converter slag, pretreatment slag. secondary refining slag and electric furnace slag) contains
oxides of phosphorus, calcium, iron, silicon, manganese, aluminum, and magnesium, for
example. Specifically, steelmaking slag contains phosphorus with calcium silicates such as
CaxSi0y a-n(f CasSi0s, and calcium iron oxides such as CaxFexOs.  Steelmaking slag
contains calcium, from guicklime (CaQO) loaded during steelmaking process. as undissolved
CaO (free lime), or as Ca(OH); or CaCOj; generated from free lime reacting with moisture or
carbon dioxide in the air.

|0003] Phosphorus is an important element as the material for fertilizers or chemical
products. - Mineral phosphorus (phosphorus) is not produced in Japan, and imported in the

form of mineral phosphorus, fertilizers, chemical products, for example. High-quality

mincral phosphorus is low in quantity., which may cause strain on phosphorus resources;

therefore, the phosphorus price is now on the rise (see, e.¢., NPLs 1 and 2). In view of such

a situation, when phosphorus can be recovered from the steelmaking slag, the strain on

phosphorus resources would be alleviated. Thus, attempts to recover phosphorus from

steelmaking slag have been made (see, e¢.g., PTLS 1 and 2).

[0004] PTL 1 discloses a method of recovering phosphorus from steelmaking slag with
' 1
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calcium removed. In the recovery method, calcium is removed from steelmaking slag by
washing the steelmaking slag with water containing carbon dioxide. Next, phosphorus in
the steelmaking slag is eluted into a mineral acid by dipping the steelmaking slag in the
mineral acid. Lastly, phosphorus (phosphoric acid) is recovered by neutralizing the
mineral acid containing elnted phosphorus (extract).

[0005] PTL 2 discloses a method in which a calcium compound from steelmaking slag

for more than one times, and phosphorus in a state of solid solution in a specific calcium

compound is recovered. In the recovery method, the steelmaking slag (pretreatment slag)

is dipped in water containing dissolved carbon dioxide. Subsequently, a calcium
compound having no phosphorus in a state of solid solution is eluted, and then, a calcium
compound having phosphorus in a state of solid solution is eluted, whereby solution
containing phosphorus 1s recovered from dephosphorization slag.

[0006] Calcium is also an important element which is used in a sintering process for iron-
making in the form of calcium carbonate, or used in a steelmaking process in the form of

calcium oxide after calcined. Calcium hydroxide obtained by slaking calcium oxide with

water is used as a neutralizer for acids and the like in a draining process. Therefore, when

calcium can be recovered from steelmaking slag obtained in tron-making process, calcium

can be reused 1o reduce won-making costs. Thus, aftempts to recover calcium from

steelmaking slag have been made (see PTL 3).

[0007] PTL 3 discloses a method of recovering calcium from converter slag using carbon
dioxide. The recovery method elutes calcium from the converter slag by injecting water
into the converter slag. Then. calcium (calcium carbonate) is recovered from the

converter slag by keeping the lower limit of pH at about 10.

Citation List

Patent Literature
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10008]

PTL 1

Japanese Patent Appi-ication Laid-Open No. 20‘(1 0-270378
PTL 2

Japanese I;’atcz'zt Application Laid-Open No. 2013-142046
PTL 3

Japanese Patent Application Laid-Open No. 35-100220

Non-Patent Literature

{0009]

NPL 1

“Mineral Resources Material Flow 20117 Japan Oil, Gas and Metals National Corporation,
May 2012, P405-410

NPL 2

Kazuyo Matsubae et al., “Recovery of Artificial Phosphorus Resource from Wastes”
Collection of -Socie‘technology Research Papers, Sociotechnology Research Network,

March 2008, p106-113

Surmmmf‘y of Invention

Technical Problem

10010] The method of recovering phosphorus disclosed in PTL | uses a mineral acid and
neutralizer thereby disadvantageously increasing recovery costs. A filtering apparatus
(filter) is also needed to filter undissolved materials at the time of dipj}ing steelmaking slag
in the mineral acid, thereby increasing recovery costs. Furthermore, other components

such as tron, manganese, magnesium, silicon, aluminum and calcium are also dissolved in

the mineral acid, and those components are precipitated even when the extract is

A2
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neutralized.

[0011] The method of recovering phosphorus disclosed in PTL 2 needs to dissolve a
calcium compound for more than one times, which complicates recovery process, and
INCreases recovery costs.

(0012} In the method of recovering phosphorus disclosed in PTL 3, keeping pH at 10 or
more is difficult in practical use, and when pH becomes lower, precipitated calcium
carbonate is dissolved again. When the lower limit of pH is kept at about 10, the
precipitation amount becomes low. Furthermore, dissolving calcium silicates containing
phosphotus is difficult in the recovery method, and little phosphorus can be recovered,
thereby increasing recovery costs.

[0013] As described above, the conventional methods for recovering phosphorus or
'c;alci'um suffer from high recovery costs.

{0014] An object of t-ﬁe' present nvention is to provide a method of recovering
phosphorus and caleium, which can recover phosphorus and calcium from steelmaking slag

at low cost. Another object of the present invention is to provide a mixture containing

phosphorus and calcium obtained by the recovery method.

Solutton to Problem
[0015] The present inventors have found that the objects can be achieved by bringing

steelmaking slag in contact with aqueous solution containing carbon dioxide, and

precipitating eluted substances by removing carbon dioxide from the agueous solution, and

completed the present invention with further studies.

[0016] The present invention relates o a recovery method as follows.

[1] A method of recovering phosphorus and calcium from steelmaking slag,

comprising: bringing the steelmaking slag in contact with aqueous solution containing 30

ppin or more of carbon dioxide to elute phosphorus and calcium contained in the
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steelmaking slag into the aqueous solution; and subsequently, removing the carbon dioxide
from the aqueous solution to precipitate a mixture containing a phosphorus compound and
a calc:fium‘compound.

[0017]

[2] The method of recovering phosphorus and caicium according to [1]. wherein
the removing of the carbon dioxide includes: partly removing the carbon dioxide from the
aqueous solution to precipitate the mixture; and subsequently, further removing the carbon
dioxide from the aqueous solution to precipitate the mixture, and a proportion of the
phasphomis. compound in the mixture obtained in the further removing of the carbon

dioxide is less than a proportion of the phosphorus compound in the mixture obtained in

the partly removing of the carbon dioxide.

{0018]

[3] The method of recovering phosphorus and calcium according to [2], wherein a
precipitation rate of the mixture in the partly removing of the carbon dioxide is 0.1 g/min'L
or less.

[0019]

14]  The method of recovering phosphorus and calcium according to any one of [1]
to {3], wherein, in the removing of the carbon dioxide, the carbon dioxide is removed by
blowing one or more gases selected from the group consisting of air, nitrogen, oxygen,
hydrogen, argoi’i and helium into the agueous solution.

[0020]
[5] The method of recovering phosphorus and calcium according to {4], wherein,

m the partly removing of the carbon dioxide, the one or more gases are intermittently

blown into the aqueous solution,

(00211

6] The method of recovering phosphorus and calcium according to any one of [1]
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to [3], wherein, in the removing of the carbon dioxide, the carbon dioxide is removed by
reducing a pressure of the aqueous solution.
(0022}

[7] The method of recovering phosphorus and calcium according to any one of [1]
to [3], wherein, in the removing of the carbon dioxide, the carbon dioxide is removed by
heating the aqueous solution.

10023] The éresent invention also relates to a mixture obtained by the above methods.

[0024] [8] The mixture obtained by the method of recovering phosphorus and calcium
according to any one of [1] to [7], wherein the mixture contains a phosphorus compound
and a calcium compound, and the mixture contains 1wi% or more of phosphotus in terms

of atom

Advantageous Effects of Invention
[0025] According to the present invention, phosphorus and calcium can be recovered

from steelmaking slag at low cost.

Brief Description of Drawings
[0026]

FIG. 1 s a flowchart of @ method of recovering phosphorus and calcium according
to an embodiment of the present invention: .

FIG. 2 1s a flowchart of a method of recovering phosphorus and calcium according

to another embodiment of the present invention; and

FIG. 3 1s a flowchart of a method of recovering phosphorus and calcium in

Experiment 3.

Description of Embodiments
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10027] [Recovery Method]

FIG. T 15 a flowchart of a method of recovering phosphorus and calcium according
to an embodiment of the present invention. As illustrated in FIG. 1. the method of
recovering phosphorus and calcium according to the embodiment includes a first step in
which phosphorus and calcium in steelmaking slag are eluted into an agueous solution
containing carbon dioxide, and a second step which is to be performed after the first step
and in which a mixture containing a phosphorus compound and a calcium compound is
precipitated.

[0028] (First Step)

In ;ilxe first step, steelmaking slag is brought in contact with aqueous solution
containing carbon dioxide to elute phosphorus and calcium contained in the steelmaking
slag into the aqueous solution.

[0029] Steelmaking slag as the material is prepared, and then fractured or pulverized
(Step S100). The types of steelmaking slag are not particularly limited as long as the
steelmaking slag contains phosphorus and calcium.  Examples of steelmaking slag include
converter slag, pretreatment slag, secondary refining slag and electric furnace slag.
Typically, steclmaking stag contains, for example, compounds (oxides) of phosphorus (P).
calcium (Ca), iron (Fe), silicon (Si), manganese (Mn), magnesium (Mg), and aluminum
(Al). Phosphorus is contained with calcium silicates, which are composite oxides of
calcium and silicon, such as CaxSiOs and CaszSiOs.  Calcium is contained as calcium
oxide (CaQ), ;Nhic:h 1s free lime, calcium hydroxide (Ca(OH):) or calcium carbonate
(CaCOs).

[0030] Steelmaking slag may be used as discharged in a steelmaking process, but it is.
preferable that steelmaking slag is used, which is fractured or pulverized and then from
which metal iron is removed. When steelmaking slag discharged in a steelmaking Process

s used without any treatment, a recovery operation may become complicated. The
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maximum particle diameter of the steelmaking slag is preferably, although not limited to,
1000 pun or less. When the maximum particle diameter of the steelmaking slag is more
than 1000 pm, the contact area between the steelmaking slag and the aqueous solution is
small that the time for eluting phosphorus and calcium becomes longer, which lengthens
the time for recovery of phosphorus and calcium. An example of a method of pulverizing
the steelmaking slag is, although not limited to, to pulverize the steelmaking slag with, e.g.,
a rolter mill or ball mill.

[0031] Next, phosphorus and calcium in the steelmaking slag prepared in step S100 is
eluted into the aqueous solution containing carbon dioxide by bringing the steelmaking
slag in contact with the aqueous solution containing carbon dioxide (Step S110).

[0032] The types of aqueous solution containing carbon dioxide are not particularly
limited as long as the aqueous solution contains 30 ppm or more of carbon dioxide, and
may contain other components.  Any method may be used for dissolving carbon dioxide
into water, For example, carbon dioxide can be dissolved in water by allowing gas
containing carbon dioxide to bubble (blowing). The gas to be blown may contain
components other than carbon dioxide. The gas to be blown may contain oxygen or
mitrogen, for example. A discharged gas after combustion, or mixed gas of carbon
dioxide, air and moisture may be blown to allow carbon dioxide to dissolve. The gas to
be blown preterably contains carbon dioxide in high concentration {e.g. 90%) to accelerate
reactions and increase elution of a calcium compound (calcium silicate), As described
above, the concentration of carbon dioxide in the aqueous solution is 30 ppm or more.
When the ~c‘oncentration of carbon dioxide in the aqueous solution is 30 ppm or more,
phosphorus and calcium in the steelmaking slag can be eluted in the aqueous selution
containing carbon dioxide. Smnce carbon dioxide mn the aqueous solution decreases as
phosphorus and calcium dissolve, carbon dioxide needed to be provided further into the

aqueous solution after the steelmaking slag is brought in contact with the aqueous solution
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to keep the concentration of carbon dioxide (30 ppm or more) which is necessary for
elution of phosphorus and calcium into the agueous solution.

[0033]  Any method may be used for bringing the steelmaking slag in contact with the
aqueous solution containing carbon dioxide, For example, the steelmaking slag may be
dipped in water in which carbon dioxide is previously dissolved, or the steelmaking slag
may be dipped in water and then carbon dioxide is dissolved in the water. While the
steelmaking slag is m contact with the aqueous solution, it is preferable that the
steelmaking slag and the aqueous solution are sjti;*red to accelerate reactions. The
steelmaking slag from which phosphorus and calcium have been eluted contains a higher
iron component content, thus the steelmaking slag can be used as iron~makﬁing materials
without any treatment or after subjected to a treatment such as magnetic separation.

[0034]  When the steelmaking slag is brought in contact with the aqueous solution
containing carinoni dioxide, calcium oxide (Ca0), calcium hydroxide (Ca(OH)), calcium

carbonate (CaCQOz3), calcium silicates (CazSiOy and Ca3S10s), and calcium iron oxides (e.g.,

CazFe20s) in the steelmaking slag react with water containing carbon dioxide whereby a

calcium component is eluted into the aqueous solution. When calcium silicates are
dissolved, diphosphorus pentaoxide (PgOs) n the steelmaking slag reacts with the aqueous
solution céntai‘ning carbon dioxrde whereby a phosphorus component is eluted into water.
Phosphorus and calcium contained in the steelmaking slag are thus eluted into the aqueous
solution containing carbon dioxide by bringing the steelmaking slag in contact with the
aqueous solution,
10035]  Subsequently, the aqueous solution containing dissolved phosphorus and caleium
(supernatant) and the steelmaking slag are sepatated by, e.g., filtration (Step S120).
[0036] (Second Step)

[n the second step subsequent to the first step, a mixture containing the phosphorus

compound and caicium compound is precipitated from the aqueous solution containing
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dissolved phosphorus and calcium, and the mixture is recovered.
[0037] The mixture containing the phosphorus compound and calcium compound is
precipitated by removing carbon dioxide from the aqueous solution containing dissolved
phosphorus and calcium.  Any method may be used for removing carbon dioxide from the
aqueous solution. Examples of the methods for removing carbon dioxide include (1)
biowing gas into the aqueo{zs solution, ( 2) reducing the pressure of the aqueous solution,
and (3} heating the aquecus solution.  The methods will be described individually.
[0038] (1) Blowing Gas into Aqueous Solution

In the method of removing carbon dioxide by blowing gas into the aqueous solution,
gas other than carbon dioxide is blown into the aqueous solution. This easily removes
carbon dioxide from the aqueous solution by replacing dissolved carbon dioxide with the
blown gas. The type of gas to be blown into water is preferably an inorganic gas having
low reactivity with water, or an organic gas haviug low reactivity with water. Examples
of inorganic gases include air, nitrogen, oxygen, hydrogen, argon and helium. Examples
of the -organic.‘gases include methane, ethane, ethiylene, acetylene and propane. Organic
gases need to be handled carefully since they may combust or explode when leaked
outside. When gases reactive with water such as chloﬁx&e gas and sulfur dioxide gas were
used, ions such as chlorine jon and sulfate ion are generated in water. Those ions form
salts with calcium eluted in water, which is not preferable because no mixture containing a
phosphorus compound and a calcium corpound precipitates when carbon dioxide is
removed from the agueous solution.
10039]  (2) Reducing Pressure of Agueous Solution

In the method of removing carbon dioxide by reducing the pressure of the aqueous
sofution. the aqueous solution is put into an' arrtight container and air in the container is
evacuated using, €.g., a pump to allow the container to have a reduced-pressure atmosphere

(degassing). In addition to reducing the pressure of the aqueous solution, ultrasonic

10
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waves may be applied to the aqueous solution, or the aqueous solution may be stirred.
Furthermgre_& in addition to reducing the pressure of the aqueous solution, ultrasonic waves
and stirring Iﬁa}’ be applied to the aqumus solution. This can effectively remove carbon
dioxide from the agueous solution.
[0040] (3) Heating Aqueous Solution

In the method of removing carbon dioxide by heating the aqueous solution, the

temperature of the aqueons solution is elevated. To lower heating costs, the temperature

is preferably elevated to a temperature within a range so that the vapor pressure of water

does not exceed the pressure in the atmosphere. For example, when the pressure in the
atmosphere is the atmospheric pressure (1 atm), the heating temperature is less than 100°C.

When the aqueous solution is heated, not only carbon dioxide is removed but also a

calcium compound is casily precipitated because the calcium compound (calcium

carbonate) bacamés less soluble,

[0041] The above three methods (1) to (3) may be combined to remove carbon dioxide.
This can effectively remove carbon dioxide from the aéueous solution, The most suitable
combination can be selected in view of, for example, a delivery system of gas or heat, a site
location, and/or availability of by-product gas in a factory.

10042]  For example, while gas is blown into the aqueous solution, air is evacuated more
than the blowing gas amount to allow the pressure to be a reduced-pressure atmosphere.
In such a combination, provided are effects of blowing gas which removes carbon dioxide
and provides stirring, and of reducing the pressure of the aqueous solution which removes
carbon dioxide. Thus, carbon dioxide can be effectively removed. Additionally, heating
can further accelerate removal of carbon dioxide. Carbon dioxide can be easily removed
by effects of blowing gas into the aqueous solution and reducing the pressure of the
aqueous solution, and therefore, the heating temperature does not need to be high, which

can reduce heating costs.

11
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10043 ] When carbon dioxide is removed from the aqueous solution, calcium in the
aqueous solution precipitates as a caleium gompound. Exampics of the precipitated
calcium compounds include calcium carbonate, calcium hydrogen carbonate and calcium
hydroxide. Phosphorus in the aqueous solution is also precipitated as a phosphorus
compound by removing carbon dioxide from the aqueous solution. Examples of the
precipitated phosphorus compounds include calcium phosphate, calcium hydrogen
phosphate and hydroxyapatite (HAD).

[0044] Subsequently, the mixture containing a pho.sphoms compound and a calcium
compound, which is precipitated in step S130, 1s recovefed (Step §140).

[0045] By the above steps, phosphorus and calcium can be recovered from steelmaking
slag at low cost,

[10046] As described above, the phosphorus compound recovered from steelmaking slag
15 important as phosphorus resources, Therefore, it is preferable that the phosphorus
compound content in the mixture is large. The calcium compound recovered from the
steelmaking slag can be reused as iron-making materialg It 1s not preferable when the
iron-making materials contain a phosphorus compound. Therefore it is preferable to
separatcly obtain a mixture containing a large content of phosphorus compound, and a
mixture contajning a small content of phosphorus compound from the aqueous solution
containing phosphorus and calcium. To separately obtain two mixtures having different
contents of each compound, it 1s preferable to carry out the second step as follows.

(0047}  FIG. 2 is a flowchart of a method of recovering phosphorus and calcium
according to another embodiment of the present invention. As illustrates in FIG. 2, the
second step in the present embodiment includes a third step in which part of carbon dioxide
15 removed from aqueous solution to precipitate a mixtﬁre, and a tourth step which is to be
performed after the third step and in which carbon dioxide is further removed from the

aqueous solution {o precipitate a mixture. The proportion of a phosphorus compound

12
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contained in the mixture obtained in the fourth step is less than that of the mixture obtained
in the third step.

0048} The same as described above are the fracturing or pulverizing steelmaking slag
(Step S100), the elution of phosphorus and calciom ﬁfom the steelmaking slag (Siep 110),
separating aqueous solution containing dissolved phosphorus and calcium (supernatant)
from the steelmaking slag from which phosphorus and calcium are eluted (Step S120).
10049] (Third Step)

In the third step, a mixtﬁre with a high phosphorus compound content is precipitated
by removing part of carbon dioxide from aqueous solufion containing .Adissolved
phosphorus and calcium (Step S230). The third step utilizes the nature of calcium
compounds and phosphorus being easily precipitated together. The precipitation rate of
the mixture in the third step is preferably 0.1 g/min-L or less.  When the precipitation rate
is 0.1 g/min-L or less, a phosphorus compound adsorbs on the surface of the calcium
compound, which allows a large amc:unt of the phoSphems compound to precipitate with
the calcium compound. Stirring the aqueous solution accelerates precipitation of the
phosphorus compound and calcium compound together.  Subsequently, the mixture with a
nigh phosphorus compound content is recovered (Step S240).

[0050]  (Fourth Step)

In the fourth step subsequent to the third step, a mixture is precipitated by further
removing carbon dioxide from the agueous solution céntaining dissolved phosphorus and
calcrum (Step 5230).  Specifically, after the third step, the rest of the calcium compound
1S precipitated by further removing carbon dioxide from the aqueous solution.  Since most
of the phosphorus compound is precipitated in the third step, a mixture with a low
phOSphOfu:;; compound content can be obtained. The method of removing carbon dioxide
may be any one of the above described blowing ¢as into the aqueous solution, reducing the

pressure of the agueous solution, and heating the aqueous solution. Any one of the

13
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methods can obtain a calcium compound containing little phosphorus compound.
Subsequently, the mixture with a low phosphorus compound content is recovered (Step
S260),
[0051] The above steps can separately obtain the mixture with a high phosphorus
compound content and the mixture with a low phosphorus compound content.
[0052] In the third step, intermittingly removing carbon dioxide can also obtain a mixture
with a high phosphorus content.  Specifically, remm;ing carbon dioxide and suspending
the removal of carbon dioxide, within a short time, are repeated. In the present
embodiment, carbon dioxide is preferably removed by blowing gas into the aqueous
solution or reducing the pressure of the aqueous solution from the view point of
Operationa.]ity.’ For example, blowing gas into the aqueous solution for 0.5 minutes and
suspending the gas blowing into the aqueous solution for one minute are repeated for three
times. This allows phosphorus to adsorb on the surface of a precipitated calcium
compound, then a calcium compound to newly precipitate on the surface of phosphorus ot
n the solution, and then a phosphorus compound to newly adsorb on the surface, which
enables a large amount of phosphorus compound to adsorb per unit volume. In the third
step, the stirring is preferably continued for some time after the blowing of gas into the -
aqueous solution or reducing the pressure of the aqueous solution is stopped. This
enables an unadsorbed phosphate compound to adsorb to the precipitated calcium
compound. The blowing of gas into the aqueous solution or reducing the pressure of the
aqueous solution may be stopped at any time in the third step. When carbon dioxide is
removed under specific conditions, the time of the third step is preferably 1/50 to 1/3 of the
total removal time of carbon dioxide.
[0053] [Precipitate]

Thus obtained mixture (mixture according to the present invention) contains a

phosphorus compound and a calcium compound, and the mixture contains 1wt% or more

14
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of phosphorus in terms of atom. As described above, the eanples of the phosphorus
compounds include caleium phosphate, calcium hydrogen phosphate and hydroxyapatite
(HAp). The examples of the calcium compounds include calcium carbonate, caleium
hydrogen carbonate and calcium hydroxide. The p!jos*phorus content in the mixture can
be measured by ICP-AES method.

[0054] The method of recovering phosphorus and calcium can recover phosphorus and
calcium from steelmaking slag as a mixture of a 'phosphords compound and a calcium
compound at low cost by bringing aqueous solution containing 30 ppm or more of carbon
dioxide into contact with the steelmaking slag, eluting phosphorus and calcium in the
steelmaking slag in the aqueous solution, and removing carbon dioxide from the aqueous
solution.

[0055] Hereinafter, the present invention will be described in detail with reference to

Examples, however, the present invention is not limited to Examples.

Examples
[0056] [Experiment 1]

Expertment 1 shows examples in which each of removal of carbon dioxide and
recovery of a mixture was carried out once.
[0057] I Preparation of Slag

Two types of steelmaking slag each having a different component ratio (slag A and
slag B) were prepared (see Table 1). Slag A and slag B were pulverized using a roller
mill to have the maximum particle diameter of 100 um. The maximum particle diameter
of the pulverized slag was measured using a laser diffraction/scattering type particle size

distribution measuring device.
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(0058] [Table 1]

-y

| . Component Ratio (wt%)
| Fe Ca Si Mn | Mg i Al |
|

SlagA | 140 | 351 | 71 | 37 | 16 | 23 |

SlagB | 146 | 342 | 67 | 49 [ 20 | 09 | 21

s

*

[0059] 2. Elution of Phosphorus and Calcium

The pulverized slag (1 kg, 3 kg, or 5 kg) was loaded in 100 L of water filling each
container to provide a slag suspension. Then the provided slag suspension was stirred
using an impeller for 30 minutes while carbon dioxide is blown into the slag suspension at
the rate of 20 L/min. The carbon dioxide concentration at this time was 30 ppm or more.
For the comparison, a slag suspension was stirred by an impeller for 30 minutes without
blowing carbon dioxide into the slag suspension. Each slag suspension after stirring was
allowed m\ stand to settle out slag. Then the supernatant was recovered and filtered by
filtration under reduced pressure using a filter to remove floating substances,
[0060] 3. Removal of Carbon Dioxide

Carbon dioxide contained in the supernatant was removed by one of the following
methods: (1) blowing gas into the aqueous solution, (2) reducing the pressure of the
aqueous solution, (3) heating the aqueous solution, (4) blowing gas into the agueous
solution and heating the aqueous solution, and (5) blowing gas into the aqueous solution,
reducing the pressure of the aqueous solution and 'heating the agueous solution. A
precipitate was generated in the supernatant by the method. The methods for removing
carbon dioxide (the above (1) to (5)) will be described.
[0061] (1) Blowing Gas into Aqueous Solution

The supématam loaded in a contamer was stirred using an impeller for 30 minutes

while gas (air, Nz, Oa, Hz, Ar, He or a combination thereof) is blown into the supernatant at

the rate of 20 L/min to remove carbon dioxide. In Example 11 using Ny and Ar as the

gas, the rate of N2 was 10 L/min, and the rate of Ar was 10 L/min.

16
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[0062] (2) Reducing Pressure of Agueous Solution

For 30 minutes, ultrasonic waves were applied to the supernatant loaded in an
arrtight container while the inside pressure of the airtight container was kept at 1/10 atm to
remove carbon di(:;xide.;,
[0063] (3) Heating Aqueous Solution

The supernatant loaded in a container was stitred using an impeller for 30 minutes
while the liquid temperature of the supematant is elevated to 90°C to remove carbon
dioxide,
[0064] (4) Blowing Gas into Aqueous Solution and Heating Aqueous Solution

‘The supernatant loaded in a container was stirred using an impeller for 30 minutes

‘while air is blown into the supernatant at the rate of 20 L/min, and the liquid temperature of

the supernatant 1s elevated to 90°C to remove carbon dioxide.
[0065] (5) Blowing Gas mto Aqueous Solution, Reducing Pressure of Aqueous Solution
and Heating Aqueous Solution

A state was kept for 30 minutes to remove carbon dioxide, in which air is blown into
the supernatant loaded in an airtight container at the rate of 5§ L/min whil.e the inside
pressure of the airtight container was kept at 3/10 atm, and the liquid femperature of the
supernatant was elevated to 60°C.

[0066] 4. Recovery of Mixture and Measurement of Phosphorus Concentration in
Mixture ‘

Each supernatant containing a precipitate (mixture) was filtered under reduced
pressure using a filter to recover the mixture. The supernatant, heated when removing
carbon dioxide, was filtered under reduced pressure to recover the mixture while heating
the supematant. s¢ as not to lower the liquid temperature.  The phosphorus concentration
in the recovered mixture was measured by ICP-AES method. The ICP-AES method

confirmed that the mixture also contains calcium. [t was thus confirmed that a mixture
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containing a phosphorus compound and a calcium compound was obtained.
[0067] 5. Resulls

Recovery conditions and recovery results of Experiment 1 are shown in Table 2.

18
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[0069] As shown in Table 2, the recovery methods‘of Example 1 to 22 could obtain a
mixture containing a phosphorus compound and a calcium compound, in which
steelmaking slag is dipped in water containing carbon dioxide, and then carbon dioxide is
removed. On the other hand, the recovery method of Comparative Example 1 could
hardly obtain a mixture containing a phosphorus compound and a calcium compound, in
which steelmaking slag is dipped in water without carbon dioxide blown, and then carbon
dioxide is removed.
[0070] [Expenment 2]

Experiment 2 shows examples in which each of removal of carbon dioxide and
recovery of a mixture was carried out twice.
10071} 1\, Preparation of Slag

The same two types of steelmaking slag as Experiment 1 (slag A and slag B) were
prepared.
[0072] 2. Elution of Phosphorus and Calcium

The pulverized slag (1 kg, 3 kg, or 5 kg) was loaded in 100 L of water filling each
container to provide a slag suspension. Then the provided slag suspension was stitred
using an impeller for 30 minutes while carbon dioxide is blown into the slag suspension at
the rate of 20 L/min.  Each slag suspension after stirring was allowed to stand to settle out
slag, and then the supernatant was recovered and filtered by filtration under reduced
pressure using a filter to remove floating substances.
[0073} 3. Removal of Carbon Dioxide and Recovery of Mixture

{1} Bloﬁfing (as into Aqueous Solution

The supernatant loaded in a container was stirred using an impeller for 5 minutes
while gas (air or Nyj is blown into the supernatant at the rate of 20 L/min, and subsequently
the gas blowing is suspended and stirring was continued for 5 minutes. The supernatant

containing a precipitate {(mixture) was filtered under reduced pressure using a filter fo

20
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recover the mixture. The supernatant after the recovery of the mixture was loaded in the
container again, and the supernatant was stirred using the impeller for 25 minutes while gas
{air or N2) is blown into the supernatant at the rate of 20 L/min. The supernatant
containing a precipitate (mixture) was filtered under reduced pressure using a filter to
recover the mixture.
[0074] (2) Reducing Pressure of Aqueous Solution

Thé inside pressure of an airtight container loaded with the supernatant was kept at
1710 atm for 5 minutes to remove carbon dioxide, and then the supernatant containing a
precipitate (mixture) was filtered under reduced pressure using a filter to recover the

mixture. The inside pressure of an airtight container which was again loaded with the

supernatant after the recovery of the mixture was kept at 1/10 atm for 25 minutes to

remove carbon dioxide, and the supernatant containing a precipitate {mixture) was filtered
under reduced pressure using a filter to recover the mixture.
10075} 4. Measurement of Phosphorus Concentration in Mixture

The phosphorus and calcium concentrations in the mixture were measured in the
sane manner as in Experiment 1.
[0076] 5. Results

Recover'y conditions and recovery results of Experiment 2 are shown in Table 3.

(0077} [Table 3]

| ] o |  Precipitate
' | Removal Time of Carbon Dioxide }
| o, | SeeAmownt | RemovalMethodof [ OtoSmm | 51030mn
e (ke/100L.) Carbon Dioxide | Phosphorus | | Phosphorus
i Mass (/L) | Concentration | Mass (/L) | Concentration
_ L } _ __{mass%) | ___3_1_1133 59%)
I Atr Blowing 347 | 079 | 001
| 3 | Al Blowing 5.32 1.7 0.01
A 1 N; blowing 4.63
3 N5 blowmg 011
] Reducing Pressure 0.02 9.82 0.25 0.02
_ | e L . . T By
B - 1 h AT B.k:rw'f:]g_ 007 2.85 0.66 |
i N; blwing (.06 7.99 { 0.78 (0.02
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10078] As shown in Table 3, first removal of carbon dioxide for short time (5 minutes)
could obtain a mixture with a high phosphorus content. Further removal of carbon
dioxide from the supernatant from which most of phosphorus compound is removed could
obtain a mixture with a low phosphorus content.
[0079] [Experiment 3}

Experiment 3 shows examples in which each of two types of methods for removing
carbon dioxide mixture was carried out once to recover a mixture,
[0080] 1. Preparation of Slag and Elution of Phosphorus and Calcium

The same two types of steelmaking slag as Experiments 1 and 2 (slag A and slag B)
were prepared. Phosphorus and calcium were eluted in the same procedure as in
Experiment 2,
10081] 2. Removal of Carbon Dioxide

(1) Blowing Gas mnto Aqueous Solution and Heating Aqueous Solution

The supernatant loaded in a container was stirred using an impeller for 5 minutes
while gas (air or N2} is blown into the supernatant at the rate of 20 L/min, and then the
supernatant containing a mixture was filtered under reduced pressure using a filter to
recover the mixture. The supernatant afier the recovery of the mixture was loaded in the
container again, and the supernatant was stirred using an impeller for 25 minutes while the
liquid 'temperathB of the supernatant is elevated to 90°C to remove carbon dioxide. The
supernatant was filtered under reduced pressure to recover a mixture while heating the
supernatant so as not to lower the liquid temperature.
[0082] (2) Blowing Gas into Aqueous Solution and Reducing Pressure of Aqueous
Solution

’I‘h.e\supematant loaded in a container was stirred using an mimpeller for 5§ minutes

while gas (air or Nz) is blown into the supematant at the rate of 20 L/min, and the

supernatant containing a mixture was filtered under reduced pressutre using a filter to

N
e



10

e

CA 02937214 2016-07-277

recover the mixture. The supernatant after the recovery of the mixture was loaded in an
airtight container again, the inside pressure of the airﬁght container was kept at 1/10 atm
for 25 minutes to remove carbon dioxide, and then the supernatant containing a mixture
was filtered under reduced pressure using a filter to recover the mixture.
10083] 3. Measurement of Phosphorus Concentration in Mixture

The phosphorus concentration in cach mixture was measured in the same manner as
in Experiment 1,
[0084] 4. Results

Recovery conditions and recovery results of Experiment 3 are shown in Table 4.

[0085] [Table 4]

e

_Removai Method of ggr‘{;m} Dioxade Precipitite ;
| Slag S | (Gas Blowmz Reduemg -Prf-:g S
| Gl | _ e Reducing Pressure of Heatng
Nag Asmount {as Blowmg or Heating - SO ———
| (g1000) | @oSmin) | DVUTEE | e | PRosRhons oy, o) Phosphos
| (5 to 30 nm) (/L) Concentration (o) Concentration
| | L ST (mss%) T4 (mass%)
Ex 30 | i 1 Ar Blowing | Heating I (.07 :L 384 1 166 0.01 |
| Ex 31 N 3 ‘ Al Bowing Heatng | 042 | 558 | 229 | 60
Ex32 | i | Npbowing | ReducingPressue | 0.06 431 | 02 | o
Ex 33 13 | Nblowing Heating 0.13 5.67 299 001
Exd | B I | AsBowing | Heatmg 007 | 883 164 | 002 |

[0086] As shown in Table 4, first removal of carbon dioxide for short time (5 minutes)
could obtain a mixture with a high phosphorus content as in Experiment 2. Further

removal of carbon dioxide from the supernatant from which most of phosphorus compound

is removed could obtain a mixture with a low phosphorus content.

[0087]

[Experiment 4]

Experiment 4 shows examples in which one type of method of removing carbon

dioxide was carried out, and recovery of a mixture was carried out twice.

[0088] 1. Preparation of Slag and Elution of Phosphom and Calcium

Slag A used in Experiments 1 and 2 was prepared. Phosphorus and calcium were

eluted in the same procedure as in Experiment 2. The weight of loaded slag was 1 kg.
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[0089] 2. Removal of Carbon Dioxide

Carbon dioxide was removed by stirring a supetnatant loaded in an airtight
container using an impeller for 5 minutes while air is blown into the supernatant at the
predetermined rate, and subsequently fthe gas blowjng 15 suspended and stirring was

continued for 5 minutes. Subsequently, the supernatant containing a precipitate was

LA

filtered under reduced pressure using a filter to recover the precipitate. Then carbon
dioxide was removed by stirring the supernatant loaded in the container again using the
impeller for 25 minutes while air is blown into the supernatant at the predetermined rate,
and -subsequer;ﬂy the supernatant containing a precipitate was filtered under reduced
10 pressure using a filter to recover the precipitate. The air blowing amount was represented
as the air volume for one minute at the atmospheric pressure per 1 L of the slag suspension.
(0090] 3. Measurement of Phosphorus Concentration in Mixture
The phosphorus concentration in each mixture was measured in the same manner as
in Experim‘ent 1,
15 J0091] 4. Results
Recovery conditions and recovery results of Experiment 4 are shown in Table 5.

[0092] [Table 5]

{ Removal Method of [ m | | Precipitate B |
| _CarbonDioxide | Removal Time of Carbon Dioxide |
\ L OtoSmin | 510 30mn L
Alr quwing Ampunt | Mass Phosphorus Mass Precipitation ? Phosphorus |
; (L/min) | Ly | Concentration | {. 7‘L; Rate Concentration |
) | i (mass%) | S | {(gmin-1) {mass%)

020 ] 007 334 | 070 0.028 0.0]
0.10 004 812 | 073 1 0.029 0.01 |

0.05 14.60 | 0.8 (.032 0.02

[0093] As shown in Table 5, the precipitation rate of a phosphorus compound and 2
20 calcium compound being 0.1 g/min-L or less could increase the phosphorus compound
content in a mixture,

10094}  [Experiment 5]
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In Experiment 5, carbon dioxide was removed for multiple times (3 times). FIG. 3
is a flowchart of a method of recovering phosphorus and calcium in Experiment 5.
[0095] 1. Preparation of Slag and Elution of Phosphérus and Calcium

Slag A used in Experiments | and 2 was prepared (Steps S100 and S110).
Phosphorus and calcium were eluted in the same procedure as in Experiment 2 ( Step
S120). The weight of loaded slag was 1 kg.
[0096] 2. Removal of Carbon Dioxide

Carbon dioxide was removed by stirring a supernatant loaded in a container using an

impeller for 0.5 minutes while air is blown into the supernatant at the predetermined rate,

and subsequently the air blowing is suspended and stirring was continued for 1 minute.

‘The gas blowing and suspending the gas blowing are repeated for three times (Steps $300

and 8310)‘-. A supernatant contaming a mixture was filtered under reduced pressure using
a filter to recover the mixture (Step S320). Subsequently, the supernatant loaded in a
container again was stirred using an impeller for 25 minutes while air is blown into the
supernatant at the rate of 20 L/min {Step 5330}, and then the supernatant .c‘ontaining a
mixture was filtered under reduced pressure using a filter to recover the mixiure (Step
5340).
[0097] 3. Measurement of Phosphorus Concentration in Mixture

The phosphorus and calcium concentrations in the mixture were measured in the
same manner as in Experiment 1.
[0098] 4. Results

Recovery conditions and recovery results of Experiment § are shown in Table 6.

(0099] [Tabie 6]

Removal of Carbon Dioxide for 3 Times Alr Blowing (25 min)

$

Mass Mass

Rate Concentration

Precipitation | Phosphorus | Precipitation | Phosphorus
(/L) (/L) Rate | Conceniration
| (g¢/mm-L) | (mass%) &L {(g/min L) (mass%o)

pron

C

Ex.38 | 004 [ 0009 | 789 0.72. 0020 | 001

PNV, bt

ot

Sl

25
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[0100] As shown in Table 6, intermittingly blowing gas (air) during the removal steps of
carbon dioxide could separately obtain a mixture with a high phosphorus compound content
and a mixture with a low phosphorus compound content.

[0101] As described above, the recovery method according to the present invention can
recover phosphorus and calcium from steelmaking slag at low cost by eluting phosphorus and
calcium contained in the steelmaking slag into an aqueous solution containing carbon
dioxide. and precipitating a mixture containing a phosphorus compound and a calcium
compound.

[0102] The method of recovering phosphorus and calcium of the present invention can
recover phosphorus and calcium from steelmaking slag at low cost; therefore the method 1s

particularly advantageous as a method of recovering phosphorus resources and calcium

resources during iron making, for example.



The embodiments of the present invention for which an exclusive property or privilege 1s

claimed are defined as follows:

1. A method of recovering phosphorus and calcium from steelmaking slag,
comprising:

bringing the steelmaking slag in contact with an aqueous solution containing 30 ppm
or more of carbon dioxide to elute phosphorus and calcium contained in the steelmaking slag
into the aqueous solution;

subsequently, partly removing the carbon dioxide from the aqueous solution to
precipitate a first mixture containing a phosphorus compound in a concentration of 3.17 to
14.60 mass% in terms of phosphorus atom and a calcium compound; and

subsequently, further removing the carbon dioxide from the aqueous solution to
precipitate a second mixture containing a phosphorus compound in a concentration of 0.02
mass% or less in terms of phosphorus atom and a calcium compound, wherein

in the partly removing of the carbon dioxide and in the further removing of the carbon
dhoxide, the carbon dioxide is removed by:

blowing one or more gases selected from the group consisting of air, nitrogen, oxygen,
hydrogen, argon and helium into the aqueous solution;

reducing a pressure of the aqueous solution; or

heating the aqueous solution.

2. The method of recovering phosphorus and calcium according to claim 1,
wherein a precipitation rate of the first mixture in the partly removing of the carbon dioxide is

0.1 g/min-L or less.

3. The method of recovering phosphorus and calcium according to claim 1,
wherein, in the partly removing of the carbon dioxide, the one or more gases are intermittently

blown 1nto the aqueous solution.

27
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