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Abstract. Most of the phosphorus in slag forms a solid
solution of dicalcium silicate (C,S) and tricalcium phos-
phate (C3P), and the process used to separate this solid so-
lution from the matrix phase is the same technology used
to separate P from other valuable elements such as Mn and
Cr containing in the matrix phase. Although it is known
that the solubility of C,S in an aqueous solution is much
greater than that of C3P, the solubility of the solid solution
and that of the matrix phase have yet to be investigated. To
clarify the possibility of selectively extracting P from slag
through a leaching process, the dissolution behaviors of the
solid solution at various compositions and that of the ma-
trix phase were investigated. The following results were
obtained: The dissolution ratio of Ca to the aqueous solu-
tion at pH = 7 was close to 1.0 in the case of pure C,S and
decreased greatly with increasing C3P content. The disso-
lution ratio of P was about 0.1 and did not change relative
to the C3P content. When the ratio of C3P in the solid solu-
tion was higher than 0.3, hydroxyapatite (HAP) formation
was observed in the residue. The dissolution ratio of P in-
creased for 30 min, and after reaching the maximum value,
started to decrease owing to the precipitation of HAP. The
dissolution ratio of each element from a glassy slag sample
(matrix phase) was lower than that from the solid solution
at every pH level.

In this study, the possibility to extract a solid solution con-
taining P without dissolving the matrix phase was found
through the use of an aqueous solution at pH = 7, although
the dissolution ratio of P was not sufficiently high.
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1 Introduction

It is well known in the steelmaking industry, various char-
acteristics of steel products are controlled by the addition
of alloying metals. In the recycling of steel scrap, the scrap
is used for the production of low-grade steel and the value
of the added alloying elements is not considered. Owing to
an increase in the demand for high-purity alloying metals,
the recycling of such metals in the steelmaking process is
necessary.

Steelmaking slag contains many valuable elements and
can be considered a domestic resource of alloying elements,
especially Mn and Cr. These elements can be easily sepa-
rated from slag in the form of a ferroalloy using reduction
reactions; however, the ratio of Mn and Cr to Fe is too low
and the P content too high for the use of this ferroalloy in
the steelmaking process. Therefore, we propose an inno-
vative process to separate P from Mn [1]. In this process,
steelmaking slag is sulfurized and a FeS-MnS-CaS matte is
formed. As P does not form a stable sulfide, P is not dis-
tributed to the matte phase. However, as Cr also does not
form a stable sulfide, the separation of Cr is not achievable
through this process.

Cr is mainly used as an alloying metal to produce stain-
less steel. Stainless steel is divided into two types based
on the metallography: austenitic stainless steel, which con-
tains Cr and Ni, and ferritic stainless steel, which contains
Cr but no Ni. Although most steel scrap exhibits mag-
netic properties, austenitic stainless steel is non-magnetic.
Consequently, austenitic stainless steel scrap is easily sepa-
rated from other steel scrap. Unlike austenitic stainless steel
scrap, ferritic stainless steel scrap is magnetic, which makes
it difficult to separate from plain carbon steel scrap. This
results in an increase in the Cr content in the scrap used to
produce plain carbon steel, and an increase in the Cr content
of EAF slag, as Cr is oxidized during the refining process.
Oda et al. showed [2] that about 80% of Cr in ferritic stain-
less steel scrap is recovered in plain carbon steel scrap and
that the Cr content in the scrap used to produce plain carbon
steel is increasing.

Steelmaking slag, including hot metal dephosphoriza-
tion slag, can be considered to be within the CaO-SiO,-
FeO-P,05 system and is usually in the dicalcium silicate
(C»S) saturated composition range. It is well known that
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C,S forms a pseudo-binary solid solution with tricalcium
phosphate (C3P) over a wide composition range at steel-
making temperatures. Measurements of the equilibrium
distribution ratio of P»Os between the solid solution and
liquid phase of the slag have revealed that P,Os is con-
centrated in the solid solution with a high distribution ra-
tio [3]. This implies that most of the P in the slag forms
the solid solution, and the process used to separate this
solid solution from the matrix phase is the same technol-
ogy used to separate P from other valuable elements such as
Mn and Cr containing in the matrix phase. Different meth-
ods to separate the solid solution using the differences in
the physical properties of both phases have been previously
reported. Ono et al. tried to separate a solid solution us-
ing the differences in density [4]. The density of the solid
solution is about 2.75 g/cm3, which is lower than that of
the residual liquid phase (3.14 g/cm3). Therefore, dur-
ing the slow cooling of slag, the solid solution floats on
top of the residual liquid. By cutting the slag ingots af-
ter solidification, the phosphorus containing phase can be
separated from the other phases. The authors have con-
cluded that when the cooling rate is slower than 1.5 °C/min,
more than 70% of the P can be separated. On the con-
trary, Nagasaka et al. tried to separate the solid solution
using the differences in the magnetic property [5]. They
revealed that the solid solution has a diamagnetic property
with weak magnetization, whereas the FeO-containing ma-
trix phase shows ferromagnetism or paramagnetism with a
relatively strong magnetization. By using a superconduct-
ing magnet with a generated surface magnetic field strength
of 2.5 T, a cell containing water and a grounded slag with
a particle size of less than 32 um was treated. The authors
have concluded that about 62% of the solid solution can be
recovered through this procedure. These methods are ef-
fective for using the matrix phase as a refining flux, and
the solid solution as a phosphate resource for fertilizers.
Nevertheless, to use the matrix phase as a raw material of
ferro-chromium alloy, the separation rate is not sufficiently
high.

On the other hand, if the dissolution rate of the solid
solution in an aqueous solution is higher than that of the
matrix phase, the separation of the solid solution using a
leaching treatment becomes possible. The dissolution be-
haviors of various elements from slag in seawater have
been investigated. Miki et al. [6] showed the solubility
of C,S and C3P in seawater. Based on their results, the
solubility of C,S is much greater than that of C3P, and
the solubility of both phases decreases with an increase
in pH. However, the solubility of the solid solution and
that of the matrix phase in water has yet to be investi-
gated.

Based on these backgrounds, to clarify the possibility
of the selective extraction of phosphorus from slag through
leaching, the dissolution behavior of the solid solution with
various compositions and matrix phase were investigated.

2 Experimental Method
2.1 Preparation of Oxide Samples

For the preparation of C,S, a mixture of reagent-grade
CaCOs3 and SiO, with a target composition of Ca0O-34.9
mass% SiO, was pressed to form a disc of 13 mm in di-
ameter, and then heated at 1773 K for 24 h. After cooling,
y-C,S powder was obtained, since the disc disintegrated
due to the volume expansion caused by the phase transfor-
mation. The formation of dicalcium silicate was confirmed
using X-ray diffraction analysis. For the preparation of C3P,
reagent-grade C3P was heated at 1873 K in an air atmo-
sphere for 48 h and cooled in a furnace. To prepare the solid
solution of C,S and C3P, y-C,S powder, made using the
above method, and reagent-grade C3P were mixed accord-
ing to the appropriate ratio, pressed into a disc of 13 mm in
diameter, and then heated at 1873 K for 48 h. After cool-
ing, the phase of the solid solution was determined through
X-ray diffraction analysis. The composition ratio of C,S
and C3P in terms of mass%, and the determined phases
are summarized in Table 1. The name of each phase corre-
sponds to that in the phase diagram shown in Figure 1 [7].
Compare with the phase diagram, only those phases that
are stable at lower temperature were observed, even though
only the R phase is stable at 1873 K in each composition
ratio. These phases are considered to be precipitated during
the cooling of the samples.

For the production of CaO, reagent grade CaCO3; was
heated at 1273 K for 60 min or more under an air atmo-
sphere in an Al,O3 crucible. To prepare the slag of a CaO-
Si0,-P,05-Fe, 03 system, reagent grade SiO,, Fe,O3, and
3Ca0O - P,0s, along with CaO produced using the above
method, were mixed and heated in a Pt crucible under an
air atmosphere. To prepare the slag of a CaO-SiO,-P,05-
FeO system, SiO,, Fe,03, CaO, and electrolytic iron were
mixed and heated in a steel crucible under an Ar-3%H, at-
mosphere. When the slag containing a large volume frac-
tion of the solid solution was made, the mixed reagent was
pressed into a disc and heated at 1613 K or 1723 K for
48 h and then quenched by water. In this paper, this type
of sample is called a “solid solution with a matrix phase.”
The composition of the solid solution with a matrix phase
is summarized in Table 2. When the slag containing a small
volume fraction of the solid solution or the slag without
containing solid solution was made, the mixed reagent was
put into a crucible and heated. This sample type is called
“synthesized steelmaking slag” in this paper. The slag com-
position and heating pattern are summarized in Tables 3 and
4, respectively. In the heating pattern shown in Table 4, the
maximum temperature was determined to melt the slag and
cooled to precipitate the solid solution from the liquid slag.

The quenched sample was mounted and polished. The
composition of each phase was measured using an electron
probe micro analyzer (EPMA). In addition, the precipitated
phases were determined using X-ray diffraction analysis.
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Sample number 1 2 3 4 6 7 8 9 10 11
C,S:CyP 10:0 9:1 8:2 7:3 5:5 4:6 3:7 2:8 1:9 0:10
C;P/(C,S+C;5P) 0 0.1 0.2 0.3 0.5 0.6 0.7 0.8 0.9 1.0
Before J o w2 N
— aisotation] T C,S a'-C,S | a'-CS R A A, S S a-CP,R| «-C;P a-C;P
After amorphous | amorphous | amorphous
dissolution $i0, Si0, SI0, HAP HAP HAP S S R, HAP HAP a-C;P

Table 1. Composition ratio of C,S and C3P in terms of mass% and the determined phase before and after the dissolution

experiment.
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Figure 1. Phase diagram of 2Ca0+SiO,-3Ca0 - P,0Os5 system. [7]
name CaO SiO, P,05 FeO Fe,0; name Heat Treatment
ss2+ | 525 24.9 13.7 8.9 0 LL2+(1)
SS3+(1) 60.4 24.4 13.7 0 1.5 LL2+(2)
SS3+2)| 575 16.0 25.0 0 1.5 SL2+(1) | 1673Kx10min — 1573Kx10min — W.Q.
SL2+(2)
Table 2. Slag composition of the solid solution with a ma- SL2+(3)
trix phase. SL3+(1)| 1923Kx1h — 1773Kx15min — W.Q.
SL3+(2)| 1923Kx1h — 1723Kx30min — W.Q.

name Ca0 SiO, P,04 FeO Fe,0;
LL2+()| 337 32.6 5.4 28.3 0
LL2+(2)| 38.0 32.0 8.0 20.0 0
SL2+(1)| 37.3 27.3 8.1 27.3 0
SL2+(2) | 44.5 24.1 8.1 23.3 0
SL2+(3) | 35.0 25.0 10.0 30.0 0
SL3+(1)| 44.0 21.0 6.0 0 29.0
SL3+(2)| 49.2 25.7 12.0 0 13.1

Table 3. Slag composition of synthesized steelmaking slag.

Table 4. Heating pattern to make synthesized steelmaking
slag.

2.2 Dissolution Experiment

The prepared oxide sample was ground into particles
smaller than 53 um (270 mesh).

One gram of the sample was put into 400 mL of ion-
exchanged water. A Teflon container with a 500 mL capac-
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Figure 2. Schematic diagram of the experimental setup.

ity was used as a vessel, and the temperature was kept con-
stant at 298 K using an isothermal water bath. For deoxidiz-
ing the water, Ar gas was injected into the water at a flow
rate of about 500 NmL/min, and the water was then agi-
tated using a semicircular-shaped rotating stirrer of 60 mm
in width at 140 rpm. To keep the pH at constant value, a
pH meter was immersed and an aqueous solution of HNOj3
was automatically supplied using a PC control system. A
schematic diagram of the experimental setup is shown in
Figure 2. About 6 mL of water was sampled at adequate in-
tervals and filtrated using a syringe filter (< 0.45 pum). Fil-
tered water was analyzed using induction coupled plasma
spectroscopy (ICP), and the residue on the filter was ana-
lyzed through X-ray diffraction.

3 Results
3.1 Dissolution Behavior of the Solid Solution

Typical behaviors of the change in concentration of Ca, Si,
and P in water are shown in Figures 3 and 4 for samples 2
(C2S:C3P=9:1)and 4 (C,S: C3P =7: 3), respectively,
which were immersed in an aqueous solution of pH = 7.
About 10 min after the start of the experiment, the pH could
be maintained at a constant level, although it was difficult to
control during the initial experiment period owing to a rapid
increase. The dissolution ratio defined by equation (1) was
calculated for each element and is shown in Figures 5 and 6.

Amount of M in aqua solution

Dissolution ratio of M = —
Amount of M in initial sample

ey

For sample 4, the dissolution ratio of P increased for
30 min, and after reaching the maximum value, started to

800
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time, min

Figure 3. Change in element content in an aqueous solution
over time (Sample 2).

decrease. In contrast, the dissolution ratio of Ca and Si in-
creased without reaching the maximum value. For sample
2, the dissolution ratio of Si reached the maximum value at
30 min, although the dissolution ratio of Ca increased with-
out reaching the maximum value. In Table 1, the compound
observed in the residue using X-ray diffraction analysis is
summarized for each experiment. When the ratio of C3P in
the solid solution was lower than 0.2, amorphous SiO, was
found, and when the ratio was higher than 0.3, the forma-
tion of hydroxyapatite (HAP; CasHO;3P3) was observed
except in the cases of 0.6, 0.7 and pure C3P. In these cases,
the phases that were observed in the samples before the dis-
solution were found in the residues.

In this paper, the dissolution ratio after 180 min is gener-
ally defined as the “maximum dissolution ratio.” However,
when the P or Si content shows the maximum value during
the dissolution test, the content of each element at this time
is defined as the “maximum dissolution ratio”

The changes in the maximum dissolution ratio of Ca, P,
and Si with the composition of the solid solution in an aque-
ous solution of pH = 7 are shown in Figure 7. The disso-
lution ratio of Ca was close to 1.0 in the case of pure C,S
and decreased greatly with an increase in the of C3P con-
tent, while the dissolution ratio of P was about 0.1 and did
not change by the C3P content.

The changes in the maximum dissolution ratio of each
element with pH for sample 4 are shown in Figure 8. For all
elements, the dissolution ratios decreased with an increase
in pH.

3.2 Dissolution Behavior of the Solid Solution with a Matrix
Phase

The microstructure and composition of each phase for sam-
ples SS2+ and SS34-(1) are shown in Figure 9. In each
case, the liquid fraction was very small, and most of the
area was in a solid solution phase. The estimated ratio of
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Figure 4. Change in element content in an aqueous solution
over time (Sample 4).
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Figure 5. Change in the dissolution ratio of various ele-
ments over time (Sample 2).
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Figure 6. Change in the dissolution ratio of various ele-
ments over time (Sample 4).
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Figure 7. Changes in the maximum dissolution ratio of var-
ious elements with the composition of the solid solution.
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Figure 8. Change in the dissolution ratio of various ele-
ments with pH (sample 4).

C,S : C3P through an EPMA analysis was 6 : 4 for sample
SS2+, 7 : 3 for SS3+(1), and 4 : 6 for SS3+(2). The FeO
content in the solid solution was greater than 6%, while that
of Fe, O3 was less than 1.5%.

The changes in maximum dissolution ratio of each ele-
ment at pH = 7 are shown in Figure 10. When FeO was
used as an iron oxide, the dissolution ratio was much lower
than when Fe,O3 was used. Fe was not detected in the
aqueous solution. The dissolution ratio of each element in
samples SS3+-(1) and SS3+(2) had a similar value as that
of the solid solution shown in Figure 7.

3.3 Dissolution Behavior of Synthesized Steelmaking Slag

A solid solution phase was not observed in samples
LL2+4(1) and LL2+(2). These samples are considered to
be in liquid form at the heating temperature, and a glassy
structure was confirmed through X-ray diffraction analysis.
A solid solution and a matrix phase were observed in the
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. . Concentration (mass%)
Analyzed Point | Estimated Phase a0 Si0, P,0; )
SS2+-1 Solid Solution 52.7 22.1 18.1 6.5
SS2+-2 Matrix 37.8 354 6.6 18.6

200 10@pm

Concentration (mass%)

Analyzed Point | Estimated Phase %) S0, P,0; o0,
SS3+(1)-1 Solid Solution 58.9 24.1 15.5 1.3
SS3+(1)-2 Matrix 35.5 304 1.2 28.8

SS3+(1)-2

$S3+(1)-1

011485 COMP x200  10@pm

Figure 9. Microstructure and composition of each phase of
the solid solution with a matrix phase.
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Figure 10. Dissolution ratio of various elements from the
solid solution with a matrix phase.

other samples. The microstructure and composition of sam-
ples SL2+4(2) and SL3+-(1) are shown in Figure 11. The

estimated ratio of C,S : C3P was 6 : 4 for sample SL2+(1),
7 : 3 for SL2+4(2), 4 : 6 for SL2+4(3), 7 : 3 for SL3+(1),
and 6 : 4 or 5 : 5 for SL3+(2). The FeO content in the solid
solution was higher than 6 mass%, while that of Fe,O3 was
lower than 2 mass% in almost all cases.

For the samples in which the solid solution and matrix
phase were observed, the changes in the maximum disso-
lution ratio of each element at pH = 7 are shown in Fig-
ure 12. These results are very similar to the results shown
in Figure 10: when FeO was used as the iron oxide, the dis-
solution ratio is much lower than when Fe, O3 was used. In
all cases, Fe was not detected in the aqueous solution. In
addition, the dissolution ratio of each element in samples
SL34(1) and SL3+(2) was similar to that in the solid so-
lution. This indicates the possibility of extracting P from
steelmaking slag even though the dissolution ratio is not
sufficiently high.

Changes in the maximum dissolution ratio of each ele-
ment with pH for the glassy sample are shown in Figure 13.
For a comparison, the dissolving behavior of the solid so-
lution (sample 4) shown in Figure 8 is given in this figure.
The dissolution ratio of each element from the glassy sam-
ple was lower than that from the solid solution under every
pH level. When the pH was higher than 7, dissolution from
the glassy sample did not occur. Therefore, to extract P
from slag, dissolution using water at pH = 7 can be consid-
ered appropriate.

4 Discussion
4.1 Dissolution Behavior of the Solid Solution

Although a stable compound in water is influenced by the
Ca?t content and pH level, H2Si0g and 2HPO%“ can be
considered the most stable products under this experimen-
tal condition [8]. The dissolving reactions and equilibrium
constants of C,S and C3P at 298 K are expressed in equa-
tions (2) and (3). The equilibrium constants and activity co-
efficients were calculated using the same method reported
by Miki et al. [6, 8].

2Ca0Si0; + 4HT = 2Ca** 4 H,Si0J + H,0, logK;

= 27.561 )
3CaOP,05 + 2H" = 3Ca* + 2HPO? ™, log K,
= —6.56 3)

The solubility of Ca?™ calculated through these equa-
tions under the saturation of H>SiO9 or 2HPO3~ is shown
in Figure 14 as a function of pH. Although in each case, the
solubility increases with a decrease in pH, C,S is much eas-
ier to dissolve compared with C3P. This trend agrees quali-
tatively with the results shown in Figures 7 and 8.
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Analyzed Point | Estimated Phase Ca0 Si0, P,0; )
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Figure 11. Microstructure and composition of each phase

of synthesized steelmaking slag.
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Figure 13. Difference in the dissolution behavior of various
elements from glassy matrix (LL) and solid solution (SS)
phases.
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Figure 14. Solubility of pure H,SiO9 and pure 2HPO?~ in
an aqueous solution at various pH levels.

The dissolving behavior of the solid solution is closely
related to the solubility of the precipitate.

First, through stoichiometry, the expected contents of Si
and P in water are calculated (Sicy, Pcy) based on the Ca
content in the aqueous solution and the concentration ratio
of Si or P to Ca in the solid solution sample.

Sicy1 = Ca content in aqueous solution
% (Si content in sample/Ca content in sample) (4)
P., = Ca content in aqueous solution

x (P content in sample/Ca content in sample) (5)
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Figure 15. Ratio of the actual content in an aqueous solu-
tion to the expected contents through stoichiometry (exper-

imental conditions under which amorphous SiO, or HAP
were detected in the residues are shown in black marks).

The ratios of the actual content in an aqueous solution at the
maximum dissolution ratio to the values calculated by equa-
tions (4) and (5) are summarized in Figure 15. In this figure,
the experimental conditions under which amorphous SiO,
or HAP was detected in the residues are shown with the
black marks. From these results, the precipitation behavior
in an aqueous solution can be considered as follows. When
the ratio of C3P is higher than 0.3, as the Si content is very
close to Sic,, precipitation of the Si-based compound does
not occur. Therefore, when the P content reaches the level
at which HAP precipitates, it shows the maximum value.
On the other hand, when the ratio of C3P is lower than 0.3,
amorphous SiO, and HAP can precipitate, as the contents
of Si and P are lower than Si., and P.,; However, it can be
considered that the Si content rises to a level at which it pre-
cipitates the amorphous SiO, before the P content rises to a
level at which it precipitates HAP.

Second, the precipitation conditions are calculated based
on thermodynamics. Although a stable compound of Si is
HZSiOg under these experimental conditions, the Si content
calculated from equation (2) is about 10° (mol /L) based on
the average Ca content measured in this study. As this value
is much greater than the Si content in this study, the precip-
itation of HZSiO(S’ will never occur. On the other hand, the
Si content calculated by Eq. (6) is about 10_4(m01/ L) and
is independent of the pH level. In Figure 16, the maximum
Si content is compared with this value (Sig,), and it can be
seen that the precipitation of amorphous SiO; is possible at
every pH.

SiO, + H,0 = H,Si0%, K3 = —4.088 (6)
Although the stable compound of P was HPOﬁ_ under
these experimental conditions, HAP was detected in the
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0 0102030405060.70809 1
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Figure 16. Comparison of the observed maximum Si con-

tent in an aqueous solution with the Si content calculated
from equation (6) and assuming supersaturation.

residues. It is known that anhydrous dibasic calcium phos-
phate, (CaHPO4, DCPA) or dibasic calcium phosphate di-
hydrate (CaHPO42H,0O, DCPD) precipitates as a semi-
stable compound and changes to HAP [9] The relation be-
tween HPOZ~ and DCPA and that between HPOZ™ and
DCPD are written in equations (7) [10] and (8) [11], re-
spectively.

CaHPO4 = Ca?t + HPO2™, K4 =—-6.90 (7)

CaHPO42H,0 = Ca®* 4+ HPO3™ 4 2H,0, Ks = —6.59
®)

In Figure 17, the P contents in an aqueous solution are
compared with the P contents saturated with 3Ca0O - P,Os,
DCPA, and DCPD calculated by equations (3), (7), and (8),
respectively. It can be seen that the precipitations of these
compounds are possible at every pH level.

To explain the precipitation behavior using a thermo-
dynamic calculation, the lines calculated by assuming the
supersaturation required to precipitate the compounds are
drawn in Figures 16 and 17. In Figures 16 and 17, a value
50 times larger than that calculated from equation (6) and a
value 10 times larger than that from equation (8), respec-
tively, are assumed to be the critical conditions required
to precipitate amorphous SiO, and DCPD. Compared with
these lines to the content of Si and P in an aqueous solution,
it can be considered that when the ratio of C3P is higher than
0.3, the precipitation of DCPD occurs without the precipita-
tion of amorphous SiO,; however, when the ratio of C3P is
lower than 0.3, the precipitation of amorphous SiO, occurs
without the precipitation of DCPD. These results agree with
the experimental results, although it is imperative to clarify
the meaning of the supersaturation values assumed in these
calculations.
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Figure 17. Comparison of the observed maximum P con-
tent in an aqueosu solution with the P content calculated
from equations (3), (7), and (8) and assuming supersatura-
tion.

4.2 Dissolution Behavior of the Solid Solution with a Matrix
Phase and Synthesized Steelmaking Slag

As shown in Figures 10 and 12, when FeO was used as
iron oxide, the dissolution ratio was much lower than when
Fe, O3 was used. As the content of Fe in the aqueous so-
Iution was lower than the analytical limit under every con-
dition, this difference is not be caused by the difference in
the chemical reaction in the aqueous solution. On the other
hand, it was previously observed [3] that the FeO content in
the solid solution is higher than that of Fe,O3. The change
in the composition of the solid solution is one of the reasons
for this difference.

Through this study, the possibility to dissolve a solid so-
lution containing P without dissolving the matrix phase was
realized using an aqueous solution of pH = 7. However,
dissolving ratio of P was not high because of the precipi-
tation of HAP, which formed with dissolved P and Ca. To
overcome this disadvantage, the following two vessel pro-
cess can be considered. First, before the contents of Ca and
P reach the critical values of precipitation, the aqueous so-
lution in the first vessel is transferred to the second vessel.
Second, the pH of the transferred aqua solution is increased
in the second vessel to precipitate the HAP and decrease the
contents of Ca and P in the solution. This solution is then re-
turned to the first vessel to redissolve the steelmaking slag.
After this process is carried out repeatedly, it becomes pos-
sible to extract a solid solution from the matrix phase.

5 Conclusions

To clarify the possibility of the selective extraction of phos-
phorus from slag through a leaching process, the dissolution
behavior of the solid solution of dicalcium silicate (C,S)

and tricalcium phosphate (C3P) with various compositions
and the matrix phase were investigated, and the following
results were obtained.

(i) By measuring the dissolution behavior of the solid so-
lution of C,S-C;P, it was found that the dissolution
ratio of Ca was close to 1.0 in the case of pure C,S
and decreased greatly with an increase in the of C3zP
content, while the dissolution ratio of P was about 0.1
and did not change by the C3P content.

(i1)) When the ratio of C3P in the solid solution was lower
than 0.2, amorphous SiO, was found in the residue,
and when the ratio was higher than 0.3, the formation
of HAP was observed except for the cases of 0.6, 0.7
and pure C3P. The dissolution ratio of P increased for
30 min, and after reaching the maximum value, started
to decrease owing to the precipitation of HAP.

(iii)) By measuring the dissolution behavior of the solid so-

lution with a matrix phase and the synthesized steel-

making slag, it was found that when FeO was used as
iron oxide, the dissolution ratio was much lower than
when Fe, O3 was used.

(iv) The dissolution ratio of each element from a glassy
slag sample (matrix phase) was lower than that from
the solid solution under every pH level. When the pH
level was higher than 7, dissolution from the glassy
sample did not occur.

From this study, the possibility to dissolve a solid solu-
tion containing P without dissolving the matrix phase was
found through the use of an aqueous solution of pH = 7.
However, the dissolution ratio of P was not high because of
the precipitation of HAP.
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