1. Introduction
1.1 Foreword
When blast furnace slag (denoted here simply as slag), a byproduct of iron and steel manufacture,
is left outdoors, it reacts with moisture in the air and hardens, hampering its ability to be processed.
That said, marine blocks containing slag are being developed. The current research examined the
reactions that occur when slag solidifies and particularly the elution of calcium ions from slag and
the precipitation of calcium carbonate. This research also examined the manufacture of marine
blocks.

1.2 Methods
About 5 g of crushed slag with a dia. of about 1 mm that had passed through a sieve or about 1.5 g
of powdered slag with a dia. of 53 μm or less was placed in a scrubbing bottle and dispersed in 150
ml pure water. The slag was suffused with CO2 gas. Some slag particles dissolved.

Slag was

added to a plastic cup and 2.5 ml 1 M NaOH solution or 2.5 ml 0.01 M PVA solution was added. A
tray was filled with water and placed beside a plastic cup containing the solution. The two were
covered with plastic wrap so that the solution would not dry out. Slag particles partially dissolved,
and 2.5 ml 1 M NaOH solution or 2.5 ml 0.01 M PVA solution was added to 5 ml of the original
solution. The solution was heated to 50ºC for 90 h, and the precipitate was subjected to scanning
electron microscopy (SEM).

Heating to 50ºC for 90 h mimicked conditions akin to the reaction in

solid chunks of carbonated slag.
Next, about 1 g of particles with a dia. of 53 μm or less was dispersed in 150 ml of pure water,
seawater, or artificial seawater in a scrubbing bottle. CO2 was introduced at 1 atm at a rate of 35
ml/min for 2.5-24 h and for 5 h. The product containing slag residue was filtered and then dried,
and the percent carbonation was determined with a thermogravimetric/differential thermal analyzer
(for thermogravimetric/differential thermal analysis, or TG-DTA) (increase in temperature: 0-810ºC,
10 k/min). The resulting 0.5 g of residue containing slag was dispersed in 100 ml of pure water.
Changes in the amount of eluted calcium with the dispersion time were measured using ICP-atomic
emission spectrometry (ICP-AES). The pH of the solution was also measured.
Like in the preceding experiment, about 5 g of slag with a dia. of about 1 mm was allowed to react
with CO2 in artificial seawater for 28 d. The precipitate was filtered and dried. The resulting slag
was placed in a plastic case, hardened with resin, and cut into cross-sections with a diamond-bladed
saw. Sections were subjected to SEM and energy-dispersive X-ray spectroscopy (EDX).
Next, slag was crushed and passed through a sieve with openings no larger than 53 μm. Three
solutions were prepared: one with about 1 g slag and 150 ml pure water, a second with slag and 150
ml seawater, and a third with slag and 150 ml seawater containing 2.5 ml 1 M NaOH. Each was
placed in a beaker slag was dispersed for 3 h. Afterwards, 0.1 M aqueous sodium carbonate
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solution was added in a desiccator, and the resulting solution was carbonated in a desiccator at a
constant temperature (15-25ºC) and 100% humidity for 7 d.

The carbonated residue was dried and

0.5 g was measured out to measure the percent carbonation in the remainder using TG-DTA. Point
five g of residue was placed in a beaker and residue was dispersed in 100 ml of pure water. The
calcium concentration in this solution was measured using ICP-AES.
Powdered slag with a dia. of 53 μm or less was immersed in 100 ml pure water and filtered. This
was then was carbonated in a desiccator at a constant temperature (15-25ºC) and 100% humidity.
Afterwards, the wet carbonated slag was placed in a crucible and leveled off, whereupon it was fired
at 1250ºC for 2 h 20 min and then cooled at a constant temperature (15-25ºC) for 8 h. Solidified
slag was then cut into cubes of about 5 g with a diamond-bladed saw. Cubes that had been brought
into contact with pure water for 5 h, brought into contact with seawater for 5 h, or that had not
brought into contact with either were each carbonated in a desiccator at a constant temperature
(15-25ºC) and 100% humidity for 7 d and dried. Afterwards, cubes were crushed and passed
through a sieve with openings no larger than 53 μm. The percent carbonation was determined
using TG-DTA. Point five g of sieved slag was allowed to stand in 100 ml or pure water for 7 d,
and the pH of this pure water was measured with pH test strips.
About 1.5 g powdered slag no larger than 53 μm, 1.5 g of powdered chalk, or 1.5 g of powdered
eggshells was placed in a scrubbing bottle and dissolved in 150 ml pure water.

CO2 was added for

3 h. Next, 5 ml of this solution was dissolved with CaCO3 and added to a plastic cup. One M
NaOH solution, 0.01 M PVA solution, and fragments of the shells of freshwater clams, short-necked
clams, and clams were added.

A tray was filled with water and placed beside a plastic cup

containing the solution. The two were covered with plastic wrap so that the solution would not dry
out. The solution was heated to 90ºC for 90 h and subjected to SEM.
In addition, 0.2297 g of the anionic surfactant sodium dodecyl sulfate (SDS) (CMC 8 mM) was
adjusted to 8 mM with 100 ml of pure water. Slag was added to the pure water and CO2 was added
to excess. The filtrate was heated to 50ºC for 90 h. One M NaOH and 0.01 M PVA were added
and carbonate precipitated. The mass of this carbonate was measured.

1.3 Specimens and reagents
Blast furnace slag, artificial seawater (NaCl, MgSO4, MgCl, CaCl2, KCl, SrCl, NaBr, H3BO3),
seawater, chalk, eggshells, 1 M NaOH solution, and 0.01 M PVA solution.

Sodium carbonate

(Wako Pure Chemical Industries), 8 mM SDS

1.4 Equipment
Thermogravimetric/differential thermal analyzer (for TG-DTA), ICP-atomic emission spectrometer
(for ICP-AES), XRD, SEM, EDX, pH meter, pH test strips, pestle, mortar, sieve (53 μm), and a
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diamond-bladed sa
2. Results and Discussion
2.1 Experiment I
The reaction of slag with CO2 in pure water and in artificial seawater was first examined.

When

slag was allowed to react with excess CO2 in pure water or in artificial seawater, some slag dissolved.
SEM revealed that unreacted slag particles had a smooth surface, as shown in Fig. 1.
One-point five g of slag particles no larger than 53 μm was placed in pure water and allowed to
react with abundant CO2. One M NaOH was added to the resulting unfiltered solution and heated
to 50ºC for 90 h. Results of SEM of the precipitate are shown in Fig. 2. Generation of lumps of
aragonite, orthorhombic crystals of calcium carbonate with blunted corners, was noted.

A1 M

NaOH solution and 0.01 M PVA solution (0.444 g of PVA adjusted with 100 ml of pure water) were
added to the filtrate yielded by the preceding experiment.

Results of SEM of the resulting product

are shown in Fig. 3. Growth of aragonite and some calcite (trigonal crystals of calcium carbonate)
was noted. Artificial seawater was used in place of pure water in this experiment and only 1 M
NaOH was added. Results of SEM of the resulting product are as shown in Fig. 4. Either calcite
was noted or some crystals were found to dissolve.
Based on SEM results, there are two possible reasons why crystals differed as aragonite and
calcite in pure water and artificial seawater. With pure water, the elution of calcium carbonate and
Mg ions from slag resulted in a larger Ca/Mg ratio, leading to less aragonite. Addition of the 0.01
M PVA solution resulted in aragonite crystal growth.

With artificial seawater, calcium carbonate

was in a stable state when carbonate precipitated, so calcite was presumably produced. Calcite is
not normally water-soluble and tends to consolidate. However, adding shells during carbonate
precipitation resulted in spherical crystals. This thus led to a steady state that facilitated crystal
growth as a result of the precipitation of carbonate from seawater.

Fig. 1 Surface of an unreacted slag

Fig. 2 CO2 was introduced into pure water. 1
M NaOH was added to an unfiltered

particle

solution containing residue and heated,
yielding a precipitate
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Fig. 3 CO2 was introduced into pure water. 1

Fig. 4 CO2 was introduced into artificial

M NaOH and 1 M PVA solutions of

seawater. 1 M NaOH was added to a

slag residue and heated, yielding a

unfiltered solution containing slag

precipitate

residue

and

heated, yielding

a

precipitate
2.2 Experiment II
Slag was allowed to react with CO2 in various solutions. The percent carbonation in the product
containing slag was as shown in Table 1. The percent carbonation in slag carbonated for 7 d in a
desiccator at a constant temperature (15-25ºC) and 100% humidity was 1.58%. All of the
numerical results of this experiment indicate that slag carbonated for 7 d in a desiccator had a lower
percent carbonation. This is because the pH of the solution brought into contact with slag
decreased, as discussed later. More calcium carbonate was also produced when slag was
carbonated in air.

When 1 g of slag was allowed to react with CO2 in various solutions, the mass of

the product was 0.6356 g after 2.5 h when slag was dispersed in pure water (the control). When
slag was allowed to react in pure water containing CO2, the mass of the product was 0.6531 g after
2.5 h. When slag was allowed to react with CO2 in seawater, the mass of the product was 0.6356 g
after 2.5 h; when allowed to react with CO2 in artificial seawater, the mass was 0.6469 g.

Table 1 Percent carbonation (%) in carbonated slag residue in various solutions

reaction
time

2.5 h

5h

24 h

water

0.31

0.62

0.58

seawater

0.09

0.19

0.50

0.12

0.1

0.30

pure

artificial
seawater
2.3 Experiment III
Slag was next allowed to react with CO2 in various solutions. The product was dried and then
the resulting residue containing slag was dispersed in pure water.
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Changes in the amount of eluted

calcium ions and changes in pH with the dispersion time were determined.
Table 2. The Ca concentration in seawater was 294 mg/l.

Results are shown in

Slag that had not reacted with CO2 was

brought into contact with pure water for 5 h. When this was dispersed in 100 ml of pure water, the
calcium concentration in a solution that was dispersed for 28 d was 19.1 mg/l. After reacting with
CO2 in pure water for 5 h, the dried solid phase was then dispersed in 100 ml of pure water. When
dispersed for 28 d, the calcium concentration in the solution was 7.0 mg/l. Slag was allowed to
react with CO2 in seawater and artificial seawater under the same conditions. The resulting solid
phase had a calcium concentration of 4.9 mg/l and 4.7 mg/l, respectively.

Slag that was allowed to

react with CO2 in various solutions had a lower calcium concentration in the solution than did slag
that was not allowed to react with CO2 and that was brought into contact with pure water. This is
presumably because slag particles were covered with calcium carbonate.

Slag that was not allowed

to react with CO2 was dispersed in pure water. The pH of this solution, as shown in Table 3,
increased markedly in 7-14 d.

This finding agrees with trends for measurements of the calcium

concentration, as shown in Table 2. Slag particles reacted with CO 2 thus producing calcium
carbonate on their surface. The elution of calcium was curtailed, resulting in a lower pH for the
solution in which slag particles were dispersed

Table 2 Ca concentration (mg/l) in a solution of dispersed slag that was allowed to react with
CO2 in various solutions

dispersion
time

7d

14 d

28 d

60 d

water

5.5

6.4

7.0

8.3

seawater

2.2

3.6

4.9

4.7

2.2

3.0

4.7

4.9

9.6

14.3

19.1

25.8

pure

artificial
seawater
no
carbonation,
pure water
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Table 3 pH of a solution of dispersed slag that was allowed to react with CO2 in various
solutions

dispersion
time

7d

14 d

28 d

60 d

water

8.05

7.84

7.71

7.98

seawater

7.82

7.69

7.52

7.51

7.92

7.81

7.66

7.8

10.92

10.11

8.16

8.38

pure

artificial
seawater
no
carbonation,
pure water

Results of analyzing cross-sections of slag that reacted with CO2 are shown in Fig. 5. EDX
results indicated that Ca was located where Al and Si were not present. This indicates the creation
of a calcium carbonate coating on the surface of slag particles.

Fig. 5 Cross-sections of slag that was allowed to react with CO2 in artificial seawater
2.4 Experiment IV

Table 4 Percent carbonation (%) in

Table 5 Ca concentration (mg/l) in pure

slag (dispersed in different

water

solutions) carbonated in a

different

desiccator

desiccator

Duration of
carbonation

containing
solutions)

Duration of

7d

slag

carbonation

(dispersed

carbonated

7d

28 d

pure water

5.08

pure water

5.4

18.5

seawater

0.36

seawater

13.1

17.4

9.7

6.0

seawater1 M

2.73
NaOH

seawater1 M
NaOH
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in

in
a

Comparison of the percent carbonation in Tables 1 and 4 indicates that the duration of carbonation
(in days) differed when pure water and slag were brought into contact. Use of a desiccator was
found to increase the percent carbonation more than use of a scrubbing bottle.

However,

comparison of the Ca concentration in a solution containing slag (in Tables 2 and 5) in terms of the
dispersion time of 28 d revealed a Ca concentration of 7mg/l with the scrubbing bottle and a
concentration of 18.5 mg/l with the desiccator. With the desiccator, Ca was eluted from residue.
Table 4 shows that the percent carbonation did not increase beyond 0.36% with slag brought into
contact with seawater even when it was carbonated in a desiccator.

Table 5 shows that elution of

Ca from slag brought into contact seawater and carbonated in a desiccator was not limited to 17.4
mg/l when slag was dispersed for 28 d. Adding 1 M NaOH to seawater resulted in a percent
carbonation of about 2.73% when slag was brought into contact with seawater (compared to when
slag was brought into contact with pure water). When slag was dispersed for 7 d, the elution of Ca
was 9.7 mg/l while that elution was limited to 6.0 mg/l when it was dispersed for 28 d.

2.5 Experiment V
pH test strips were used since pH could not be measured accurately with a pH meter because solid
chunks of carbonated slag were crushed and slag particles were dispersed in pure water.
A solid chunk of carbonated slag is shown in Fig. 6. Results for the percent carbonation are
shown in Table 6 and pH test results are shown in Figs. 7 and 8.

Table 6 Percent carbonation (%) in solid chunks of carbonated slag that were brought into
contact with pure water for 3 h and in slag carbonated in a desiccator after it was
brought into contact with different solutions for 5 h
Duration of

7d

carbonation

pure water

4.68

seawater

10.20

not brought
into contact

3.22

w/ water
The percent carbonation was 4.68% when slag was brought into contact with pure water, 10.20%
when it was brought into contact with seawater, and 3.22% when it was untreated.
Table 4 and Table 6 were compared.

Table 4 shows that the percent carbonation in slag that was

brought into contact with pure water and carbonated for 7 d was 5.08%. Table 4 shows that the
percent carbonation in slag that was brought into contact with seawater was 0.36%.
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Calcium carbonate has a decomposition temperature of 825ºC and combusts at 600-800ºC. It
was fired at 1250ºC for 2 h 20 min and cooled at a constant temperature (15-25ºC) for 8 h to yield a
solid form. Given these facts, firing slag caused the calcium carbonate in slag to combust. The
decreased wt% as a result of this combustion represented the percent carbonation.
In Table 4, the percent carbonation when slag was brought into contact with pure water increased
to 5.08%. A hydration reaction occurred, a large amount of aragonite was produced, and the
percent carbonation increased.

In Table 4, the percent carbonation when slag was brought into

contact with seawater was 0.36%.

Calcite or partially dissolved crystals densely covered the

surface of slag particles, and the percent carbonation decreased.
In Table 6, slag brought into contact with pure water had a percent carbonation of 4.68% while in
Table 4 slag brought into contact with pure water had a percent carbonation of 5.08%, resulting in a
difference of 0.40%. Even though slag turned molten and then solidified, aragonite on the particle
surface did not change. Particles were ground in the experiment represented by Table 6. As a
result, pointed pieces of aragonite were slightly blunted, so the amount of calcium carbonate
decreased and the percent carbonation decreased.
In Table 6, slag not brought into contact with water had a percent carbonation of 3.22% while slag
carbonated for 7 d in air had a percent carbonation of 1.58%, indicating an increase of 1.64%. As
indicated in Table 6, slag was brought into contact with pure water as a form of pre-treatment. A
hydration reaction occurred and a large amount of calcium carbonate precipitated.
Pure water has been used as a primary treatment for slag brought into contact with solution in order
to manufacture marine blocks. When this is done, a large amount of aragonite precipitates on the
surface of slag particles. When solid chunks and seawater are brought into contact as a secondary
treatment, a large area of aragonite comes into contact with seawater, so its erosion is extensive.
Much of the calcium carbonate is subjected to seawater. Calcite or partially dissolved crystals are
spread around inside the solid chunks and a large amount of CO2 is absorbed. When seawater is
used in primary treatment, the slag particles are packed closely together and a smaller area comes
into contact with seawater during secondary treatment. Thus, pure water is more suitable.
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Fig. 6 Solid chunk of

Fig. 7 A solid chunk of

carbonated slag

Fig. 8 A solid chunk of

carbonated slag was

carbonated slag was

crushed and passed

crushed and passed

through a 53-μm sieve.

through a 53-μm sieve.

The powder was

The powder was

dispersed in pure water

dispersed in pure water

for 7 d and dispersion

for 7 d. The water was

was examined with a pH

examined with a pH test

test strip

strip

A solid chunk of carbonated slag was crushed and then passed through a 53-μm sieve. The slag
was dispersed in pure water for 7 d and the pH of that pure water was measured using pH test strips.
Figures 7 and 8 revealed dispersion of slag particles with a pH of 11 in a solution with a pH of 7.
pH test strips that were left alone briefly indicated a pH of 8.
Slag was allowed to react with CO2 in various solutions in Table 3 and dispersed. The pH of the
resulting solution was compared with pH test results in Figs. 7 and 8.

When CO2 was not

introduced and slag was brought into contact with pure water (as in Table 3), allowing the solution
to stand for 7 d resulted in a pH of 10.92. When slag was brought into contact with seawater, a
dispersion time of 7 d resulted in a pH of 7.82. When slag particles were allowed to react with CO2,
they had a pH of 11. Solid blocks of carbonated slag that were sunk to the seabed would have a
surrounding pH of 8.

2.6 A discussion of the cost of CO2
Solid blocks of carbonated slag could presumably be used to fill the holes left by removing gravel
from the seabed to manufacture solid blocks of carbonated slag. This maintains the balance of sand
deposition and removal.
The amount of CO2 that could be fixed in a solid block of carbonated slag will now be considered.
Manufacturing 1 t of concrete requires 76.5 kg of water, 136 kg of cement, 332 kg of sand, and 424
kg of gravel.

Slag is known to dissolve 70% in pure water, so 1 t of slag would be added as an

aggregate when manufacturing solid blocks of carbonated slag (as aggregate to make slag concrete,
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sand:slag=1:1).
This slag absorbs 10% of CO2. Volume expands 500-fold with 100 kg of CO2 fixation, i.e.
solid→gas, so CO2 that was a gas solidifies in the form of calcium carbonate. Thus, 500 times the
volume of CO2 can be fixed. In other words, 5 t of CO2 can be fixed.

If the solid form is 500 kg,

this would mean 2.5 t. The entire world has an area of 510 million km2, with 150 million km2 of
land and 360 million km2 of water.
As of 1994, the entire world’s CO2 emissions were about 60 billion t.

Japan had emissions of

about 300 million t. In 2007, however, the entire world’s emissions were 28.8 billion t. Japan had
emissions of 1.230 billion t.

China accounted for 21% of the world’s emissions while the US

accounts for 20%.
In a speech at the UN Summit on Climate Change on September 22, 2009, then-Prime Minister
Hatoyama announced a 25% reduction in Japan’s CO2 emissions from levels in 1990.

This meant

reducing emissions 1 billion t annually prior to 2020 and limiting emissions to about 200 million t
annually.
Japan's exclusive economic zones stretch 200 nautical miles (1 nautical mile=1852 m), covering
4.47 million km2 with a depth of 200-1500 m.

The Seto Inland Sea, an enclosed body of water, is a

body of about 20,000 km2 with a depth of 38 m.
slag is 1

m2

If the outer surface of a solid block of carbonated

and blocks are laid out individually in the Seto Inland Sea, 2 billion blocks would be

needed. Four hundred and forty billion blocks could be laid out in Japan's exclusive economic
zones and 36 trillion blocks could be laid out in the world’s oceans. To fix 1 billion t of CO2
annually in solid blocks of carbonated slag, 400 million solid blocks would have to be manufactured
annually.

If manufacturing 0.5 m3 of concrete costs 7000 yen, then the blocks laid out in 1 km2

would cost 7 billion yen. Laying out blocks in the entire Seto Inland Sea would cost 140 trillion
yen.

Fifty ℓ of CO2 is sold for about 5000 yen, so a reduction of 1 billion t would cost 500 trillion

yen.

The steel industry has achieved a 90% reduction in CO2.

Assuming that 400 million solid blocks of carbonated slag are manufactured annually, then 1
billion t, or 500 trillion yen’s worth, of CO2 could be fixed.

If solid blocks were sunk in the Seto

Inland Sea at this pace, then that body of water would be filled with solid blocks with a length and
width of 1 m and height of 50 cm over a period of 6 years.

Filling Japan's exclusive economic

zones would take 100 years and filling the entire world would take 90,000 years.
Building the Pyramids required 200 billion yen worth of stone and 200 billion yen in labor costs,
for a total of 400 billion yen.

If blocks were laid out in the Seto Inland Sea for a year, the concrete

cost would be approximately 140 trillion yen and labor expenses would total 140 trillion yen.
These costs are quite considerable, so solid blocks should be manufactured using a technique that
does not involve hardening concrete.
A volume of 1.25 t of CO2 could be fixed with solid blocks of carbonated slag without the need for
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concrete. These blocks could be manufactured rather inexpensively since no concrete cost would
be incurred.

2.7 Proposed manufacture of marine blocks
The proposed creation of marine blocks will now be described.

Slag no larger than 53 μm was

brought into contact with pure water for 5 h. The wet slag was carbonated for 7 d in a desiccator,
and CO2 was absorbed by the slag.
Afterwards, slag was heated in a furnace and molten slag was placed in a mold. It then cooled
and solidified. Afterwards, solid chunks were brought into contact with seawater for 5 h and then
dried. The chunks were carbonated in a desiccator at a constant temperature (15-25ºC) and 100%
humidity for 7 d.
Calcium in slag reacts with CO2 to form calcium carbonate. Calcium carbonate is also produced
by introducing CO2 into artificial seawater containing slag.

SEM results indicated that partially

dissolved calcite was spread around inside solid chunks, absorbing about 10% of the CO2. During
melting and molding, slag was in blocks with a smooth surface. A rippled surface would reduce
that smoothness and thus increase reactivity with seawater.

Introducing CO2 into a solid block of

carbonated slag after it was brought into contact with pure water led to cracks inside solid chunks
(presumed to be aragonite) that were produced inside.

The escape of CO2 and elution of

constituents was not adequately curtailed, and use of seawater is a better option.
When power made from ground marine blocks was dispersed in pure water for 7 d, slag particles
were dispersed in pure water, so the pH could not be measured accurately with a pH meter.
Measurement with pH test strips revealed that slag with only a pH of 11 in a solution with a pH of 7.
Afterwards, pH test strips indicated a pH of 8.

2.8 Experiment VI
Carbonate
About 1.5 g of powdered slag no larger than 53 μm, 1.5 g of powdered chalk, or 1.5 g of
powdered eggshells 1.5 g was placed in a scrubbing bottle and dissolved in 150 ml pure water.

CO2

was added for 3 h. Next, 5 ml of this solution was dissolved with CaCO3 and added to a plastic cup.
One M NaOH and 0.01 M PVA were added along with fragments of the shells of freshwater clams,
short-necked clams, and clams.

A tray was filled with water and placed beside a plastic cup

containing the solution. The two were covered with plastic wrap so that the solution would not dry
out. The solution was heated to 90ºC for 90 h and subjected to SEM.
Slag was also added to pure water containing 8 mM SDS (CMC 8 mM) and CO2 was added to
excess. The filtrate was heated to 50ºC for 90 h. One M NaOH and 0.01 M PVA were added and
carbonate precipitated. The mass of this carbonate was measured.
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Fig. 9 CO2 was introduced into slag in pure

Fig. 10 CO2 was introduced into powdered

water and then 1 M NaOH and 0.01 M PVA

chalk in pure water and then 1 M NaOH and

were added to the to the stock solution along

0.01 M PVA were added to the filtrate along

with freshwater clam shells

with clam shells

Fig. 11 CO2 was introduced into powdered

Fig. 12 CO2 was introduced into powdered

chalk in pure water and then 1 M NaOH and

chalk in pure water and then 1 M NaOH and

0.01 M PVA were added to the filtrate along

0.01 M PVA were added to the stock solution

with freshwater clam shells

along with freshwater clam shells
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Fig. 13 CO2 was introduced into powdered

Fig. 14 CO2 was introduced into powdered

chalk in pure water and then 1 M NaOH and

eggshells in pure water and then 1 M NaOH

0.01 M PVA were added to the filtrate along

and 0.01 M PVA were added to the filtrate

with clam shells

Fig. 15 CO2 was introduced into powdered

Fig. 16 CO2 was introduced into powdered

eggshells in pure water and then 1 M NaOH

eggshells in pure water and then 1 M NaOH

and 0.01 M PVA were added to the stock

and 0.01 M PVA were added to the stock

solution along with short-necked clam shells

solution
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In an experiment in which SDS was added, 6.3 mg of calcium carbonate precipitated when SDS was not
added while 7.1 mg of calcium carbonate precipitated when SDS was added.
increased 0.8 mg.

The layer of carbonate

This indicates that Na ions in SDS separated Ca ions in slag and that more calcium

carbonate precipitated.

3. Conclusions


Slag was allowed to react with CO2 in pure water. When the pH of the resulting solution increased,
aragonite precipitated. When artificial seawater was used in place of pure water, calcite precipitated.
Some of the calcite dissolved.



When slag is allowed to react with CO2, calcium carbonate precipitates on its surface.



When slag is allowed to react with CO2 in seawater or artificial seawater, the calcium carbonate produced
around slag particles is more tightly packed. When this slag was allowed to react with CO2 and then left
in pure water, the calcium concentration in the solution decreased as did the solution’s pH.



When slag is allowed to react with CO2, calcium carbonate precipitates on its surface.

When

manufacturing solid blocks of carbonated slag, using pure water produces aragonite inside the blocks and
cracks may develop. Thus, using seawater spreads calcite around.


Partially dissolved calcite was spread around inside solid blocks, so the escape of CO2 and elution of Ca
from solid blocks was curtailed.



When a solid chunk of carbonated slag was brought into contact with various solutions and then placed in
a desiccator at a constant temperature (15-25ºC) and 100% humidity, the percent carbonation for slag
brought into contact with pure water was 4.68%, the percent carbonation for slag brought into contact
with seawater was 10.20%, and the percent carbonation for untreated slag was 3.22%. A large amount
of CO2 was absorbed even when slag was in solid form. The most CO2 was absorbed when slag was
brought into contact with seawater.
CaCO3+H2O→CaCo2－+2OH
CaCO2-+2OH→CaO+CH+OH-+O2
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