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ABSTRACT OF THE DISCLOSURE

A method for manufacturing a reconstituted stone raw material by using a molten

slag includes: controlling a temperature of the molten slag at 1400°C-1500°C, and

pertorming a cast-molding process on the molten slag; and maintaining the cast-molded

slag at a temperature of 800°C-1000°C for 1-5 hours in a non-reducing atmosphere, and

then gradually cooling the cast-molded slag to a room temperature within 2-5 hours to
obtain the reconstituted stone raw material. An energy-saving and efficient method for
comprehensively utilizing the blast furnace slag is provided. The produced reconstituted
stone raw material has such characteristics as stable color quality, abrasion resistance,
pressure resistance, strong adhesiveness, low coefficient of expansion and low

shrinkage ratio.
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METHOD FOR MANUFACTURING STONE MATERIAL USING MOLTEN
SLAG

FIELD OF THE INVENTION

The present invention relates to the technical filed of inorganic nonmetal material,
more particularly, to a method for manufacturing a reconstituted stone raw material by

using a molten slag.

DESCRIPTI F RELATED ART
The ferrous metallurgy industry has produced a huge amount of waste slag which
may be hardly brought to multipurpose utilization. The existing waste slag has already
become a major culprit for environment pollution and a factor that limits the

development of the metallurgy industry. The disposal of the waste slag generally used

in current industry is as follows: discharging a slag from a furnace at 1500-1600°C;

cooling down the slag by using water (referred to as “water quench” in practice);
picking up and drying the slag; and making the dried slag into powders to be used to
manufacture cement. However, the above process can only deal with a part of waste
slag, moreover, said process may produce waste water and waste gas, and, what’s worse,
a large amount of sensible heat contained in the blast furnace slag is wasted and may
bring further pollution to the environment.

Since the current production and research on the use of blast furnace slag are based

on the waste slag processed by water quench, the consumption of fresh water to cool

down the waste slag cannot be reduced, and the heat energy contained in the molten
slag is not efficiently utilized, moreover, there might be a secondary waste generated
and not all the waste slag can be processed and utilized.

Therefore, 1t 1s desired to provide a method for effectively utilizing the huge

amount of furnace slag.

SUVMMARY OF THE INVENTION

An object of the present invention is to provide a method for manufacturing a

reconstituted stone raw material by using a molten slag.
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In order to achieve the above object of the present invention, the present

invention provides a method for manufacturing a reconstituted stone raw material by using a
molten slag including: controlling a temperature of the molten slag at 1400°C-1500°C, and
performing a cast-molding process on the molten slag; and maintaining the cast-molded slag
at a temperature of 800°C-1000°C for 1-5 hours in a non-reducing atmosphere, and then
gradually cooling the cast-molded slag to a room temperature within 2-5 hours to obtain the
reconstituted stone raw material, wherein the molten slag includes 10-40wt% ot Al,Os;,
5-25wt% of MgO, 10-50wt% of S10,, 10-40wt% of CaO, 0.1-5wt% of T10;, 0.1-5wt% of
FeO and 0.1-5wt% of MnO. More particularly, a cooling rate may be preterably 1.5-10°C per

minute.

According to another aspect of the present invention, there is provided a
method for manufacturing a reconstituted stone raw material by using a molten slag,
comprising steps performed sequentially: controlling a temperature of the molten slag at
1400°C-1500°C while performing a cast-molding process on the molten slag; and maintaining
the cast-molded slag at a temperature of 800°C-1000°C for 1-5 hours in a non-reducing
atmosphere, and then gradually cooling the cast-molded slag to a room temperature within 2-5
hours to obtain the reconstituted stone raw material, wherein the molten slag includes 10-
40wt% of Al,O3, 5-25wt% of MgO, 10-50wt% of SiO,, 10-40wt% of CaO, 0.1-5wt% of T10,,
0.1-5wt% of FeO and 0.1-5wt% of MnO, and wherein the molten slag 1s the molten slag

directly discharged from a metallurgy reactor or a remolten slag.
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In an embodiment of the present invention, before the cast-molding process at a

controlled temperature, the molten slag is introduced into a pool for preserving heat and

modifying and a temperature of the molten slag is maintained at 1450-1600°Cto adjust a

composition and/or a color of the molten slag according to requirements of a resulting

product.

In an embodiment of the present invention, the molten slag includes 10-20wt% of
ALO;s, 5-10wt% of MgO, 20-35wt% of SiO,, 20-30wt% of CaO, 0.1-5wt% of TiO,,
0.1-5wt% of FeO and 0.1-5wt% of MnO.

In an embodiment of the present invention, a compositon. modifier to adjust the
composition may be at least one of clay, porcelain clay, lodestone, pottery clay, feldspar
and quartz sand, ahd is added in an amount of 0-10wt% based on a weight of the molten
slag. A color modifier to adjust the color may be at least one of oxides of Ti, Cr, Ni, Cu,
Co and Fe, ore powders and industry wastes containing the oxides (such as red mud
generated by Al;03 manufacturej, and is added in an amount of 0-5wt% based on a
weight of the molten'slag.

In an embodiment of the present invention, the casting-molding process may be

~ performed 1n a mold or arbitrarily performed without a mold.

In an embodiment of the present invention, the molten slag is a molten slag directly

discharged from a metallurgy reactor or a remolten slag.

' 2a
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments according to the present invention will be described in detail
hereinafier.

A molten blast furnace slag i1s a waste produced in iron making using a blast
furnace, which includes 10-40wt% ot Al,O3, 5-25wt% of MgO, 10-50wt% of SiO,, and
10-40wt% of CaO as well as a small amount of FeO, C, MnO, S and the like, and the

temperature of which is in the range of 1350°C-1480°C. Preferably, the molten blast

furnace slag includes 10-20wt% of Al,Os, 5-10wt% of MgQO, 20-35wt% of SiO,, and
20-30wt% of CaO as well as a small amount of FeO, C, MnO, S and the like.

An embodiment of the present invention provides a method for manufacturing a
reconstituted stone raw material by using a molten slag, and the molten slag may
include 10-40wt% of Al,O3, 5-25wt% of MgO, 10-50wt% of Si10,, 10-40wt% of CaO,
0.1-5wt% of Ti10O,, 0.1-5wt% ot FeO and 0.1-5wt% of MnO. Preferably, the molten slag
may include 10-20wt% of Al,Os3, 5-10wt% of MgO, 20-35wt% of SiO,, 20-30wt% of
CaO, 0.1-5wt% of T10,, 0.1-5wt% of FeO and 0.1-5wt% ot MnO. The molten slag may
be a molten slag directly discharged from a metallurgy reactor or a remolten slag.
According to the method of the present invention, the molten slag discharged from the
blast furnace may be directly utilized, thereby not only saving the power consumption
for melting a raw material, but also avoiding the consumption of water for cooling down
the blast furnace slag by water quench and the generation of a secondary waste.

In the method of the present invention, the temperature of the molten slag in a pool

for preserving heat and modifying is controlled to be in the range of 1450°C-1600°C.

Whether a modification 1s made to the molten slag or not may be determined according
to the requirements for hardness, density, color and the like of a product, wherein the
modification includes an adjustment of composition and/or color.

More particularly, a composition modifier may be at least one of clay, porcelain
clay, lodestone, pottery clay, feldspar and quartz sand. The composition modifier is
added 1n an amount of 0-10wt% based on a weight of the molten slag. A color modifier
may be at least one of oxides of Ti, Cr, Ni, Cu, Co and Fe, such as TiO,, Cr,Q;, NiO,
CuO, Cu0, Co0, FeO, Fey0O; and the like, ore powders containing these oxides and

industry wastes containing these oxides, such as waste slag (red mud) generated by

3
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Al,O; manufacture. The color modifier 1s added in an amount of 0-5wt% based on a
weight of the molten slag.

Then, the modified or unmodified molten slag is cast-molded at a controlled

temperature of 1400°C-1500°C. More particularly, during cast-molding at the controlled

temperature, the modified or unmodified molten slag may be molded in a mode or
without a mold. When a reconstituted stone raw material with a certain shape and size is
desirable, the modified or unmodified molten slag may be molded in a mode having a
corresponding shape and size. Alternatively, the molten slag may be naturally shaped by
the action of the gravity force in an open ground, thereby preparing stone raw materials
with various shapes, for example, a landscape stone used in a public such as a
residential quarter and a park. In particular, whether the cast-molding is performed
using a mold or without a mold, the color modifier may be added to change color
according to the use of the desired stone raw material. Alternatively, with respect to the
cast-molding pertormed in a mold, the mold may be selected to have a corresponding
size and shape according to a size ot a desired stone material; and with respect to the
cast-molding performed without a mold, a size of a resulting stone material may be

controlled by controlling a flux and a flow rate during the cast-molding.

Next, the cast-molded slag is maintained at 800°C-1000°C for 1-5 hours in a non-

reducing atmosphere, and then is naturally cooled to a room temperature gradually
within 2-5 hours so as to obtain the desired reconstituted stone raw material (such a

process 1S similar to a formation of petrosilex, thus the resulting material is referred to

as “reconstituted stone material”), wherein, the cooling rate is 1.5-10°C per minute. If

the cooling rate is too great, a defect will occur; and if the cooling rate is too small, the
equipment etticiency and process efficiency will be decreased.

The solution of the blast furnace molten slag may be crystallized into various
minerals at different temperatures and for different time durations. For example, the

blast furnace molten slag may be grown into a rock including melilite crystals as a

major component at 1280°C for 1 hour, may be grown into a rock including diopside as

a major component at 1000-900°C, or may be grown into a solid with a glass phase by
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decreasing the temperature quickly and maintaining it at a temperature of 500-200°C,

and the solid with the glass phase may be re-crystallized into a rock with a crystal phase

by being heated to a temperature of 1100°C and maintained at the temperature for 1

hour.

Hereinafter, the examples of the present invention will be described in detail.

Example |
A molten slag including 15wt% ot AlLO;, 15wt% of MgO, 30wt% of S10,, 35wt%

of Ca0O, 1wt% of TiO,;, 2wt% of FeO and 2wt% of MnO was used as an original

material. Quartz sand was added to the molten slag having a temperature of 1600°C in

an amount of 10wt% based on a weight of the molten slag to adjust the viscosity and

composition of the molten slag. In this example, no color modifier was added. Next, the

molten slag was cast-molded at a temperature of 1500°C. The cast-molded slag was

maintained at a temperature of 1000°C for 5 hours in a non-reducing atmosphere, and

then was naturally cooled to a room temperature gradually within 10 hours. As a result,
a product having a desired shape and size was obtained as needed.

Example 2
A molten slag including 14wt% of ALOs3, 17wt% of MgQO, 28wt% of Si0,, 32wt%

of CaO, 1.5wt% of TiO;, 4wt% of FeO and 3.5wt% of MnO was used as an original

material. The molten slag was cast-molded directly at a temperature of 1400°C without

modifying a composition and a color thereof. The cast-molded slag was maintained at a

temperature of 800°C for 1 hour in a non-reducing atmosphere, and then was gradually

cooled to a room temperature within 2 hours. As a result, a product having a desired
shape and size was obtained as needed.

Example 3

A molten slag including 15wt% of ALLOj3, 15wt% of MgO, 30wt% of SiO,, 35wt%
of Ca0, Iwt% of TiO,, 2wt% of FeO and 2wt% of MnO was used as an original

material. Lodestone was added to the molten slag having a temperature of 1500°C in an
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amount of 7wt% based on a weight of the molten slag to adjust the viscosity and

composition of the molten slag. Further, iron oxide red was added to the molten slag in

an amount of 2wt% based on the weight of the molten slag to adjust the color of the

molten slag. Next, the molten slag was cast-molded at a temperature of 1400°C. The

cast-molded slag was maintained at a temperature of 1000°C for 3 hours in a non-

reducing atmosphere, and then was gradually cooled to a room temperature within 6
hours. As a result, a product having a desired shape and size was obtained as needed.
Example 4
A molten slag including 14wt% of Al,Os, 17wt% of MgQO, 28wt% of SiO;, 32wt%
of Ca0, 1.5wt% of Ti0O,, 4wt% of FeO and 3.5wt% of MnO was used as an original

material. Clay was added to the molten slag having a temperature of 1450°C in an

amount of 5wt% based on a weight of the molten slag to adjust the viscosity and
composition of the molten slag. Further, iron oxide red was added to the molten slag in

an amount of 5wt% based on the weight of the molten slag to adjust the color of the

molten slag. Next, the molten slag was cast-molded at a temperature of 1400°C. The

cast-molded slag was maintained at a temperature of 900°C for 2 hours in a non-

reducing atmosphere, and then was gradually cooled to a room temperature within 4
hours. As a result, a product having a desired shape and size was obtained as needed.
The method for manufacturing a reconstituted stone raw material by using a

molten slag according to the embodiments of the present invention has the following

advantages:

1) An energy-saving and ettficient method for comprehensively utilizing the blast
furnace slag 1s provided;

2) The molten slag discharged from the blast furnace is directly utilized, thereby
not only saving the power consumption for melting a raw material, but also avoiding the
consumption of water for cooling the blast furnace slag by water quench and the
generation of the secondary waste; and;

3) The produced reconstituted stone raw material has such characteristics as stable

color quality, abrasion resistance, pressure resistance, strong adhesiveness, low

6
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coetficient ot expansion and low shrinkage ratio.
The present invention is not limited to the above embodiments, and various
modification and changes may be made without departing from the scope of the present

invention.
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CLAIMS:

1. A method for manufacturing a reconstituted stone raw material by using a

molten slag, comprising steps performed sequentially:

controlling a temperature of the molten slag at 1400°C-1500°C while

performing a cast-molding process on the molten slag; and

maintaining the cast-molded slag at a temperature of 800°C-1000°C for
1-5 hours in a non-reducing atmosphere, and then gradually cooling the cast-molded slag to a

room temperature within 2-5 hours to obtain the reconstituted stone raw matenal,

wherein the molten slag includes 10-40wt% of Al,O3, 5-25wt% of MgO,
10-50wt% of Si0,, 10-40wt% of CaO, 0.1-5wt% of T10,, 0.1-5wt% of FeO and 0.1-5wt% of
MnO, and wherein the molten slag is the molten slag directly discharged from a metallurgy

reactor or a remolten slag.

2. The method according to claim 1, wherein the molten slag includes 10-20wt%
of AL,O3, 5-10wt% of MgO, 20-35wt% of Si0,, 20-30wt% of Ca0, 0.1-5wt% of TiO,,
0.1-5wt% of FeO and 0.1-5wt% of MnO.

3. The method according to claim 1 or claim 2, comprising: before the cast-
molding process, introducing the molten slag into a pool for preserving heat and moditying,
maintaining a temperature of the molten slag in the pool at 1450-1600°C, and adjusting a
composition and/or a color of the molten slag in the pool according to requirements of a

resulting product.

4. The method according to claim 3, wherein a composition modifier to adjust the
composition is at least one of clay, porcelain clay, lodestone, pottery clay, feldspar and quartz

sand, and is added in an amount of up to 10wt% based on a weight of the molten slag.

. The method according to claim 3, wherein a color modifier to adjust the color

1s at least one of oxides of Ti, Cr, N1, Cu, Co and Fe, ore powders containing the oxides and
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industry wastes containing the oxides, and 1s added in an amount of up to Swt% based on a

weight of the molten slag.

6. The method according to claim 5, wherein the color modifier is red mud

generated by Al,O3; manufacture, or iron oxide red.

o 7. The method according to claim 1 or claim 2, wherein the cast-molding process

1s performed 1n a mold.

8. The method according to claim 1 or claim 2, wherein the cast-molding process

is performed without a mold.

9. The method according to claim 3, wherein the casting-molding process is

10 performed 1n a mold.

10. The method according to claim 3, wherein the casting-molding process is
performed without a mold.
11. The method according to claim 1 or claim 2, wherein the cast-molded slag is

cooled to the room temperature at a cooling rate of 1.5-10°C per minute.

15 12. The method according to claim 3, wherein the cast-molded slag is cooled to the

room temperature at a cooling rate of 1.5-10°C per minute.
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