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ABSTRACT
The object of the invention is to provide carbon-
containing refractories which give off little decomposition
gas having an offensive odor, exhibit excellent spalling
resistance, and are equal or.sﬁperior in kneading properties

and molding properties to the refractories containing a

phenolic resin as a binder; and a process for producing the

Ssanme.

To accomplished the object, the invention 1is

characterized by replacing a conventionally employed phenolic

resin binder with saccharified starch and/or reduced
saccharified starch, a binder comprising 40% to 80% by weight
of saccharified starch and/or reduced saccharified starch and
20% to 60% by weight of water, or a binder comprising 40% to
80% by weight of saccharified starch and/or reduced
saccharified starch, 1% to 25% by weight of water, and 5% to

50% by weight of an alcohol having a boiling point of not

lower than 80°C.
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SPECIFICATION

CARBON-CONTAINING REFRACTORY

AND PROCESS FOR PRODUCING THE SAME

Field of the Invention

This invention relates to a carbon-containing

refractory and a process for producing the same. More

particularly, it relates to a carbon-containing refractory

which gives off little decomposition gas (offensive

decomposition gas) and are excellent in spalling resistance,

kneading properties, and molding properties and to a process

for producing the same.

Background of the Invention

A phenolic resin has been widely used for mixing in

the kneading of carbon-containing bricks. A phenolic resin

used as a binder in kneading 2 mixture containing carbon,

such as graphite, exhibits excellent properties 1in kneading

following drawbacks or problems.

Firstly, a phenolic resin gives off decomposition

gases, such as water, hydrogen, ethylene, phenol, cresol, and

xylenol, when carbonized in a temperature range of from 350°C

to 650°C. Of these components, in particular, phenol,

cresol, and xylenol cause odor. For example, carbon-
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containing unburned bricks for use as a furnace lining

material are generally supplied as a product after only a
drying treatment at about 200°C, laid to form the inner wall

of a furnace, and preheated to about 1000°C before actual

use. In the preheating treatmeht, the phenolic resin

decomposes to generate decomposition gas, which is discharged

out of the furnace to cause air pollution and odor, etc.

Secondly, where a phenolic resin 1s used as a binder,
the resulting structure is dense and has- insufficient open

cells because of the excellent molding properties of the

phenolic resin. Therefore, the structure is liable to

destruction due to evolution of decomposition gas on heating.

That is, the brick after hardening by drying has a structure

with fewer open cells and little air permeability. Such a

structure, while contributing to improvement in brick

strength after drying, hinders escape of gas generated by

decomposition of the phenolic resin at temperatures higher

than the drying and hardening temperature. It follows that

the internal pressure 1lncreases, leading to destruction of

the structure or cracking. This phenomenon becomes more

conspicuous as the rate of temperature rise increases OI the

size of the brick increases. In order to prevent the

phenomenon it 1s necessary to strictly control the rate of

temperature rise until the temperature reaches a range in

which the phenolic resin no more generates decomposition gas.

In the case of unburned bricks, however, since the heat
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treating temperature for obtaining a product is generally

from 200°C to 300°C, it is difficult to have decomposition

gas completely removed before the bricks are supplied as a
product. In the production of carbon-containing burned

bricks, too, strict temperatdre'control in the drying and

burning steps involves many technical and economical

problems.

Thirdly, carbon produced from a phenolic resin 1s
glassy carbon inferior in resistance to spalling. That 1is,
where carbon—bontaining bricks are produced by using a
phenolic resin as a binder, although the phenolic resin has a

high residual carbon on burning, the resulting products have

poor spalling resistance.

Therefore, use of a phenolic resin is not preferred
in the production of carbon-containing bricks which are
required to have spalling resistance, and carbon-containing
bricks which do not use a phenolic resin have been sought.
Pitch-bonded type bricks using pitch as a binder are known to
meet the demand. However, pitch-bonded carbon-containing
bricks, while excellent in spalling resistance, are
disadvantageous in that pitch, which is solid at ordinary
temperatures, must be heated above the softening point and
kneaded (i.e., heat kneading). Besides, pitch is inferior to

a phenolic resin in kneading properties and molding

properties.
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A process comprising uniformly mixing a refractory
matrix material and fine powder of a carbon element, such as
carbon black, together with an aqueous solution or suspension
of a non-aromatic organic high-molecular compound, such as
polyacrylate, vinyl polymers; alcohol polymers, and methyl
cellulose, has been proposed as a process for producing
carbon-containing bricks without-ﬁsing a phenolic resin nor
pitch (see a Japanese national phase published patent
application No. Hei 7-504641). According to this technique,
however, the organic high-molecular compound such as
polyacrylate used in the form of an aqueous solution or
suspension has poorer kneading properties than a phenolic
resin, and the resulting molded articles have a low bulk
specific gravity. Further, the binder is inferior to a
phenolic resin in kneading properties and molding properties.

It is also known that hexahydric alcohols, such as
sorbitol, mannitol, and polysorbitol, are useful as a binder
of carbon-containing bricks (see JP-A-52-32912, the term "JP-
A" as used herein means an "unexamined published Japanese
patent application"). However, when these binders are used,
it is difficult to obtain products equal in anticorrosion to
those produced by using a phenolic resin.

As stated above, the prevailing phenolic resin 1s
excellent in kneading properties and molding properties

notwithstanding the above-mentioned first to third drawbacks.

There is no binder that is superior to a phenolic resin 1in
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kneading properties and molding properties and vet

economical. Accordingly, 1t 1s the state of the art to
employ a phenolic resin, accepting the first to third
drawbacks involved 1in it.

The present invention has been reached in the
light of the disadvantages of the pitch-bonded type, the
use of a non-aromatic organic high-molecular compound, and
the use of a hexahydric alcohol as well as the first to
third drawbacks associating the use of a phenolic resin.

An object of the present invention is to provide
carbon-containing refractories which give off little
decomposition gas having an offensive odor, exhibit
excellent spalling resistance, and are equal or superior
in kneading properties and molding properties to the
refractory materials containing a phenolic resin as a

binder; and a process for producing the same.

Disclosure of the Invention

The carbon-containing refractory and the process

for producing the same according to the present i1nvention

g—
-

rrom

involve the use of at least one binder selected

saccharified starch and/or reduced saccharified starch in
place of a phenolic resin that has conventiocnally been
used, thereby providing carbon-containing refractories and
a process for producing the same which meet the above-
described object.

Preferably, a binder comprising 40% to 80% by
weight of saccharifiedd starch and/or reduced saccharified

starch and 20% to 60% by weight of water is used.
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It 18 egpecially preferred that a binder
comprising 40% to 80% by weight of saccharified starch
and/or reduced saccharified starch, 1% to 25% by weight of
water, and 5% to 50% by weight o©of an alcohol having a
boiling point of not lower than 80°C be used.

According to one aspect of the present
invention, there 1s provided a carbon-contalning
refractory comprising a mixture containing refractory
aggregate and a carbon material, wherein the mixture
contains at least one binder selected from saccharified
starch and reduced saccharified starch (hereinafter
referred to as a first invention).

According to separate aspects of the present
invention, there is also provided a carbon-containing
refractory and a process for producing the same, wherein
a mixture containing refractory aggregate and a carbon
material 18 kneaded and molded, and wherein the mixture
further contains a binder comprising 40% to 80% by weight

of one or Dboth of saccharified starch and reduced

saccharified starch and 20% to 60% by welght of water
(hereinafter referred to as a second invention).

Also provided, as further aspects of the
invention, is a carbon-containing refractory and a process
for producing the same, wherein a mixture containing
refractory aggregate and a carbon material 1s kneaded and
molded, and wherein the mixture further contains a binder
comprising 40% to 80% by weight of one or both of
gsaccharified starch and reduced saccharified starch, 1% to
25% by weight of water, and 5% to 50% by weight of an

alcohol having a boiling point of not lower than 80°C
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(hereinafter referred to as a third invention).

The present invention also provides, as separate
aspects, a carbon-containing refractory and a process for
producing the same, wherein a mixture containing
refractory aggregate and a carbon material is kneaded with
less than 6% by weight o©of pitch powder and molded, and
wherein the mixture further contains a binder as defined
in any one of the 1** to 3* inventions (hereinafter
referred to as a fourth invention).

Additionally, the carbon-containing refractory
obtained in any one of the 1% to 4" inventions may be
heat-treated at a temperature not higher than 400°C and
then impregnated with pitch (hereinafter referred to as a

fifth invention).

The Best Mode for Carrving out the Invention

The carbon-containing refractory and the process

for producing the same according to the present i1nvention

will be explained below 1in detail. The terminoclogy

“carbon-
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containing refractory" as used herein 1s intended to include
shaped or amorphous ones and burned oOr unburned ones.

The saccharified starch and/or reduced saccharified
starch, which are the constituent components of the binder
characteristic of the present ihvention (1lst to 3rd
inventions), will be described with respect to their basic

functions.

One of their functions is to give a molding material

appropriate adhesiveness to inhibit spring back in molding
into bricks thereby to obtain a molded article of high

packing. Carbon-containing bricks are produced by molding a

molding material under high pressure into bricks. When

pressure is released, the molded article swells. A molded

article having a high density cannot be obtained unless this

phenomenon is suppressed. In the present invention (1lst to

3rd inventions), the saccharified starch and/or reduced
saccharified starch which constitute the binder produce a

suppressing action on the phenomenon to provide, as a result,

a molded article of high packing.

Another function of the saccharified starch and/or

reduced saccharified starch is to give sufficient strength to
a molded article after drying. Carbon-containing bricks,

often having a large size, require sufficient strength so

that they can be handled without being broken. The

saccharified starch and/or reduced saccharified starch used

in the present invention (1lst to 3rd inventions) impart
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even when it has a large size.

In order to enjoy the above-described two functions,

invention) es

and/or reduced saccharified starch.

The binder as well as 1ts constituent components are

explained in greater detail.
The binder according to the first invention 1s

characterized by comprising saccharified starch and/or

reduced saccharified starch. in the first invention, one of

n be used. While

not limiting, preferred examples include a mixture of starch

and intermediates of glucose that is obtained by hydrolysis

of starch, and a reduced saccharification product obtained by

reducing glucose. The reduced saccharification product may

contain a hexahydric straight-chain alcohol in a minor

proportion (hereinafter described in detail).

The action (function) of water, which is another

component constituting the binder used in the 2nd and 3rd

invention in addition to +he saccharified starch and/or

reduced saccharified starch according to the 1st invention 1s

then explained. In the 'nd and 3rd inventions water is used

for adjusting the viscosity of the binder.

saccharified starch and/or reduced saccharified starch are
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extremely easily soluble in water, the viscosity of the
binder comprising the saccharified starch and/or reduced
saccharified starch can easily be adjusted by addition of

water.

One of the requiremeﬁté of a binder is that it should
reduce the surface energy of a carbonaceous material, such as
graphite, in the kneading of a raﬁ'material for producing
carbon-containing bricks so as to facilitate molding and to
obtain high-density moldings. In other words, because a
carbon material having a large specific surface area 1s used
in the production of carbon-containing bricks, whether or not
a high-density molded article could be obtained depends on
how much the Surface enerqgy of the carbon material can be

reduced by uniformly coating the carbon material with a

binder in the kneading step.

The surface energy of a carbonaceous material, such
as graphite, can be reduced by using a binder comprising
saccharified starch and/or reduced saccharified starch and
water in the 2nd invention and by additionally using an
alcohol having a boiling point of not lower than B80°C in the
3rd invention. As a result, the mixture can easily be
molded, and the resulting molded article has a high density.

The binder characteristic of the 2nd invention and

the binder characteristic of the 3rd invention will be

further illustrated.

- 10 -
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The binder according to the 2nd invention 1is

characterized by comprising 40% to 80% by weight of
saccharified starch and/or reduced saccharified starch and
20% to 60% by weight of water. The saccharified starch
and/or reduced saccharified starch to be used in the binder
of the 2nd invention can be one of them or a mixture of two
or more of them similarly to the ist invention. While not
limiting, preferred examples include a mixture of starch and
intermediates of glucose that is obtained by hydrolysis of

starch, and a reduced saccharification product obtained by

reducing glucose. The reduced saccharification product may

partly contain a hexahydric straight-chain alcohol (1i.e.,
hexahydric polyols, e.g., sorbitol, mannitol, and
polysorbitol). Note that binders consisting solely of
sorbitol, mannitol, polysorbitol, etc. or those containing
these polyols in a large amount generally have a low
viscosity (though the viscosity of the binder can be adjusted
by adjusting the proportion of water) and, in addition, are
inferior in kneading properties and molding properties to the
binders of the present invention (lst to 3rd inventions).

Therefore, the binder according to the present invention (lst

to 3rd inventions) does not include sorbitol, mannitol,

polysorbitol, etc. singly nor binders containing these

polyols in a large amount. In the present invention (1lst to

3rd inventions), it is necessary for the saccharified starch

and/or reduced saccharified starch to contain a proper amount
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of polysaccharides in order for the binder to have proper
kneading properties and molding properties.

The proportion of the saccharified starch and/or
reduced saccharified starch in the binder of the 2nd
invention ranges from 40% to 80% by weight, preferably 60% to
75% by weight. If it is less than 40% by weight, the molding
material is less adhesive and sh&&s considerable spring back
on molding, failing to provide a molded article having the
same or more denseness than that produced by using a phenolic
resin. If the proportion exceeds 80% by weight, the binder
is too viscous to be dispersed in the molding material
uniformly.

Water in the binder of the 2nd invention is used for

adjustment of the viscosity of the binder as previously

described. It is used in a proportion of 20% to 60% by
weight, preferably 30% to 50% by weight. If the proportion
of water is less than 20% by weight, the binder 1is too
viscous to sufficiently coat the surface of a carbonaceous
material, failing to provide high-density molded articles.
If the proportion exceeds 60% by weight, the molding material
has extremely reduced adhesiveness, undergoing considerable
spring back.

The binder according to the 3rd invention 1is
characterized by comprising three components, 1.e., an
alcohol having a boiling point of not lower than 80°C in

addition to the binder components of the 2nd invention.

- 12 -
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Namely, the binder of the 3rd invention is characterized by
comprising 40% to 80% by weight of saccharified starch and/or
reduced saccharified starch, 1% to 25% by weight of water,
and 5% to 50% by weight of an alcohol having a boiling point
of not lower than 80°C.

If the mixture contains aluminum or an aluminum
alloy, or if basic aggregate, suéﬁ as dolomite, magnesia or
spinel, is used as refractory aggregate, these substances
react with water present in a binder, resulting in a failure
of preparing a satisfactory molding material.

In such cases, the amount of water should be
minimized. This problem is solved by the 3rd invention.
That is, in the 3rd invention, the amount of water 1is
decreased by incorporating an alcohol having a boiling point
of not lower than 80°C as hereinafter described in detail.

The saccharified starch and/or reduced saccharified
starch to be used as a constituent component of the binder
according to the 3rd invention can be one of them or a

mixture of two or more of them similarly to the 1lst and 2nd

inventions. Useful examples include a mixture of starch and

intermediates of glucose that is obtained by hydrolysis of

starch, and a reduced saccharification product obtained by
reducing glucose. Similarly to the 2nd invention, the

proportion in the binder is 40% to 80% by weight, preferably

60% to 75% by weight, for the same reasons as mentioned above

as for the 2nd invention (omitted here).
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The alcohol having a boiling point of not lower than
80°C, which is the constituent component of the binder of the
3rd invention, includes glycols, such as ethylene glycol and
diethylene glycol, and monohydric alcohols, such as
2-propanol, l-butanol, and lépéntanoi. Whichever it may be,
it must have a boiling point of 80°C or higher. If an
alcohol whose boiling point 1s l&ﬁer than 80°C is used, the
alcohol will vaporize during kneading to increase the
viscosity of the binder, failing to provide a satisfactory
mixture. While the upper limit of the boiling point is not
particularly specified, it is preferably about 250°C for the
sake of production.

The alcohol having a boiling point of not lower than
80°C should be used in an amount of 5% to 50% by weight,

preferably 10% to 30% by weight. If the amount is less than

5% by weight, the surface of a carbonaceous material cannot
be coated sufficiently by the binder so that a high-density

molded article can hardly be obtained. If it exceeds 50% by

weight, the molding material has extremely reduced
adhesiveness and undergoes considerable spring back.

Water, the essential component of the binder of the
3rd invention, is used for the purpose of adjusting the
viscosity of the binder as stated previously. Unlike the 2nd
invention, it is preferably used in an amount of 1% to 25% by
weight, still preferably in an amount of 10% to 20% by

weight. If the proportion of water exceeds 25% by welight,

- 14 -
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where the mixture contains metal, such as aluminum or an
aluminum alloy, or where basic aggregate, such as dolomite,
magnesia or spinel, is used as refractory aggregate, the
metal or basic aggregate reacts with water present in the
binder, resulting in a failure of previding a satisfactory
molding material. Thus, the proportion of water in the
binder of the 3rd invention 1is liﬁited to 25% by weight at
the most.

The saccharified starch and/or reduced saccharified

starch are easily soluble in water but sparingly soluble in

alcohols, such as glycols. Therefore, use of a small amount

of water as a solvent 1is preferred to use of an alcohol as a

sole solvent. If the amount of water is less than 1% by
weight, it is difficult to adjust the viscosity of the binder
comprising the saccharified starch and/or reduced
saccharified starch and an alcohol having a boiling point of

not lower than 80°C. Accordingly, the proportion of water in

the binder according to the 3rd invention is preferably 1% by

welght or more.

As stated above, the binder according to the 2nd
invention 1s characterized by comprising two components,
i.e., 40% to 80% by weight of saccharified starch and/or
reduced saccharified starch and 20% to 60% by weight of
water, and the binder according to the 3rd invention 1s

characterized by comprising three components, i.e., 40% to

80% by weight of saccharified starch and/or reduced

- 15 -
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saccharified starch, 1% to 25% by weight of water, and 5% to
50% by weight of an alcohol having a boiling point of not
lower than 80°C. As long as the proportions of these
components fall within the above specified respective ranges,
the resulting molded article'ié equal or superior in density
and denseness to that obtained by using a phenolic resin
while the proportions vary depending on the kind and
composition of the kneaded material, for example, the kind of
the refractory aggregate or carbon material used or the

composition of the kneaded material containing aluminum Or an

aluminum alloy. The amount of the binder to be used suitably

ranges from 1% to 5% by weight based on the kneaded material,
while varying on the composition of the binder used and the

kind and composition of the kneaded material. This also

applies to the 1lst invention.

The carbon-containing refractory and the process for
producing the same according to the present invention include
an embodiment in which a mixture containing refractory
aggregate and a carbon material 1s kneaded with less than 6%
by weight, preferably 0.2% to 3% by weight, of pitch powder
and molded by using the binder according to the lst to 3rd
inventions (4th invention) as hereinafter described in

detail. In this embodiment, the binder is preferably added

in an amount of 1% to 5% by weight based on the kneaded

material.
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The carbon-containing refractories and the process

for producing the same according to the present invention

include an embodiment in which a mixture containing
refractory aggregate and a carbon material, or a mixture
containing refractory aggregaté, a carbon material, and less
than 6% by weight of pitch powder is kneaded together with
the binder according to 1lst to de inventions and molded, and

the resulting molded article is heat-treated at a temperature
of not lower than 400°C and then impregnated with pitch (5th

invention) as hereinafter described in detail.
The refractory aggregate which can be used 1n the

present invention include alumina of various kinds, magnesia,

spinel, zirconia, and dolomite. The carbon material to be
used is not particularly limited and includes graphite, coke,

and carbon black. The present invention is also applicable

to carbon-containing refractories containing known additives,

such as aluminum and silicone, according to necessity, which

is also included in the present invention.

Action:

All of the outstanding problems the present invention

aims to solve can be solved by using the binder according to

the present invention (1lst to 3rd inventions). Because the

binder of the present invention (1lst to 3rd inventions) does
not generate harmful components, such as phenol, cresol, and

xylenol, during carbonization, the carbon-containing

refractory produced by using the binder of the present
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invention (1lst to 3rd inventions) shows marked improvements

on the problems of air pollution and odor accompanying

preheating of a furnace. Since most of the volatile content

vaporizes in the drying treatment at about 200°C, leaving

little volatile matter that might vaporize at higher

temperatures, the structure can be prevented from destruction

by generation of decomposition gas. NO glassy carbon, which

reduces spalling resistance, 1s produced, thereby making it

possible to supply carbon-containing refractories excellent

in spalling resistance. The binder of the present invention

(1st to 3rd inventions) produces fewer carbon bonds than in
using a phenolic resin when burned because of its lower
residual carbon than a phenolic resin and 1s yet equal to a
phenolic resin binder in terms of providing refractory bricks
having resistance to corrosive slag, which is the most
important property required of fire bricks, by virtue of the
same or higher packing in molding than 1in using a phenolic

resin.

Thus, the carbon-containing retfractory produced by

using the binder of the present invention (1lst to 3xd

inventions) exhibits excellent resistance against cracking

caused by decomposition gas of the binder or cracking due to

thermal spalling and are equal to those produced by using a

phenolic resin binder 1in anticorrosion. Further, it 1s

casier for the binder of the present invention (lst to 3rd

inventions) than for a phenolic resin binder to be combined
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with pitch powder, thereby making it feasible to provide

pitch-bonded carbon-containing refractories by using pitch

powder.

Consequently, the carbon-containing refractory of the
present invention are also characterized in that a mixture

containing refractory aggregate and a carbon material is
kneaded with less than 6% by weight, preferably 0.2% to 3% by
weight, of pitch powder by using the binder according to the

1st to 3rd inventions and molded (4th invention). The two

bonding means chiefly used in conventional carbon-containing
bricks are resin bonding using a phenolic resin and pitch

bonding in which pitch is used for heat-kneading at a

temperature'at or above its softening point. Use of the

binder of the present invention (1lst to 3rd inventions) makes
it possible to produce pitch-bonded carbon-containing

refractories (carbon-containing bricks) by kneading at

ordinary temperatures.

Describing in detail, conventional pitch-bonded
bricks have been produced by mixing under heating at or above
the softening point of pitch because pitch is solid at

ordinary temperatures, whereas the binder of the present

invention (1lst to 3rd inventions) allows pitch to be used as

powder.

Pitch added as powder softens' in the temperature

range of the drying treatment and diffuses throughout the

brick structure to form pitch bonds. Pitch bonds can be
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formed by using a phenolic resin in the similar manner, but

the bonds in the resulting bricks are predominantly made up

of glassy carbon resulting from the resin. That 1is, pitch

bonds serve only secondarily and are not always sufficient

for compensating for the poor spalling resistance of resin

bonds.

To the contrary, the carbon bonds formed by using the

binder of the present invention (1lst to 3rd inventions) in
combination with pitch powder contain no glassy carbon and

exhibit excellent spalling resistance equally to pitch-bonded

carbon-containing bricks. Since kneading can be carried out

at ordinary temperatures, the carbon-containing bricks of the

4th invention are superior to the conventional pitch-bonded

ones in working environment and cost.

The pitch which can be used in the present invention

(4th invention) is not particularly limited in kind. From

the standpoint of diffusibility through the structure during
drying, pitch having a softening point of 100°C to 350°C and

a fixed carbon content of 60% by weight or more which softens

at or below the drying temperature is preferred. In the

present invention (4th invention), the amount of pitch added

should be less than 6% by weight, preferably 0.2% to 3% by

weight. The reason for limiting to less than 6% by weight 1s

that more than 6% by weight of pitch causes a marked increase

in porosity, resulting in reduction of durability. Pitch can

be incorporated into the mixture by mixing into the
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refractory aggregate or carbon material or by adding to the

binder.

The carbon-containing refractories produced by using

the binder according to the present invention (1lst to 3rd

inventions), inclusive of the 4th invention, are also
characterized in that the most of the volatile content

vaporizes during drying at about 200°C to provide a dried

molded article with numerous open cells. Therefore, only a

drying treatment suffices to provide such a molded article

that can be impregnated with a secondary binding agent, such

as pitch. Accordingly, the carbon-containing refractories

according to the present invention are characterized in that
a molded article obtained by mixing together with the binder

followed by molding is subjected to heat treatment at a

temperature or 400°C or lower and then impregnatedwith pitch

(5th invention).
When a conventional phenolic resin binder is used,

the structure after drying has many closed cells. That 1is, a

heat treatment alone is not sufficient for carrying out

impregnation. It is not until the dried piece 1s subjected

to coking that it can be impregnated. This has incurred high

extra cost.

To the contrary, where the binder of the present

invention (1lst to 3rd inventions) is used, impregnation can

be conducted simply after drying. This will make a great

reduction in cost for producing impregnated products and
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allow an impregnation step to be applied even to cheaper

products, thereby supplying highly durable and yet

inexpensive impregnated products. It is safe to say that the

present invention is innovative from this viewpoint. 1In the

5th invention, the temperature of the heat treatment before

impregnation is limited to 400°C or lower. A heat treatment

at temperatures exceeding 400°C comes in the area of coking,

bringing little advantage in costs.

The carbon-containing refractories according to the
present invention (lst to 5th inventions) have excellent
spalling resistance and anticorrosion and are useful as not

only a lining material for steel making containers but also

functional refractories for continuous casting.
Examples:

The present invention will now be illustrated in
detail by way of Examples and Comparative Examples, but it
should be understood that the present invention is not deemed
to be limited thereto.

Examples of binder compositions according to the present
invention and examples of comparative compositions:

In table 1 below are shown examples of the binder

compositions according to the present invention and those of

comparative compositions. Binder A is an example of the

binder according to the 2nd invention, and binders B to F are
examples of the binder according to the 3rd invention.

Binder F is a composition out of the range of the binder
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according to the 2nd invention; and binders G and H are

compositions out of the range of the binder according to the

3rd invention: all the binders F to H are for the sake of

comparison. Binder I is a conventional binder comprising

sorbitol (see JP-A-52-32912); which is presented for

comparison.

TABLE 1

Binder

ﬂﬂ
e [l P
starch
s
saccharified
starch
 sorbitol | - |- | -] -|-[-]-[-] 70
e |- o[ el
glycol
vaer |40 15|10 10|20 [ 70 30] 5] 30 _

Note: Binder A: Binder of 2nd invention

Binders B to E: Binders of 3rd invention

Binders F to I: Comparative examples
As shown in Table 1, the binder according to the
present invention can be either one of saccharified starch
and reduced saccharified starch (binders A, C, and E) or a
combination of two or more thereof (binders B and D).

EXAMPLES 1 TO 6

Raw materials shown in Table 2 below were compounded

together with binder A, B or D according to the mixing ratio
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shown. The mixture was molded under pressure of 1800 kgf/cm’

into bricks of 230 x 114 x 65 mm. The molded articles were

baked at 200°C for 10 hours to prepare samples.

Examples 1 to 3 provide examples of applying binder A
or B to Al,0;,-C bricks; Examples 2 and 4 to 6 are examples of

applying binder B or D to MgO-C bricks; and Examples 1, 2,

and 6 are examples of impregnation with pitch. The

impregnation with pitch was carried out by impregnating a

baked sample with heated pitch.

The bulk specific gravity after molding (hereinafter
referred to as post-molding bulk specific gravity) and the

apparent porosity of each sample after drying, after

impregnation and after burning were measured. The results

obtained are shown in Table 2. Further, a corrosion test and

a thermal spalling test were conducted as follows. The

results of the tests are also shown in Table 2.

In the corrosion test, steel was melted in a high-

frequency induction furnace, and the steal manufacture slag

was used as a corrosive at 1650°C. The results, converted to

indices, are shown in Table 2 as an anticorrosion index. The

thermal spalling test was carried out by preliminarily

burning a sample of 40 x 40 x 230 mm at 1000°C and dipping

the sample in molten steel at 1650°C. The number of cracks

generated thereon was coded into numerals in accordance with

given rules (see Taikabutsu, Vol. 44, No. 2, p. 75 (1992)).

The results obtained and converted into indices are shown in

- 24 -
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Table 2 as "spalling resistance index". The greater these

indices, the more satisfactory.

TABLE 2

Examples 1 to 6

Example No.

Impregnation

I
Resol”? [ - | - | - | - | - | - |
done
3.15

Gravity
Drying
Apparent | After
Porosity | Impreg- 3.0 1.0 1.0
(%) nation
Burning .
Anticorrosion 70 | 140 60 | 100 | 110 130
Index - _
Spalling
200 100 220 130 140 140

- 25 —
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Note: *]1: Pitch powder having a softening point of 150°C.
*2: Resol type phenolic resin.
*3: The greater, the better.

*4: The greater, the better.

COMPARATIVE EXAMPLES 1 TO 7

For comparison, raw materials were compounded
together with the binder shown iﬁ’Table 3 (see Table 1) at a
mixing ratio shown in Table 3, and samples were prepared in
the same manner as in the foregoing Examples (Comparative
Examples 1 to 7). The post-molding bulk specific gravity,
the apparent porosity after drying, after impregnation and
after burning, the anticorrosion index, and the spalling

resistance index of each sample were measured in the same

manner as in the foregoing Examples. The results obtained

are shown in Table 3.

Comparative Examples 1 to 3 are examples of using

binders F, G or H shown in Table 1 which are out of the range

of the compositions of the binder according to the 2nd and

3rd inventions. Comparative Example 4 is an example in which
binder A (an example of the composition of the binder
according to 2nd invention) is applied to MgO-C bricks
containing aluminum. Comparative Examples 5 and 6 are

examples in which a resol type phenolic resin (hereinafter

simply referred to as resol) is used as a binder

(conventional). Comparative Example 7 is an example of using

sorbitol alone as a binder (binder I, see Table 1).
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TABLE 3

Comparative Examples 1 to 7

Comparatlve Example No.

I I B A B B A
agnesia || os |85 [ o5 | - |85 | s
Flaky Graphite | 10 | 15 | 15 | 15 | 10 | 15 | 15
carbon procx | - | - | - [ - [ |- -

Aluminum _---_--

Kind of
Binder

i
with Pltch
%0 B ) B X X
Gravity
rying
Apparent Af ter
Porosity Impreg—
(%) nation
Burnlng
Anticorrosion 80
Index’

Spalling
Resistance
Index“‘

Note: *1: Pitch powder having a softening point of 150°C.

*2: Resol type phenolic resin.
*3: The greater, the better.

*4: The greater, the better.

- 27 -
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As is apparent from Table 2, it is understood that

the samples of Examples 1 through 6, in which binders A, B
and D falling within the range of the 2nd and 3rd inventions
are used, have a great post-molding bulk specific gravity and
exhibit excellent resistance'against'corrosion and spalling.

To the contrary, the sample of Comparative Example 1,

in which binder F is used, has an extremely small
anticorrosion index, the binder F being out of the range

specified in the 2nd invention and comprising 30% by weight

of saccharified starch and 70% by weight of water. 1In

Comparative Example 2 using binder G which contains a small

amount (30 wt%) of saccharified starch and is out of the

range of the 3rd invention, the sample has a small

anticorrosion index, too, a small spalling resistance index,

and a low post-molding bulk specific gravity.

In Comparative Example 3, on the other hand, where
binder H which contains a large quantity of saccharified
starch (90 wt%) and is out of the range of the 3rd invention
is used, the sample has a low post-molding bulk specific

gravity, a small anticorrosion index, and a small spalling

resistance index. Where binder A according to the 2nd
invention is applied to MgO-C bricks containing aluminum, the
resulting bricks are inferior in anticorrosion and spalling

resistance, and the post-molding bulk specific gravity 1is

low, as is observed in Comparative Example 4. 1In this case,

use of binder B or D brings about improvement in

- 28 -
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anticorrosion as is observed in Example 4 (see Table 2). It

can be seen from this fact that the binder according to the
3rd invention is preferably applied to MgO-C bricks

containing aluminum, etc.

Comparison between EXample 4'and Example 5 reveals

that incorporation of pitch powder brings improvement in

anticorrosion and spalling resistance, and comparison between

Example 5 and Example 6 indicates that impregnation with
pitch brings improvement in anticorrosion (see Table 2).

On comparing Comparative Example 5, which 1s an
example of the conventional technique of using resol, and
Example 3 corresponding thereto, it is seen that the sample

of Example 3 has a greater post-molding bulk specific gravity

than the sample of Comparative Example 5. This proves that

the same or higher packing as obtained in using resol can be
secured by using binder B according to the 3rd invention. It
is seen from the results of the corrosion test and the
thermal spalling test that Example 3 is equal 1in
anticorrosion and markedly superior in spalling resistance to
that of a conventional product (Comparative Example 5).

These tendencies of post-molding bulk specific gravity,
anticorrosion, and spalling resistance are also observed on

comparing Example 4 and Comparative Example 6. In

Comparative Examples 5 and 6 using cresol as a binder,

generation of decomposition gas (offensive decomposition gas)
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was observed. Generation of such offensive decomposition gas

was not observed in Examples 1 to 6.

The sample of Comparative Example 7 in which sorbitol
was used alone was inferior to the sample of corresponding
Example 4 in post-molding bulk'specific gravity and

anticorrosion.

It has now been proved that the refractories
according to the present invention (see Examples 1 to 6) are

equal or superior to conventional refractories (see

Comparative Examples 5 to 7) in terms of anticorrosion and
spalling resistance that are basic characteristics demanded

for refractories and will show high durability when used as a

lining material of, for example, steel making containers.

Industrial Applicability

As has been described in detail, the present

invention is characterized by using, in place of a phenolic

resin that has conventionally been used,

at least one binder selected from saccharified starch
and/or reduced saccharified starch (1lst invention);

a binder comprising 40% to 80% by weight of
saccharified starch and/or reduced saccharified starch and
20% to 60% by weight of water (2nd invention); or

a binder comprising 40% to 80% by weight of

saccharified starch and/or reduced saccharified starch, 1% to

25% by weight of water, and 5% to 50% by weight of an alcohol

having a boiling point of not lower than 80°C (3rd

- 30 -
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invention). By virtue of these characteristics, the present
invention produces outstanding effects. That is, the carbon-

containing refractories according to the present invention
give off little decomposition gas or odor to environmental
advantage, exhibits excellent épallihg resistance, and are
equal or superior in kneading properties and molding
properties to those produced by uéing a phenolic resin.
According to the 3rd invention, in particular, since
the amount of water is smaller than in the 2nd invention, the
binder of the 3rd invention is suited to refractories
containing basic aggregate, such as dolomite, magnesia oOrx

spinel, as refractory aggregate or those containing aluminum

or an aluminum alloy.

The carbon-containing refractories according to the
present invention (4th invention) are characterized in that a
mixture containing refractory aggregate and a carbon material
is mixed and kneaded with less than 6% by weight of pitch
powder by using the binder of the 1lst to 3rd inventions and
molded. The combined use of the binder of the 1st to 3rd
inventions and pitch powder provides carbon-containing
refractories which exhibit excellent spalling resistance
similarly to the conventional pitch-bonded carbon-containing
refractories. Since kneading can be conducted at ordinary
temperatures, the present invention is more advantageous than
conventional pitch-bonded carbon-containing refractories from

considerations of the working environment and cost.
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Further, the carbon-containing refractories according
to the present invention (5th invention) are characterized by
subjecting the molded article obtained in the 1lst to 4th
inventions to heat treatment at a temperature of not higher
than 400°C and then impregnating the piece with pitch. Such
a means alone as drying at 400°C or lower makes 1t possible
to impregnate the molded article Qith a secondary binder,
thereby providing highly durable impregnated products.

The carbon-containing refractories according to the
present invention can be used as a lining material for steel
making containers as carbon-containing refractories with
excellent spalling resistance and anticorrosion. They are

also useful as functional refractories for continuous

casting.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A carbon-containing refractory comprising a mixture
containing refractory aggregate and a carbon material,

wherein sald mixture further contains one or more binders

selected from saccharified starch and reduced saccharified

starch.

2 . A carbon-containing refractory produced by kneading
and molding a mixture containing refractory aggregate and
a carbon material, wherein the mixture further contains a
binder comprising 40% to 80% by weight of one or both of

saccharified starch and reduced saccharified starch, and

20% to 60% by weight of water therefor.

3. A carbon-containing refractory produced by mixing and
molding a mixture containing refractory aggregate and a
carbon material, wherein the mixture further contains a
binder comprising 40% to 80% by weight of one or both of
saccharified starch and reduced saccharified starch, 1% to
25% by weight of water, and 5% to 50% by weight of an

alcohol having a boiling point of not lower than 80°C

therefor.

~33 -
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4., A carbon-containing refractory produced by mixing a
mixture containing refractory aggregate and a carbon
material with less than 6% by weight of pitch powder,
wherein the mixture further contains a binder as defined
in any one of claims 1, 2 and 3, and molding the mixture

therefor.

5. A carbon-containing refractory produced by subjecting
the carbon-containing refractory as defined in any one of
claims 1, 2, 3 and 4 to heat treatment at a temperature
not higher than 400°C and then impregnating heated

refractory with pitch.

6. A  process for producing a carbon-containing
refractory comprising kneading and molding a mixture
containing refractory aggregate and a carbon material
wherein the mixture further contains a binder comprising
40% to 80% by weight of one or both of saccharified starch

and reduced saccharified starch, and 20% to 60% by weight

of water therefor.

7 . A process for producing a carbon-containing
refractory comprising kneading and molding a mixture
containing refractory aggregate and a carbon material
wherein the mixture further contains a binder comprising
40% to 80% by weight of one or both of saccharified starch
and reduced saccharified starch, 1% to 25% by weight of
water, and 5% to 50% by weight of an alcohol having a

boiling point of not lower than 80°C therefor.

34 -
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8. A process for producing a carbon-containing
refractory comprising adding less than 6% by weight of
pitch powder to a mixture containing refractory aggregate
and carbon material, wherein the mixture further contains
a binder as defined in claim 6 or 7, and molding the

mixture.

9. A process for producing a carbon-contalning
refractory comprising heat treating the carbon-containing
refractory produced according to the process defined in
any one of claims 6, 7, and 8 at a temperature not higher

than 400°C and then impregnating the heated refractory with

pitch.

-35-
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