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ABSTRACT

The cement-free, castable refractory composition Ior

producing dense cast refractories according to the present
invention comprises 70-98 weight % of relfractory aggregate
regulated to have a particle size of 10 mm or less, 2-30
weight % of ultrafine refractory powder having a particle size
of 10 um or less, and 0.01-1.0 weight % (outer percentage),
based on 100 weight % of the refractory aggregate + the
ultrafine refractory powder, of a dispersing agent. The
cement - free, castable refractory composition tempered with
water or other tempering liquids to have a castable
flowability or the factory-premixed, cement -free, castable
refractory composition is conveyed to a gunning nozzle by a

pump, and a coagulant is added to the tempered refractory

material together with compressed air in the nozzle to carry

out gunning.
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CASTABLE REFRACTORY COMPOSITION FOR
PRODUCING DENSE CAST REFRACTORIES

AND WET-GUNNING METHOD THEREOF

FIELD OF THE INVENTION

The present invention relates to a cement-free,
castable refractory composition for producing dense cast
refractories usable as linings of vessels for molten metals
such as ladles, tundishes, troughs, etc., and a method for
wet-gunning 1t

Refractory materials for linings of vesgsels for
molten metals have lately been changing from bricks to easy-
to-apply castables, as the cast refractories have been
provided with more and more i1mproved durability. However,
casting methods are still disadvantageous 1in terms of time and
labour needed for placement of forms 1n casting, on the other
hand, gunning methods contribute to reduction 1in time and
labour consumption and provide versatility in repair, because
these methods do not require the placement of forms and allow
partial repair to be done quickly. Accordingly, the gunning
methods have been finding more and more applications.

Most widely used now 1s a dry-gunning method.
However, it produces refractory layers with poor durability
and brings about rebounds and dust, resulting in a poor
working environment. To overcome the problems of the dry-
gunning methods, developments have thus been made recently to

provide various gunning methods such as a semi-dry gunning

method, a wet-gunning method, etc., and refractory materials therefor.
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In the semi-dry gunning method, the gunning

refractory material is premixed with a part of the necessary

water by a mixer,
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pneumatically conveyed to a gunning nozzle by a dry-gunning
machine, mixed with the remaining water, or with a solution or a
suspension containing a hardening agent in the gunning nozzle (or
before reaching the gunning nozzle), and then gunned through the
nozzle. The semi-dry gunning methods are exemplified in Japanese
Patent Laid-Open No. 61-111973, and Japanese Patent Publication
Nos. 2-27308, 6-17273, 5-63437 and 5-21866, etc.

Japanese Patent Laid-Open No. 61-111973 discloses the
combination of a hardening accelerator and sodium silicate as a
binder, and Japanese Patent Publication Nos. 2-27308, 6-17273
disclose low-cement castables as gunning materials. Also, both of
Japanese Patent Publication Nos. 5-63437 and 5-21866, owned by the
same applicant, disclose castable refractory materials containing
ultrafine powder and dispersing agents, which are not hardened at
room temperature. Specifically, in the former reference a refractory
clay 1s used as an indispensable component and hardened by Ca(OH),,
sodium silicate or sodium aluminate introduced at a nozzle to improve
the resistance to dry-explosive spalling. In the latter reference, a
refractory composition to which a moisture retention agent is added is
premixed with water in an amount of 1/5-3/4 of the normally
required amount in a factory to provide a wet mixture, which is then
hardened by sodium silicate, sodium aluminate or colloidal silica
introduced at a nozzle.

Though improvements were achieved to some extent in

these gunning methods in reducing dust generation and rebound loss,
these gunning methods still produce refractory layers with poor
adhesion, homogenetty and density, since the refractory materials

should be mixed instantaneously with water or an aqueous solution in
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a nozzle, resulting in poor mixing at an unstable water ratio.
On the other hand, the wet-gunning method 1s a
method in which gunning refractories are premixed with all of
water required for gunning, or a method in which factory-
premixed refractories delivered in a premixed form are gunned.
In the wet-gunning methods, it 1s possible to add a small
amount of an agqueous solution of a hardening agent or a
hardening-adjusting agent to the gunning refractories in a
nozzle. The wet-gunning methods are classified into a
pneumatically conveying method by a gunning machilne and a
pump-conveying method, depending on how the gunning materials
are to be conveyed. In the case of the pumping method,
compressed air is introduced into the nozzle to spray
refractory materials. The present invention belongs to the
latter category. Depending on the amount of water added,
there are provided gunning materials with various work
abilities ranging from a plastic level to a slurry level.
These wet-gunning methods are exemplified in
Japanese Patent Publication Nos. 57-7350, 62-21753, 2-33665,
2-1795, etc. Because the gunning materials disclosed 1in
Japanese Patent Publication No. 57-7350 are in the form of a
slurry having a water content of 10-20%, they are not expected
to be placed into dense refractory layers suitable for linings
of vessels for molten metals. In the methods of the latter
three Patent Publications, the gunning refractory materials
are delivered in the form of a moist premix with water or a

solution, making it possible for them to be produced and

- 3 -
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solution, making it possible for them to be produced and
stored in factories as in the present invention. These wet-
gunning methods contribute to the reduction of labour and the
improvement of working environment because tempering 1s not
needed at the gunning site.

However, these conventional methods do not utilize
the dispersion action of ultrafine refractory powder to reduce
the amount of water added. They are also still not different
in composition from refractory materials of the previous
generations, for instance, because of maximum size of 4 mm or
less in particles contained in the gunning materials. In
addition, they use gunning machines as refractories conveying
means. Accordingly, the gunned refractory layers are
insufficient in denseness and thus considerably poor 1in
durability, as compared with those produced from castable
refractory materials, particularly dense castables.

Accordingly, an object of the present invention 1is
to provide a cement-free castable refractory composition
capable of producing dense cast refractories having high
density, strength and corrosion resistance at a low water
content, and a method for gunning such a cement-free castable
refractory composition.

When ultrafine refractory powder 1s dispersed 1n
water, there are two types of force, an attraction force and a
repulsion force, working among the suspended particles, and an

aggregate force of these two forces i1s applied to the
particles. The attraction force is a van der Waals force, and

the repulsion force is an electrostatic force between electric

- 4 -
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that the attraction force becomes relatively larger than the repulsion
force, resulting 1n rapid coagulation of the ultrafine refractory
powder. What utilizes this mechanism is called dense castable
refractory materials such as ultra-low-cement castables, low-cement
castables, etc. Particularly in the ultra-low-cement castables
containing 3 weight % or less of alumina cement, it may be regarded
that the alumina cement functions as a coagulant.

However, 1t 1s of course impossible to achieve good
workabilities at a low-water content simply by adding both of the
dispersing agent and the coagulant to the refractory materials,
because both additives having opposite properties act simultaneously.
Nevertheless, actual refractory materials are usually provided as
products containing both dispersing agent and coagulant.
Accordingly, the refractory material should have such a composition
as to have a mechanism that in a case where the refractory material
tempered with a small amount of water is cast while good workability
1s available by the function of the dispersing agent, setting takes place
by the function of the coagulant after the lapse of a certain period of
time.

There have been known methods for that purpose; (i) a
method using as a coagulant a material such as alumina cement
slowly dissolving away 1ons 1n water and adding a setting retarder for
suppressing the release of 1ons, and (11) a method using a coagulant
having a high dissolving speed, the coagulant being pre-coated with
such materials as gelatin, casein, gum arabic, etc. to retard the
coagulation. Nevertheless, 1t 1s very difficult to adjust each of the
working time (time period 1n which flowability is maintained) and the

setting ttme (time until which setting finishes) within a

.5 .
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predetermined range depending on the variations of ambient
temperature, the temperature of an article on which wet-gunning is
applied and working environment, which is an important problem to

be overcome.

DISCLOSURE OF THE INVENTION

To cope with problems accompanied by the mechanism
that the coagulant functions after the lapse of time in the wet-
gunning method, it is necessary that the coagulant exhibits its
function immediately after introduction into the nozzle. Namely, it is
a primary condition that the coagulant instantaneously exhibits a
sufficient coagulating effect to adhere a gunned refractory material to
a surface while keeping its shape (without slumping). As a result of
various research, the inventors have found that the above problems
can be solved in the wet-gunning method by tempering a refractory
composition comprising ultrafine refractory powder and a dispersing
agent with water or other tempering liquids so as to have castable
flowability, conveying the tempered mixture to a gunning nozzle by a
pump, adding a coagulant to this mixture together with compressed
alr 1n the nozzle, and gunning the resulting mixture through the
gunning nozzle. The present invention is based on this finding.

Thus, the cement-free, castable refractory composition for
producing dense cast refractories according to the present invention
comprises 70-98 weight % of refractory aggregate regulated to have a
particle size of 10 mm or less, 2-30 weight % of ultrafine refractory
powder having a particle size of 10 pm or less, and 0.01-1.0 weight %

(outer percentage), based on 100 weight % of the refractory aggregate

+ the ultrafine refractory powder, of a dispersing agent.
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The factory-premixed, cement-free, castable
refractory composition according to the present invention
comprises a mixture of the above cement-free, castable
refractory composition and a thickener, the mixture beling
premixed with water or other tempering liquids in advance 1n a
factory in such an amount as to provide the mixture with a
castable flowability.

The method for wet-gunning a cement-free castable
refractory composition according to the present invention
comprises the steps of; a) conveying the above cement-free
castable refractory composition tempered with water or other
tempering liquids so as to have a castable flowability, or a
factory-premixed, cement-free, castable refractory composition
defined herein to a gunning nozzle by a pump;

b) adding a coagulant to the tempered mixture together with
compressed air in the gunning nozzle; and

c¢) gunning the resulting mixture through the gunning nozzle.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the relation between the
amount of a coagulant aqueous solution added and the
coagulability in a case where aqueous solutions of various
coagulants were added to ultrafine refractory powder (calcined
alumina); and

Fig. 2 1is a graph showing the relation between the
amount of a coagulant agqueous solution added and the
coagulability in a case where an aqueous solution of a
coagulant (calcium chloride) was added to various types of

ultrafine refractory powder.
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BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be explained in detail

below.

(1] Cement-free castable refractory composition

The cement-free castable refractory composition of

the present invention for wet-gunning comprises (A)

refractory aggregate, (B) ultrafine refractory powder, and

(C) a dispersing agent

(A) Refractory aggregate

The refractory aggregate usable for the present
invention may be at least one selected from the group

consisting of electrofused alumina, sintered alumina,

pauxite, kyanite, alusite, mullite, Chamotte, pyrophyllite,
silica, alumina-magnesia spinel, magnesia, zlrcon, zirconia,
silicon carbide, graphite, pitch, etc., and two or more of
them may be combined if necessary. The particle size of the

refractory aggregate is 10 mm or less. When the particle

size of the refractory aggregate is more than 10 mm, pumping

efficiency is lowered with increased rebound loss. The

F

amount of the refractory aggregate is 70-98 weight % based

O

on 100 weight % of the refractory aggregate + the ultrafine

refractory powder. The preferred amount of the refractory

aggregate 1s 75-95 weight %.

(B) Ultrafine refractory powder

The ultrafine refractory powder usable for the

present invention may be at least one selected from the

group consisting of ultrafine powder of alumina, amorphous
silica, silica, titania, mullite, zlrconia, chromia, silicon

carbide,

' ! T B R R TR B R B R [ B L e B S S
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carbon, etc., and two or more of them may be combined 1if
necessary. The particle size of the ultrafine refractory
powder ig 10 um or less, preferably 1 um or less. When the
particle size of the ultrafine refractory powder 1s more than
10 um, water-reducing effect is lowered in combination with
the dispersing agent. When the particle size of the ultrafine
refractory powder is 1 um or less, the water-reducing effect

is remarkable.

The amount of the ultrafine refractory powder is 2-
30 weight % based on 100 weight % of the refractory aggregate
+ the ultrafine refractory powder. When the amount of the
ultrafine refractory powder is less than 2 weight %, the
water-reduccing effect is lower. When the amount of the
ultrafine refractory powder is more than 30 welght %, an
increased amount of water is needed for gunning, making the
resultant refractory layers suffer from a large shrinkage

after burning. The preferred amount of the ultrafine

O

refractory powder is 5-25 weilight 3.
(C) Dispersing agent
The dispersing agents usable for the present

invention may be one or more selected from alkali metal salts

of condensed phosphoric acids such as sodium
hexametaphosphate, etc. or alkali metal salts of silicic
acids; organic acids such as carboxylic acids, humic acids.
alkyl sulfonic acids, aromatic sulfonic aclds, etc. or alkali

metal salts thereof. The amount of the dispersing agent 1s
0.01-1 weight % (outer percentage) based on 100 weight % of

the refractory aggregate + the ultrafine refractory powder.

- 9 -
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When the amount of the dispersing agent 1s less than 0.01
weight %, sufficient dispersion effects are not obtained.
When it is more than 1 weight %, optimum dispersion 1s not
achieved. The preferred amount of the dispersing agent is

0.03-0.8 weight %.

[2] Factory-premixed, cement-free, castable refractory
composition.

The factory-premixed, cement-free, castable
refractory composition is prepared by premixing the cement-
free, castable refractory composition with a thickener and
water or other tempering liquids 1in advance 1n a factory.
Thus, it comprises a thickener and water or other tempering
ligquids in addition to the above refractory aggregate,

ultrafine refractory powder and dispersing agent.

(D) Thickener

The thickener acts to prevent the segregation of
ingredient particles and the separation of a liquid phase 1in
the course of transporting the factory-premixed, cement-free,
castable refractory composition to a gunning site. In
addition, it is expected to act as a co-binder. The
thickeners used in the present invention are not restricted as
long as they are usable as food additives, civil engilneering
or construction additives, etc. Particularly preferable among

others are organic cellulose compounds and/or isobutylene-

malelc anhydride copolymers.

The amount of the thickener added 1s preferably
0.01-1 weight % (outer percentage) based on 100 weight % of

the refractory aggregate + the ultrafine refractory powder.

- 10 -
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When the amount of the thickener is less than 0.01 weight %,
thickening effects are too small to prevent the segregation of
ingredient particles and the separation of liquid components.
On the other hand, when it is more than 1 weight %, such
problems as decrease in flowability and in resistance to dry-

explosive spalling take place. The preferred amount of the

O

thickener is 0.02-0.8 weight %.

[3] Other components

Each of the above cement-free castable refractory
composition and the above factory-premixed, cement-free,
castable refractory composition may further contain, as other
components such as inorganic or metal fibres, agents for
preventing dry-explosive spalling such as metallic aluminum
oxycarboxylates, organic fibres, etc.

[4] Gunning method

The castable refractory composition containing the
above constituents is tempered with water or other tempering
liquids to have a castable flowablilty. Though the amount of
water or other tempering liquids added may vary largely
depending on the particle size distribution of the refractory
materials, the porosity of the refractory aggregate, etc., 1it
is about 5-8 weight %. When the amount of water or other
tempering liquids added is less than 5 weight %, flowability
is insufficient. On the other hand, when the amount of water
or other tempering liquids added is more than 8 weight %,

slumping of the gunned refractory composition may take place.

The above tempered mixture or factory-premixed,

cement -free, castable refractory composition is conveyed to a

- 11 -
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gunning nozzle by a pump and gunned through the nozzle into
which a coagulant and compressed alir are 1injected.
(E) Coagulant

The coagulant is preferably an electrolyte releasing
ions such as HY, OH™, or divalent or trivalent cations or
anions (opposite surface charge) such as Mg2+, Ba‘t, ca<4t,
Al3t, 8042', CO32“, etc. The coagulation mechanism models 1in
the present invention seem to be isoelectric coagulation
(charge-neutralizing coagulation) and Schultz-Hardy
coagulation. Specifically speaking, hydrogen ion or hydroxide
ion is a potential-determining ion in most metal oxides, and
the isoelectric coagulation occurs by adding a small amount of
the potential-determining ion to eliminate the repulsion force
of the electric double layer. On the other hand, the
coagulation caused by an electrolyte which does not pose any
influence such as adsorption on particles per se but 1increases
the ion intensity of a medium to compress the electric double
layer of particles, thereby making the electric repulsion
force of particles smaller than the coagulation force, is
called Schultz-Hardy coagulation or simply coagulation.
Coagulates made by the Schultz-Hardy coagulation are

relatively dense.

The electrolyte is preferably added in the form of

and aqueous solution. The coagulant (electrolyte) agqueous

gsolution 1is

- l1lla -
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preferably supplied by a fixed displacement pump operable
synchronously with a pump for conveying the tempered castable
refractory composition. The amount of the coagulant aqueous soiution
1s suitably 0.1-1.5 weight % (outer percentage, converted to a
concentration of 2.7 mol/liter) based on 100 weight % of the
refractory aggregate + the ultrafine refractory powder, though it may
depend on its concentration. When the amount of the coagulant
aqueous solution 1s less than 0.1 weight %, a sufficient coagulation
effect cannot be achieved. On the other hand, when the amount of the
coagulant aqueous solution 1s more than 1.5 weight %, the resultant
gunned products have reduced denseness (lower bulk density). The
preferred amount of the coagulant aqueous solution is 0.2-1.3 weight
%.

The present invention will be explained more specifically
by Examples below without intention of restricting the present
invention.

Reference Example 1

Calcined alumina A; having an average particle size of 4

um was used as ultrafine refractory powder, and 100 g of the
calcined alumina A; was mixed with 1.5 g of a dispersing agent
(sodium hexametaphosphate) in a container. When water was slowly
added to the resultant mixture, the mixture showed good flowability
at a water content of 24 g.

Each of the following coagulant aqueous solutions in a concentration
of 2.7 mol/liter was added to the resultant slurry and quickly stirred

to examine the coagulability of the slurry.

Coagulant Specific Gravity
_ 12 -
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Ca(Cl, 1.21
Mg(Cl, 1.17
MgSO, 1.31
AlCl, 1.25

Comparison was made on how quickly each coagulant
aqueous solution exhibited its coagulating effect on the calcined
alumina A;. The coagulability of the slurry was classified into three
ranks, in which rank 1 represents keeping good ﬂdwability, rank 2
represents instantaneous disappearing of flowability, and rank 3
represents hardening in 2-3 seconds. The results- are shown in Fig. 1.
As 1s clear from Fig. 1, any of these coagulant aqueous solutions
instantaneously coagulated the slurry in small amounts.

Reference Example 2

A Calcium chloride aqueous solution in a concentration of

2.7 mol/liter was used as a coagulant aqueous solution to examine the
coagulation properties of various types of ultrafine refractory powder.
Used as the ultrafine refractory powders were calcined alumina Aj

(average particle size: 4 Um), calcined alumina A, (average particle
size: 0.7 um), kaolin clay (average particle size: 3 um), and spinel

(MgO-Al,03) (average particle size: 3.3 um). The amount of water

required to obtain the flowability of the slurry varied depending on
the types of the ultrafine refractory powders used. The amounts of
water required for 100 g of the above ultrafine refractory powders
and 1.5 g of sodium hexametaphosphate were 24 g, 25.5 g, 35 g and
23 g, respectively. The results are shown in Fig. 2. As is clear from

Fig. 2, coagulation took place faster in the order of alumina A; >

- 13
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alumina Ap > spinel > clay.

Examples 1-4, Comparative Examples 1-4

1. Formulations

The formulations of refractory compositions are

shown in Table 1. Al»03-SiC-C refractory compositions were

used 1n Examples 1, 2 and 4 and Comparative BExamples 1-3,

and Alp03-Mg0O refractory compositions were used in Example 3

and Comparative Example 4. Used Example 4 was a factory-

premlxed, cement-free, castable refractory composition which
was premixed at a tempering water content of 6.1 welight % in

factory.

2. Gunning

Those obtained by adding a premixing amount of

water to the castable refractory compositions and tempering

wXample 1, or the

| S— |

them in Examples 1-3 and Comparative

F

factory-premixed, cement-free, castable refractory

composition in Example 4 was conveyed to a gunning nozzle by

a pump. Gunning was carried out after a coagulant agueous
solution in an amount (outer percentage) shown in Table 1

and compressed air were added in the gunning nozzle in

bxamples 1-4, or without adding the coagulant aqueous

solution in Comparative Example 1.

The castable refractory composition having the
formulation shown in Table 1 was cast in Comparative Example
2. The castable refractory compositions having the

formulations shown in Table 1, which were premixed with a

small amount of water, were pneumatically conveyed to a

nozzle by a gunning machine in Comparative Examples 3 and 4.

An
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agqueous solution of sodium aluminate was added as a setting

agent in the nozzle in Comparative Example 3, while only water

was added in the nozzle to carry out a

- l4a -
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semi-dry gunning in Comparative Example 4.

After gunning, each gunned layer was cut to a
predetermined size and dried to provide test pieces. The amount of
water added in the entire process of gunning is shown in Table 1. In
Comparative Example 2, the castable refractory composition was
tempered with a premixing amount of water, cast into a mold and
aged and dried in the mold to prepare test pieces. In Comparative
Example 1, gunning could not be carried out, failing to produce test
pieces. The methods employed in Examples and Comparative

Examples are also shown tn Table 1.

Table 1

Formulation and Formation Method

Example No. 1 2 3 4
Refractory Aggregate
Electrofused Alumina (8-5 mm)(1) 17 17 - 17
Electrofused Alumina (5-1 mm)(2) 35 35 45 35
Electrofused Alumina (3-1 mm){3) - - - -
Electrofused Alumina (£1 mm)#4) 16 1 6 25 16
Magnesia Clinker(>) - _ 10 ]
Silicon Carbide(®) 18 18 - 18
Pitch(7) 2 2 - 2
Ultrafine Refractory Powder
Ultrafine Alumina Powder(8) 8 8 19 8
Amorphous Silica(® 3 3 ] 3
Carbon Black(!9) 1 1 - ]

Clay(l1)

Cement Component

- 15 -
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Alumina Cement(12) . B} i

Dispersing Agent(13)

Sodium Hexametaphosphate 0.1 0.1 0.1
Thickener(13)
CMC(14) - ] )

IB-MA Copolymer(12) - - ]

Agent for Preventing Dry-Explosive Spalling(13)

Organic Fibers 0.05 0.05 0.05

Coagulant(13)

CaCly; Aqueous Solution(16)

MgSO4 Aqueous Solution(16) - 0.6 -

AlCl3 Aqueous Solution(16) - - 0.7

Setting Agent(13)

Sodium Aluminate Aqueous Solution(17) - » -

Amount of Premixed Water(13) 5.2 5.2 5.5
Total Water in Gunned Layer(13) 5.6 5.6 6.0

Note

Formation Method

Note: (1)

(2)

(3)

(4)

(5)
(6)

Present Present Present
Invention Invention Invention Invention

Particle size: more than 5 mm and 8 mm or less,
unit: weight %.

Particle size: more than 1 mm and 5 mm or less,
unit: weight %.

Particle size: more than 1 mm and 3 mm or less,
unit: weight %.

Particle size: 1 mm or less, unit: weight %.
Particle size: 1 mm or less, unit: weight %.

Particle size: 150 um or less, unit: weight %.

- 16 -
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(7) Particle size: 1 mm or less, unit: weight %.

(8) Particle size: 10 um or less, unit: weight %.

(9) Particle size: 1 um or less, unit: weight %.

(10) Particle size: 1 um or less, unit: weight %.

(11) Unit: weight %.
(12) JIS Class 1, unit: weight %.

(13) Unit: weight % (outer percentage).

(14) Carboxymethyl cellulose.

(15) Isobutylene-maleic anhydride copolymer.

(16) Concentration: 2.7 mol/liter.
(17) Concentration: 30 weight %.

(18) Premixed type.

Table 1 (Continued)

Formuliation and Formation Method

®

omparative Example No,

Refractory Aggregate

Electrofused Alumina (8-5 mm)(D)
Electrofused Alumina (5-1 mm)(2)
Electrofused Alumina (3-1 mm){)
Electrofused Alumina (£1 mm){4)
Magnesia Clinker(>)

Silicon Carbide(6)

Pitch(7)

Ultrafine Refractory Powder

Ultrafine Alumina Powder(8)

Amorphous Silica(®)

Carbon Black(10)
_ 17 -
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16

18
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17
35

16

18
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40
26

18
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25
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Clay(1D)

Cement Component

Alumina Cement(12)

Dispersing Agent(13)

Sodium Hexametaphosphate
Thickener(13)

CMC(14)

IB-MA Copolymer(13)

Agent for Preventing Dry-Explosive

02246565 1998-08-14

Organic Fibers
Coagulant(i3)

CaCl; Aqueous Solution(16)

MgSO4 Aqueous Solution(16)

AlCl3; Aqueous Solution(16)

Setting Agent(13)

Sodium Aluminate Aqueous Solution(17?)
Amount of Premixed Water(13)
Total Water in Gunned Layer(l3)
Note

Formation Method

Note: (1)-(17)

3. Evaluation
(1) Evaluation of test pieces

After measuring the bulk

The same as above.

Page

- - 3 2

- : - 5
0.1 0.1 0.1 -

- - - 0.03

Spalling(13)

0.05 0.05 0.05 0.05

- - 6.0 -
5.2 5.2 3.0 3.0
3.2 - 7.2 12.3
W-et~ ) Serr;i—dry Sem-i-dry

gunning Casting gunning gunning

specific gravity of each test piece

burned at 1,000°C and 1,500°C, a bending strength and an index of

corrosion were measured under the following conditions.

results are shown in Table 2.

The test

- 18 -
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(1) Bending strength (kgf/cmz)

Each test piece was measured with respect to bending
strength after burning (1,000°C and 1,500°C) and hot-bending
strength (1,500°C) according to JIS R2553.

(11) Rotary corrosion test

In Group A (Examples I, 2 and 4 and Comparative
Examples 2 and 3), a rotary corrosion test was carried out at 1,500°C
for 5 hours using a blast furnace slag as a corrosive material. In
Group B (Example 3 and Comparative Example 4), the rotary corrosion
test was carried out at 1,650°C for 5 hours using a converter slag
(Ca0/S10, molar ratio: 4.2) as a corrosive material.

The corroded test pieces were collected to measure an
corrosion depth. The corrosion depth divided by the time (hour) was
expressed as an 1ndex of corrosion (relative value), assuming that the
value of Example 1 in Group A was 100, and that the value of
Exampie 3 1n Group B was 100. The larger the index of corrosion, the

more the test pieces are corroded.

Table 2
Gunning Characteristics and Quality of Gunned Test Pieces

Example No. 1 2 3 4
Good Good Good Good
Gunning Characteristics No slumping No slumping No slumping No slumping

Bulk Specific Gravity
at 1,000°C 2.85 2.86 3.03 2.84
at 1,500°C 2.85 2.85 3.00 2.85

Bending Strength after Burning(!)
at 1,000°C 49 51 61 45

at 1,500°C 6 8 777 153 63

_ 19 -
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Hot-Bending Strength(!)

at 1,500°C 28 31
Rotary Corrosion Test

Index of Corrosion 100 98

Note: (1) Unit: kgf/cm®.

Table 2 (Continued)

21

100

235

103

Gunning Characteristics and Quality of Gunned Test Pieces

Comparative Example No. 1 2
Couldn't be
gunned by -
Gunning Characteristics slumping

Bulk Specific Gravity
at 1,000°C - 2.89
at 1,500°C - 2.88

Bending Strength after Burning(D
at 1,000°C - 55
at 1,500°C - 8 1

Hot-Bending Strength(l)
at 1,500°C - 32

Rotary Corrosion Test

Index of Corrosion - 013

Note: (1) Same as above.

As 1s clear from Table 2, the refractory materials 1n

3 4
Much Much
rebound loss rebound loss
and dust and dust
2.57 2.41
2.60 2.37

39 372

49 38
15 I 2
153 303

Examples 1-4 were well gunned to form refractory products without

slumping, while gunning was not well conducted due to slumping in

Comparative Example 1 because no coagulant was added in a nozzle in

the wet-gunning process. The semi-dry, gunning 1n Comparative

_ 20 -
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Examples 3 and 4 suffered much dust and rebound loss.

With respect to the quality of the gunned refractory
products, the bulk specific gravity has a close relation to
the denseness of the gunned refractory products. The wet
gunned refractory products of Examples 1-4 have much higher
bulk specific gravity than that of the semi-dry gunned
refractory product, and slightly lower bulk specific gravity
than that of the cast refractory product of Comparative
Example 2. There is the same tendency in the index of
corrosion determined by the rotary corrosion test as in the
bulk specific gravity. The wet-gunned refractory products of
Examples 1-4 show corrosion resistance comparable to that of
Comparative Example 2, while those of Comparative Examples 3

and 4 are very poor.

APPLICATION OF THE INVENTION IN INDUSTRY

Gunned refractory products having quality and
corrosion resistance which are much better than those of the
conventional gunned refractory products and comparable to
those of the cast refractory products can be obtained by
supplying a cement-free, castable refractory composition
containing ultrafine refractory powder of 10 um or less and a
dispersing agent which is premixed with water by a mixer to
have a castable flowability, or a factory-premixed, cement-
free, castable refractory composition to a gunning nozzle by a
pump; adding a small amount of a coagulant (electrolyte)

aqueous solution thereto together with compressed air in the

nozzle; and then gunning the resultant mixture.

72177-29




10

20

CA 02246565 1998-10-19

Since the cement-free castable refractory
composition, of the present invention is not hardened without
adding a coagulant and need not be hardened, it is free from
troublesome problems that working time and hardening time
should be controlled. Accordingly, the tempered or factory-
premixed, cement-free, refractory composition does not harden
in a hose or a pipe in the course of transportation to a
nozzle by a pump, avoiding such problems as to clog the hose
or the pipe. With respect to the supply of the refractory
composition it is possible to temper the cement-free castable
refractory composition with water or other tempering liquilds
in advance to provide it in the form of a premixed type.

Further, The present invention has the following
advantages:

(1) gunned products have denseness and good properties

comparable to those of cast products.

(2) Manual labour can drastically be slashed because
troublesome labour of constructing forms as in the casting
methods is not needed.

(3) the refractory materials can be stably be supplied
to a nozzle by pumping, making it possible to add a coagulant
aqueous solution in a constant amount without necessitating
strict manual control. Namely, the control of water supply
can be carried out without being affected by the skill and
experience of nozzlemen, unlike in the case of conventional

semi-dry or dry gunning.

72177-29
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(4) Because the refractory materials are supplied in a
completely flowable state, no dust 1is generated with extremely

little rebound loss unlike in the case of conventional gunning

methods.

72177-29
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CLAIMS:

1. A method for wet-gunning a cement-free, castable

refractory composition comprising the steps of:

a) tempering a cement-free castable refractory
composition comprising 70-98 weight % of a refractory

aggregate regulated to have a particle size of 10 mm oOr

\C

less, 2-30 weight % of an ultrafine refractory powder having
a particle size of 10 um or less, and 0.01-1.0 weight % of a
dispersing agent with 5-8 weight % of water or another
tempering liquid to provide tempered mixture having a

castable flowability;

b) conveying the tempered mixture to a gunning

nozzle by a pump;

e

c) adding a coagulant in an amount of 0.1-1.5

weight % and compressed alr to the tempered mixture 1n the

gunning nozzle; and

d) gunning the resulting mixture though the

qunning nozzle,

wherein each weight % 1s based on a total amount
100 weight % of the refractory aggregate and the ultrafine

refractory powder.

2. The method according to claim 1, wherein the
coagulant is at least one member selected from the group

consisting of CaCl,, MgCl, and AlCIls.

3. The method according to claim 1 or 2, wherein the

Q

coagulant is added in an amount of 0.2-1.3 weight % based on

the total amount of the refractory aggregate and the

ultrafine refractory powder.

24
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4, A method for wet-gunning a factorv-premixed,
cement-free, castable refractory composition comprising the

steps of:

(a) tempering a cement-free, castable refractory

£}

composition comprising 70-98 weight % of a refractory
aggregate regulated to have a particle size of 10 mm or
less, 2-30 weight % of an ultrafine refractory powder having
a particle size of 10 um or less, 0.01-1.0 weight % of a
dispersing agent and 0.01-1.0 welght % of a thickener with
5-8 weight % of water or another tempering ligquid to provide

a factory-premixed, cement-free castable refractory

composition having a castable flowability in a factory;

(b) convevying the factory-premixed, cement-free,

castable refractory composition to a gunning nozzle by a

pump ;

(c) adding 0.1-1.5 weight % of a coagulant and

compressed air to the factory-premixed, cement-free,

castable refractory composition in the gunning nozzle; and

(d) gunning the resulting mixture through the

gunning nozzle,

wherein each weight % 1s based on a total amount,

100 weight %, of the refractory aggregate and the ultrafine

refractory powder.

5. The method according to c¢laim 4, wherein the
coagulant is at least one member selected from the group

consisting of CaCl,, MgCl, and AlClqg.

6 . The method according to claim 4 or 5, wherein the

coagulant i1s added in an amount of 0.2-1.3 weight % based on

25
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the total amount of the refractory aggregate and the

ultrafine refractory powder.

7 . The method according to claim 4, 5 or 6, whereiln
the thickener 1s added i1n an amount of 0.02-0.8 weight %,

tased on the total amount of the refractory aggregate and

the ultrafine refractory powder.

8 . The method according to any one of claims 4 to 7,

wherein water 1s used for tempering the cement-free,

castable refractory composition in an amount of 5-8

Q

welght %.

9. The method according to any one of claims 4 to 8,
wherein the thickener 1s an organic cellulose compound or an

isobutylene-maleic¢ anhydride copolymer, or both.

10. The method of any one of claims 1 to 9, whereiln

the refractory aggregate 1s at least one member selected

from the group consisting of electrofused alumina, sintered
alumina, bauxite, kyanite, alusite, mullite, chamotte,
pyrophyllite, silica, alumina-magnesia spinel, magnesia,

zircon, zirconla, sillicon carpide, graphite and pitch.

11. The method according to any one of claims 1 to 9,

wherein the refractory aggregate comprises at least one

i

member selected from the group consisting of electrofused

alumina, magnesia clinker, silicon carbide and pitch.

gy

12. The method of any one of claims 1 to 11, whereiln

the ultrafine refractory powder is alumina, amorphous
silica, silica, titania, mullite, =zirconia, chromia, silicon

carbide and carbon.

13. The method according to any one of claims 1 to 11,

wherein the ultrafine refractory powder 1s at least one

26
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member selected from the group consisting of ultrafine

alumina powder, amorphous silica, carbon black and clay.

14 . The method according tc any one of claims 1 to 13,

wherein the ultrafine refractory powder has a particle size

g~

ct 1 um or less.

o~

15. The method according to any one of claims 1 to 14,

wherein the dispersing agent 1s an alkalili metal salt of a

condensed phosphoric acid.

16. The method according to claim 15, wherein the

dispersing agent 1s sodium hexametaphosphate.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS
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FIG. 1
CaCl, MgCl, and MgSOy AICI3

3 % |

COAGULABILITY
N
|
|

,
AMOUNT OF SOLUTION ADDED ( wt. % )

Coagulability : 1. Good flowability
2. Instantaneous disappearing
of tflowability
3. Hardening 1n 2-3 seconds

FIG. 2 _

Alumina A1 / Spinel
3

COAGULABILITY
ho
|

AMOUNT OF CaCl, (2.7mol/L) ADDED (wt. % )
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