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Abstract

To realize satisfactory durability of ALOs-SIC-C castable refractories for blast furnace trough, its physical
properties need to be secured at elevated temperatures. Pitch powder is frequently applied as a raw
material for carbon component which influences the physical properties of castable refractories. The
influences of the characteristics of blended pitch powder, such as softening point, QI value or amount
of B-resin, on physical properties of castable refractory bodies were investigated. A high correlation
was observed in a series of experiment between the amount of B-resin in blended pitch powder and
major physical properties of castable refractories, indicating that the amount of B-resin is one of the
important guideposts for selecting pitch powder to be blended in castable refractories for the blast

furnace trough.

1. B8 1. Introduction
B, SEBEAELAAMICETILIF. BT 1=, Monolithic refractories composed of alumina,
PR EERDE T ER A AERAINTE . A silicon carbide and carbon have been used as

castable for blast furnace troughrefractories for many
years. Pitch powder is frequently blended in castable
refractories as carbon component raw material. It is
one of the important components which influences

DNTEN—RUERVAAM DRBRECHBEZEGT 55
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MERSNDZENE W, BV FIFIERICK > THRIPIC

B LA —HRYR RERRT S (Fig). cON—HR> the mechanical strength and corrosion resistance of
R ROFEMICKY), BEPMEMES WS MEEFEDE blast furnace trough refractories. As schematically
ENEIFEN D, illustrated in Fig. 1, blended pitch is diffused into the
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Fig. 1 Schematic illustration for carbon bonding formation by diffused pitch ingredients.
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Fig. 2 Ingredient compositions of pitch.
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refractory body by heating and forms high-strength
carbon bonding which contributes to improvement
of refractory properties, such as physical strength
and corrosion resistance.

There have been many reports in which the
influences of pitch type on refractory properties
were investigated by mainly focusing on the
softening point of pitch?. The major reason for
taking up the softening point of pitch was that a
strong relation was observed between the softening
point of pitch and refractory properties in many of
the investigated results. Suzuki et al. pointed out,
however, that some of the investigation results
cannot be explained by the softening point of pitch
and correlation between QI (quinoline insoluble)
value and refractory properties such as mechanical
strength at elevated temperatures and corrosion
resistance”.

Fig.2 shows ingredient compositions of pitch
classified by solvent fractionation. By measuring the
QI (quinoline insoluble or a-resin) and Tl (toluene
insoluble) values, the ingredient compositions con-
tained in pitch powder are separable in concordance
with molecular weight. QI and Tl are pitch com-
positions with molecular weights of over 1200
and 800, respectively®. As per Fig.2, amount of
B-resin, another pitch composition which is soluble
into quinoline but insoluble into toluene, can be
calculated by subtracting QI value from Tl value.

Amount of B-resin (mass%) =

Tl value (mass%) — QI value (mass%)
Itis known that B-resin imparts viscosity to pitch and
creates a strong caking property by carbonization.
Taking into account the peculiar characteristic of
B-resin reported by Kuroda®, of B-resin playing an
important role in bonding formation, it was thought
that the amount of B-resin in pitch powder would
influence properties of castable refractory for blast
furnace trough. However, there are few reports on
this issue, namely, the influences of B-resin in pitch
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Table 1 Properties of pitch powders

A200 | A250 | A300 | B C

Softening point

/C 200 250 300 | 235 | 280

Fixed carbon
/ mass%

QI
/ mass%

T
/ mass%

77 80 83 83 | 80

24 42 51 " 23

53 65 72 49 | 70

B-resin

/ mass% 29 23 21 38 | 47

my-resin mB-resin =a-resin (

i51I||E

A200 A250 A300

Ingredient content / mass%
S

Fig. 3 Comparison of ingredient proportions
in each pitch powder.
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powder on the properties of blast furnace trough
refractories. In this regard, focusing on the amount of
B-resin contained in pitch powder as well as on the
softening point and QI value of pitch, the influences
of the characteristics of blended pitch powder on
the properties of castable refractories for the blast
furnace trough were investigated.

2. Experiment

2. 1 Characteristics of blended pitch
powder
The characteristics of the pitch powder used for
the experiment are summarized in Table 1. Three
types of A series pitch powder were prepared from
an identical starting raw material with varying heat
treatment, softening points which are indicated
by numeric values after A. Pitch powders B and C
were prepared from different starting raw materials
by different fabrication methods. The proportions
of QI value (a-resin) and amounts of B-resin and
r-resin in each pitch powder are compared in
Fig. 3. In accordance with the increase in softening
point, the QI value of A series pitch increases in
association with reduction in amount of S-resin.
Pitch B is characterized by minimum QI value and
larger amount of B-resin than those of A series pitch
powders. Pitch C is characterized by a similar level
of QI value to that of A200 and the largest amount
of B-resin.
2. 2 Blend compositions of castable
refractories
The blending compositions of the castable
refractory samples with each pitch powder are
shown in Table 2. On the basis of Al.Os-SiC-C blend
compositions, each pitch powder was blended
with a slightly different added amount. That is, in
order to avoid unnecessary influences of the carbon
content in the castable refractory on its properties,
the added amount of each pitch powder was
adjusted so that the fixed carbon in the castable
refractory was identical (3%) to one another.
With the same amount of water (5.5 %) added, all
castable refractory samples exhibited a similar level
of fluidity.
2. 3 Mechanical strength at elevated
temperature
Admixing the same amount of water, each castable
refractory mixture was castintoa 40 X 40 X 160 mm
mold. Followed by curing at 30°C for 24 hours
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Table 2 Blending compositions of castable
refractory samples

Blended pitch 1, 0la250(a300] B | ¢

powder
Chemical | AkOs 72
composition | SIC 19
/ mass% C 3

Pitch powder content

/ mass% 40 | 39 | 37 | 37 | 39

Water content | oo | 55 | 55 | 55 | 55

/ mass%
3
oA ><
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Softening point / C

Fig. 4 Relation between softening point of pitch

powder and hot modulus of rupture at
1400 C.
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and drying at 110°C for 24 hours. Dried sample
specimens were heated at 1400 C for 3 hours in a
coke breeze. The bending strength (hot modulus of
rupture) of each sample specimen was measured at
1400 C in N, atmosphere.
2. 4 Corrosion resistance

The rotary drum corrosion test by arc heating was
conducted on sample specimens, which were dried
at 110 °C for 24 hours, at 1600 C for 5 hours with a
blast furnace slag of 1.2 basicity (C/S) as corrosive
agent, which was completely replaced every hour.
After the corrosion test, remaining thickness of each
sample specimen was measured to evaluate the
corrosion resistance.

3. Results of Experiment

3. 1T Mechanical strength at elevated
temperature

The relation between the softening point of
blended pitch powder and the hot modulus of rupture
of castable refractory is shown in Fig. 4. The relation
between the QI value in blended pitch powder and
hot modulus of rupture of castable refractory is
shown in Fig.5. No clear correlation between the
softening point of the blended pitch powder and
hot modulus of rupture of the castable refractory
can be observed. Even though a tendency that, in
accordance with the increase of the QI value of the
blended pitch powder, the hot modulus of rupture
of the castable refractory is lowered is observable,
castable refractory blended with pitch powder C
exhibits much higher hot modulus of rupture than
pitch powder A300 with similar level of softening
point and pitch powder A200 with similar level of
QI value blended. The relation between the amount
of B-resin in the blended pitch powder and hot
modulus of rupture of castable refractory is shown
in Fig. 6. In accordance with increase of amount of
B-resin in blended pitch powder, a tendency for the
hot modulus of rupture of the castable refractory
to increase can be observed with highly clear
correlation.
3. 2 Corrosion resistance

The relation between the softening point of the
blended pitch powders and corrosion index of
castable refractory samples is shown in Fig.7. The
relation between the QI value of the blended pitch
powder and corrosion index of castable refractory
samples is shown in Fig.8. In accordance with
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Fig. 5 Relation between QI value in pitch powder
and hot modulus of rupture at 1400 C.
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Fig. 6 Relation between amount of B-resin
in pitch powder and hot modulus of
rupture at 1400 C.

the increase of softening point or QI value of the
blended pitch powder, a tendency for the corrosion
index of castable refractory samples to increase is
observable. However, castable refractory blended
with pitch powder C exhibits much smaller corrosion
index than pitch powder A300 with similar level of
softening point and pitch powder A200 with similar
level of QI value is blended. The relation between
the amount of B-resin in blended pitch powder and
corrosion index of castable refractory sample is
shown in Fig. 9. There is a clear correlation that, in
accordance with the increase in amount of B-resin
in the blended pitch powder, corrosion resistance of
castable refractory is improved.

4. Discussions

The experiment results revealed that the hot
modulus of rupture and corrosion resistance of the
castablerefractory blendedwith pitchpowder Cwere
markedly improved. This infers that much powerful
carbon bonding is formed in castable refractory
body containing the pitch powder C. Focusing on
the QI value and amount of B-resin in pitch powder,
the differences in carbon bonding formation were
examined by referring to the schematic illustration
shown in Fig. 10. Suzuki et al. concluded that, since
the QI component suppresses diffusion of pitch
ingredients into pores in the refractory body, the
mechanical strength at elevated temperatures as
well as corrosion resistance of the refractory to
which pitch powder with low QI value is blended
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Fig. 7 Relation between softening point of pitch
powder and corrosion index.
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Fig. 9 Relation between amount of B-resin in
pitch powder and corrosion index.

Fig. 8 Relation between QI value in pitch powder
and corrosion index.

are improved?. It is inferred that, when pitch powder
with a high QI value is blended, pitch ingredients are
not diffused uniformly and thoroughly into pores in
refractory body, resulting in quite localized carbon
bonding formation. §-resin is one of the major pitch
ingredients used for carbon bonding formation. The
degree of bonding is regulated by the amount of
B-resin to some extent. It is inferred that, since G-
resin component in pitch powder C can be diffused
thoroughly throughout the refractory body because
of the low QI value, a much stronger carbon bonding
is formed by an ample amount of B-resin.

It can be concluded from the above discussions
that the QI value and amount of B-resin in pitch
powder greatly influence the mechanical strength
and corrosion resistance of castable refractories,
which indicates that, along with the softening point,

Ql value Low

Low

Amount of
B-resin

High

Schematic
illustration of
structure
around pitch

Used pitch
powder

A250, A300 B.C

Weak carbon bonding
Il Strong carbon bonding

Fig. 10 Schematic illustration showing differences in carbon bonding formation by
QI value and amount of B-resin in pitch powder.
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of B-resin is preferable for blending into castable
refractories for the blast furnace trough.

5. Conclusion

The following conclusions were obtained by
investigating the influences of the characteristics of
pitch powder blended into castable refractory for
the blast furnace trough.

- A clear correlation was observed between the
amount of f-resin in blended pitch powder
and physical properties, such as hot modulus
of rupture and corrosion resistance of castable
refractories. There was a tendency for the hot
modulus of rupture and corrosion resistance of
castable refractory to improve in accordance
with the increase in the amount of B-resin in the
blended pitch powder.

- Castable refractories to which pitch powder C
was blended exhibited greatly improved mechani-
cal strength and corrosion resistance. It is in-
ferred that, since pitch ingredients are diffused
thoroughly into the refractory body because of
the low QI value, much strong carbon bonding is
formed throughout the refractory body because
of the ample amount of B-resin.
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