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Development of Eco-friendly Fire-Retardant Joint Seal Material
for Continuous Casting System
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1 Introduction

Continuous casting system uses several types of
teeming refractories for lowing molten steel and they are
connected with a joint seal material. Air inclusions from
such joined parts have negative impacts on the purity and
quality of the steel due to oxidization and nitrogen pickup;
thus, role of the joint material employed here (Fig. 1) is
notable. For this reason, usually, wool packing is used
between the lower nozzle and long nozzle shown in
Fig. 1 (b). The refractory ceramic fiber like wool packing is
easy to set, without flaming during hot work, and is easy to
remove after the use because there is no burning onto the
long nozzle. Meanwhile, it has a disadvantage of poor
sealing during hot work. Most wool packing is fibrous
materials that are subject of the ordinance on prevention of
hazards due to specified chemical substances.

Thus, wehavetried to develop anew environmentally
friendly joint material (improved product) that would not
be the subject of the above ordinance, where with
maintaining advantages of wool packing, hot sealing
performance was improved. The new material has higher
hot seal properties compared to wool packing, and is
anticipated to improve workability and quality of steel.

2 Examination of the improved product

Conventional joint seal materials (hereafter referred
to as conventional product) were kneaded, molded, and
processed into the joint shape by using fire-retardant
powders such as alumina and silica as the primary raw
materials, clay, frit, aluminum powder, and carbon-based
powder as the secondary raw materials, and phenolic resins
as the binder (Fig. 1) .

When these materials are applied to a joint, elevated
temperature causes violent combustion from phenolic
resins, making difficult joining the nozzle (Fig. 1).
Temperature elevation during the use causes aluminum
and frit powder with low melting point to fuse to both
nozzles. Although better hot sealing characteristics
compared to the wool packing is observed, peeling of the
used joint material is difficult, causing problems in nozzle
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Fig.1 Appearance of improved joint seals (a)
and their application to c.c. system (b).
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Fig.2 Concept of development of improved
material.

replacement.

Therefore, the conventional product is not used for
long nozzles that require replacement after each charge.
Instead, it is mainly used for immersion nozzles for which
replacement is not necessary during casting, and there is
no problem in the peeling of the joint materials.

On the other hand, wool packing is fabricated by
mixing each type of resin binder with alumina-silica fibers,
and blending each type of fillers. It is mainly used for long
nozzles that requires replacement after each charge. This is
because wool packing does not catch fire in hot process,
does not fuse with the long nozzle during the use, and
peels in layers after use. For these reasons, wool packing
has been used for the joint. However, wool packing is
highly porous material, and sufficient hot sealing ability
cannot be obtained. Thus, there were problems with
quality of steel, protection of the joint, and durability of
the nozzles.

Therefore, we developed fire retardant standard
joint material that retains hot seal characteristics, is easy to
set, does not produce a flame, allows for accurate joining of
nozzles, does not fuse onto the nozzles while use (casting),
and peels easily after use (Fig. 2). The improved product
consists of aluminum hydroxide with clay and carbon-
based powder as secondary raw materials. It was kneaded
with water-soluble emulsion binder and plasticizer,

molded, processed, and dried.

2+1 Aluminum hydroxide

Generally, metal hydroxide, halogen compounds,
phosphorus compounds, antimony compounds, and zinc
borate are well known as fire retardants. Metal hydroxides,
such as aluminum hydroxide and magnesium hydroxide,
are ideal since they do not release toxic gas and do not
contain heavy metals harmful to human bodies?.

Aluminum hydroxide starts dehydration at
relatively low temperature about 200°C for a metal
hydroxide, which is close to the starting temperature of
thermal decomposition of water-soluble emulsion (resin
combustion). Thus, it releases moisture when the resin

burns, and heat absorption associated with this dehydration
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Fig.3 Various fire retardant materials?.
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Fig.4 Result of TG-DTA analysis of AI(OH);.

reaction is high (about 2,000 J/g) (Fig. 3).

Thus, it was assumed that the flame caused by
water-soluble emulsion could be suppressed. For this
reason, it was selected as the primary raw material of joint
seal material. Aluminum hydroxide has three heat
absorption peaks (actually downward peaks) due to its
thermal decomposition properties. Specifically, rapid
dehydration reaction of gibbsite that begins around
260Cand the peaks at 320°C greatly contributes to the
increased flame-retardant nature of joint seal materials.
The peaks D to 3 in Fig. 4 are reflecting the following
dehydration reactions;

D245 °C: 2A1 (OH); — ALO;-H,O + 2H.0
(partial boehmite transition)
(2320 °C: 2A1 (OH)5  — ALO; + 3H.0
(dehydration reaction of gibbsite)
(3550 °C: ALOs-H20 — ALO; + H.O

(dehydration reaction of boehmite)

2+2 Emulsion organic binder

Emulsion was selected since deposition mechanism
on drying (connection, deformation, fusion of polymer
particle and continuous film formation by ieterdiffusion of
polymer chain) contributes to stylization of joint materials
and refinement of the organization. In addition, these joint
materials can fill the joint by plastic deformation due to
hot compression during joining, while maintaining the
seal. Fig. 5 shows the film formation mechanism?.
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Fig.5 Forming mechanism for the improved
joint seal.



Table 1 Characteristics of improved joint seal.
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2+ 3 plasticizer

Generally, phthalate esters have been used as
plasticizer, but these plasticizers are tightly regulated. In
the amended RoHS directive that has come into effect in
2019, these esters are designated as regulated substances.

Therefore,

properties, such as compatibility with emulsion and

we used non-phthalate with plasticizer

plasticization efficiency while considering safety and
environmental issues. This allowed for workability and

flexibility of the joint material at room temperature®.

3 Evaluation of the improved product
31 Shape retention at a room temperature

The index on the rubber hardness measuring device
in compliance with the physical testing methods for
vulcanized rubber (JIS-K 6301) was 60 to 70, which means
it is flexible. As the photograph on Table 1 shows, it retains
shape sufficiently to be held by one hand.

3+2 Hot plasticity

Conventional and improved joint materials were
left on a brick heated to 800°C, and softening and
hardening were observed. As shown in Fig. 6, the
conventional product monotonically loses its plasticity
over a relatively short period of time. In contrast, plasticity
increased in the improved product, which was gradually
lost over time. Joint materials must be set between
refractory materials while still possessing plasticity. Such

Krosaki Harima Technical Report No.168 (2020)
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time is defined as usable time:
(Usable time)=(Time it takes to completely soften)+
(Time it takes to harden) : Improved product
(Time it takes to harden) : Conventional product

In other words, the improved product gradually
becomes soft as the emulsion film begins to burn, becoming
completely soft in the inside of the joint materials. This is
followed by raw materials of the joint materials sintering as
the combustible emulsion film is reduced, and joint
materials gradually hardens (Fig. 6). Thus, it presents hot
plasticity during flameless combustion, making jointing
work possible during that period. At temperatures of
600°C or higher, the improved product has longer usable
time, presenting hot plasticity (Table 2).

3+3 Hot sealing ability

Hot sealing ability was evaluated by a model
experiment of a closed system that assumed actual jointing
of the lower and long nozzles.

Fig. 7 is the schematic diagram of the test
apparatus’. A joint material sample (SM) was set on the
metal AB, which simulated a long nozzle within a chamber
heated to 600°C. Then, metal MC (hollow) that simulated

—>

@ Improved

A Conventional

<——> Usable time

Plasticity (arbitrary scale)

X @
| Zero level '

| |

0 25 50 75

Holding time at 800°C / s

Fig.6 Difference in usable time between improved and conventional materials.

Table 2 Usable time for improved joint seal material at 600 to 800°C, showing
also comparison with that for the conventional material.

Temperature / °C Improved (L;s)able timgé:vemional ) Increased ratio (a/b)
600 (35*151(1’5**) 130 115
700 (25*1:{?5**) 60 1.83
800 (20*125**) 30 2.50

*Softening time, **Hardening time (in Fig. 6)
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Fig.7 Cross section of the testing apparatus®.
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the lower nozzle was placed on top, and a pressure of 0.39
MPa was applied. After maintaining this state for 3
minutes, the hollow part of the MC was decompressed
using a vacuum pump connected to the metal MC. Then
the stop valve (SV) was closed resulting in closure of the
hollow part of the MC. In this state, the vacuum retention
time was measured until the vacuum pressure gauge V
read zero. A joint material sample (SM) was set on the
metal AB, which simulated a long nozzle within a chamber
heated to 600°C. Then, metal MC (hollow) that simulated
the lower nozzle was placed on top, and a pressure of 0.39
MPa was applied. After maintaining this state for 3 mins,
the hollow part of the MC was decompressed using a
vacuum pump connected to the metal MC. Then the stop
valve (SV) was closed resulting in closure of the hollow
part of the MC. In this state, the vacuum retention time
was measured until the vacuum pressure gauge V read
zero.

Fig. 8 shows the vacuum retention time from 0.1
atm to 1.0 atm at 600°C and 0.39 MPa. Hot sealing ability
of the improved product was four times better than the

150
w
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2
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€
=
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Improved  Conventional Wool-
packing

Fig.8 Vacuum retention time from 0.1 to
1 atm at 600°C in the air leakage test.
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conventional product and 10 times better than wool
packing. This is likely due to different packing and hot
plasticity, where the improved product deforms easier at
600°C with superior packing of the joint and adhesion
with the nozzle. The improved product also peeled well
after the test.

3+ 4 Fire-retardant properties and peelability after
thermal treatment
To evaluate fire-retardant properties, we placed
joint materials on a brick heated to 800°C for one minute
and observed smoking and flames.

Fig. 9 shows the result. The conventional product
combusted several seconds after the set up and burned
violently (combustion with flame). In contrast, the
improved product combusted for a moment but the flame
was extinguished by cooling associated with steam
emission  (self-extinguishing  function: ~ flameless
combustion). Wool packing was also flameless combustion
with a small amount of white smoke. 1 minute later, the
same brick heated to 800°C was placed on top, and the
sample was placed in the hot compression test device at
1,000°C. After maintaining the compression at 0.39MPa
for five minutes, the sample was removed and peelability
after thermal treatment was evaluated by the ease of
peeling the heated brick. The result is shown in Fig. 10.
Wool packing peeled in layers, presenting good peelability.
The conventional product was strongly burned onto the
heated brick (adhesion), and cohesive failure occurred
when forcibly removed. This result confirmed that the
result from the real furnace was recreated in this present
laboratory evaluation. We then evaluated the improved
product, and confirmed that the heated brick could be
removed easily, joint materials did not burn onto the brick
(adhesion), and joint materials could be peeled by gently
applying a jig (interfacial peeling).

35 Corrosion resistance
In the result of the rotational erosion test that used

Wool packing

au

Interfacial separation

Cohesive separation

Improved Conventional

Fig.10 Detachability test through comparison of
appearance after removal from furnace.
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mill scale at 1,600°C, corrosion resistance of the improved
product was as good as the conventional product, and
resistance to joint corrosion was confirmed. In view of the
results from actual operations, wool packing was not

evaluated for safety reasons.

4 Conclusions

With effective use of raw aluminum hydroxide,
emulsion binder, safe plasticizer, and carbon-based powder,
a new joint seal material with fire-retardant properties
equivalent to wool packing, superior post-use peelability,
and hot seal characteristics was developed. The raw
aluminum hydroxide contributes to flame-retardant
properties through dehydration and heat absorption,
emulsion binder contributes refinement through deposition
mechanism and shape retention at room temperature, and
safe plasticizer contributes to flexibility at room
temperature, and carbon-based powder contributes to
prevention of burning onto the nozzles. Using of this
improved joint material, protective function of the nozzle
joint was enhanced, and air inclusion was minimized by
improved hot seal characteristics. In addition, since used
nozzles can be replaced safely and quickly, positive impact
on both steel quality and operation efficiency is anticipated.
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