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Abstract

Since the operational condition of the CGL metal pot varies according to type of zinc-based alloy to be
galvanized on the steel strip, refractory products best suited for each operational condition have been
developed. In the CGL operation for Galvalume steel strip, in which, due to the severest operational
conditions, incidents caused by clogging of the molten metal circulating channel with reactant derived
from the Al component in zinc-based alloy or by metal leakage from initiated cracks occasionally take
place, high metal pot durability, especially its inductor block, is required. By applying newly developed
castable refractories (CST-A6125, CST-S530), which are characterized by minimized reactivity with the
Al component in zinc-based metal as well as by improved spalling resistance, to the metal pot inductor

block, satisfactory performance has been achieved.
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1. Introduction

CGL (Continuous Galvanizing Line) is a mass-pro-
duction facility for galvanized steel strip products in
which steel strips are continuously dipped in zinc-
based molten alloy to obtain a finishing thin antirust
coating layer on the steel strip surface. As indicated
in Fig. 1, various types of zinc-based alloys, such as
pure zinc, Galvalume composed of 45% zinc and
55% aluminum in weight ratio, Galtite composed
of 95% zinc and 5% aluminum in weight ratio or
other unique zinc-based alloys which is composed
of other kinds of metals are used at the appropri-
ate operational temperature. Since, depending on
the type of zinc-based alloy or other production
factors, the structure of the zinc-based alloy metal
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pot (hereinafter simply referred to metal pot) and

Operating temperature / C its operational conditions are widely varied, as per

A Table 1, refractory requirements used for the CGL

700 Galvalume (Pre-melt pot) metal pot are differentiated. In response to sig-

nificance of CGL metal pot refractory requirements,

various kinds of development or improvements have

been conducted. The new improvements and per-

formance of the refractories in practical CGL metal
pot operation are reviewed in this article.

500_{_ :[ 2. Outline of CGL Metal Pot

600 Galvalume (Main pot)

Galtite & Other Zn Alloy

As an example, the structure of a metal pot in a

400--Zn§ CGL facility for Galvalume steel strip is schematically
: > illustrated in Fig. 2, along with typically used refrac-
0 5 35 tories. The zinc-based alloy metal pot used in the

Al Content in metal / % CGL is one type of channel induction furnace, which

is characterized by a combination of a channel as
a flowing passage of molten metal and inductor as
heating device. A schema of an inductor in a CGL
metal pot is illustrated in Fig.3. During operation,
molten metal circulating in the channel is heated
up as well as being driven to flow in the direction
indicated with arrows by a low frequency electric
inductor coil set in the central hollow space so as to
maintain metal temperature evenly. In CGL facilities

Fig. 1 Types of zinc-based alloy and operating
temperatures in CGL operation.

Table 1 Significant requirements of refractories
applied to CGL metal pot

Galtite or for Galvalume steel strip in which zinc-aluminum

ZN POt | Galvalume metal pot alloy is coated on the steel strip surface, a pre-melt

_ . pot where metal ingot is melted with appropriate

spalling resistance | - ++ o compositions is additionally equipped along with a

Reactivity with Al N e metal pot for steel strip surface coating. Because

component there is no necessity for adjustment of molten metal

Infiltration . N composition, no pre-melt pot is required in the CGL
resistance to Zn facility for zinc galvanized steel strip products.

Side wall Steel strip

High ALOs brick ;
rematipor]  HEn Aol /o

Throat block
(High AlOs brick

Insulation Bottom
or castable) (

Insulation brick (High AlOs Castable)
and board)

Fig. 2 Schematic drawing of metal pot in CGL for Galvalume steel strip.
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Flow of molten metal
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Fig. 3 Schema of inductor in CGL metal pot
(Double channel type).
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3. Refractories Applied to Metal Pot

The physical and chemical properties of refracto-
ries applied to the CGL metal pot are summarized in
Table 2, along with their major characteristics. Since
the operating temperature of the CGL metal pot
is much lower than that of steel refining furnaces,
significant heat resistance is not required. Since
the surface tension of molten zinc, the major metal
component for galvanized molten metal, is markedly
lower than that of other metallic components, zinc
component tends to infiltrate easily into tiny pores or
micro cracks in the refractory body. For this reason,
highly densified alumina refractory products, such as
MLM-45L brick or CST-JAMCO castable refractory,
are usually applied to the CGL metal pot for zinc
galvanized steel strip products.

The aluminum component in zinc-based molten
alloy could reduce SiO. component contained in
refractory as per equation (1), resulting in generation
of ALOs as reactant or adhesive substance. Since
generated ALOs component would induce structural
spalling in refractory body or metal circulating chan-
nel could be clogged with adhesive substance or
peeled-off pieces of ALOs reactants, suspension of
operation caused by refractory incidents or channel
clogging is a concern.

4AL+ 3510, = 2ALO: + 351 eerereeeenennees (Eq. 1)

As preventive measure for such incidents, ALT-85R
pbrick or CST-A6125 or CST-S530 castable refracto-
ries, all of which are characterized by ultra-low SiO»
content and low reactivity with metallic aluminum,
are applied for CGL metal pot for aluminum contain-
ing zinc alloy galvanized steel strip product, such as
Galvalume steel strip.

4. Improvement of CGL Metal Pot
Refractories and Performance in
Practical Operation

Since the inductor shown in Fig.3 is the most
important and critical component affecting stable
operation of the CGL metal pot, incidents would
immediately cause suspension of CGL operation.
Precast castable refractory block (hereinafter
referred to as “inductor block”) is commonly used as
the refractory body for the metal circulating channel.
Improvement research on CGL metal pot refractories
have been carried out mainly on castable refracto-
ries applied as inductor block. Improvement works
on castable refractory for inductor block is main
subject of this article.
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Table 2 Physical and chemical properties and major characteristics of refractories applied to CGL metal pot

Material Brick Castable
Brand | MLM-45L ALT-85R | CST-JAMCO CST-A6125  CST-S530
Apparent porosity / % 135 20.0 11.5% 12.03% 11.03%¢
Bulk density /g-cm” 2.40 2.80 2.993% 3.18% 2.703%
Cold crushing strength 7/ MPa 98.0 78.4 56.93% 132.5% 50.93%
Permanent liner change / % - - -0.093%¢ 0.003% -0.013%
Thermal expansion / % at 1000C 0.50 0.60 0.72 0.76 0.35
Thermal conductivity /7 W/m-K at 800°C 1.7 19 2.1 39 9.1
) ALOs 46 84 84 90 11
Compotiton so: S 10 : :
i Fe:0 1.2 15 - -
? SiC - - - - 78
Charac Spalling resistance Jookk Jook ok Jook v Jok ook ok
teristics Metal(Al) reaction resistance Yo dkok Kk e S dkk okok
Infiltration(Zn) resistance ok k Jook e Kk k Jokk ok k
Zinc ok k ook e ok k ok A ok k
Applicable metal Galtite Kk e dkok Kk e ok k okok
Galvalume Kfede Kok k Kfede Jokk ok k
xAfter heating at 110°C-24h
*Suitability
BBICFEE > TRETBEICHED U R T DB B, 4. 1 Improvement for minimizing reactivity
_ _ with Al component
AALH3SI0,= 2ALOF3S] v (Eq.1) Generally applied measure to suppress the reac-
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MOESIOBEDHMEBEZEAT 575 ENH2. LH L, ALO:
BEE<ITDEMAR—I > TENL BT DIBE &%
B7=H1 I TI—DEHEDSERNNTTINEELD )
ZIhBZ, BT UEHMADHECENSH . TIT,
B FAE VTR (V >y MM ZRI09 %

tion between refractories and the Al component
contained in zinc-based molten alloy, such as
Galvalume, is to adopt high ALOs refractory mate-
rial with minimized SiO. content. When a refrac-
tory is composed solely of high ALOs material, its
spalling resistance tends to be lowered along with
increased risk of metal leakage from cracks initiated
in the inductor block. That is, application of high
ALO:s refractory material does not always result in
improved durability. Hence, special additive with
low wettability was admixed to newly developed
castable refractory CST-A6125, so as to prevent
the refractory surface from being wettened with
molten metal in order to suppress the reaction with
the Al component. For evaluating the effect of the
special additive on reactivity with Al component,
crucible specimen samples made of CST-A6125 and
refractory brick with equivalent ALOs content, both
in which metallic Al was packed, were heated at
1000°C for 100hours in an electric furnace. Cross
sections of two specimen samples are compara-
tively shown in Fig.4. A dark colored reaction layer
was generated on the inner surface of the crucible
specimen sample made of refractory brick. While,
no reaction layer is observed on the inner surface
of the crucible specimen sample made of CST-
AB125 castable refractory, and the solidified lump of
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CST-A6125 Conventional (Brick)
Ale3: 90% AleaZ 90%

Fig. 4 Comparison of reactivity with Aluminum
between two types of castable refractories
after heating at 1000°C for 100 hours.
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BN ST ILECST-A6125DIRA LR (FRMRITRA UTco
LA L, CST-A6125MERMEMFRESZEZPDICELD
IEBEANSDAIILENTHY, 70V I DMAR—1)
> MHEIFCST-AB1 25 EAERMEFRF TH o 7c. TDIE
&, BRASDOAIILRN NS TIVEWHET B2 DFER
DA E L TCST-S530Z=F L2,
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metallic Al could be easily removed by hand.

Cut faces of inductor blocks made of CST-A6125
and conventional high Al.Os castable refractory, both
of which were used in CGL operation for Galvalume
steel strip, are comparatively shown in Fig. 5. A dark
colored reaction layer is observable on the metal
flow channel surface of the conventional induc-
tor block associated with radially running internal
cracks. However, no reaction layer is observed on
the metal flowing channel surface of CST-A6125
inductor block. In practical operation, incidents
caused by channel clogging are markedly reduced
by adoption of CST-A6125 castable refractory for
the inductor block. However, incidents caused by
metal leakage from initiated cracks in inductor block
made of CST-A6125, with spalling resistance equiva-
lent to that of conventional material, still take place
occasionally. As described in the following sub-sec-
tion, CST-S530, with better spalling resistance was
developed” to eliminate metal leakage incidents
from initiated cracks.

4. 2 Improvement for better spalling
resistance

Similar to CST-A6125, a special additive with low
wettability was admixed to CST-S530 castable
refractory. It is characterized by low reactivity with
Al component in zinc-based alloy associated with
reduced clogging incidents. Since, as shown in
Table 2, SiC is applied as a main aggregate material,
CST-S530 castable refractory is also characterized
by lower thermal expansion rate and higher thermal
conductivity than those of conventional high Al.Os
castable refractories. These are more advantageous
characteristics for improved spalling resistance.

Temperature and stress distribution maps of
inductor block, which were calculated by FEM simu-
lation on 1/4 cut model of an inductor block under
the steady state heat transmission of which metal
flow channel temperature is kept at 850°C, are
comparatively shown in Fig. 6. It was affirmed that

{ vent%ﬁ‘ ' '
hout spedtal additive) I(W|th speoal addmve)

Fig. 5 Cut faces of conventional material and CST-A6125 inductor block used in CGL

operation for Galvalume steel strip.
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Conventional (High-AlOs)

CST-5530 (High-Si0)

11850

450

Temperature distribution / ‘C

75

Stress distribution / MPa

14.6MPa

15.3MPa

4.9MPa

Fig. 6 Temperature and stress distribution maps ofconventional material
and CST-S530 inductor block calculated by FEM simulation.
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in almost all metal leakage incidents cracks initiated
at the middle position of the wall between central
hollow space for induction coil setting and metal
flowing channel. Since the highest tensile stress is
generated at the identical position of the inductor
block in FEM simulative calculation, it is inferred that
simulative calculation results conform to phenom-
enon observed in practical metal pot operation.
When comparing calculated tensile stress values,
the generated tensile stress in CST-S530 inductor
block was roughly one-third of that in Conventional
high-Al.Os inductor block, meaning lowered crack
sensibility of CST-S530.

The cut faces of inductor blocks made of CST-S530
and conventional high-AlLOs material, both of which
have been used in CGL operation for zinc galvanized
steel strip for a certain period, are comparatively
shown in Fig.7. No reaction layer is observed on
the metal flow channel surface of either inductor
block. While many cracks, which are accompanied
with metal penetration, are observable in the
conventional inductor block, no visually observable
cracks were generated in CST-5530 inductor block.
That is, the degree of refractory damage has been
significantly reduced in CST-S530 inductor block.

Because of lowered reactivity with Al component
in zinc-based molten alloy as well as improved spall-
ing resistance, CST-S530 can be applied not only for
inductor block but also as relining material for metal
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Oﬂal, S530

/)

Fig.7 Cut faces of conventional material and CST-S530 inductor block used
in CGL operation for zinc galvanized steel strip.
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Reference

pot wall in CGL facilities for Galvalume, Galtite and
zinc galvanized steel strips with favorable reputa-
tions.

5. Conclusion

Characteristics of refractories applied to the CGL
metal pot were reviewed along with typical dura-
bility improvement work. For the Galvalume steel
strip metal pot in the CGL facility, where, due to
the severest operational conditions because of the
nature of zinc-based alloy, incidents caused by metal
flowing channel clogging and/or metal leakage from
initiated cracks have been problems, application of
newly developed CST-A6125 or CST-S530 castable
refractory has gradually increased. For the metal
pot in the zinc galvanized steel strip CGL facility in
which the operational conditions are not so severe,
conventional castable refractory, CST-JAMCO, is
broadly applied with stable performance at various
CGL facilities. In accordance with operational condi-
tions as well as troublesome issues to be solved
CGL operation, our company is ready to provide
suggestions for appropriate refractory materials as
well as thermal insulation measures for the metal
pot.

1) M. Kitanaka and M. Namba: Shinagawa Technical Report, 57 57-64 (2014).





