sl IFEER 2014 Nob57 #&Ri

SHINAGAWA
TECHNICAL
REPORT

it FEREE 12 B L B ALOy-Si0 R AL A B

Excellent Al;Os-SiO; Bricks in Abrasion
Resistance

#* e JF M X

Koichiro Mor1 Hirohumi Masurl

6o Ml ¥ 3k

<€ &)V IS5H -tk a4t

SHINAGAWA REFRACTORIES CO.,LTD.



Vol. 57 2014 Shinagawa Technical Report
it RIS B ALO-SiO R LA BS
Excellent Al:0;-SiO: Bricks in Abrasion Resistance
N R R
Koichiro MORI Hirohumi MaAsuIl
E F
BLAEELE X OHOE, BE G0 TRICE D, EiEfE Clt R I2EN 5 ALO-SIOR LA D %

2B L TWd, REUWICY —7 v be LZTHEFZT TR, SF S 2HBICHAST

BBTHD. INODNANDREEFEHB ZHNT %,

Abstract

Various Al:O;-SiO: bricks which are excellent in strength and abrasion resistance have been
developed by adjusting manufacturing parameters such as raw material composition, molding and
sintering. These bricks can be used not only for industrial furnaces which were the original target
but also other various applications. We will introduce the features and some application examples

of these bricks.
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1. Introduction

Locations where lining refractories for
industrial furnaces contact ore, steel, clinker
and dust, etc. are easily worn by mechanical
abrasion even if they exhibit sufficient heat
resistant. Though SiC brick is known to have
excellent abrasion resistance, it has the draw-
backs of being expensive and oxidizing easily
under high temperatures. For this reason our
company is developing many kinds of Al:O;-
SiO; bricks which have high abrasion resistance
corresponding to various industrial furnace ser-
vice conditions. The features and applications of
these Al:O;-SiO. bricks are introduced in this
paper.
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Table 1 Typical properties of abrasion-resistant Al,0s-SiO; bricks
NX-L series
. Brand name : NX-H37L-3 | DRL-95S
Properties NX-L NX-L-1 NX-L-4
Apparent porosity /% 14.0 14.0 12.0 14.0 13.b
Bulk density 2.10 2.20 2.16 2.45 3.23
Cold crushing strength /MPa 100 90 125 100 195
Thermal linear expansion /%
at 1000°C 0.30 0.35 0.30 0.45 0.76
Chemical composition /mass %
Al,Os 32 33 32 55 96
Fe:0s 2.0 1.5 2.5 1.5 0.2
Coke oven .
. (Wharf) cba Coke oven cbo Reheating
Applications Inci (Cooling furnace
ncinerator chamber) (Wharf) (Flue) (Hearth)
(Waste chute)
Maximum service temperature 1000°C 1350°C 1600°C
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2. Features and Usage of Al,0,-SiO, High
Abrasion Resistance Bricks

Table 1 shows the material properties and the
applications of Al.03;-SiO. bricks with excellent
abrasion resistance. The NX-L series can be
used in low temperature regions up to 1000C,
NX-H37L-3 is suitable for use in middle tem-
perature regions up to 1350C, and DRL-95S
is for high temperature regions up to 1600C.
Those materials have high strength with excel-
lent abrasion resistance for each application
temperature range.

2. 1 NX-L series

Because the NX-L series has high strength
and low thermal expansion, it is excellent in
abrasion resistance and spalling resistance. It
is applied chiefly to the cooling chamber of the
coke dry quenching (CDQ), the wharf of the
coke oven, and the waste chute of the incinera-
tor, etc.

@ NX-L-1

NX-L-1 was developed for the cooling cham-
ber of the CDQ. The main damage factor of the
CDQ cooling chamber is abrasion from coke,
spalling and loosening of texture due to the
temperature change caused by the operation
heat cycle. Therefore, NX-L-1 is suitable for
this application because of its excellent abra-
sion and spalling resistance. For instance, a lot
of CDQs were constructed in China in recent
years, and NX-L-1 was tested in part of a CDQ
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Fig. 1 Life of NX-L-1 in CDQ cooling chamber

until 2013.
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cooling chamber. The wear rate result was very
excellent with 4.4mm/year compared to about
50mm/year for bricks made in China.

Fig. 1 shows the CDQ cooling chamber life
for NX-L-1. Those furnaces are still operating
and some have been used for about 30 years
without brick replacement.

2 NX-L-4

Because coke oven wharf bricks are used
for the slope where the cooled coke is received,
service life depends on abrasion resistance. NX-
L-4 is based on NX-L and was developed as a
coke oven wharf brick with improved abrasion
resistance by examining the raw materials and
the sintering conditions. The abrasion resistance
of NX-L-4 was confirmed to be improved by
30% or more compared with NX-L in one abra-
sion examination based on JIS R 2252-1, which
is shown in Fig. 2. NX-L-4 has been applied to
actual furnaces since 2012.

2. 2 NX-H37L-3

NX-H37L-3 was developed for the flue of the
CDQ. This material is more suitable for the high
temperature region than NX-L-1 or NX-L-4,
and it has high strength and excellent abrasion
resistance. Moreover, because low thermal

Test condition

JIS R 2262-1 is applied. (Abrading medium : SiC , Room temperature)

Brand name NX-L

NX-L-4

Appearances

Cut sections

Wear volume 27.4cm’

17.7cm’

Fig. 2 Comparison of abrasion resistance of NX-L and NX-L-4.
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Test condition for adrasion resistance
JIS R 2252-2 is applied.
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Fig. 3 Abrasion resistance and porosity of
high-alumina bricks.
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expansion raw material has been used for it,
the spalling resistance is also excellent. With
those excellent features, it has been applied as
a rotary Kkiln brick where the main damage is
abrasion from ore. A room temperature abra-
sion test was carried out to compare it with
conventional material MLM-45L. NX-H37L-3
showed half the wear rate of MLM-45L. NX-
H37L-3 is now being used in an actual rotary
kiln for a trial.

2. 3 DRL-95S

In reheating furnaces of the rotary hearth
type, the refractory is worn by abrasion caused
by contacting with bloom and billet and dam-
aged by structural spalling of a scale reaction
layer. Therefore, the material for this application
needs to be low porosity to have the high pen-
etration resistance as well as higher strength
and abrasion resistance.

An abrasion test at 1350C was carried out
to evaluate four typical high-alumina bricks
(Fig.3). DRL-95S is low porosity, and it showed
very excellent abrasion resistance. DRL-95S
has been used at the high temperature area of
the burner combustion chamber because it has
higher heat resistance. However, it is recently
applied to the rotary hearth of the reheating
furnace because of its excellent abrasion resis-
tance.

3. Conclusion

There are a variety of Al:O;-SiO. bricks
which have high abrasion resistance to cope
with various operating conditions. The NX-L
series and NX-H37L-3 have higher spalling
resistance and are excellent for preventing the
brick texture from loosening because of its low
thermal expansion as well as higher strength
and abrasion resistance. On the other hand,
DRL-95S has excellent abrasion resistance in
an oxidative atmosphere at high temperatures
where it is difficult to use SiC bricks. These
Al:O;-SiO; bricks can be used for not only
industrial furnaces which were the original
target but also various other applications by
making the best use of their features.
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