sl IFEER 2019 No62 #kRi

SHINAGAWA
TECHNICAL
REPORT

X Vb BE R T e A bk
7ulh7)—NADPELK-12X1-1
Structural Deterioration Resistance Chrome-Free

Brick ELK-12X1.-1 for Burning Zone of Cement
Rotary Kiln

i 3 HhoT RO#E

Tsuyoshi Suwa Tamiatsu Kovake

6o Ml ¥ 3k

<€ &)V IS5H -tk a4t

SHINAGAWA REFRACTORIES CO.,LTD.



Vol. 62 2019

XYMV UBOR T HIHEIEYE 72 227 — W ADSELK-12X1L-1

Structural Deterioration Resistance Chrome-Free Brick ELK-12X1.-1 for
Burning Zone of Cement Rotary Kiln

W BN B RoEv
Tsuyoshi Suwa Tamiatsu KOYAKE
EZ B

A ba—=%1) —F )RR 7 0 A7) —LADELK-12XL-113 5 BERS EM g O JFE % i
s 22 &<, mEEELmRILE R L7z B T, SR ORBERSVIES T -7 4
YT L BFBEE DR S CREREG R 2 — 7 1 2 Z B D IR &) KRR LD A
L5755, ELK-12XL-1%Z2 i35 2 & TLREMHNTiREZ R 5N b,

Abstract

The penetration and structural deterioration resistance of chrome-free brick ELK-12XL-1
for the burning zone of the cement rotary kiln was improved by using magnesia grains with
better sinterability. In the burning zone, the penetration depth of foreign components is deeper.
Deep peeling with large thickness due to coating desorption and structural deterioration due to
temperature change accompanies coating desorption. It is expected that application of ELK-12XL-1
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will make it possible to operate the cement rotary kiln more stably.
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1. Introduction

The cement rotary Kiln (hereinafter referred
to as cement kiln) makes a considerable con-
tribution to the resources recycling society
by treating and recycling large quantities of
industrial waste.

On the other hand, due to the recent increase
in throughput and diversification of industrial
waste, the infiltration depth of foreign compo-
nents (sulfur, alkali, chlorine, etc.) has become
thicker in the cement kiln burning zone and
damage with large peeling thickness at the
coating desorption zone and quality switching.
In addition, coating desorption involves tem-
perature change (repeated heating and cooling),
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Table 1 Properties of chrome free bricks
Brand ELK-12X-1 | ELK-12XL-1
Apparent porosity / % 14.5 14.0
Bulk density / g-cm™ 3.03 3.06
Cold crushing strength / MPa 54 50
Chemical MgO 85.4 87.0
composition Al:Os 12.3 11.0
/ mass% Fe.0s - -
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and structural deterioration also occurs.
Therefore, it is thought that improvement of
peeling resistance by suppression of infiltration
of foreign components and strengthening of the
brick structure is important for improving the
durability of burning zone bricks. We developed
structural deterioration resistant chrome-free
brick ELK-12XL-1, with improved bulk den-
sity, by optimizing grain size composition and
strengthening the structure by using magnesia

grains with better sinterability.
2. Characteristic of ELK-12X1-1

ELK-12XL-1is based on conventional chrome-
free brick ELK-12X-1 which is well used by
various customers for the burning zone. ELK-
12XL-1 was densified by optimizing the grain
size composition, and strengthened structure by
using magnesia grains with better sinterability.

Table 1 shows the typical properties of ELK-
12X-1 and ELK-12XL-1. ELK-12XL-1 has low
porosity through optimized grain size composi-
tion and use of magnesia grains with better
sinterability. The permeability of ELK-12 X1-1
decreased compared to ELK-12 X-1. ELK-
12XL-1 is expected to reduce the penetration
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Fig. 1 Comparison of permeability ELK-12X-1 and

ELK-12XL-1.
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Fig. 2 Linear change after heat cycle test.
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Fig. 3 Penetrated layer thickness results before
and after heat cycle test.
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of foreign components and reduce the peeling
thickness of the penetrated layer through its
low porosity and low permeability.

We evaluated the structural deterioration
resistance and the penetration resistance. The
evaluation methods were measuring the linear
change and the infiltrated layer change of the
specimen before and after a heat cycle test in
an electric furnace.

The heat cycle test condition was a heat-
treatment of 10 cycles of heating at 1400 C for
10 minutes and cooling down to 400-1000 C for
10 minutes.

The penetration test was carried out by
evaluating the difference in the test bricks
before and after the heat cycle test, using the
rotary crucible method at 1700 C for 5h, with
a corrosive agent mix of Portland cement 90 %
and 10% K.SO..

After the penetration test, the samples were
cut and the penetrated depths from the hot
faces were measured.

Fig. 2 and 3 show the linear change after the
heat cycle test and the results of penetration
test. The linear change of ELK-12X1-1 after
the heat cycle test decreased compared to ELK-
12X-1. The penetrated depth of ELK-12X1-1
before and after the heat cycle test decreased
compared to ELK-12X-1. It is considered that
ELK-12XL-1 has a dense structure after the
heat cycle test.

ELK-12XL-1 has thermal structural dete-
rioration resistance and penetration resistance,
due to densification by optimized grain size
composition and strengthening of structure by
using magnesia grains with better sinterability.

It is expected that ELK-12XL-1 will make a
more stable cement kiln burning zone possible
where heat change is large and cement and
alkaline liquid phase are relatively large.
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Fig. 4 Appearance of used ELK-12XL-1 bricks
L/D=3.3-3.7 for five months in a NSP
kiln.
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3. Trial Result

Fig. 4 shows the appearance of ELK-12XL-
1 at the position of L/D=3.3-3.7 (L : distance
from the outlet, D : diameter of the cement kiln)
in NSP Kkiln after 5 months use. ELK-12XL-1
shows good performance such as no peeling off
and good durability in the coating desorption
zone.

Fig. 5 shows the cut sections of used ELK-
12XL-1 and used ELK-2X-1. Fig. 6, 7 show the
porosity and compressive strengths of used
ELK-12XL-1 and ELK-12X-1. Generally, this
area has peeling and structural deterioration
damage accompanying coaching detachment.
In this trial, the residual thickness was nearly
equal, but, judging from the cut section, ELK-
12XL-1 had less structural deterioration on the
working surface than ELK-12X-1 in spite of
shorter usage time. The porosity of the working
surface of ELK-12X-1 increased more than the
original brick, and the compressive strength
was less than 30MPa. ELK-12XL-1 showed
no increase in porosity and had a compressive
strength higher than that of the original brick.
It is thought that ELK-12XL-1 retains a good
structure.

ELK-12XL-1

Fig. 5 Cross sections of used bricks ELK-12X-1 and ELK-12XL-1.
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Fig. 6 Apparent porosity of used ELK-12XL-1
and ELK-12X-1 bricks.
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Fig. 7 Cold crushing strength of used ELK-12XL-1
and ELK-12X-1 bricks.

4. Summary

The structural deterioration resistance of
chrome-free brick ELK-12XL-1 for the burning
zone was developed by improving the bulk den-
sity by optimizing grain size composition and
strengthening the structure by using magnesia
grains with better sinterability. ELK-2XL-1 has
better structural deterioration resistance than
the conventional brick. Hence, it is expected
that the application of ELK-12X1L-1 will make a
more stable cement kiln possible.





