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Abstract

Chrome-free brick ELK-85AX for the burning zone and spinel brick SP-8L-3 for the transition
zone of the cement rotary kiln were developed. ELK-85AX has a high hot modulus of rupture
through improved texture and high abrasion resistance. SP-8L-3 has good coating adhesion, stress
relaxation and low thermal conductivity by optimization of raw material. It is expected that
application of ELK-85AX for the burning zone and SP-8L-3 for the transition zone will permit the
cement rotary kiln to operate stably.
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1. Introduction

Recently, cement rotary kiln lining damage
has increased due to abrasion and structural
deterioration. Because more industrial wastes
are added to the rotary kiln as raw material and
more types of industrial waste have been used.
Coating formation in the cement rotary kiln is
prevented by foreign components from indus-
trial waste such as sulfur, alkali and chlorine,
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Table 1 Properties of chrome free bricks
Brand ELK-12CX-1| ELK-85AX
Apparent porosity / % 14.5 14.3
Bulk density / gecm® 3.04 3.04
Cold crushing strength / MPa 56 53
Chemical MgQO 84.6 84.0
composition Al;Os 12.2 13.3
/ mass% Fe:0s 1.0 1.1
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and they accelerate damage of abrasion, peeling
and structural deterioration of refractory lining.
In case of transition zone, the lining is dam-
aged by structural deterioration depending on
the foreign component, and mechanical spalling.
Also, the steel shell temperature may rise due
to coating adhesion instability.

High hot modulus of rupture (HMOR) chrome-
free brick “ELK-85AX" was developed for the
burning zone. It has good abrasion resistance by
improvement of bonded texture. Good coating
adhesion spinel brick “SP-8L-3" was developed
for the transition zone. It has good coating
adhesion, stress relaxation and low thermal
conductivity by optimization of raw material.

2. High HMOR Chrome-Free Brick
“ELK-85AX”

ELK-85AX has high HMOR by improving
the bond texture of conventional chrome-free
brick ELK-12CX-1 which is well used by various
customers for the burning zone. Table 1 shows
the typical properties of ELK-85AX and ELK-
12CX-1. Fig.1 shows the HMOR at 1250C. Good
coating adhesion is expected of ELK-85AX by
the effect of the Fe element, which is the same
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Fig.1 Hot modulus of rupture at 12560°C.
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Table 2 Properties of spinel bricks

Brand SP-8L SP-8L-3
Apparent porosity / % 16.b 15.b
Bulk density / gecm® 2.95 2.95
Cold crushing strength / MPa 48 45
. MgO 81.0 80.1
Sgﬁq?gi?t'lon ALO: 177 172
/ mass% Fe.0s - 0.3
Ca0O 0.6 0.8
(a) (b) »

Fig.2 Cross sections of bricks (a:SP-8L, b:SP-8L-3).
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Fig.3 Torgue change of magnesia-spinel bricks for
transition zone at 12560°C by torsional test.
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as ELK-12CX-1. ELK-85AX has spinel bonded
in its matrix, ELK-85AX is expected to reduce
the abrasion and structural deterioration of
refractories.

3. Good Coating Adhesion Spinel Brick
“SP-8L.-3”

SP-8L-3 has good coating adhesion by opti-
mizing the raw materials used in conventional
spinel brick SP-8L, which is well used by vari-
ous customer for the transition zone. SP-8L-3
has good stress relaxation characteristics and
low thermal conductivity, and is expected to
give high durability at the tire areas where
mechanical stress causes brick spalling.

Table 2 shows the typical properties of
SP-8L-3 and SP-8L. Fig.2, 3, 4 shows the cut
sections, stress relaxation characteristics and
thermal conductivity results. Stress relaxation
was evaluated by hot torsion test”. The sample
was twisted to 200N -cm torque and kept in
the twisted condition for an hour at 1250C. The
higher torque change rate means better stress
relaxation.

Good coating adhesion of SP-8L-3 is achieved
by using coarse grain which is a low density
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Fig.4 Thermal conductivity by hot wire method.
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Fig.b Appearance of ELK-8bAX used at L/D=3.2
for six months in a SP kiln.
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raw material containing Fe. SP-8L-3 was
designed to have low permeability (low poros-
ity) and low CaO amounts in order to prevent
the chemical reaction between sulfur and CaO
composition. Therefore the sulfur resistance
of SP-8L-3 is equal to SP-8L. It can also be
used at high mechanical stress areas because
SP-8L-3 has good stress relaxation (Fig.3).
SP-8L-3 is expected to reduce the shell tem-
perature around the tire because the thermal
conductivity of SP-8L-3 is lower than SP-8L.

4. Trial Result of ELK-85AX and SP-8L-3

Fig.5, 6 shows the appearance of ELK-85AX
and SP-8L-3 at the position of the burning zone
(L/D=3.2) and transition zone (L/D=74) in SP
kiln after 6 months use. ELK-85AX has good
coating adhesion by the effect of the Fe element
and was damaged smoothly. No structural of
the hot face of ELK-85AX was observed due
to heating and cooling. Therefore structural
deterioration and abrasion damage was lower
than the conventional products and ELK-85A X
was used stably.

SP-8L-3 had good performance such as no
peeling off and good durability in spite of bad

area where mechanical stress is concentrated.
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Fig.6 Appearance of SP-8L-3 used at L/D=7.4
for six months in a SP kiln.



Vol. 61 2018

L0 BIFARMHZR L7z, F 7245 HEE TR
B2 X DRFALFHIE T & TR DS, RIEICIZHE
WI—T7 4 YINEPRLN, VT 7 —FEost
R X D IEALEE L BEM TH 722 LD,
BB I ZERMHATH 5,

R

b. F&¥

FEAHRROUGEZ X0 BERT H S 2 iR 7 o
L 71) —NADELK-85AX, fi HE R O HE b
I EREHI—T 1 v I EEAE R IVRAD
SP-8L-3% B4 L 720 BRAS 0 FE0A C Ol A
E0o S HHIEASHIRTCE 2R THY, 5%
DYEAY NXNVOLEEMBIZHESTELbDL
£z bo

Reference

Shinagawa Technical Report

In this field test, we could not evaluate the effect
of low thermal conductivity, however, SP-8L-3
had a good protection coating, lower structural
deterioration by sulfur attack, and as result,
achieved longer durability.

5. Summary

High HMOR chrome-free brick “ELK-85AX"
for the burning zone was developed by improv-
ing the bonded texture, and good coating
adhesion spinel brick “SP-8L-3" for the transi-
tion zone was developed by optimizing raw
materials. Both service tests showed longer
durability. Hence, it is expected that the applica-
tion of ELK-85AX and SP-8L-3 will permit the

cement rotary Kkiln to operate stably.
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