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Abstract

Highly corrosion-resistant chrome-free brick “ELK-11CW” was newly developed particularly for

the highest temperature area (hot spot) of the cement rotary kiln. High corrosion resistance under

higher temperature conditions results from a suitable matrix texture formed by optimizing the

raw material composition, grain size distribution and firing conditions.

The superior corrosion resistant property of ELK-11CW was confirmed by corrosion test as

well as commercial application. This desirable property ensures thicker residual lining thickness

at the hot spot of the kiln where the brick surface is exposed to excessively high temperature

temporarily or locally due to unstable combustion of high-calorie industrial waste.
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1. Introduction

The cement industry is the basic industry
which produces and supplies portland cement
which is used for construction of social infra-
structure. Recently, demand for the cement has
been increasing in Japan due to the increase in
reconstruction work in the earthquake damaged

area and the demand for seismic strengthen-
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ing. Moreover, an additional increase in cement
demand is expected because the Olympic
games will be held in Tokyo in 2020. Hence,
cement plants have to retain high productivity
with stable operation.

Additionally, another important role of the
cement industry is the recycling of industrial
waste or by-products. In the 2012 fiscal year,
481kg of industrial waste was consumed for 1t
of cement”, thus, it is not an overstatement to
say that the waste recycling system of Japan
is dependent on the stable operation of cement
rotary Kkilns. Hence, reduction in the productiv-
ity of the cement rotary kiln due to operational
troubles seriously influences not only cement
production but also the waste treatment system.
Thus, prevention of trouble is top priority for
selecting and managing Kkiln refractories.

Since cement clinker, which is mainly com-
posed of CaQ, is burnt in the cement rotary
kiln, basic refractories are used for the kiln
except for the lower temperature calcining zone.
Though magnesia-chrome bricks with high cor-
rosion resistance had been used in the highest
temperature zone called the “burning zone” for
many years, chrome-free bricks are now used
as a substitute from an ecological view point
in most of kilns?. In response to this situation,
we have developed ELK-11CW, a high corrosion
resistance chrome-free brick especially suitable
for the most corrosive highest temperature area
called the “hot spot™?.

2. Influences of Waste Recycling on

Temperature and Refractory Wear

In addition to using industrial waste as cement
raw materials, high calorie waste, such as waste

plastics, are used as alternatives to fossil fuels.
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Usage of these alternative fuels sometimes
causes unstable burner flame combustion which
tends to accelerate refractory corrosion. In
particular, this tendency becomes prominent at
the hot spot where flames with temperatures
of up to 2000C come close to the refractories.
Specifically, the unstable combustion occasion-
ally induces fluctuation of the flame direction,
resulting in temporary high temperature of
the refractory surface. Furthermore, “landing
combustion”, caused by delayed combustion of
the unburned high-calorie waste scattered on
the refractory lining, creates localized high
temperature areas on the refractory surface.
These temporarily or locally high temperature
conditions accelerate the corrosion rate of the
refractories.

The temperature of the cement clinker in the
burning zone is estimated to be 1450C at which
the clinker contains approximately 30% of the
liquid phase. Usually, a coating layer is formed
on the brick surface by the liquid bridging
effect to protect the brick from abrasion and/or
corrosion. If the coated surface is temporally
and locally exposed to the above-mentioned
high temperature, the coating layer will melt
completely followed by dissolution of refractory
composition, resulting in wear rate acceleration.
In general, the chemical reaction rate obeys
Arrhenius equation, thus, the dissolution rate
of the refractories rapidly increases as the tem-
perature rises. Hence, the wear rate becomes
faster even if the refractory is exposed to high

temperatures for even a short time.

3. ELK-11CW; Chrome-free Brick for Hot
Spot

According to the above mentioned viewpoints,
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Table 1 Properties of chrome free samples
Sample ELK-11CW | ELK-12CX-1
Apparent porosity / % 14.0 14.5
Bulk density / gecm® 3.06 3.04
Cold crushing strength / MPa 60 56
Chemical MgO 85.8 84.6
composition Al:Os 10.8 12.2
/ mass% Fe.0s 1.2 1.0

ELK-12CX-1& O~ bV v 7 Ak E O i %
R ELK-11CWIZELK-12CX-112 kX, ~ b
) v 7 ARF ORS AR R L, &) e
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Table 2 Chemical composition of reactant
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we have developed ELK-11CW, which is special-
ized in corrosion resistance at the hot spot.
High corrosion resistance of ELK-11CW is
achieved by controlling the sintered structure
of the matrix during firing and optimizing the
mineralogy and grain size of the raw materials.
As is obvious in Fig. 1, which compares the
microstructure of the developed ELK-11CW
and conventional ELK-12CX-1, a thick-bonded
dense-packed structure has been achieved for
ELK-11CW. As summarized in Table 1, ELK-
11CW is characterized by high bulk density
and low porosity, which can be attributed to

the microstructure shown in Fig. 1.
4. Evaluation of Corrosion Resistance

4. 1 Corrosion resistance at low
temperature

4. 1. 1 Experimental method

In order to evaluate the corrosion resistance
of ELK-11CW and ELK-12CX-1 at low tempera-
ture, a corrosion test was carried out at 1400C
which is equivalent to the temperature of the
burning zone of a normally operated rotary
kiln. In addition, S-DIR-8C and SP-8L were
evaluated at the same time. S-DIR-8C is the
magnesia-chrome brick which had been used
for the burning zone and SP-8L is the spinel
brick for transition zone. The typical properties
of S-DIR-8C and SP-8L are shown in Table 3.

The rotary corrosion test apparatus was
equipped with an automatic slag feeder and a
drainer as shown in Fig. 2% was utilized for
the evaluation. The inclination of the drum and
drum rotation speed were adjusted to 3 degree
and 4.5 rpm, respectively. A reactant was pre-
pared by mixing some reagents and industrially

available powder to obtain the target cement
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Table 3 Properties of compared samples

Sample S-DIR-8C SP-8L

Apparent porosity / % 1.5 15.5

Bulk density / gecm® 3.05 2.95

Cold crushing strength / MPa 49 48

) MgO 86.6 81.0

cgn']g;”s'l"ti'm ALO; 6.5 177
/ mass% Cr,0s 1.2

Fe:0s 4.0 0.1

clinker imitating composition followed by cal-
cination at 1000C for 3 hours in an electric
furnace” ®. Table 2 shows the composition of
the reactant.

The newly developed corrosion test was per-
formed for 4 hours feeding 30g of the reactant
every 2.5 minutes automatically.

4. 1. 2 Results

The discharged reactant during the test
appeared to be a red-hot solid rather than a
melt. Fig. 3 summarizes the appearances and
cut sections of the specimens after the corro-
sion test. In the pictures, the bottom of the
specimen is the reactant outlet side where the
temperature was the highest since the burner
flame attacks the side.

As can be seen in the cut section of Fig. 3,
corrosion was observed on the bottom of SP-8L
which is the spinel brick used for the transition
zone while no corrosion was observed on the
bricks for the burning zone, ie. ELK-11CW,
ELK-12CX-1, and S-DIR-8C. A dense layer
was formed in all specimens in the area within
approximately 30mm from the hot face.

4. 2 Corrosion resistance at high
temperature
4. 2. 1 Experimental method

In order to evaluate the corrosion resistance

of ELK-11CW and ELK-12CX-1 under high

temperature conditions, a corrosion test was



Shinagawa Technical Report

Vol. 58 2015

ELK-T1CW

ELK-12CX-1

Surface

Cut section

S-DIR-8C SP-8L

Burner

Drive roller

Fig. 4 Rotary drum apparatus for corrosion
test at 1700°C.
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Drum body

Specimen

Fill material
Slag drain pipe

Fig. 5 Cross-sectionofrotarydrumapparatus
for corrosion test at 1700°C.

carried out at 1700C for Shours. For the experi-
ment, a conventional rotary corrosion apparatus
without an automatic slag feeder was employed

since the temperature exceeded the upper limit
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Fig. 6 Appearance of the chrome free bricks

after corrosion test at 1700°C.
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10

Wear depth / mm

O_

ELK-11CW ELK-12CX-1

Fig. 7 Wear depth of chrome free bricks
after corrosion test at 1700°C.

of the apparatus described in section 4.1. Figs. 4
and 5 schematically show the apparatus.

Every one hour, old reactant was drained
and fed 1.2kg of fresh reactant through a hole
installed in one specimen in the assembly as
shown in Fig. 5. The hole was plugged during
the corrosion process. As in subsection 4.1, the
state of the slag was inspected during the test.
The composition and preparing method of the
reactant was identical to those indicated in sec-
tion 4.1.1.

4. 2. 2 Results

In this experiment, complete melting of the
reactant during the test was confirmed.

Figs. 6 and 7 show the cut sections of the
specimens after the test and the corrosion
depth, respectively. ELK-11CW showed 10%
less corrosion than ELK-12CX-1. For both
specimens, dense layer formations in a whole

range of thicknesses were recognized.

5. Investigations of Bricks Used in Burning

Zone

In this section, investigation results of used



Shinagawa Technical Report

ELK-11CW ELK-12CX-1

(]

o

S

5

w

<

Ke}

i3]

&

5

O
Fig. 8 Appearances of bricks used under a low

thermal-load condition.
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ELK-11CW and ELK-12CX-1 applied under a

low-thermal load condition and a high-thermal

load condition will be described.

5. 1 Brick used under low thermal-load
condition

Fig. 8 shows the appearances and cut sec-
tions of ELK-11CW and ELK-12CX-1 used for
6 months obtained from the location of L/D
(Length/Diameter) = 2.6 where the thermal
load is lower. No distinguishable difference in
residual thickness, state of external appearance
or state of cut section between ELK-11CW and
ELK-12CX-1 were recognized.

The cold crushing strength, apparent poros-
ity and chemical composition at positions A to
H as indicated in Fig. 8 were evaluated. The
evaluated results are summarized in Table 4. As
shown in Table 4, densification and strengthen-
ing are recognized on hot face side of the both
specimens.

Fig. 9 shows the changes in chemical com-
position from hot face to back side. Although
a slight increase in the summation of CaO and
SiO. was detected in the area near the hot face,
the quantity of those compositions was almost
same as the included in initial bricks. On the
other hand, alkali sulfates increased consider-
ably in the area close to the hot face.

In terms of difference between ELK-11CW
and ELK-12CX-1, no significant difference was
found.

5. 2 Brick used under a high thermal-load
condition

In this subsection, the properties of ELK-
11CW and ELK-12CX-1, used under a high
thermal load condition are compared. While
these two specimens were not used in same

operation campaign, both were obtained from
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Table 4 Properties of used bricks in casel
Position A B C D E F G H
Apparent porosity / % 7.1 8.5 14.4 14.5 8.7 1.9 15.3 15.3
Cold crushing strength / MPa 76.9 77.6 48.5 36.8 86.8 64.8 34.6 40.8

10
§
g —8— ELK-11CW
S —0= ELK-12CX-1
o 5
@©
O
*
S .
wn
0

—>

Back side

—

Hot face

Na;0+K,0+S0Os;+Cl / mass%

10
—8— EK-11CW
=O= ELK-12CX-1
5 ‘\ - A\
0

iy

—

Hot face Back side

Fig. 9 Change in chemical composition of bricks shown in Fig.8.
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ELK-11 ELK-12CX-1

CW

Surface

Cut section

Fig. 10 Appearances of bricks used under a high
thermal-load condition.

almost the same location (L/D=1.9) where bricks
are suppressed under high thermal load after 6
months usage in the same kiln. Fig. 10 shows
the appearances and cut sections. The crack
which can be seen in the cut section of ELK-
11CW was initiated by the mechanical shock
of demolishing and lengthened during cutting.
In comparison with conventional ELK-12CX-1,
ELK-11CW showed thicker residual lining thick-
ness as well as flat hot face. As can be seen
in Table 5, the whole body of both bricks was
densified and strengthened.

Fig. 11 shows the changes in chemical compo-
sition as a function of distance from the hot face.
An increase in the summation of CaO and SiO,
on the hot face side was detected in ELK-11CW.
Although increases in alkali sulfates towards
the back were observed for both specimens, a
decrease in alkali sulfates in the vicinity of the

back surface was recognized for ELK-11CW.
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6. Discussion

Empirically, it is known that the dense
layer observed in the specimens after a low
temperature corrosion experiment is formed
by penetration of molten reactants, but the dis-
charged reactants seemed to be solid. Hence, the
reactant was in a semi-molten state, which is a
similar state to the cement clinker in the burn-
ing zone of a commercial rotary kiln, during the
test. Although a little corrosion was observed
for SP-8L, which is for the transition zone, the
bricks for the burning zone, ie., ELK-11CW,
ELK-12CX-1, and S-DIR-8C weren't corroded
by the test. Thus, a high temperature corrosion
test in which the reactant melts completely is
necessary to evaluate the effectiveness of the
developed ELK-11CW.

No significant increase in the summation of
Si0. and CaO in the bricks used at the low

thermal load zone of a commercial kiln shows

Table b Properties of used bricks in case?

Position | J K L M N O P
Apparent porosity / % 9.6 7.8 5.0 4.0 8.5 10.9 4.7 3.7
Cold crushing strength / MPa 100.7 108.9 61.7 81.8 42.4 86.8 88.3 101.9
10 .10
2
A
©
s £
2 —&— ELK-11CW ~ -
£ =0 ELK-12CX-1 g ®
< 5 /
o 5 8 5 7
J’_
g 3 £
o ¥ f:

& 5 —8— ELK-11CW
>--¢ 5 & —0— ELK-12CX-1
OQ:: —> %:j —>
Hot face Back side Hot face Back side

Fig. 11 Change in chemical composition of bricks shown in Fig.10.
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that less amount of liquid was included in the
clinker there. An increase in alkali sulfate in the
hot face side is considered to cause densification
and strengthening.

An obvious increase in the summation of
SiO; and CaO in the hot face side of ELK-11CW
used in the high thermal load zone is evidence
of the penetration of clinker composition in a
liquid phase. A larger amount of summation of
SiO; and CaO than ELK-12CX-1 is considered
attributable to the high corrosion resistance of
the penetrated structure of ELK-11CW, result-
ing in a thicker residual lining thickness. On
the other hand, the tendency for an increase in
alkali sulfates towards the cold end was quite
similar for the two specimens. This shows quick
diffusion of alkali sulfates.

Both experimental results and used brick
investigation revealed that ELK-11CW showed
better corrosion resistance than ELK-12CX-1
under a high thermal load condition. This is
attributable to improvements in the sintered
structure of the matrix of ELK-11CW. While,
no distinguishable difference in the corrosion of
ELK-11CW and ELK-12CX-1 was recognized
under the low thermal load condition. Hence,
ELK-11CW is suitable for kilns in which tem-
porally localized excessively high temperature
due to the unstable combustion of the burner

flame tends to occur.
7. Conclusion

We newly developed the high corrosion resis-
tance chrome-free brick ELK-11CW by improv-
ing the sintered structure of the matrix. Both
experimental and practical results confirmed
the high corrosion resistance of ELK-11CW

under a high thermal load condition. Hence, it
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FFTEXLHRIIE-TBY, %O AY MFV is expected that the application of ELK-11CW
Y OREMBIZFG KDL bDEEZ L, will permit the cement rotary kiln to operate
stably.
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