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Abstract

The refractory lining for cement rotary kiln (furnace) is often damaged by mechanical spalling
because it is mechanically stressed by both circumferential deformation and axial movement
of the kiln shell repeatedly. Therefore, improving mechanical stress resistance is important for
prolonging the service-life of the refractory lining. We evaluated not only the conventionally physical
characteristics of cement rotary kiln refractories but also the thermos-mechanical characteristics.
We report on some new evaluation methods and explain some refractory performance results for
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the cement rotary kiln.
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1. Introduction

The role of the cement rotary kiln (herein-
after referred to as cement Kkiln in this paper)
are cement manufacturing equipment and recy-
cling equipment which turn industrial wastes
into cement raw materials and fuel resources.
is added
to cement raw material and more types of

Recently, more industrial waste
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industrial waste have been used. Sulfur, alkali,
chlorine components in industrial waste make
the cement coating protecting the refractory
unstable. They accelerate abrasion, structural
deterioration and corrosion of refractories. The
refractory lining is mechanically stressed by
both circumferential deformation and axial
movement of kiln shell repeatedly. Therefore, it
is often damaged by mechanical spalling.
Abrasion resistance, thermal embrittlement
resistance and corrosion resistance are impor-
tant characteristics for cement kiln refractories.
We consider deformability and stress relaxation
characteristics to also be important. To evaluate
the mechanical characteristics of the refracto-
ries, uniaxial stress examinations of bending and
compression are widely used. But examinations
of shear and torsion are more desirable because
the stress elements in cement kiln refractories
are complex. This paper not only the conven-
tional physical characteristic evaluations but
also thermos-mechanical characteristics of
basic refractories for cement rotary kilns and
improved materials performance results.

2. Damage Factors and Required Refractory
Characteristics

Figure 1 shows a representative refractory lin-
ing for a cement kiln. The cement kiln is divided
1nto a cooling zone, burning zone, transition zone
and calcining zone in that order from the outlet
side. Each zone has a different temperature and
atmosphere and wear configuration. Magnesia-
spinel bricks are widely used in the area from

Intel—
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Cooling | Burning
zone zone zone

Transition

Calcining
zone

i i

i i

MgO-Spinel lining

Al203-SiOq lining

Fig.1 Typical refractory lining of cement rotary kiln.
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Table 1 Typical properties of MgO-Spinel bricks
for cooling zone
Brand SP-8D | SP-8DC | SP-8DF
Apparent porosity/ % 15.5 156.3 16.1
Bulk density / gecm® 3.05 3.05 2.94
Cold crushing strength/MPa 54 57 52
_ N MgO 81 80 83
Chemlcil composition ALO: 176 176 1.8
/ mass %
Fe:0s - 1.5 0.2
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the cooling zone to the transition zone because
they are damaged severely. High alumina and
fireclay refractories are widely used in the
calcining zone because they are damaged only
slightly at relatively low temperatures.

The cooling zone is relatively high in tem-
perature. The refractories are exposed to large
temperature change because the coating on the
cooling zone refractories is not stable compared
to that on the burning zone refractories. Abra-
sion by cement clinker and thermal spalling are
the main damages to the cooling zone refracto-
ries. The steel shell on the cement kiln is heated
at high temperature for a long term. The shell
around the outlet gradually deforms and flares
out at the edge. As the shell restriction loosens
the refractory lining sometimes slips out and/or
crush and falls down by mechanical stress.
Therefore, the refractories in the cooling zone
require abrasion resistance, volume stability,
thermal embrittlement resistance and deform-
ability.

The burning zone has the highest tempera-
ture in the kiln. The cement clinkers have a
lot of liquid phase and coat refractories. Once
the coating disappears from the surface, the
refractory lining is exposed to considerably
high temperature conditions and is corroded
severely. Mechanical spalling also occurs at
the tire areas. Burning zone refractories are
required for corrosion resistance, deformability
and stress relaxation.

The transition zone is lower in temperature
than the burning zone and has a low-oxygen
atmosphere. The cement clinkers in the transi-
tion zone have less liquid phase and the coat-
ing is less stable than burning zone. Repeated
attachment and detachment of the cement
coating causes temperature change of refrac-
tories. Thermal spalling is the main damage.
Moreover, the transition zone is located at the
center of the cement kiln. The shell is deformed
rather largely at the tire areas, which causes
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Table 2 Typical properties of MgO-Spinel bricks
for burning zone

Brand ELK-12CX-1| ELK-11CW |ELK-12CXR
Apparent porosity /% 14.5 14.0 16.7
Bulk density / gecm® 3.04 3.06 3.02
Cold crushing

strength / MPa % 60 5
composition Al:Os 10.8 12.2 12.2
/mass % Fe.Os | 12 1.0 1.4

Table 3 Typical properties of MgO-Spinel bricks
for transition zone

Brand SP-8L | SP-8LS [SP-8LDF
Apparent porosity / % 15.5 14.8 15.1
Bulk density / gecm® 2.95 3.00 3.00
Cold crushing strength / MPa 48 54 50
. N MgO 81 81 81

Chemlcaol composition ALOs 177 174 176
/ mass %

CaO 0.6 0.7 0.7

Table 4 Chemical composition of reactant

CaO SiO; Al:Os Fe:0; [K.O0+S0s+Cl

mass % | 62 20 5.5 2.5 10
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[ELK-12CX-1] &, W&EMEE a—7 1 ¥ 735
EDINT 2 AN BAF RGBT, BERUTT AT
TR CTdH 5o [ELK-11CW ] (d & &tk 2>
I—T 4 Y REEERE L, BERDEVCERET
WHEH &b TELK-12CXR] (i A 2 #EdF L
DOMMNIZF v v T B LETERE - oI
MWEANESL2mETH 5B,
B HILA DO G E % Table 31278 34
[SP-8L| (ZH v 7 7 —EDR AN D 72 O # %
LR RL L 72 E Th %, [SP-8LS] 1X4E
BRI X 0 B sRE 4 1M E S 72 REThH
%o [SP-8LDF | &M & AR L > DAk I
Fov v TEREANLLEHRE - ISR E S L7
METHA, WITNOMED VT 7 — 5123t

5 AL RS 7 W3 5 720, KCaOfbz M-
—(\/\Z)lo)o

Vol. 60 2017

mechanical stress. The mechanical spalling
often happens at the tire areas. Transition zone
refractories are required to have volume stabil-
ity, thermal embrittlement resistance, deform-
ability and stress relaxation.

3. Evaluation Method

3. 1 Evaluation sample

Table 1 shows the typical properties of
our products for the cooling zone. SP-8D is
a standard product using mainly high purity
magnesia and spinel. SP-8DC contains some
Fe components and is a product with improved
coating adhesion and high hot modulus of rup-
ture. SP-8DF has gaps in the texture and is
a product with deformability, stress relaxation
and enough high strength.

Table 2 shows the typical properties of our
products for the burning zone. ELK-12CX-1 is a
standard product with good corrosion-resistance
and coating adhesion. It is suitable for the whole
burning zone. ELK-11CW has good corrosion
resistance and coating adhesion. It is suitable
for most high temperature areas. ELK-12CXR
has gaps in the texture and is a product with
deformability, stress relaxation and good corro-
sion resistance.

Table 3 shows the typical properties of our
refractories for transition zone. SP-8L is a
product designed to have low porosity and per-
meability in order to suppress the infiltration of
foreign compositions such as sulfur into brick.
SP-8LS contains special additives and has a
high hot modulus of rupture. SP-8LDF has
gaps in the texture and has good deformability,
stress relaxation and dense texture.

All our products for transition zone are
designed to have low CaO amounts in order to
suppress chemical reaction between sulfur and
CaO composition.

3. 2 Abrasion resistance

We conducted an abrasion resistance test for

the cooling zone refractories which are required



Vol. 60 2017

3.2 THEFEM

i BEREE AT E R S M B HAH A IZDO W
T, MEEFERABR A 1T - 720 BUBRIRAEE131250T & L,
ABRIZTIS R 2252-2 [T XKW 5 O BEEFENE D FF
filfisABR ik — 55 2 80 - B IS X D FEMEL 72,
3.3 AHEREM - MEMRHE

BREEN - TR L IEDTE R & 1L 5 % H H
BIXUOBBHHNLADIZOWT, MBGHIORD
U BRRT R OB LR LR (794~ FY
= 7)) OEALE G L 720 BEBRSEICon
T, HEIFFIEER T OEE D K L OMBEEEIY 1 -
VERAEE L, BAFT1400C x 154 hm#k L,
900C x 154 HARGHN T 24 4 7 v % 5 [A# D
BT AR AT o720 BREWITREZHOKE N
IEEHI A 7 V2 E L, BXHTI300C x 10
SIMEL L, ZRTIOMBARGHIT 291 7 v x
30[1# 1) AR5 B ER A 1T 72 o 72,
3. 4 MEM

it BEPEASE R SN B BER A HNLADIZ DN
T, s N7 ABERBEEIT- 72", B X
1700C x 5h T, RE&MIZIETable 4I27R 3T ERLA
77 &M L7z BB O U A & R
Fa & 058 L, AZHE L & o Il it A % SR L 720
3. 5 EBEHIAYESME

i CH AWET % ) 72356 O BB i 5 14

R 5720, ETORHIOW TR L ) 5
etro72%. AU EBREE 2 Fig. 2128 ¥ Uk

1320 X 20 X 230mm® E KT, Wim20mmidiGE
ICHEEENTWD, —HOREIZIE bV 2R
MRBEINTBY, Mo m RS
EHEBE AL T MV PR SN AEA L 7o
TWwh, F72, WS AR0 Civg % AERH
I DHEEL TWa,

SRR L1 15mm o FE I8 A 12507C 12349 — 2k
L1073 PRFEf%, DIV 7 K25 55200N - cmiZ 72 % F
T—%ED MV 7 #E (1FMIZI00N-cm) THh
LoTwE, Mz iAoz s v—§
R#MKICRLEE, WE L7z 201, Fv— MHKD
FLEk LB O Vv o MER U y OBfREE
L, ) zHwCchALhEEEL ROz,
7z, BERGETH B X BT HONADEEHI O W
TIE200N-cmiZAA Uo7z RE%E L, 1 FERRGEE
O MV o —EERIEAR (M v 7 3Rl ZRisk L

Shinagawa Technical Report

to have good abrasion resistance. The examina-
tion temperature was 1250C and examination
was done under JIS R 2252-(2), test method for
abrasion resistance of refractory products.
3. 3 Volume stability and thermal
embrittlement resistance

We evaluated the volume stability and ther-
mal embrittlement resistance for cooling and
transition zones refractories. The evaluation
uses the linear change and elasticity change
from the original and after heat-treatment in
an electric furnace. The modulus elasticity was
measured by grind sonic method. The cooling
zone refractories were heat-treated in 5 cycles
of heating at 1400C for 15 minutes and cool-
ing down to 900C for 15 minutes. That was
the supposed temperature change in the high
temperature range. The transition zone refrac-
tories were heat-treated for 30 cycles of heating
at 1300C for 10 minutes and cooling down to
room temperature for 10 minutes. Those were
the supposed rapid and furious temperature
change conditions.
3. 4 Corrosion resistance

We conducted a rotary drum corrosion test
for the burning zone refractories which are
required to have good corrosion resistance. The
examination was done at 1700C for 5 hours
using the synthetic slag shown in Table 4 as
the corrosion agent. The corrosion resistance
was evaluated by comparison with a standard
brick (ELK-12CX-1) to measure the corrosion
area on cross sections of the refractory samples
after the test.
3. b Thermal mechanical characteristic

We carried out a torsion test for all the refrac-
tory samples in order to evaluate the thermal
mechanical characteristics against shear stress
at high temperature. Figure 2 shows the torsion
test apparatus. The dimensions of the specimens
are 20x20x230mm length. Both ends (=20mm)
of a sample are fixed by jigs. The torque detec-
tor is attached on one jig. Twisting the other jig,
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Fig.2 Experimental torsion test apparatus.
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hot abrasion test.
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the torque reaches to the other jig through the
sample. The angle detector measures torsion
angle of the whole apparatus.

The center part of the 115mm sample was
heated to 1250C and kept at that temperature
for 10 minutes. The sample was twisted to
200N-cm at 100N-cm per second. The torque
and torsion angle curves were recorded on a
chart. The torsional rigidity was calculated
using equation (1) in Fig.2 based on torque M
and torsional angle 7 on the chart.

We also measured the stress relaxation for
the burning zone and transition zone samples.
They were twisted to 200N-cm torque and kept
in the twisted condition for an hour. The torque
and time curves were recorded on a chart. We
considered the torque change to be the stress
relaxation. We consider lower torsional rigidity
to mean better deformability and larger torque
relaxation, which render better stress relax-
ation.

4. Results and Discussion

4. 1 Abrasion resistance

Figure 3 shows the result of the abrasion
examination for cooling zone refractories. SP-
8DC had approximately 30% less abrasion than
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Fig.7 Modulus of elasticity change for transition
zone refractories after heat-treatment.

the standard SP-8DC. The abrasion of SP-8DF
was approximately equal to SP-8DC.
4. 2 Volume stability and thermal
embrittlement resistance

Figure 4 shows the linear change for the cool-
ing zone refractories after heat-treatment. It is
empirically known that linear change should
be less than 1.0% in consideration of volume
stability. The linear changes of all the products
were less than 0.2%, which shows superior
volume stability. Figure 5 shows the modulus of
elasticity change after heat-treatment. SP-8DC
and SP-8DF decreased by approximately 25%
after heat-treatment although SP-8D decreased
by approximately 40%.
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Figure 6 shows the linear change for the
transition zone refractories after heat-treat-
ment. The linear changes of all products were
less than 1.0%, which shows good volume sta-
bility. Figure 7 shows the modulus of elasticity
change after heat-treatment. SP-8LS decreased
by approximately 30%. The standard SP-8L
decreased by approximately 50%. SP-8LDF
decreased approximately 50% and was equal to
SP-8L.

4. 3 Corrosion resistance

Figure 8 shows the corrosion test result for
burning zone refractories. ELK-11CW showed
best wear resistance. The wear resistance of
ELK-12CXR was better than the standard
ELK-12CX-1 brick.

4. 4 Mechanical characteristic

Figure 9 shows the torque and torsional angel
curves for cooling zone refractories by torsional
test. The torsional angle against torque of
SP-8DF, which has gaps in their texture, was
lower than that of the standard SP-8D. The
torsion rigidity of SP-8DF was approximately
30% smaller than that of the standard SP-8D
refractory (Fig.10). SP-8DF is considered to
have more deformability and is a more suitable
material for the deformed shell areas.

Figure 11 shows the torque and torsional
angle curves for burning zone refractories
by torsional test. The torsional angle against
the torque of ELK-12CXR, which has gaps in
their texture, was lower than that of standard
ELK-12CX-1. The torsion rigidity of ELK-
12CXR was approximately 30% smaller than
that of the standard ELK-12CX-1 (Fig.12).
Figure 13 shows the stress relaxation curves
for the burning zone refractories. The stress
relaxation of ELK-12CXR was larger than that
of the standard ELK-12CX-1. ELK-12CXR is
considered to have has more deformability and
stress relaxation, and is more suitable to the
tire areas.

Figure 14 shows the torque and torsional
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Fig.11 Torque-torsional angle curves of magnesia-
spinel bricks for burning zone by torsional
test at 1250°C.
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Fig.13 Torque change of magnesia-spinel bricks
for burning zone at 1250 °C by torsional
test.

angle curves for the transition zone refractories
by torsional test. Compared to the torque of
SP-8LDEF, the torsional angle was lower than
that of standard SP-8L. SP-8LS was equal to
SP-8L. Figure 15 shows the torsional rigidity
at 1250C. The torsion rigidity of SP-8LDF
was smaller by approximately 45% than that
of the standard SP-8L. That of SP-8LS was
larger than that of SP-8L by approximately
30%. Figure 16 shows stress relaxation curves
for transition zone refractories. The stress
relaxation of SP-8LDF was the biggest in all
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Fig.14 Torque-torsional angle curves of magnesia-
spinel bricks for transition zone by torsional
test at 1260°C.
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Fig.16 Torque change of magnesia-spinel bricks
for transition zone by torsional test.
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Fig.15 Torsional rigidity index of magnesia-spinel
bricks for transition zone by torsional test
at 1250°C.

of them. SP-8LDF is considered to have more
deformability and stress relaxation and is more
suitable for the tire areas.

5. Performance at Actual Cement Kilns

5. 1 Cooling zone

Figure 17(a) shows the appearance of the
standard SP-8D after 3 months of service at the
outlet end area of an SP kiln. SP-D refractories
were damaged severely and peeled off 110 mm
from the working surface by mechanical spall-
ing. Heavy joint wear was also observed. The
bricks are considered to have been damaged by
repeated mechanical stress.

Figure 17(b) shows the appearance of SP-
8DF, with low torsional rigidity, after 3 months
of service at the same area. Some joint wears
can be observed, however, there is no peeling off
by mechanical spalling issue. The durability of
SP-8DF improved from 1 campaign (3 months)
to 2 campaigns (6 months).

5. 2 Transition zone

Figure 18(a) shows the appearance of SP-8L
and SP-8LDF used at the position of L/D = 9.9~
10.9 (L distance from the outlet, D; diameter
of the cement kiln) near the tire area in an
NSP kiln after 6 months of service. In this area,
heavy mechanical stress frequently attacked
refractories and joints were worn significantly.
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Fig.17 Appearance comparison between (a) SP-
8D and (b)SP-8DF used at outlet end of a
SP kiln.
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Fig.18 Appearance of SP-8LDF used at (a) L/D =
9.9-10.9 for six months in an NSP kiln and
at (b) L/D = 4.6-5.0 for eight months in a
SP kiln.

The refractories were damaged severely by
mechanical spalling. The standard SP-8L
used at the upper side of L/D =10.9~11.5 for
6 months, was severely worn by mechanical
spalling. However SP-8LDF, with low torsional
rigidity and good stress relaxation, showed no
peeling off and gave good durability.

Figure 18(b) shows the appearance of SP-
8LDF used at the position of L/D =4.6~5.0
near the tire area in an SP Kkiln after 8 months
of service. In this area, mechanical stress
repeatedly attacks refractories, but SP-8LDF
achieved longer durability.

6. Summary

We evaluated cement Kkiln refractories using
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not only conventional physical characteristics
but also thermos-mechanical characteristics. We
improved the cement kiln refractory materials
with new evaluation methods and applied them
to the zones of a cement kiln where refractories
were severely damaged by mechanical spalling.

They achieved much longer service-life.

(1) The deformability and stress relaxation of
refractories were evaluated using torsional
rigidity and torque relaxation curves from
a torsional test. Lower torsional rigidity is
considered to have shown more deform-
ability.

(2) SP-8DF, with low torsional rigidity and
high stress relaxation, was applied to cool-
ing zone. The damage was significantly
decreased compared to conventional
products and the service-life was improved
from 1 campaign (3 months) to 2 campaigns
(6 months).

(3) SP-8LDF, with low torsional rigidity and
high stress relaxation, was applied to the
transition zone. The damage was much

less than the conventional products.
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