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In the last kiln doctor we discussed about girth gear and
pinion inspection while upgrading for increased capacity
utilization, which results in higher RPM of kiln.

This increase in RPM results in additional stresses on the
various components of the kilns, which need to be inspected
for any defects/cracks internally before subjecting them to
increased load. Kiln doctor of this quarter discusses the two
important Non Destructive Testing (NDT) methods of the kiln
components.

We are upgrading our plant and are going to increase the
capacity of the kiln and therefore there will be increase in
rpm of the kiln

Question

Apart from checking the capacity of the motor and gear box,
girth gear and pinion & the alignment of the kiln what other
checks do you recommend to carry out to ascertain the
condition of the kiln components?

Itis very vital to establish defects on the following components
caused due to metal fatigue because of prolonged years of
operation of the kiln. The kiln’s weight and high temperature
variations makes the kiln components susceptible to
developing different types of defects as illustrated in the
figure 1.

* Tyres & rollers: Check for cracks or smearing marks that
can be caused due tot he reduced area of contact, over
skew of rollers, differential slope between the kiln and rollers
& shell sag leading to localised loading of the rollers.

* Girth Gear and Pinion: Check for cracks or defects induced
by low or high root clearance and backlash.

* Kiln Shell: Check for laminations and loss of thickness in
the shell, which is reduced due to oxidation and erosion
caused by the high temperature and chemical reaction.

Non-destructive tests (NDT) like Ultrasonic Testand Magnetic
Particle test enable us to detect these defects, their depth
and detrimental effects on the operation of the kiln.
ULTRASONIC TESTING (UT)

This test is carried out to detect cracks, inclusions or other

internal discontinuities. Ultrasonic wave is introduced into the
metal and the time interval between the transmission of the
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out-going and reception of the incoming signal is measured
with a cathode ray oscilloscope (CRO). The time base of
CRO is so adjusted that the full width of the trace represents
the section being examined. The surface of the component
to be inspected by ultrasonic is made fairly smooth so that
ultrasonic waves can be efficiently transmitted from the probe
into the casting and even small defects and their magnitude
can be detected properly. Refer fig.2

MAGNETIC PARTICLE INSPECTION (MPT)

MPT is used for detecting surface and subsurface cracks.
It involves (a) Magnetization of material (b) Application of
finely divided magnetic particles (either dry or suspended
in a liquid). Defects like blowholes, cracks and inclusion in a
magnetic material produce a distortion inan induced magnetic
field. These defects distort the path of the magnetic flux and
have different magnetic properties than the surrounding
material. When the flaw is a surface flaw or lies sufficiently
close to the surface, the lines of force set up a pair of poles
at the surface, which acts like a small horse shoe magnet to
attract and hold some of the magnetic powder. The surface
must be clean, dry and free of rust. Refer fig.2
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KILNS

Red Spot on the Kiln Shell: Refractories Again ?
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Lourengo Machado Gontijo — Magnesita

NOTHING HAS CHANGED...

WE ALWAYS RUN THE KILN THIS WAY...

THE RAW MIX IS THE SAME...

THE FUEL HAS NOT CHANGED...

NOTHING HAPPENED TO KILN 2 WHERE WE USE BRAND X...

CONCLUSION

YOUR BRICK IS NOT GOOD!

Have you seen this movie before?

These statements reflect the frustration of a production manager
victimized by an unexpected red spot on the kiln shell. His or
her first reaction is to look for a scapegoat to blame the kiln
shutdown and the production loss on. The best remedy in those
circumstances is to cool down both the kiln and the head.

Since there are two sides to any story, the brick supplier will
counter react:

OUR BRICK HAS NOT CHANGED...

THE MATERIAL WAS SUPPLIED WITHIN SPECS...

THE PRODUCT IS VERY SUITABLE TO THE APPLICATION...
THE INSTALLATION WAS FLAWLESS...

CONCLUSION
THE PROBLEM MUST BE WITH THE KILN!

At this point, an impasse is clearly established. To look for quick
solutions under such scenario will invariably result in further
losses and disappointments. Our many years of experience
under similar situations motivated us to write this paper.

Introduction

Most operators fail to understand that a refractory failure
today may have been induced several weeks or months
before. For instance, it could have been caused by a
small change from a plastic clay to a more economic
source of silica and alumina, or even by a slight change
in burner pipe position that went unnoticed. Sometimes
small increase in fuel sulfur content can start a ring and
cause premature brick failure.

It is never too much to stress the impact of a kiln
shutdown on the cost of cement. The direct cost of
the most expensive brick is nothing compared to
an emergency shutdown. The cost effectiveness of a
brick is so important that in some countries the entire
basic brick zone is replaced after a full 12 month
campaign, no matter how thick or good the bricks
look like.
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The refractory lining of any kiln has an “average life”
or campaign, inherent to that particular kiln and set
of conditions. Even “twin” kiins in the same plant
present different campaigns throughout the years.
There is nothing so dissimilar as two identical kilns!
Without first determining what the average life is, brick
performances cannot be fairly compared. Moreover,
suspicious campaigns resulting from obvious
accidents should not be compounded in the average.

By definition, an accident is something that
happens without previous notice, invariably
causing damage. In our context, we will consider
accident any red spot on the kiln shell induced by
brick failure.

What causes such brick accidents and how, is exactly
the objective of this paper.
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| - HOW TO PROCEED BEFORE A RED SPOT

The presence of a red spot on the kiln shell is usually
indicative of:

¢ the kiln temperature is above normal or,

¢ the coating was sudden lost on a thin lining or,

¢ the brick is gone.

Sometimes two or more factors combine to result in a
red spot: there is a sudden loss of coating that carries
with it 50 mm of brick. .

Even with ultra-sensitive shell scanners, capable
of zooming into a couple of bricks in the kiln, red
spots still occur, because they are accidents. Since
accidents are fast events, the analysis and reaction
to the problem must also be immediate.

The first item to observe is the location of the red spot.
If it appears in a zone where there is no liquid phase
present, it is very difficult to form a protective coating
over the brick and the best option is 1o start the kiin
shutdown procedure. Other factors that require a kiln
shutdown without further analysis is the presence of
red spots at or underneath tires, cooler inlets, kiln
drive or nosering. Damage to the shell in those areas
are extremely costly to repair and can through the kiln
into severe misalignment.

The second factor to ponder is the size and color
of the hot spot. An orange or dark red spot in the
burning zone can be controlled by stopping the kiln
for a short period of time with the spot kept at the
6-0'clock position. The flame must be adjusted to
induce coating formation and the shell cooling fans
must be on during the procedure.

If the spot is light red and more than 0.75 square
meter in area, it is very unlikely that it can be
controlled and the best alternative is to start the
shutdown procedure. The affected area must be
protected during the shutdown.

In the absence of shell scanners, red spot detection
and control must be done visually. Obviously these
spots are better seen at night, or sometimes during
the day through darker spots on a burned shell. If
the spot is persistent over time, this is an indication
that the lining is thin inside and care must be taken to
avoid sudden loss of refractory in the area.

As a rule-of-thumb, the following actions are
recommended for different shell temperatures:

¢ temperatures under 380°C are considered normal
nowadays because of the higher thermal conductivity
high-magnesia and magnesia-spinel products.

¢ above 380°C the kiln operator should act to bring
shell temperature to normal.

For a quick visual estimation, the following can be
used:

* barely seen red spot: 420°C to 480°C.

* dark red spot: 480°C to 600°C.

* red to yellow spot: beyond 600°C with permanent
damage to the shell.

Il - THE KILN IS DOWN: LINING INSPECTION

The old lining and the coating attached to it offer
several clues to what might have caused a premature
brick failure. Therefore a careful inspection must be
done by a trained person, and an observation report
must be filed for future reference. This is valid for
accidental or programmed shutdowns.

The attached INSPECTION CHECKLIST form
describes some of the parameters to be observed
during the inspection. The ideal situation is that the
inspection be jointly done by the customer and his
supplier representative. Since this is not always
possible, then the customer should collect and keep
representative brick samples from the damaged and
adjacent areas for future lab study. A good brick
sample should always contain part of the coating that
was or is attached to it during the accident.

Other important data to be carefully examined:

» complete clinker chemistry for the last 15 running
days prior to the kiln shutdown.

» kiln logs for the same period.

_* burner pipe coordinates and a photograph of the

burner tip.
¢ kiln mechanical maintenance reports.
* brick charts for the past two years.

Il - WHY DID THE BRICK FAIL?

As mentioned earlier, red spots are usually caused
by an overheated kiln or a critically thin brick. In most
accident cases the brick is thinned down in a short
time under a extremely hot flame. In order to quantify
the “short time” we must find out from the brick chart
what the average lining life is supposed to be in that
area. Sometimes we will be surprised to learn that
say, 60 or 90 days is the average for a given zone.

Seldom red spots above the upper transition zone
can be attributed to a thermal overloading. The lining
is too far from the flame to be directly affected. The
possible reasons for a lining failure in the UTZ are:

1. Poor Brick Installation

In such cases the lining collapses in the first days of
operation. Lining gaps, upside down bricks, improper
shape ratio, poor keying practice, poor cutting practice
or bricks crushed during installation can all lead to such
failure mode. These lining defects, apparently without
any serious consequence, become critical as the kiln
is heated up and turned. Especial care must be taken
to avoid an excess of cardboard spacers in this region.
The excess can be recognized by shifted and twisted
brick rings developed into spiral or triangular patterns.
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2. Mechanical Failure

Sometimes the lining is pinch spalled at the hot face
at variable depths. This is caused by high shell ovality,
temporary or permanent shell distortions, frequent
kiln shutdowns and startups, cold turning of the kiln
for emptying purpose, concentration of mechanical
stresses, etc.

3. Brick Quality
We have two different cases in this category: poorly
made bricks or poorly recommended bricks for the
application. In the first category fall second class
products with wide dimensional variations, macro-
cracks, asymmetrical, warped and with sintered
material attached to critical faces. In the second
category fall those products with high elastic
modulus, high amounts of free corundum, a low duty
where a super duty is required, 85% alumina where
60% alumina is required, bauxite versus mullite, etc.

4, Abrasion

Sometimes the lining in the upper transition or in
the calcining zone looks washed out or abraded in a
concave pattern. This is caused by sulfur or spurrite
rings that dam the kiln load in those areas.

In the presence of clinker melt, common to transition
and buming zones, to the previous mechanical
problems one must add the thermochemical factors.
Failures strictly caused by chemical attack are not

sudden, and can be spotted during a kiln shutdown.

Thermal overloading, on the other hand, is always a
violent process that requires more attention.

Iil - 1: BURNER PIPE/FLAME SHAPE

Most red spots caused by thermal overloading
originate from a defective flame. Rather than being
caused by burner alignment and position, defective
or distorted flames are caused by fuel quality, fuel
preparation, fuel rate, amount and velocity of the
primary air and mechanical integrity of the burner
internals.

Kiln operators sometimes induce strong changes
in flame temperature and pattern, in an attempt to
destabilize ash or sulfur rings. In other instances
they overfuel the burning zone to overcome a wave
of poorly designed and blended raw mix. The first
consequence of these sudden changes is the loss
of protective coating, carrying with it big chunks of
brick and exposing the fresh surface to temperatures
above its softening point. It is never too much to
stress that, being in a steady state condition, any
sudden changes in the kiln will cause damage to the
lining in equilibrium with the coating.

It is relatively easy to recognize damage caused by
thermal overloading:

* |t occurs in the immediate area under the influence
of the burner pipe.

« the affected region presents no coating. If the lining

exhibits depression covers 360 degrees, then the
flame is too short and bushy, with excess radial air or
turbulence.

* the hot face of the brick looks polished or glassy.

¢ the kiln log indicates an unbalance in the fuel-to-
feed ratio, CO and NOx spikes, abnormally high kiln
torque, abnormally low free lime.

* the burner pipe is damaged.

* the temperature above grate is too high.

Il - 2: KILN STARVATION

Sometimes thermal overloads occur at normal
fuel rate, whenever the kiln is slowed down for
considerable periods of time, or if the kiln load is
retained by mud rings, calcining zone rings or ash
rings. Also common are false readings supplied by
the kiln feed controller. All these situations cause feed
starvation followed by feed avalanches of serious
consequences to the coating and the lining.

Il - 3: FLUCTUATIONS IN FEED CHEMISTRY

Severe fluctuations in feed chemistry can be
intentional or accidental, and the consequences to
the coating and lining are severe.

Intentional changes in feed chemistry occur every
time production shifts form one type of clinker to
another, or even from different types of raw materials
ex: from hematite to mill scale as a source of iron,
from shale to sand as a source of silica. Since these
changes are programmed, they can be effected in
a very gradual manner to avoid problems for the
coating and lining.

Accidental changes occur whenever there is a strong
fluctuation in raw material chemistry not absorbed
or dampened by the pre-homo and homogenizing
stations. These fluctuations bring corresponding
fluctuations in clinker burnability and burning zone
position, of known serious consequences to the
lining. A visit to the lab is the best way to confirm or
discard these variations.

IV - CONCLUSION

Accidental red spots, i.e. those that force a sudden
kiln shutdown are easy to recognize. Since these
are not brick-induced damages, the same lining
material can be used in the area, provided the cause
is eliminated.

Repetitive brick failures at the same kiln position
cannot be called “accidental”. Neither should they be
classified as “natural”. Example: the lining between
15m and 22m in kiln 3 lasts an average of 10 months.
The last three kiln shutdowns, however, were caused
by red spots within 3 to 4 months from startup.

In the previous example it is obvious that “something
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has drastically changed” in the process, and that this
“something” has to do with the 15 to 22 m area in
the kiln.

Unfortunately not many cement plants generate or
keep lining inspection records to help identify and
solve future problems. Prevention is still the best -
and less costly- remedy. Finger pointing, witch-hunting
and other tactics only promote dissatisfaction, without
attacking the root causes of the problem. Without

history troubleshooting becomes a very difficult task.

The responsibility of honest brick suppliers does not
cease at the installation. On the contrary, it is exactly
there that MAGNESITA becomes technically involved
with the customer's problems, investigating lining
failures, looking for process changes and developing
new products to meet specific requirements. Miracle
or prompt solutions should always be looked with
skeptic

INSPECTION CHECKLIST

KILN : SHUTDOWN N°: DATE:
PROGRAMED? YES NO
CAUSE : REFRACTORY ELECTRIC/MECHANICAL STOK OTHER
COATING PROFILE
LENGTH : FROM m TO m

= N O I P

L

STRATIFIED? YES NO
bENSITY: NORMAL DENSE / GLASSY | POROUS
ATTACHED TO THE LINING? YES NO
RING FORMATIOi‘I‘? NO YES, AT m_____
LINING PROFILE
RED SPOT? NO YES, at m
PINCH SPALLED? NO YES, at(s) m(s)
SHIFTED/TWISTED RINGS? NO YES, between_ and m
CONCAVE PATTERN? NO YES,between ___ and____ m
COLOR CHANGE? NO YES,between _____and_m
WHITE GREEN YELLOW PURPLE
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Refractories for the Cement Industry
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ntroduction

The Cement industry has seen a recovery from 2001-
02 by registering a growth rate of 9.52%. During the
period April-December 2002, cement production
grew strongly by 9.73%, which has been caused by
a recovery of capital expenditure. In particular, the
first phase of National Highway Development Project
alone has been estimated to generate demand for 10
million tones of cement. The growth in the housing
sector, which has been assisted by lower interest
rates, and a favourite tax treatment of home loans,
has also helped assist cement demand. Cement
producers have begun to target the international
market, with exports of 5.14 million tones in 2001-02.
In the world around 1950, 2.5 kg of refractory products
were used per tonne of cement clinker, which declined
by 1960 to approximately 2 kg, in 1990 to 1.2 kg and
by 2000 to 0.9 kg per tonne of clinkers.

The cement industry in india, which started growing in
1930s, was then lined with bricks made of local fire clay
found in abundance in eastern and central India. The
second major refractory consuming industry after iron
& steel, the capacity of the cement sector, has grown
significantly in the last two decades from about 40
million tonnes to over 120 million tonnes. Also significant
was the rapid substitution of the wet process of cement
manufacture by the dry process, with the introduction of
pre-calcinated technology and the progressive increase
in the rotary kiln capacity from about 2000 tonnes per
day to more than 3000 tonnes per day with one plant
having already instalied-a 4000 TPD kiln.

The trouble free operation of the kiln to a large
extent depends upon the refractory performance
and the kiln stoppage even for a single day results
in the loss of revenue worth Rs.5 million for a 3000
tpd plant. Continuous kiln availability for a period of
one year or even higher is most important to achieve
the high production target in a cement plant. In large

Lol et ol g

capacity plants, it is neither affordable nor desirable
to accommodate the kiln stoppages for any period.
To achieve this, the refractory lining performance
has to be optimised and synchronized for a period
of one year or above in the entire cement rotary kiln
system. The refractory performance in a cement
rotary kiln system does not depend on the refractory
quality only but also on the kiln feed characteristics,
the process parameters, the fuel used and the quality
of installation of bricks/castables. If a high quality
refractory product is not installed adequately, it will
not impart the life expected from it.

The availability of modern high capacity cement
rotary kiln is a prime factor responsible for the overall
plants economy. This depends to a large extent on
the performance of the refractory lining, which in turn
is governed by several factors such as refractory
quality, their installation, prevalent service conditions
etc. Due to the continued process of modernization for
cement manufacturing technology over the past few
decades, larger capacity kiln systems of one million
tonne capacity or even higher have been developed.
The refractory application trends in cement rotary kiln
system have also undergone a considerable change.
The fire clay/ alumino-silicate bricks and conventional
castables used earlier have been replaced by
alumina bricks with specific characteristics e.g.
coating repellant type, anti spalling, high strength
insulating bricks, direct bonded basic bricks including
dolomite and special castables with low cement, ultra
low/zero cement castables coupled with updated
anchoring systems. The importance of application
of appropriate refractory materials has been realized
by the cement industry and it has adopted a definite
approach for selection, design and installation of
refractories in cement rotary kiln system which
resulted in the generation of considerable data on
performance of various grades of refractory material
tried under different chemical and thermo-mechanical
conditions. The interpretation of these performance
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data indicates clearly that apart from the quality of
refractory design and service conditions, quality
of installation work have direct impact on the
performance of lining life.

Refractory Installation

Preheater Cyclones

The preheater cyclones in cement rotary kiln system
serve dual objective of achieving better thermal
efficiency and putting an ever-greater portion of the
cement making process in the stationary part of
the system. Both the above objectives place strong
demand on refractories, viz: (a) Higher temperature
(b) Attack of high alkaline/sulphur atmosphere due to
raw mix and complex residues of secondary/ waste
fuels. (c) Construction requirement of larger cyclone
units. (d) Requirement of smooth and relatively non-
porous surface finish.

While the first two points are taken care by proper
selection of refractory quality, the remaining two
points can be taken care at the installation site. Due
to bigger diameter of cyclones, it is great.difficulty to
install bricks having almost no radial aspects. Due to
this, the brick structures are not stable particularly in
vertical sections of the cyclones. To keep the lining
intact, specially designed brick shape are installed in
cyclones.

Flash Furnace

Flash furnace is used as calciners to augment the
calcination. Due to chemical influences on Flash
Furnace lining, higher refractoriness and good
resistance to thermal shock especially at the burner
block and surroundings refractory work are required.
Use of tertiary air in the calciner further make it
necessary to use high abrasion resistant refractories
with higher thermal spalling.

Rotary Kiln

The primary refractory criteria in inlet and calcining
zones are the alkali and abrasion resistance. In the
transition zone, the nodulised kiln feed begin to enter
the liquid phase. The variation in kiln atmosphere’s
oxygen potential causes redox cycle to occur and
makes the brick structure weak and friable. Direct
action of alkali sulphate dramatically changes the
ceramic structure of brick matrix. Kiln shell corrosion
may start by sulphate migration through refractories
due to use of alternate/waste fuels. In the burning
zone, the service conditions are most severe.
Successful combustion engineering including flame
size and shape will result not only in the formation
of good quality of clinker but also will minimise wear
and stress on refractory lining. On the contrary,
poor combustion engineering shall lead to thermal
overload and rapidly fluctuating redox conditions.
Formation of protective coating on Burning zone
lining is equally important. Coating stability is poor in
case of high SiO2 raw meal, production of low C3A

cement, prolonged thermal overload and frequent
shifting of fuel type/quality. In the kiln outlet areas, the
conditions are severe in terms of hot abrasion and
thermal fluctuations. If steel rings are installed, then
to avoid initial spalling of the surrounding refractories,
it is preferable to use appropriately thick expansion
joints. Nose ring lining suffers mainly from thermal
shock and abrasive effect of hot clinker; in addition,
the compressive force exerted by axial expansion
of lining may cause mechanical spalling of the
refractories also.

Grate Cooler

Cascading clinker, entering the grate cooler at
a temperature around 1200°C, rapidly liberates its
heat into the grate and surrounding refractories. High
refractoriness, abrasion-resistance and resistance
to thermal shock are necessary, especially at the
clinker downfall, which takes the initial and most
severe thermo-physical exposure, and the bulinose,
which is subjected to thermal shock because of its
exposed position. The cooler walls directly above
the grate itself are subject to extreme wear. Grit-
filled air is moving at a speed of 25-30 m/s, starting
at a temperature around 1050°C when it enters
the tertiary duct. Heat and abrasion resistance are
required for the duct lining.

Quality Installation
In the interest of overall plant economy, the concept

“of optimum refractory lining scheme should be

adopted. The kiln shell must be rectified the with
respect to deformation / ovality and alignment etc.
before proceeding for lining work. The mechanical
engineering aspects of the shell play a decisive
role in lining quality and its performance. The shell
surface should be cleaned thoroughly using wire
brush and compressed air before starting the kiln
lining and anti corrosive paint should be applied on
the perfectly cleaned surface. The centre line should
be redrawn at regular intervals of lining to avoid the
skewing effect as much as possible. Bricks require
a careful handiing both outside and inside the kiln
during laying work. Bricks with broken corners should
be avoided, there should not be any ring-to-ring gap
and there should not be any stepping of bricks. Only
trained masons, under the close supervision of the
plant personnel, should be allowed for closing the
ring. While using key bricks, not more than one or two
wedges should be inserted for tightening the lining.
While keying, crushing of bricks has to be avoided.
The spreader jack with a pressure gauge should be
used and optimum pressure should be applied.

Refractories Applications in Cement Industiries
..-!.f.II:f-‘

A wide variety of high alumina and basic bricks and

shapes, as also castables, have been developed

for giving an optimum, balanced refractory lining

performance. The main application areas and

refractories qualities are as follows:
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Zoge/Location

Refractory Qualities

Preheator (Including Riser duct,
Cyclone and Precalcinator)

45% Al O5 bricks, Insulating bricks, 45% Al,O3
Conventional Castables, 50% Al,O; Conventional |
Castables, 70% Al,O; Conventional Castables, SiC based
Low Cement Castables, 45% Al,O3 Hydraulically bonded
Gunning material, Hydraulically bonded Insulating
)Gunning material

Calcinator

45% AlyOs bricks, Insulating bricks, 70% Al,Os bricks,
50% Al,O3 Conventional Castables .

Feed Housing (Lip plate, Inlet cone,
Preheating Zone)

‘Chemically bonded unburned Insulating bricks, 60% Al O3
bbricks, Insulating bricks ‘

Rotary Kiln (Upper transition Zone)

‘70% Al,O; bricks, 55% Al203 bricks, Insulation board, |
Phosphate-bonded bricks |

%tary Kiln (Burning Zone)

70% Al,Os bricks, Direct-bonded Mag Chrome bricks,
Magnesia Spinel bricks, Sintered Dolomite bricks |

Rotary Kiln (Lower transition Zone)

| 70% A1203 bricks

Rotary Kiln (Firing Hood)

70% Al,O; bricks, Insulating bricks, Andalusite based Low
cement castables, 55% Al,O; low cement gunning material,
60% Al,O3 low cement gunning material

‘Rotaly Kiln (Cooler Zone)

45% Al,O; bricks, 60% Al,O; Low cement castables, 55%
AL O3 low cement gunning material, 60% Al,O; low |

cement gunning material

Side by side there has been developments for the
cement industry with the introduction of magnesia

spinnel bricks for the cement rotary kilns. Refractories
more recently developed and used successfully are: -

' Zone/Location ' Refractory Qualities
 Preheating Zone Insulating/Semi Insulating/ Wear resistance/Fireclay Bricks ]
Safety Zone 1 50-70% ) AlyOs-Zircon Bricks
Upper Transition Zone | MgO-Cry03/70-85% Al,Os/Direct Bonded Basic Bricks
_ Burning/Sintering Zone | MgO-CryOs/Dolomite/Spinel/Magnesia Bricks
Lower Transition Outlet [ MgO-CryO3/Spinel/85% Al,03/70% Al,03/60-80% Low Cement &
 Ultra Low Cement Al,O3 Castables
While installation of bricks is done strictly according rotary kiln depends upon several parameters

to the rules, the application of castables is equally
critical. Starting from the addition of water at site
besides its cleanliness and being contamination
free, the use of paddle and pan type mixer/vibrator,
selection of proper anchor material and design,
curing and initial heat up schedule, etc. are the steps
which are to be followed very carefully for drawing the
maximum lining life from the castables.

Conclusion

Although the refractory performance in a cement

e.g. brick quality, service conditions, etc., the
development of improved qualities of refractories,
selection, design and installation of proper
refractories has helped in tackling the problems of
kiln down time and lower productivity. Of special
note is the expertise and experience gained in
overall refractories management and installation
maintenance to provide an assured and optimized
refractories lining performance.

For further details on this article, please contact
Indian Refractory Makers Association, website:
www.irmaindia.org, email: irma@vsnl.com.
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Kiln Hood

IKN Pendulum Grate Cooler

IKN specializes in the design and fabrication of
Pendulum Clinker Coolers which are well-known
for high efficiency, availability and long service life.

Hydraulic Power Pack KIDS - Clinker Inlet Distribution System
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REFRACTORIES

GUNMIX- A New Gunning Technology for Refractories
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Velco GmbH,Germany
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This new technique is an efficient improvement of the
well-established dry gunning technique concerning
reduced dust emissions, reduced rebound, and more
intensive material moistening.

At the GUNMIXO moistening system (patent pending)
the water is dispersed by a compressed air jet and
the gunning material is then moistened by a water
mist. Fig. 1 shows the principle of GUNMIX®. Due to
the fine dispersion of the water drops it is possible to
moisten even finest material particles (< 50 Nm). Fig. 2
shows the GUNMIX®-mixing head with connections
for compressed air and gunning water.

The better moistening with the GUNMIXO system
reduces the dust at the nozzle and the rebound
considerably. It makes it further possible to guarantee
for a constantly high quality of the gunning concrete.
The GUNMIXO system can be used for both the
hot- and cold repair.

Conventional gunning materials can be worked with
less dust and more economically (less -rebound)
by means of the GUNMIXO moistening system.
New fields of application arise when LCC-, ULC- or
NCC-materials will be applied in the dry gunning
procedure. In the past it was not possible to moisten
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the ultra fine particles of LC- or ULC-concretes. Due
to the better moistening by GUNMIX®these materials
can be processed by adding a small .amount of
liquid binding agent (water glass, acid or water).

Compared with the conventional installation by
casting, the comprehensive encasing works (building
of templates) are omitted. The processing with
GUNMIXO is also a cost-saving alternative to costly
procedures as Shotcreting, since it is worked with a
simple machine technology and less material get lost
during the adjustment and cleaning of the machine.

Installations with well known refractory producers
showed that the refractory characteristics like density,
thermal conductivity and cold crushing strength do
not significantly differ from casted material.

The photos (Fig. 3 + 4) show a gunning machine
Rotamat model 32 /| which is used by the company
Chinfon Haiphong Cement Corporation in Haiphong/
Vietnam.

All VELCO gunning machines can be equipped with
GUNMIX®. Use VELCO's more than 30 years of
experience in gunning technique.
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ROTARY KILN BURNERS

e Excellent Fuel Savings
® Can Fire Petcoke Successfolly*
e Successfully Operates Even On Low Grade
Coal/Lignite & Low BTU Gases
® Better Flame Shaping
* Rapid Kiln Pick Up
® Longer Refractory Life
e Minimum Maintenance
® Better Clinker Quality
¢ Smooth Kiln Operations
¢ Multi Fuel Operations
® Uses Low Primary Air




COOLERS

New IKN Pendulum Cooler Replaces a 35-year

-0ld Clinker Cooler at Leube
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Introduction

At the cement plant Leube in Gartenau, situated
outside of the city of Salzburg in Austria, two preheater
kiln lines were installed in the 1960s [fig. 1]. Leube’s
main focus today rests on kiln line #2, where plant

optimisation pushed the kiln output from its original

800 tpd to the current level of 1250 tpd. This increase
in capacity was made possible by continuously
upgrading the existing eqguipment. This included
the pioneering of innovative ideas such as the first
bumer for multiple fuels or high speed digital imaging
of the flame and sintering zone. Today’s capacity is
achieved with a fuel mix consisting of imported coal,
shredded tires, plastic shreds, and animal oils.

In the clinker cooler, the high throughput led to
elevated temperatures of clinker and exhaust gas of
which the latter was controlled by a high rate of water
injection. The age of the cooler and the consistent
operation above its design capacity prompted

high maintenance costs and was a limit to further
increasing production. Both circumstances influenced
the decision to upgr ade the existing

Fig. 1: Zementwerk Leube in Gartenau
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Project phases

Contract signing: 22.02.2002

Layout for approval: 09.04.2002

Engineering: until end of October 2002
Fabrication: November - December 2002

Shipment and erection
- Kiln shutdown: 13.01.03
- Kiln hood and cooler demolition:
14.01.03 until 10.02.03

- Shipments: 22.01.03 until 31.01.03
- Pre-erection 22.01.03 until 09.02.03
- Erection 10.02.03 until 10.03.03

- Refractory installation . 03.03.03 until 29.03.03
Commissioning and startup
- Drying 30.03.03 until 06.04.03

- Preheating kiin 07.04.03
- Hot commissioning  07.04.03 until 15.04.03
- 1st clinker: 09.04.03

Layout and quotations

In spring 2001, IKN and Leube started an intensive
discussion of all options on how to upgrade the existing
clinker cooler. Given requirements were the capacity
of 1400 t/d of the new cooler and its orientation, which
would have to be reversed underneath the kiln pier.
The cooler aiso had to fit between the foundation of
the kiln pier #3 and the existing clinker transport.

The first technical proposal included a cooler retrofit
as a first step to replace the old grate system. In such
a case, the cooler internals would be removed. This
option would reuse the existing cooler housing and
most of the refractory. The fans and the hammer
crusher were to be replaced with new fans and a roll
crusher. The existing drag chain would be maintained.
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The arrangement was designed to handle the current
production.

In a future step the enlargement of the cooler throat
and a bigger kiln hood were foreseen to reduce the
gas velocities in these areas to 5 m/s at 1400 t/d. The
extensive use of secondary fuels led to fine clinker so
that low air velocities inside the cooler became more
important in order to avoid dust return into the kiln. A
heat shield at the neutral point was added to separate
the recuperation and end-cooling zones of the cooler.
The difference in inclination between the old grate
system with 10° and the new 2° inclined grate of the
Pendulum Cooler resulted in a lower building height.

Another option was the complete replacement of the
existing cooler. A complete replacement opened the
possibility of installing a wider grate. The discussions
focused on a 2.4 m wide grate instead of a 2 m wide
grate which would have to fit between the existing
housing of the existing structure. Finally, Leube
opted for the complete replacement of the old cooler,
which consisted of a 2.4 m wide grate, a large kiln
hood, a heat shield, a roll crusher, and a.new Linear
Pendulum System (LPS).

In February 2002, eight months after the initial inquiry,
Leube placed an order with IKN to replace the 35 year old
cooler at the kiln line #2 by a new IKN Pendulum Cooler.
Figure 2 shows the cross section of the new cooler.

Shipment and erection

Eleven months after contract signing, the kiln was shut
down and the demolition work of the kiln hood and of
the cooler began. Concurrently, the pre-erection of the
cooler was carried out. The dispatch of the equipment
was well coordinated from a logistical point of view.
A predetermined number of trucks reached the site

each day, which allowed for sufficient time for the
erection team to unload and pre-assemble the parts.
A total of 16 trucks were dispatched. The pre-erection
period took about two weeks.

The main erection work began four weeks into the
shut down. The cooler had to be installed underneath
the kiln, in reverse direction of the clinker flow, and
between the foundation of the kiln pier and the existing
clinker transport. This layout allowed for little space to
install the pre-assembled cooler parts underneath the
kiln. Most components were transported by a crane
to the backend of the cooler. A monorail was used
to lift these items and to transport them further into
the cooler to their final position. The biggest lifts were
required for the kiln hood, which was delivered in six
individual parts. The movable structure of the grate
was made up of three parts. Due to the unfavorable
site conditions, a 300 t crane was needed to carry out
the lifts. Figure 3 gives a view of the limited space
during erection.

Fig. 3: Stationary and mobile structure during
installation

len 11 L.
Tl'.. T ) X i L
v -'s—,i'crh"*’?-'&?.--..-iﬂ':' R oy £ ¢ S ‘ lk’;\:‘.
R S L) A== Sl il F P C U B
; ; : 2 o e § :.l H
. 3 FL o IR 44 ; o nad
{ oo .. -

Fig. 2: Cross sectional view of the reverse Pendulum Cooler Shipment and erection
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Commissioning and startup

Upon completion of the installation, which lasted
about 10 weeks, kiln and cooler went smoothly into
operation.The guarantees regarding clinker cooling,
recuperation, and electric power consumption were
met. Operators noticed a more stable kiln and cooler
operation. An unexpected observation was the impact
of dust from the kiln outlet seal. A test was conducted
to return the dust ‘
directly through the roof into the cooler. Due to the
high quantity, a dust circle between kiln and cooler
was created. It was decided to drain the dust to the
outside of the cooler into an existing screw conveyor.
Another observation was the clinker landing area on
rows 3 and 4. During the upcoming winter shutdown a
small modification of the refractory horseshoe of the
KIDS section is scheduled.

Table 1 lists the range of fuels being fired, table 2 and
3 show cooler performance data before and after the
modification.

Heavy fuel oil

Coal

Table 3: Cooler operation after replacement

58

Design of the Pendulum Cooler at Leube

The Pendulum Cooler at Leube is equipped with the
Linear Pendulum Suspension (LPS). The LPS is an
arrangement of spring steel members that, in the case
of Leube, are an integral part of the movable frame.
The low building height was suitable to address the
limited installation conditions of the reversed

cooler at Leube. The spring steel members are
arranged in a way to ensure quasi-linear displacement
of the movable frame over the entire stroke length.
Leube’s technical staff was also impressed be the
minimal vertical displacement, which is measured in
the hundredths of millimeter and which was studied
at the model LPS installation at the IKN shop in
Neustadt, near Hanover.

Hydraulic Drive

The standard design for Pendulum Coolers up to
5000 t/d includes a single hydraulic cylinder, which is
connected to the front wall of the cooler underneath
the KIDS. The cylinder stroke follows preset speed
versus position curves. For high transport efficiency
and low number of strokes, the forward motion is
about two times faster than the backward motion.
Wear of the grate surface, mechanical mixing of the
clinker, as well as the electrical power consumption
are minimized. The power consumption of the clinker
transport at Leube is about 0.25 kWh/t. Figure 4 shows
the hydraulic power pack with the two redundant 15
kW pumps. The oil cooler is located at the bottom and
the tank is mounted at the upper portion of the rack
assembly. At the top, two pumps for the hydraulic
driven heat shield are inserted.

Fig. 4: Hydraulic power pack
Kiln hood

Low air velocities in the hood reduce clinker dust
recirculation into the kiln. A larger cooler throat and
kiln hood maintain an undisturbed and stable kiln
operation; especially when burning waste fuels and
fine clinker is expected.

At Leube the kiln hood without refractory has a weight
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of 27.9 tons and is designed for low air velocity. For a
future increase in production a tertiary air takeoff from
the hood is foreseen as shown in Figure 5.

Fig. 5: 3-dimensional view of the kiln hood with
tertiary air takeoff

KIiDS

The IKN KIDS (Clinker Inlet Distribution System)
distributes clinker across the width of the following
reciprocating grate. The strong air jets. generated
by the Coanda nozzles lift the fines to the top of
the clinker bed and prepare the bed for the uniform
passage of cooling air at a low pressure drop. With
the KIDS the following results can be achieved:

- Quick cooling of the bottom layer of the clinker bed

- Transport of the fluidizable fines to the bed surface

- Uniform clinker distribution across the width of the grate
- Lower clinker outlet temperature

- Less maintenance of the grate

- Improvement of the recuperation

- Power savings by reduction of cooling air

- Stabilized kiln/cooler operation

Heat shield

The heat shield is a suspended, refractory coated
damper, which reverberates radiation losses to the
recuperation zone. The result is higher secondary-
and tertiary air temperatures and increased cooler
efficiency. The heat shield also splits the hot
recuperated air from the cooler vent air and prevents
mixing of both. In its working position, the weight of
the shield is balanced by lever arms, which rest on
pneumatic springs while the hydraulic actuator is
decoupled. Large clinker lumps, which travel towards
the crusher, hit against the bottom of the heat shield
and produce a force which moves the shield out of
position. A detector is monitoring the position change.
The hydraulic cylinders pivot the shield to allow the
passage of the lump. After a preset period of time, the
shield returns back to its working position.

A view from the cooler back end is shown in Figure
6. The heat shield is in its working position. The dark
backend of the cooler is shieided from the hot front
end of the recuperation zone.

Fig. 6: Heat shield in its working position

Roll Crusher

In the past, roll crushers were predominantly chosen
for capacities over 5000 t/d. Nowadays, roll crushers
are quite common even at lower capacities. As shown
in figure 6, Leube’s roll crusher is equipped with four
rolls at 1.8 m width, driven by 4 x 7.5 kW electrical
motors. The mean power consumption of the crusher
is 0.55 kWh/t. The main advantages of the roll
crusher are:

- Low dust generation

- Effective sealing against false air from the clinker conveyor
- Narrow particle size distribution after the crusher

- Low rate of wear

- Better handling of upset kiln conditions

- No blockage caused by lumps

- No need for a chain curtain to protect the refractory
Figure 7 shows the cassette-type roll crusher on rails,

. ready to be pushed into its working position. A large

double wing door above the crusher provides ample
access to the grate. The vent air duct is located
directly above the crusher rolls.

Fig. 7: Cassette-type roll crusher at Leube

Conclusion

The discussions about the technical solution between
Leube und IKN started at an early stage. Leube also
visited several references of Pendulum Coolers in
Germany before deciding on a complete replacement
of the existing 35 year old conventional grate cooler.
The Pendulum Cooler at Leube has been in operation
since the beginning of April 2003. The new cooler is a
reliable element of the clinker burning line at the plant
in Gartenau.
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Mobile and Semi-mobile Cr_ushers

a Concept Discussion
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It was in 1956, almost 50 years ago, when it became
necessary to increase the production in the quarry
of the Alemannia works (HOver) of Nordcement
AG. The excavating capacity was suffcient; the
conveying capacity of the track system was working
at full capacity. It was diffcult to use lorries with this
underground and, during the rainy season they
could not be used at all. The only way out was the
alternative of using a belt conveyor, which, however,
required pre-crushed particulate material. On the
other hand, a pre-crushed rock pile meant shifting the
crusher to the quarry. It was not possible to transport

the blasted coarse particulate material to the crusher’

due to the soil conditions. Consequently, the crusher
had to be brought to the blasted particulate material.
That was the basic concept. Finally the first mobile
crushing plant of the world, consisting of a feed bin,
apron conveyor, hammer crusher, discharging belt
conveyor, supporting steel structure as a pontoon
construction and self-propelled longitudinal crawler
tracks, was commissioned in 1957. The service weight

only by the power supply system, was able to follow
the face advance without any external ,pushing aid".
The belt conveyor system was adapted by mobile
intermediate belts.

The term ,mobile crushing plant" was defined by
this system, i.e. all the necessary equipment and
control devices are installed on one self-moving
undercarriage. The development of the ,Alemannia”
concept in 1956/57 also revealed other, very typical
requirements for the successful use of a mobile
crushing plant, i.e. the quarry floor did not allow
the use of heavy lorries, largearea quarrying was
carried out and, which was very important, the feed
material was homogenous in the main, i.e. it was not
necessary to pre-blend the rock of different quality
in the quarry. It means, in an ideal case the crusher
always moves alongside the quarry face. It should
be mentioned here that the further development
of the crawler undercarriages for mobile crushing
plants very quickly resulted in a statically balanced

ofthe plant (Fig. 1) was 145 tons and its maximum
capacity amounted to 200 t/h of limestone crushed
down to less than 150 mm. It goes without saying that
there were teething problems — the discharging belt
conveyor, which was too light, was replaced by an
apron conveyor and the crawler undercarriage had
to be reinforced. The most important fact, however,
was the implementation of the basic idea, i.e. an
entirely independent system, connected to the works

construction, compared to the rigid one, and, already
in 1969, in the transverse crawler tracks. An essential
advantage ofthe transverse crawler tracks (Fig.
2) was the extreme reduction of the manoeuvring
expenditure for the crushing plant to follow up the
quarry face, always provided the feed material was
homogenous to a great extent. Connected by one
or two short intermediate belts, the quarry face, the
route of the crushing plant and the handling direction
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of the mobile conveyor belt system were parallel to
each other. A drastic redaction of the travelling loads
of the crawler undercarriage is one advantage of
this arrangement. Furthermore, the long-distance
discharging belt conveyor no longer separates the
quarry into two halves due to the mobile parallel belt.
Today this concept is represented by typical plants at
the Héver works (Alemannia) of Holcim- Alsen AG.
Three updated versions of mobile crawler-mounted
crushing plants are operating there including the
fifth mobile crushing plant supplied in the meantime.
Further typical examples of application can be found
at the Saudi Cement Company and Yamana Cement
in Saudi Arabia. Following the term of mobility,
alternative motion systems were developed soon after
the crawler undercarriages, such as the hydraulic
walking mechanism and the rubber-tyred wheeled
undercarriage. These completely self-moving plants
are working without any mobile support from outside,
except for the power supply. The walking mechanisms
mainly consist of a triangular, flexible walking
frame connected to the upper supporting structure
accommodating three vertical lift cylinders (up to 500
mm diameter) and three horizontal walking-cylinders
correspondingly. With a service weight of more than
600 tons, these plants are clearly more cost-effective.
With their comparably low displacement velocity of
approx. 30 m/h they are up to the face advance in
every respect. However, they require a relatively
well-prepared quarry floor with stepping heights of
approx. 250 mm. The advantage of this system is
the possibility of walking in all directions in addition
to turning on the spot. The complete load relieving of
the mobile system during the crushing operation is
another positive effect. Typical examples of this type
of plant are the 1800 t/h plant at Bernburg Zement
GmbH and the 2 000 t/h plant at Deuna Zement
GmbH. Furthermore, large-scale, mobile crushing
plants with throughputs of 2 500 t/h and 4 500 t/h
respectively are operating at Foster Yeoman Ltd. in
the UK as well as at the Martin Marietta works in San
Antonio/Texas, USA.

It should be mentioned, however, that the feeding
logistics of plants of this size is a problem. For this
plant size, at least two wheeled loaders of the 12-
15m3 categories or a corresponding large excavator
have to be used. The operation of such a large
excavator makes it possible to relocate the crushing
plant two to three times a day due to the limited
reach of the excavator, which, however, is the case
with all combinations of mobile crushing plant and
excavator feeding. The technicany more elegant
undercarriage system of mobile crushing plants is
certainly that of hydraulically driven rubber-tyred
wheeled undercarriages (Fig. 3). With approx. 500-
800 m/h they have a high relocating speed similar
to that of crawler undercarriages, however, with the
advantages of movability in all directions and putting
down the crushing plant exactly on the spot required.
Like the walking mechanism, also the rubber-tyred
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wheeled undercarriage is not loaded at all during
the crushing operation. With a clear running height
of up to one meter, unevenness of the quarry floor
can be compensated very well via the statically fully-
balanced undercarriage. An important prerequisite,
however, is that the underground is solid and able to
support load. Itis a rule of thumb that mobile crushing
plants with selfpropelled wheeled undercarriages can
be used at all sites where the use of heavy lorries is
possible. Typical examples for this concept can be
found at the plants of Mannersdorf Zement in Austria
as well as Vigier Cement in Switzerland. As regards
the ideal concept of the use of mobile crushing plants,
it can be said in summarizing that no heavy lorries
will be required in case of large-area quarries with
suitable particulate material. Thus, the high costs of

.acquisition, the costs for drivers, fuel, spare parts and

maintenance are cancelled. Surfaced quarry roads
are no longer necessary and the production costs
per tonne of crushed particulate material can be
reduced by 35-50%. Only the driver(s) of the loading
equipment will be required in modern plants of this
type. The crushing plant itself will be completely
remote-controlled from the central control room and
will be relocated by the driver of the loading vehicle
via radio control.

After viewing the mobile crushing plants, now the
semi-mobile crushing plants designed in the mid-
80ies will be looked at in more detail. Like the mobile
crushing plants, also the semimobile crushing plants
are completely independent. The feed bin, crusher
feeding system, crusher, discharging belt conveyor,
control devices, power supply and dust collection
system are mounted as one unit on a common base
frame or, to save weight, on two base frames of
pontoon construction. What is missing in the semi-
mobile crushing plants are their own mobile system
and the expensive concrete construction of stationary
crushing plants. The ideal site of semi-mobile
crushing plants is the centre of the particulate material
to be approached. The particulate material should be
brought in by heavy lorries only, reasonably with
the 60-100t categories, over a distance of no more
than 400 to 800 m. This is one of the most important
advantages of semi-mobile crushing plants. Plants
based on this concept are ideal for inhomogeneous
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deposits, i.e. high-grade or low-grade limestone, clay
or marl can be quarried according to requirement.
The haulage distance of the heavy lorries is short and
the crushed rock is transported to the cement factory
via a belt conveyor system with low operation costs.
The actual advantage of a semi-mobile crushing
plant situated in a quarry can be seen after a few
years, compared to a stationary plant. The haulage
distance of heavy lorries can be uneconomically
long, particularly in quarries with large areas and
high extraction capacities. Provided tbat there is
corresponding handling equipment and detailed
constructive pre-planning during plant construction,
the whole plant including feeder, crusher, electrical

as one unit during 2 to 3 days (Fig. 4) when using a

semi-mobile plant. Since the plant can be relocated

as a unit even after 15 to 20 years, the adaptation
to long-term quarry planning is possible without any
problem.

The possibility of using analysers operating
contactless after the discharging belt conveyor is very
interesting from the technical point of view within the
concept of a semi-mobile crushing plant of modular
design. The feed module 1 consists of the main
feed bin and a large apron conveyor, feed module 2
consists of the secondary feed bin and an additional
apron conveyor, and finally module 3 is the crusher
module proper as carrier of the crusher and all supply
units. An advantage of this arrangement is the very
good influence on the quality of the crushed rock due
to the direct influence of the analyser on the speed
control of both apron feeders. Very typical examples
of semi-mobile plants based on this concept are the
1600 t/h plant of Burglengenfeld Zement (Fig. 5), the
1000 t/h plant of Wopfinger Zement in Austria (Fig. 6)
as well as the 2200 t/h Loma Negra Olavarria Plant
in the Argentine (Fig. 7). Portable plants are one kind
of semi-mobile crushing plants. They will reasonably
be used when the expensive concrete buildings
of stationary crushing plants are to be saved and
a relocation will virtually never happen due to the
bench structure of a quarry, for example. If, however,
the plant has to be relocated sometime or other, it will
be very expensive since a large part of the plant has
to be dismantled. The electric cabling and hydraulic
piping have to be replaced completely. This will take

one to two months. The heart of the mobile or semi-
mobile crushing plant is the crusher. Mainly hammer
crushers and impact crushers are used in the cement
industry. Furthermore, jaw crushers, crushing rolls
and rollsizers respectively, which can only be used
in two stages, will also be applied, however, in a
clearly restricted way if very abrasive or caking feed
materials are concerned.

Therefore, only the hammer crusher and the impact
crusher will be discussed finally. Both types have been
in use parallel for decades. Today ultramodern and
hignly efficient types of both crushers with improved
features are offered in detail. Hammer crushers are
virtually only manufactured with two rotors. With their
design being attuned to the rotor diameter, hammer
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