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Summary: Long time unused know-how relating to gas- and oil-operated lime shaft kilns was taken up to satisfy market
requirements. It has then been developed to its current level by applying authoritative expertise in the areas of refractory
technology, plant engineering and process engineering. A description is given of a lime shaft kiln that not only fulfils the
specific requirements of the sugar industry with respect to kiln technology, burnt lime and kiln exhaust gas but also
indicates possible applications in the lime and building materials industry where existing kilns with mixed firing systems
have to be converted to different fuels.

Betriebserfahrungen eines erdgasgefeuerten Eberhard  t Kalkschachtofens G 135

Zusammenfassung: Ein jahrelang ungenutztes Know-how fiir gas- und 06l-betriebene Kalkschachtdéfen wird zur
Befriedigung der Marktanforderungen aufgegriffen und mit kompetenter Expertise in den Bereichen Feuerfest-, Anlagen-
und Verfahrenstechnik auf den aktuellen Stand entwickelt. Beschrieben wird ein Kalkschachtofen, der nicht nur die
speziellen Anforderungen der Zuckerindustrie in puncto Ofentechnik, Branntkalk und Ofenabgas erfullt, sondern auch
einen mdoglichen Ansatz in der Kalk- und Baustoff-Industrie aufzeigt, wo bestehende Mischfeueréfen auf andere
Brennstoffe umgeristet werden missen.
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1 Introduction

Their comparatively robust technology combined with
high efficiency means that coke-fired lime shaft kilns are
used widely throughout the world, including in the soda
and sugar industries. This is because not only the
product, namely lime, but also the exhaust gas with its
highly enriched carbon dioxide content is needed for the
downstream process. When soda is produced according
to the Solvay process the NaCl solution containing
ammonia is first carbonated and then the ammonia is
recovered from the NHA4CI solution using CaO. In the
sugar process the raw juice is first treated with lime-milk.
The kiln exhaust gas containing CO2 is then bubbled
through it from the base of the purification tank. Non-
sugar constituents are precipitated by recarbonation. In
the last 20 years, Eberhardt has built several dozens of
the KR mixed-firing kilns in sizes from 100 t/d to 440 t/d
in Europe, Egypt and Morocco.

The continuously rising cost of coke was already an issue
in Germany some years ago but since then has been put
into perspective. However, the Egyptian sugar industry
has for some time suffered under an artificially restricted
market for imported coke with enormous increases in
price. Added to this is the fact that the Egyptian state-
owned natural gas deposits have been developed and the
government is promoting the use of natural gas as a fuel
in industry.

A solution was sought that not only used natural gas or
light/heavy oil as fuel but also fulfilled the specific
requirements of the sugar industry with respect to kiln
technology, burnt lime and kiln exhaust gas.

2 Challenges

Ever since EBERHARDT GmbH was founded in 1860 as
Maschinenfabrik Heinrich Eberhardt it has been involved
with the development and production of components for
the sugar industry, specifically with lime kilns, milk of lime
plants and gas purification plants. Because of the long
business relationship with the restructured and
modernized Egyptian sugar industry (including supply of
all the mixed-firing kilns for the beet sugar industry there)
the challenge was taken up of designing gas- and oil fired
lime shaft kilns to respond to the altered market
conditions.

In addition to the general requirements for energy
efficiency, lime quality and environmental aspects, the
sugar industry also has the following specific
requirements:

— Sugar production from beet is carried out in
campaigns during the beet harvest, i.e. as a rule a
campaign lasts for up to 120 days per year. The
factory is not in use for the rest of the time. This
means that the lime kiln, especially the geometry of
the refractory lining, must be capable of withstanding
heating up and complete cooling down every year.

— Although it is burnt with natural gas or oil, the lime
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must have a medium reactivity so that the required
milk of lime density of up to 220 g CaO per liter can
be produced in the lime slaking drum.

— The CO2 content of the exhaust gas must be as
high as possible and must be subject to only
minimal fluctuations during the feeding process.

— It must be possible to carry out the change of fuel
between natural gas and light or heavy oil after a
short set-up time while the plant is in operation.

— The lime kiln must exhibit high levels of reliability
and availability as any breakdown will bring the beet
processing in the factory to a halt.

— In spite of this the lime kiln must have a certain
degree of flexibility with respect to burnt lime output
to offset any fluctuations in the beet processing.

— One special feature of the Egyptian limestone
deposits is their sometimes Ilow compressive
strength. During the feeding as well as during the
calcination process, the limestone has a marked
tendency to disintegrate i.e. increased pressure
drops have to be expected in the bed of material.

3 Structure, mode of operation and design features

The basic structure and mode of operation of the G 135
gas- and oil fired lime shaft kiln described here go back
to the firm WEST's (GB). A type of kiln for the lime
industry was developed there in the 1960s that was
generally erected directly in the quarry and was fed with
limestone by a conveyor belt. In the years 1970 — 1975,
EBERHARDT working in cooperation with WEST’s Pyro
(Manchester) supplied lime kilns of this type to several
sugar factories in Western Europe. After acquisition of
an appropriate license agreement, Eberhardt utilized the
technology and developed it further, mainly in relation to
the control technology, and then supplied independent
clients, including in several countries in Asia.

The G 135 lime kiln is fed with a skip hoist. The kiln
charging device consists of a feeder system in which a
charging hopper, equipped with a charging slide gate
and a bell, ensures a gas-tight seal for each skip feed.

The G 135 works on the induced draught principle and is
operated with an exhaust gas fan. This places additional
emphasis on the air-tightness of the kiln charging
system. Without this, the exhaust gas would be diluted
by the ingress of false air and the declared aim of a high
CO2 concentration would not be achieved. The kiln
exhaust gas is drawn from the kiln through an exhaust
gas beam. The layer of limestone above the beam forms
a kind of feed silo. The exhaust gas beam terminates at
both ends outside the kiln shell in a semicircular duct
and has a central off-take to avoid preferential wall flow
of the gases.
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1 2 x 150 t/d kiln plant
Ofenanlage 2 x 150 t/d

The kiln shaft has a cylindrical shape throughout (Fig. 1)
with an extended diameter just in the filling area and
below the burner level. It is substantially longer than the
original version. This reduces the heat loss through the
exhaust gas and optimizes the energy balance. A
recycled gas fan removes some of the exhaust gas from
the exhaust gas system via a cyclone dedusting system
and re-introduces it at the combustion or gasification
chambers as recycled gas. In addition to the cooling
effect on the brickwork at the burner level, the main task
of the recycled gas is to distribute the heat over the entire
kiln cross-section, especially towards the centre of the
kiln, and in this way produce a homogeneous grade of
lime.

2 Burner level
Brennerebene
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In the G 135 kiln the fuels are introduced through seven,
external, radially positioned and inclined combustion or
gasification chambers (Fig. 2). Main burners with
integral pilot burners are used when operating with
natural gas. During oil firing a jet of oil is sprayed into
the gasification chamber by a pump system and
injectors. On its way towards the red-hot bed of material,
this jet of oil is gasified but only partially burnt (Fig. 3).
In both cases the chambers are operated under strongly
sub-stoichiometric conditions in the range of | = 0.3 —
0.8. Only part of the necessary combustion air is
introduced at the combustion chamber level. The rest of
the air required for complete combustion is provided as
secondary air in the form of preheated lime cooling air
rising from below. Because of the induced draught this
enters at the bottom of the kiln. Adjustable air inlets
make it possible to alter the air supply at the perimeter
of the lime silo and the supply to a central, mushroom-
shaped, air distributor.

3 Combustion chamber with gas burner and oil injector
Brennkammer mit Gasbrenner und Ol-Injektor

The main burner operated with natural gas was
optimized by EBERHARDT. This included the integration
of an igniter or pilot burner that not only ensures reliable
ignition of the main burner but at the same time also
monitors the flame through ionization (Fig. 4). If required
by the client it is possible to switch over to the “high
temperature” mode of operation above a brickwork
temperature of 750 °C and replace the ionization
monitoring. The ignition burner can then be withdrawn or
removed to preserve it during continuous operation as
the requisite ignition temperature for the natural gas is
ensured at all times by the temperature of the bed of
material.
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4 Combined main/pilot burner
Kombinierter Haupt-Pilot-Brenner

The burnt lime is discharged through a mushroom valve.
This is operated pneumatically or hydraulically. In
contrast to conventional lime kilns, the lime is discharged
discontinuously with a cycle time of about 40 minutes. At
the end of the cycle, which is timed by the fuel input, the
mushroom valve opens to its full cross-section (Fig. 5). A
guantity of lime determined by the kiln output slides out
of the kiln and is caught in the hopper weigher
underneath. The target weight at the weigher provides
the signal to close the mushroom valve. For a rated kiln
output of 150 t/d burnt lime about 4.16 t are discharged
per extraction. This procedure lasts for about 10 s. The
sharp, abrupt, movement of the entire bed of material in
the kiln shaft prevents any bridging in the material.

5 Mushroom valve
Muschelverschluss

The burnt lime from the kiln is metered from the hopper
weigher by a vibrating trough and fed to the milk of lime
plant. For start-up operation or if there is a fault in the
downstream process the lime can be discharged
automatically from the weigher via an emergency route.

After the recycled gas has been removed, the kiln
exhaust gas is fed to the gas purification plant consisting

of a two-stage gas scrubber with upstream dirt catcher
(Fig. 6).The lime dust that has been collected is flushed
out discontinuously and passed via the drains to the
sugar factory’s water processing system. In addition to
its cleaning function, the gas scrubber also has a
cooling action as the downstream CO2 water ring
compressor can only accept a maximum input
temperature of 40 C because of possible cavitation of
the exhaust gas. A bag filter with appropriate
temperature resistance can be used for dedusting the
exhaust gas for applications outside the sugar industry.
If fuels are used that contain sulfur, the gas scrubber
can be connected to a neutralization plant (using caustic
soda) for the washing and cooling water to avoid
corrosion damage to the machinery and pipes that come
into contact with the gas.

6 Gas purification plant
Gasreinigungsanlage

Two projects that took place in 2004 called for the
reactivation of the know-how that had already been
developed by EBERHARDT. In one case, two oil-fired
lime kiln plants, each with a capacity of 35 t/d, were
ordered for Iran. A short time later, this was followed by
the contract to participate in the construction of a
completely new sugar factory in Egypt in which two gas-
fired G 135 lime kilns were built that have already
operated in 2008,2009 and 2010beet sugar campaigns.
The commissioning and operation of these last two lime
kilns will be discussed later.
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4 Refractory lining

For the lining of lime shaft kilns, refractory systems are
available which have proved successful over many years
and can generally comply with the requirements imposed
on these kilns. However, some special features of the
refractory design that can have an important effect on the
successful and reliable kiln operation have to be taken
into account with the type of kiln described here.

In contrast to the conventional type of regular shaft kiln,
these kilns have, as already described, several
combustion chambers that are positioned regularly on the
circumference at the lower edge of the burning zone. The
configuration of these combustion chambers means that
the load-bearing cross-section of the wear layer is
weakened by up to 40 % at the combustion chamber
level.

In regular shaft kilns, the load of the brickwork is taken
entirely by the bottom of the kiln structure but in this
case, the forces at the level of the combustion chamber
inlets have to be diverted through the “remaining” cross-
section. It is also necessary to take appropriate account
of all thermal expansions, which represent an additional
technical challenge in the area of the combustion
chambers (Fig. 7).

7 Shaped refractory bricks for the combustion chamber
FF-Formsteine Brennkammer

Experience with the refractory lining of kilns of the first
generation showed regularly thermal and chemical
overloading when refractory products of the Al203-SiO2
system were used, as well as premature refractory
damage that was apparently due to the use of unsuitable
brick geometries.

Based on these experiences, EBERHARDT decided to
revise and possibly optimize the existing refractory
design according to the following engineering principles:

— Use of a modular shaped brick system in the area of
combustion chambers that can cope with the
particular static requirements with respect to load
transfer and thermal expansion.

— Use of a high-grade magnesia-spinel product for the
entire combustion chamber area to achieve reliable
control of the thermo-chemical requirements even in
case of fluctuations in the operating parameters and
limestone quality.

The first step was to develop a geometrically optimized
3-dimensional brick model (Fig. 8). This system takes
account of the refractory requirements from the Kkiln
operation and also some important manufacturing
aspects that have to be considered to the production of
the special shaped bricks weighing up to 70 kg. In
addition to the choice of raw material another important
requirement criterion was the production process. The
special shaped bricks were pressed and burnt products
and it was essential that they always had the same
characteristic values as those of standard bricks of the
same grade. In the last years, this refractory design
approach has been successfully implemented in a total
of 10 kilns with various capacities for the sugar industry.

8 3D shaped brick model
3D-Formsteinmodell

5 Control and automation of the lime kiln

The kiln output is determined by the weight of lime
discharged. The feed to the kiln is started automatically
when the stock of limestone at the charging bell has
reached a minimum level above the exhaust gas beam.
The exact quantity of fuel that is needed for virtually
complete calcination of the volume of limestone in the
burning zone is supplied during the cycle time of
approximately 40 minutes. The metered supply is carried
out by control valves that are located before each
burner. The requisite quantity of primary air is also
controlled automatically in accordance with the preset
air factor.

The exhaust gas fan has a control loop that maintains a
constant slight underpressure at the burner level as a
function of the pressure at the top of the kiln by means
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of control dampers. The supply of fuel is shut off for
safety reasons if a set limit for the underpressure in the
combustion chamber level is exceeded. The quantity of
recycled gas that is supplied to the burner level is also
controlled. The predetermined quantity is withdrawn from
the exhaust gas flow by the recycled gas fan. It is
distributed to each of the five inlets per combustion
chamber by manual dampers.

At the client’s request, a fault-tolerant Simatic S7 400H is
used as the control system. If a CPU fails, the system is
switched simultaneously to the second CPU without any
adverse effect on the process. The peripheral signals are
linked by Profibus DP and YH-link modules. The gas and
air control sections are interconnected by Profibus PA.
The burners are controlled by the S7 and the automated
combustion systems, which are assembled in the console
at the burner platform. Only the switches/buttons and
displays as well as the ignition transformer are positioned
locally.

The skip hoist is operated with modern frequency
converters. The speed of the drive with constant torque,
even at slow speeds, is controlled by a motor incremental
encoder. It is also possible to achieve a cycle-optimized
mode of operation by a second profibus-enabled absolute
value encoder at the winch.

Two WinCC stand-alone systems are used for operating
and monitoring the plant. The two systems operate
independently of one another and in this way provide the
operating system with a redundant structure. If one of the
PCs fails, the plant can continue in full operation with the
second system.

6 Limestone

Since the first lime kiln project in 1995, it has been
possible to record and follow a deterioration in the quality
of the limestone in Egypt. Both the chemical and the
physical properties of the deposits are inferior to those of
limestone from European deposits. Extensive
investigations into this problem were carried out and
published in 2008. Added to this is a fluctuating quality,
even when deliveries are obtained from one and the
same deposit, that can be attributed to differences during
the extraction and screening of the limestone by the
supplier. A multi-chamber shaft kiln has been operating
for some years in Egypt under the supervision of our
company group under the same aggravated conditions.

The contractually agreed grade of limestone and the
grades found in two spot samples and used in the kilns
under consideration are listed in Table 1. Both were
better than had been contractually agreed, but mention
should also be made of the many deliveries of limestone
that had to be rejected as unsuitable or out of
specification (Fig. 9) .The contractually agreed values for
the size of 80 —120 mm tended to shift towards 100 —150
mm and also contained appreciable fractions of 60 mm
and 200 mm.

9 Rejected limestone
Abgewiesene Kalksteine

7 Fuels

The primary fuel used is natural gas, comparable with
European Class H natural gas. The natural gas is
obtained in state-owned deposits and the composition
supplied can be regarded as stable even though the
provision of an analysis of the quality of the natural gas
supplied does not form part of the Egyptian standard.

8 Commissioning and operational experience

The two G 135 lime shaft kilns built in 2007 were lit and
commissioned in February and March 2008 respectively
(Fig. 1). The identical kilns have the kiln data and
warranty values listed in Table 2.

Only limited recourse to empirical knowledge was
possible during the commissioning as structural and
process engineering changes had been made to the
original version of this type of lime kiln so — almost
inevitably — difficulties arose during the commissioning
at points where no one had expected them. The most
conspicuous problems will be mentioned here.

Only shortly after the first increase in kiln output it was
no longer possible to deliver the required quantity of
primary air to the kiln. This was cured immediately after
increasing the metering orifice ratio, thereby enlarging
the cross-section. After the system had stabilized a
higher than expected pressure drop was suddenly
recorded at the kiln — with a significantly negative trend.
This was initially attributed to a high fines fraction
through limestone disintegration, which would reduce
the void volume and therefore increase the pressure
drop in the bed of material.
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10 Hot spots
Hot spots

The situation was critical because in spite of running the
exhaust gas fan at full capacity with fully open control
dampers there was positive pressure at the bottom of the
kiln as well as at the combustion chamber level. The
recycled gas fan was no longer able to supply sufficient
guantities of recycled gas to the kiln and local hotspots
appeared around the recycled gas inlets (Fig. 10).
However, the lime produced by the kiln did not contain a
noticeably high proportion of fines, so it was necessary to
look elsewhere for the cause of the reduced
underpressure in the kiln. It was found in the area of the
internal exhaust gas beam (Fig. 11). This was obstructed
over most of its cross-section, partly by dust but mainly
by limestone with sizes up to 150 mm. Cleaning through
the two maintenance openings brought immediate relief
and the desired pressure conditions were re-established.
However, at first there was no explanation as to how the
limestone could have got into the beam. The decision
was made to continue to operate the kiln and to check,
and if necessary clean, the exhaust gas beam at
intervals. The second G 135 lime kiln, which had now
been lit, did not exhibit this problem with the exhaust gas
beam. The resulting suspicion that there had to be a
mechanical fault on the upper surface of the exhaust gas
beam was only confirmed after the end of the campaign
in 2008 when the kiln could be cooled and entered. The
upper flange cover for the central off-take in the exhaust
gas beam simply had not been installed during the
construction! This meant that feed material could collect
in the left and right channels of the exhaust gas beam
and cause the pressure drop.

11 Obstructed exhaust gas beam
Zugelegter Abgasbalken

The control loop for the exhaust gas fan was moved
from the pressure at the top of the kiln to the
underpressure at the combustion chamber level to avoid
any possible danger of explosions. The checks carried
out on the exhaust gas beam meant that the additional
safety cut-off of all burners when there was a positive
pressure in the combustion chambers never had to
operate.

Continued operation of the two kilns showed that a
minimum quantity of recycled gas must be supplied to
cool the pipes carrying the recycled gas and to ensure
the distribution of heat over the entire kiln cross-section.
A recycled gas volume of up to 20 % of the volume of
exhaust gas should be used for optimum operating
results.

After the two kilns had been run under stable operating
conditions and the needs of the sugar factory for lime
and CO2 had been covered, a residual CO2 value of
less than 2 % was achieved in the lime. The required
value of 80 % chemical CaO was exceeded with values
of 86 % and 89 % (see Table 1). This high level of
calcination made it possible to achieve the exhaust gas
values shown in Table 3.

When using limestone with a CaCO3 content of 96.4 %,
the heat requirement of the G 135 kiln was less than
1050 kcal/kg burnt lime. The power consumption of the
kiln, including the feed equipment, was less than 25
kWh/t burnt lime. It should be mentioned here that in the
present case the state-subsidized gas price has
removed the focus on heat consumption and even on
power consumption as a sugar factory usually has its
own gas-operated power plant.
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12 Refractory lining after one campaign
Ausmauerung nach einer Kampagne

After the end of the campaign in 2008, the two kilns were
inspected in October. Firstly, the flange on the exhaust
gas beam in the relevant kiln was closed off as designed.
An inspection of the refractory lining showed that there
was no wear or damage to the magnesia-spinel bricks in
the burning zone (Fig. 12). There was some damage to
the special steel pipes of the recycled gas lines, which in
places were oxidized or no longer existed (Fig. 13). Gas
leaks could have occurred at these points, which became
apparent in the hot spots near the inlets.

13 Damaged recycled gas pipe
Beschéadigtes Ruckgasrohr

The repairs to the insulating layer around the pipe inlets

were carried out by an innovative injection procedure
from outside under the supervision of MOLLER. The
special steel pipes were also renewed from outside.
Only at four points the kiln shell has to be opened with
locally renewal of refractory insulation from outside. The
minimally invasive repair only took a total of seven days
and was carried out shortly before the start of the
campaign in 2009.

The second beet campaign started at the end of
February 2009 and so far the two G 135 lime kilns have
met the client's requirements for the new plant. The
Egyptian plant operators were trained by the
EBERHARDT commissioning personnel and since the
re-start in 2009 they have operated the two G 135 kilns
completely independently.

In parallel, two further Eberhardt Type O 135 lime shaft
kilns have now been completed and commissioned in
March 2010, using light fuel oil as their energy source.
The operating data achieved up to now are even better
than expected. The data reproduced here for the two
plants relate to a limestone with a CaCO3 content of
95 %. Both kilns are to be converted to natural gas firing
as soon as the plant's centralized natural gas supply is
assured; the necessary combustion system has already
been installed.

Both projects have proven its contractual performances
already. The acceptance certificate for the two gas fired
G 135 lime shaft kilns has been signed in March 2010.
For the two oil fired O 135 liem shaft kilns the
acceptance certificate was already achieved and signed
in April 2010, only 6 weeks after start-up of the kilns.
The heat consumption is reported with 952 kcal/kg burnt
lime and 88% chemical CaO (Tab. 4).

9 Further optimization based on operational
experience, models for examining the material flow
and flow dynamics

EBERHARDT has received orders for four more natural-
gas-fired lime shaft kilns and is already incorporating the
operational experience from the first three years. In
addition to this are the improvements to the mechanical
components, such as hoist winches, charging systems
and lime discharge systems. The expertise of the
SCHAFFRATH business unit is already being in-
corporated. The material flow in the kiln shaft is being
simulated with the aid of models and the mechanical
changes that have been carried out are being verified
(Fig. 14).The sister company SCHWAB has already
shown that these model tests are successful for annular-
shaft, twin-shaft and multi-chamber lime shaft kilns.
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14 Model for testing material flow
Modellversuch Materialfluss

EBERHARDT also continues is cooperation with local
universities and is pushing computer aided flow
dynamics. Several studies are already completed and
analyzed. The gained results are implemented in
adaptations and innovations (Fig. 15).

15 Flow dynamics with lignite dust
Strémungssimulation mit BKS

10 Outlook

The lime shaft kilns that are currently under construction
in Egypt are three G 135 lime kilns for the beet
campaigns and a G 30 lime kiln for the adjacent refinery
operation. The small gas-fired G 30 kiln with an output of
35 t/d burnt lime could also be a solution for the
European sugar industry where consideration is currently
being given to better utilization of factories in the future
through downstream refinery plants for purifying raw
sugar — for example from Brazil. This will require lime and
Cco2.

The operating results achieved with the two natural-gas-
fired G 135 lime shaft kilns as well as the two oil-fired O
135 lime shaft kilns and the new orders for four more
kilns of this type underline and confirm that the product
range of EBERHARDT has successfully regained its
position in the market and is constantly being extended
to include the latest technology.

The chosen refractory design approach can also be
considered as confirmed and it seems possible that the
type of kiln described could be used in the lime and
building materials industry, for example when converting
existing mixed-firing kilns. Kiln shell diameters of 4500
mm and burnt lime outputs of 200 t/d have already been
achieved with this type of kiln. Furthermore, the use of
pulverized coal lances in the G 135 kiln is currently
being developed by EBERHARDT. The experience
gained and the technical exchange with operators of
converted annular-shaft and multi-chamber shaft kilns
are providing additional motivation.
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Tab 4: Kiln Data, Type G 135 and O 135 lime kilns — Ofendaten Kalkofen G 135 und O 135
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