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1 Introduction

New rotary kiln plants are equipped
with precalcining technofogy without
exception foday. Sefecting the proper
kiln systemn configuration for' a given
project is a complicated task that in-
volves a number of considerations,
During the initial planning stage it witl
often be useful to consult experts who
have gained a wealth of experience
froi A Jarge variety of cement projects,
As a general guide to choosing the
most suitable new kiln systém, & num-
ber of ¢riteria should be considered, the
most fmporiant of which are as fol-
lows:

Production and invesiment costs
Operation and maintenance

Energy efficiency

[
B
B Raw material properties
8 Burning conditions

B

Fuel mix (e.g wiilization of aitema-
tive fuels)

8 Fusl properties (e.z. volatile com-
ponents, calorific value, pariicle
size)

B NO; reduction potential

Starting with the selection of a kiln
system: the individual steategy or objec-
tive of the cement producer, like
maximum production capaeity or en-
hanced use of secondary fuels must be
taken into account. The above men-
tioned criteria are all hmpotfant for the
selection of the complete kiln system.
However, the expecfed fuel mix, the
fuel properies and NO, reduction
potential play also & decisive role for
the selection of the right caloiner de-
sign itself,
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Figure 1 Differcnt preheater/precaleiner configurations as a fiinction of production capacity

2 Common criteria for the
complete kiln system

2.1 Productlon oapacity and
Investment costs

For any given production capacity, a
precalcining system requires consid-
erably smaller rotary kil dimensions
than a suspension preheater system.
Usually it is recommended to build a
rotary kiln with a diameter not exceed-
ing 6 metres fo ensure veasonably long
lining life, For this reason, it is advis-
able to employ a precaleining system
{(with tertiary air duct) for kiln produg-
tion capacity usually above 2000-
2500 tpd, Single-string prehenters are
preferred as long as the cycfone diame-
ter remains within reasonable limits
{(max. 10meters). Figure1 shows
different prehsater/ precalciner con-
figurations as a funclion of production
capacity along with standard kiln sizes.
The usual kilnt system is also shown for
comparison, although this would not
notmally be & preferved solution for a
new instaliation,

2.2 Operatlon and malntenance

These days, precaiciner systems are
generally préeferred as common kiln
systems due fo the fixed degree of
caleination of the matetial entering the
kiln and the shorter matertal retention
time in the system. Longer liding life
and tower kiln refractory weight enable
piecalcining kiln systems to remain in
operation for longer perlods than con-
ventional prebeater kilos, thus feducing
down time and refractory costs, Genei-
atly, the malntenance costs of & single-
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steing kiln system are lower thsn those
of 2 double-string kiln system, Consge-
quently, a single-siring preheater is
always preferable to a double-siring
preheater for smiall-to-medivm produe-
tion capacities, provided there are no
tower height limitations.

2,3 Raw maferial properties

Beyoud bumnability and moisiure of the
raw material mix also the content of
volatile components (potassium, so-
divm, sufphur and chloring} play a
decisive factor when choosing the.
appropriate kiln system. The resulting
internal cirenlation of volatile matfer in
the kiln system and the concentzation
of these components in the kiln gases
flowing to the preheater eventually
reach such levels that it affects kil
operation, The higher concentration of .
volatile malter increases dust stickiness
which can cause coating formation and
cyclone blockages, The type of process
selected sets an upper Hmit to the ac- -
¢eptable content of she various volatile
components In the raw mix without
installing n bypass system. The upper -
limit is lower with a precaleining sys-
tem {with tertiary air duct) than with a -
conventional kiln system due to the .
higher volatile concentration in the.
gases of a precalcining system which is
caused by the lower specific gas flow !
through the kiln. If the content of vola
tile cowponents in the raw mix i
higher ‘than & cerfain limit, the kil
system raust be equipped with a bypas
system that enables exfracling some o
the kiln gas from the system before |
reaches the preheater. In this way,
internal circulation of volatile compo-
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nents is reduced. Bypassing a few per
cent of the kiln gases is usually suffi-
cient to reduce the internal clreulation
of chicrides In the kiln sysfera to an
scceptable level. To produce low-atkali
cement it may also be desirable to
remove large quantities of alkalis
through a kiln bypass, This requires a
high bypass rate, and a precaleining
system with fertiary air duct will be
appropriate. For & glven amount of kiln
gas exfracted, higher alkali reduction is
obtained in & precaleining system than
i a conventional kiln system,

2.4 Burnlng condit{uns

In a conventional preheater kiln (with-
out preealeiner) it is only possible to
burn furels in the kiln Inlet up to 25 to
30%, This means that 70 to 75% have
to be fired it the main firing, In precal-
ciner kilus ususlly np to 65% of the
tolat fuel energy input is fired into the
% caleiier and a minimum of 35%
through the main kiln burner. 'There-
fore, the fotal kiln system Is less sensi-
tive to fluctuations for example in fuel
quallty. On the ofher hand, changes or
fluctuations in the main kiln firing
have a significant effect on kiln opera-
tion. Therefore, - if alternative fuels are
used - most operators first increase the
2 alternative fuel substitution in the pre-
s caloiner until nearly 100% related to
the calciner firing, ARer this, they start
to burn altemative fuels also in the
sintering zone firlng, Problems can
oceur especially 1f a kiln is quiet short,
As & short precelciner kiln needs a
short and hot flame in the sinfering
= zone it 1s diffienlt to burn a high quan-
tity of coarse and low reactive alterna-
tive fuels in the kiln firing, Therefore,
in a precaleiner kiln it v even more
important compared fo a conventlonal
preheater kil o install a bumer which
treates a hot and a not tco long flame
even with low reactive fuels,

The maln modifications which have
been carrled out with respeet {0 the
main kiln burner are:

8 the increase of the fotal axlal mo-
nientum

B the increase of the injection velocity
of the axial alr

B the increase of the transport velocity
of the coarse waste fuels

Even with these modifications it is in
inost cases still not possible to bum
100% waste fuels In the kiln firing.

In the caiciner alternative fuels are
usually fed directly. In individual cases
they are also introduced via a multi-
chaunel vertical bumer directly or into
a combustion or gasification device,

3 Criterla for the selection
of the calciner design

3.1 Calelner design

All suppliers offer calciner concepts
that are Innovative and nevertheless
technically mature for the production
of cement; for new plants as well as
plant modemisations and tailored to the
desired production capacity.

I figure 2 different available calciner
designs are schematically illustrated.
Besides the classical separate-line
configuration for multl-stelng plants
(especially for upgrades) and the
proven in-ling configuration also the
hybrid solution can be advamtageéous
for plants with higher clinker capacity,
In this case the caleiner string and the
kiln string are both equipped with
calelners in order fo mainfain equal
quantities of gas and numbers of ¢y-
clones Tn both strings. In order to use
lumpy fuels it might be useful to incor-
porate a pre-combustion chamber, or
pre-gasification device in the calciner,
The calciner fulfils in each case the
function of heating-up and calcining
the raw material and of burning the
supplied fuel, The buming of the dif-
ferent types of fuel takes significantly
more time than healing-up and calgin-
Ing the raw meal and is therefore the

deterining factor for the dimension-
ing of the calciner,

In addition to assuring complete cora-
bustion of the fuel, the caleiner has to
function with great flexibility, in order
to cope with the wide range of fuel
grades used (from highly reactivé to
extremely unreactive). Today, great
importance is placed on systems incor-
porating also measures for emission
reduction, and this trend is increasing,
Therefore not only the Increasing use
of alternative fuels but also the NO,
reduclion potential is a inain driver
when selecting a new calciner system,

The enonmous cost pressure the cement
Industry Is facing has led to a continu-
ous rise in the utilisation of alternative
fuels over the past years, On average,
20% of the energy requirement in
Burope is currently covered by altema-
tive fuels; this figure may be as high as
80-90% In individual cases. Precal-
cining systems provide particular
flexibility, as alternative fuéls can be
fed at several firing places at different
temperature levels, To comply with the
very sirict and tightened environmental
regulations (e.g BREF-docuinent [1]
and the draft of the Industry Emission
directive {2]) also the necessary appli-
catlon of staged combustion and Jor
SNCR In the calciner are more and
mor¢ important. The aim to be pursued
fin this context should be fo achieve
high flexibility with regard to the fuels
utilised and controllable coating forma-
tion In the calciner on the one hand,
and effective NO reduction and good
bum-out on fhe other hand, '
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Flgure2 Schematic Mustration of different precalelner concepts
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3.2 Fuel mix and fuel propertias
All kiln systems can be fired with

natural gas, heavy fuel oil, standard

coal grades or a combination of these
fucts. Special fuels, however, require
special considerations when sefecting
the appropriate kiln or calciner system
configuration:

Fuels such as anthracite; petroleum
coke, and other low-reactive fuiels are
widely used in the kiln firing which
operates at high temperatures up to
2,600°C. The kiln burer, however,
shouid be of the modem flame-shaping
type, which has a suitable flow pattern
that ensures rapid and stable ignition.
The use of low-volatile fuels in the
caleiner (that wsually operates af 2
temperature around 350 - 900°C) can
cause prablems unless the system is
provided with a meal staging facility or
a so-called hot spot {combustion
chamber), All caleiner sysiems can be
suited for the use of low-volatile fuels
ifthey are designed 1o altow raising the
temperature in the lower parts of the
caleiner without affecting the rest of
the system, This iz accomplished by
means of & dividing gate that leads a
relatively large amount of raw meal {o
the calciner and/or the kiln riser duct
{meal sitaging).

In a combustion chamber low grade
fuels can be suited together with a high
calorific fuel at a femperature up to
1,200°C outside the caleiner itself,
Combustible alternative fuels can be
used in all kil systems as a substitute
for fossil fiels, provided that such

substitution does not result in negative
consequences for the kiln system op-
eration. Each type of alternative fuel
must therefore be assessed on an indi-
vidual basis, by cvaluation (the impact
on clinker quality, production capacity,
kiln system stability and emissions).

Also health and safety issues must be
taken into consideration. For many
solid slternative fuels producis, the
physical size may be a challenge,

Utllization of alternative fuels

The type of alternative fuel to be used
in a calciner depends on various fac-
tors, {he most importent of which are
summarised in table 1. In additon to
economi¢ triteria, physical (e.g. den-
sity) and chemical (e.g. chlorine, sul-
phur, alkeli and phosphate content,
reactivity, fuel-induced nitrogen con-
tent and heavy metal content) criteria
play & decisive role in the selection of
alternative fuels as they may have an
impact on kiln operation and emis-
sions, respectively.

Alternative fuel utilisation coniributes
to lowering the cost of clinker preduc-
tion. An additional advantage might
arise from the reduction in CO; emis-
sions, The additional effort and ex-
pense {nvolved in storing (hall, silo,
tank), preparatoyy processing if neces-
sary, conveyance and metering of the
alternative fuels must, however, not be
underestimated.  Purthermore, addi-
tional monltorlng measures must be
introduced to ensure product quality. If
the quality of the alicrnative fuels
(ealorific value, chlorine content, infer-

Table 3 Evaluation of eliemative fuels In (orms of thelr use In the caleiner
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Also the moisture content relative {o
calosific value is a very Important
parameter. Moisture content is in most
alternative fuels higher than in conves-
tional fuels. Accordingly, the exhaust
gas volume flow may increase whep
conventional fuels are replaced by
alternative fucls. Furtherimore, changes
in combustion-related variables, such
as specific air requirement, specific
flue gas volume flow, ete,, must be
taken into account. Experfence shows
that the maxismum proportion of alter-
native fuels that can bs utllised may be
limited by the capacity of the ID fan,
since the fans were Initially designed
for the use of conventional fuels,

Depending on the type of fuel to be
utilised, steble fuel metering is fairly
complicated, 1t may therefore be rea-
sonable in individual cases to subject
alternative fuels fo thermal pre-
treatment in & separate device first,
Basically, two types of plants must be
distinguished: in gasifiers the fuel is
pyrolysed under extremely low-oxygen
conditions, and the lean gas thus pro-
duced Is subsequently fed to the cal-
ciner as fuel, The energy required in
this process is either supplied exter-
nally or released in a partial combus-
tion process. In precombustion cham-
bers, by contrast, & considerably higher
proportion of fuel is converted at over-
stoichiometric  or  slighily under-
stolchiometric conditions, respectively,
Energy is used — similar to the gasifier
- to decarbonate the kiln feed., The
unbumnt part of the fuel (residual coke)
can also subsequently be fed to the
calelner.

The devices for thenmal pretreatment
existing n Burope up to date are the
circulating fluldized bed from Lurgl,
precombustion chambers from Poly-
sius, KHD, A ‘TEC and Technip Cle
and the so called Hot Diso of FLS, The
operating experience gained shows that
all methods work reliably, alihough
process englneering expenditure should
not be underestimated. The circulating
fluidized bed is suited for intake of
falily fine-grained fuels only, while the
precombustion chambers and the Hot -
Disc are rather designed for coarse
fuels. But also fine-grained fhels can .
be treated with these technologies. In
the precombustion devices usually
waste lires, sticky materials, lire chips
or fiuels with a low volatile content
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(.. peteoke) are burned. In the Hot
Disc for example the waste materjals
(whole tres or fluffy materials) are
dropped to the bottom part which cop-
sists of a tamtable, The fuel will, when
exposed fo the hot fertfary air, slowly
gasify and bumn out while the dis¢ is
rotating (10 {o 45 minutes). In the pre
combustion chambers several fuels like
coal, coarse alternative fucls or plastics
are burned. At high temperatires
{1,000 to 1,600°C) also fuels with a
low ignition behaviour (e.g. petcoke)
can be burned, The experiences show
that the chambers work reliably and the
caleiner system can be controlled eas-
ily.

With a gasifier a wide variety of waste
materials, regardless of their calorific
value, can be handled, The product gas,
generated under reducing conditions in
the cireulating fluidized bed reactor
can be fed directly to the caleiner
strings, while the combustion resfdues
can be conveyed to the proportioning
station, from where they are fed ‘into
the raw mill as a raw iaterial compo-
nent. Any varintion in the gas quality
(calorific value, CO concentration) can
be balanced by the combustioit process
in the calciner,

‘The choice of the most suitable system
Is influericed mostly by Investment and
opcrating costs, but also by fiel proc-
essing costs, availability of the waste
fuels, the removal of contaminants and
substances forming recirculating sys-
tems as well as safety concepts that
might be required. Plant designers arc
curently making increasing efforts to
further optimise existing plants, and fo
develop and lest new concepts. As
gasifiers and combustion chambers,
respectively, permit a high degree of
flexibility in terms of type, composi-
tion and nature of the fuels utilised, the
number of these plants in the cement
industry can be expected to grow in the
long run,

4 NOx reduction

Buming of cement clinker is a high-
temperature process, which requires
gas temperatures of up fo 2,000°C to
form the clinker phases, As a result the
formation of thermal NO is more or
less unavoidable, Additionally, the
formation of fuel NO contributes {o the
tatal NO, emissions. Also in' preeal-
ciner kilns the formation of NO is

predominantly determined by the for
mation in the main firing unif,

In the course of a more and more de-
wanding  European  eanvironmental
legislation, the cement industry is chal-
lenging the need for fmproved NO,
abatemient, The main driving forces are
the Eurcpean "Directive on the Incin-
eration of Waste" and the IPPC process
vesulting in the description of Best
Avgilable Techniques (BAT) for all
televant industrial sectors. On the one
hand, very strict air quality limits have
been specified by ihe European Union,
As a consequence, licensing proce-
dures are bécoming increasingly com-
plicated, especially when air quality
limits for NO; are already exceeded
the vicinity of a plant. On the other
hand, the revised BEuropean BREF
Document (Best Available Techniques
Reference Document) for the cement
and lime imanufacturing  industries
defines an  émission  level of
<450 mg/m® for NOy, which should be
achievable wilh the use of so-called
Best Available Techniques (BAT),

4.1 Staged combustion

New plants usually are equipped with
precaioiner and tertiary alr duet so that
the technique of staged combustion can
be applicd. The reduction of NO, by
this technique in the precaleiner can be
improved by lowering the air rstio In
the so-called reduction zone. Scientific
investigations have revealed that ayn air
ratio below 0.9 should be adjusted in
the reducing zone of the caleiner to
achieve an optimum NO, reduction,
Recent investigations of the Rescarch
Institute of the Cement Indusiry show
that even na lower stoichiometric air
atio of down to 0.6 have shown fa-
vourpble results conceming NO, re-
duction. The air ratie in the burnout
zone, by contrast, must be higher {han
I {usually 1.1 fo 1,2). Experiences
show that NO, emssions can be low-
ered up to 30% as a consequence of air
or fuel staging under practical condi-
tions, The fact that the CO generated In
the low oxygen zone cannot be fully
oxidized in the bumout zone consti-
tutes one of the restiictions of air stag-
ing,

Furthermore, mea) staging (influencing
the temperature profile in the caleines),
the wixing of fuel and gas streams as
well as fuel properties certainty can
have an important effect on the NO,
reduiction [31, Especially the fuel type,

inainly the content of volatile com-
pounds and fuel nitrogen, the calorific
value and the fugl fingness have an
impact both on combustion kinetics
(release of energy) and NO, formation
and decomposition,

High volatile fuels fike c.g. lignite
usually allow fo obtaln the best NO,
reduction effect in staged combustion.
Owing to the high proportion of vola-
tile ¢ompounds, fairly large quantities
of hydrocarbon radicals and NH; com-
pounds are released during fuel pyroly-
sis Which tend to NO decomposition.
Thus, the combustion process is rapid
and the residusl oxygen, present in the
combustion gas, Is consumed quickly.
As a consequence, the air matlo fn the
low-oxygen zone Is lower and the NO
decomposition rate is higher than with
fuels having a small proportion of
volatile compounds, like e.g. peteoke.

The combustion of low volatile or
coarse fiels needs some more time for
heating wup, pyrolysis and burnout,
During these few seconds the particles
are partly transporfed out of ihe reduc-
ing zohe. As a consequence, the sir
ratio in the “low oxygen zong” is
higher under equal aiv distribution
conditions and less NO decomposes,
The proportion of fuel iritrogen remain-
ing in the residual coke of low volatile
fuels is higher. Considerable quantities
of fuel niteagen are canveited to NO
during combustion of residual coke in
the downstream bum out zone, Operat-
ing experiences show that, on balance,
NG is formed in the calciner during the
combustion of low valatile fuels.

As an example, figure 3 represents the
NO formation and decomposition re-
spectively in the calciner when two
fuels having a volatile comtent of 28
and 47% respectively are used al three
different air mtios In the reduction
zong., The operational {rials showed
also that the potential of this technique
is limited by process constralints, such
as unacceptable increase of coating
formation and reduced burnt clinker.
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Flgure 3 Influenco of the aie ratic o NO formation und reduction In the ealciner using fucls with

different volatile matter

4.2 Staged combustion
and SNCR

If higher reduction rates are required
for meeting siricter ciisission limits, the
application of secondary micasures is
often inevitable, The SNCR process
(selective hon-catalytic yeduction) is
the most promising technique fo
achieve significant NO, teduction rates
at moderate costs. Up to now, SNCR
planis have been insialled at more than
60 cement kilns in Burope, with rising
tendency. One of the main advantages
is that SNCR Is applicable at most
types of totary kilns, provided the
appropriate  Mtempérainre  window®
{850 - 1,050°C) is usable for ammonia
injeclion, Depending on the initial NO,
level, reduction rates of more than 50%
are achievable, The staitdard reducing
agent is a 25% aqueous ammonia solu-
tion. However — especially for eco-
nomlc reasons - Increasing use is belng
made of ammonium containing waste
waters,

In recent yeats, operational trials were
carried out in the cément industry to
investigate the reduction potential of
the SNCR. process, It tumned out that
NO, orission valu¢s of less than
500 mg/m® could be achieved with the
combiiiation of staged combustion and
SNCR technology. The SNCR process
can be applied to a wide range of O;
and CO congentrations. The reducing
agent can generally be Introduced both
in reduction and also in the bumout
zone; Rapid and uniform mixing of the
reducing agent in the NO loaded gas
flow is also cruclally important for the
effectiveness of the SNCR process
when used in a calciner,

Trials of the Research Institute of the
Cement Industry have shown that NO,
abatement  increases with rising
NHy/NO molar ratio, whereas to somg
extend high reduction rates can be
achieved, However, the inieraction
between the techpolfogies increases and
herewith the impact on the CO burn-
out, The carried out frlals have shown
that the CO bumout Is delayed by the
SNCR reaction. A notlccable delay
took especially place when the redug-
ing agent was inserted into the reduc-
tion zone at a low air ratio. This delay
of the CO oxidation can have an jm-
pact on the CO emission when the
residence fime in the calciner is not
sufficient for a complete burmout, Ac-
cording to experiencs, for a complets
burnout a residence time of a minhnum
of 2 seconds is nceded in the caloier.

Especially the combustion of low or
medium caforific indusirial waste in
the caleiner requires even langer resj-
dence time. To find the optimum inpuf
position of the reducing agent investi-
gations at each individual caleiner have
to be carried out because nwnerous
factors (temperature, fuel properties, -
residence time, 0, NO and CO con-
centrations, inpul of reducing agent as
well as location of the meal input)
influence the effectiveness of the
SNCR process. Under cerlain clrcum-
stances, the SNCR process alone can
be ~ hi the face of NO, abatement and a
simultaneops  oplimization of CO
buenout — more effective than the com-
bination with staged combustion,
However, the amikonia slip increases
significantly with increasing WHy/NO
molar ratio, especially, if mixing fs
poor, reaction time for SNCR reaction
is short or temperature is af the Iower
end of the appropriate femperature
window, Under these conditions, sig-
nificant NH; emissions can occur dur-
ing direct operation. On the other hand
no sigaificant NH; slip during mill on
operation was detecied. This means
that very effective binding of the ani-
monia occurs In the raw mill on the
suface of the raw meal particles,
which can cause a build-up of amme-
nium compounds in the external clrcy-
lation system. The anumonium levels in
the filter dust and in the kiln meal can
rise with increased molar ratic and
reduced NO; (see figare 4),

These clrculation bulld-ups take place
over several days or weeks, meaning
that a real SNCR test has to be carried
out over an appropriate period of time,
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chromate reduction by Ferro Duo.

Anyone wanting to efficlently reduce chromate ralies on highly effactive
ferrous sulphates. How good It Is that at Farro Duo thera Js now a chaolce:
between Ferro Mono and Farro Hepta, two products of the highest
effactivencss and with optimum storage stability.

wuww. ferroduo.de
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Farvo Mono

Ferrous sulphate manohydrate,
unlversal appllcation, optintum
tlosing, témperature reskstant,
guaranteed storage stahility 12
wonths
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Ferro Hepia

Ferrous sulphate heptahydrate,
universal application, optimum
dosing, qulck acting, guaranteed
storage stabllity 12 months
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