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Method and Apparatus for Producing Cement Clinker

Field of the invention

The invention relates to the field of cement clinker manufacturing, in particular
to a method for removal of chlorine from the clinker process. First, a chloride
bypass gas flow is provided by drawing of a fraction of a main exhaust gas flow.
Said bypass gas flow is cooled in a first cooling step by mixing it with a cooling
gas. Subsequent dedusting removes the chlorine from the chloride bypass gas
flow. The remaining heat may be recuperated by cooling the dedusted chloride
bypass gas flow in a second cooling step by providing a thermal contact of the
dedusted chloride bypass gas flow with at least one heat carrier fluid which is in

turn heated.

Description of the related art

For manufacturing cement clinker, which is usually briefly referred to as ‘clinker’,
raw meal is calcined and sintered in a cement clinker kiln (usually briefly ‘kiln’)
and thereby converted into clinker. To enhance energy efficiency, the raw meal
is pre-warmed by contacting it with the exhaust gas of the kiln in a so called pre-
heater. A summary of the clinker process is provided by “Der Herstellung-
sprozess”, Dr. Joachim Harder published in ZKG-Handbuch Zementanlagenbau
2013/2014, Bauverlag Gutersloh, the disclosure of which is incorporated herein

as if fully disclosed.

Chlorine is a serious concern in clinker production, as it increases fuel consump-
tion and corrosion. Chlorine is embedded in the crystal lattice of the clay used for
raw meal production and it is present in the fuel and thus provided to the kiln.
The chlorine introduced into to the kiln by organic substances forms hydrochlo-
ride acid (HCI). This HCl is transported with the flue gas to the preheater, where

it is absorbed by free lime (Ca0) and thus forms Calcium Chloride (CaCl,). This
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CaCl; reenters the kiln with the raw meal. Regardless of its origin chlorine is thus
present in the liquid phase in the transition and burning zone of the kiln. There,
the chlorine forms salts, in particular potassium chloride (KCl), sodium chlo-

ride (NaCl). These salts evaporate and leave the kiln with the flue gas. In the pre-
heater these chlorides condense on the raw meal. Thus, the chlorides circulate
between the kiln and the preheater and accumulate. Further, the chlorides con-
dense on the preheater itself and reduce the flow area resulting in preheater
clogging. Other flue gas components that evaporate in the kiln and condense on
the raw meal recirculate in a similar manner. For reducing this internal circula-
tions a bypass system, the so called chloride bypass is known. These internal cir-
culations and chloride bypass systems have been subject of numerous publica-
tions, e.g. “Numerous Reasons for installing a Chloride By-Pass. Interaction be-
tween Chloride and Sulphur.” (Ebbe Jgns, et al. in Cement Industry Technical Con-
ference Record, 2008 IEEE, p. 195ff) or “Ein neues Chlorid-Bypass-System mit
stabiler Ofenfiihrung und Staubverwertung” (Sutou et al ZKG Int, Vol. 54, No. 3,

2001, p. 121ff), to name only two.

A chloride bypass draws of a fraction (typically 3% to 10%) of the flue gases be-
fore they are significantly cooled. In Arabian countries the ‘fraction’ is up to
100%. Next, the fraction is cooled below the condensation temperature of the
chlorides by mixing it with fresh air. The chlorides condense on the dust carried
by the flue gases and can be removed by filtering the cooled fraction. The filtered
gas is subjected to a waste gas treatment and released. As suggested in the Ger-
man Patent DE 10 2011 052 561 (the disclosure of which is incorporated herein
as if fully disclosed), the filtered gas may alternatively be further used for heating
a water boiler and subsequently provided to the hot end of a clinker cooler as
cooling gas. There, chloride bypass exhaust gas is heated when cooling the clink-
er in turn. A part of the heated cooling gas may be provided via a tertiary air duct

to a calciner, the other part is provided to the kiln as secondary air.
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US 7,947,242 B2 addresses the problem of chlorine and sulfur enrichment in the
clinker process by drawing of chloride bypass gas from the kiln (‘s raw meal) in-
let, separating the coarser dust by a classifier and removal of the fine dust parti-
cles by a wet dust collector. Sulfur dioxide in the combustion gas and thus the
chloride bypass gas is thereby removed, as the sulfur dioxide (S02) reacts with
calcium hydroxide (Ca(OH),) being generated by a reaction of the calcium oxide
(CaO0) of the fine particles with water. The such obtained gypsum is added to the

clinker when milling. A similar solution is suggested by DE4442563A1.

DE 24 24 372 A1 relates to a Clinker manufacturing and starts from the observa-
tion that prior art bypass systems cool the hot bypass gasses down by water in-
jection cooling and by mixing the bypass gas with air having ambient tempera-
ture. The corresponding humidity of the bypass gas is considered to impose a
lower limit on the dust concentration in the bypass gas. To reduce this limit DE
24 24 372 Al suggests to mix the bypass gas prior to dedusting it with a previous-
ly cooled exhaust gas from the main exhaust gas stream, being cooler and having

a higher dew point.

US 2014/0366499 A relates to a chloride bypass device and suggests cooling kiln
exhaust gas by mixing said exhaust gas with cooling air to thereby cool the by-
pass gas to temperatures enabling dedusting of the chloride bypass gas by bag

filters, which is typically about 200°C.

Summary of the invention

The problem to be solved by the invention is to optimize the cement clinker pro-

cess having in view the chloride bypass.

The invention is based on the observation that the object of providing tertiary air
to the calciner and secondary air to the kiln is to provide oxygen required for

calcination and combustion to the process. However, the chloride bypass ex-

PCT/EP2016/065785
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haust gas has —compared to fresh air — a significantly reduced oxygen content.
Thus providing chloride bypass exhaust gas to the clinker cooler has the disad-
vantage that the oxygen content of the secondary and tertiary air is reduced.
Alternatively, the chloride bypass exhaust may be released with the main ex-
haust gas flow, but as the bypass exhaust gas is a mixture of air and flue gases it
increases the oxygen content of the released exhaust gas, making it difficult if
not impossible to comply with the governmental emission limits. Further, the
volume per amount of time that must be subjected to waste gas treatment is
significantly enhanced by cooling the bypass gas by mixing with fresh air. This
augmented volume causes significant costs, because the dimensioning of the
exhaust gas treatment means has to be increased accordingly. Another disad-
vantage is that the mixing step with fresh air at ambient temperature significant-
ly reduces the exergy of the chloride bypass gas and thus the amount of energy
that can be recuperated and provided to heat sinks in the cement clinker manu-

facturing line.

Solutions of these problems are described in the independent claims. The de-

pendent claims relate to further improvements of the invention.

A central ideal of the invention is to replace the air used for cooling the chloride
bypass exhaust gas by previously cooled exhaust gas drawn off at the cold end of
the chloride bypass and/or at the cold end of the main kiln exhaust gas treat-
ment. The amount of exhaust gas can be substantially decreased, when using
previously cooled chloride bypass exhaust gas and/or cooled kiln exhaust gas as
coolant for the chloride bypass exhaust (instead of air) gas prior to dedusting the

chloride bypass exhaust gas.

According to the invention, a flow of chloride bypass gas (briefly ‘bypass gas’) is
provided by drawing of at least a fraction (e.g. 1% to 15%, preferably 3% to 10%)

of the main exhaust gas flow, i.e. from the exhaust gas flow provided from the

PCT/EP2016/065785
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kiln to the preheater, be it directly or via a calciner. Preferably, the bypass gas is
drawn off, before it is significantly cooled down, e.g. before it is contacted with
the raw meal in the preheater. Subsequently, the bypass gas may be cooled
down in a first cooling step to a first temperature (T,). At this first temperature T,
condensation of the chlorides or of other components that have to be removed
from the bypass gas may take place and the chlorides may condense on the dust
particles. Thus, dedusting prior to the first cooling step should be omitted or at
least incomplete to such extend that a sufficient amount of dust remains in the
bypass gas to provide condensation nuclei. Cooling can be obtained by mixing
the bypass gas with a cooling gas, i.e. a gas being colder than the bypass gas prior
to the first cooling step. Mixing can be obtained in a mixing chamber which may
be positioned downstream of the chloride bypass intake at which said fraction of

the kiln exhaust gas is drawn off.

Later, the cooled bypass gas may be dedusted, i.e. clinker dust, raw meal dust or
other particles being transported by the bypass gas flow are preferably at least
partially removed from the bypass gas, e.g. by dust removal means, preferably a
hot gas filter. Hot gas filtering methods as such are known, electrostatic filters
may be used as well as ceramic filters or the like. The such removed dust is en-
riched with chlorine and eventually heavy metals and should not be provided to
the kiln or a calciner again. The removed dust may for example at least to some
extend be added to the clinker line downstream the kiln, e.g. when milling the

clinker.

The dedusted bypass gas may be subjected to a second cooling step by thermally
contacting the bypass gas with at least one heat carrier fluid, which is heated in
turn. After the second cooling step the bypass gas has a temperature T,, which
will be discussed later. The heat carrier fluid may be a gas and/or liquid. There
may be a phase transition from liquid to gaseous due to heating of the heat car-

rier liquid with the bypass gas. The heat carrier fluid may be e.g. water which is
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pressurized by said heat exchanger to be expanded in turbine to thereby make
mechanical energy available. Alternatively, the heat carrier fluid may be an or-
ganic fluid, being highly stable even at high temperatures, typically referred to a
thermal oil. The latter is particular reasonable in case the heat shall be trans-
ported and/or used to heat a further fluid in a second heat exchanger. Other
heat carrier fluids may be used as well, so called thermos-oils, molten salts, CO,

reducing gases, etc.

Typically, such thermal contact may be provided by use of a heat exchanger. In
the latter case, the dedusted bypass gas is provided to the hot inlet of the heat
exchanger and drawn off at its cold outlet. In turn the heat carrier fluid is provid-
ed to the cold inlet of the heat exchanger and drawn off from its hot outlet. The
thereby recuperated heat may be used as process heat, for example (at least in
part) for drying or preheating raw meal or low grade fuels. Alternatively it may
be supplied to a heat engine for conversion into mechanical energy, e.g. to a
steam turbine. The mechanical energy may be converted (at least in part) into

electricity using an electric generator.

Preferably, at least a fraction of the bypass gas obtained by the second cooling
step may be used as coolant in the first cooling step. In other words, at least a
part of the bypass gas is recirculated. This can be obtained by installing a conduit
connecting the cold outlet of the heat exchanger with an inlet of the mixing

chamber.

Accordingly, the bypass exhaust gas flow, i.e. the amount of gas leaving the chlo-
ride bypass is significantly reduced. In a stationary state of the clinker process
the bypass exhaust gas flow (mass per time) is the same as the flow being drawn
off from the main exhaust gas flow (neglecting the mass and volume of the dust
being removed). Further, the bypass exhaust gas is not enriched with oxygen and

can be released, if required after further flue gas treatment. Alternatively, the
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bypass exhaust gas may as well be provided to a coolant inlet of a clinker cooler
and would thus be subjected to the normal flue gas treatment. The bypass ex-
haust gas is already dedusted and could be mixed with the main exhaust gas

flow, preferably after the main exhaust gas flow has been dedusted as well.

Additionally or alternatively the cooling gas can be drawn off the main exhaust
gas flow downstream the preheater, preferably after a dedusting step and/or an
additional cooling step. The effect is similar, no additional oxygen is introduced

into the exhaust(s), and the over-all amount of exhaust gas is reduced.

Preferably, the bypass gas is subjected to a selective catalytic reduction (SCR)
prior to the second cooling step. This step is referred to as SCR step. At this stage
of the process, i.e. after the first cooling step, the temperature T; of the bypass
gas is still sufficient for the SCR. Further, during the SCR, the temperature of the
bypass gas rises again and the additional thermal energy can be transferred to
the heat carrier fluid and thereby made available as process heat in the later

second cooling step.

Only to avoid misunderstandings, SCR is a method for converting nitrogen oxides
(NOy) into Nitrogen (N,) and water (H,0), by adding a reductant (e.g. ammonia
(NHs), agueous ammonia, ammonia hydroxide (NH,OH), etc.) to the bypass gas
and subjecting the such obtained bypass gas to a catalyst. Typical catalysts are
titanium oxide and oxides of base metals (such as vanadium, molybdenum and

tungsten), zeolites or various precious metals (or combinations thereof).

For example, the SCR-step may take place just before the second cooling step. In
this example the catalyst can be positioned between the dust removal means
and a heat exchanger for cooling the bypass gas in the second cooling step. The
reductant may be added to the bypass gas upstream of the catalyst, i.e. before
the bypass gas contacts the catalyst. In a particularly preferred embodiment the

catalyst is embedded in the dust removal means. For example the dedusting
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means may comprise a ceramic filter which may be used as carrier for the cata-
lytic material. The catalyst(s) may be embedded in the ceramic filter. A further
advantage of an SCR step is that the concentration of dioxins, volatile organic
substances so called VOCs is reduced and accordingly their emission by the ce-

ment clinker line is reduced as well.

In the first cooling step the bypass gas may be cooled preferably to about

400°C + 50K. At these temperatures the chlorides condense quickly and can be
separated from the gas by the dedusting step. Further, this temperature regime
is known to be perfect for the optional SCR and the exergy of the bypass gas that
can be transferred in the second cooling step is maximized. In case the SCR-step
is omitted the temperature T, of the bypass gas after the first cooling step can be
even higher (e.g. 450-650°C) to further enhance the exergy, as the boiling tem-
peratures of KCl, NaCl and CaCl, are 1420°C, 1413°C, 1935°C, respectively. But at
higher temperatures the time to obtain sufficient condensation is longer, be-
cause the dust particles which serve as condensation nuclei cool down slower
than the gas itself. Further, heat resistivity of the filter (=dust removal means) for
the dedusting step must be considered, i.e. the filter must be able to withstand
the corresponding temperature T;. In practice, the dust removal means likely

limit the maximum of the temperature T;.

In the second cooling step bypass gas may be cooled down to approximately
120°C+ 50K. Above 100°C the water in the bypass gas does not condense and no
aqueous acids are present which support corrosion of the heat exchanger or by-
pass gas conduits. Further this temperature regime is comparatively simple to

handle.

Between the first and second cooling step, the bypass gas is preferably subjected

to a catalyst for oxidizing hydrocarbons (herein after briefly ‘oxi-cat’). The oxi-cat
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is preferably positioned directly upstream of the heat exchanger for performing

the second cooling step.

Description of Drawings

In the following the invention will be described by way of example, without limi-
tation of the general inventive concept, on examples of embodiment with refer-

ence to the drawings.

Figure 1 shows a schematic sketch of a cement clinker line.

Figure 2 shows a schematic flow diagram of a chloride bypass system.

The cement clinker line in Fig. 1 comprises as usual a preheater 2, a kiln 30 and a
clinker cooler 4. Raw meal 8 is preheated in the preheater 2 and provided to the
kiln'inlet 31. In the kiln 30 the raw meal 8 is calcined and sintered to clinker. The
clinker 9 is discharged on the clinker cooler 4 and can be further processed after
being cooled down (indicated by an arrow, symbolizing the clinker 9), e.g. by
milling. Hot air from the clinker cooler 4 is provided to the kiln 30 as secondary
air and leaves the kiln 30 at its inlet 31 as flue or exhaust gas. Said kiln exhaust
gas is dust loaden and hot (~typically 1500°C to 2000°C). The main amount of the
kiln exhaust gas is provided to the preheater 2 for pre-warming the raw meal 8.
Optionally a calciner 5 may be installed between the preheater 2 and the kiln 30.
In that case the raw meal 8 is provided from the preheater 2 to the calciner 5 and
from the calciner 5 to the kiln 30. At least a part of the kiln exhaust gas may be
provided to the preheater via the calciner 5. Further, tertiary air may be provided

from the clinker cooler 4 to the calciner 5.

At least fraction, typically about 3% to 10% of the kiln exhaust gas is drawn of via
a chloride bypass intake 35. From said chloride bypass intake 35, bypass gas 39
flows to a first inlet 41 of a mixing chamber 40 for mixing the bypass gas 39 with

a cooling gas in a first cooling step (cf. Fig. 3). The cooling gas may be provided to
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the mixing chamber by a second inlet 42. The cooled bypass gas 49 leaves the
mixing chamber 40 via its outlet 43 and flows to a dust removal means 60 for
filtering the cooled bypass gas 49. The filtered bypass gas 69 exits the dust re-
moval means 60 via outlet 62 and is provided to the warm inlet 71 of a heat ex-
changer 70. In the heat exchanger 70 the filtered bypass gas 69 is subjected to a
second cooling step by thermally contacting the bypass gas with a heat carrier
fluid as coolant being provided to the heat exchanger 70 via a cold inlet 73.
Warmed heat carrier fluid is drawn off the heat exchanger 70 via a warm out-

let 74. The heat carrier fluid may be water, in particular if the heat shall be con-
verted into mechanical energy by expanding steam in a turbine. Other heat car-
rier fluids may be used as well, e.g. thermal oils as set out above. The cooled by-
pass gas 79 is referred to as bypass exhaust gas 79, but only to clearly distinguish
the bypass gas after the second cooling step from the “cooled bypass gas” ob-
tained after the first cooling step. Said bypass exhaust gas 79 may be split in two
portions, for example by two ventilation means as indicated by reference nu-
meral 20 and 26: a first portion 81 of the bypass exhaust gas 79 is provided via a
conduit 80 to the second inlet 42 of the mixing chamber 40. Alternatively or ad-
ditionally, the first portion 81 (or at least a part it) may be drawn off by the venti-
lation means 20 downstream of the ventilation means 26, as indicated by a
dashed line. A further alternative is to draw of a fraction of the main kiln exhaust
gas flow, e.g. downstream the preheater; preferably, downstream of a dedusting

step. Said fraction may as well be provided to the mixing chamber.

The remaining second portion 82 of the bypass exhaust gas 79 is drawn off and
may be provided to an exhaust 100 as depicted. Alternatively the second por-
tion 82 may be provided to a clinker cooler as cooling agent or to raw meal pre-
warming means. The second portion may be provided to an exhaust 100, to a
raw meal mill for drying the raw meal, to the clinker cooler 4 or any other suited
place. As apparent from Fig. 2, no oxygen rich air is introduced into the chloride

bypass. Thus, the amount of bypass exhaust gas is significantly reduced. Further,
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as the bypass exhaust gas 79 has the same low oxygen concentration as the kiln
exhaust gas it may be released in the same way, compliant with the governmen-
tal emission limits. Fresh air is only required for emergency cooling. The fresh air

may be provided via a fresh air intake 90 of the conduit 80.

Optionally a reductant injector 50 (shown with dashed lines) may be provided,
e.g. between the mixing chamber and the dust removal means 60. A catalyst for
catalytic denitrification may be positioned in the flow path as well, e.g. directly
downstream the reductant injector 50. The catalyst may be embedded in at least
one filter element of the dust removal means 60. For example, the dust removal
means 60 may comprise at least one ceramic or sintered filter element into

which said at least one catalyst is embedded.

In particular in case no catalyst is embedded in the in the dust removal means, a
catalyst unit 65 (shown with dashed lines) may be positioned preferably in the
flow path of the dedusted bypass gas 69, as the temperature T, of the bypass gas
prior to the second cooling step is typically in the range required for a SCR-
process. As well the reductant injector 50 may be positioned in the flow path of
the dedusted bypass gas 69 (different from the depicted position). Further, the
bypass gas is less abrasive after dust removal and accordingly the life span of the

catalyst unit is augmented.

A further option is a further catalyst unit 95, a so called oxi-cat for oxidizing hy-
drocarbons. Said further catalyst 95 may arranged between the dedusting
means 60 and the heat exchanger 70. Particularly preferred the further cata-

lyst 95 may be positioned downstream the SCR catalyst unit 65.
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preheater

kiln

clinker cooler

calciner

tertiary air duct

to waste gas processing

raw meal

clinker

ventilation means

ventilation means

kiln

kiln inlet (raw meal inlet and flue gas outlet)
cement clinker

chloride bypass intake

chloride bypass gas

mixing chamber

first inlet of mixing chamber

second inlet of mixing chamber
outlet of mixing chamber

cooled bypass gas / bypass gas after first cooling step
reductant injector

bypass gas inlet of reductant injector
reductant inlet of reductant injector
outlet of reductant injector

bypass gas with reductant

dust removal means

inlet of dust removal means

outlet of dust removal means
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65
66
67
69
70
71
72
73
74
79
80
81
82
90
95
96
97
100

13

catalyst unit

inlet of catalyst unit

outlet of catalyst unit

dedusted bypass gas

heat exchanger

warm inlet of heat exchanger

cold outlet of heat exchanger

cold inlet of heat exchanger

warm outlet of heat exchanger

bypass gas after second cooling step/ chloride bypass exhaust gas
conduit

fraction of bypass gas provided to second inlet of mixing chamber
fraction of bypass gas provided to exhaust

fresh air intake

further catalyst unit / oxi-cat

inlet of further catalyst unit

outlet of further catalyst unit

exhaust
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Claims

1. Method for chloride bypass gas treatment, comprising at least the steps of:

Providing a chloride bypass gas flow (39) by drawing of at least a
fraction of a main exhaust gas flow,

- Cooling the chloride bypass gas flow (39) in a first cooling step by
mixing it with a cooling gas (81),

- Dedusting the mixed chloride bypass gas flow (49),

- Cooling the dedusted chloride bypass gas flow (69) in a second cool-
ing step by providing a thermal contact of the dedusted chloride
bypass gas flow (69) with at least one heat carrier fluid which is in
turn heated,

characterized in that
at least a part of the chloride bypass gas flow obtained after the second

cooling step is used as cooling gas (81) in the first cooling step.

2. The method of claim 1,
characterized in that
it further comprises providing a reductant to the chloride bypass gas

flow (39) before executing the second cooling step.

3. The method of claim 2,
characterized in that
it further comprises contacting the chloride bypass gas flow (39) with at
least one catalyst for selective catalytic reduction of nitrogen oxide after

providing said reductant and prior to the second coolant step.
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4, The method of claim 3,
characterized in that
the dedusting step comprises providing at least a part of the bypass gas
flow (39) to a filter into which at least one catalyst for selective catalytic

reduction of nitrogen oxide (NO,) is incorporated and/or embedded.

5. The method of one claims 1 to 4,
the chloride bypass gas (39) is cooled to a temperature T, between 350°C

and 450°C in the first cooling step.

6. The method of one claims 1 to 5,
the chloride bypass gas (39) is cooled to a temperature T, between 70°C

and 170°Cin the second cooling step.

7. The method of one claims 1 to 6,
characterized in that
said thermal contact is provided by at least one heat exchanger (70),
wherein the dedusted bypass gas flow (69) is provided to a warm inlet (71)
of the heat exchanger (70) and drawn off at its cold outlet (72) and wherein
the heat carrier fluid is provided to its cold inlet (73) and drawn off at its

warm outlet (74).

8. The method of one claims 1 to 7,
characterized in that
at least a part of the heat provided to the heat carrier fluid is used as pro-

cess heat in the clinker process and/or converted into electric energy.
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The method of one claims 1 to §,

characterized in that

at least a part of the chloride bypass gas flow drawn of after the second
cooling step is recirculated to thereby provide said cooling gas (81) in the

first cooling step.

A cement clinker manufacturing plant, comprising at least:

- a preheater (2) for preheating raw meal (8),

- a kiln (30) for converting raw meal (8) into cement clinker (9),
wherein the kiln (30) and the preheater (2) are operably connected
to provide exhaust gas from the kiln (30) to the preheater (2) and to
provide raw meal (8) from the preheater (2) to the kiln (30),

- at least one chloride bypass intake (35) positioned between the
kiln (35) and the preheater (35) for drawing of a fraction of the ex-
haust gas produced by said kiln (30) to thereby provide a chloride
bypass gas flow (39),

- at least one mixing chamber(40) with at least two intakes (41, 42)
and at least one outlet (43), wherein a first of said intakes (41) is
operably connected to said chloride bypass intake (35) for providing
said a chloride bypass gas flow (39) to said mixing chamber (40),

- at least one dust removal means (60) with at least one intake (61)
and at least one outlet (62), wherein the intake (61) is operably
connected to receive a bypass gas flow (49) from the outlet (43) of

said mixing chamber (40),
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- at least one heat exchanger (70) for cooling dedusted bypass
gas (69) provided from the outlet (62) of said dust removal
means (60) and in turn heating a heat carrier fluid, said heat ex-
changer (70) having a warm inlet (71) being operably connected to
receive said dedusted bypass gas (69) from the outlet (62) of said
dust removal means (60), a cold outlet (72) for cooled bypass ex-
haust gas (79), a cold heat carrier fluid inlet (73) and a warm heat

carrier fluid outlet (74),

characterized in that

it further comprises a conduit (80) operably connecting the cold outlet (72)
of the heat exchanger (70) with the second intake (42) of the mixing cham-
ber (40) to provide at least a part (81) of the bypass exhaust gas (79) exit-
ing the cold outlet (72) of the heat exchanger (70) to the second intake (42)

of the mixing chamber (40).

The cement clinker manufacturing plant of claim 10,

characterized in that

it comprises a reductant injector (50) positioned upstream of the warm in-
let (71) of the heat exchanger (70) for injecting a reductant into the chlo-
ride bypass gas flow (39, 49, 69).

The cement clinker manufacturing plant of claim 11

characterized in that

at least one catalyst (65) for a selective catalytic reduction of nitride oxide
is operably positioned between the reductant injector (50) and the warm
inlet (71) of the heat exchanger (70) for contacting the chloride bypass gas
flow (39, 49, 69) with said catalyst.



WO 2017/005724 PCT/EP2016/065785
18

13. The cement clinker manufacturing plant of claim 12
characterized in that
said at least one catalyst is incorporated in a filter of the dust removal

means (60).

14. The cement clinker manufacturing plant of claim 12
characterized in that
the warm outlet (72) of the heat exchanger (70) is operably connected to

at least one of:

- a warm inlet of a second heat exchanger for cooling the heat carrier
fluid and in turn heating a raw meal or a process gas of the clinker
process being provided to a cold inlet of said second heat exchang-
er,

- a turbine for converting the thermal energy transported by the heat

carrier fluid into mechanical energy.
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