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PROCEDURE AND DEVICE TO HEAT A
REDUCING AGENT GENERATION SYSTEM

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND

In the German patent DE 199 22 961 C2 an emission
control system for the purification of the exhaust gas of a
combustion source, especially the internal combustion engine
of amotor vehicle, 1s described at least by the nitrogen oxides
contained therein with an ammonia producing catalytic con-
verter for the production of ammoma using components of at
least one part of the exhaust gas emitted from the combustion
source during the ammoma producing operational phases and
with a nitrogen oxide reduction catalytic converter subse-
quently connected to the ammonia production catalytic con-
verter for the reduction of the nitrogen oxides contained 1n the
exhaust gas emitted from the combustion source using the
ammonia produced as a reducing agent. Provision 1s made
thereby for a nitrogen oxide production unit external to the
combustion source for the enrichment of the exhaust gas
supplied to the ammonia production catalytic converter with
the nitrogen oxide 1t produces during the ammonia producing,
operational phases. A plasma generator i1s proposed, for

example, as a nitrogen oxide production unit for the plasma
engineered oxidation of the mitrogen contained in a gas
stream, which 1s supplied, to nitrogen oxide. The hydrogen
required for the ammonia production i1s produced during the
ammonia production operational phases by the operation of
the combustion source with a rich, 1.e. fuel rich air ratio.

A plasma chemical procedure to produce a hydrogen rich
gas mixture 1s described in the patent WO 01/14702 A1. With
the procedure, a rich fuel-air-mixture 1s dealt with 1n an arc,
preferably under POx conditions.

In order to avoid the transport of an additional resource, a
plasma procedure was proposed by the applicant 1n a still
unpublished writing for the on-board-generation of reducing
agents. In so doing, necessary ammonia from non-toxic sub-
stances are produced according to need 1n the vehicle and
subsequently supplied to the SCR-process. An acceptable
solution with regard to the fuel consumption i1s afforded
thereby by an intermittently operated procedure for ammoma
production, which likewise 1s proposed 1n this writing. This
procedure 1s denoted as follows as the RGS-procedure (Re-
ductant Generating System) or the reducing agent generating
system.

A disadvantage of this procedure 1s that especially 1n the
starting phase the reducing agent generation system (RGS)
only very slowly achieves an adequately high operating tem-
perature, at which an optimal functionality 1s guaranteed. The
strategy up to the present makes provision for a burner func-
tionality, which makes possible for the system to be made
operational, especially the catalytic components for partial
ox1idation at approximately 500E C and the ammonia produc-
tion unit at approximately 250E C. For that purpose, provi-
sion 1s made for a diesel fuel combustion 1n a flame to be
contingently supported by a catalytic combustion within the
catalytic components.

A disadvantage 1s that an additional mechanmism 1s required
to heat the reducing agent generation system (RGS) up to full
operating status.
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It 1s therefore the task of the 1nvention to provide a proce-
dure, 1n which on the one hand allows for the quick achieve-

ment of an optimal operating temperature of the RGS-umit
and on the other hand minimizes the expenditure for auxiliary
mechanisms. It 1s furthermore the task of the invention, to
provide at this point a suitable device.

SUMMARY

The mvention concerns a procedure to heat a reducing
agent generation system of an exhaust gas aftertreatment
system of an internal combustion engine by combustion of
tuel, whereby the reducing agent for the selective catalytic
reduction of nitrogen oxides 1n the exhaust gas of the internal
combustion engine 1s produced in the intermittently operated
reducing agent generation system, whereby the reducing
agent generation system consists of a plasma burner, a mixing
chamber located either upstream or downstream from the
plasma chamber, an oxidation reformation unit as well as a
combined nitrogen oxide storage/ammonia generation unit
and whereby nitrogen oxide 1s produced 1n a plasma 1n the
plasma burner.

The mvention additionally concerns a device to heat up a
reducing agent generation system of an exhaust gas aftertreat-
ment system of an internal combustion engine by combustion
of fuel, which can be metered 1n by way of a fuel metering
mechanism, whereby the reducing agent generation system
consists of a plasma burner, a mixing chamber located down-
stream or upstream from the plasma burner, an oxidation
reformation unit as well as a combined nitrogen oxide stor-
age/ammonia generation unit for the intermittent production
of ammonia from fuel and air and/or exhaust gas for the
selective reduction of nitrogen oxides 1n the exhaust gas ol the
internal combustion engine.

In context with future legal regulations with regard to nitro-
gen oxide emissions from motor vehicles, an exhaust gas
altertreatment 1s required. The selective catalytic reduction
(SCR) can be deployed to reduce the nitrogen oxide emis-
s10ons (denitrogenation) of internal combustion engines, espe-
cially of diesel motors, with chronologically predominantly
lean, 1.e. oxygen rich exhaust gas. In so doing, a defined
amount of a selectively acting reducing agent 1s added to the
exhaust gas. This can, for example, be 1n the form of ammo-
nia, which 1s metered in directly as a gas, which 1s derived
from a precursor substance in the form of urea or from a
urea-water-solution (HWL).

The task of the invention concerning the procedure 1s
thereby solved, 1n that the combustion of the fuel 1s 1gnited by
the plasma. In so doing, the required heating of the catalytic
components at the start of the reducing agent generation
system can result by combustion of fuel by means of a burner
functionality, which consists of a fuel metering mechanism
and the plasma burner, which 1s present 1n any case. An
independent heating burner as an auxiliary mechanism can be
omitted.

I1 the tuel 1s supplied to a mixing chamber upstream from
the plasma chamber, a reliable 1gnition of the fuel for the
burner operation can be achieved by utilization of the entire
length of the plasma. Furthermore, the fuel-air-mixture in the
hydrogen production phase runs through the entire area pre-
viously heated up by the plasma, whereby the fuel 15 defi-
nitely vaporized.

Provision 1s made in one form of embodiment for the fuel
to be supplied to one of the mixing chambers downstream
from the plasma chamber and for the plasma to be fed into the
mixing chamber lying downstream. In so doing, the mixing
chamber downstream 1s heated, 1n order to reliably vaporize
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the fuel 1n the hydrogen production phase, and on the other
hand the fuel can be 1gnited to heat up the catalytic compo-
nents. In the phase of the nitrogen oxide production the long
plasma area causes a high nitrogen yield.

If mitrogen oxide in the plasma of the plasma burner 1s
produced 1 a mitrogen oxide production phase, and in a
subsequent 1gnition phase fuel 1s metered into the mixing
chamber (41, 42) located upstream or downstream from the
plasma chamber and 1s 1gnited by the plasma (30), and 1n a
subsequent heating phase the plasma 1s turned off, whereby
tuel 1s additionally metered into a mixing chamber located
either upstream or downstream from the plasma chamber and
combusted, and 1n a subsequent hydrogen production phase
the fuel combustion 1s completed and fuel 1s vaporized in the
mixing chamber located upstream or downstream from the
plasma chamber, the burner function required to heat up the
reducing agent generation system as well as the production of
nitrogen oxide and hydrogen for the production of the reduc-
ing agent can be implemented with a simple and cost effective
system.

A reliable 1gnition of the fuel-air-mixture for the burner
operation 1s achieved, 1n that the plasma 1s additionally oper-
ated for a selective time duration, preferably for a time dura-
tion between one and five seconds, after the beginning of the
metering 1n of the fuel.

If the fuel 1s vaporized before combustion on a hot surface
area, which was heated up during the nitrogen oxide genera-
tion phase of the mixing chamber located either upstream or
downstream from the plasma chamber, an atomization of the
tuel can occur with a fuel pressure of maximally 4 bar as 1t
exists 1n normally deploved systems. Without the auxihary
heating, a fuel pressure of typically 10 bar would be required,
which would mean additional complexity of components.

An improved vaporization of the fuel can be achieved, 1n
that the fuel supplied and/or the air supplied 1s heated 1n the
counter flow on the outside cladding of the plasma burner.

The task concerning the device of the invention 1s solved, in
that provision 1s made for a plasma of the plasma burner to
ignite the fuel. In this way the deployment of a separate
1gnition mechanism 1s unnecessary. Such a mechanism would
include a glow plug or a separate burner unit to heat the
catalytic components of the reducing agent generation sys-
tem.

If the plasma of the plasma burner 1s designed for one or
more plasma jet zones, the fuel-air-mixture can be reliably
ignited for the burner operation, especially with the execution
with several plasma jet zones.

If a housing of the plasma burner has a tapered interior area
in the area subsequent to the plasma chamber 1n the direction
of the gas flow; 1n collaboration with the gas flow, the plasma
can extend itself across an especially long area and can
develop a plasma jet escaping from the housing.

If the plasma jet zones are disposed tangentially around an
ignition area or linearly along an 1gmition area, the fuel-air-
mixture can be impressed with a swirl, which leads to a
particularly good mixture or a long ignition area 1s developed,
which likewise improves the combustion.

If provision 1s made for a flame holder between the fuel
metering mechanism and the 1gnition area, the tlame burns
more stably and an extinguishment can be avoided.

If provision 1s made for two fuel metering mechanmisms for
the fuel delivery during the heating up and for the fuel deliv-
ery during a H,/CO production phase, provision can be made
for an advantageous arrangement in each case for both modes

10

15

20

25

30

35

40

45

50

55

60

65

4

ol operation. If provision 1s made for a joint fuel metering
mechanism, the arrangement 1s especially cost effective.

BRIEF DESCRIPTION OF THE DRAWTNGS

The mnvention 1s explained in more detail 1n the following,
manner using the examples of embodiment depicted 1n the
figures. The following figures are shown:

FIG. 1 a schematic depiction of an exhaust gas aftertreat-
ment system of an internal combustion engine with areducing
agent generation system,

FIG. 2 a plasma burner for the reducing agent generation
system

FIG. 3 the plasma burner in an alternative embodiment.

DETAILED DESCRIPTION

FIG. 1 shows schematically the technical layout using the
example of a diesel motor, 1n which the procedure according
to the invention can be applied. An internal combustion
engine 30 1s depicted with an exhaust gas duct, a SCR-cata-
lytic converter connected to the duct for the selective catalytic
reduction (SCR) of the exhaust gas of the internal combustion
engine 30, an exhaust gas outlet connected to the SCR-cata-
lytic converter and a reducing agent generation system 1. The
reducing agent generation system 1 provides for the produc-
tion of ammonia, which 1s stored in the SCR-catalytic con-
verter and converts nitrogen oxides from the exhaust gas of
the internal combustion engine 50 to water and nitrogen. The
reducing agent generation system 1 consists ol a plasma
burner 10, a subsequently connected oxidation reformation
unit 60 and a nitrogen oxide storage/ammonia production unit
61, from which the ammoma can be metered in by way of a
reducing agent feed 62 into the exhaust gas duct 53 1n front of
the SCR-catalytic converter. Air and/or exhaust gas can be fed
to the plasma burner by way of a first air feed 13; and by way
of a fuel metering device 40, fuel as a basic material for the
production of ammonia can at least periodically be fed.

The production of ammonia results within the reducing
agent generation system 1, in which nmitrate monoxide NO 1n
a lean phase (A>1) 1s produced 1n a plasma 30, which 1s not
depicted here, within the plasma burner 10 from air and/or
exhaust gas. The nitrogen oxides flow through the adjoining
oxidation reformation unit 60 and are subsequently delivered
in the example shown to a combined nitrogen oxide storage/
ammonia generation unit 61 and stored there. In a second
operating phase subsequently connecting to the lean phase,
the rich phase (0.33<A<1), liquid fuel 1s metered into the
plasma burner, vaporized and converted 1n the oxidation ref-
ormation unit 60 to a gas mixture contaimng hydrogen and
carbon monoxide, which subsequently converts the previ-
ously stored nitrogen oxides to ammonia in the nitrogen oxide
storage/ammonia production unit 61. This gaseous ammonia,
which has been produced, 1s then metered into the exhaust gas
stream ol the exhaust gas duct 53 1n front of the SCR-catalytic
converter.

As the SCR-catalytic converter 54 possesses an ammonia
storage capability, it 1s also possible by means of an intermit-
tent procedure for ammonia production to achieve continu-
ously the reduction of the nitrogen oxides by means of the
SCR-process 1n the exhaust gas stream. In so doing, catalytic
converters from, for example, titantum dioxide (110,) and
vanadium-pentoxide (V,O. ) convert the nitrogen oxides with
the ammonia generated at a high rate in the temperature range
between 150° C. and 450° C.

In order to achieve 1n the starting phase a quick heating of
the components of the reducing agent generation system 1,
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especially by the oxidation reformation unit 60 and the nitro-
gen oxide storage/ammonia production unit 61, the plasma
burner 10 has according to the mvention a functionality for
the combustion of fuel, which 1s described 1n the following
way. A quick operating status of the reducing agent genera-
tion system 1 1s achieved with this burner functionality, so
that a high ammonia generation rate 1s accomplished already
very early.

FIG. 2 shows a plasma burner 10 with a housing 20, in
which an electrode 14 is attached to an electrode holder 12,
which 1s electrically separated from the housing 20 by an
insulator 15. Between the electrode 14 and the housing 20 the
plasma 30 can be 1gnited 1n a plasma chamber 31 and kept
going, 1n that a high voltage 1s impressed by a high voltage
source 17 between a first high voltage terminal 11 at the
clectrode holder 12 and a second high voltage terminal 18 at
the housing. The high voltage can thereby be a DC voltage or
a high frequency voltage. Air by way of the first air feed 13 or
additional ones, for example executed by a second air feed 16,
1s delivered to the plasma chamber 31. The housing 20 has 1n
the direction of tlow 1n an area downstream from the plasma
chamber a tapered interior area, so that the plasma develops a
plasma jet, which extends beyond the housing 20 and devel-
ops an escaping plasma jet 32. Depending upon the form of
the tapered interior area 21 and the gas flow, the plasma 30 can
in the area of the tapered interior area 21 can be dead or
partially active, whereby a current-carrying plasma has a
higher temperature. In the area of the escaping plasma jet 32,
the fuel metering mechanism 40 1s disposed, which can meter
tuel into a subsequently connected mixing chamber.

In a first mode of operation of the plasma burner 10, air by
means ol a first air feed 13 and a second air feed 16 1s
delivered past the electrode 14 to the plasma chamber 31. By
means of the burning plasma in the succeeding area, nitrogen
oxides are produced, which 1n the unspecified additional
components of the reducing agent generation system 1 are
used for the production of ammonia.

In a second mode of operation of the plasma burner 10, the
plasma 1s produced and by way of the fuel metering mecha-
nism 40 meters tuel into the subsequently connected mixing,
chamber 41. The fuel vaporizes on the hot cladding of the
subsequently connected mixing chamber 41, 1s 1gnited by the
escaping plasma jet developed in the plasma 30 and forms a
burner flame. If the fuel 1s reliably 1gmited, the high voltage
source 17 can be turned off and the additionally metered 1n
fuel 1gnites at the existing burner flame. Provision can be
made for a flame holder to stabilize the operation. This mode
of operation serves to heat up the catalytic components of the
reducing agent generation system 1. The second mode of
operation 1s ended, 1n that the fuel supply 1s 1interrupted, so
that the burner flame extinguishes.

In a third mode of operation, when the plasma 30 1s turned
off, tuel 1s metered into the hot subsequently connected mix-
ing chamber 41. The fuel vaporizes and can be converted to
hydrogen, which serves to produce ammomia, in the oxidation
reformation umt 60, which 1s not depicted here. Additionally
by-products arise like carbon monoxide and hydrocarbons.

In a modified embodiment of the plasma burner 10
depicted 1n FIG. 3, the fuel metering mechanism 40 1s dis-
posed 1n the direction of gas flow in front of the plasma
chamber 31. In the second mode of operation of the plasma
burner 10, fuel 1s metered into a mixing chamber 42 located
upstream from it with the fuel metering mechanism 40. The
tuel vaporizes there on walls heated in the previous first
operational phase and 1gnites in the plasma 30 located down-
stream 1n the direction of gas tlow. For an improvement 1n the
vaporization, the incoming air and/or the fuel can thereby be
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warmed at the housing 20 in accordance with the counter
current principle. The advantage of this arrangement 1s that
the fuel runs through a long plasma zone and reliably 1gnites.
If the fuel 1gnites reliably, the high voltage source 17 can be
switched off and the fuel, which 1s additionally metered 1n,
1ignites at the existing burner flame. Provision can be made for
a flame holder to stabilize the operation. This mode of opera-
tion serves to heat up the catalytic components of the reducing
agent generation system 1. The second mode of operation 1s
ended, 1n that the fuel supply 1s interrupted, so that the burner
flame extinguishes.

In the third mode of operation, when the plasma 30 1s
turned ofl, fuel 1s metered nto the hot mixing chamber 42
located upstream. The fuel vaporizes there and 1n the plasma
chamber 31 heated by the plasma 30 as well as 1n the tapered
interior area 21 of the housing 20.

The previously described procedural variations of the
secand mode of operation of the plasma burner 10 are imple-
mented with the executions of the device previously
described, especially during a cold start and/or when restart-
ing the exhaust gas aftertreatment system. As a result a quick
heating of the reducing agent generation system 1 with its
components can be achieved, whereby the supplying of
ammonia as a reducing agent 1s accelerated and a quick sys-
tem start of the exhaust gas aftertreatment system 1s made
possible.

Basically the device and the procedure can be deployed 1n
all motor vehicles with diesel or other lean engines, which are
operated with other fuels, in which a reducing agent genera-
tion system 1 1s deployed.

The invention claimed 1s:

1. A method of heating up a reducing agent generation
system of an exhaust gas aftertreatment system of an internal
combustion engine by combustion of fuel, the reducing agent
generation system comprising a plasma burner, a mixing
chamber located downstream or upstream from [the] a
plasma chamber, an oxidation reformation unit, and a com-
bined nitrogen oxide storage and ammonia production unit,
the method comprising:

producing the reducing agent for selective catalytic reduc-

tion of mitrogen oxides 1n an exhaust gas of the internal
combustion engine 1n the intermittently operated reduc-
ing agent generation system;

producing nitrogen oxide 1n a plasma in the plasma burner,

wherein the combustion of the fuel 1s 1gnited by the
plasma;

producing nitrogen oxide 1n a nitrogen oxide production

phase, in the plasma of the plasma burner;
metering fuel into the mixing chamber and 1n a subsequent
ignition phase the fuel 1s ignited by the plasma, and 1n a
subsequent heating phase the plasma 1s turned off; and

additionally metering fuel into the mixing chamber and
combusting the tuel and 1 a subsequent hydrogen pro-
duction phase, ending the fuel combustion and vaporiz-
ing the fuel 1n the mixing chamber.

2. A method according to claim 1, wherein the step of
metering fuel into the mixing chamber includes delivering
fuel [is delivered] to the mixing chamber upstream from the
plasma chamber.

3. A method according to claim 1, wherein the step of
metering fuel into the mixing chamber includes delivering
fuel [is delivered] to the mixing chamber downstream from
the plasma chamber and feeding the plasma [is fed] into the
mixing chamber.

4. A method according to claim 1, wherein after beginning
to meter in the fuel, the plasma 1s additionally operated for a
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selective time [duration, preferably for a time] duration
between one and five seconds|, after a beginning of the meter-
ing in of the fuell].

5. A method according to claim 1, wherein the fuel 1s
vaporized before combustion on a hot surface area, which was
heated during the nitrogen oxide production phase, of the
mixing chamber located either downstream or upstream from
the plasma chamber.

6. A method of heating up a reducing agent generation
system of an exhaust gas aftertreatment system of an internal
combustion engine by combustion of fuel, the reducing agent
generation system comprising a plasma burner, a mixing
chamber located downstream or upstream from the plasma
chamber, an oxidation reformation unit, and a combined
nitrogen oxide storage and ammonia production unit, the
method comprising producing the reducing agent for selec-
tive catalytic reduction of nitrogen oxides 1n an exhaust gas of
the mternal combustion engine 1n the mtermittently operated
reducing agent generation system; and producing nitrogen
oxide 1n a plasma in the plasma burner, wherein the combus-
tion of the fuel 1s 1ignited by the plasma, wherein the fuel or the
air delivered 1n a counter flow 1s warmed on an outside clad-
ding of the plasma burner.

7. A device to heat areducing agent generation system of an
exhaust gas aftertreatment system of an internal combustion
engine by combustion of fuel, which 1s metered in by way of
a fuel metering mechanism, whereby the reducing agent gen-
eration system comprises a plasma burner, an oxidation ret-

ormation unit, and a combined nitrogen oxide storage/ammo-
nia production umt for the intermittent production of
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ammonia from fuel and air or exhaust gas for selective cata-
lytic reduction of nitrogen oxides 1n an exhaust gas of an
internal combustion engine,

wherein a plasma of the plasma burner 1gnites the fuel,
wherein the plasma burner i1s configured:

to produce nitrogen oxide 1n a nitrogen oxide production

phase, in the plasma of the plasma burner;

to meter fuel into the mixing chamber, and 1n a subse-

quent ignition phase, save the fuel [is] ignited by the
plasma, and in a subsequent heating phase, 2ave the
plasma [is] turned off; and

additionally to meter fuel into the mixing chamber and

[combusting] combust the fuel and in a subsequent
hydrogen production phase, to end the fuel combustion
and vaporizing the fuel in the mixing chamber.

8. A device according to claim 7, wherein a housing of the
plasma burner has a tapered interior area 1n the area in the
direction of gas flow succeeding the plasma chamber.

9. A device according to claim 7, further including a flame
holder between the fuel metering mechanism and the 1gnition
area.

10. A device according to claim 7, further including two
fuel metering mechanisms or a joint fuel metering mecha-
nism for the fuel delivery during heating and for the fuel
delivery during a H,/CO production phase.

11. A device according to claim 7, wherein the plasma of
the plasma burner 1s developed 1nto one or more plasma jet
ZONEs.

12. A device according to claim 11, wherein the plasma jet
zones are disposed tangentially around an 1gnition area or
linearly along an 1gnition area.
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