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(57) Abstract: The mvention provides a method for purification of exhaust gas from a diesel engine 1n a system, which comprises
a device for selective catalytic reduction and a diesel particulate filter pretferably at least partially covered by a catalytic layer in-
stalled downstream of the device for selective catalytic reduction. A device for catalytic oxidation 1s mstalled upstream of the de-
vice for selective catalytic reduction and/or between the device for selective catalytic reduction and the diesel particulate filter. A
device for mjection of a controlled amount of reductant is installed inlet of the device for selective catalytic reduction, and a de-
vice for mjection of a controlled amount of hydrocarbon is installed inlet of the catalytic oxidation.
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Method for purification of exhaust gas from a diesel engine

The invention relates to purification of exhaust gas from a
diesel engine. Particles, incompletely combusted hydrocar-
bons, carbon oxide, CO, and nitrogen oxides, NOy are re-

moved from the exhaust gas.

The invention is specifically directed to a purification
method including an effective, but simple method for filter

regeneration.

Methods for exhaust gas purification are already known. In
US 6,863,874 a method is described, where impurities 1n an
exhaust gas are removed by oxidation followed by a filter,
where soot is oxidised by nitrogen dioxide and oxygen. Fur-
ther downstream, reductant is injected inlet a NOy absorber
and subsequently a three-way catalyst or a catalyst for se-

lective reduction is 1nstalled.

Another process is disclosed in US 6,696,031, where impuri-

ties are removed by oxidation, filtering, and selective
catalytic reduction (SCR). Ammonia is 1injected upstream of
the oxidation or SCR, and further upstream of this, a pre-

oxidation catalyst is installed, to which hydrocarbon may

be introduced. A computer must control the two ammonia

streams.

Impurities from an exhaust gas are by the method of US
6,871,489 removed by passing the gas through an oxidation
catalyst, a cooler, equipped with a by-pass, a SCR section

including urea injection, through a heater and finally a

diesel particulate filter. In this way, the filter must be

CONFIRMATION COPY
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regenerated by elevating the temperature of the filter by

increasing the heat output from the heater.

These processes are either complicated, energy demanding or
having slow urea decomposition simultaneously with slow

catalytic reduction of NOy at start of cold engine.

It is the general object of this invention to provide a pu-
rification process, which effectively removes particles,
incompletely combusted hydrocarbons, carbon oxide, CO, and
nitrogen oxides, NOy from an exhaust gas and regenerates

the filter and at the same time is very simple.

The invention provides a method for purification of exhaust
gas from a diesel engine in a system, which comprises a de-
vice for selective catalytic reduction and a diesel par-
ticulate filter preferably at least partially covered by a
catalytic layer and installed downstream of the device for
selective catalytic reduction. A device for catalytic oxi-
dation 1s installed upstream of the device for selective
catalytic reduction and/or between the device for selective
catalytic reduction and the catalysed diesel particulate
filter. A device for injection of a controlled amount of
reductant is installed inlet of the device for selective
catalytic reduction, and a device for injection of a con-
trolled amount of hydrocarbon 1s installed inlet of the

catalytic oxidation.

The invention provides that the catalysed diesel particu-
late filter 1s passively regenerated by closing the 1njec-
tion of reductant and the catalysed diesel particulate fil-

ter 1s actively regenerated by opening for the injection of
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hydrocarbon inlet of at least one device for catalytic oxi-
dation and optionally closing for the injection of reduc-
tant. The filter 1s passively regenerated by NO, at a tem-
perature up to 500°C and actively regenerated at a tempera-

ture from 500°C to 700°C.

The reductant 1is ammonia, aqueous solution of ammonia,
urea, an aqueous solution of urea, cyanuric acid. Other po-
tential nitrogen based reagents include ammelide, ammel-
inge, ammonium cyanate, biuret, ammonium carbamate, ammo-
mium carbonate, ammonium formate, melamine, and tricyan-
ourea. Ammonia, aqueous solution of ammonia, urea, an aque-

ous solution of urea, cyanuric acid are prefered.

The hydrocarbon is fuel, preferably fuel to the diesel en-
gine. The selective catalytic reduction takes place 1in
presence of a vanadium based catalyst, or a zeollte based
catalyst, or a functionalized acidic base metal oxide mix-
ture. The vanadium based catalyst is vanadium oxide on ti-
tanium oxide with possible addition of tungsten- or molyb-
denum oxides. The zeolite based catalyst comprises copper
and/or iron modified beta zeolite, ZSM-5 or chabasite and
the functionalized acidic base metal oxide mixture com-
prises acidic cerium-zirconium oxide mixtures and zlrco-
nium-titanium oxide mixtures. The vanadium based catalyst
is used from 150 °C to 550°C and the zeolite based catalyst
or the acidic base metal mixture catalyst 1s used from

150°C to 800°C.

When a first oxidation catalyst 1s 1nstalled upstream ot
the selective catalytic reduction device, and a second o0Xxi1-

dation catalyst is installed between the selective cata-
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lytic reduction device and the diesel particulate filter,
then ammonia can be injected inlet the first oxidation
catalyst. The first oxidation catalyst comprises platinum
and palladium on lanthanum oxide promoted aluminium oxide,
or platinum and palladium on silicon oxide promoted tita-
nium oxide, or platinum and palladium on zirconlium oxlde
promoted cerium oxide. The second oxidation catalyst com-
prises palladium on lanthanum oxide promoted alumilinlum OX-
ide, or palladium oxide on silicon promoted titanium oxide,
or palladium on zirconium oxide promoted cerium oxide, Or
mixture of copper and manganese oxides or palladium on a

mixture of copper and manganese oxides.

The catalytic layer on the diesel particulate filter com-
prises a mixture of base metal oxides in possible combina-
tion with precious metals as palladium and platinum. A spe-
cial advantageous example with palladium on cerium oxide

zirconium oxide mixture i1s described in EP 1 916 029.

The pressure drop across the filter 1s measured and a cre-
ated signal is used for controlling addition of reducing

agent and addition fuel.

The invention further comprises a system for performing the

above mentioned method.

This system secures fast cold start of the selective reduc-
tion catalyst and very high NOxX conversions are obtained.
By active on/off management of the reducing agent and hy-
drocarbon injection both passive and active regeneration of

the catalyzed filter is secured.
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This invention 1s very useful in cleaning an exhaust gas
from a diesel engine, which 1s installed in motor vehicles,
typically cars, vans, trucks, and also vessels. Also 1n
power plants driven by diesel engilines the exhaust gas can

advantageously be cleaned by the process of the invention.

FIG 1 is a schematic drawing of a process for purification

of exhaust gas according to known technology.

FIG 2 is a schematic drawing of a process for purification
of exhaust gas according to one preferred embodiment of the

process of the invention.

FIG 3 i1s a schematic drawing of a process for purification
of exhaust gas according to another preferred embodiment of

the process of the invention.

FIG 4 is a schematic drawing of a process for purification
of exhaust gas according to yet another preferred embodi-

ment of the process of the invention.

Diesel engines operate with excess air and their exhaust
gasses comprise nitrogen oxides, NOy, carbon monoxide, CO,
particulate matter and incompletely combusted hydrocarbons,

which all implement health risk.

The invention basically comprises three processes during

normal purification of exhaust gas:

Catalytic oxidation, where
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CO, NO and HC react with 0, to form CO,, NO, and H,O
and heat

Selective catalytic reduction, where

NO and NO, are typically reduced by NH; to form N, and
H,0

And catching particles in a catalytically coated filter,

where

CO, C, HC, and possible slip of NHj are oxlidised to
N>, COs and H,O

C refers here to particulate matter or soot deposited

on the diesel particulate filter

When the particles however are accumulated on the filter,
the filter can be regenerated by oxidising with nitrogen
dioxide, base metal oxide of the filter coating or at

higher temperatures with oxygen in the exhaust gas:

C and HC are oxidised by NO, NO, and/or 0O, to form
No , CO» and H,O

The presently used diesel exhaust system technology (known
technology) is characterized in having a SCR catalyst down-

stream catalyzed filter as shown in Fig. 1.

Exhaust gas 1 flows from an engine to an oxidation catalyst
2, the oxidized exhaust gas 3 is then passed to diesel par-

ticulate filter 4. After thls reductant 5 1s 1injected into
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the exhaust gas, and the mixed exhaust gas 6 1s then i1ntro-
duced into a catalyst 7 for selective catalytic reduction,
SCR, from where the exhaust gas 8 leaves the catalyst 7
cleaned. When increased temperatures are needed, hydrocar-
bon 9 is post injected in the engine or injected into ex-
haust gas 1 between the engine and oxidation catalyst 2.

This 1s further described in below process (1).
(1) Engine - DOC-cDPF -Ureajny —»zSCR

where DOC is a diesel oxidation catalyst containing Pt for
NO, formation, and cDPF is a catalyzed soot filter that

also can contain Pt for NO, formation

Ureain; is injected reductant, typically an aqueous solution
of urea, zSCR is a zeolithic based SCR catalyst or a func-

tionalized acidic base metal oxide mixture

During forced regeneration of the filter with filter inlet

temperatures around 600°C the system will be as
(2) Engine - HCjpj—» DOC-cDPEF -zSCR

where HCi,; is hydrocarbon, which is injected into exhaust
gas from the engine and upstream of DOC.
Passive regeneration of soot with NO, takes place in the

configuration as shown i1n process (1).

This system has several drawbacks. The heat up and the
start of the SCR reaction from cold start are slow, and the
total NO, emission, also measured 1n a test cycle, will be

high. The start is also slow, as 1njection of urea requires
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minimum 200°C. Further, the zSCR catalyst shall be able to
withstand filter regeneration temperatures of at least 750
°C, and also operation with zSCR normally requires managed
NO,/NO ratio, which is disturbed by the cDPF as particulate
matter also reacts with NO; 1in filter. Finally, the system

1S very expensive.

A preferred embodiment of present invention 1s shown 1n
Fig. 2. Exhaust gas 1 from an engine is passed through an
oxidation catalyst 2, a catalyst 7 for selective catalytic
reduction and as last step through a diesel particulate
filter 4. Reductant 5 is injected between oxidation cata-
lyst 2 and the SCR catalyst 7. Hydrocarbon 9 can be 1in-

jected upstream of oxidation catalyst 2.

The new diesel exhaust system with the reverse configura-
tion, SCR upfront c¢cDPF, is further described in below proc-

ess (3). It further comprises a new, special management.

(3) Engine - DOC-Ureajn; -zSCR- cDPF

where zSCR is a zeolith based SCR catalyst or a functional-
ized acidic base metal oxide mixture catalyst, which tol-

erates minimum 750 °C.

cDPF 1s a diesel particulate filter preferably catalyti-
cally coated. In this embodiment i1t 1is especlally advanta-
geous to use a palladium base metal oxide coating as the
commercially available BMC-211 catalyst from Haldor Topsge
A/S and described in patent application EP 1 916 029 . This
catalyst limits possible NO,; emission and facilitates soot

combustion in the temperature range 300 - 600 °C.
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DOC is a diesel oxidation catalyst, which can have differ-
ent compositions. This catalyst 1s precious metal(s) on
promoted metal oxide carriers that typically 1s applied on
monolithic skeleton substrates as cordierite, silicon car-
bide mullite or Fecralloy. It contains typically platinum.
It comprises platinum and palladium on lanthanum oxlde pro-
moted aluminium oxide, or platinum and palladium on silicon
oxide promoted titanium oxide, or platinum and palladium on

zirconium oxide promoted cerium oxide.

This invention will secure filter soot regeneration effec-
tively both for passive and active conditions 1n diesel ex-
haust systems, where the SCR catalyst is placed upstream of
cDPF. It further secures high NO, conversion at cold start.
Soot combustion with O, in the exhaust gas takes place 1n
the temperature range above 575°C during active regenera-
tion. Passive NO, regeneration, which is soot combustion
using NO,, can take place in the temperature range of 250 -
ca 450 °C. Finally, passive catalyst soot combustion can
also take place in a catalysed filter. In the temperature
interval of 300 - 600 °C a base metal catalyst BMC-211 can

facilitate soot combustion.

An active regeneration in system (3) takes place at ca 620
°C filter inlet temperature with diesel post i1njection 1in
the engine by simultaneously stopping the urea injection
as shown in below process (4). In this system 1t 1s re-
quired that the SCR catalyst for instance zeolithic SCR

catalyst can withstand the temperature

(4) Engine-» HCinj—» DOC—-zSCR-cDPF Tfilterin = 620°C for

10 minutes
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Process (3) has many advantages compared to present tech-
nology, but seems to have one drawback during passive fil-
ter regeneration by nitrogen dioxide. Present invention
solves this seeming drawback of system (3) of very low NO;
concentration downstream the SCR compared to system with a
SCR catalyst downstream catalyzed filter as shown 1n known
technology process (1). The present invention secures pas-

sive regeneration of the soot filter with NO,.

The present invention also involves active management of
system (3) or (4). The invention comprises that the NO;
concentration is temporary increased in short time inter-
vals by stopping the urea injection, so NO; 1s formed for
the passive regeneration and diesel fuel can be saved. This
temporary NO, increase is started, when the pressure drop
across the catalyzed filter has increased to a preset
value, and the filter inlet temperature has reached a pre-
set value, which should be at least 250 °C. Then system (3)
will function like shown in system process (9)

(5) Engine - DOC-zSCR-cDPF

In the temperature range ca 300 - 400 °C, the NO2/NO will
be optimal for a high NO; content. The NO; concentration
and the effect of passive soot combustion can be further
increased by temporary closing for the engine Exhaust Gas
Recirculation (EGR) as shown below by (6) concurrently with

urea injection is stopped as shown 1in (95).

(6) Engine (noEGR) - DOC-zSCR-CDPF

A further improvement of system (3) can be achieved by in-

jection of ammonia (NH;) in stead of urea, which requires
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heat both for water evaporation and for urea decomposition.
Then the SCR reaction can start from about 150 °C and the
SCR catalyst can be placed much closer to the diesel oxida-
tion catalyst DOC as NH; mixing can take place within a few
centimetre exhaust pipe length f. ex 5 cm.

Lower NOy out of the exhaust system 1s then achieved on the
road and when tested by any governmental standard test cy-

cle.

The system with enhanced passive regeneration by stopped
NHs; injection is shown by processes (5) and (0).

A further possible improvement of system (5) is to 1inject
ammonia (NH3) upstream the DOC. By doing this extra NO; 1s
formed in the DOC and is used for passive regeneration. At
the same time, the temperature in the system 1s 1ncreased.
This is shown below for with and without exhaust gas recy-

cle.

(7) Engine- NH3j,j—» DOC-zSCR-cDPF
(8) Engine(noEGR)—» NH3inj-—> DOC-»zSCR-cDPF

System (3) has special interest for passenger cars with

diesel post injection options.

Another preferred embodiment of the invention i1s shown 1n
Fig. 3, where it is shown that exhaust gas 1 from the en-
gine passes successively a first oxidation catalyst 2, se-
lective reduction catalyst 7, a second oxidation catalyst
10 and finally the diesel particulate filter 4. Hydrocarbon
9 and 11 can be added to the exhaust gas stream upstream of
the first 2 and the second 10 oxidation catalyst, while re-

ductant 5 i1s injected inlet the selective reduction cata-
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lyst 7. Out of the filter 4 flows the cleaned exhaust gas

stream 8.

The amount of reductant 5 is controlled by valve 12. This
will receive a signal from f. inst. a pressure difference
measurement across the filter 4, and the valve 12 will
close in order to start the passive regeneration. Simili-
larly, when a need to increase the temperature i1n or outlet
one of the oxidation catalysts 2, 10, valve 16 and/or 14
will open. Optionally ammonia might be added here.This em-
bodiment is further described below. Normal operation 1s

described by
(9) Engine - DOC(1l)-Ureajny »SCR- HCjnj—» DOC(2)- cDPF.

This is an important example and called Haldor Topsee re-
verse standard system Euro VI system. SCR can either be va-
nadium based SCR or zeolithic SCR or a functionalized

acidic base metal oxide mixture. During active regeneration

the process 1s
(10) Engine-» DOC (1)—+NH31nj —+2S5CR- HCinj-» DOC(Z)—> cDPF
And at cold start and with simultaneous active regeneration

(11) Engine—> NH3inj — DOC (1)—’NH3inj —-25CR- HCinj—» DOC(Z)-»
cDPF.

By NH; injection to the first upstream DOC (1) cold start
performance can be improved by the generated heat, and the

NO,/NO ratio will be more optimal for the SCR reaction on

zSCR as well.
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The DOC (1) is the DOC described for system (3).

The DOC (2) catalyst is precious metals on promoted metal
oxide carriers that typically is applied on monolithic
skeleton substrates as cordierite, silicon carbide mullite
or Fecralloy. This catalyst can also be a mixture of base
metal oxides with or without precious metals that typically
is applied on monolithic skeleton substrates as cordierite,
silicon carbide mullite or Fecralloy. It contains typically
not platinum. It comprises palladium on lanthanum oxide
promoted aluminium oxide, or palladium oxide on silicon
promoted titanium oxide, or palladium on zirconium oxide
promoted cerium oxide, or mixture of copper and manganese
oxides or palladium on a mixture of copper and manganese

oxildes.

System (9) is advantageous for both trucks and passenger

car applications. A third preferred embodiment is shown 1n

Fig. 4. Here the exhaust gas 1 from the engine 1s passed
through selective catalytic reduction 7, catalytic oxida-
tion 10 and finally through filter 4. Reductant 5 1s added
the exhaust gas 1 and hydrocarbon 11 can be added between

selective catalytic reduction 7 and catalytic oxidation 10.

The advantage with this exhaust system is that the maximum
inlet temperature to the SCR catalyst can be the same as
engine outlet temperature, which is approximately 550 °C.
This system will facilitate that a standard vanadium based
SCR catalyst (V-SCR) can be selected. By use of V-SCR the

process will be

(12) Engine—» Ureainj >V-SCR- HCinj-» DOC—- c¢DPF
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Copper based zeolite SCR catalysts, Cu-zSCR, may be used as
the selected SCR catalyst as 1t 1s less dependant on the
NO,/NO ratio, but it requires a Cu-zSCR type, which toler-

ates HC emission from the engine.

The system with NH3; injection instead of urea for SCR reac-

tion and with simultaneous active regeneration will be as

(13) Englne—> NHBan —-+V—-SCR- HCinj—> DOC— cDPF

In system (13) the distance from engine manifold to the V-
SCR catalyst can be decreased by a factor 10, from 50 cm to
5cm. So at cold start engine heat is not used for heating
superfluous pipe lengths but for start of the chemical re-
actions. System (13) will during managed passive regenera-

tion, where NH; injection is stopped, temporarily be

(14) Engine -V-SCR- DOC- cDPF

and equivalent without EGR

(15) Engine (noEGR)-»V-SCR- DOC- cDPF

System (12) has special interest for truck applications

Example 1.

Engine test bench experiments on a Scania 12 liter engine
with a SCR+DOC+cDPF system gives unchanged soot load pres-
sure drop after 7 world harmonized test cycles with inter-

mittent urea dosing and temporary high NO, content.
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Measurement of pressure drop over cDPF for the 1lst and 7th
repeated world harmonized test cycles (WHTC) measured 1n
one day where the system was managed with both low and high

dosing of urea.

In Fig. 5 the two curves are identical, consequently they
are written in top of each other. This means that no pres-
sure drop increase from additional soot loading 1s seen.

This result shall be compared to the reference example be-

low.,

In this reference example the urea dosing i1s continuous and
high for high SCR reaction. This gives low NO; and NOx (ap-
proximately 1-2 g NOx/kWh) exit the SCR catalyst - inlet
cDPF). In Fig. 6, we see in contrast to the Fig. 5 above

7th

the pressure drop increases from first WHTC to cycle.

This means that soot is building up on the filter.

SUBSTITUTE SHEET (RULE 26)

PCT/EP2009/009017
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CLAIMS

1. A method for purification of exhaust gas from a diesel
englne in a system comprising:

a device for selective catalytic reduction;

a dliesel particulate filter preferably at least partially
covered by a catalytic laver installed downstream of the

device for selective catalytic reduction;

a device for catalytic oxidation installed at one or more

of upstream of the device for selective catalytic reduction

and between the device for selective catalvyvtic reduction and

the diesel particulate filter;

a device for 1njection of a controlled amount of

reductant injected at an inlet of the device for selective

catalytic reduction; and

a device for injection of a controlled amount of

hydrocarbon injected at an inlet of the device for catalytic
oxidation;

characterised 1n that thé diesel particulate filter 1is
passively regenerated by closing for the injection of

reductant; and the diesel particulate filter is actively

regenerated by opening for the injection of the hydrocarbon

inlet of at least one device for catalytic oxidation, and

optionally closing for the injection of the reductant.

2. The method according t£o claim 1, wherein the filter is

passively regenerated by NO, at a temperature up to 500¢eC.

3. The method according to claim 1, wherein the filter 1s

actively regenerated at a temperature from 5002C to 700°9¢C.
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4, Tne method according to claim 1, wherein the reductant 1is

ammoriia, agueous solution of ammonia, urea, an agueous
solution of urea, cyanuric acid, ammelide, ammelinge, ammonlium
cyanate, biuret, ammonium carbamate, ammomium carbonate,

ammonium formate, melamine, oOr tricyanourea.

5. The method according to claim 4, wherein the reductant 1is

ammonlia, agueous solution of ammonia, urea, an agueous

solution of urea or cyanuric acid.

6 . The method according to claim 1, wherein the hydrocarbon

1s fuel, preferably same fuel as to the diesel engine.

7. The method according to claim 1, wherein the selective
catalytic reduction takes place i1n presence of a vanadium
based catalyst or a zeolite based catalyst or a functionalized

acidic base metal mixed oxide catalyst.

8. The method according to claim 7, wherein the vanadium

based catalyst 1s vanadium oxide on titanium oxide, the

zeollite based catalyst is copper modified beta zeolite, 1ron

modified bata zeollte, copper and i1ron modified beta zeollte,
7ZSM-5 or chabasite, and the functionalized acidic base metal
mixed oxide catalyst comprises acidicC cerium-zirconium oxide

mixtures and zirconium-titanium oxide mixtures.

9. The method according to claim 8, wherein the vanadium

oxide on titanium oxide 1s vanadium oxide on titanium oxide

with addition of tungsten- or molybdenum oxides.
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10. The method according to claim 7, wherein the vanadium

Crom 15092C to 550¢C

i

based catalyst is used at temperatures

and the zeolite based catalyst is used at temperatures from

150¢C to 80Q0¢<C.

11. The method accordihg to claim 1, wherein the catalvtic

layer on the diesel particulate filter comprises a mixture of

base metal oxides.

12. The method according to claim 11, wherein the base metal

oxides are in combination with precious metals.

13. The method according to claim 12, wherein the precious

metals are one or more of palladium and platinum.

14, The method according to claim 1, wherein a first
oxidation catalyst is installed upstream of the selective
catalytic reduction device and a second oxidation catalyst is

installed between the selective catalytic reduction device and

the diesel particulate filter and ammonia is injected inlet

the first oxidation catalyst.

15. The method according to claim 1, wherein the device for
catalytic oxidation installed upstream of the device for
selective catalytic reduction comprises a catalyst comprising
platinum and palladium on lanthanum oxide promoted aluminium
oxlide, or platinum and palladium on silicon oxide promoted
Citanium oxide, or platinum and palladium on zirconium oxide
promoted cerium oxide; and the device for catalytic oxidation

y—

installed downstream of the device for selective catalytic
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reduction comprises a catalyst comprising palladium on

lanthanum oxide promoted aluminium oxide, or palladium on

silicon oxide promoted titanium oxide, or palladium on

zlrconlum oxide promoted cerium oxide, or mixture of copper

.

and manganese oxides or palladium on a mixture o3

manganese oxides.

= copper and

16. The method according to claim 1, wherein pressure drop

across the filter i1s measured and a created signal 1s used for

controlling addition of reducing agent and addition of

hydrocarbon.



CA 02750013 2011-07-19

WO 2010/094313 PCT/EP2009/009017
1/3

Fig 4

SUBSTITUTE SHEET (RULE 26)



CA 02750013 2011-07-19

PCT/EP2009/009017

WO 2010/094313

2/3

[tlequ] 29s awn}

J4U 3]2AD O | HAA —
11U 31242 D] HAA —

1sAjeled ¥9s uo buisop ealn snoupuod)
S3|OAD HLHM 21dinjnw J1aye 44Q2 18A0 dolqg ainssaid

fiequ] doap ainssaid

SUBSTITUTE SHEET (RULE 26)



CA 02750013 2011-07-19
WO 2010/094313 PCT/EP2009/009017

— WHTC cytlenr 1
—WHTC cyclenr /

Yy
9
L&
-
QO o
O 2
=S
L &
=
<>
2 r
Q ¢ "
s G 3
= —
-
E o
-
o
a
c-g
¢ 3
LL
a o
‘-
02 Qe
) ©
hi-: I
-t — "
>: dl
O w Q
ﬁg =
S E a
@
v Y
¥ =
:-
 Fa
A =
d Ty
o
)

[reguw] doiqg aunssald

SUBSTITUTE SHEET (RULE 26)






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - abstract drawing

