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so that it is adsorbed and desorbed during the engine operating cycle.
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PROCESS AND APPARATUS FOR REDUCING THE NITROGEN OXIDE
CONTENT IN EXHAUST GASES BY THE CONTROLLED ADDITION OF NH3
This invention concerns combatting air pollution from the exhaust gas of a lean burn
engine. In particular, it concerns apparatus for, and a method of, reducing the content of

nitrogen oxides (NOx) in such gas.

Lean burn engines (which have an air-fuel ratio greater than 14.7, generally in the
range 19-50) exhibit higher fuel economy and lower hydrocarbon emissions than do
stoichiometrically operated engines and are increasing in number. Emissions from diesel
engines are now being regulated by legislation, and whilst it is not too difficult to meet
regulations on hydrocarbon or CO emissions, it is difficult to meet regulations on NOx
emissions. Since exhaust gas from lean burn engines such as diesel engines is high in
oxygen content throughout the engine cycle, it is more difficult to reduce NOx to nitrogen
than in the case of stoichiometrically operated engines. The difficulty is compounded by the
lower gas temperature. Various approaches are being considered to reduce NOx under the
oxidising conditions. One approach is that of selective catalytic reduction (SCR) with
hydrocarbon, but a catalyst of sufficient activity and durability to achieve the required
conversion has not been found. Another approach is to adsorb the NOx by an adsorbent
when the exhaust gas is lean (ie when there is a stoichiometric excess of oxygen) and release
and reduce the adsorbed NOx when the exhaust gas is rich, the exhaust gas being made rich
periodically. During the lean operation, NO is oxidised to NO, which can then react readily
with the adsorbent surface to form nitrate. This approach, though, is constrained at low
temperature by restricted ability to form NO, and by adsorbent regeneration and at high
temperature by sulphur poisoning. Most adsorbents operate in a certain temperature window
and are deactivated by sulphate formation. The approach of the present invention is that of
SCR of NOx by NH;. This approach has been applied to static diesel engines using a V,05-
TiO, type catalyst.

The application of NH; SCR technology to the control of NOx emission from lean
burn vehicles, however, requires a suitable NH; supply strategy, especially at low
temperature, for various reasons. The engine-out NOx varies with temperature, so the

amount of NH; supplied must be well controlled as a function of the temperature to maintain
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the appropriate stoichiometry for the reaction; an insufficient supply of NH; results in
inadequate NOx reduction, whilst an excess may cause NHj; to slip past the catalyst. Whilst
at sufficiently high temperature, the catalyst can selectively oxidise that excess NH; to N,
at low temperature, the unreacted NH; will be emitted as such. Even if the proper
stoichiometry of NH; is provided, the catalyst may not be sufficiently active at low
temperature to react all the NH; with the NOx. For example, Figure 1 shows the reaction
of NH; with NOx over a non-metallised zeolite as a function of temperature at a
stoichiometry of 1:1 at an inlet concentration of 200ppm. It can be seen that at temperatures
below 300°C the reduction does not proceed to any significant extent. Furthermore, it has
been reported that the presence of excess NH; at low temperature could lead to the
formation of NH,NO; and (NH,),SO,. There is also evidence that the presence of excess
gas phase NH; can inhibit the NH; SCR reaction over some catalysts at low temperature.
Urea is usually the preferred form of storing NH; on a vehicle. Urea is readily available and
is stable in water solution. However, it only hydrolyses readily to NH; at temperatures
greater than 150°C, and may not be a suitable source of NH; at low temperature. Exhaust
gas temperatures, though, vary over an engine cycle and for the average light duty diesel car
a significant fraction of that cycle is at low temperature. Thus, the control of NOx at low

temperature is a problem.

The present invention provides an improved apparatus and method for reducing the

content of NOx.

Accordingly, the invention provides apparatus for reducing the content of nitrogen
oxides (NOX) in the exhaust gas of a lean burn engine, which apparatus comprises:

(a) exhaust apparatus through which the exhaust gas flows;

(b)  selective catalytic reduction catalyst in the exhaust apparatus, the catalyst

catalysing the reduction of the NOx by ammonia to nitrogen and adsorbing and

desorbing ammonia during the engine cycle;

() a source of the ammonia;

(d) supply means to supply the ammonia from the source to the catalyst; and

(e) means to make the supply of ammonia intermittent during the engine cycle;
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whereby the catalyst adsorbs ammonia during its supply and the ammonia which has been

adsorbed reacts with the NOx when the ammonia is not supplied.

The invention provides also a method of reducing the content of nitrogen oxides
(NOX) in the exhaust gas of a lean burn engine, which method comprises passing the exhaust
gas over a selective catalytic reduction catalyst which catalyses the reduction of the NOx by
ammonia to nitrogen and which adsorbs and desorbs ammonia during the engine cycle,
ammonia being supplied intermittently to the catalyst during the engine cycle, the catalyst
adsorbing ammonia during its supply and the ammonia which has been adsorbed reacting

with the NOx when the ammonia is not supplied.

We have discovered that ammonia can be adsorbed on a SCR catalyst and thereafter
used in the NOx reduction when ammonia is not being supplied. It is an advantage to be
able to achieve the NOx reduction while supplying the ammonia intermittently. In
particular, the ammonia supply can be halted and yet NOx reduction occur when the
temperature of the catalyst is low and supply would have the problems referred to above.
The stored ammonia can be used as reductant for NOx over the same catalyst without the

presence of gas phase NH;.

The ammonia can be supplied without the exhaust gas so that the catalyst adsorbs the
ammonia and then the exhaust gas passed over the catalyst for the NOx reduction to occur

Preferably, however, the exhaust gas is passed continuously over the catalyst.

The invention uses adsorption and desorption characteristics of the required catalyst.
A higher amount of NH, will be adsorbed, and hence be available for subsequent reaction,
if adsorption is at a lower temperature than temperatures at which the catalyst adsorbs less
NH,. Preferably NHj is adsorbed at a temperature at which a large amount is adsorbed; the
temperature is preferably below that of maximum desorption. The temperature, however,
is preferably above that at which any significant formation of ammonium salts occurs.
Figure 2 shows the desorption profile from zeolite ZSMS5 (non-metallised) of NH; which
had been pre-adsorbed at 100°C. It can be seen that at say 300°C more NH; is retained,
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adsorbed, than at say 400°C, and that the temperature of maximum desorption is about
370°C. Bearing in mind that the desorption of NHj; is endothermic, it can also be seen that
if NH; were adsorbed at say 300°C and then heated, NH; would be desorbed in accordance
with the graph so that less would be available for subsequent reaction, while if NH; were
adsorbed at the same temperature, 300°C, and cooled, NH; would not be desorbed so the
adsorbed NH; would be available for subsequent reaction. NHj stored on the ZSMS5 catalyst
at 250°C can effectively be used to reduce NOx at a temperature as low as 150°C under
exhaust conditions simulating those of a light duty diesel car. Figure 3 shows the NH;
uptake of ZSM5 catalyst (non-metallised) from a gas mixture containing 4.5% CO,, 12%
0,, 4.5% H,0, 200ppm CO, 100ppm C;H,, 20ppm SO, and 200ppm NH; with the balance
N, at 250°C, and Figure 4 shows the subsequent reaction of that adsorbed NH; with NOx
at 150°C. It can be seen that significant amounts of NOx are reduced by the adsorbed NH;
over a period of time and that as the stored NH; is being consumed, the reduction reaction
declines with time. When the temperature rises in the engine cycle, however, NH; can be
supplied again, and hence adsorbed NH; replenished. Accordingly, the problem of
supplying NH,; at low temperature can be overcome by halting its supply and using adsorbed
NH;. The amount of NH; adsorbed on a fixed weight of catalyst can be increased by
increasing its partial pressure in the gas mixture. For example, Table 1 gives the amount of
NH; adsorbed by a zeolite at 250°C from a simulated gas mixture of differing NHj

concentrations.

TABLE 1

NH, Adsorption as a Function of NH, Concentration

NH; Concentration Amount NH;
(ppm) Adsorbed
(mmoles per g)
200 0.63
500 1.22
1000 1.48
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The means to make the supply of ammonia intermittent during the engine cycle in the
present apparatus can be a switch which switches the ammonia supply on and off dependent
on the level of NOx conversion occurring over the SCR catalyst. Preferably, however, the
means to make the supply of ammonia intermittent comprises a switch to switch on the
means to supply the ammonia when the temperature of the catalyst rises above a set level
(i) during the engine cycle, and to switch off the means to supply the ammonia when the
temperature of the catalyst falls below a set level (ii). The set level (i) is preferably in the
range 250-400°C, especially in the range 250-350°C. The set level (ii) is preferably in the
range 200-250°C.

The ammonia can be supplied for instance 1-30 times per minute.

The source of ammonia and means to supply it from the source to the catalyst can be
conventional. Compounds of ammonia as a solid or a solution in water are preferred. The
compounds are preferably urea or ammonium carbamate. The means to supply the ammonia
from the source to the catalyst can be a pipe through which it is injected into the exhaust gas
up-stream of the catalyst. Thus, the present invention can be employed to provide a method
of promoting the conversion of NOx under oxidising conditions in an exhaust fitted with a
means of injecting NH; and a catalyst which adsorbs NH; during parts of the engine cycle
in which the exhaust gas is sufficiently warmed for the hydrolysis of NH; precursor and
injection of ammonia and ammonia is adsorbed by the catalyst for use as reductant for NOx
during parts of the engine cycle in which the exhaust gas is cooler, without the need for the

continuous injection of NH; into the exhaust gas.

It can be seen that the invention provides an exhaust system for an engine operating
generally under lean conditions, which exhibits a higher exhaust gas temperature and a lower
exhaust gas temperature, the lower exhaust gas temperature being inadequate for the
effective hydrolysis of NH; precursor and injection of NHj; (generally a temperature below
200°C), and an NH, SCR catalyst arranged and constructed so that during the higher exhaust

gas temperature parts of the engine cycle the catalyst adsorbs NH; and during the lower
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exhaust gas temperature parts of the engine cycle the adsorbed NH; is used as reductant for
NOx.

The catalyst can be any which has the required characteristics of the present catalyst.

The same material can both selectively catalyse the reduction and also adsorb and desorb
the ammonia, and this is preferred. However, different materials in the catalyst can perform
the two functions, one material catalysing and one material adsorbing and desorbing. When
different materials are employed, they can be physically separate or, preferably, in admixture
one with another. A zeolite can perform both functions or a zeolite can be employed which
performs one function together with a different material, which may or may not be a zeolite,
which performs the other function. The catalyst preferably comprises a zeolite. The zeolite
can be metallised or non-metallised, and can have various silica-to-alumina ratios.
Examples are metallised or non-metallised ZSMS5, mordenite, y zeolite and [ zeolite.
Preferred is ZSM5 or ion-exchanged or metal impregnated ZSMS such as CwW/ZSMS3. It may
be desirable that the zeolite contains metal, especially Cu, Ce, Fe or Pt; this can improve the
low temperature SCR activity. The zeolite can contain for instance 1-10% of metal by
weight. The catalyst should have an appropriate structure, for instance in terms of pore size

or surface acid sites, to trap and release NH;.

The catalyst is preferably carried out on a support substrate, in particular a honeycomb
monolith of the flow-through type. The monolith can be metal or ceramic. The substrate

can be conventional.

Nitrogen oxide (NO) is usually the most abundant nitrogen oxide in an engine exhaust
stream, but at lower temperatures the reaction of the adsorbed NH; on a zeolite catalyst
occurs more readily with NO, than with NO. Accordingly it is often desirably to oxidise NO

to NO, up-stream of the SCR catalyst, particularly at low temperature.

The present engine can be a diese! or petrol (gasoline) engine. The diesel engine can

be a light duty or heavy duty diesel engine. The engine is preferably that of a vehicle.
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The invention is illustrated by the accompanying drawings, which are graphs’in

which:

Figure 1 shows NOx and NH; concentrations in simulated exhaust gas against
temperature after treatment by zeolite ZSM5, the NH; being supplied continuously;
Figure 2 shows the temperature programmed desorption (TPD) of NH; from ZSM5
which had been pre-adsorbed at 100°C, the graph showing, in arbitrary units, the
concentration of ammonia in the gas against temperature;

Figure 3 shows the NH; concentration in a full simulated exhaust gas mixture
containing 4.5% CO,, 12% 0,, 4.5% H,0, 200ppm CO, 100ppm C;Hy, 20ppm SO,
and 200ppm NH; with the balance N, after passage over ZSM5 at 250°C against
time, and hence shows the NH; uptake by the zeolite;

Figure 4 shows the NOx concentration remaining in simulated exhaust gas after
passage over the zeolite containing adsorbed NHj; resulting from the adsorption
shown in Figure 3 against time;

Figure 5 shows the NOx concentration remaining in simulated exhaust gas containing
200ppm NO, 200ppm CO, 12% O, and 14% CO, with the balance N, after passage
over ZSM5 with and without pre-adsorption of NH; against temperature;

Figure 6 shows the corresponding effect to that shown in Figure 5 of successive
cycles of the NH; pre-adsorption followed by subjection to the simulated exhaust gas;
Figure 7 corresponds to Figure 5 but with the simulated exhaust gas containing also
hydrocarbon;

Figure 8 corresponds to Figure 7 but with the simulated exhaust gas containing also
H,0 and SO,;

Figure 9 corresponds to Figure 5 but with the simulated exhaust gas containing NO,
instead of NO;

Figure 10 corresponds to Figure 9 but with the simulated exhaust gas containing also
hydrocarbon;

Figure 11 corresponds to Figure 10 but with the simulated exhaust gas containing also
H,0 and SO,;

Figure 12 shows NOx concentration and temperature against time during part of an

engine cycle;
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Figure 13 corresponds to Figure 12 but shows the effect of intermittent supply of
NH;;

Figure 14 shows the NOx concentration remaining in simulated exhaust gas after
passage over CwW/ZSMS35 with and without pre-adsorption of NH; against temperature;
and

Figure 15 shows the NOx concentration remaining in simulated exhaust gas which
is that used in relation to Figure 14 but containing also hydrocarbon, H,0O and SO,,
after passage over Cu/ZSMS5 with pre-adsorption of NH; against temperature.

Figures 1-4 are discussed further hereinbefore, and Figures 5-15 hereinafter.

The invention is illustrated also by the following Examples.

EXAMPLE 1
Reaction of NO With Pre-adsorbed NH; Over Non-metallised ZSMS5

This Example shows the effect of pre-adsorbing NH; at 250°C on the conversion of
NOx over a non-metallised zeolite in a simple gas mixture containing NOx, CO, CO, and
O, during a light-off test from room temperature to 400°C. The gas stream containing NO
(200ppm), CO (200ppm), O, (12%), CO, (14%) with the balance N, at a flow rate of 2 litres
per minute was first passed over the non-metallised zeolite (0.4g) from room temperature
to 400°C at a heating rate of 50°C per minute and the NOx at the outlet measured. In a
subsequent experiment, the catalyst temperature was first raised to 250°C and 200ppm NH;
was added to the gas stream, the zeolite was exposed to that stream for 5 minutes and then
the NH, switched off, and the catalyst was cooled to room temperature and the rapid light-
off repeated. Figure 5 shows the outlet NOx concentration for these experiments. It can be
seen that in the case where NH; was not pre-adsorbed over the catalyst, some of the NOx
is adsorbed on the zeolite at low temperature and is then subsequently released between
150°C and 350°C, but that when NH; was pre-adsorbed on the zeolite, the zeolite did not
adsorb a significant amount of NOx at low temperature. Furthermore, it can be seen that a
decrease in the outlet NOx concentration occurs from 150°C to 450°C due to the reaction

of the NOx with the pre-adsorbed NH;. This effect of reacting the adsorbed NH; with the
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NOXx can be repeated over successive cycles with NH; injection at 250°C between each

cycle, as is shown in Figure 6.

We have also shown that even in the presence of other gaseous components such as
hydrocarbon, H,0 and SO,, the adsorption of NH; will readily occur on the zeolite and can
be used to reduce NOx. For example, Figure 7 shows the effect of adding 200ppm C;Hg to
the gas mixture in similar tests to those described above and Figure 8 shows the effect of

further addition of H,O (10%) and SO, (20ppm). It can be seen that in both cases NOx was
reduced by the adsorbed NHj;.

EXAMPLE 2
Reaction of NO, with Pre-adsorbed NH; Over Non-metallised ZSMS5

The selective catalytic reduction of NOx by NH; under oxidising conditions proceeds
more rapidly at low temperature if NO, instead of NO is present. The present Example
shows that NH; pre-adsorbed on a zeolite catalyst can be used to reduce NO, even at a
temperature as low as 100°C. This was demonstrated by rapid light-off tests analogous to
that described above in Example 1. In the first experiment, a simple gas mixture containing
NO, (200ppm), CO (200ppm), O, (12%), CO, (14%) with the balance N, at a flow rate of
2 litres per minute was passed over the non-metallised zeolite (0.4g) from room temperature
to 400°C at a heating rate of 50°C per minute. In a subsequent experiment, the catalyst
temperature was first raised to 250°C and 200ppm NH; was added to the gas stream, the
zeolite was exposed to that stream for 5 minutes and then the NH; was switched off, and the
catalyst was cooled to room temperature and the rapid light-off repeated. Figure 9 shows
the outlet NOx concentration from these experiments. It can be seen that in the absence of
pre-adsorbed NH;, NO, is adsorbed at low temperature over the zeolite and is released
between 100°C and 300°C, but when NH, was pre-adsorbed on the catalyst, significant

NOx reduction is shown over the entire temperature window up to 400°C.

We have also shown that even in the presence of hydrocarbon, H,O and SO, adsorbed

NH, will readily react with NO,. Figure 10 shows the effect of adding C;Hg on the reaction
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of pre-adsorbed NH; with NOx, and Figure 11 demonstrates the effect with addition of H,O
and SO,.

EXAMPLE 3
Reaction of NO, With Pre-adsorbed NH; Over Non-metallised ZSMS in Cycle Test

In most cases, exhaust gas temperature varies during an engine cycle and for a
significant fraction of that time the temperature can be low. We have shown that by
injecting NH; over a set temperature during the cycle, the adsorbed NH; can subsequently
be utilised in reducing NOx at both low and high temperature. In the experiment, exhaust
gas containing CO, (14%), O, (12%), H,O (10%), CO (200ppm), C;H¢ (200ppm), SO,
(20ppm) and NO, (200ppm) was cycled between 150°C and 350°C with a dwell of
approximately 5 minutes at 250°C during the cooling-down part of the cycle. The NH;
injection was switched on when the temperature was at 350°C and switched off when the
temperature fell to 250°C. Figure 12 shows the outlet NOx concentration and the
temperature against time without any NH; injection, and Figure 13 shows the effect of the
cycling with the intermittent injection of NH;. In both Figures, the ordinate scale gives the

degrees C for the temperature graph and the parts per million (ppm) for the NOx graph.

EXAMPLE 4
Reaction of NO With Pre-adsorbed NH; Over Cu/ZSMS

This Example shows the effect of pre-adsorbing NH; at 250°C on the conversion of
NOx over a Cu-impregnated ZSMS5 (containing 5% copper by weight) in a simple gas
mixture containing NOx, CO, CO, and O, during a light-off test from room temperature to
400°C. The gas stream containing NO (200ppm), CO (200ppm), O, (12%), CO, (14%)
with the balance N, at a flow rate of 2 litres per minute was first passed over the Cw/ZSM5
(0.4g) from room temperature to 400°C at a heating rate of 50°C per minute and the NOx
at the outlet measured. In a subsequent experiment, the catalyst temperature was first raised
to 250°C and 200ppm NH; was added to the gas stream, the Cw/ZSM5 was exposed to that

stream for 5 minutes and then the NH; was switched off, the catalyst was cooled to room
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temperature rapidly and the light-off repeated. Figure 14 shows the outlet NOx
concentration for these experiments. It can be seen that in the case where NH; was not pre-
adsorbed on the catalyst, some of the NOx is adsorbed on the zeolite at low temperature, and
is then subsequently released at higher temperature, but the pre-adsorption of NH; at 250°C
suppresses the amount of NOx adsorbed at low temperature, with significant NOx reduction

by the pre-adsorbed NH; at temperatures greater than 125°C.

Similarly, even in the presence of other gaseous components such as hydrocarbon,
H,0 and SO, the adsorption of NH; will occur readily over the Cu/ZSMS5 and can be used
to reduce NOx. For example, Figure 15 shows the effect of pre-adsorbing NH; on the
Cw/ZSMS5 at 250°C from a gas mixture containing NO, H,0, CO,, CO, C;Hg, SO, and O,
and the reduction of NOx by the adsorbed NH; during a light-off test.
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CLAIMS

1. Apparatus for reducing the content of nitrogen oxides (NOx) in the exhaust gas of a
lean burn engine, which apparatus comprises:
(@) exhaust apparatus through which the exhaust gas flows;
(b) selective catalytic reduction catalyst in the exhaust apparatus, the catalyst
catalysing the reduction of the NOx by ammonia to nitrogen and adsorbing and
desorbing ammonia during the engine cycle;
() a source of the ammonia;
(d)  supply means to supply the ammonia from the source to the catalyst; and
(e) means to make the supply of ammonia intermittent during the engine cycle;
whereby the catalyst adsorbs ammonia during its supply and the ammonia which has been

adsorbed reacts with the NOx when the ammonia is not supplied.

2. Apparatus according to claim 1 adapted to pass the exhaust gas continuously over the
catalyst.
3. Apparatus according to claim 1 or 2 wherein the means to make the supply of

ammonia intermittent during the engine cycle, (e), comprises a switch to switch on the
supply means, (d), when the temperature of the catalyst rises above a set level, (i), during the
engine cycle, and to switch off the supply means, (d), when the temperature of the catalyst

falls below a set level, (ii).

4. Apparatus according to claim 3 wherein the set level (i) is in the range 250-400°C and
the set level (ii) is in the range 200-250°C.

5. Apparatus according to any one of claims 1-4 wherein the catalyst comprises the same
material which both selectively catalyses the reduction and also adsorbs and desorbs the

ammonia.
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13

Apparatus according to any one of the preceding claims wherein the catalyst

comprises a zeolite.

10.

11.

Apparatus according to claim 6 wherein the zeolite is non-metallised.

Apparatus according to claim 7 wherein the zeolite is ZSMS5.

Apparatus according to claim 6 wherein the zeolite contains metal.

Apparatus according to claim 9 wherein the zeolite is CW/ZSMS3.

A method of reducing the content of nitrogen oxides (NOx) in the exhaust gas of a

lean burn engine, which method comprises passing the exhaust gas over a selective catalytic

reduction catalyst which catalyses the reduction of the NOx by ammonia to nitrogen and

which adsorbs and desorbs ammonia during the engine cycle, ammonia being supplied

intermittently to the catalyst during the engine cycle, the catalyst adsorbing ammonia during

its supply and the ammonia which has been adsorbed reacting with the NOx when the

ammonia is not supplied.



WO 99/55446 PCT/GB99/01205

1 /13

Flg‘] NOx and NH, conversion on ZSM5 in dynamic conditions -
' 0-4q ZEOLITE 2Litres per minute and 200ppm NOx

T
t
-
|
[
!
!
|
!
(s

2,

ppm of Gases
N s 33 88
Dll;?llllllllllllllll

b1l

1
|
=
!
|
!
!
|
[
|
|
|
!
|
|
I
|
!
|
|
|
|
!
!
|
|
[
I
-
-/

|
|
|
l
| g
{ [
\ i
| [
|
! .
I |
|
l |
|
| !
i |
| |

| | ! !
rllllflllllllllllllllllll]llllllllll

150 2000 250 300 B0 L0 4SO 500
Temperature. °C Key: —=a N0y

D

Fig.2. TPD of NHy from ZSMS

10 200 300 400 500 500
Temperature. °C

SUBSTITUTE SHEET (RULE 26)

700



PCT/GB99/01205

- WO 99/55446

13

Q
| -
= >
=3 -
== -
. N
= -
o A -
=9 -
e ) —
. ON | |
c L
= = -
wba —
o 8 —
0 o -
N = —
® E .
Lo L. [
Ma&.- -
w -
ZS —
c L L
= o
) -
SN n
- -
.UE [
— —
mnu -~
ﬁE -
DIZ —
a N
wg -
a7 N
g O© —
. -
g T T[T T [T T [T [T TR T[T TTT[T7T
17 8 O o 9O o o o o o0 o ©
[ - [a =] -

5 1 ® 20 B PV F L0 L5 H
Time Minutes.

0

Key: G—& Ny

Reaction of adsorbed NHy with NO, on ZSM5 at 150°C in Full gas
er minute and 200ppm N0y

Mixture 0-Lg ZEOLITE 2 Litres p

Fig.4.

T

12

U

llll

8

T

IIK|IIT’

saseq j0 wdd

I

1L,
Key: =2 N0,

10

6
Time Minutes.

L

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01205

WO 99/55446

13

"pagJospe-al4

TR p—

"pagJospe-asd

€N noyum ——

HUEH emmee
:A3y

097

007

1

(7o) 3ineradua)

0S¢ 006 09 00c 04  OOL 0§

1 1 I ! | | 1

eiendad b LT L LK TN X1 NP oy 5""‘5. ane

-09

-001
-041
-00¢
-0S¢
—00t
—0GE

—00%

‘00 wdd oz 2% 1 %0 %L < ON wdd 0oz

057

SWSZ Jo Auanay XoN uo €y paquospy-aid jo 33 "G DI

saseq jo wdd

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01205

WO 99/55446

13

(Jo) 3imeliadwal

057 00% 0S¢ 006 0S¢ 00C 04l 00t 08 0

_ 0
-0§
-00L B
T p— -
-0SL @
3]0A) PIE meeem o
HUBJQ === mm
:fay . -00¢
0G¢

‘00 wddpz <0y %L ¢0 %zt < ON wdd 0oz
ElN paguospe-aid yum GWsz 4o Auanyay XQN uo aaha pajeadal jo g3 "Q DI

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01205

WO 99/55446

13

(Jo) 2dmetadwa]

097 9_3 o_mm o@m 05  00¢ gmf 2_: o_m 0 '

-0
-000

-0G1L
paguospe-ald BN e
paqJospe-aid &y oy ——

HURIG swecen
A3y

1 -00¢

LEL R A ELL L L LE LT 1 TP RSy T PO Iﬁllll!llll‘lilllllll'.l

saseq jo wdd

057
-00€

—~0GE

004
948y wdd ooz 07 wddggz <207 % 120 2L ON wdd ooz B
uoge3olpAl jo aduasaid ur GWS7 J0 Ayaioy XoN uo &y paqiospy jo 103l / Dl

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01205

WO 99/55446

13

pagJospe-asg Eyy
agJospe
P By oy —

HUR)G neeere
: A3y

Sasw

(7o) aineladwal

059 007 05€ 00€ 09¢ 00¢ 05l 00t

05

il e L A T T L T e I P T P

1

-00L

-00¢

-00€

saseq Jo wdd

-007

-006

ddoz 0% %01 348 wddgoz <07 wddgaz CaaoL* Co%zL ¢ ON wdd oo
ainpxiw seb g Ul ss7 1o Aoy Yoy uo By pagiospy jo 123443

'g°DI4

009

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01205

WO 99/55446

13

057

007

0SE

o@m

(7o) ainjeladwa)

me o@m omw 00t

0§

pagJospe
-31d EUN YUMo
mzz paglospe

-3ld oYM ——

-00L
-051
—-00¢
-08¢
00t
-05E
-007

GWSZ

07 wdd p0z¢07 %Y1 ¢0 %21 - Con wddooz

j0 Ayajoy

Con o Eyy paguospy jo 193443

‘6614

057

saseq Jo wdd

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01205

WO 99/55446

13

70062 1
pagospe-ald EHN UM e

pagospe-aid EHN 1noyym—

AUelg -meees
:A3y

057

(Jo) 3.njetadwa)
B.N 066 00  0%¢ 00 04 00l 0
| |

| |

T N . 0 W 0 O 3 0 g g Y

-05

I
[omn]
o
—

|
[ew)
0
—

saseq jo wdd

-00¢

-05¢

-00€

811€7 wdd goz ‘0 wddpog © 203%41“ 0 %zt * don wdd gz

0SE

wogrea0ipA i SWS7 Jo Ayanay Con uo By paguospy jo way3 "0 L DI

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01205

WO 99/55446

13

(Jo) 2ineladwal

051 00V 0% 006 0% 002 0% oL 05 O
1 { I ] [ | | D
20062 1® Rk
paguospe-aid gy ynph
pagqJospe-alg 009
yUB]g ===
:Aay L0001
0021
L0041
Z0c wddor 18 01 Suey wddny 1 wdd - Lo L < 0081
05 wddoz 0¢H %01 St wddpog 03 wddoog < C07%1,* 40 %21 * CON wddggg
anpiw seb 1jng Ul GWSZ Jo Anioy Con uo Sy paguospy 4o 1oay3 116l

saseg jo wdd

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01205

WO 99/55446

10 / 13

SaNUI aun|

<
o~
[da}
(o)
-7
[N ]
[
o
()
(e8]
[e =)
—

Illlllllll
(@) (] o o (aw)
[am) o o Lo
o~ — =

o e—=o

o
o
(]

aineladws] g—g
”>mx

o O
0w o
o M

11]“11]|l||I|IlI]]llll|lIT]

!
1
[
|
|
|
|
|
1
|
i

Sos wddoz 0% 01 3189 wddgoz ‘07 wdd 0oz %07 %91 ¢0 %21 CoN wddpog
531 aka Bupnp worpalur Egn nogum sz jo Koy *on " DI

[
o
-

saseq Jo wdd Jo 3injesadwa]

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01205

WO 99/55446

/13

11

SANUIN  awl|
47 07 GE 0e G 0¢ Gl oL )

.f . ‘
ﬁ-&..hﬂﬁw.»ﬁﬁ?w& TR

Ay,

A S LSS

ot

‘0N o—o

almeladws| 3—n
:Sx

Cos wddpg * 0o %01 Sy wddgpz € 09 wddgoz * Log et © 2021 Con wddggg
10052 0} Jo52€ Uaamjag uworpalul Egy yum giWsz 1o Ananay Con apky " L D14

!
!
!
[
[
[
[
[
[
!
{
|
|

saseq jo wdd Jo aineladws)

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01205

WO 99/55446

12 / 13

paglospe-alg
Ean ynm

pagJospe -3
E4N oYM ——
V_CN._m LTS
:Aay

05

(Jo)
00% 0  00€ 0S¢

aJnesadwa]

00¢ 08l 0L
! | |

0% 0

{

e

- v
0 00 TS 2 O R O R g e 0 s

-00L

~00¢

-00€

-007

009

07 wdd 0oz 03 %Y+ %
GWSZ/n) Jo Aoy XoN uo

%¢L N wddgge
SN pagiospy jo a3

¥1°b14

008

saseg jo wdd

SUBSTITUTE SHEET (RULE 26)



PCT/GB99/01285

WO 99/55446

13 /7 13

(Jo) 2injesadwal

057 007 owm Dmm cmm o@N om_ owr cmc

-05

-00L

06l

-00¢

-
P LAl Ll Ll DL LY LD T LT L L Y T ey gmmm
L 1T T ey pumm e
EauygAmES

e
PACIOSPE-2)  HN = .

HUR)G aennsea

00€

Cos wddgz * 0% %01 ¢ O4E wdd gz ¢ 03 wdd poz © €03% L €0 %gL“ ON wddpge ¢ 16ig
aimxiw seb 1)ng ugNGz/n] Jo Ananay *oN uo EHy pagiospy jo 1933 .

saseq jo wdd

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

Inte

PCT/GB 99/01205

‘onal Application No

CLASSIFIC%B?.N OF SUBJECT MATTER

?PC 6 D53/94 B0O1D53/86 FOIN3/20

According to international Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 6 BO1D FOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consutted during the international search (name of data base and, whare practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X WO 96 04980 A (HOFMANN LOTHAR ;MATHES
WIELAND (DE); NEUFERT RONALD (DE);
SIEMENS) 22 February 1996 (1996-02-22)
page 2, line 18 - page 3, line 3
page 6, line 13 - page 7, line 2

1-3,5,11

page 8, line 16-26

X DATABASE WPI
Section Ch, Week 9530

Class E36, AN 95-227554
XP002111302

30 May 1995 (1995-05-30)
abstract

Derwent Publications Ltd.

& JP 07 136465 A (BABCOCK-HITACHI KK),

1-5,11
, London, GB;

N

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

“L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other spacial reason (as specified)

"O" document referring to an oral disclosure, usse, exhibition or
other means

"P* document published prior to the interational filing date but
later than the priority date claimed

"T" later document published after the intemational filing date
or prionty date and not in conflict with the application but
cited to understand the principte or theory underlying the
invention

X" document of particular relevance; the claimed ‘invention
cannot be considerad novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to invoive an inventive step when the
document is combined with one or more other such docu-
m%\ts. such combination being obvious to a person skilled
in the art.

"&* document member of the same patent family

Date of the actual completion of the intemational search Date of mailing of the international search report
4 August 1999 23/08/1999
Name and mailing address of the 1SA Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016 Polesak, H

Fom PCT/ISA/210 {second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inte ‘onal Application No

PCT/GB 99/01205

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No, .

X US 4 963 332 A (BRAND REINHOLD ET AL)
16 October 1990 (1990-10-16)

column 2, line 11-17

X EP 0 773 354 A (TOYOTA MOTOR CO LTD)
14 May 1997 (1997-05-14)

page 21, line 25-29

A US 5 369 956 A (MARQUARDT KLAUS-JUERGEN
ET AL) 6 December 1994 (1994-12-06)

A US 5 628 186 A (SCHMELZ HELMUT)
13 May 1997 (1997-05-13)

1,4,11

1,6,9-11

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Inte ional Application No

PCT/GB 99/01205

«nformation on patent family members

Patent document Publication Patent tamity Publication
cited in search report date member(s) date .
WO 9604980 22-02-1996 AT 169841 T 15-09-1998

- CA 2197072 A 22-02-1996
DE 59503286 D 24-09-1998
EP 0775013 A 28-05-1997
ES 2122602 T 16-12-1998
JP 10501460 T 10-02-1998
us 5785937 A 28~-07-1998
JP 7136465 30-05-1995 NONE
US 4963332 16-10-1990 DE 3825206 A 01-02-1990
CN 1041288 A 18-04-1990
EP 0362483 A 11-04-1990
JP 2068119 A 07-03-1990
EP 0773354 14-05-1997 JP 9133032 A 20-05-1997
us 5782087 A 21-07-1998
US 5369956 06-12-1994 DE 4217552 C 19-08-1993
FR 2691645 A 03-12-1993
GB 2267365 A, 01-12-1993
IT 1261461 B 23-05-1996
US 5628186 13-05-1997 DE 4315278 A 10-11-1994
AT 143460 T 15-10~1996
Wo 9427035 A 24-11-1994
DE 59400746 D 31-10-1996
EP 0697062 A 21-02-1996
ES 2091694 T 01-11-1996
JP 8509795 T 15-10-1996

Form PCT/ISA/210 {paterst family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

