PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

B01J 35/06, F23D 14/00, B01J 23/00 Al

(11) International Publication Number:

(43) International Publication Date:

WO 99/62636

9 December 1999 (09.12.99)

(21) International Application Number: PCT/IT99/00150

(22) International Filing Date: 31 May 1999 (31.05.99)

(30) Priority Data:

MI98A001245 3 June 1998 (03.06.98) IT

(71) Applicant: SAES GETTERS S.P.A. [IT/IT]; Viale Italia, 77,
1-20020 Lainate (IT).

(72) Inventors: TOIA, Luca; Via Palestrina, 19, 1-21052 Busto
Arsizio (IT). BOFFITO, Claudio; Via Papa Giovanni XXIII,
2, 1-20017 Rho (IT). RAGAINI, Vittorio; Via Emanuele
Filiberto, 4, I-20149 Milano (IT). VITALI, Stefania; Via
Morosini, 32, 1-20135 Milano (IT). BIANCHI, Claudia,
Letizia; Via Alatri, 7, I-20149 Milano (IT).

(74) Agents: ADORNO, Silvano; Societa Italiana Brevetti S.p.A.,
Via Carducci, 8, I-20123 Milano (IT) et al.

(81) Designated States: JP, KR, European patent (AT, BE, CH, CY,
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE).

Published
With international search report.

(54) Title: METALLIC FIBER BOARDS FUNCTIONALIZED BY CATALYSTS AND PROCESS FOR PRODUCING THEREOF

(57) Abstract

There is disclosed a process for producing metallic fiber boards with functionalization of the surface by catalysts. The resulting boards
are employed particularly in the catalytic combustion of hydrocarbons, especially in the methane combustion of household boilers, to reduce
NOx formation by lowering the temperature of combustion. The process consists of thermal oxidation of metallic fibers, deposition of a
porous oxide layer by atomisation of a precursor solution on first oxide layer and calcination, and functionalization of second layer. The
fiber mat comprises preferably fibers of an alloy containing iron, chromium and aluminium (Fecralloy®), the catalytically active component
comprises preferably a group VIII noble metal (palladium or rhodium).




AL
AM
AT
AU
AZ
BA
BB

BE
BF

BG
BJ

BY
CA
CF
CG
CH
CI
™M
CN
CuU
CzZ
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d'Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Tsrael

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
™D
TG
TJ
™
TR

Slovenia

Stovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 99/62636 PCT/1T99/00150

METALLIC FIBER BOARDS FUNCTIONALIZED BY CATALYSTS AND PROCESS
FOR PRODUCING THEREOF

The present invention relates to a process for the
production of metallic fiber boards functionalized by
catalysts and to the boards thus produced.

Particularly, the invention relates to a process
for the production of metallic fiber boards whose
surface is functionalized by <catalysts for the
oxidation of hydrocarbons, suitable to be used in
different hydrocarbon burning devices,  such as
household boilers.

House boilers produce heat by combustion of
hydrocarbon gases, only methane being used in recent
years. In order to accomplish methane complete
combustion by traditional boilers, preventing unburnt
species and CO to be introduced in the atmosphere,
temperatures of about 800°C are needed; these
temperatures, though, allow undesirable nitrogen oxides
to be formed, generally referred to as NOy, which are
then emitted into the atmosphere causing serious
pollution problems. Various systems have been studied
to solve this problem, among which the catalytic ones;
the 1last are the ones allowing methane complete
combustion to be obtained at the lowest working
temperatures, avoiding NOx formation at the source.
Generally these systems are provided by a catalyst laid
on a metallic or ceramic substrate. The substrate is
requested to have a widely open structure in order to
allow the air/methane mixture to pass easily; for
instance, wire nets, metallic or <ceramic bodies

provided with holes, or boards or nets made of metallic
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or ceramic fibers can be used.

The article “Performances of premixed-air fibrous
burners with a metallic and ceramic matrix” of
Accornero et al., published on the magazine “CH,
Energia Metano”, 1995, No.2, pages 20-33, discloses
systems for lowering the methane combustion temperature
constituted by boards made of fibers of a Fe-Cr-Al
alloy, having on their surface an alumina layer on
which a layer of lanthanum manganite, LaMnO;, is laid
with a catalytic function. The article gives no account
of the LaMnO; layer preparation.

The ©patent application WO 97/02092 discloses
catalytic systems obtained starting from a perforated
foil or a metallic grid on which a porous ceramic
layer, preferably made of alumina or zirconia, is laid
by means of technigques such as those indicated by the
English language definitions “plasma spraying”, “flame
spraying”, “detonation spraying”, etc. The ceramic
layer is then impregnated with a catalyst precursor
solution or suspension, and after suitable thermal
treatments the final catalytic system 1is obtained.
However, the production of the catalytic systems
disclosed in this document is disadvantageous in that,
by the above mentioned techniques, only the metallic
substrate side facing the spraying nozzles can be
coated with the ceramic layer; coating of two opposite
sides of substantially flat bodies, such as perforated
foils or nets requires two successive coating phases,
while fibrous board coating is not possible by the
techniques disclosed 1in application WO 97/02092,
because ceramic material particles (or drops) adhere to
the first contacted surface, constituted by the most

external fibers.
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Object of the present invention 1is to provide a
process for the production of metallic fiber boards
functionalized by catalysts, as well as to provide the
resulting boards.

This object is obtained according to the present
invention by means of a process comprising the
following steps:

- providing a metallic fiber board;

- growing a first superficial layer of oxide on the
board fibers by thermal oxidation;

- forming a second layer of porous oxide on the first
oxide layer by atomization of a solution of a precursor
compound of the oxide of second layer and subsequent
thermal decomposition of said precursor compound;

- functionalizing the second oxide layer by means of a
catalyst.

According to alternative possibilities of carrying
out the invention, the formation and the
functionalization of the porous oxide layer can be
accomplished in two subsequent or contemporary
operations; in Dboth cases, a stabilizing thermal
treatment preferably follows the phases of second oxide
layer formation and functionalization.

The invention will be disclosed in the following
with reference to the Figures, wherein:

- Fig. 1 shows a metallic fiber board;

- Fig. 2 shows the cross-section of a
functionalized fiber obtained according to a first
embodiment of the process of the invention;

- Fig. 3 shows the cross-section of a
functionalized fiber obtained according to a second
embodiment of the process of the invention;

- Fig. 4 schematically shows the experimental set-



WO 99/62636

10

15

20

25

30

PCT/IT99/00150

up for carrying out methane combustion tests;

- Fig. 5 shows the results of two methane
combustion tests, carried out respectively with a
functionalized metallic fiber board according to the
invention and with a reference board.

Fig. 1 generally shows a metallic fiber board which
can be obtained according to the process of the
invention.

Referring to Figs. 2 and 3, two functionalized
fipers to be obtained according to two alternative
embodiments of the invention are shown in cross-section
(the various constituting parts being not scaled). The
functionalized fibers 20; 30 are formed of a fiber 21;
31 made of metal 22; 32 which has a first layer 23; 33
of oxide 24; 34 grown thereon; then, on this first
layer a second layer 25; 35 of oxide 26; 36 is laid,
having in one case the catalyst 27 deposited on the
surface, while in the other case the catalyst 37 1is
distributed on the surface and inside the oxide layer.

Metallic fiber boards 21; 31 suitable for the
invention can be made of steel fibers or, preferably,
of an alloy containing iron, chromium and aluminum,
besides small percentages of other elements, known as
Fecralloy® (registered trademark of the company UKAEA,
Didcot, Great Britain); this alloy shows refractory
characteristics, and therefore 1is suitable for the
extended use at high temperatures, like in the
considered application for boiler burners. Fecralloy®
fiper boards are available from the company N.V.
Bekaert SA, Zwevegem, Belgium, their trade-name being
Bekithern®. Bekitherm® boards can be variously shaped
and adapted to various kinds of burners; generally flat

boards with a rectangular geometry, or boards shaped as
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a hemispherical cap are employed.

A first layer 23; 33 of oxide 24; 34 is grown on

the fiber surface of the Fecralloyc) board by a high
temperature treatment in an oxidizing environment. The

oxide layer formed on the fiber surfaces when the

Febralloy® alloy is employed is mainly composed by
aluminum oxide; the alloy refractory characteristics
are due to the oxide formation. The oxide first layer
23; 33 has preferably a thickness in the range from 5
to 25 nanometers. The thermal treatment can be
performed, for example, in furnaces or muffles, under a
static or flowing atmosphere; 1in both cases the
atmosphere can be constituted by air or be a modified
atmosphere, for example oxygen, air added with oxygen,
nitrogen/oxygen mixtures or water vapor. Obtaining of
the desired thickness of the first oxide layer depends
on the time and on the treatment temperature. These
parameters can vary within a wide range, being related
to each other by an inverse proportionality
relationship; it is possible to operate from periods of
about 10 minutes at temperatures of about 1200°C, to
periods of about 10 hours at temperatures of about
550°C. Operating under air is preferable, at
temperatures between about 1000°C and 1100°C for
periods, respectively, between about two hours and half
an hour. The resulting oxide layer is generally very
compact.

The following step of the process consists of
forming a second layer 25; 35 of oxide 26; 36 on the
first one. The second oxide layer is, unlike the first
one, porous and has a large specific surface, thus
representing an excellent substrate for catalytic

species. The second oxide layer 1is obtained by
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atomization of a solution of a compound precursor of
the oxide 26:; 36 and subsequent thermal decomposition
of the precursor. The metallic fiber board coated with
the first oxide layer 23; 33 1s kept at a temperature
from about 50°C to about 150°C; at lower temperatures
the solvent evaporation rate is too low and most of the
solution percolates through the fibrous board, causing
a loss of material and a resulting poor method yield;
on the contrary, at temperatures higher than about
150°C the solvent evaporation is too fast, so that the
solution has not time enough to spread inside the
fibrous board, and only a coating of the board fibers
which are the most external and facing the spraying
nozzle is obtained by the oxide precursor, while the
most internal ones with respect to the board turn out
to be substantially not coated.

The composition of the solution to be atomized 1is
allowed to be widely variable. In order to choose such
a composition, first the oxide to be laid must be
determined, and therefore a precursor/solvent
combination must be chosen such as to prevent the
solution from being viscous or from providing a
colloidal suspension, thus allowing it to be easily
atomized.

The second layer can be constituted by various
oxides 26; 36, among which, for example, aluminum
oxide, Al,03;, silicon oxide, Si0O;, and combinations
thereof. Since the first layer 23; 33 is substantially
composed by aluminum oxide, the same oxide is
preferably used to form the second layer 25; 35, in
order to favour adhesion of the two layers.

Easily soluble salts are used as oxide precursors,

such as for example nitrates or acetates, or
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organometallic species such as alkoxides, having the
general formula M(0X),, wherein M represents the cation
whose oxide has to be obtained, X 1is a hydrocarbon
radical and n coincides with the valence of the M
cation. Water, lower alcohols, or hydroalcoholic
mixtures are generally used as solvents; in order to
enhance the solution homogeneity, its pH <can Dbe
adjusted to values adapted to prevent colloidal species

formation.

When the Fecralloy® fibrous board is wused, the
atomized solution contains preferably a precursor of
the aluminum oxide. Preferred precursors are nitrate,
Al (NOs)3;, and 1isopropylate Al (-OCH(CH3)2)3. As the
solvent, the use of a mixture composed, in weight, of
about two thirds of water and one third of isopropylic
alcohol is preferred. The solution concentration is
preferably the saturation concentration, allowing a
higher yield to be obtained with the working time being
the same.

The resulting solution is atomized oOn the board
kept at a temperature from 50 to 150°C, generally from
about 80 to about 120°C, by using spraying nozzles and
conditions known in the art. Atomization carrier gases
can be various, for instance air, argon, nitrogen.

The formation of the second layer 25; 35 of oxide
is preferably performed by alternating atomization and
standby phases. In fact, a continuous atomization could
cause the substrate to cool excessively, with the above
mentioned result of loosing excessive solution by
percolation through the board fibers. Using solutions
with a saturation concentration prevents the already
formed precursor deposit to be solved and removed Dby

the successive solution atomization steps. The best
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results have been found to be obtained by successive
atomization steps of two minutes each, with an
atomization flow rate of about 1 ml of solution for
100cm® of the board geometric surface; successive
atomizations are separated by standby phases lasting
between about 5 and 10 min. Optimal thickness values of
the layer 25; 35 of porous oxide are obtained by a
number of atomizations varying from about 10 to 100;
the resulting second oxide layer thickness values vary
from about 80 to 200 nanometers.

The thus coated fibrous board is preferably treated
in a muffle under air at a temperature of about 500°C
for a period of time from 1 to 3 hours. Such a
treatment has the purpose of removing completely the
solvent possibly left in the deposit and of performing
the conversion of the precursor compound to the
corresponding oxide 26; 36. A previous solvent-removing
treatment, at temperatures of about 200-250°C for a few
minutes, can be performed Dbefore this thermal
treatment.

The last phase of the process of the invention is
the oxide 25; 35 layer functionalization Dby the
catalyst 27; 37 necessary for the foreseen fibrous
poard utilization. When used for catalytic methane
combustion, the catalyst is preferably a noble metal
selected in the eighth group of the periodic table,
preferably rhodium (Rh) and most preferably palladium
(Pd) .

The functionalization phase can be accomplished
according to different embodiments of the process of
the invention.

In a first case a functionalized fiber board

providing the catalyst 27 only on the surface of the
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layer 25 of oxide 26 1is obtained; for the sake of
clarity Fig. 2 shows the catalyst only on one portion
of the layer 25 surface. In order to obtain such a
configuration the board coated with the porous oxide
can be plunged, for a period of 10-100 minutes, into a
solution containing a catalyst precursor compound, kept
at a temperature in the range from about 25 to 50°C.
The catalyst precursor solution is prepared according
to principles similar to those previously explained for
the solution to be atomized for the second oxide layer
production. The solvent is preferably water, alcohol or
a hydroalcoholic mixture. Simple nitrates are
preferably used as catalyst precursor compounds; salts
whose cation is an amino-complex of the metal can be
also used in case of functionalization with Pd or Rh.
Then, the board is withdrawn from the solution and
treated at 500°C for about 30-120 minutes to convert
the catalyst precursor, in a reducing environment or in
air depending on whether the catalyst has to be
obtained in the metallic or oxidized state.

Otherwise, the catalyst  precursor containing
solution can be atomized according to the procedures
above described relating to the porous oxide layer
formation, keeping the substrate at a temperature of
about 50°C with atomization being repeated 1-10 times.
Again, it is preferable to perform a successive thermal
treatment in a muffle at about 500°C in order to cause
the catalyst precursor conversion to elemental metal or
oxide and to stabilize the catalyst deposit.

In both cases, the catalyst compound solution
concentration is about 1% in metal weight to the
solution weight. With palladium being considered, the

nitrate, Pd(NO3),, is the preferred precursor.
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According to an alternative embodiment of the
invention, the forming operations of the layer 35 of
porous oxide 36 and functionalization by the catalyst
37 are simultaneously performed, and a functionalized
board providing the catalyst both on the surface and
inside the layer 35 of oxide is obtained; for the sake
of clarity Fig. 3 shows the catalyst only in one
portion of the layer 35. In this case, a solution
containing both porous oxide 36 precursor and catalyst
37 precursor 1is atomized, according to the above
described procedure, on the board of fibers coated only
by the first layer 33 of compact oxide. This
alternative route for the functionalized fibrous boards
production is advantageous in that it requires a lower
number of operations, but in this case part of the
catalyst 1s kept inside the porous oxide structure,
therefore being not available to effect its catalytic
function.

The invention will be further illustrated by the
following examples. These non limiting examples
illustrate some embodiments intended to teach those
skilled in the art how to put the invention into
practice, and intended to represent the considered best
way to realize the invention.

EXAMPLE 1
A Bekitherm® board having side dimensions of 100 x

200 mm and thickness of about 5 mm, made of Fecralloy®
alloy fibers, is treated in a muffle for half an hour
at 1100°C under a static air atmosphere. Separately, a
saturated solution of nonahydrate aluminum nitrate,
Al (NO3), x 9 H,O is prepared, obtained by adding the
salt to a mixture composed by 100 ml of distilled water

and 50 ml of isopropylic alcohol, (CHs3),CH-OH, until a
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deposit of the aluminum nitrate is left in the
container. 10 ml of the <clear solution above the
deposit are taken and put into the tank of a spraying
device, of a known kind, with nozzle and a feed dip
hose in the bottom of the tank. The board pulled out
from the muffle is cooled and positioned on a heating
plate whose temperature 1is adjusted at 80°C. The
solution is atomized on the board by alternating
atomization phases, of about 30 seconds each, and
standby phases, of about 5 minutes each; atomization of
the whole solution amount requires 30 atomization
phases. The board is heated at 200°C for 2 minutes, to
favour complete solvent removal, and then at 500°C for
1 hour in air to turn aluminum nitrate into aluminum
oxide. The board is then cooled to 50°C, and 6 ml of a
palladium nitrate distilled water solution are atomized
thereon, by 10 successive atomization phases, by the
procedure discussed for the aluminum nitrate solution
atomization. The board is finally treated under air,
first at 500°C for 1 hour and then at 750°C for 1 hour.
EXAMPLE 2

The methane conversion efficiency of the
functionalized fibrous board prepared according to
Example 1 is tested. The test is carried out by
supplying a mixture of known composition containing
methane and oxygen, at a prefixed temperature, to the
catalytic board, and by measuring the unburnt methane
percentage outlet from the measuring system by a
organic compound sensor T.0.C. (“Total Organic Carbon”)
of the Company Nira Instruments, mod. B801-F. The
measuring system is represented in the scheme of Fig.
4. A tank 41 for the gas to be analyzed, and a tank 42

for air used as a reference gas are provided,



WO 99/62636 PCT/1T99/00150

10

15

20

25

30

-12-

respectively connected through lines 43 and 44 to a
valve system (in the Figure schematized as element 45)
supplying alternatively the reference gas and the
mixture to be analyzed to measurement chamber 47
through line 46. The measurement chamber consists of a
metal cylinder having internal diameter of 26 mm, 200
mm high. A disk 48 with height of about 8 mm and
diameter of 26 mm, egual to the measuring chamber
internal diameter, 1is cut from the functionalized
fibrous board of Example 1. Disk 48 is positioned at
half-height of the measuring chamber, in the portion
with the most uniform temperature, supported by little
guartz cylinders 49, having diameter of 4 mm and height
of 4 mm with the purpose of homogeneously spreading the
inlet gas flow onto disk 48, besides that of supporting
the sample. The measuring chamber 1is vertically
positioned, with the gas flowing upwards. The outlet
gas from chamber 47 is supplied through 1line 50 to
T.0.C. sensor 51.

Before the test, the sample 1is treated in the
measuring chamber 47 at 400°C for 1 hour under air flow
in order to remove possible impurities. The sample is
then allowed to cool to 300°C, which is the test
initial temperature, still maintaining the same under a
constant air flow rate of 15 Nliters/min. 5 minutes
after the temperature stabilization at 300°C, a first
analysis by T.0.C. sensor is performed, a sample of 0,2
ml of air from the measuring chamber outlet being
supplied to the sensor; such a measurement provides for
the reference value for the measure at 300°C.
Subsequently, the test mixture having the volume
percentage composition of methane 1%, air 30% and

nitrogen 69% is supplied, at the same flow rate of 15
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Nliters/min., to the measuring chamber, kept at 300°C;
the gas outlet from chamber 47 is supplied to sensor
51, measuring the residual methane gquantity. The
conversion percentage of methane on the sample at 300°C
is determined from the residual methane value, compared
to the concentration of methane entering the measuring
chamber. The test is repeated at intervals of 50°C
until reaching 600°C, alternating air and the
methane/air/nitrogen mixture.

The test results, expressed as methane conversion
percentage (%) as a function of the temperature in °C,
are shown in Fig. 5 as curve 1.

EXAMPLE 3

The test of Example 2 1s repeated. The test results

are shown in Fig. 5 as curve 2.

EXAMPLE 4 (COMPARATIVE)

Example 2 test 1is repeated using a board prepared
by the procedure of example 1, but not functionalized
by the noble metal. This test result is shown in Fig.
5, as curve 3.

As can be appreciated by the results shown in Fig.
5, the functionalized boards prepared according to the
invention reduce effectively the methane combustion
temperature; particularly, by use of these boards the
methane combustion starts already at 300°C, and
conversion values in the range from 60 to 70% are
achieved at 600°C, while non-functionalized boards show
at 600°C no sensible methane conversion.

The invention process allows to coat with oxides
26; 36 and subsequently to functionalize with catalysts
27:; 37 the whole fiber surface of a fibrous board,
differently from techniques such as plasma spray, flame

pyrolisis or similar, these latter leading to coating
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and functionalizing only the surfaces facing spraying
nozzles and directly exposed towards them. Further,
this allows the production of functionalized fibrous
boards of complex geometry, such as caps, having the
5 whole available fiber surface functionalized, which is

not possible by the methods known in the art.
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CLAIMS
A process for the production of metallic fiber boards
(1) functionalized Dby catalysts comprising the
following steps:
- providing a metallic fiber board (21; 31);
- growing a first superficial layer (23; 33) of oxide
(24; 34) on the board fibers by thermal oxidation;
- forming a second layer (25; 35) of porous oxide (26;
36) on the first oxide 1layer by atomization of a
solution of a precursor compound of the oxide of second
layer and subsequent thermal decomposition of said
precursor compound;
- functionalizing the second oxide layer by means of a
catalyst (27; 37).
A process according to claim 1 wherein the formation of
the layer (25) of porous oxide (26) and
functionalization thereof are carried out by two
successive operations.
A process according to claim 2 wherein the metallic
fiber board comprises fibers (21) of an alloy
containing iron, chromium and aluminum.
A process according to claim 2 wherein the step of
growing the first layer (23) of the superficial oxide
(24) on the board fibers (21) 1is carried out by
oxidation of the fibers under air, oxygen, air/oxygen
mixtures or nitrogen/oxygen mixtures or water vapour.
A process according to claim 4 wherein oxidation occurs
at temperatures in the range from 550 to 1200°C, for
periods from 10 minutes to 10 hours.
A process according to claim 5 wherein oxidation occurs
at temperatures in the range from 1000 to 1100°c, for
periods in the range from half an hour to 2 hours.

A process according to claim 2 wherein the second oxide
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layer (25) 1is comprised of aluminum oxide, silicon
oxlide or combinations thereof.

A process according to claim 2 wherein the precursor
compound for the second layer oxide is a nitrate, an
acetate or an organometallic compound of aluminum or
silicon.

A process according to claim 8 wherein the precursor
compound for the second layer oxide is an aluminum or
silicon alkoxide having general formula M(OX),, wherein
M is aluminum or silicon, X is a hydrocarbon radical
and n coincides with the valence of the M cation.

A process according to claim 2 wherein the precursor
compound for the second layer oxide is dissolved in
water, alcohols or hydroalcoholic mixtures.

A process according to claim 2 wherein, during the
formation of a second oxide layer, the board of
metallic fibers ccated by the first layer (23) of oxide
(24) is kept at a temperature in the range of about 50
to 150°C.

A process according to claim 11 wherein the temperature
is kept from about 80 to 120°C.

A process according to claim 2 wherein the step of
forming the second layer (25) of oxide (26) is
accomplished by alternating atomization and standby
phases.

A process according to claim 13 wherein atomization
phases last about 2 minutes, with a solution flow rate
of about 1 ml per 100 cm? of board surface and the
standby phases last about from 5 to 10 minutes.

A process according to claim 2 wherein the operation of
formation of the second layer (25) of oxide (26) 1is
followed by a thermal treatment stabilizing the oxide

(26), carried out under air at a temperature of about
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500°C for a period between about 1 and 3 hours.

A process according to claim 2 wherein the catalyst
(27) is a noble metal selected among elements of the
eighth group of the periodic table.

A process according to claim 16 wherein the catalyst is
selected between palladium and rhodium.

A process according to claim 2 wherein the step of
functionalization by the catalyst (27) is carried out
by plunging the board, coated by the second layer (25)
of oxide (26) in a catalyst precursor-containing
solution.

A process according to claim 18 wherein, when the
catalyst is palladium or rhodium, the precursor is
selected among metal nitrates or metal amino-complexes.
A process according to claim 19 wherein the board,
after withdrawal from the catalyst precursor solution,
is treated at about 500°C for a period of about 30 to
120 minutes.

A process according to claim 20 wherein the thermal
treatment is carried out in a reducing environment.

A process according to claim 20 wherein the thermal
treatment is carried out in air.

A process according to claim 2 wherein the step of
functionalization by the catalyst (27) is carried out
by atomizing a catalyst precursor solution on the board
kept at a temperature of about 50°C.

A process according to claim 23 further comprising, as
the last operation, a thermal treatment carried out in
air at a temperature of about 500°C for a period in the
range of about 1 to 3 hours.

A process according to claim 1 wherein the formation of
the layer (35) of porous oxide (36) and the

functionalization thereof are carried out in one single
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operation.

A process according to claim 25 wherein the metallic
fiber board comprises fibers (31) of an alloy
containing iron, chromium and aluminum.

A process according to claim 25 wherein the step of
growing the first layer (33) of superficial oxide (34)
on the board fibers (31) 1s carried out under air,
oxygen, air/oxygen mixtures or nitrogen/oxygen mixtures
or water wvapour.

A process according to claim 27 wherein the step of
growing the first layer (33) of superficial oxide (34)
on the board fibers is carried out at temperatures from
about 550 to 1200°C, for periods from 10 minutes to 10
hours.

A process according to claim 28 wherein said growing
step is carried out at temperatures from 1000 to
1100°C, for periods from half an hour to 2 hours.

A process according to claim 25 wherein the second
layer (35) of oxide (36) comprises aluminum oxide,
silicon oxide or combinations thereof, and contains
dispersedly a catalyst (37) selected among the metals
of the eighth group of the periodic table.

A process according to claim 25 wherein the second
layer (35) of oxide comprising the catalyst is produced
by atomization of a solution containing a precursor of
the second layer oxide and a catalyst precursor.

A process according to claim 31 wherein the solution
comprises a precursor of the second layer oxide
selected from an aluminum or silicon nitrate, acetate
or organometallic compound, a catalyst ©precursor
selected among palladium or rhodium nitrates or amino-
complexes and a solvent selected among water, alcohols

and hydroalcoholic mixtures.
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39.
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-19-

A process according to claim 32 wherein the precursor
compound for the second layer oxide is an aluminum or
silicon alkoxide of general formula M(OX),, wherein M
is aluminum or silicon, X is a hydrocarbon radical and
n coincides with the valence of the M cation.

A process according to claim 31 wherein the board of
metal fibers coated by the first oxide layer (33) 1is
kept at a temperature in the range of about 50 to
150°C.

A process according to claim 34 wherein the temperature
is kept at about from 80 to 120°C.

A process according to claim 31 wherein the solution
atomization step is <carried out by alternating
atomization and standby phases.

A process according to claim 36 wherein the atomization
phases last about 2 minutes, with a solution flow rate
of about 1 ml for 100 cm® of the board surface and the
standby phases last about from 5 to 10 minutes.

A process according to claim 31 wherein the step of
formation of the second layer (35) of oxide (36)
comprising the catalyst (37) is followed by a thermal
treatment at a temperature of about 500°C for a period
of about from 1 to 3 hours.

A process according to claim 38 wherein the thermal
treatment is carried out in a reducing environment.

A process according to claim 38 wherein the thermal
treatment is carried out in air.

A board (1) of metal fibers (21; 31) functionalized by
catalysts (27; 37) produced according to the process of

claim 1.



WO 99/62636

1/4

10

A R A N \ S
\‘.’t‘:ﬂ“' AN W\\f‘\\\\
PO
"..w%@-‘&@
VRS AR

5‘\\\ 4%&2

&

b
',&} 1, \]
NN
&%@3@5&%&:@ Ry
{ 7%, 222 ‘\v' We QB
§,; “&x@‘%&%"

N2

/4

2
LS

2 ’?‘ o
by o0 i&
=
T
s
5,
YT

Ay,

N
UARERN
*\\ﬁ&:&s‘ii y

OV

N

AR
LN

PCT/IT99/00150

Y




WO 99/62636 PCT/IT99/00150

2/4

~r=g.=2




WO 99/62636 PCT/IT99/60150

3/4

502

45 44
43
M \iq (J
41
A~




WO 99/62636 PCT/IT99/00150

4/4

[
700

600

500

400

T (°C)

300

|
200

T
160

{ I I |
(e S [ o Q
<< N o~ -—

I ] ! |
o o (= =)
@© ~ w (o}

100
30

(%) 140 woissraau0)



INTERNATIONAL SEARCH REPORT

Inte " ational Application No

PC1/IT 99/00150

A_CLASSIFICATION OF SPBJECT MATTER
IPC 6 BO1J35/06 F23D14/00 B01J23/00

According to Intemational Patent Classification (IPC) or to both national classitication and {PC

B. FIELDS SEARCHED

Minimum documentation searched {(classification system foliowed by classification symbols)

IPC 6 BO1J F23D

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

Electronic data base consulted during the international search (name of data base and, where 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 FR 2 347 976 A (ATOMIC ENERGY AUTHORITY 41
UK) 10 November 1977 (1977-11-10)
A 1-8,
15-18,
25-30
the whole document
X EP 0 640 382 A (SUMITOMO ELECTRIC 41
INDUSTRIES) 1 March 1995 (1995-03-01)
A 1-7,16,
18,25-30
the whole document
By
Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents : . ) . -
“T" later document published after the intemational filing date

wpn - s or priority date and not in conflict with the application but
A" document defining the general state of the art which is not ; i i
considered to be of patticular relevance ﬁ‘“\fg\ :% xnderstand the principle or theory underlying the
"E" earlier document but pubiished on or after the international "X* document of particular relevance: the claimed invention
filing date cannot be considered novel or cannot be considered to
“L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another

citation or other special reason (as specified) 'Y* document of particular relevance; the claimed inventiol

cannot be considered to involve an inventive step when the

*0O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skiiled
“P" document published prior to the intemational filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
8 September 1999 21/09/1999
Name and mailing address of the ISA 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 Zuurdeeg, B

Form PCTASA/210 (second sheet) (July 1992)

page 1 of 2



INTERNATIONAL SEARCH REPORT

Inte <tional Application No

PL1/IT 99/00150

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

claims 1-7,10,11,15,19,22
page 1, left-hand column, line 1 - page
2, left-hand column, line 3

Category ° | Citation of document, with indication,where appropriate, of the relevant passages Relevant to claim No.
X FR 2 460 388 A (JOHNSON MATTHEY CO LTD) 41
23 January 1981 (1981-01-23)
A 1-3,7,
16-18
claims 1,4,7,9-16
page 2, line 12 - line 40
page 3, line 40 - page 6, line 19
X WO 83 01017 A (PROTOTECH CO) 41
31 March 1983 (1983-03-31)
A 1-3,7,
10,16,18
claims 1-5
figure 1
A EP 0 415 835 A (ONERA (FR)) 1-3,41
6 March 1991 (1991-03-06)
claims 1-3,7,8
A FR 1 467 917 A (FERODO S.A.) 1,25,30,
3 February 1967 (1967-02-03) 31,38,
39,41

Fonm PCTASA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

\formation on patent family members

inter ~tional Application No

PC:/IT 99/00150

Patent document Publication Patent family Publication
cited in search report date member(s) date
FR 2347976 A 10-11-1977 GB 1568391 A 29-05-1980
DE 2716566 A 27-10-1977
IT 1082748 B 21-05-1985
JP 52126692 A 24-10-1977
SE 7704236 A 15-10-1977
us 4096095 A 20-06-1978
EP 0640382 A 01-03-1995 dJdP 7112135 A 02-05-1995
us 5776419 A 07-07-1998
FR 2460388 A 23-01-1981 BE 884054 A 16-10-1980
CA 1165247 A 10-04-1984
DE 3024491 A 29-01-1981
DK 279280 A,B, 30-12-1980
GB 2054402 A,B 18-02-1981
GB 2122914 A,B 25-01-1984
IE 49846 B 25-12-1985
IT 1136188 B 27-08-1986
JP 56044412 A 23-04-1981
LU 82550 A 24-10-1980
NL 8003699 A 31-12-1980
SE 8004632 A 30-12-1980
ZA 8003717 A 24-06-1981
BR 8004544 A 23-03-1982
SuU 1378789 A 28-02-1988
WO 8301017 A 31-03-1983 us 4399185 A 16-08-1983
CA 1189500 A 25-06-1985
EP 0088800 A 21-09-1983
EP 0415835 A 06-03-1991 FR 2651150 A 01-03-1991
DD 297484 A 09-01-1992
DE 69024565 D 15-02-1996
DE 69024565 T 04-07-1996
ES 2081955 T 16-03-1996
JP 3193108 A 22-08-1991
us 5165899 A 24-11-1992
FR 1467917 A 17-04-1967 NONE

Form PCTASA/210 (patent tamily annex) (July 1892)




	Bibliography
	Claims
	Drawings
	Description
	Abstract
	Search-Report

