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A-metalpalladmm composite membrane or alloy palladinm composite muembrane

and their preparation methods

The present invention relates to a metal palladam - or alloy palladiom -
compostie membrane which exubits a hugh permeable hydrogen flux and high
hydvogen seleclivity for separation or pun ficaion I'he present invention further relates
to a preparation method for producing these sad meial or alloy palladium composite

membrancs

wn

The mercased demand for hydrogen n recent years n many sectors such as
petrolcum refining, petrochemucal and senmi-conductor processing and In new encrgy-
related apphcations such as clean fuel for fuel cells and vehicles has led to a lugh
Jnterest 1n methiods for separation and punfication of hydrogen from gas mixturcs
10 Palladium membranes or alloy palladium membranes have been the subject of many

stuchies, duc Jargely to thewr unmatched potentral as hydrogen selective membrancs for

separation or punfication and membrane reactors for hydrogenanon /dchydrogenalion

reachions However, these studies show that improy cment regarding hydrogen

permeabihity in pure and composite membranes 1S necessary, as the measured hydrogen
5 permeation flux throughout the studies remained very Jow

Another significant problem found m membrane studics 13, under 275°C, purc
palladiim membrane 1s susceptible to cracking durng the phase ransiormation due to
the amount of hydrogen absorbed [his phenomenon 1s often termed *hydrogen

embmdement® T 1s hnown however that hydrogen embnttlement can be dramatically
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reduced, even it rovn tempertture by the formation of w alloy pall whiam monbranc
sach as Pd-A« alloy manbrane, PA-Co alloy membrare or Pd-Au allov membrane

Mcmbraocs can either cxist as a pure or as a cornposite membrany 4 purce
palladiom membrane, that 13 an unsupporied palladinn membrance 18 well known in the
pubhic domun The corresponding thchness of the membrane nust b greater than 200
macrons mn order 1o ensure enough mechamenl strength 1o snstain the reavhion,
consequently thns spewified membrane thickness results 1n a low hydrogen permeable
flu¢ and 1+ very Ingh production cost. Therelore composite membranes ire preferred,
that 1s a supported palladium membrane where the palludiom membrime layer s
conntcted to a porous substrate support, hence reducing the required thickness of the
pall idium membranc Jayer and consequently reducing the expense and improving the
hydrogen permeation flux whilst stll mamtamng the mechamenl strength ol the whole
membrane

As shown m the prior art, conventional composite membranes exist n three
defined layers, palladium/palladium alloy membrane layer, the surface subsirate support
and an termediate layer interconnecting the previous two layers Indeed, m order to
obtam 4 thin palladiunvpalladium alloy membranc layer on porous substrates, an
mtermediate Jayer 1s usuaily miroduced 1n the prior art, which results n a threc-layer
compostie membrane However this three layer formanion agan presents the major
problem of a low hydrogen permeation flux

The present mvention concentrates on the aforementioned problems, of the low
hydrogun pumeable (i and Tugh production costs and proposes a techigue for
foruing a palladium compositc membrane directly onto the surface of a porons
substrate support without use of an intermedsate layer betwen the inembrane and the
sapport This techmique will create a two Jayer composite membrane as opposed 1o the
conventional three layer composiic membrane

The present invention concentrates on a simple and casy 10 operate method to
maochfy the porous substrate by preoccupying the pore channcls or disfiguremcnts of the

substrate surfice Then 1t becomes possible to produce a 1inn dense pailadium

2
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membrane using an clectroless plating preparation mcihod
fhe hnown peeparation method for the conventional threc layer
pliadivm‘paltadiam lloy coinposste membrane compnses of a method wherem the
porons substrate suppoit is first subjected to {Surface decoraion’ 1n order lo overcome
the problems associated with the existence of lurge pores and disfigurement at the
surtace These sard defects anse duc to the non-homogencous nature of both the surface
and of the pore distnibution of the support and 15 4 result mahe 1t difficult to form a
dense palladim membrane on the surface of the support which consequently reduces
the membranes’ permeablc hiydrogen selectivity Surface decorahion 18 used 10 avoud the
castence of the large pores and defects and vau be performed by either
a) Using a porous surface modafier such as 7-Al;0;, to coat a thin Jayer over the
substrate sorface through coating or moulding m order o produce an
mtermediate layer
b) Using a porous matenal, which has a smaller porc-cameter than the pore
channels of the substrate support, such as y-Al,Os, ZrO,, Si0z or CeQzto filln
the large pore channels or disfigurements of the substrate surface
There are however some senous probleins associated with these two convenlional
‘surface decoration’ methods For the first ‘surface decoration’ method mentioned
above, porous materials such as y-Al;0; were used to coat a thin termedhate layer over
the channels of substrate surface throngh coating or moulding Unfortunately upon
membrane formation the palladium plating solution enters to the pore channels,
resuiting 1n pallacham deposition in the channels of the substrate, thus effectively
cavsmg + second resistance to hydrogen permcation and lowering the hydrogen
permeation {lux
In the second decoration method, porous matenals, which have a smaller pore-
cdiameter than the pore channels of the substrate support, such as y-AL O3, ZrOs, $10; or
CcO; are used to fill n the large pore channels or disfigurements of the substrate surface
before elcctroless plaimg  This method presents problems for the same reason as the

first method The electroless plaling solution inevitably enters into the pore channels of

«
7
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the chosen substrate. Thus, the porous maternals filled in the sabstr de pore channels will

— aftremm - —— — e—

agamn form a second resistence to bydrogen puncation and fhas die hydrogen
permeation flux s agam considerbly low

Thercfure the olyective of this present s ention 1s 10 provide a new cfhcient surfice
decoration micthad of the porous substrate supporl, for preparation of o fwo tiyer
paliadium or palladiom alloy composite membrane that vxhubits a lugh hydrogen
penneable flux

To achueve the above objective, the present mvention 1s essentially a two layer metal
palladium composite membrane consisting of a porous substrate support and a
paladinm membrane The metal palladnim coroposite membrane s charactensed in tha
the palladmnn metal substantially exasts on the outer surface ol the porous substrate
support with little or no presence n the pore channels of the substrte

Thas mwvention also includes a two hiyer palladium alloy composite membrane,
consisting of a porous substrate. support and a palladium alloy membrane The |
palladium alloy composite membrane is characterized wn that the palladmm alloy

membrane substantially exists on the outer surface of the porous substrate support with

-

hitile or no presence i the pore chinnels of the substrate

——

Accordmg to the preparation procedure of present mvention there1s “litle or no '
presence’ of palladium in the pore channels of the support beeause our pore filler
preoccupies the pore channels of porous substrate which prevents the palladivm plaung \_) |

solution from entering the substrute

According to 1 prefurred embocdiment of the present invention, “hittle or no presence’ '
of palladium 1n the pore channels of ile support 15 defined as the porous substrate
supporl contammng less than 5% of the toral palladnim weight present n the whole of
the composite membranc and 1n particulut less than 2% of the total palladinm weight
present 1n the whole of the composite membranc
The present invention relates 1o both ot these aforementioned two layer composite
membranes which arc both obtamable by the following preparation process According

to a preferred embodmient of the present mvenuon the process proceeds by the

a
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following consteutive steps,

2

The porous substrate support 15 nnsed wath 2 dilute solution of hydrochlone
acud, washed, nnsed with a dilute soluhion of sodium hydroxide, and then
washed with distilled water, rinsed with a solvent like CCly, nd dried under
armbient conditions

The porous subsirate support prepared as above 15 then immersed 1n a solution of
pore filler under vacuum conditions for 20mn The excess pore. filler residing on
the substrate surface 1s preferably removed by mechamcal cleanming e g. wiping
the substrate surface, and then washed wath distilled water According to a
preferred embodiment of the present mvention this method of decoration 18
1cpeated 5~6 times

Afler surface decoration the porous substrate support 1s sensitized sn SnCly
solution and activated in PdCl; solution, respectively According to a preferred
embodiment of the mvention this process 1s repeated 4 imes The Pd” atoms,
formed 1n the reduction of Pd** by Sn*" adsorb over the substrate surface and
form nucle: for further Pd growth

The porous substrate 1s then immersed m a chemical plating solution (clectroless
plating) with a tymcal composition of [Pd(NH3):]Cla (4g/1), EDTA 2Na (65g/1),
NH;-NH; H,0(0 6g/1), NH; 11,0(28%) (300 mI/1), pl] = ~10, 50°C 1n the
formation of Pd°, Pd®" existed 1n the chemmcal plating solution as metastable
metal complex 10n continuously being reduced to Pd® by redneing agent
hydrazine Pd nucler gradually become large to form the dense plladium
membrane

The porous substrate 1s then subjecied to post-processing where the pore fillers
residing 1n the pore-channels of the porous substrate are removed or reduced 1n
volume through esther healing or phy<ical/chenmcal dissolving The Pd
membrane 15 then dned at 200°C 1n nitrogen for 60mn, and then calcined at
500°C for 120min

Figure | represents a schemalic descniption of the preparation steps procedure and of
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the resulting membr e The fueir cotresponding prep wation steps e as follows,

(1) Substrate medificitien — The modhific iior of porous support invel es
preoccupying the channels of the porous substrate by pore lillers for eaample
AI(OH);, which can be removed or partly removed by post-procussing.

(2} Palladium nucler fonm ition — Palladmm oweles will be formed by the
sensitization and activation techamque

(3) Membrane formatton  Palladium or palladiim alloy membrane are formed by
clectroless plating method

(1) Modifier decomposition — The pore fillers, for example AI(OH); are
decomposed to porous Ala()y which will heep the channels of the substrate
open, which form free passages for Ha perincation

As mdicated bereabove, the pore fillers are substances that
o are capable of preocupying the chnnels of the porous substrate and
optionally the dsfigurements of the substrate surface during the
decoration technique step, and
o prevent palladium ingress nside the pores dunng the preparation
Prefcrably, the said por fillers are then removed or partly removed by post-
processing, ¢ g heat treatment (preferably pyrolysis) and/or physical dissolution
I'he said pore fillers can preferably be gels sols, colloids or precipulates
They are preferably thosen amongst Al-sol, Si-sol, Ti-sol, Zr-sol and/or Ce-sol
Th:y can also be prefurably chosen amongst hydrovide-collotd, alkal carbonate collow
and/or carbonate colloid
They can also be preferably chiosen amongst hydroxide-precipitates, alhah
carbonate precipiiates and/or carbonate precipitales
Most preferably, the pore fillers used according to the present invention arc
charactensed by a particle size lower than 0 2 nucron, preferably lower than 0 1 nmuron,
most preferably lower than 0 05 micron
In the techmque scenarie of {las invention, the chemical particles which could be

processed (such as pyrolysis) to porous tny particles as pore fillers, or which could

6
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cvidently shrink s volume by pyrolysis process such as gel, sol, colloid, precipitate
(Al-s0l, S1=s0] Ti-sol, hydroxide colload, alkali carbonate collmd carbonate precipitate,
etal ), are considered as pore filler Under the vacuum conditions, pomous substrate
membrane was suspended 1n the sol, collod, or preciptiates solution of smd pore fillers,
the tmy partcles of pore fillers entered the pore channel of porous substrate especially
the big chinncl or the disfigurement, such will decorate the substrate surface and will
benefit the forration of dense polladium membrane Duc to the pyrolysts process after
palladivm membrane formation made the pore fillers shrink 1ts volume and decomposed
to porous matenials, which provide the fiee passages for hydrogen permeating the
membrane, metal palladium composite membrane derived from modificd porous
subsirate will have high hydrogen permeable flux

According to a preferred embodiment of the imvention the material used for the
porous substrate support of the metal palladium composite membrane or alloy
palladium compositc membranc 18 selected from one of the following porous materials,
porous stawnless steel, porous mchel, porous glass or porous ceranmics According to a
preferred embodiment of the mvention the preferred matenals used for the support are
porous stainless steel and porous ceramics

The charactenstics of the present invention are as follows,

1 Simple technology In this invention, vacuum 15 the only condition necded for
pore filler particles entering the pore channels of porous substrate Both the
operation and technology are very simple

n  Wide apphcation Thus mvention 1s not inmited to the substrate membrane
decoration for metal patladwmy/palladium alloy composite membrane
preparation, it can also be apphied for the decorahion of any porous substrates for
other metal membranes However, the pore fillers are those which do not react
with the plahng solution

m  Low production cost. In this invention, cheap pore fillers, which could be
decomposed by pyrolysis, are uscd such as sol, colloid, or precipitate The raw

materials used are mexpensive, the preparation technology s simple, and casy to

z“
i
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perform therefore the produchion cost of the process 15 low
Examples
The details of this inventron will be described in the jollowing exaniples In the
following examples, hydrogen purmeable (lux and permeable selectivity are measured
at 300°C
Example

Collowd preparation the solution of almmmum nitr se and the solutron of sodam
carbon de are simultancously dropped 1n one beaker at 55°C, pH=8 to obtain an alkah
alununa carbonute collmd 1he collowd was washed 6 times with distilled water 1f the
above solution of sodium carbonate 15 replaced by the solution of potassium earbonate,
ammowa sodivm hydroxide and’'or potassiim hydroxide as precipitator, tle
coiresponding collowd or precipitates will be obtamed

Porous substrate surface decoratton substrate 15 alupuna porous ceramic tube
Porous substrate was first nnscd with the dilute solution ol hydrochloric acid and the
dilute solution of sodiim hydroaide, and then washed with distilled water, nnsed wath
CCla, and then dried The rinscd alumnina porous ceratruc mibe were immerged in the
above colloid solution at vacuum condiion colloid particles will enter the pore
channels and the surface disfigurements of alununa porous ceramic tube The exuess
surfacc porce filler restding on the surface of the support was then removed by
mechanical cleaning,

Palladium composite membrane preparation Porous substrates after decoration
were sensihzed in SnCl; solution and activated in PAC), solution, respectively Ihe
above steps were repeatedly 4 umes Pd" atoms formed m the rednction of Pd** by Sn™
adsorbed over the substrate surface

Immerging the porous substrate into the clcctroless plating solution, whose typical
composition 1s [PANH;1]Cl, (4g/1), EDTA 2Na (65g/1), NHz-NIE; HoO{0 6/1), NH;
H,0(28%) (300 mlN), pll= 10, 50°C In the catalysis of Pd nucles, Pd?* eaisted in the
clectroless plating solution as nctasiable metal complex 1on continuously bemg reduced

1o 'd” by reducing agent hydrazine Pd” grdually became large enough to form a dense

O
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p illadiunt membrane

Post processing The palladhum composite membranc was then subjected to drying
it 200"C and calcinmg at 500°C m order to decompose the pore fillers of alkali alumma
carbonate collowd which restdes in the pore-channels of the porous substrate

Table | gives the hydrogen permeable perforniances of palladium composite
membrane prepared with AINOs); and different precipstators which modified the

porous alunina ceraice tube

Table 1 Hydrogen permeable performances of meta] palladium composite

membranes
Precipitator Hydrogen flux [lydrogen selectivity

m' m?h ! bar’ 2N,

Na;COn 74 8800

K2CO3 69 5300

NH; H.0 67 7200

NaOH 56 4200

KOII 70 5900
Examnle 2

Colloid preparation 1t 1s the same as that in cxample 1

Porous substrate surface decoration substrate is porous stainless steel tube
Decoration method 15 the same as that in cxample | Post processmg method 1s the same
13 that in example |

Table 2 gives the hydrogen permeable performances of palladium composite
membrane prepared with AI(NOs)s and different precipatators which modificd the

porous stainless steel tube
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Tabl 2 1lydrogen penine sble performances of metal patladium composite

monmbranes
I'recypivaior Tydrogen flun llydrogun selectivity

o’ mh  har! [

N1uCO 38 4100

k. CO4 34 5100

Nil; 11,0 29 3500

NaOH 33 3900

KOH _34 4100
Example 3

Colloid preparation the solution of centum nitrate and the solunion of sodhum
carbonate are sunultaneously droppuid m ene beaker at 55°C, PH-9 to obtmin an alhah
cerum carbonate collod The colloid was washed 5 nmes with disulied water (fthe
above solution of sodium carbonate 15 replaced by the solution of potassium carbonate,
ammonia, sodium hydroaide and/or potassiom hydroxade as precipitator, the
corresponding colloid or precipirites will be obtamned

Porous substrate surlace decoration substrate s alununa porous ceramic tabe
Porous substrate was Jirst ninsed with the ditute solution of hydrochloric acd and the
dilute solution of sedium hydroxide, and then washed with distilled water, nused with
CCly, and then dried The rmsed alumin porous ceramic tube were immerged in the
above colloid solution at vacuum condition, colloid particles will enter the pore channel
channels and the snrface disligurements of alumina porons ceramic tube The excess
surf e pore filler rusiding on 1he surfice of the support was then removed by
meuhamenl cleaning

Palladiem coniposite nembrane preparation the procudures are the same as those
m cxample 1

Post provessing methad 15 the same as that in cxample 1

lable 3 gives the hydrogen permeable performances of palladium compostic
membrane prepared with Ce(NQ;); and dufferent precipitators which modified the
porous alumina ceramae lube

10
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Table 3 Hydrogen permenble performances of inetal pallhdinm comiposiic

membsanes

Precipitator Hydrogen flux Hydrogen selecuvity

m> m >h ' bar' 1L/MN,

Na.CQO; 72 7600

K,COy 70 4800

NH, H:0 69 6200

N1011 62 3100

KOH 56 _ 4100

5 Example4d
Collowd preparation CO; 15 mjected mto the Ca(OH); solihon to form CaCO;3
precipitate, which were rinsed 5 times with distilled water
Porous snbstrate surface decoration substrate 1s alumima porous ceramic tube
Porous substrate was first nnsed with the dilute solution of hydrochlonc acid and the
10 dilute solution of sodum hydroxide, and then washed with disulled water, rinsed wath
CCly and ihen dried The nnsed alumma porous ceramic tube were smmerged 1n the
above CaCO; precipitate suspending hquid at vacuum condition, CaCOs precipitate
particles will enter the pore channels and the surface disfigurements of alumina porous
ccramic tube The excess surface pore filler residing on the surface of the support was
15 then removed by mechamical cleaning
Palladium composiie membrane preparation the procedures are the same as those
tn example 1
Post processing method 1s the same as that in cxample |
Pallacium compositc membrane, preparcd by chemical plating method and porous
20  alomma ceranmc substrate modified by CaCO; precipitate, extubit a 66 m® m *h ! bar
! of hydrogen permeable flux and a 3800 of hydrogen permeation selectivity (H/N)
Example 5

Porous substrate surface decoration y-AlJQOH sol, denved from SB powdecr, 15
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bu ng as surface pose filler substrate 1s alurming porous ceratme tube Porous subsirate
was first ninwed with the didute solution o} hydrochlorie actd and the dilute. solntion ot
sochum hydroxide, and thun washed with dhsalled water, rinsed with CCly and then
dried The rinsed alunina poruus ceramie b were immerged m the above Al-sol
solution at vacuum condstion, AIOOH prticles wall wnter the pore channdls and the
swlice chsfigurernents of alunmuna porous ceranic tube nnder the vacuom conditions
The excess surface pore filler residing on the surface of the support was then removed
by mechanical clemmyg

Pailhdim composite membrane preparation the procedurcs ave the samc as those
i example |

Post processing metliod 15 the same as that m example |

Palladium compostte membrane, prepared by chemial plating method and porous
alumina cerammc substrate modified by ~AIOOH sol, exhibita 58 m® m 2h ' bar' of
hydrogen permcable flux and a 3800 of hydrogen permeanion selectiviaty (Hz/N3)
Exawmple 6

Colioid preparation the procedure 18 the same as those m example 3

Porous substrate surface decoration the procedure 1s the same as those in example 3
Palladium-sifver alloy composite membrane preparation Irst, the procedures are the
same as those in example 1 Then, palladiun composite membrane obtained 15
immerged into the chemical plating solution contmimng sslver which cormponent s
AgNO, (9g/1), sodium citrate (6 5g/1), formaldehyde (37wt%) (18mlA), buffer solution
(P11=10) (90mV/I) Pd-Ag alloy membrare was formed after 4h caluinations at 450°C of
compostte membrane obtanud

Post procussing method 15 the same as that in example ]

Table 6 lists the hydrogen permeable performances of palladmm-silver alloy
composite membranc prepared with Ce(NO;); and different precipitators which

modified the porous alumina ceramuc {ube
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i able 6 Tivdrogen perme hle perform mees of [ d-Ag alloy composile membranes

Precipilator Hydrogen flux Hydrogen selectivity

_ M*m?3h'bar' Hy/N,
 NaCOy 7 6900
K.COs 62 5200
Nil; 120 53 4300
N1OH 51 5600

KOH 54 6200 .

Example 7 (for cOmpanson)

Porous substrute surfoce decoration porous y-AlOx ss suspended in distilied

water, substrate 1s alumima porous ceramic tube  Porous alumnma porous cerame tube

(%]

were umnerged in the above suspending hiqmd at vacunm condiion porous v-A)a0s
particles will enter the pore channels and the surface disfigurements of ahumna porous
ceramic tube under the vacium conditons Such decorates the substrate Tt 1s the same
surface decoration with CeOs, Ti0s, and £rO2 mstead ol y-AlQOs

10 Palladium composite membrane preparation the procedures are the same as those
in example 1

Table 7 hsts the hydrogen penmcability of palladium composite membranc

prepared with different pore fillers (y-Al203, CeOa, IOy, Zr(Q,) which modified the

porous alumma cerami¢ tube.

Table 7 Hydrogen permeable performances of compostie palladium membranes

Pore fillers Ilydrogen flux llydrogen sclectivity
M m?h'bar !t Hy/N, .
1-AlLQOs 128 2300
CeOs 114 1800
0o, 137 1900
Zr0, 108 2100

[t 1s seen from table 7 that the convenuonal ¥-Al0s, CLO2, 1104, £rO; modified
the surface of porous alummna cermme tube will result in palladsum deposit in the
20  channct of 7-AlQs, CeOz, TiO2, Z10; duning membranc formation, and further 1esult
13
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the lower hiydrogen perme ible 1lux of patladunn composite membrine obtamed

Example b (for comp irison)

Porous substrale surfae decoriion substrate 1s porous stanless steel tube

Surface ducoration method 15 the «1me as that shown 1 ex nnple 7
5 Palladium composite membranc preparation the procedusc 1s the same s that 1n

ex mple |

Table 8 lists the hydrogen permeabihity ol pallacium composite membrane
prepared with different pore fillers (y-Al Oy, CeOa TiOa, Zr01) which modihed thie
porous stainless steed tube

10

Table 8 Hydrogen permceable performances of composite palladim membranes

Porc fillers ilydrogen flux Hydrogen selectivity
M’ m *h "o ! Ha/Nn
')’-A IgOa 62 3100
Ce0, 98 200
10, 32 2200
210, 51 1800

It1s seen from Lable § that the conventional y-AlOs, CeQ,, TiO; ZrO2 modificd
the surface of porous stamless stect tube wall result in paliadiam deposit 1n the chanme!
15 ofy-AL0s, CeOy, ThO,, ZrO; duning membrane formation, and further result the lower

hydrogen permcable flux of pallacdium compositc membrane obtained

20
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Claims
L/ 1 A two Jayer metal palladium - or pallacdium alloy - composiie membrane

consistng of 1. porous substrate support and 1 palladiom — or palladum alloy -
membrane characterized m that the patladium metal substunhuilly exists on the onter
surface of the porous substrate support with little or no presence in the pore channels of
5  the substrate
2 A process for the preparation of a bwo Jayer metal palladium - or paltacinm atloy
- compostte membrane consisting of a porous substrate support and a palladrun - or
palladium alloy — membrane charactenzed by the following consecutive steps,
1) Rinsmg/washing and drying the porous substrate support,

10 2) Treating the porous substrate support with a pore filler in order to decorate
the pores of the support and, optronally the disfigurements of the substrate
surface,

3) opuonlly, when an excess of pore filler resides on ihe substrate support
surface, cleaning the substrate support i order to remove this excess of

15 surface pore filler,

4) sensilising and activating with a palladium solution the decorated substrate
support,
5) plating the resulting support with a palladium solution to form the two layer

composite membrane,

15
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6) drving, md
71 ophiomilly subjucting the nosnlimg cowrposite membrane to 1 post-
prowassing wherc the pore lillers residing i the pore-uhanncls of the purous
substrate are removed or reduced in volume through ither heating or
physical/chemical dissolving
3 A process according to claim 2 chamctenzed in that in step 2 15 performed under
vacuum, preferably by immersing the porous substrate m a solobon of pore filler in
order 10 ensure that the pores and, optionally 1he disfigurements of the substrates are
preoccupied wath the filler and that therc 1s no palladism ingress into the pores durmg
the consceutive preparation steps
4 A process according o any of clamns 2 to 3 characterized m that in step 4 the
porous substrate support 1s sensitised m SnCiy solution and activated 1n PACJ, solunon,
respectively
5 A process according 10 any of clums 2 104 characterized n that m step 5 the
porous substrate is immersed n a electroless plating sohinon
6 A process according to clann 5 wherein the electroless platimg soluuon has the
tymcal composition of [Pd(N113)2]Cl., EDIA 2Na NIIp-NIL H:O NH; IO
7 A process accordimg to any of claxms 2 to 6 charactenzed in that the post-
prozessing step 7 1s mandatory
8 A process according to claim 7, wherem the composite membrane 1s dned and
then calemed at least 300 °C
9 A process according to any of clasms 2 to 8 charactenzed m that the pere fillers
used have a parucle size jower than 0 2 micron, preferibly lower than 0 | wucron, more
preterably lower than 0 05 micron
10 A process according to any of claims 2 to 9 charactenzed m that the surface pore
Tillers ace chosen .mongst gels, sols, collowds or precipitates
11 A pracess according to clam 10 whercin the pore fillers are chosen amongst Al-
sol, Si-sol, Ti-sol, Zr-sol and/or Ce-sol

12 A proccss accondmg to clunn 10 wherein the pore fillers are chosen amongst

16
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13 hydroasle-cnllod alkad cwrbonate collowd amd or carbonaie ¢allod

14 A procuss according to ¢l um 10 wherem the pore fillers are chosen amanyst
hvdrovade preciputates, alkali carbonate precipitates and/or carbonate precipitates

15 A wwvo layer imetal patlachum - or palladinn alloy — crinposite membrane
obtainable by any ot claims 2 to 13

16 A composite membrane according to ¢l um 1 or 14 or a preparation process
according to any of claims 2 to 13 charactenzed m that the porous substrate support 1s
selected from one of the following porous materials, porous stamnless steel, porous

mchel, porous glass or porous ceramics

17
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METAL PALADIO O ALEACION DF
PALADIO Y METODOS PARA SU PREPARACION

L.a presente mvencidn se reficre a una membrana compuesta de metal paladio
o aleacion de paladio que exhibe un alto flyjo permeable de hidrégeno y una alta
selectividad para la separacién o punificacion de ndrégeno La presente invencion se
refiere ademds a un método de preparacion para la produccidn de dichas membranas
compuestas de metal o aleacién de paladio

Ll incremento de la demanda de hidrégeno en los ultimos aifos cn muchos
sectores, tales como en el refino de petrdlco en el campo petroquimico y en el
procesado de semi-conductores, asi como cn nuevas aplicaciones relacionadas con lu
cnergia, ] como combusuble hmpio para pilas de combustible y vehiculos, ha
conducido a la cxistencia de un alto interés en métodos para la separacion +
purificacién de hidrégeno a partir de mezclas de gases Las membranas de paludio o
de alcacién de paladio han sido objelo de muchos esudios debido
fundamentalmente a su potencial umico como membranas selcctivas para [
scparacitn o purificacidn dc hidrégeno y en reaclores de membrana para reacuiones
de hidrogenacion/deshidrogenacién  $1n embargo, dichos estudios demucstran que cs
necesario lograr una mejora con respecto a la permcabihidad de hidrégeno en
membranas puras y compucstas, dado que ¢l flyjo de permeacién de hidrogeno
medido en todos estos estudios sigue siendo muy bajo

Otro problema importante encontrado en los estudios con membranas ¢s que
por debajo de 275° C, la membrana de paladio puro es susceptible a rompurse
durante la transformacién de fases debido a la cantidad de hidrégeno absorbido Fste
fendmeno suele conocerse como “fragilidad por absorcién de hidrogeno  Sin

embargo sc sabe que la fragilidad por absorcién de hidrégeno puede reducire
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drisicamente. ncluso a temperatura ambientc, mediante la formacién de una
membrana de aleacién de paladio tal como una membrana de aleacion de Pd-Ag. una
membrana de alcacién de Pd-Cu o una membrana de aleacién de Pd-Au

1.as membranas pucden existir como membranas puras o compuestas Fs de
dominio publico una membrana de paladio puro es decir una membrana de paladio
sin soportar LI corrcspondicnte espesor de la membrana debe ser mayor de 200
mivrometros con ¢l fin de asegurar una resistencia mecanica suficiente para sostener
la reactitn, en consecucncia, este espesor especifico de la membrana sc traduce cn
un bajo flujo permeable de hdrogeno y en un coste de produccidon muy alto Por
tanto se prefiercn las membranas compucstas, cs decir, una membrana de paladio
soportado en donde la capa de paladio de la membrana estd conectada a un soporic
de sustrato poroso, reduciendo con ello ¢l espesor requerido de la capa de paladio de
la membrana y, on consecuencia, reduciendo el coste y mejorando cl flujo de
permeacion de hidrdgeno, al mismo tiempo que sc mantiene todavia la resistenuia
mecédnica de la membrana entera.

Como <e evpone en el cestado de la técnica, las membranas compucstas
convencionales existen en tres capas defimdas una capa de paladiv/aleacion de
paladio el soporte de sustrato superficial ¥y una capa mtermedia que interconcita las
dos capas anteriores Fn realidad, con cl fin de obiener una capa de membrana
delgada de paladio/alcacién de paladio sobre sustratos porosos, en ¢l estado de la
técnica se introduce normalmente una capa intermedia, lo cual sc traduce en una
membrana compucsta de tres capas. Sin embargo, esta formacion do tres capas
presuata de nucvo el problema importante de un bajo fluyjo de permeacidon de
hidrégeno

l.a presente invencidn se centra en los problemas antes mencionados de bajo

19
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flyjo de permeacién de hidrdgeno y alios costes de produceién y proponc una Wonicr
para formar una membrana compuesia de paladio directamente sobre la superficic de
un soporte de sustrato poroso sin utilizar una capa imtermedia entre la membrana y cl
soporte Lsta técmica creard una membrana compucsta de dos capas en
contraposicién con la membrana compuesta convencional de tres capas

La presente invencidn se centra en un método simple y fécil de renlizar para
modificar el sustrato poroso mediante la ocupacién previa de los canales de poros o
desfiguraciones de la superficie del sustrato De este modo licga a ser posible la
produccién de una membrana delgada y densa de paladio empleando un método de
preparacidn por revestimiento o chapado no clectrolitico

kI método de preparacién conocido para la membrana compuesta de
paladio/aleacién de paladio cn tres capas convencional comprendy un método cn
donde el soportc de sustrato poroso sc somefe en primer lugar a una “decoracidn de
la superficic con ¢l fin de solucionar los problemas asociados con la cwisiencia de
grandes poros vy desfiguracioncs cn la superficie Dichos defectos surgen debido a la
naturaleza no homogénea tanto de la superficic como de la distribucién de poros del
soporte y, omo resultado, cs dificil formar una membrana de paladio densa vobre la
superficie del soporte lo cual reduce en consecuencia la sclectividad por hidrégeno
permeable de las membranas La decoracién de la superficic sc cmplea para evitar la
eaistencia de los grandes poros y defectos y puede realizarse por cualquicra de las
siguicntes vias
a) uso de un modificador poroso de la superficic tal como y-Al201 para revestir una

capa fina sobre la superficic del sustrato a través dc una operacién de
revestimicnto o moldeo con el fin de producir una capa intermedia )

b) uso de un matenal poroso, que tiene un didmetro de poros méas pequefio que los

8 A



5-

canales de poros del soporte de sustrato, tal como y=-Al:0j, ZtOx $10: 0 CeO:
para rellenar los grandes canales de poros o desfiguraciones de la superiscie del
sustralo
Sin cmbargo, cxisten algunos problemas serios asociados con estos dos
métodos convencionales de “decoracion de la superficie’” Para cl primer método de
¢ decoracin de la superficie™ antcs mencionado, se emplearon mateniales porosos tal
como y-AkOs para ruvestir una capa intermedia fina sobre los canales de la
superficie del sustrato a través dc una opcracién de revestimiento o moldeo
Desafortunadamente tras la formacidn de la membrana, la solucién de revestimiento
dc paladio cntra cn los canales de poros, dando lugar a la deposicion de paladio en
los canales del sustrato, causando asi de un modo eficaz una segunda resistencia a la
permeacion de hidrégeno y disminuyendo el flujo de permeacién de hidrégeno
En ¢l scgundo mélodo de decoracién, sc cmplcan matcriales porosos, que
tenen un didmetro de poros mds pequefio que los canales de poros del soporte del
sustrato {al como ¥-Al203 ZrOs, S10:2 0 CeOs, para rellenar los grandes canales de
poros o desfiguraciones de la superficie del sustrato antes del revestmiento no
clectrolitico  Este método presenta problemas por ¢l mismo motivo que ol primer
métedo La solucién de revesumiento no clectrolitico entra incvitablemente en los
canales de poros del sustrato elegido De cstc modo los materiales porosos
introducidos en los canales de poros del sustrato formaréin de nuevo una scgunda
resistencia a la permeacién de hidrégeno y con ello el fluyjo de permeacion de
hidrégeno ¢s de nuevo considerablemente bajo
Por tanto, ¢l objctivo de la presente mvencidn consiste cn proporcionar un
nuevo y cficaz método de decoracién de la superficie del soporte del sustrato poroso

para la preparacién de una membrana compuesta de paladio o alcacion de paladio en

LR
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dos capas quc cxhibe un alto flupo permeable de ndrégeno

Para conscguir el objetivo antcrior la presente vencién  reside
csencialmenic en una mcmbrana compucsta de metal paladio en dos capas
consistentc ¢n un soporte de sustrato poroso Y una membrana de paladio La
membrana compuesta de metal paladio sc caracteriza porque ¢l metal paladio esta
prescnte sustancialmente sobre la superficie exterior del soporte de sustrato poroso
con poca o nula presencia en los canales de poros del sustrato

Esta mvencién incluyc también una membrana compuesta de aleacion de
paladio en dos capas, consistente en un soporte de sustrato poroso y una membrana
dc alcacién de paladio La membrana compuesta de alcacién de paladio se
caracieriza porque la membrana de aleacion de paladio estd presente sustancialmente
sobre la superfivie caterior del soporte de sustrato poroso con poca o nula presencia
cn los canales de poros del sustrato

De acucrdo con el procedimicnto dc preparacion de la presente invencion ¢l
hecho de que exista “poca o nula presencia™ de paladio en los canales de porus del
soporte s¢ debe a que el presente relleno de poros ocupa previamente los canales de
poros del sustrato poroso, lo cual evita que la solucién de nvestimiento de paladio
entre en ¢l sustrato

De acuerdo con una modahdad prefenda de la presente nvencion, la
evpresion “poca o nula presencia” de paladio en los canales de poros del soporte
quicre dar a entender que el soporte de sustrato poroso contienc menos de 5% del
peso total del paladio presente en toda fa membrana compuesta ¥, en particular
menos de 2% del peso (otal de paladio presente on toda la membrana compuwsta,

I a presente invencidn se refiere a ambas membranas compuestas en dos

capas, anics mencionadas, que se pucden obtener siguicndo el procedimicnto de

N3
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preparacion  De acuerdo con una modalidad prefenda de la presente invencién cl

procedinuento procede mediante las siguicntes etapas consccutivas

[! soporte de sustrato poroso se emjuaga con una solucion diluida de dewdo
clorhidrico, se lava, sc cnjuaga con una solucién diluida de hudroxado sddrco y
luego sc lava con agua desulada, se enjuaga con un disolvente tal como CCL, +
se seca bajo condicioncs ambientales

Cl soporic dc sustrato poroso prcparado como anteriorment. se sumerge
entonces en una solucién del relleno de poros bajo condiciones de vacio durante
20 minutos Ll exceso del relleno de poros que se encucntra en la superficic del
sustralo se prepara preferentementc mediante himpicza mecdmica, por ¢iemplo
trotado de la superficic dcl sustrato, y luego se lava con agua destilada De
acucrdo con una modalidad preferida de la presente invencién, este metoudo de
decoracidn sc repite 5-6 veces

Después de la decoracion de la superficie, ¢l soporte del sustrato poroso s¢
sensibiiza en solucion de SnCly y sc acuva en solucion de PdC)s,
respectivamente  De acuerdo con una modalidad preferida de la invencién este
procedimiento se repite 4 veces Los dtomos de Pd®, formados en la reduccién do
Pd** por Sn*', se adsorben sobre la superficie del sustrato y forman nicleos para
el crecimiento adicional de Pd

El sustrato poroso se sumerge entonces cn una solucién de revesumiento o
chapado quimico (chapado no electrolitico) con una composicion tipica de
[Pd(NH;):]Cl: (4 g/l), EDTA 2Na (65 g/l) NHa-NH; H;0 (0 6 g/l), NH; H.O
(28%) (300 ml/l) pH = ~ 10, 50° C En la formacién dv Pd® ¢l Pd* estaba
presente en la solucién de chapado quimico como el 1on complejo metahivo

mctastable que os reducido de forma continua a Pd” mediante hidrazina come
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agente reductor Los nucleos de Pd llegan a ser gradualmentc mds grandcs para
formar la membrana densa de paladio

El sustrato poroso s¢ somete cntonces a un procesado posterior ¢n donde los
rellenos de poros que se encuentran cn los canales de poros del sustrato poroso
sc separan o reducen dc volumen por medio de calentamicnto o disolucién
fisica/quimica lL.a membrana dc Pd se seca cntonces a 200° C cn mtrdgeno
durantc 60 minutos y luego se calcina a 500° C durante 120 minulos

La figura 1 represcnta una descripcién esquematica de las etapas del

procedimiento de preparacién y de la membrana resultante Las correspondientes

cualtro ctapas de preparacién son como siguc

(N

3

Q)

Modificaci6n del sustrato la modificacién del soporte poroso comprende ovupar
previamente los canales del susirato poroso mediante rellenos de poros. por
cjemplo AI(OH); los cuales pueden ser separados o parcialmente scparados
mediante un procesado posterior
1 ormacién de nucleos de paladio los miclcos de paladio s¢ formardn mediante
la wéenica de sensibihzacién v activacion
I'ormacién dc la membrana la membrana de paladio o alcacién de paladio se
forma mediante el método de revestimiento no electrolitico
Descomposicién del modificador los rellenos de poros, por giemplo AKOH)M
son descompucstos a ALO; poroso el cual mantendrd abiertos los canales dJel
sustrato, formando pasos libres para la permeacién de Ha

Como sc ha indicado anteriormente, los rellenos de poros son sustancias que
son capaces de ocupar previamente los canales decl sustrato poroso
opcionalmente las desfiguraciones de la superficie del sustrato duranic la clapa

de decoracidn y

X
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o 1mpden que el paladio ingrese dentro de los poros durante la preparucion

Con preterencia, dichos rellenos de poros s¢ scparan cntonces o s¢ separan
parcialmente mediante un procesado posterior por ejemplo tratamiento termio
(preferentemente hidréhsis) y/o disolucién fisica

Dichos rellenos de poros son preferentemente peles, soles, coloides o
precipitados

Preferentemente se chigen entre sol de Al sol de Sy, sol de Ti sol de 7r y'o
sol de Ce lambién se chgen preferentemente entre coloide de hidréxido, colowde de
carbonato alcalino y/o coloide de carbonato

lgualmente, se eligen prefereniemente cntre precipitados de hudrévido
precipitados de carbonato alcalino y/o precipitados de carbonato

Con suma preferencia, los rellenos de poros empleados segun la presente
nvencion se caractenizan por un famaiio de particula menor de 0 2 micrémetros con
preferencta menor de 0,1 micrémetros ¥ con suma preferencia menor de 0 05
micrémetros

En cl escenario técmico de csta mvencidn como rellenos de poros sc
consideran las particulas quimicas que podrian scr procesadas (tal como pirdhisis) a
particulas porosas diminutas o que evidentemente podrian experimentar una
contraccién de volumen mediante procesos de pirdlisis, tales como geles, <oles.
coloides, precipitados (sol de Al sol de Sy, sol de T, coloide de hidrénido colmde
de carbonato alcalino, precipitado de carbonato, etc) Bajo las condicioncs de vacio
la membrana de soporte poroso sc suspendid cn el sol coloide o solucién do
precipitado de dichos rellenos de poros, entrando las particulas diminutas de los
rellenos de poros en ¢l canal do poros del sustrato poroso especialmente en el canal

grande o cn la desfiguracidn, para dccorar asi la superficie del sustrato y sacar

B



-10-

provecho de la formacién de una membrana de paladio densa Debido al proceso de
pirhsis. una vez formada la membrana de paladio, los rellenos de poros
experimentan una contraccion de volumen y sc descomponen a materiales porosos
los cuales proporcionan los pasos hibres para la permeacién de hidrégeno por la
membrana, ¥y la membrana compuesta del metal paladio, derivada del sustrato poroso
modificado tendrd un alto flyjo de permeacin de hidrégeno
De acucrdo con una modahdad preferida de la invencién el material usado
para ¢l soporte de sustrato poroso de 1a membrana compuesta de metal paladio o de
aleacién de paladio se ehge cntre uno de los siguicnies matcriales porosos avro
moxdable poroso niquel poroso, vidmo poroso o matenal cerdmico poroso e
acucrdo con una modahidad prefcnida de la invencién, los matenales preferidos
usados para el soporte son acero inoxidable poroso y material cerdmico poroso
Las caracieristicas de la presente invencién son como sigue
t lecnologia simple En csta invencién, el vacio es la unica condicion newesaria
para la que las particulas del relicno de poros cntren en los canales de poros dul
sustrato poroso Tanto la operacién como la tecnologia son muy simples
it Ampla aphcacién Esta invencion no queda limitada a la decoracidn de la
membrana de sustrato para la preparacion de membranas compuestas de metal
paladio/aleacién de paladio, también se puede aphcar para la decoracion do
cualquier sustrato poroso para otras membranas metihicas Sin embargo, los
rellenos de poros son aquellos que no reaccionan con la solucién de
revestimiento
1 Bajo coste de produccibn Ln csta invencién se cmplean rellenos do poros
baratos que podrin descomponerse por pirdhsis, tales como sol colowde ©

precipitado Los matenales de partida usados son econémicos, la tecnologia de
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preparacion es simple y ficil de llevar a cabo, por lo que el coste de produccitn
del procedimiento es bajo
Ficmnlos
Los detalles de esta invencion serdn descritos cn los siguientes ejemplos En
los siguicntes cjemplos, el flyjo de permeacién de hidrégeno ¥ la selectividad de
permeacion se miden a 500°C

Ejemplo 1

Preparacién del coloide La solucidn de nitrato de alumimo y la solucidn de
carbonato sddico sc aftaden por goteo de manera simulténea al interior de un vaso de
precipitados a 55 C. pll 8, para obtener un coloide de aluminocarhonato alcaline 11
colmde se lavé 6 veces con agua destilada Si la solucién anterior de carbonato
sddico se sustituye por una solucién de carbonato potisico, amoniaco hidréxudo
s6dico y/o hidréxido potdsico como precipitante, se obtendran los comespondicnics
coloides o precipitados

Decoracién de la superficie del sustrato poroso Ll sustrato ¢s un tubo
ccrumico poroso de alimina El sustrato poroso sc enjuag6 en primer lugar con la
volucion diluida de deido clorhidnico y la solucidén dilmda de hidrdaido sddico 3
luego sc lavé con agua destilada, se enjuagé con CCl, y se seco El tubo cerdmico
poroso de alumina enyuagado sc sumergié en la solucién coloidal anterior bajo vauio
¥ las particulas colowdales entraron en los canales de poros y desfiguracions de la
superficie del tubo cerdmico poroso de alumina. El exceso de relleno de poros de la
superficie que reside sobre la superficie del soporte se separo cntonces medianty

limpieza mecanica

Preparacién de la membrana compucsta de paladio Después de la decoracion

los sustratos porosos fueron sensibihzados en solucién de SnCly y acuivados en
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solucion de PdCls, respectivamente  Las etapas anteriores se repiticron 4 veces Los
stomos dv Pd" formados en al reduccién de Pd™' por Sn*", s adsorbicron sobre la
superficie del sustrato

Inmersién del susirato poroso en la solucidn de revestimiento no electrolitico
cuva composicion tipica es [PA(NIL):]Cl: (4 g/1). EDTA2Na {65 g/l), NHa-
NIz H:O (0 6 g/l) NHa HXO (28%) (300 ml/1). pH = 10, 50° C Fn la catihsis de
nucleos de Pd, el Pd** estaba presente en la solucion de revestimiento no electrolitco
como un 16n complejo metdlico metastable que es reducido de forma continua a Pd
cmpicando hidrazina como agente reductor [l Pd® llega a ser gradualmente lo
suficientemente grande para formar una membrana densa de paladio

Procesado postenior 1.a membrana compuesta de paladio s¢ somctté entonces
a secado a 200° C y caleinacién a 500 C con el fin de descomponer los rellenos de
poros de colotde de aluminocarbonato alcalino que se encuentran en los canales de
poros del sustrato poroso

La tabla 1 ofrecc los comportamicntos de permeacién de hidrdgeno de la
membrana compuesta de paladio preparada con AI(NO;); y diferentes precipitantes
que modificaron el tubo cerdmico poroso de alumma

Tabla | Comportamientos de permcacién de hidrégeno de membranas compucstas

de mcial paladio
Precipitantc 1 lujo de mdrégeno Selectividad a hidrguno
m° m* h' bar' 1y'Na
Na:COs 74 8800
KaCOn 69 5800
NH;H:0 67 7200
NaOH 56 4200
KOH 70 5900
Eiemplo 2

Preparacién del coloide Se realizé lo mismo que en el ejemplo |
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Decoracion de la superficie de] sustrato poroso El sustrato es un tubo de

acere noxidable poroso  El método de decoracidn es el mismo que el del gemplo |
Fl métoda de procesado posterior ¢s ¢l mismo que el del ejemplo |

La tabla 2 ofrccc los comporiamientos de permeacidn de hidrogeno du la
membrana compuesta de paladio preparada con AI(NOs); y diferentes precipitantes
que modificaron el tubo dc acero inoxidable poroso

Tabla 2 Comportamientos de permeacién de hidrégeno de membranas compucstas

de metal paladio
Precipitante I"lu;o de hldrogcno Selectividad a hidrégeno
m l‘l‘l h bar H:/N:
NaxCO, 38 4400
K2COs 34 5100
NH.IIO 29 3500
NaOH 33 3900
KOH 34 4100
Eiemnlo 3

Preparacién del coloide La solucién de nitrato de cerio y la solucidn de
carbonato sédico se afiaden por gotco de manera simultéinea al intertor de un vaso de
precipitados a 55° C, pli 8, para obtener un coloide de carbonato de alcah-cerio LI
coloide sc lavé 5 veces con agua destilada Si la solucibn anterior de carbonato
sodico se sustituye por una solucién de carbonato potdsico amonsaco hidrénido
sédico y/o hidréxido poldsico como precipiiante, sc obtendrin los correspondienics

coloides o precipitados

Decoracién de la suncrficie del sustrato poroso Ll sustrato es un tubo

cerdmico poroso de alumma Ll sustrato poroso sc enjuagé en primer lugar con la
solucién dilwda de dcido clorhidnco y la solucién dilwda de hudréxido sédico 3
[uego se lavé con agua destilada, sc¢ cnjuagéd con CCly y se sccé FI tubo ceramico

poroso de alumina enjuagado se sumergi6 en la solucién colowdal anicnior bajo vacio

2
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v las particulas coloidales entraron cn los canales de poros y desfiguraciones de la
superficie del tubo cerdmico poroso de alumina Ll exceso de relleno de poros de la
superficic que reside sobre la superficie del soporte s¢ separé cntonces mediante
limpicza mecénica

Preparacion de la membrana compuesta de paladio 1 os procedimientos son
los mismos que aquellos del ejemplo 1

El método de procesado posterior es ¢l mismo que ¢l del giemplo |

La tabla 3 ofrece los comportamicntos de permeacion de hidrégeno de ia
membrana compuesta de paladio preparada con Ce(NQOs); y diferentes precipitanics
que modificaron ¢l tubo cerdmico de alumina porosa.
labla 3 Comportamicntos de permeacién de hidrégeno dc membranas compucestas

de metal paladio

Precipilante Flyjo dec hidrégeno Selectividad a hidrégeno

m° m> h' bar' Hy/N,

Na:CO; 72 7600

K2CO; 70 4800

NH3;H-0 69 6200

NaOH 62 3100

KOl 56 4100

Figmolo 4

Preparacién del colowde Se inyecta CO; cn la solucién de Ca(Olbl): para
formar un precipitado de CaCOs;, ¢l cual se enjuaga 5 veces con agua destilada

Decoracién de la superficic del sustrato poroso El sustrato es un tubo
cerimico poroso de alumina El susirato poroso sc cnjuagd en primer lugar con la
solucién dilwda de dcido clorhidnico y la solucion dilmida de hidrdxido sodico y
fuego sc lavé con agua destilada, se enjuagé con CCls y sc secd El tubo cerimico
poroso de alumina cnjuagado se sumergié en liquido de suspensién del precipitado

de CaCO; anterior bajo vacio, entrando las particulas de precipitado de CaCO- cn los
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canales de poros y desfiguraciones superficiales del tubo cerdmico poroso de
alumma E] exceso de relleno de poros de la superficic que reside sobre la superficic
dc! soporte sc scpard entonces por hmpicza mecénica

Preparacién de la membrana compuesta de paladio Los procedimientos son
los musmos que los del ¢jemplo 1

C! método de procesado posterior es el mismo que ¢l del ¢jemplo |

La membrana compucsta de paladio, preparada por ¢l método du
revestimicnto quimico y con el sustrato cerdmico de alumina porosa modifivado por
¢l precipitado de CaCOs, exhibe un flujo de permeacion de hidrégeno de 66 m' m
2h' bar' y una selectividad a la permeacién de hidrégeno (Ha/N) de 3 800
Eiemnlo §

Decoracién en la superficie del sustrato poroso Como relleno de poros de la
superfici. se utiliza un sol de y-AIOCH, denivado de polvo SB y como sustrato se
utihiza un who cerdmico poroso de alliimina. El sustrato poroso se cnjuagd ¢n primer
lugar con la solucién dilwmida de 4cido clorhidrico ¥ la solucién dilwda de hidroaido
sddico ¥ luego se lavd con agua desnlada, se emyuagé con CCly ¥ se seco Fl tubo
cerdmico poroso de alimina cnyuagado sc sumergid en la solucién de sol de Al
anterior bajo vacio entrando las particulas de AIOOH en los canalus de poros
desfiguraciones superficiales del tubo cerdmico poroso de alumna bajo vacio [
exeeso de relleno de poros de la superficie que reside sobre la superficic del soporte
se separd cntonces por limpicza mecdnica

Preparacién de la membrana compuesta de paladio Los procedimientos son
los mismos que los del ejemplo |

El método de procesado posterior ¢s ¢l mismo que ¢l del ejemplo |

La membrana compuesta de paladio, preparada por ¢l método de

A
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revestimicento quimico ¥ con ¢l sustrato cerimico de alummna porosa modilicado por
¢l precipitado por el sol de y-AIOOH cxhibe un flujo de permeacién de hidrégeno de
s8m'm>h'bar'y una selcctividad a la permeacion de udrégeno (Ha/Ny) de 3 800
Eicmplo 6
Preparacién del colowde El procedimicnto s el mismo que el del giemplo 3
Decaracién de la superficie del sustrato poroso El provedimiento e ¢l mismo
que ¢l del cjemplo 3

Preparacsn de la membrana compuesta de aleacion de paladio-plata En

primer lugar los procedimientos son los mismos que aquellos del oemplo | lras

esto se sumerge la membrana compucsta de paladio asf obtemda cn la soluwon de
revestimiento quimico que contiene plata como AgNO; (9 g/l), crtrato sédico (6.5
g/l), formaldcindo (37% en peso) (18 ml/l). solucién tampén (pH 10) (90 miA) Su
formé una membrana de aleacidn de Pd-Ag después de 4 calcinaciones a 450° C de
la membrana compucsta obtemda.

L1 método de procesado posterior es ¢l mismo que ¢l del ejemplo |

La tabla 6 ofrecc los comportamicntos dc permeacidn de hidrégeno de la
membrana compucsta de aleacion de paladio-plata preparada con Ce(NQOs): ¥
difcrentes precipitantes que modificaron el tubo cerdmico de alumina porosa

Tabla 6 Comportamientos de permeacién de hidrégeno de membranas compucstas
_de aleacién de Pd-Ag '

Precipitante I"lu;o de hidrégeno Sclectividad a hidrdgeno
m’ m* h' bar' Ha/N
NaxCO; 72 6900
K2CO, 6 5200
NH;H0 53 4800
NaOtl 51 5800

NOH 54 6200

32
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Eiemplo 7 (comparative)

Decornestn de la supcrficie del sustrato poroso Se suspende ¥-Al20; poraso
cn agua destilada y como susirato s¢ emplea un tubo cerdmico poroso de alumma Ll
tubo cerdmico poroso de alumina se sumergié cn el liqudo de suspensidn anterior
bajo vacio cntrando las particulas porosas de y-Al;O; en los canales dv poros v
desfiguraciones superficiales del tubo cerimico poroso de alimima bajo vacio De
estc modo se decora cl sustrato Se obtience la misma decoracién con CeO: 110z y
7102 en lugar de y-AlYO;

Preparacién de la membrana compuesta de paladio Los procedimientos son

los mismos que aquellos del ejemplo |

La tabla 7 ofrece la purmeacién de hidrogeno de la membrana compucsia de
paladio preparada con diferentes rellenos de poros (y-Al20; CeQz, TiO:2 £rOz) que
moditicaron ¢l tubo cerimico de alGmina porosa.

Tabla 7 Comportamientos dc permeacion de hudrégeno de mombranas compuestas

de paladio
Rellenos dc poros l‘lugo de hldrégeno Selectividad a hidrégeno
m’ m? h' bar' H-/N-
¥-Al:O; 128 2300
CcO2 144 1800
no; 13,7 1900
ZrO, 10,8 2400

A partir de la tabla 7 pucde verse que la modificacién con los rellenos
convencionales de y-AlOs, CeO: TiOa, ZrO; de la superficie del tubo cerimico de
alumina porosa sc¢ traducird en el depésito de paladio en ¢l canal de y-Al:03, CeO:
TiO: ZrO: durante la formacién de la membrana y dard lugar ademés a un lyjo de
permcacién de hidrégeno mids bajo de la membrana compuesta de paladio asi

obtemida.

33
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Eiemplo 8 {comnarativo)
Decoracién de la supetficic del susirato poroso Ll sustrato es un tubo de

acero moxidable poroso El método de decoracion de la superficic es el mismo que
aquel mostrado en ¢l ¢jemplo 7

Preparacién de la membrana compucsta de paladio Fi procedimiento es cl
mismo que cl del ggemplo 1

La abla 8 ofrece la permeacién de hidrégeno de la membrana compuesta do
paladio preparada con difcrentes rellenos de poros (y-AlaOs, CeO: Ti02, ZrO:) que
modificaron ¢l tubo de accro inoxidable poroso

Tubla 8 Comportamientos de permeacion de hidrégeno de membranas compucstas

de paladio
Rellenos de poros l‘lu;o dc ldrégeno Sclectividad a hidrégeno
m m>h' bar' Ha/Na )
¥-AlkOs 6.2 3100
CcO: 9.8 3200
110, 32 2200
ZrO, 51 1800

A partir de la 1abla 8 pucde verse que los rellenos convencionales de f-AlO;
CeO,, TiO; 7rO: modificaron la superficic del tubo de acero moxidable poroso
dando lugar al depdsito de paladio en el canal de y-AlO;, CeO2 150; /1Oy durant,
la formacién de la membrana y dando también lugar a un flupo de permeacién de

hidrégeno mds bajo de la membrana compucsta de paladio asi obtemda
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RLIVINDICACIONES

I - Una membrana compuesta de metal paladio o alcacién de paladio en

dos capas conststerie en un soporte de sustrato poroso y una membrana de paladio o

alcacién de paladio. caracterizada porquc el metal paladio csta presente

sustancialmente sobre la superficie exterior del soporte de sustrato poroso con poca o

nula presencia cn los canales de poros del sustrato

- Procedimiento para la preparacién dc una membrana compucsta de

metal paladio o aleacién de paladio en dos capas consisicnie en un soporte du

sustrato poroso y una membrana de paladio o aleacién de paladio, caracterizado

porque comprende las siguientes clapas consecutivas

)
2)

3)

9

5)

6)

enjuagar/lavar y secar el soporte de susirato poroso

tratar ¢l soporie de sustrato poroso con un relleno de poros con ol fin de
decorar los poros del soporte y, opcionalmente, las desfiguraciones de la
superficie del sustrato

opcionalmente, cuando csté presente un cxceso del relleno de poros sobre la
superficic del soporte de sustrato, hmpiar el soporte de sustrato con el tin de
separar de la superficie dicho exceso de relieno de poros,

sensibilizar y activar el soporte de sustrato decorado con una solucién de
palacho

revestir el soporte resultante con una solucién de paladio para formar la
membrana compucsta cn dos capas

secar, y

opcionalmentc, someter la membrana compuesta resultante a un tratamiento
postertor cn donde los rellenos de poros que residen en los canales de poros

del sustrato poroso son scparados o reducidos de volumen por medio de

%
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calentamicnto o disolucion fisica/quimica

3 - Procedimiento scgtn la revindicacién 2. caracterizado porque la clapa
2 sc efectua bajo vacio, prefercntemente sumergicndo ¢l sustralo poroso en una
solucion del relleno de poros con el fin de asegurar que los poros y, opcionalment.
las desfiguraciones de los sustratos s¢ ocupen previamente con ¢l relleno y porque no
existe ingreso de paladio dentro de los poros durante las consccutivas clapas de
preparacién

4 - Procedimiento segun cualquiera de las rewvindicaciones 2 y 3
caracterizado porque cn la etapa 4 el soporie de susirato poroso cs sensibilizado en
una solucién de SnCh y activado en una solucién de PdCly, respectivamente

5 - Procedimicnto segun cualquicra de las rewindicaciones 2 a 4
caracterizado porque ¢n la etapa 5 cl sustrato poroso se sumerge en una solucion de
revestimiento no electrolitico

6 - Procedimicnto segun la reivindicacién 5, caracterizado porque I
solucion de revestimiento electrolitico presenta la composicidn Llipica de
[Pd(NH3)2|Cls, EDTA 2Na, NHx"NH; H;O NH; HO

7 - Procedimeento scgin cualquiera de las reivindicaciones 2 a 6,
caracterizado porque la etapa 7 de procesado posterior es obhigatona

8 - Procedimiento segun la rewvindicacidén 7, caractenizado porque la
membrana compucsta sc seca ¥y luego sc calcina a por lo menos 300°C

9 - Proccdimicnto segin cualquicra dc las rewvindscaciones 2 a 8
caracterizado porque los rellenos de poros emplcados ticnen un tamaiio de particula
menor dc 02 micrémetros, con preferencia menor de 0,1 micrémeiros, més
preferentemente menor de § 05 micrémetros

10 - Procedimiento segun cualquera de las reivindicaciones 2 a 9
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caravienizado porque los rellenos de poros de la superficie se chgen entre geles,
soles, colowdes o precipstados

Il - Procedimiento segun la reivindicacién 10, caractenizado porque los
rellenos de poros se ehgen entre sol de Al sol de S1 sol de Zr y sol de Ce

12 - Procedimiento segun la reivindicacién 10 caracterizado porque los
rellenos de poros sc eligen entre coloide de hidréxido coloide de carbonato alcalino
¥/0 colode de carbonato

13 - Procedimiento segun la revindicacién 10, caracterizado porque los
rcllenos de poros se cligen entre precipitados de hidroaidos. precipitados de
carbonatos alcalmos y/o precipitados de carbonatos

14 - Una membrana compuesta de metal paladio o alcacion de paladio en
dos capas obtenible segun cualquiera de las reivindicaciones 2 a 13

I5 - Una mcmbrana compuesia segun la rewvindicacién | o 14 o un
proccdimiento de preparaciébn segun cuslquiera dc las reivindicaciones 2 a 13,
caraclcrizada/o porque el soportc de sustralo poroso se ehge entrc uno de los
siguicnics materiales porosos accro inoxidable poroso, niquel poroso, vidrio poroso

o matenal cerdmico poroso

3]
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SUM
La prescnte invencion se refierc a una membrana compuesta de metal paladio
© una membrana compuesta dec aleacién de paladio cn donde escnuialmente |
mcmbrana de metal paladio 0 membrana de alcacién de paladio csta presente
sustancialmente sobre la superficie cxterior del soporte de sustrato poroso, con poca
© nula presencia en los canales de poros del soporte, y a un procedimiento para su
preparacion El procedimiento comprende las ctapas de tratar ¢l sustrato poroso con

un rellenc de poros antes de revestirlo con una solucién de paladio para formar la

membrana compuesta.

33
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1. Tmmnmmmummummmmum lon of the Inemationd Bearching
E Authority have been established and ara tranemitied herewith. opin
Fiing of ssnerximents and statemant under Article 18:
The applicant s entitiad, f he $0 wishes, o amand the claims of the Intemational Application (see Frie 46):
When? The time fimit for filing such amendmenis is normally 2 montha from the date of ransmitial of the
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[C] te prowest wgether with the decision thereon has been banamitiad to the Intemational Bureau wmu
mrsmnmumummmmummnum

no decision has been made yet on the proest; the applicant will be nolifiad a9 soon as & dacialon s made.

4. Raminders

Shorlly afler the expiration of 18 months irom the priorty date, the intemationsl tion witl be published by the
w«dh'mddm mdn;m;mmu;:mh%mumwmm
umu&mmdumu prpamtions for inlemational publication. ’

Tha applicant brmit s informai basis on the written opinkn of the intsmat onal Bearching Authority to the
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mmMmmmmmthbhhmmmmthMb
the public but not before the expiration of 30 months from the priority date.

Within 19 montha from the priority daie, mwhmdmmmammumm
examination muat be flad If the appiicant wishes 10 postpons the antry inio the national phase untl 30 monthe fram the prioy
dats {in soms Offices sven later); M-.hmn.ﬂMDmmuuhwmb , pariorm the prescrbed
acts for antry Inio the national phase befom those

|nmp-adcmmomhmmdam (or beiwr) wil apply even ¥ no damand ts fled within 16
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Gulde, Volume i, National Chaplers and the WiFO intamel site
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Thess Noles are inlended to give the baalb ineiructions scrseming the lling of amendments undur articls 10. The
Nobtes sre basad an the requirements of the Patent Cooperaiion Trealy, the Reguistions and the Adninistraiive instructions
under that Trealy. in case of diserepancy betwoen these Noles and those requiremenis, the laller are spplicebls. For more
detalied information, see also the PCT Applosnt's Guids, a publication of WIPO,

in thaaa Nolss, "Article”, “Fuie®, and "Baclion” refer lo heprovisions of the PCT, the PCT Reguistions and the PCT
Adsminisirative instructions respeatively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, afler having recsived the inlemnalionsl ssarch report, ane oppartunily fo amend the claims of the
iﬁndmdqiﬂm liﬂﬂhﬂ.ﬂthﬂﬂ“lﬂ.hdnﬁdhmﬂlmm
deacription and may be amended during the inlemational preliminary sxamination procechure, there s
no nead to e amendmanis of the alsims undsr Article 16 exepl when, 9.9. hqh-lullllhllﬁhh
for tha purposse of provisional protssiion or has ancther reason oy amending the alaims before inlemalional
Furthermar, & should be amphasizad thel provisional protestion is avallshie in some States only.

What parts of the intervations] applicalion mey be arseruled?
Under Asticle 18, only the olaims may be amended.
During the inlemational phase, the daims may siso be amendad (or Anther amaendind) under Asticle 34 before

tha inlamational E The and be smended under
“ :l-iliuy nnii'mly i-ﬁl drawings may only

Upen eniry into the nalional phass, sl parte of the Inlemalional application may be amended under Artisle 28
o, where applicable, Arlidle 41,

Whan? MZMMhﬁdehMMMHIBMMhM
ﬁb,mtmlll-ﬂ-* & should be noled, however, thet the amencimenis will be conalderad
besn recsived on time if they sre recsived by the Inlsmational Bureau afier the sxpirsiion of the
mm,ﬁmmumu-muuwmummm

The amandmants may anly ba fied with the intemational Buresu and not with the mosiving Offios or the
Imﬁdmmmu

Where a demaid for intemslionsl preliminery axaminelisn has heeniin fiad, ses below.,

How? (Eihvar by sansaliing one or mere endire ulsima, by adkding one ar more new alaime or by amending the et of
ans or more of the cleime as fled.

A mepiscemant sheat must be submilied for sach shest of the slaims which, on acomunl of an amendmant or
amendments, differs from the sheal originally lied.

Al the cizims sppesring on a replacement shest must be numbsred in Arabis rumarals. Whare & alaim s
ouroelled, no remanbering of the other claimw is required. in all casss whare claimn &re renumbered, they must
be renumbered comeseulively {Adminisiralive instnations, Beation 205(b)).

The smendments mast be mede in the language in which the intsmational appiication ks i be publishes.

Whai docussants mustissy acoompany tho amendments ?
Latier (Saciion 200(0)):
The ameicimenis must be submitied with & lelier.

The lstier will not be published with the intemationsl appliestion and the amarxded alsine. & should nat be
sonhaed with the “Statement urder Artisls 19(1)" (ses bulow, undsr “Stadement ur der Arliols 19(1)")-

'I'I-H--ﬂhhﬁnﬂblhwﬂual.wm:h nhm.'.u.;mdh
hm.n-lﬂ'lllﬂh.l aal

P
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ialler must indinale the differencss bebwean the dlaims es filed and the elsima ss emanded. & must, in
particular, indicals, in connestion with sach elalm sppeaning in the iIntemational applastion (i being underslood
identioal indicalions concaming several claims may be grouped), whether

the claim is unchanged;

the dlaim s cancelled;

the clsim s new;

the clsim repiaces one or more slsima s Hed;

the claim is the resull of the division of a claim = led.

TTEE

e Bustrate the in which armendments must be inthe
m-ﬂh Sirsher (ncplained

1. [Where originally there wers 48 alaims and alter amendment of soms daima thare are 51):
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2. [Whamn originally here were 15 slaims and afier amendmant of ol olaime there are 11):
"Claims 1 o 15 replaced by smended ealms 1 to 11.*

3. [(Whem eriginally thare ware 14 olakwe and the amendments soreist in eenesling seme alaime and by adding
now slabm):
"Clarm 1 Ilt.-liﬂwﬂu'lb 13 cancelied; new slaima 18, 18 and 17 sdded " or
"Claima 7 io 13 cancelied; new slaims 15, 18 and 17 added; all other clsims unshenged.”

4. [Where verious kinds of amencimends are made})
“Claims 1-10 unchanged; clalvs 11 io 13, 18 and 19 sanesliad; claims 14, 15 and 16 replsced by amended
clalm 14; olsim 17 subdivided Info amendad elsime 15, 16 and 17; new claims 20 snd 21 added *

“Btatevsant under sriiols 10{1)" (Rule 40.4)

The smendmenis be sscompanied stsisment explsining the amsndments and indiasing impact
u%-igﬁ:mmﬁnwdhwunmuMm:aum:’u

The stslement will be publishad with the inlsmalionsl applicstion end the amended clalme.
i muet be In the longuage in whish ths intermaiiensl appplioaiion Is io be pakiiahed.
R must be briel, not exoseding 500 words ¥ in English or ¥ trarmslaied into English.
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o lad and as ssvendec. R must be fSiad an @ seperaie shast arcd nust be idenified as sush by & heading,
pelarshly by using the words "Statement undar Artisle 10(1)."

Rt nel eorisin sy deparaging sommerts on the inlernalional ssarch rport or the relsvance of clations
in thet report. Asfersnos is clitalions, relevent is a given slaim, condained In the ntemalional semrch
rpet may be masde anly in eorswolion with an amandment of thal slaim.

Canssguenss If & dasarw! for international prellsinary examinstion has siresdy been flad

i, at the time of amendmants under Article 19, a damand for intemnations| preliminary sxsmination
has sireacdy been thw appiicant must prelarsbly, st the sams time of §ing the smendments with the
intemalional Burseu, siso fis a copy of such amendments with the intlemational Praliminery Exsmining
Authorlly (see Ruls 82.2(a), first sentencs). T

Conseguencs with regard to transislion of the internalional mﬁmmmunup-u

The alieriion ls drawn lo the et thal, where inlo the national » & translalion
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INTERNATIONAL SEARCH REPORT

(PCT Articie 18 and Rules 43 and 44)

Appiicant's or agente fie reference FOR FURTHER see Form PCTNSAZ20

BP 10227 ACTION as wal as, where appiicable, (18m & balow.
Intemational appication NO. intemational fiing dete {daymonthyear) {Eariest) Priority Date (Gayimontivyesr)
PCT/GB2005/000041 07/01/2005 09/01/2004
Appiicant

BP P.L.C.

This intemational Search Raport coneists of a total of 5 shoets.
[X] e aieo accompanied by s cony of sach prior ant document citad in this report.

This Intemational Seerch Reporl has been prepared by this Intemnational Searching Authority and is tmnamitied to the applicant
according o Ariicie 18. A copy s being tranamitted to the International Bureau.

1. Baals of the report
&. With regard io the

4. With regard 0 the title,

5. With regard ©0 the sbeiraot,

6. With regand 1o the drewings,

the intemational ssasch was carviad out on the basis of ths Inlsmational epplication In the

language in which it wae fled, uniess ctherwise indicated under this ltem.

2. [[] Corteinclaims were found unsearchabls (See Box Ii).

3. [] unityof invention ls lacking (see Box ).

[X] the textin approved as submitied by the eppilcant
[C]  the wxt has been established by this Authorlty 10 read as follows:

[[] thewextis approved as submitied by the applicant.

the fext has been esiabiished, acoording to Rule 38.2(b), by this Authorl R appears in Box No. IV. The applicant
E muy.wllhommunhllomhombummadhﬁlh-l&.;mLMRMMhﬂlm.

[[] The memationsl march was caried aut on the basis of  fransiation of the Intemational application fumished to
this Authority {Rule 23.1(b)).

b. [[] With regard 1 any nucieotide andior smino acid sequencs disciosed in the ir temationad pplication, see Box No. |,

a. thefigue of the drawings to be putiished with the sbevactla Figwe No. __ 1.
[X] assuggesind by me spplicant.
[] s seiected by this Authortty, bacauss the applicant taled 1 suggest a figure.
[C]  ossstected by this Authority, because this igure bettar characterizes the invention.

b. [[] none of the figures ia 1o be published with tive abstract.

Form PCT/IGA/210 (firet sheet) (January 2004)
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inta nadional application No.

PCT/GB2005/000041
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Box No.IV  Text of the sbstract (Continuation of item & of the first shest)

membrane.

The present invention relates to a metal palladium compouite membrane or an
alloy palladium composite wmembrane in which essentially thes metal palladium
membrans or alloy palladium membrane exists substantially on the ocuter surface
of the porous substrate support, with little or no pressance in the pore
channels of the support,and to a process for its preparation.

The process comprises the steps of treating the porous substrate with a pore
filler before plating it with a palladium solution to form the composite

Form PCTASA/210 {continualion of first sheet (3)) (January 2004)
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B. RELDS SEARCHED
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Documantsiion sesrched othar than minimum documentsiion 1o the extant thal such documents am includad in the lokis saarched
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Elsctronic daia base consulied during the inlamalional sasrch (nama of dala bese and, whete prciical, search i1 Usad)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

- mp.rup&ummw filing diade but
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X PATENT ABSTRACTS OF JAPAN 1-3,5,
vol. 017, no. 205 (C-1051), 9-11,15,
22 April 1993 (1993-04-22) 16
& JP 04 349926 A (MITSUBISHI HEAYY IND
LTD), 4 December 1992 (1992-12-04)
abstract
X PATENT ABSTRACTS OF JAPAN 1,2,15,
vol. 1998, no. 06, 16
30 April 1998 (1998-04-30)
& JP 10 028850 A (TOYOTA MOTOR CORP;
TOYODA GOSEI CO LTD),
3 February 1998 (1998-02-03)
abstract
X EP 1 180 392 A (OMG AG) 1-3,7-9,
20 February 2002 (2002-02-20) 15,16
claims
iy -
[:] Furthr documanss are lsted in the continuation of box C. EE] Patent tarlly rmvbeés sre Satad in snnex.
* Spacisl categories of chad doclimants - "T* et document published ofar the Inlamational Ming date
"A" cocumeni duing the genera stae of T a1 W i 1 ::Hﬂﬁ===§ﬁ=::==ﬂﬂﬂﬂ;}ﬁiﬁi:::
13;:=::;um “"“1::”&?"‘"1:”: VNS 55 Srventive Siap wihan e Gocurant & tae aione
s o s e ot apacy V" ot of it relmancn: B ceived boeeton
*Cr documani elerring 1o an oral disciowure, use. eichiblion or docummant s combined with one or mom other such dotu—
other maans mants, such combiration being cbvicum io 8 person shilled

Duia of the actual compietion of the iternational search

NL - 2280 HV Rijewiik
Tol (+31-70) 3402040, Tx. 31 851 eponi,
Fax (+31-70) 340-2018

17 March 2005 29/03/2005
Name and maling addmes of e ISA Authorteed officer
Eurcpasn Pelent Office, P.B. 5818 Pulentiaan 2

Bogaerts, M

Famn PCTASA/INO (sseenx] shast) (lermary 2004)
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Categury * | Chimiion of documant, with indication, whare appropriate, of the relsvant pessagos Ralovant to ciaim No,

X EP 1 342 500 A (SUMITOMO ELECTRIC 1-3,5,6,
INDUSTRIES) 10 September 2003 (2003-09-10) 9,15,16
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] INTEHNATIONAL SEAHCHING AUTHOHITY
PCT
WRITTEN OPINION OF THE
see form PCTASA220 INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)
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see form PCTASAR20 B TR ACTION

intemationsl appcation No. Imemetionat fliing date (caynonthyser) Priority date (dayinanthjear)

PCTGB200500004 1 07.01.2005 06.01.2004

B01D7102, BO1D5322, C01B350

international Patent Classification (IPC) or botin national cessification and IPC

Applicant
BP P.L.C.

K BoxNo.|  Basks of the opinion

B BoxNo.ll  Priority

O Box No.

0 BoxNo.IV Lack of unly of invention
B BoxNeo.V

O BoxNo.V!  Certain documents ched

written opinion of the Intermational P

will not be so considered.

whichever expires laisr.
For further options, see Form PCTASAZ20.

1.  Thia opinion contains indications relating to the following tems:

Non-establilshment of opinlon with regard to novelty, inventive stap and Industrial applicablilty

Reasoned statement under Rule 43bis.1{n){l) with regard to nowalty, inventive stap or industrial
appBcabllity; citations and explanations supporting such statement

B BoxNo. Vil Coertain defacts In the international application
& Box No. Vit Cerinin obssrvations on the international application

if a demand for Intemational pnllmlmrr examination s mads, this opinion will usually be considersd to be a
reliminary Examining Mthorlty ("IPEA"). Howover, this does not apply whera

the applicant chooses an Authority other than this one to be the IPEA and the choaen IPEA has notifed the
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: 'WRITTEN OPINION OF THE Intemational application No.
* INTERNATIONAL SEARCHING AUTHORITY PCTA3B2005000041

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of the interational application in
the language in which it was filed, uniess otherwise indicated under this item.

O This opinion has been established on the basis of a translation from the original language into the following
langu , which is the language of a translation fumished for the purposes of intermnational search
(under Rules 12.3 and 23.1(b)).

2. With regard to any nucleotide and/or amino acld sequence disciosed In the intemational application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:

O asequence listing
[0 table(s) related to the sequence listing
b. format of material:
{0 in written format
0O in computer readable form
c. time of flingfumishing:
O contained in the International application as filed.
O filed together with the intemnational application in computer readabile form.
O fumished subsequently to this Authority for the purposes of search.

3. [ in addition, in the case that more than one version or copy of a sequence listing andbr table relating thereto
copiea i entcal T That i the eppication as 10 of oes not 0o Deyor 1he Spplicaion 25 1480, 28
appropriate, were furnished.

4. Additional comments:

Form PCTASA/237 (Januwry 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/GB2005000041

Box No.V Reasoned statement under Rule 43bis.1(a)l) with uganltonovolty inventive step or
industrial applicsbiiity; cliations snd explanstions supporting such statement

1. Statement
Novelty (N) Yes: Claims 4,12-14
No: Claims 1-3,5-11,15,16
Inventive step (IS) Yes: Claims
No: Claims 1-18
Industrial applicabiiity (1A) Yes: Claims 1-16
No: Claims

2. Citations and explanations
00 separate shoet

Box No. VIl Certain delects in the international application
The following defects in the form or conients of the intemational application have been noted:
800 separate shoet

Box No. VIl Certaln observations on the international application

The following obeervations on the clarily of the claims, description, and drawings or on the quastion whether the
claims are fully supported by the description, are made:

see separate shest

Form PCTASA/237 (January 2004)
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. WRITTEN PINION OF THE International apptication No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2005/000041
Heltem V:

Reference is made to the following documents:
D1: JP-A-4349926 (Patent Abstracts of Japan)
D2: JP-A-10028850 (Patent Abstracts of Japan)
D3: EP-A-1180391

D4: EP-A-1342500

D5: EP-A-1362630

The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of independent ciaims 1,2 and 15 is not new in the sense of Article 33(2)
PCT.

- Documents D1-D5 disclose two layer metal Pd or Pd-alloy composite membranes
consisting of a porous substrate and a Pd or Pd-alloy membrana where the Pd
substantially exists on the outer surface of the porous substrate support with little or no
presence in the pore channeis of the substrate.

D1-D5 evenly disclose processes for the preparation of the membranes comprising the
essential steps of preparing the porous substrate, treating the porous substrate with a pore
filler, plating the support with a Pd solution and subjecting the membrane to a post-
processing (see the relevant passages as indicated in the interriational search report).

D1-D5 (one or more of these documents) also disclose the features as claimed in
dependent claims 3,5-11 and 16. The subject-matter of claims 3 and 5-11 is not new in the
sense of Article 33(2) PCT.

Dependent claims 4,12-14 do not contain any features which, in combination with the fea-
tures of any claim to which they refer, meet the requirements of the PCT in respect of
inventive step, the reasons being as follows:

No additional problem appears to have been solved by the additional technical features.
The present application does not meet the criteria of Article 33(1) PCT, ‘because the
subject-matter of claims 4,12-14 does not involve an inventive step in the sense of Article
33(3) PCT.

Form PCT/SA/237 (Separate Shewt) (Shest 1) (EPO-January 2004)
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WRITTEN PINION OF THE Imemational application No.
INTERNATIONAL SEARCHING

AUTH RITY (SEPARATE SHEET) PCT/GB2005/000041

Ra ltem VIE

Present claim 13 does not make sense: the subject-matter of claim 13 is in fact part of
claim 12. '

Be ltem VHE

The category of present claim 16 is not clear: it relates to a product gr a process (Article 6
PCT).

Form PCT/IBAZ3T (Separate Sheef) (Shest 2) (EPO-January 2004)
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Patent Abstracts of Japan 6’)
PUBLICATION NUMBER : 04349926

PUBLICATION DATE ;. O4-12-92

APPLICATION DATE :  28-05-91

APPLICATION NUMBER : 03126105

APPLICANT : MITSUBISHI HEAVY IND LTD;

INVENTOR : TAKEUCHI YOSHIYUKI;

INT.CL. : B0OID 7102 CO1B /56

TITLE : HYDROGEN GAS SEPARATION MEMBRANE

ABSTRACT : PURPOSE: To obtain a separation membrane having high hydrogen gas separating
capachty by supporting a silica gel, an alumina gel or a gilica/alumina gel In the pores of an
inorg. porous body and forming a membrane containing palladium o the surfaces of the

gel layers of sakd pores.

CONSTITUTION: An inorg. porous body such as porous ceramics, porous glass porous
potiery or a metallic perforated fllter body is immersed In a sliica gel, an alumina gel ora
silica’alumina gel to support the gel In the pores of the porous body. Next, the inorg.
porous body having the sliica gel or the ke supported thereon is dried and fired at
predetermined temp. Subseqguently, this firad body s subjected to surface activating
treatment and an electroless piating method, a vacuum vapor depisition method, an lon
plating method or a gassous phase chemical reacting method is adapted to the fired body
to form a palladium membrane to the surface of the fired body to cbtain a hydrogen has
separation membrane. When a hydrogen-coniaining gaseous mixure is brought into
contact with one surface of the obtained hydrogen gas ssparation membrane, the
separation membrane permits only hydrogen to selectively transiit and pure hydrogen
flows out from the other surface of the separation membrane.

. COPYRIGHT: (C)1992,JP08.Japio

BNBDOOID: <P ____A0S340028A_AJ >



EUROPEAN PATENT OFFICE

Patent Abstracts of Japan

PUBLICATION NUMBER : 10028850
PUBLICATION DATE : 03-02-98

APPLICATION DATE ¢ 120786
APPLICATION NUMBER 1 08203238

APPLICANT :

INVENTOR :

INT.CL.

TITLE

ABSTRACT :

BNBDOCI: <P

TOYODA GOSEI CO LTD;
KOTAKI MASAHIRO;
BO1D 7102 BO1D 5322 CO1B ¥/50

HYDROGEN SEPARATION
STRUCTURE

PROBLEM TO BE SOLVED: To prevent the generation of cracks in a8 membrane and the
peeling of the membrane even in an atmosphere of a wide temperature range by forming
the first layer to be laminated on a backing with a specified material having the coefficiant
of thesmal expansion between those of the backing and the secord layer and the second
layer to bury the hole In the surface of the first layer.

SOLUTION: A hydrogen separation structure 10 is equipped with a backing 12, the first
layer 14, and the second layer 16 and formed by laminating these. The backing 12 is
composed of porous giass and porous ceramic. The sacond kayer 16 Is made from Pd
aloy or Pd alloy and formed to bury the hole In the surface of the first layer 14. The first
layer 14 Is made from a material in which an Inorganic material is mixed with the metal
powder of Ti, Cr, Mo or an alloy of T1, Cr, or Mo, or an oxide such as SiOz, AlOq, and
ZrO» In the conditions of (1)~(3) as given beliow and formed to bury par of the hole In the
eurface of the backing 12. Adhesion to a material which has (1) the coefficient of thermal
expansion batween those of the backing 12 and the second layer 16 and (2) a property
not to generate hydrogen emixittiement and (3) forms the backing 12 ari the second
layer 16 is maintalned.

COPYRIGHT: (C)1998,JPO

S1C020BI0A_AL >
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(57) Die Erfindung betriit eine getrigarte Metall-
membran, welche eine Motaimembman auf alner Tri-
gerflicha eines porisen Membrantriigers enthilt. Die
getrigerte Metallmembran Ist dadurch erhiltiich, daB
die Matalimembran auf die Trigerfiiche des Membman-
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Getriigerie Metallmembran, Verfahron zu lhrer Herstellung und Verwendung

trigers aulgebracht wird, wobel die Poren des Mem-
branréigers vor dam Aufbringen der Metalimaembran zu-
mindest im Bareich der TrAgerfidcha durch eine Hilfs-
substanz verschiossen sind und erst nach dem Autbrin-
gen der Metallmembran durch Enffemen der Hilfasub-
etanz gadffnet warden.

Figur 1

Poirind by Jowva, 75001 PAFSD (FF}
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Baschrelbung

[0001] Die Erfindung betrift aine gatrigerte Metall-
meambran, weicha eine Metalimembran auf einem pord-
sen Mambrantriger enthil, sowle sin Verfahren zu Ih-
rer Harstallung und thre Verwendung. Geirligerts Me-
talimembranen dieser Art warden f{r die Trennunp von
Gasgemischen singesatzt, Insbesondere fiir die Abtren-
nung von Wassarstolf aus einem Reformatgea zur Ver-
sorgung von Brennstofizaien mit dem ndtigen Brenn-

one.
[0002] Fir deson Zweck werden gawBhnlich Paliadl-
um- oder Palladiumiegierungemembranen auf porlisen
oder nichi porbsen Trigem sbenso singesetzt wie kom-
pakte Palladhan- oder Paladiumieglerungsmembm-
nen. Als nicht porBse Triger werden unter anderem Fo-
lien aus {Or Wassersioff durchilaaigen Matallen verwen-
det. Die Permeationsfhigkeit der Mambranen fiir Was-
sorslofl siaigt mh dar Tomperatur an. Die lypischen Be-
trisbatemperaturen logen deshalb zwiachen 300 und
800 *C.

[©00G3] T. S. Maosea und RA. G. Dye [Proc.-Natl. Hydro-
gen Assoc. Annu. U.8. Hydrogen Mast., Bth {1097),
357-385] und T. 8. Moss, N. M. Peachey, R. C. Snow
und R. C, Dye [inL. J. Hydrogen Energy 23(2), (1998),
90-108 IBSN; 0380-3108] baschreben dis Harstellung
und Verwendung einar Membran, die durch beldusitiges
Aufbringsn von Pd oder PdAg durch Kathodenzarstiiu-
bung suf eina Folle aus einam Meiall der 5. Nebangrup-
pe erhalen wird. Dia Dicken der bekiseltig auigabrach-
ten Schichtan kbnnen varllert werden, so daB ein asym-
meirischas Bautall entsteht (zum Balsplel: 0,1pm Pd /
40um V70,5 um Pd). Permeationsversucha belegen of-
ne wanzigmal hdhere Wassersioffpemmeation im Ver-
gleich 2u sobwitragenden Pd-Membransn. Entspre-
chend eignet sich die beschriabane Marmbran flir den
Elnaatz In einem PEM-Brennainfizellen-Syaten ansiel-
le der herkbmmiichen katalytischen Gaarsinigungsstu-
fen (Wassergasshifi-Reakilon und priferentielle Ondda-
tion von CO).

[oo0d] Die GB 1 262 025 beachrelbt die Verwsndung
von Elsen, Vanadium, Tantal, Nicksl, Niob oder Legle-
rungen davon als nicht pordas Triger flr ¢ine unzusam-
menhiingende, bazishungaweise porSee, Palladiumy-
leglarunge)-schicht. Dis Palladiumachiciit wird durch
Druck-, Sprith- oder gaivanische Verfahren In einer Dik-
ke von etwa 0,8 mm auf den Triger mit einer Dicke von
12,7 mm aufgebracht. AnschlleBend wird die Dicke das
80 erzeugten Verbundes durch Rollen auf 0,04 bis 0,01
mm verminden.

{000S] GemdB DE 197 38 513 C1 lassen aich durch
abwechsainde, galvankscho Abscheidung von Palladl-
um und einem Laglerungemetal aus der 8. oder 1. Ne-
bengnuppe des Periodensystemas der Elements auf of-
nem hicht ndher spazifizierton metallischen Triger be-
sonders diinne Wassenioffirennmambranan (Schicht-
dicken kialner 20 um) hersteflen. Zur UberfGhrung der
altemierandan Schichten in eine homogene Laglerung

kann an dis galvanische Abachaidung elne gesignote
Tempemhurbshandking angaschiossen warden.
[0008] Als pordas Triger flr Paladium{-legierungs)-
Membranen kommen sowohi metallische als auch ke-
mamische Matsrialsn in Frage. Debal kann gemi8 der
JP 05078810 (WPIDE 1983-140842) Paladium bel-
aplelsweise durch Plasmaspriitwerfahren auf einen po-
rdsan Triger autgebracht werden.

[0007] Nach Y. Lin, Q. Lea und M. Ral [Catal. Today
44 (1968) 343-340 und Int. J. of Hydrogen Energy 25
(2000) 211-219] kann eine defeidfrele Palladummem-
bran (Schichidicke 20-26um) auf einem rohrfdrmigen
Triger aus porSeem Edelatahl 316L in einem stromio-
ssnh Baschichtungsveriahren hergesteill und als Bautell
in einem Dampireformisrungarealdor integriert wardan.
Bel Arbaltstampearaturen von 300 bis 400 *C wird ein

gereinigies Reformat mit 85 Vol.-% H, erhaiten. Der op-
timeaie Arbelistampersiurbereich st allercings streng
begrenzt, da unterhab von 300 *C sina durch den Was-
semnatoff badingte Verspridung der Palladiummambran
einsstzt, withrend abarhalb von 400 bis 450 *C Legle-
rungsbeatandtelie des Edalstahitrigers in die Palad-
umachicit difundiersn und zu siner Verschiechterung
der Permeationselgenachaften flthren.

[0008] Bevorzugt werden stromiose Basahichtunge-
verfahren fir die Beschichtung keramniecher Triiger ver-
wendet. 8o wird von E. Kicuchi {Catal. Today 58 (2000)
§7-101] dia CVD-Beachichiung siner asyrmmaetrischen,
pordsan Xeramik mi Palladium baachriaben, die in ol
nem Mathan-Dempireformiarungasreaktor zur Abtren-
nung des Wassersioffs aus dem Reformat eingesetzt
wird. Die minimale Schichtdicks beiriigt 4,5 pm. Bal
dinneren Schichisn kann die Gaadichthelt der Schicht
nicht mahr gewdhrielstst werden. Neben der CVD-Be-
schichtung mit reinam Pd lat auch die Baschichtung mit
Palladiumnieglarungan mbgich, wobel die Laglarung mit
Sliber sine Verspridung der Palladiummembran varhin-
dert und die WasssretofTpermaablikitt erhdhi.

[0006] Nsben msinen Wassersiofftrennmembranaen
wevrden fir die Anwendungen in Brannatoffzellensyats-
men auch immer wiadar Membranan beschrisben, die
zusitziich zur Wasserstoffrennachicht (Palladium) mit
einer reakiiven Schicht versshen aind. 5o kann der po-
riae Triger einer Pailadium(-leglerungs)-membran bel-
spletsweaise auf der Seite, de nicht mi Pd beschichtot
ist, mit einem Varbrennungekatalysator barzogen wer-
den. Die bei der Verbrennung an der reaktivan Selte frel-
gosetzts Wime dient dann gleichzekig dem Erhalt der
Betriebstermnperatur der Wasserstofftrennmermbran (EP
00241&2 A1). Ein soiches Boutedl kann dann hintar o}
nem Reformer In den Raformierprozess Integrien oder
direkt in den Reformer eingebaut werden (EP 0824181
Al, EP 0824183 At).

o010} Darlber hinaus sind nicht nur Palladkammenm-
branen zur Wassermtoffabtennung im Brennstoffzellen-
bereich einsetzbar. Die EP 0845174 A1 steilt aln Xon-
zept zur Varwandung universell aufgebauter Schicht-
mambranen vor, dia sowohi feinporiee, abtrennsalekt-
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ve Kunsisioffo und/oder mehrere Keramikachichten
und/oder Schichten aus einem abtrennselektiven Metal
(vorzugawelse aus der 4., 5. oder B. Nebengruppe) ant-
halten kbnnen, wobel diese Schichten auf einen pord-
sen Triager (Gias, Keramlk, Metallachaum, Kohle oder
porbsar Kunstsiofl) auigabmacht sind.

[0011] Zel der Eniwickiung von Metalimembranen fr
die Abtrennung von Wasserstoll aus Gasgemischen lst
as, hohe Permeationsraten fir Wasserstofl 2u erhallen.
Hierzu muss die Metalimambran so dilnn wis moghch
ausgebRdet werden, ohne daB dabel Undichtigkeen in
Form von Lichem auftreten. Soiche Membranen sind
nur noch in getriiganter Form zu verarbetten. Demit der
Membrantriiger die Permeation von Wasseratofl 8o ga-
ring wie mdglich beeinfiusat, muss er eine hohe Porosk
tit aufweisen. Daher basteht bel den bekannten Her-
steliverfahren flr gatragerte Membranen die Schwierlg-
kett, eine defaktfrele Membran auf einem pordsen Tri-
ger sbzuschelden. Hierbel relen 2wel Probleme aul.
Zum elnen kinnen die beschriebenen Verfahren zur Ab-
scheidung von zum Belepial Palladksm oder einer Pal-
ladiumiegierung erst ab einer bastimmten Bchichidicke
eine relativ defekifrele Membranachicht garantiersn.
Diesa minimale Schichidicke legt bel otwa 4 bia 6 um.
Zum anderen bedingen die verwendeten Beschich-
tungstechnken zur Auftragung der Membranschichi aul
die porSsen Membrantriiger, daB die mitleran Poren-
durchmeusar des Membrantriigers einen beatimmten
Waert nicht Gberschraiten dilrfen, da es sonst unmégiich
wilre, zusammenhingenda und defekiirele Beschich-
tungen aufrubringen. Die PorengréBe der belannien
Meambranirigemmateralien, wie porSse Keramiken odar
porise Metalltriger, liegen daher unterhalb yon 0,1 um.
Dies hat zur Foige, daB der Strdmungswideratand des
Gases durch die Poren nicht in alnem wiinachenswerte
MaBe verringent wertien kann.

[0012]} Die WO B8/04558 beschreibt ein eleidroche-
misches Vetfahren zur Herstellung einer porenfrelen,
von einem porlsan Metalikbrper gestiitzten Membran
auf der Basia von Palladium. Geman dem Verfahren
wird elne porenfrele Paladium(-sliber)-membrman auf el-
nem porBsen, metallischen Triiger dadurch erzeugt,
daB eine Metalleglerungaiolie (vorzugsweire Messing)
einsehig galvanisch mit Palladium oder Palladiumy/SIl-
ber beschichiet wird (Dicke der Palladiumsachicht: ca.
11um), Die Poraaitst das Tragers wird nachiriiglich durch
Herausldaen der unedien Komponents aus der Mes-
aingfolie ervaugt. Das HerausiGsen erfoigt elakiroche-
misch, wobel in einem zykilschen Verfahren zunfichat
beide Trigerkomponenten in LBsung gabracht werdan,
elch jedoch die edlere Komponente direkt wieder auf der
Palladiumschicht abscheldat {(elektrochemische Umkri-
stailisation). Dia weniger adie Komponents dar fofien-
fdrmigen Leglerung geht dabel prakittech quantitatlv in
Lisung, so daB ein porbaer Metallkdrper, vorzugswelse
aln poriser Kupferkirpar, ais Triger flr de Paliaduny
Stber-Membran rurlickblalbt.

[0013] Das Verfahren gamaB der WO 85/04558 hat

15

den Nachtell, daB dia als Trigar disnende Messinglolie
praitisch komplett aufpeiat und durch elektrochemi-
sche Umkristallisation wieder neu aulgebsut werden
muas. Dadurch wird der Verbund zwiachen der Palladl-
umachicht und der Tragerfolla zerstiit. Die mechani-
sche Festigkek der umkristalll:larten Folle st gering und
ihre Poroaititt undefinlert.

[0014] Aufgabe der voriieganden Erfindung st es, el
no getrigerta Metalimembran Nir die Wasserstoffab-
trennung aus Gasgemischan anzugeben, die nach el
nem ainfachen und kostengil 1stigen Verfahren harge-
stelk werden kann. Eln weiterer Gegenatand der Erfin-
dung &ind getrigerts Metaiimembranen, deren Mem-
brantriiger elne bisher nicht rualslerbare, hohe Porosi-
1iit (mitiiere PorengriBe und Poranvolumen) aulwelsan.
Welterhin sind Metaliverbundmembranen Gegenatand

_der vorflegenden Erfindung, tel denen die mittiare Po-

rengriBe der Membrantriger groBer Ist ala die Dicke
dar Melalimembran.

[0018] Diese Aufgabe wird iurch eine getrigerta Me-
talimembran geldst, weiche aine Metalimembran auf el-
ner Trigerfliche aines porSeen Membrantrigers ent-
hik. Die getrigerte Metaimembran ist dadurch erhit-
ch, daB die Metalimembran auf die Trigorfidcha des
Membrantrigers aufgebrachi wird, wobel die Poren des
Mombmantrigars vor dam Aufbringsn der Metallmem-
bran zumindest im Bereich der Trigerfiche durch ¢ine
Hissubstanz verachicasen sind und erst nach dem Auf-
bringen der Meiaiimambran durch Entfemen der Hilfa-
substanz gedifnet werden.

[0016] Im Rahmen der vorliegenden Erfindung wird
Zwischan der Trigerfliche tes Membrantrigers und
selnen Kontaktfiichen unters=hiaden. Die Trigerfiiche
umfaBt die gesamte fir die Beschichtung mit der Me-
talimembran zur Verfligung stehende Oberfliche des
Membranirigers, das heiBt sowoh! dle Fiiche der mit
der Hilfssubslanz verschlossanen Poran, welche sle in
der Ebene der Trigerfiiche sufwelsen, ais auch dle di-
rekien Kontakifidchen des Mumbrantrigers mit der Me-
talimemibran nach Entfoernen der Hilfasubstanz,

[0017] Die erfindungsgemiéBe Metalimembmn (st
zum Beleplel dadurch erhiiltlich, daB ein porser Mem-
brantriiger ausgewéthit wird, dessen Poren vor dem Aut-
bringen der Metalmembran antweder volistindig oder
nur im Bereich der vorgesehenen Triagerache mit siner
Hilfssubstanz verschiossen wardan. Der Membrantra-
ger bastehl bevorzugt aus el1em porsen Metal, siner
Metalleglerung, einem Sintermetall, einem Sintarsiahl,
sinem Glas oder elner Keramnlk. Die Poren dieser Ma-
terialion werden vor dem Aufbringen der Metalimem-
bran zum Balsplel durch &in chamiach leicht ibabares
Metall, oin Salz, Graphit, elr. Polymar oder aina hoch-
molekulare, organische Verbindung verschioasan.
[0018] Vor dem Aufbringen dar Metallmambran amp-
fleht s sich die Triigerfidizhe des Membrantrigers
curch gesigneta MaBnahmen, wia zum Balgpial Schiel-
fan und Polleran, zu glatien und inasbesondere die apa-
teren Konakififichen 2zur Metalimambran frelzutegen

6‘0%\
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und ru rainigen. Die dadurch arzeugts hohe Obarfla-
chenquafitdt Gbertrigt sich auf dis aufrubringande Me-
talimembran und bielbt auch nach Entfemnen der Hills-
subsianz erhalien. so dai die fertige, getrigerte Meatall-
membran elne sehr ebane Strukiur mit pleichmiBiger
Schichtdicke aufweist.

[0019] Die Hifssubstanz kann aus den Poren des
Membrantrigers abhinglg von den Eiganschafien der
Subsianz und dea Membrantrigens auf verscidedens
Walse antfernt werden, wie zum Belsplel durch Aus-
schimelzen, Ausbrennen, Aulidsan, chemisches Her-
ausiisen und elgidrochemiaches Herausidaen,

[0020] Als Verfahren zum Aufbringen der Metalimam-
bran auf den Membrantriger signenaich die eleitroche-
mische Abscheidung, PVD- oder CVD-Verfahren. Von
den PVD-Verfahron st die Kathodenzerstiubung be-
sanders fr die Abscheidung der Metalimembran geelg-
net, da mit diesem Verlahren in der Regel sahr dichte
Schichian mit getinger Poroaltil, das heiBL hoher Pak-
kungsdichte, erzeugt werden knnen.

[0021] Die soeben beschrighene Hamtellung sinerer-
findungegemiBan, getrigerten Metaltnambran umfatt
also dis foiganden Verfahrensschritte:

) FOllen der Poren des porSsen Membsantrigers
mit der Hilfssubatanz,

b) Giltten und Rehigen def Trigerfiiche,

c) Auftuingen dar Matalimembran suf die Trigerfii-
che und

d) Entfemen der Hifasubstanz aus den Poren dea

Membrantrigers.

[0022] Eine welere Mdgiichkek zur Herstellung der
petrigerten Msiaimambran besteint darin, daB ein zu-
nichst nicht porser Membrantriiger ausgewhi wird,
der eine potentiefie Poroskit aufwalst. Hlarmit soll aus-
pedricid werden, daB der Membraniriger sina inhamo-
gene Struktur aufwelst, wobel die spiiteren Poren durch
aine Hikssubstanz gefilit sind, dio erst nach dem Auf-
bringan dar Matalimembran auf die dalir vorgesshene
Tragerfilche dea Membrantyiigars entfamt wird,

[0023] in einfacher Welse it sich das dadurch rea-
lisleren, daB der Membraniriiger aus einer mehvphas)-
gen, eutsitischan Leglerung beateht und die Hitesub-
stanz durch die in Phasandomiinen angedrdnete uned-
lere (sicidronegativers) Phase gabldet wird, dis nach
Aufbringen des Metalimembran unier Blidung der Poren
slaktrochemisch herausgeidst wird. Besonders eignet
slch hieifir de autektische Laglerung AgCu, die sus o}
ner Cu-reichen und siner Ag-reichen Leplarungsphase
bestsht. Dia Cu-reiche Phase st elekironegativer und
kann selekdlv aurt eleirochemischen Wege aus dem
Membrantriiger unter Ausblidung der gewlnachien Po-
roaitiit herausgeidat werden. Die Ag-reiche Phase blalat
dabel nahazu unberlhrt Wihrend gemdB der WO
86/04558 der Membrantiriger vollstindg aufgaldat und
umgebaut wird, bislit gemiB der vorllegenden Erfin-
dung ein starres Gerllst aus der Ag-reichen Leglerungs-
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phasa arhalten - mik entsprechend poaltiven Auswirain-
gen auf dis Stablitét des Membrantrigere.

[0024] Bevorzugtbetrigt der Kupfergehall der eutek-
tiachan Leglerung zwischen 20 und 80 Gew.-%, bazo-
gan auf das Gesamtpewicht der Leglerung. Durch ge-
eignete Warmehehandiung des Trigars bel 400 bls 750
*C vor ader nach dem Aufbringen der Metalimembran
iann seine GefOgestrukiur und damit seine spitere Po-
rositht in vortelihafier Welsa beeinflubt werden.
[©028] Dis Herstalkmg ainer erfinckmgagamiBen, ge-
trigerten Mstalmembran unter Veiwendung eines
Membrantrigers aus einer eutektischen Leglanmg um-
faBt aiso de foiganden Verfahrensschritte:

a) Reinigen der Trigerfidcha dee Membrantrigers,
b) Aufbringen der Metalimembran auf die Trilgerfil-
che,

¢) Behandein des Varbundes aus Metalimsmbran
und Membmntriger bel Tempergiuren zwiachan
300 und T00°C und

d) elektrochemiaches HarausiBsen der unediaren

Phase des Membrantriigen.

[0038] Bevorzugt wird dis erfindungegamiiBe, getri-
gerts Matalinembran als Gestrennemambran fir die
Wassarstoffabirennung aus Gasgemischen aingasstxt.
in dissern Fall wird die Metalmembran bovorzugt aus
Palladlum oder aus einer Palladhanisgierung herge-
atell, belaploizwelss aun PdAg23, PdCu40 oder PdY10.
[(©027] Firde Varwendung ais Gestrennmembran ist
eine gorings Dicke der Metaimembran gefordert, um e}
ne mdgliichat hohe Paimneablitit fOr das gewlnschts
Gas zu gewillhrialsten. Gastrannmembranen aus Palia-
dum oder Palladiumiegierungsn mR siner Dicks von
mahr ala 20 um sind f0r die Abtrennung von Wasserstolf
aus Gasgemischen wegen der hohen Edeimetaliosten
und der garingan Permeationsielstung ni noch von ge-
ringem Irterease. Mambmnen mit alner Dicke von we-
niger als 0.3 um kinmen vermehit Defeide aufwslssn.
AuBerdem steigt bel cdiessn geringen Dicken auch dis
Permeabilitiit fiir unarwiinachts Gase, Auf Grund beider
Effekie sinit die Trennlelstung der Membran bel Mem-
brandicken unterhalb von 0,3 um auf nicht mehr tole-
nerbars Wene, Bavorzugt welst die Metaiimembran
deshelb aine Dicks zwischen 0.3 und 5, bevorzugh zwi-
achen 0,5 und 3 um auf.

[0028] Der porise, metaliache Membrantriiger dient
zur Stitzung der dinnen Metaimembran, wobel der
Membrantriger die Parmeationstihigkalt der Metall-
membran miglichet wenig gagentber siner gleichdik-
ken, freitragenden Metalimembmn verechlachtemn aoll-
te. Andersraeits ist eine gewhae Mindesidicke des
Membrantrigers erforderiich, um die notwendige me-
chaniache Stablitit der getrigerten Membran zu ge-
wihrieisten. Die Dicle dee Membrantrigers soilte da-
her weniger als 100 ym bstragen und 20 pm nicht un-
terschreitan. Bavorzugt werdsn Dickan daa Mambran-

trigers zwischen 50 und 20 pm angestrabt.
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[0028] Bal der Anwendung der getrAgerien Metall
meambran als Gastrennmembran HKir Weasarsioff enthal-
tende Gasgemische kommt es infolge der stark schwan-
kenden Betriebsbedingungen zu zeltlich varilerenden
Volumen- und Dimenslonainderungen der Membran
durch die Binlagerung und Frelsetzung von Wassersiolf
und durch Temperaturwecheel. Die Dimenslonsénde-
rungen der Metafimembran sollien dabel in etwa deraal-
ben GrBenordnung wie die der Membrantriiger legen,
Bezogen auf temperaturbedingte Volumen- und Dimen-
sibna&nderungen halBt dies, daB bevorzugt Metaliver-
bundsystemne (Metaimembran auf einem metalischen
Mambrantriiger) eingesetzt werden, da hier die thermni-
achen Ausdshnungskoefiizientan der Verbundmateria-
llen gegenilber hetercgenen Metall-Keramik-Verbund-
systomen (Metalmembran auf einem keramiaschen
Membrantriger) geringere Unterschiede auiweisen.
{fou30] Von dencben erwahnten Membranmatariallen
PdAg23, PdCu40 oder PdY 10 weist PdAg23 wesentiich
stirkere Dimensalons- und Volumendnderningen bel der
Whassaratoffainiagerung auf als PdCu40. Fiir dls Was-
sanstoffrenigung wird daher bevorzugt eina Metalimem-
bran aus PdCu40 auf einem Membraniriger aus AgCu
varwondet.

[0031] Haufig lst o8 von Vortoll, die Metalimembran
mehrechichtlg aufzubauen, In diesem Fall ist es mbg-
lich, die emte, direkt auf dem Membrantriger llegende
Schicht als Diffusionsbarriers auszubliden. Die Diffusl-
onsbarriare soll inabasanders bal mataiischan Mem-
brantrAgem verhindem, daB beim Betrieb der petriger-
ten Metalimembran keina VerAndarung der Leglarungs-
zusammensetzung der Metallmembran durch Diffusion
von Leglerungsbastandtelien In die Membran hinsin
oder aus der Membran heraus erfoigl. Bne demartige
Verindarung der Legierungszusammenssizung kann
die Permeationafihigkalt der Metalimembran erheblich
beainflussen. Als Difusionsbarriere eignen sich keraml-
sche Oxide wie zum Belspiel Aluminiumoxid, Titand|-
oxid und Ceroxid. Altamatlv zu oxidischen Diffuslons-
barrieren kdnnen auch Schichien aus Meiallen wie Va-
nadium, Tenial odar Niob eingasetzt warden, die eine
pute Pemneabliitiii fiir Wasserstolt aufwelssn. Die Dicke
dieser Schichtan soikte im Falle der Oxkie nicht gréBar
als 0,56 ym und im Falle der Metalle nicht gréBer aia 2
pm sein. Bavorzupt Ist in beiden Falien die Dicke der
Schichten nicht groBer als 0,1 pm.

[0032] B« Elndatz der gelrigerien Metalimembran
zur Reinigung von Reformaigas kann es zweckmifig
asin, die getrigerte Metafimambran mit einern Kataly-
aator zu kombinleren. Zu diesem Zwack kann auf den
porisen Membrantriger auf der der Metalimembran ab-
gewandien Solta eine katalytiasch wirksamo Baschich-
tung aufgebracht worden. Alternatlv dazu kann anstelle
der ketalytischen Beschichtung such eine funktionelle
Schicht zum Gettemn von Verunreinigungen und 8chad-
stoflen aufgebracht werden.

[0033] ODie erfindungagemife, petrigerts Metal-
mambran wird bevorzugt fir die Abtrennung von Was-
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serstoff aus Gasgemischen, insbasonders aua Refor-
maigasen, eingeseizt. Die Effindung erlaubt die Her-
stellung von getriigerien Meatniimembranen. die Mem-
brantriger mit bisher nichi realislerbarer, hohar Porosl-
tit (miitlare PorengriBe und Parenvolumen) aufweisen.
Bel Dicken der Gastrennmermbran van 0,3 bis 5, bevor-
Zugt von 0.5 bis 3 wn, waist der Membmantriger eine
mitliare PorengrBe griBer ala 0,5 und Keiner als 10
pm auf. Emtmalig wird hier alio eine getrigerte Metall-
membran baschrieben, bel der die mittere PorengrdBe
das Membraniragen griBer iet als die Dicke der Matall-
mambran. Sie welst daher hervorragende Wasaeratofl-
permeationsielstungen auf.

[0G34] In der Regsl wird die getriigarte Metalimem-
bran In Form ebener Follen varwendet. Die Metakmem-
bran kann jedoch auch in Form verachiedensastiger, geo-
matrischer Strulduren hergastelit werden, die zuaiitziich
den Vonel haben, daB lhre mechanische Stabllitit we-
senllich besser Isl ala dia einar abenen Membran glel-
cher Wandstirke. Insbesonclere kann die getriigerte
Metallmembran auch in Form diinner Rhrehen herge-
stellk werdan.

[0035] Die Erfindung wird en Hand der Figuren 1 bie
6 und an Hand der folganden Belaplole niher erliutert.

Es 2oigen:
Figur1: Idealsierter Querschnitt durch eine erfin-
dungegemiiBe, getrigerts Metalimambran
vor dam Enffarnan der Hifssubstanz aus
den Poren des Membrantirgers

ur2: Ideallslerter Quemschniit durch eine erfin-
dungegemiBe, getrigerta Metalimembran
nach dem Entfamen der Hifssubsianz aus
dan Poren des Membrantirgers

Idealisierter Quarschnilt durch eine eifin-
dungagemiBe, getrigerte Metalimembran
mit einer Difusknebamiers zwischen Me-
takmembran und Membantriger

idealislerter Querachnlit durch eine erfin-
dungagemiiBe, getriigerts Metalimembran
mit einer Diffusionsbamiere rwischen Me-
talimembran und Membrantriger und mit
ainer katalytischan Beschichtung des Mem-
brantrigers auf cer der Metalmembran ab-
gaewandien Seite des Membrantriigera

Querschliff durch eine erfindungsgamiiBe,
getrigerte PdAg-Membran auf ainem Mem-
brantriiger aus AgCu

Pordse Trigerstruktur eines Membrantri-
gers aua einer 3utektischen AgCu-Lagle-
rung nach Herauslaan der kupfemeichen
Phase,

Fgur 4:

)

6X



0 EP 1180 302 At

foo36] Flgur1 zeigt eine idealislerie Darstelung sines
Quemchnitis durch eine erfindungegemiiBe, getriigerte
Metalimambran vor dem Herausidsen der Hittesubsianz
aus den Poren des Membrantriigers., (1) bazeichnet die
Moetaliverbundmembran, das heibt den Verbund aus
Metalimembran (2) und Membrantrager (3). Die Ober-
fliche das Membranirigers an der Grenzfiiche zwi-
schen Meatalimembran und Membrantriiger ist die Tra-
gerfiiche (4). Sle setzt sich aus verachledansan Flichen-
antellen zusammen, nimiich aus Amelan (7), de vom
Membrantrigennatarial (5) und Antelien (8), die von
den mit der Hifssubsianz verschlossaenen Poren (8) in
der Ebena dar Trilgetfiiche geblidet werden, Die Fli-
chenantsile (8) sind die achon zuvor als Kontakifiichen
bezeichneten Flichen des Membrantripers.

[0037] Figur2 zeigt die Verhiltnisse von Figur 1 nach
Herausidaen deor Hifasubstans.

[0038] Wihnend des Batriebs der Membran als Gast-
rennmembran bei der Reinigung von Wassseraloll kann
68 2u einer Diffusion des Materials des Membrantrigers
In dis Metalimembman (2) kommean und Zu einer uner-
wiinachtan Verringsrung der Parmeabilitiit der Metall-
meambran filr Wassemnstoff f3hren. Zur Vermindanmg die-
sar Difusion kann 2wischen der Matalimarmbran (2) und
daemn Mambrantriiger (3) sine diffusionshemmends Bar-
riere (6) aingeflg! werden. Figur 3 zeigt eine soiche An-
ordnung. Geeignete Matarialien f0r die Diffusionsbarrie-
e sind dia schon oben genannten ksrarmischen Cxide
wia zum Balsplal Aluminiumoxid, Titandlaxid und Car-
oxid und Schichten aus den Metalien Vanadiurn, Tantal
oder Nigb.

[0039] Fgur 4 zeigt eine AustBhnmgsform der erfin-
dungsgemiBan Metaliverbundmembran, bel der der
Membraniriger auf dar der Metalimembran abgewand-
tan Fliche mit siner Funktionsachicht (10) beachichiet
iat. Hierbal kann es sich um eine katalytische Schicht
Zur CO Konvertiarung (Wassargas Shift), Oxidation von
Kohienmonoxid oder um eine Schwelelspezies (z.B.
Schwolshwassarstofl) absorblerende Schicht handain.

Belaplel 1:

[U040] Auf 50 pm dicksn Follen aus AgCu28 wurden
durch gaivanische Abacheidung diinne Pd-Schichten
mit Schichtdickan van 0,5, 1 und 2 um hargestelit.
[0041] Nach ainer Warmebehandiung der beschich-
isten Follen unter Schutzgas (Argon) bel 800 *C iiir dle
Dauer von 30 min wurde die Cu-reiche Phase aus dem
AgCu28-Legierungsmatarial der Membrantiniger her-
ausgelidet. Das Harsualieen srfcigte ancdiach In einem
schwefelsauren Elekirolytsn mk 10%-iger Schwelsl
aflure im potentiostatinchen Batrieb bel 40 *C und kon-
stant 230 mV Badspannung innarhab von 20 Stunden.
Dadurch wurde eine offene Porenstruktur in der Mem-
brantriigerfolle erzeugt. .

[(0042] Mstallographlsche Untersuchungen und Aul-
nahmen mit einem Rastersiakimnanmikroakeop Obar
dan Querschnitt der fertiggastsiiten, getriigertan Metall-
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membmn raigien fest haftends, dichts Pd-Membranen

auf einer porésen AgCu-Trigamchicht mit durchgehen-
der Porositit und einer PorengrdBe von 1 ble Sum.

Belsplel

[0043) Au! gine Folie aus AQCu28 wurde durch Ka-
thodenzenstubung von elnem PdAg23-Target eine 2
pm dicke PdAg23-Schicht auigebrachi.

{0044] Nach siner Wimebshandiung der beschich-
toten Folle unter Bchutzgas (Argon) bel 800°C fiir die
Dauer von 30 min wurde die Cu-reiche Phese aus dem
AgCu28-|aglarungsmatorial des Membraniriigars her-
susgeibst. Das Herausibsen erfoigte anodinch In sinam
schwelelsauren Elskirolyten mit 10%-iger Schwelel-
siurg im potentiostaiiachen Betrieb bel 40 *C und kon-
atant 230 mV Badspannung innerhalb von 20 Sturdien.
Dadurch wurde eine offene Porenstruidur in der Mam-
branirigeriolls erzeugl.

{0048] Figur 5 zeigt dia resterelsidronanmikroskopi-
ache Auinahme sinss Querschilifa durch die a0 herge-
stelits Metaliverbundmembran nach HomusiBsen der
kupfemreichen Phase aus dem Membraniriger, Es st
doutiich dis grobporige Strukiur des Membrantrigem
erimnnbar. Dis mittiere GriBe der Poren ist griBer als
die Dicke der Metalmembran. Die Metalimembran walst
eine Ebenhait auf, die nicht ermeichbar gewessn wilre,
wann sl aut einan schon mit Poren versshenen Mam-
brantriger aufgabmcht worden wiira. Der mittiera Po-
rendurchrésser nimmt mit zunehmender Entfarmung
von der Metalimembran zu und ist an der der Metall-
membran abgewandien Oberflichs des Membrantri-
gora am griBien. Diese Gradientenstruktur lst badingt
durch die aben beschriabene Ast des anodischen Her-

ausiBesns der kuplerreichen Phass des Trilger.
Belspiei 3:

[004€] Es wurde aus einer wakoren Mambrantriiger-
folle aus AgCu28 wie In den Belsplolen 1 und 2 die kup-
farreiche Phase aus der Folle herausgeldat. Die Mem-
brantriigerfolie wurda vor dem HarausiSeen der kupler-
reichen Phase siner anderen Warmebehandhing als In
den Belapisten 1 und 2 unterworfen, um den Einflus der
Wirmesbehandiung aut die Ausblicdung der Porensins-
tur zu untarsuchan.

[0047] Figur 8 zelgi sinen Querschill durch die so be-
handeita Mambrantriigerfolle. Der mittere Porendurch-
maaser der erzeugten Porenstruidur wesantiich Kisiner
als in Figur 5 und macht deutlich, daB die Porasitit und
die Porenstrukiur des Membrantrigere durch die Art der
Hersteflung des eutektischen Meombrenirigers aus
AgCu29-Legierung beoinflufk werdsn kann. Grundsiitr-
Nich ist {0r dia entstshende PorengriBe entacheidend,
wie dis Abkilhbecingungen bei der Herslellung der
AgCu28 Leglsrung girwdihit werden, wie die tharmome-
chaniache Behandiung, das heifit 2.B. das Ausvaizen
erfoigt, und wie lange dis thermische Nachbshandiung



L EP 1 180 382 A1

dauert. Eine achnelia Abkiihlung bel der Herstellung von
AgCu28 badingt eine geringe PhasengriBe und damk
letztlich einen kieinen Porendurchmesaer im Membran-
triger; eine ldngere themische Nachbehandlung der
Folle nach der thermomechaniachen Verformung fGhrt
zu einer Rekristalisation und damit zu einer Vergribe-
rung der Phasendomanen, was letztlich zu einem grd-
Beren Porendurchmessar {(wie In Balsplal 2) im Mem-
brantriger fllhit. Auch durch geringfilgige Varlation in
der Gesamizusammansetzung des aus verschiadenen
Phasen (Ag-reich oder Cu-reich) bestehendan AgCu28
kann die Phasengrde und damit die apatere Porengrd-
Pe beeinfiufit warden. Diese Verfahren sind aber nicht
Gegenstand dieser Patentschrift.

[0048] Wenn auch in den vorsishenden Belispielen
nur Membrantriger aus einer eutektiachen AgQCu28-Le-
glerung eingesetzt wurden. o lst die Herstallung der er-
findungsgemdéiBen Membran nicht auf soiche Membran-
triger baschriinki. Wie schon vorsishend beschrieben,
kinnen auch porise Membrantriger eingesetrt wer-
den, deren Poren vor dem Aufbringen der Metalimem-
bran mR einer Hillsaubstanz verschioseen und eret da-
nach wieder durch Herausidaen der Hilfssubsianz ge-
8ftnet werdan,

Patentanspriiche

1. Gainigarie Matalimambran enthaltend aine Metall-
membran auf elner Trigerfiiche eines porisen
Membrantriigem,
dadurch erhiiitiich,
daB dia Metalimembran auf die Trigerfiiche dea
Membrantrigers aufgebracht wird, wobel die Poren
des Membrantrigers vor dem Autbringen der Me-
talimembran zumindast im Bereich der Thigertia-
che durch eine Hitfssubstanz verschicssen sind
und erst nach dem Aulbringen der Metalimembran
durch Entfemnen der Hilfasubstanz gaifinet werden.

2. GetrAgerte Metalimembran nach Anspruch 1,

dadurch gekennzeichnet,

daB der Membrantriger aus ainam porbsen Metall,
einer Matalleglerung, einem Sintermetall, einem
Sinteratahl, elnem Gilas oder einer Keramik gefer-
tigt st und die Hifsaubatanz ein chemisch leichti6s-
bares Metall, ein Sulz, Graphh, ein Polymer oder
aine hachmolekulare, organische Verbindung Ist

3. Getriigerts Metalimembran nach Anapruch 1,

dadurch gekennzeichnet,

daB dor Triger aus einer melvphasigen, outekil
schen Leglerung besteht und die Hilfsaubstanz
durch dis In Phasendomiinen angeordnets unedie-
re (elaktronegativera) Phase geblidet wird, die nach
Aufbringen der Metalmembran unter Bildung der
Poren elektrochamisch hamusgaiat wird,

Aamm—l VR

o %
4. Getrigeria Metnlimembran nach Anapruch 3,
dadurch geksnnzeichnel,
daB der Triger aus der sulektischen Leglerung Ag-
Cu besteht und dis Porositiit durch elekirocheml-

sches Herauslisen der Cu-reichen Phase geblidet
wird.

5. Gatrigere Metalimembran nach elnem dar hervor-
pehenden Ansprilcha,
dadurch geksnnasichnet,
daB dle Metalmembran durch elekirochemische
Abscheldung, durch PYD- oder CVD-Verfahren awl-
gebracht wird

6. Gatrigerta Metalimembrein nach Anspruch 5,
dadurch gekannzeichnat,
dab die aufgebrachte Metalimembran aua Pallad!-
um oder einer Palladkaniagianing besteht.

7. Getriigerte Matalimembran nach Anapruch 8,
dadurch gekennzeichnet,
daB die Metalmembran PdAg23, PdCu40 oder
PdY10 enthiii.

8. Getriigerie Metalimambran nach Anspruch 1,
dadurch gekennzeichnot,
daB die Metallmembran eine Dicke von weniger als
5, vorzugaewsisa von 2 bls 0,3 pm, aufwelst.

9. Gatrigerta Metaimembmn nach Anapruch B,
dadurch gekennzeichnat,
dusa die mittiere PorengrBe des Membrantrigers
groBer als 0,5 und ideiner als 10 um let.

10. Getrigenis Metalimembran nach Anspruch 8,
dadurch gekennzaichmat,
dass die mittiere PorengrBe dos Membrantrigers
groBer iat als die Dicke der Metalimembran.

11. Gatrigerte Matalimembran nach Anspruch 1,

dadurch geksnnzsichnet,

caB die Matalimambran als mehmechichtige Mem-

bren ausgefGhrt lst.

Getrigene Metalimembran nach Anapruch 11,
dadurch gekennzeichnat,

daB 2wischen Metalimernbran und Membrantri ger
eino als Diffualonsbarrie ' wirksnde Schicht ange-
ordnet st

12.

13. Getrfigerts Metalimambran nach Anspruch 1,
dadurch gekennzsichnet,

daB ke als Folle oder R3hrchen ausgefiihn let
14. Getriigerie Metalimembian nach Anspruch 1,
dadurch gekenmaeichnet,

daB der Membrantriigar In Form einas par8sen Wa-
benkémpens vorilegt
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15. Geiriigerte Metalimembran nach Anspruch 1,
dadurch gekennxsichnet,
daB auf den porBeen Membrantriger auf der der
Menlmembran abgewandian Salte eine keialy-
tiach wirimame Beachichtung aufgebmcht ist.

18. Getriigarts Metalimarrbran nach Anspruch 1,
dadurch gekennasichnet,
caB aul den porBsen Membraniriger auf der der
Metalmambran abpowandien Selte eine funkiio-
nells Schicht zum Gettern von Verunrelnigungen

und Schadatoffen aufgebrachi ist.

17. Verwendung esiner getrigertsn Metafmembran

nach sinem der vorhergehenden Anapriiche zur
Abtrennung von Wassarstof aus Gasgamischen.

18. Verfahren zur Heratsllung siner gatrigertan Metad!-
membran nach Anspruch 2,
dadurch gekennzeichnet,
daB das Varfahran dis foigenden Schritte umfaBt:

a) Fillen der Poren des porsen Membrantri-
gers mk der Hilfssubstanz,

b) Giliiten und Raeinigen der Triigerfidche,

©) Aulbringen der Metalimambran auf dia Tri-
gerfiiche und

d) Enffemen der Hillsaubsinanz aus den Poren
des Membmnirigars.

16. Verfahren zur Heratslung einer getrigerien Metall-
membran nach Anspruch 3,
dadurch gokennzeichnet,
daB das Verfahren die folgenden Schritte umfaBt:

a) Reinigen der Trigerfiiche das Membrantra-
gers,

b) Autbringen der Metalimembran auf die Tri-
perfiche,

c) Behandein dea Verbundas aus Metalimem-
bran und Membraniriger bel Temperaturen
wdschen 300 un 700°C und

d) elekirochamisches Heraualieon dar unedie-

ren Phasa des Membrantrigers.
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FIG.1

HYDROGEN-PERMEABLE STRUCTURE AND METHOD FOR PREPARATION THEREOF

dissolution at a preacribed lemperature amaller than
that of paladium alone. The hydrogen permaable film
{2) s fomad on the surface of the base material (1) in-
cluding the parous ceramic b7 a phyaical vapor daposi-
tion technique.
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Deseription
Technical Flald

[0001] The present invenilon generaly relates toa hy-
drogen permaable siructure and a method of manufac-
turing the same, and more particulasly, io a hydrogen
permasble structure in which a hydrogen parmeabiefilm
Is formed on a porous bass material and a method of
manuiacturing the same.

Background Art-

[0002] Hydrogen gas is used as a fual for a fuel cel
and the ke, and is manulactured by e.g. 8 method of
transioming gaseous fuel. For insiance, accomiing to
the method of transforming gasecus fugl, water vapor
Is reformed to produca hydrogen gas, the reformed gas
including, in addilon 10 hydrogen as a principal compo-
nem, carbon monoxide. earbon dioxide and the Hke as
aub components. If the reformed gas is used as & Is for
a fusl cell, the call s dewriorated in performance. Thus,
thers Is a need for removing sub components, i.e. com-
pononts ather than ydrogan, to-rofine tha reformed gas
In order to obtain hydrogen gas with high purlly, One of
refining mathoda s to ulllize a characteristic of the hy-
drogen pemeable firn that selactively allows only hy-
drogen io pasa therethrough. For uas, tha hydmgen per-
maable flim s formed on a porouw support or bass ma-
terlal.

[0003] For Instence, Japanese Patent Laying-Open
No. 11-2687477 has proposed a hydrogen permeable
struciure In which a hydrogen permeabie flim such as a
Pd film, Nb thm or the ike having a thickness of approx-
imately 0.1 to 20 pm Is formed by an ion piating tach-
nique on the surface of a porous support made of stain-
less ateel or cararnic such as alumina and silicon nitride.
[0004] Monsover, Japanese Patent Laying-Open No.
11-288785 has proposad a hyxirogen parmeable struc-
ture In which Pd metal and metal to be alloyed with Pd
are altomately layerad on the surface of a porous sup-
portby an clectrolass plating tachnique or the lon plating
technique, which ia subsaqguently subjected lo 8 haating
process, to form a Pd alloy fiim &s a hydrogen pamesa-

bie film.
[0008] Furthermore, Japansss Patent Laying-Open

No. 4-348828 has proposed a hydrogen gas separation
fiirry In which sfiica gel having an average pore diameter
of 10 to 30A, shimina gel having an average pore diam-
eter of 15 to S0A or siica-alumina gel having an average
pore diameter of 10 to 20A s formed n pores of an in-
organic porous body having pore diameters In the range
between 10 and 10000A, and a thin flim containing pal-
ladium le formed on the surface thereof as a hyxirogen
permeabla flim.

[0008] Japanase Patent Laying-Open No. 10-28850
has proposad a hydrogen saparation structura inciuding
a base matesial made of porbus ceramic or poroua

10

« [0007] Jopanese Patent Laying-Open

ginea, R first inyer tayerad on the base material, and
second layer layered on the (et layer and made of Pd
ora Pd alloy as a hydropen permsable fitm, the firat iayer
being formad of a material having a thermal expanaion
cogfficient within the range between thet of the base ma-
terial and that of the second layer. The first ayer relleves
stresa appled batween the basa material and the sec-
ond layer when the hydrogen separation structure Is ax-
poséd to an aimosphers with large temperaiure varia-
tion, to prevent the second laywr from pesting off trom
the base malerial,

No.

11-287477, Japaness Paient Laying-Open No.
11286785, or Japanese Paient Laying-Open No.
4-349826 disclosas s atructure in which a hydrogen per-
meable f1km la formad on the surface of & porous sup-
port, which has suffered from peeling of the hydrogen
permeable fim when the hydrogan pennaeabls etructure
s uaed in the almosphare of various condilions, pre-
senting & problem In durabliity.

{0008] To prevent the hydrogen permeable fim trom
peoiing off, ths hydrogen separation struciure dieciosed
in Jepaness Patent Laying-Open No. 10-28850 has em-
ployad a layer, formad of a material having a thermal
sxpanalon coefficient within the range bstwean that of
a porous base material and that of a hydrogen pame-
able fim, interposad between the porous base material
and the hydrogan parmaabis fim.

[0008] By marely rellaving tha diffarence In the thar-
mal expanaion coalficients betwean the porous base
material and the hydrogen permesble fiim, however, &
was difficul io effectively pravent pealing of the hydro-
gen permeable fim.

[0010) An objact of the present invention is, tharelore,
o provide a hydrogen permeable siructure that can
more effectively prevent peeling of a hydrogen perme-
able fiim and thereby having increased durabliily, anda
meathod of manufacturing the sama.

Disclosure of the Invention

[0011] The pressnt Inventors have examined various
posable causes of peeling of a hydropan parmeable
fim, and found that the primary causae of the peeling s
the compreasive siress occurring al lattice expanalon ot
mataliic crystal associsted with hydrogen disaolution,
rather than the difference in ihermal expansion coefll-
clents betwesn a porous base material and the hydro-
gen parmesble fim, and that auch pesing can be pre-
ventad by forming a hydrogen parmeable film with a
emall amount of hydrogen dissolution.

[0012] Basad on such findinge, a hydrogan parmea-
ble structure according to one aspect of the present in-
vention includes & buse material Including porous ce-
mmic and a hydrogen permeabie fiim formad on the
base material, inciuding pafiadium (Pd) and at loast one
elemnant other than paliadhmm, and having an amount of
hytdrogen dissolution at a prescribed tamnperature small-
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ar than that of pailadium alona.

[0013] Here, the amaunt of hydragen dissolution (%
by weight) ia dafined as a value measured according to
the method describad In the EXPERIMENTAL section
of "Solubliity of Hydrogen In Palladium-Siiver Alloys” In
Rusalan Joumal of Physical Chemistry 47(1) published
In 1973, and ls based on a vaiuve maasured using a bulk
sampie with the same compoaltion an the hydrogen per-
meable fim.

{0014] S8ince the hydrogen permeable struciure of the
present invention has a hydrogen parmeable-fiim with
an amount of hydrogen dissolution at a pregcribad tam-
perpiure amaliér than that of palladum elone, the
amount of hydrogen dissolution into the fiim can be re-
duced comparad with the structure in which the conven-
tional hydrogen permeable metal fim of paladium
aione, inthe working tamperature range Including a pre-
scrbed termperatura. Thus, expanalon of the crystal lat-
tice of palladium malul, |.e. expansion of Lhe fim, can
be supprassed. Thevafore, the compression stress of
the fim occuming by I expansion can be reduced,
which can lower the stresa applied on tha inlerface be-
tween the 1im and the base material. This can signifi-
cantly reduce physical deterioration of tha hydrogen
permeable flim such as peeling, crack and the lke, and
can improve durabllily of the hydrogen permaabile struc-
ture.

[0018] Prefarably, In the hydrogen permesabls struc-
ture, the prescribad tamperature s at least 200°C and
&t moat 700*C.

[0016] More prelerably, in the hydrogen parmeabls
structure of the present invention, the at least one ele-
mant other than paliadium that Is included In the hydro-
gan parmeabie flim ls platinum {PY).

[0U17] More preferably, in the hydrogen permeable
siructure of the present invention, the hytrogen perme-
able flim includesa palladium and platinum, the content
of the piatinum being at least 5% by mass and st most
15% by maas. Increase of the content of platinum can
further reduce the amount of hydrogen dissolution Into
the fiim, though i lowern the permeabllity (permeation
apeed) of hydrogen gas. In order ko Improve tha hydra-
gen gas permeabiilly 16 a degree higher than that of the
hydrogen parmaabie structure made of paladium alone
and to enhance durabliity of the hydrogen permeable
atruciure by reducing the amoumt of hydrogen dissolu-
tion Into the fiim, therefore, the content of platinum In
the hydrogen pemmneable flim Including palladium and
platinum ia preferably ast within the range betwean 5 to
15% by measa.

[0018] In the hydrogen pemneable siructure of the
present invention, the porous ceramic farming the base
material s preferably aiicon nitride (Si,N,). Among var-
lous types aof coramic, aliicon nitride Is superior In
strength, fracture toughnesa, abvasion resistance,

chamical resistance and heat reslstance, theraby allow-
Ing further anhancameant In durablity of the hydrogen
permaable atructure of the preessnt invention.

1]

[©018] The porous base murterial has a hole on the
suriace, and a porous oxide leyer formed to fil the hole
Is preferably provided. Thus, the surface of the base ma-
terial la plananized while the hole &t the surface s flled
with the poroua oxide layaer, allowing the hydrogen per-
meable film to be formed on the surface of the base ma-
terial In a closely pacied manner without pin holes, im-
proving permeabliity of the hydrogen permeabla fiim.
Morsover, adhasion batween the surface of the base
material and the hydrogen parmeable film can be en-
hanced, allowing furtherimprovement in durabliRy of the
hydrogen permeable structure. Here, the axide layer
prefarably includes at least one type selected from the
group conalating of aluminum oxide (Al;O), allicon di-
oxide (SI0,) and zirconium ox de (ZrOy), and more pref-
erabty, ia formed of aluminum oxide.

[0a20] In a mathod of manulacturing a hydrogen per-
mesble structure eccording fo ancther aspect of the
pressmit invention, 4 bese malerial Including porous ce-
ramk: la prapared, and a hyirogen permeabls film s
formed on the surface of the bass matsrial, Including
paliadium and at lesst one slement other than paliadium
and having an amount of hydrogen dissolution ut & pre-
scribed temperaturo smaller than that of palladium
alone, by a PVD (Physical Vapor Deposition) method,
[0021] In the manufacturing method of the present in-
vention, the surface of the buse material is preferably
planarized by filting the hole &: Hlemmumapuwl
oxide layer, and thereafter the hydrogen pammaabie fiim
is formned on the surface of the base material,

[0022] Furthermore, In the manufacturing methed of
the presant invention, the hydrogen permaable flim is
preferably formead In the atmnephare with a vacuum of
at most 13.3 Pa (0.1 Torr). Here, the polential difference
of at leaat 400V le preferably epplied batwaen the base
material and a raw material fer vapor deposition to form
the hydrogen permeable film

[0023] As described abovs, sccording to the present
invention, pesfing of a hydragen permeable film and
pirysical deterioration such ea cracks can significantly

be reduced, Improving duratiiity of the hydrogen per-
meable siructure.

Brief Deecription of the Drawings

[oo24)

Fig. 1 shows a schematl: cross section of a hydro-
gen gas separation siructure as an embodiment of
the preaant invention.

Beeat Modaa for Camying Out the Invention

[0025] As shown In Fig. 1, according to an entbodl-
ment of a hydrogen permeabile structure of the present
Invention, a hydrogen pameabie structure s provided
by forming on a porous ceramic base matarial 1 an alloy
fiim containing palladium anc an element other than pal-

5 %
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ladium, a8 a hydrogen parmenbla fim 2. The Alloy film
has an amount of hydrogen dissolution at e.g. 400°C

smalier than that of a metal fim formed of paladiurm
alone.

[0226) Hydmgen dissoltion into paladium metal
causes crystal initice of the palladium metal to expand.
The volume of the palladium matal |a Increasad by 2.6
% 10%m? when one hydrogen ainm exista in the crystal
lsitice of the palladium metal. This value &nd the amount
of hydrogen dissalution inta the palladium metal flim are
used to obtaln an amount of expansion of the palladium
maetal fim, which is much targer than thermal expanaion
of the paliadium meial fiyn tiself whan the hydrogen gas
separation struciure ls usad at e.g. 400°C. Therefore,
in consideration of the combination of the poroua coram-
ic base material and the metal fiim, reduction In hydro-
gen disasiution into the flim, Le., inhbition of expansion
dua 10 hydrogen disaoiution into ihe film, rather than re-
duclion in thermal expansion of the fim liseN, can lower
the stress applied on the interface betwean the base
material and the fim, vastly improving phyaical deteric-
ration such as film peeting and cracks.

[002T] The hydrogen parmesable film may include as
a component any clemants other than paliadium that
has an amount of hydrogen dissolution at a pmacribed
working tempersture amaller than that of a flim formed
of pailadium metal alone. An embodiment is to form the
hydrogen parmasbie fiim by adding platinum to paliedi-
um. For axampie, at the tempersiure of 400°C, the
amount of hydrogen dissolution per 100g of palladium
metal is approximately 15mg for the palladium metal
alone, whereas, for a paliadium-piatinum-basad alloy
comprised of 90% by mass of paliciium and 10% by
mass of platinum, the amount of hydrogen dissolution
per 100g of the atioy ls appraximately Bmg, which Ls low-
er. Morsover, as for hydrogen gas permeabiity, the
amount of hydrogen gas permeation Is 2.8crm®cm®/
min-cm for the paliadium nietal alons, whereas |t ls
2.8cm¥emA/mincm for the palladium-platinum-based
alloy comprised of 90% by masa of palladium and 10%
by vmss of piastinum, showing improvemnent In the hy-
drogen gas permeabiiity. it ls noted that the measure-
ment is parformed undaer the condition that the tamper-
ature is 500°C, the hydrogen pressure on the supplying
glde |s 303.975kPa (3 stmospharic preesure) and the
hydrogan pressui® on the permeation side Is OkPa (0
atrmospheric pressure).

[0028] The hydrogen permeabie fllm may be formed
of a single-layer fiim of an alloy inciuding paliadium and
an slament other than paliadium, or may have a multl
Izyered fiim structure consiituted by a phumilty of fayers
of the alloy above.

[0029] Considering that the hydrogen permeabiily of
the hydrogen permeable film ls inversaly proportional to
the thicknass thereol, the thicknesa of tha hydrogen film
is preferably at most 10pm, and more preferably at most

1pm,
{0030] Moreover, it is preferable to form the hydrogen

permanble fIim on the surfacs of A porous caramic base
materfal that ia planarized n such a manner that holes
at the surface are fliled with aluminurn oxide, slicon di-
cxide, zirconlum oxide or the fike, to reduce pin holes at
the film. More preferably, a porous aluminum axide layer
s formed at & hole portion on the surface of the
planarized base materiel. The surface of the hole portion
that has the area ratio of 30-70% Is covered by the po-
rous aluminum oxide iayer, while ceramic particles are
exposed at the surface of the other portion. The hydro-
gen permeable fim formed on the surface of such a
baee material and the base material are highly adhered
o each cther. This prevants the hydrogen parmeabils
fiim from pegling off from the basa material when the
hydrogen-containing gas s purified, which allows a
cloae structure without pin holes, extremely reducing the
amount of gas ather than hydrogen pasaing through the
hydrogan parmaabie flim. Theretors, hydrogen gas with
high purlly can be obtained.

[0031] Though the hydrogen permaabie tim may be
formed by any fim-forming method, a method of phyai-
cally depositing a film with a vacuum of at moat 13.3Pa
{0.1 Tomr}, auch as an ion plaling techniqus and a spat-
tering techniquo, ls preferably used to form the film.
Here, a potontial difforence of at least 400V s preferebly
applod betwsen the base meterial (or a base material
holder) and a raw material for vapor deposaiion (a tar-
get). The spplication of such a potential difference in-
creasas anargy used when the raw material for vapor
depoalion adheres to the base maleriel, improving ad-
hasion of the fiim to the bass material

[0033] Though there are varous typees of lon plating
tochniques and any type thereo! may be appled to the
presant Invention, In particular, an arc lon piating tech-
dl:.u:(nmdhhmlmphﬂnghdmlquc)hpmnﬂy

[0033] A film including palladium, for exampile, has an
axcellent hydrogen permeabilily as a hydrogen perme-
able film. The hydrogen permeablity on the (100) plane
of the paliadium crystal ls, however, lower than that of
the other crystal pianss. Accordingly, a film including
paliadium Is formed auch that the palladium crystals are
oriented in their {111) planes In omder to abtain hydrogen
permeablity better tha/ that of the film without such ori-
entation. According to the manufacturing method of tha
prasent invention, the fim Including paliadium that s
formed by applying a potentlal diference between the
base material and the raw material for vapor deposition,
paliadium cryatais are oriented In their (111) planes, so
that good hydrogen permeablity can be eitained.

{0034] For the porous caramic usad as & base mats-
rial of the hydrogen permesable structura in the prossnt
invention, differant types bf oxides such as aluminum
oxide or various types of nitides such as sllicon nitride
may be applled, silicon nitride being the most preferable
in tarms of atrength and the llie. The silicon nitride pref-
erably inciudas therain a net-Hke cavity portion whara
columnar B-SLN, crystal particles are intertangled.
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Moreover, tha poraaly of the porous sllicon nifride base
material is preferably in the range batween 30 and 70%,
more preferably In the range betwesn 40 and 50%. Fur-
tharmove, the flexural strength of the porous sliicon ni-
tride base material is preferably in the range between

30 to 450Mpa, and more preferably in the range be-
tween 200 and 450Mpa.

(Exampie 1]

[0038] A porous sliicon nitride sintered body with the
average pore diameter of 0.9um was prepared as a
base material of a hydrogen permeable structure. Par-
ticies of aluminum oxide with the average particie diam-
eter of 0.03um dispersed in water were applied on the
aurface of the base material and fired at & temparature
of 760°C for ona hour. Thua, a hole at the surface of the
base material was flied with a porous aluminum oxide
Inyer to planarize the surface of the base material.
[0038] An arc lon plating device was used as a device
for forming a hydrogen permsabie film on the surface of
the porous sfiicon nitride base malerial processed as da-
scrbad above. An alloy having a composition comprised
of 80% by mass of paliadium and 10% by mass of plat-
inum, i.e. & raw material lor the hydrogen permeable
fim, was set as a target within a chamber In the are lon
plating device, the base material and the target being
apaced by the distance of 300mm. The preesurs in the
chamber In the are jon plating device was sat to 2.68 x
10-9Pa (2 x 10-5Torr) and then the biaa vokage and arc
current were et at -1000V and 80A, mapeciively, In or-
der to provide a potential difference betwean the base
material and the tarpet, and the device was operated for
10 minutss. Thus, a pailadium-platinum alloy flm having
a thickness of 0.3um was formed on the surface of the
base material,

[0037] For the hydrogen parmeable structure manu-
factured as described above, a heat cycla tlest was per-
formed 100 ¢ycles at a temperature between 400°C and
the room tempereture in & hydrogen gas atmoaphere of
101.325kPa (1 atmoapheric pressure). Subsequent to
the test, the film was exarnined for peeling by visual ob-
sarvation and for cracks by electron microecopic obser-
vation, which showed that no physical deterioration of
the fim such as peeling or cracks was observed. I Is
noted that the amount of hydrogen dissolution per 100g
of an alioy having a composition comprised of 80% by
mass of palladium and 10% by mass of platinum was,
when measured by the method described sartier, 8mg.
Moneover, when 202.85kPa (2 atmoapheric pressurs) of
hydrogen gas was supplied while the hydrogen gas on
the parmestion alde was set as 101.325kPa (1 atmoe-
pheric prasaure), the amount of hydrogen gaa parmaea-
tion was 100cam?em2/min at the temperature of 350°C.
[0038] Further, when the hydrogen parmaable atruc-
ture was used to purtly hydrogen-containing gas et the
tampermature of 400°C, the palladium-platinum alloy flim
showed good hydrogen gas permeabliity without peel-

ing off from the base material, allowing hydrogen gas
with high purity to be cbtained.

[Comparative Example 1]

[0039] A hydrogen perneable structure was manu-
factured as in Examplia 1, excapt that metal of palladium
alone for a8 rew malterial of a hydrogen permeable fim
was get a8 a targat within the chamber in the arc lon
plating device. The abtained hydrogen parmeabie struc-
ture was subjected 1o a heat cycle tast under a condition
simiiar to that in Example 1. After ten cycles, the film
was examined for peeling by visual cbearvation and for
cracks by eleciron microscopic obsarvation, which
showed that partiat peeling of the fim was obsarved by
visual observation while cracks were obsarved on the
film by the electron microscopic ohaervation. it s noted
that, for the metal of palladium alone, the amount of hy-
drogen dissolullon per 100g 5/ metal was 156mg. The
amount of hydrogen gas permesation was, when meas-
ured undsr the condition simller to that in Example 1,
50cm?/cm¥/min.

{Comparative Exampia 2]

[0040] A hydrogen parmeable siructure was manu-
factured as in Example 1, except that an alloy having a
composition comprised of 75% by mass of paliadium
and 25% by mana of sliver for a raw material of a hydro-
gen permeable film was sat as a target within the cham-
ber In the arc lon plating device. The obtained hydropen
permeable structure was subjected to a heat cycle-test
under a condition aimilarto that in Exampls 1. The resuit
reveaied that the fiim was entirely peeled after one cycle
of the heat cycle test and completely off the base mate-
rial. It is noted that the amount of hydrogen dissolution
wae 76mg per 100g of the alloy having a composition
comprised of 76% by mass f paladium and 25% by
maas of sliver. Bacausae of the peeling, this sample could
not be measaurad for the amount of hydrogen gas per-
meation.

[Comparative Example 3]

0041] A hydrogen permecbie structure was manu-
factured as In Example 1, excapt that metat of paliedium
slone for a rew mailerial of a hydrogen permesble fim
was sot as a target within tre chamber In the arc lon
piating device. The obtained hydrogen pammaable siruc-
ture was subjacted o a heat :ycle test for 100 cyciaa in
aimoapheric air of 101.325kPa (1 atmospheric pres-
aure) at a temperaiure betwesn 400°C and the room
tamperature. Subsequent to the teat, the film was ex-
amined for peeling by visual obsorvation and for cracka
by electron micreacepic obsevation, which showed that
no physical deterioration of the fiim such aa peeling or
cracka was cbaarvad,

[0042] As described above, comparison between Ex-
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ample 1 and Compamtive Exampilas 1 and 2 shows thmt
thera Is a clear relevance betweean the amount of trydro-
gen dissolution into the hydrogen permeable fim and
durabliity of the hydrogen parmaabie structure, and that
the hydrogen permeable structure in Example 1 accord-
ing to the presant invention is superior in durabiiky.
Moreover, In Comparative Example 3, a haat cycla test
was performed In the aimoapheric alr for tha hydrogen
permaabie structure having a hydrogen permeable fllm
of paliadium meta) alone, the resul of which shows that
hest expansion of the flim has a amall eflect on durabliity
of the hydrogen permeable struchiure, and that k is the
expanaion of the film due o hydrogen dissolution Into
the fim In hydrogen gas atmoaphere that mainly lowers
durability.

[0043] Itshauid be apprecietod that the ambodiments
and exampies disciosed herein are described by way of
lilustration, not by wey of limitation In ait aspects. The
ecope of tha present Invenilon Is definad nol by the em-
bodiments above but by the claima, and is imended to
cover afl modifications and variations within the equiva-
lent maaning and acope of the claima.

industrial Applicabiity

[0044] The hydrogen permesable structure according
to the prasent invention is sulltuble for obtalning hydro-
gen gas with high purity for fual for a fuel cell and the ke,

1. A hydrogen pammeable struciure, comprising:

a base matarial (1) Including porous cerami,
and

& hydrogen pemmeabie fiim (2) inciuding palla-
dium and at least ane alamant other than pal-
laciium, and having an amount of hydrogen dis-
solution at a prescribed temperature smaller
than an amount of hydrogen dissolution of pal-
ladium alona.

2. The hydrogen parmeabls structure according to

claim 1, wharein sald prescribad temperature is at
loast 200°C and at maat 700°C.

3. The hydrogen permeable structure according to
claim 1, wherein the at least one slement other than
paliadium ia platinum.

4. The hydrogen permesblo struoture according to
claim 3, wherein the content of platinum In sald hy-

drogen parmaabis fiim (2) k& at leaat 5% by mass
and at most 15% by mass.

8. The hydmgen parmeabis structure according to
claim 1, wherein aaid ceramic ia sliicon nitride.

€& The hydrogen parmeabls sfructure according to
claim 1, wharain sald base material (1) has a st

face with a hole, and
sald hydrogen permeable structure further

comprises a porous axide iayer formed to Nl in the
hole.

7. The hydrogen permeable structure according to
claim 6, wherein saki oxide layer Includes at loast
one type selacted from a group consisting of alumi-
num axkie, sflicon dicxide and zirconium oxide,

8. The hydrogen parmsable structure according 1o
clafm 7, wherein said oxide layer ls formed of alu-
minum oxide.

8 Amoﬂndo.lmanulmm-hyﬂopnpcmwh
structure, campriaing the staps of:

praparing a basa material (1), on a surface of
aald base matarial, including porous ceramic,
and

forming a hydrogen pammeable film (2) on a sur-
face of sald bass matorial, inciuding palladium
and at least one element other than palladium
and having an amourt of hydrogan dissolution
at a prescrbed tomperature ameller than an
amount of hydmgen dissolsion of palladium
a:ne. by @ physical vapor deposition tach-
nique.

10. The mathod of manufacturing a hydrogen parmea-
ble structura according to claim 8, whereln asurface
of sald base material (1) ls planarized by filing &
hole at the surface of said base matarial (1) with a
porous oxide layer, and thersafter sald hydrogen
pemaabile fim (2) is formed on the surface of saki
bese mamdial (1),

11. The methed of manufacturing a hydrogen permea-
ble structure according to claim 9, wherein sald hy-
dropen parmeable fiim (2) i formed In an aimos-
phere having a vacuum of at moat 13.3Pa.

12. The method of manufacturing a hydrogen parmea-
bie structure according 1o cialm 11, wherein a po-
lential difference of ai ieasi 400V is applied between
sald base material (1) and a rew material for vapor
deposition to form said hydropen parmeabls fEm
@).
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Beachrefbung

[0001] Dis Erfindung betrifit eine Xompoaitmambran mit sinamn flaxibien metafiischen Substrat und einem auf-min-
destans einer Oberfiiche des Subsirais angeomrinaten Schichteystem, wobel das Schichteystem asus elner atarren,
nicht-seibsitragenden, nicii-metallisch anomganiachen Diffusionsspemachicht und mindexatens einer wassarsiofiper-
meablen, nichi-porésen metaliechen Membranachicht gebiidet ist, wobet die Diffusionaspermschicht zwischan dam
Subsirat und der mindeatans sinan Membranachicht angeordnat lst und aus mindestens einer Einzelechicht geblidet
ist. Die Erfindung batriit welterhin ein Varfahran zur Hemstalking siner solchen Kompositmembran,

{0002] Derwitipe Membranen sind belsplelsweise aus der EP 783 919 A1 oder der EP 718 031 A1 bekannt, Hler lst
@ine Kompoaimembran offerbart, die einen Trilger aus wassersioffdurchiisaigem Metel! oder wessarstolfdurchiiasi-
ger Keramik aufweist, wobe! der Trager sowohi flexbel als auch starr sein kann. Der Triiger kann dabel porlis ausge-
blidet aain, wobel ein Gewebe aus Edalstahl verwendst werdan kann. Auf diesem Tritger befindet sich entweder eine
porGes, flaxbie Difusionssperrechicit, dis aus einem nicht gesinterten Material, wia balapleisweise Fiiz, Papler oder
Fasermation bestaht. Welierhin lat offenbart, dass auch elne starre Difusionaspermechicht verwendet warden kann,
wenn die darlber angeordnete wasserstoffpermaable Membranachichi texturiert ausgeflhrt wird. Als Materiallen for
elne stare Difusionssparechicit sind Oxide, Sulfide, Nitrids, Carbida und Stiizide offanbart. Es wird damuf hingewle-
sen, dass disse staren Diffusionsspemrschichten hiufig Risse aufwelsen. Die Gber der Diffuslonssparrechicht ange-
orineto weaserstoffparmaable Membranachicht kst bel Yerwendung einer starren Diffusionsapamachicht teduriert,
withrend cdies bel Veiwendung siner portiesn, lexiblen Diffusionaspermchicht nichl unbedingl esforderfich ial. Die Mem-
branachicht wird aus Metallen der Gruppe VI b oder Vil! b geblidet, wobel hler insbesondere die Mstalle Fe, Mn, NI,
Pd, Pt und Ru genannt sind. Die wassensinfipsrmeabls Membranachicht kann auf der porSasn, flexiblen Diffusions-
spurmchicht belapielswelse durch galvanische Abachelidung geblidet sein. Dis auf der stasren Difusionsapesrachicht
erfordariicha texturierts Membranschicht wird zur Billdung der Komposlimembran als sabstiragendes, verformies Me-
talbloch ausgoblidet.

[0o0a] US 5,993,325 beachreibi sine Komposhmembran mit sinem nichi-porteen, wassersiofipermeablen Metall-
trigor, aul weichemn sine nicht-metaliiache Diffusionsspermchicht angeordnat ist. Ala Materialien fiir die Diffusions-
sperrechicht sind Oxkie, Sulfide, Karbida, Nitride odaer Siiizide offenbart. Als bovorzugts Materiallon werden dabel
Aluminismoxd, Lanthanonid, Molybdiinoxid, Silziumdicxdd, Wolframoxid, Yitiumoxid und Vanadiumnsulfid ganannt.
Auf dar Diffusionaspermchicht ist eine nicht-porBas, wasserstofiparmasable Mataliachicht aus balsplelswelss Pd, Pt,
Fe, Au, Ni oder Mn angaordnet.

[0D04] WO 90/33545 offenbart eine Trigerstruiktur sus porSesm Edelstahi, deren Oberfiiche rit elnem feinan Nik-

. keipuiver versintert wurde. Die so vorbehandeite Oberflache wird galvanisch mit Kupfer beschichtet und anechiieBend

- -

mi einer weiteren galvanischen Schicht aus siner wasserstofipermeabilen Metallegierung, wie 2. B. elner Palladium-
legierung, varsahen.

[0008] EP 0 348 041 B1 beschreibt eine Komposiimembran mit elnem anoiganischen Triger aus Fasem, dessen
Faserzwischenriiume einen Durchmesser > 5 wm und eine LAnge Keiner als das Zehnfache des Durchmessars aul-
weisen. Der anorganische Triger-ist mit ainam porSsan anorganischen Fliim beachicitat, dar aus nicht-netalischen,
gesinterten Telichen besteht und aine Porengrdfe von bls zu 2 um aufwelst. Als Triigermateriallen sind hier Glas-,
Mineral- oder Mataliasermaterialian offanbart. Fr den porSsen, snorganischen Fiim sind Metalioxide, wie beispiols-
walss Thandioxid. Aluminiumdd, Ceroxid, Zirkondioxid, Mulik oder Mischungen darsua vorgsschiagen. Es ist erwihrit,
daae durch Blegon dar Membrane Risas im porBsen, anorganischen Film aufireten kBnnen.

[0008]) US 4,488,235 offenbart eine wasssrstofipermeebie Membran mit einemn nicht-porSeen Triger aus einer Ti-
anlegiening, waicher mit einam Meiall oder einer Metalllagierung der Gruppe Palladium, Nicksi, Kobait, Eisen, Vana-
dium, Nicb oder Tantal baschichtet ist. Diess Beschichtung wird gaivaniasch oder durch Sputtam aul dem Triger er-
zeugt.

[0007) WO B0/0B231 baschrelt eine Wasssrstofi-Parmeationsrambran mit einem Licken aiudwelsanden anorga-
nischen Triger, wobel die Lcken durch eine Kormnpositachichi aus nichi-melafiischen Partieln und Metall dberbriickt
aind, Als Matall let hler Palladium offerhart.

[0008] JP 348624/82 bzw, JP A7738/%3 offenbart oine wasssrstofipermeable Membran aus Pailadium auf sinem
porBsen Metaliriiger, wobel zwischen der Membran und demn Metalltriger eine keramniache Bamiereachicht bezie-
hungswelse sine Mamlioxki-Barriereschicht angeordnet kst

[OD0S] US 5,250,870 beschrelbt ainc wassersiciipermoable Kompoaltmembran mit sinem Trilger aus nicht-porSsem
Metall, eine Diffusionasperschicht aus sinem Metalloxid aowie eine Mambranachicht aus Palladiurn oder Palladium-
laglerung.

[0010) RU 1,058,587 offenbart eine wasserstofipermeable Membran mR einem Metaltriiger, weicher mit elner
Schicht aus Palladium oder Pailadiumiegisrung durch DffusionsschweiBen verbunden iet. Zwischen dem Metalitriger
und der Schicht aus Palladium oder Palladiumiegienung sind ultrafeine Metafioxiipulver angeardnat.

[0011] Weiter Wasserstofi-Permeationsmembranen sind aus US 4,458,373, US 5,004,827, US 2,058,391. US
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9,477,288, US 4,689,837, US 4,388 479, US 3,822,303, LS 3,350,848, US 1,174,631, US 2,773,681, US 3,389,008
und EP 0 242 208 sowie den Verdffentiichungen "inorganic Membrane Reacton” (H.P. Hsleh, Caizl. Rev. - 8cl. Eng.,
83(1482). 1 - 70, 1881 ), "Preparation and Characterization of a Composite Palladium-Ceramic Membrang® ( P. Colliins,
ind. Eng. Chem. Res., Vol. 32, Ne. 12, 3008 - 3013, 1983 ) oder “Hydrogen Diffugion Membranes based on soma
Paladium-Rare Earth Solid Solution Alloys™ ( D.T. Hughes und |.R.Harrls, Zelschrift tir physk. Chemie, Bd. 117, S.
185 - 163, 1979 ) bekannl.

[0012] Es stallt sich das Problern, eine effektivere Komposiimermbran zur Abtrennung von Wassersioff aus Gasge-
mischen bereltzustelian, die bel Einaatrtemperaturen von griBaer als 300 *C ein Trennwverhtilinis von Wasaarsioff zu
Stickainff von griBer als 4000 emreicht.

[0013] Dae Trennverhditnie wird dabel durch saparate Bestimmung der Durchfiussraten flir reinen Stickstoll und
reinen Wasserstef! durch die Kompostmembran bestimm und gibt die Salektivitit der Mermbran an. Es wird jewells
der Volumanstrom an Permeat durch die Komposkmembran gamessen. Das Verhiitnis der ‘/olumensirims Ho/N, st
vor gllem eln MaB fir die Dichtigkelt der Membranschicht beziehungsweise fir die Anzahl an unerwOinschten Poren
und Fehiatellen in der Membranachicht. Ein Wert von Ho/Ny < 500 gibt belsplelsweles an, Jass das Trennverhalton
der Komposimambran gering und die Anzahl an Poren oder Fehistelen In der Membranach icht hoch ist.

[0014] Daa Problem wird dadurch geidst, dass mindesiena die direkt an die Membranachicht angrenzende Elnzal-
schicht der Diffusiongspenachicht offen-pords lat unt/oder Mikroriase aufwelst und aut threr dem Substral abgewand-
ten Obarfliche bel einer Temperatur von 20 “C sinen spezifischen elekirischen Widerstand von kieiner als 10 Qcm
aufweisi, und wobel das Substrat eine oflene Porgaitit im Barelch von 15 % bia 80 % aulvsels! und die mindeatens
eine Membranschicht galvanisch auf dar dem Subsirat abgewandien Oberfiiche der minc'estens ainen Diffualons-
apamechicit abgeschieden ist. Unter eineratamen Diffusionsspemrachicht wird dabel eine spride, kompalds und hafitfest
mit dem Substrat verbundene Schicht, die aus mehreran Einzelschichten bestehen kann, varstanden. Dadurch, dass
die dem Subeirat abgewandte Oberfiiche der Diffusionssperrachicht einen nladrigen spezifischen Widerstand von
kioiner als 10 Ocm aufwolst, kanh eine goschlossene Membmansachicht galvaniach auf dicser Oberfliche abgaschieden
waerdan. Somi ist s mbgilich, aine mehrachichlige Diffusionsaperrschicht einzusstzen, dis belspislewaise auch olok-
trisch isolerende Einzelschichten beinhaken kann, sclange die direlt an die Membranschicht angrenzende Einzel-
schicht dar Diffusionaspermchichi diesen nledrigen spezifischen Wideratand aufwelst. Welst (ie Difusionssperrschicht
auch nicht-pordsa oder risafrals Einzelachichtan auf, so milksen diese aus aelnem wasserstoffpermesablen Material
gebiidat aain.

[0015] Die erfindungegemiBe Kompositmombran welst eine hohe Permeabliltit {ir Wasserstofl auf, wobel ein Trenn-
verhiitnis von Wasserz1off zu Stickstoff von grdBer als 4000 erreicht wird. Obwohl es sich bel cier Diflusionssperrschicht
um ein starras Geblide handeit, daa berelts vor der Bildung der Membranachicht Mikrorisae auiwalsen kann, wird die
fertige Kompoeltmembran Oberraschender Wealse nicht unbrauchbar, wenn sie leicht durchgebogen wird. Die erfin-
dungageméBe Komposktmambran ist auBerdem unempfindlich gegenlber thermiach induzierten mechaniachen Span-
nungen, wia ala beisplaiswelse bel sinem Temperaturwechsel von Raumtamperatur aul 40(*C aufireten kinnan,
[001€] Besonders bevorzugt lst e, wenn die direkt an die Membranschicht angrenzende Einzelschicht der Diffus}-
onespemschicht auf lhrer dem Subatrat abgewandtan Oberfiliche bel einer Temperatur von 20 *C einen apezifischen
elekirischen Widerstand von ideiner ais 10000 pQcm, Insbesondere von kieiner als 1000 pOcm, aufwelst. Dadurch
wird die Membranschichi homogener abgaschieden.

[0017] Im Hinbiick auf das flaxible Substral hat sich als Material Edeistah) bewithrt

[0018] Die direki an die Membranschicht angrenzende Einzeischicht der Diffusionsaparmchicht wird vorzugawelse
aus sinemn Metainiirid gebikiet. Dabel sind insbesondere die Metalinitride mk mindestens einem Metall der Grupps
Ttan, Zirkon, Hafnlum, Vanadum, Niob, Tantal, Chrom, Molyhdan und Wollram bevorzugt. IMetaliniiride welasn ainen
geringen spezifiachen elekirtischen Wideratand auf und lasaan sich galvanisch dirakt mk der Niembranschicht beschich-
ten. Als basonders geeignet hat sich hier das Thannitrid erwiesen. Neben den Metallen Titan, Zirkon, Hafnlum, Vane-
dium, Niob, Tamal, Chrom, Molybadiin und Wolfram kann das Mstalinkrid zusdtziich Aluminium anthaken.

[0018] Wellerhin hat es sich bewahrt, wenn die direid an die Membranschicht angrenzende Einzeischicht der Diffu-
slonsspermrschicht aus einem Metalloxid geblidat ist. Insbesoncdiere sind hier unterstBchlomatriachs Metalloxide bevor-
2ugt, die eine basonders gute elekiriache Ledtflihigkelt aufwelsen. Dabei hat sich inshesondere ein unterstdchiometrt-
sches Tianoxid bewidhit.

Des welkaren sind die Edeimetalioxide Autheniumoxid RuO, RuQ, oder RugO4 bzw. iridiurnaxdd IrO, IrOp oder iryOy
bovoraugt. Auch eine Verwondung von Rhodiumoxid RhO oder RhyO4 hat sich bewihri. Dicso Edeimetaloxide welsen
slnen geringen spezifischen elektrischen Widerstand aif, so dass ein direkier gaivanischer Auftrag der Membran-
schicht mbglich ist.

[0020] AuBerdemn hat es sich bewdihri, die direkt an die Membranschicht angrenzende Einzelschicht der Diffusions-
sparmachicht aus ainem Maetalicarbld zu bliden. Bewihrt haben sich hlar Matalicarbide mit mindestens einem Matall
der Gruppe Titan, Zirion, Hafnium, Vanadium, Niob, Tantal, Chrorn, Molybddn und Wolfram. Dieas Metallcarbide wel-
sen einan geringen spezifischen elektrischan Widerstand auf und lassan sich galvanisch direkt mk derMembranschicht
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beschichten. Besondars bavorzugt ist In diesem Zusammanhang dae Wollramcarbid. Das Matalcarbid kann dabel
eingealagerten Kohiensioff anthaken, der die Funktionaweise nicht besintrichtigt.

[0021] Weiterhin hat ee aich bewihit, wenn die direid an die Membranschicht angrenzende Einzelschicht der Diffu-
sionsspeimachicht aus einam Matalloxynitrid geblidet ist. Bevorzugi st dabel ein Metalloxynitrid mi mindestens sinam
Metall der Gruppe Tkan, Zirkon und Hafnkum, das sich direkt gaivanisch mit der Mernbranschicht beschichten IAsat.
Basonders bevorzugt st dabel das Titanoxynitrid. Neben dem mindestens einen Metall der Gruppe TRan, Zirken und
Hafniumn kann das Metalioxynitrid auBerdem Aluminium enthaiten.

[0022] Waltorhin hat es sich bawdhrt, wenn die direkt an die Membranachicht angrenzende Einzelschicht der Diffu-
slonssperrachicht aus elnamn Metalicarbonlirid gablidet ist. Basonder bewdhrt haben sich debel die gaivaniach diraid
mit dar Membranachicht beschichtbaren Metalicarbondiride, die mit mindestena einern Metall der Gruppe Vanadium,
Niob, Tantal, Chrom, Molybdiin und Weliram gebiidet sind. Besonders bevorzugt ist dabel das Titancarbonirid. Auch
Niobearbonliride, wie belspielswalse NbCy 4N, 7, eind geeignet.

j0023] AuBerdern hat es sich bewidhii, wenn die direkt an dis Membranachicht angrenzende Elnzsischicht der DH-
fusionsspemachicht aus elnem Metalborid gebiidet ist. Geeignete, galvanisch direkt mi der Membranschicht beschicit-
bare Matalboride sind beisplalaweaiae mit mindesisns ainem Metall dar Gruppe Niob, Than, Zirkon, Cer und Barium
gebiidet. Besonders bevorzugt sind hier das Cerhexaborid CeBly, das Titandborid TIB, sowle das Nicbborld NbB baw.
das Niobdiborid NbB,,.

0024} ODas flexibio metaliische Subgirat ist vorzugswaise aus Mataifasem gabiidet, wobsl die Zwiachenriume zwi-
echsn den Malalfasem aine Brelte und Lange von jewells < 5 ym aufwelsen oder die frelen Lochlliichen zwiechen
den Metalfasem ain rundes Flichendquivalent mk einem Durchmesser von < 5 um aufweisen. Des Substrat kann
dabel aus sinem Gewebe, Filx oder Viies gebidet asin.

[0025] Das Subastrat kann aber auch aus siner Folie gebiidet sein, die aus gasintartem Metalipulver hergestelit wurde.
{002¢] Um das Abacheidan der Diffusionsspemachiciit zu erieichtom it es bevorzugt, die Zwiachenriume oder of-
fensn Poren auf der, dor Diffusionssperrechicit zugewandten Selie dos Subsirais icliweise mit Matafipartikein odar
einer Mischung von Metalipartikein mit Keramikpartiksin oder einer Miachung von Metalipartikein mit Glsspartikein
oder einer Miachung von Matalipariiicein mit Keramik- und Giaspartikein zu fillen, weicha mi den Metallfasem oder
déer Folle versintart werden. Dadurch wird die Porenstrultur im Oberfiflichenbereich felner und dis Oberfifiche glatter.
Zusiiiziich karm das g0 vorbehandelia Subatrat vor oder nach der Varsintarung etnem Walrvargang unierzogen werden,
um die Oberfiiche glinzlich einzusbhanen.

[0027] Mindestens fir dis direkt an dle Membranachicht angrenzends Einzelschicht der Difuslonssparschicht st
eine offena Poroshit hevorzugt, dis durch Poren mit einam Porendurchmesser von 20 nm bis 500 nm gabildet ist.
[0028] Bevorzupt ist welierhin, dass mindestens die direid an die Membranachichi angrenzende Einzelschicht der
ONfuslonssparrachicht Mikrorisse aufwelst, wobel die Brelte dar Mikrorisse < Sum betrigr.

[0028] Mindsetens fir die direkt an dia Membranschicht angrenzende Einzelschicht der Diffusionssparachicht lst
@ine Herstellung durch physikalsche Dempiphasenabacheidung (PVD), inabesondere cdurch Kathodenreratiubung,
bevorzugt. Bewdihrt hat sich auBardem eine Bildung durch chemische Dampiphasenabecheidung (CVD) oder durch
ein Sol-Gal-Verfshren. Weiterhin kann mindestens die direkt an die Membranachicht angrenzende Einzelschicht der
Difusionssparachicht durch Partikel mit einer mittieren KomgriBe < 0.5 um gebiidet sein, dle mikeinander veraintert
sind. Alle Verfahren sind dazu geeignet, eine starre, nicht-sebettragenda, offen-pordse und/oder Miloorisse aufwel-
sende, nicht-metafiisch anorganische ONfusionssperrechicht 2u bilden, die spride und kampaid Ist und haftfast mit
dem Subsim! verbunden ist.

[0030]- Die bevorzugte Dicke der direkt an die" Membranachicht angrenrenden Einzelachicht der Difusionsaperr-
schicht liegt im Bereich von 0,1 um bis & pm.

[0031] Weitarhin kann de Diffusionasperachichl auf der dem Substret abgewandien Oberftiche mit alner Keim-
schicht belege sein, deren chemische Zusammensetzung mindeatens teilweise der der Membranschicht entspricht.
Dabel muss die Xelimschicit nicht unbedingt sina geechicssena Schiciit saln, sondemn kann sich auch aus einzeinan
Materialinsein, die In kainem Zusammenhang atehen, zvsammensetzen. Die gaivanische Abacheldung der Membran-
achicht kann durch soich eine Keimschicht beschleunigt werden und zugleich vergieichmaBigt und thre Haftung an der
DNusionssparmrachicht verbesasst werden.

[003%] Dile mindastens eine Membranachiciht wird vorzugawelse aus Paliadium oder ainar Pallaciumieglening ge-
blidet. Besonders geeignet sind hiar auch dis Palladiumiegienmgen Pd - 8at% Cd, Pd - B at% Y, Pd - 5,7 a.% Ce
oder Pd- 25 al.% Ag. Abor auch jede andoro wassersiofipermeabie, geschiossane motatiische Schioht lat als Mem-
branachiaht gesignet.

[0033] Eine Dicke im Bereich von 0.5 um bis 15 um Ist flir die mindestans eine Membranschicht bavorzugt.

Die mindestens sine Mernbranschicht kann auf lhrer der mindestens einen Diffusionsspermachicht abgewandten Ober-
fidche mit katalytech aktivem Matarial balegt eein. Als kataivtisch aktive Materiafen sind hisr nsbasonders Platin,
Authenjum oder Rhodium bavorzugt. Aber auch dle katalytisch akiiven Legierungen aus Platin-Palladium, Ruthenlum-
Palladium, Rhodium-Palladium oder Paitadium-Settenerdmetall haben sich bewihrt.
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[0034] Dns Problem wird fir das Verfahren dadurch geiSet, dass mindestens die direkt an die Membranachicht an-
grenzende Elnzelachicht der Diffusionsspemachicht mitisis PVD, CVD, elnern Sol-Gel-Verfahren oder durch Aufsintam
von Pulverparticein mit einer KomgrdBe < 0.5 um gebldet wird, und dass anschilaBend die mindestens eine Mem-
biranschicht galvanisch auf der demn Substrat abgewanciten Oberfliche der Diffusionssperrscaicht abgeschieden wird.
Die Herstellung geeigneter, offen-poriser und/oder Mikrorisse aufweisender, an die Memtranschicht angrenzende
Enzelechichien durch Kathodanzemstiuban baeziehungswaise Sputtern st belepleiswelse Nir TIN-Schichten aus der
Verdftentlichung "Influence of the eputtering gas on the prefermed orentation of nanacrysteliine titanium nitride thin
fime” { R. Banerjee, R. Chandra, P. Ayyub, Thin Solid Flima, 406, (2002}, 84 - 72) bekannt.

[0035] Diedem Subsirat abgewandts Oberfiiche der Difusionssperrschicht wird vorzugsweise mit einer Kaimachicht
belegt, deren chemische Zusammensstzung zumindeet tellweise der der Membranschicht entapricht. Dadurch wird
die Abschekiung der Marmbranschicht beschleunigt, vergleichméiBigt und Ihre Haftung an der Difusionsspamschicht
verbeasart. .

[0038] Die Figuren 1 und 2 sollen den Aufbau elner erfindungsgemiBen Kompoakmembian sowie einer Messeln-
richtung zur Bastimmung der Membraneigenschafien beiaplehhaft erifutern.

So 2eigt

Fig. 1 eine Komposiimembran im Querschnit und
Fig.2 eine Meassinrichtung zur Bastimmung der Membraneigenschaftan.

[0037] Fig. 1 zeigt eine Komposiimembran 1, die sich aus elnem flexibien, metalliachen Eubstrat 1a, einer starmen,
nicht-seibstiragenden, nicht-metaliisch anorganischen Diffusionssperrachicht 1b und einer wasserstoffperrneabien,
nicht-porSsen metaischan Membranechicht 1¢ aus Palladium zusammenaatzt. Die Dlfusionsapermschicht 1b kann
dabel aus mehreren Einzelschichten gablidet sein, wobel mindestens die direkt an die Membrenschicht 1c angrenzende
Einzelschicht der Diffusionssparrachicht 1b offen-pords Ist und/oder Miloorisss aufweist und auf Ihrer dem Gubstrat
1a sbgewandten Oberfilche bal einer Temperatur von 20 *C einen spezifischen slektrischen Widaratand von kielner
als 10 Ocm aufwelst. Auf dieger lelifihigen Obarfliiche ist die Membranschicht 1c galvanisch abgeachieden. Weist die
DRfusionssperrschicht auch nicht-pordes oder rissirele Einzelschichten aul, so missen disse aus einem wassersiofl-
permeablen Material geblidet sein.

[O038] Fig. 2 2eigt aina Kompoaltmembran 1 mit dam Substrat 1a, der Difuaionasparmechicht 1b und der Membran-
achicht ic In einer Measeinrichtung 2, wobel die Komposimembran 1 das Innere der Messainrichiung 2 In zwel Kam-
mem 2a, 2b telit. Die erste Kammer 2a der Messeinrichtung 2, die auf der Sette der Memb anschicht t¢ angaordnat
ist, besitzt eine Einlassdifnung 2c fiir ein zu trennendes Gas 3. Das Gas 3 strdmt zur Konpositmambran 1, wo der
Gasantell 4b (= Permest ) des Gases 3, fiir den die Kompoaltmambran 1 permeabel lat, dunch cie Kompositmembran
1 In dle zweite Kammer 2b tritt. Das Resigas 4a entweicht durch eine Ausalasa8iinung 2d, withrend das Permeat 4b
durch aine Offnung 2e aus der zwelen Kammer 2b ebgazogen wird.

[0038] Nachfoigende Beleplela 1 bla 6 solen die Herstallung siner erfindungsgeméBen Kcmpoalimembran belsplel-
haft verdeutiichen. Tabelle 1 zeigt schieBiich die In einer Measeinrichtung gemaB Figur 2 bestimmtan Wasserstofl-
Pemeationsraten deser Kompositmembranen bel untefschiediichen Temperaturen.

Belsplel 1:

[0040] Zur Herstellung einer Kompoalimembran 1 wurde ein offen-porises Subatrat 1a aus Edelatahi in einer Dicke
von 0.3 mm gereinigt und einseltig mit einer Sugpension beschichist, die Nickelputver mk elner KomngroBe von < 1 um
enthiek, um groBe Poren zu filien und Unebenhelten der Oberflache des Substratea 1a auazugieichen. Das Nickel-
pulver wurde mit dem Substrat 1a bel 600°C ca. 1 Stunde lang hafifest varaintert. Des so behandeite, abgakiihiie
Subsirat 1a wurde anschileBend In elnem Ultraschailbad von noch losen Nickeipartiksin gerelnigt. Auf die behandalte
Obeifliche des Substrats 1a wurde nun eine Dilfusionssperrschicit 1b aus TIN In elner Dicke von 2 pm durch Katho-
denzerstiiubung aufgebracht. Die aus nur einer Einzelachicht bestehendie Diffusionssperntschicht 1b wurde nun auf
der demn Subsiral 1a abgewandien, elektrisch leifihigen Oberfiiche gaivaniach direkt mii ainer 4 ym dicken Mem-
branschicht 1¢ aus Palladium baachichtet. Die galvanische Abacheldung des Palladium erfogte aus sinem alkallachen
Elelkdrolyten. AnachlieBand wurde dis Kompostimembran 1 Ober ca. 10 min. in dast. Wasasr gakocht, um Reste des
Elokirolyten zu entfemen.

Das Trennverhalion diaser Kompostimembran 1 wurde durch separaie Bestimmung der Stickstoff- und Wasserstoll-
Durchfluasraten in der Messalinrichtung 2 gemiB Figur 2 bestimmt. Dazu wurde die Kemponhmembran 1 auf der Selle
der Membranschicht 1c einmal mit rolnem Wasserstoff und elnmal mit relnemn Sticketell beaufschiagt
{ DruckverhiiRnisse slehe Beschrelbung zu Tabelle 1 ) und jewefis der Volumenstrom an Parmaat 4b durch die Kom-
poaltmembran 1 gemessen. Das Verhiiiinia der Volumanstrdme Hg/N, ist vor allern ein MaB fiir die Dichtigielt dar
Mambranachicht 1c bezishungsweise fir die Anzahi an unerwilinschten Poren und Fehistellon in dar Membranschicht

A
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1c. Eln Wart von Ho/Ng < 500 gt baisploiswelss an, dasa das Trennverhalten der Kompoalimembran gering und die
Anzahl an Poren oder Fehlatellan in der Membranschichi 1c hoch Ist.
Das Verhilinia Hy/N, wiss bel diesar Komposimembran bel 300°C einen Wert von > 5500 und bel 450°C sinen Wert
von > 8000 aul, was aul ein optimalea Trennverhakien schlileBen lisst.

Belsplel 2:

[0041)  Zur Herstellung siner Komposimembran 1 wurde wig in Belaplel 1 ein oftan-pordeas Subatrat 1a aus Edelstani
in ainer Dicke von 0.3 mm gereinigt und einsaltig mi einer Suspension beschichtet, die Nickelpulvermit einer KomgriBe
< 1um enthlelt, ym groBa Poren zu flilen und Unebenhsiten der Oberfliche des Substrates 1a auszugleichen. Daa
Nickeipuiver wurde mit dem Subetrat 1a bei 800°C ca. 1 Stunde lang haftfest versintart. Das so behandeke, abgekihite
Subairat 1a wurde anschileBend in einem Ukraachalibad von noch losen Nickeipartiein gereinigt. Auf die behandeite
Obetfiliche des Substrats 1a wairde nun eine Diffusionsaperrechicht 1b aus TN in eiper Dicke von 2 pm durch Katho-
denzerstiubung aufgebracht. Die aus nur einer Einzeischicht geblidste Difusionaspermschichi 1b wurde auf der dem
Subsirat 1aabgewandien, elekiriach lelifhigen Oberfiche durch ein inprigniesverfahren mit Palladiumkalmen belegt,
die kaine gaschicasaene Schicht blidetan, sondem In Insein voriagen. Nun wurde die bekeimte Oberfidche dor Difual-
onasperrschicht 1b gaivaniach direld mit einer 4 um dicken Membranschichi 1c aus Palladium beschichtst, Die gaiva-
nlache Abacheidung des Paliadium erfoigie aus einem aikalischen Elsitrolyten. AnachiisBand wurde de Komposit-
mambran dber ca. 10 min. in desl. Wasser gekochl, um Reste des Elekirolyisn zu entfemen.

Belaplel3:

o4} Zur Hemtsllung siner Kompositmambran 1 wurds ain offen-poriass Subsatyat 18 sus Edelstahl In siner Dicke
von 0.26 mm gereinigt. Auf das Subsirat 1a wurde nun einsaitig zur Blidung einer aus xwel Einxelschiohten aufgobauten
Diffusionsspermrechicht 1b sin Aluminjumoxid-Sal ( z.B. Nyacol AL20® der PQ Comporation ) aufgebmcht, um groBe
Poren zu flen und Unabenhelten dor Oberfiliche des Substraies 1a suszugisichen, Das Substrat 1a wurde potrocknet
und bel 650°C ca. 2 Stundan lang getwmpert, 8o dass eine kraizfeste Aluminiumoxidechicht als ersts Einzelechicht
der Diffusionsaperrachicht 1 b entstand. Zur Fertigsialung der Diftusionesparrachicht 1b wurde auf die dem Substrat
1a abgowandis Selta der ersten Einzeischichi aus Aksminiumanxid nun eina 2weite Einzelechicht sus TIN in ainer Dicke
von 2 um durch Kathodenzerstiubung aufgebracht Dig dem Subatrai 1a abgewandte, elekiriach lalifihige Oberfliche
der Diffusionssperrschicht 1 b bezielwngawsise der zwelten Einzelschicht wurde nun gaivanisch direlt mi ainer 5,5
um dicken Membranschicht 1c aus Paladium beschichtet. Dig galvanische Abscheldung des Pafladium erfoigte aus
ainem alkafischen Elektrolyten. AnschilaBend wurdes dia Komposiimembran Ober ca. 10 min. (n dest. Wasasr gelocht,
um Resip des Eleidrolyten zu entfemen.

Das Trennverhalien dleser Kompoalimambran wurda durch separate Bastimmung der Sticistoff- und Wasserstofl-
Durchfiusaraten bestimm ( alehe Balspial 1 ). Daa Hy/N.-Verhilinis wiss bel 300°C einen Wert von 4500 und bal 400°C
elnen Wert von > 7000 aul.

ol 4;

[0043] Zur Hersteilung einer Kompositmermbran 1 wurde sin offen-porSees Substrat 1a aus Edelstahi in einer Dicke
von 0.25 mm im Ultraschallbed gereinigt und einseitip mittals Slabdruck mit einer Paste beachichtet, die Nickelpulver
mit ainar Korngrofe von < 1 um sawie ain Aiminiummidd-Sol { 2.8, Nyacol AL20® ) enthisit. Die Paste wurda herge-
atelit, Indem daa Nickapulver mk einer garingen Menge 2-Propanocl versstzt und ca. 3 min. im Ukraschalibad harmo-
genislert wurde. Daruntar wurde Aluminiumaxid-Soi gsmiacht und durch Einrlhren von etwas HNO, eine slebdruck-
fihige Pasts herpestall, GroBe Pomn dea Subetmtes 1a wurden mit der Paste getOlt und Unebenhehen der Oberfilche
doe Subsirales 1a susgeglichen. Nach dem Trocknen der Pasie wurden dia Nickal-Alumniniumoxid-Schicht { die eul-
grund des metallischen Anteils dem Subeirat und nicht der Diffusionssperrschicht zuzurechnen It ) und das Substrat
ta bei 800°C ca. £ Stunden lang hafifest veraintart. Auf die so behandsite Oberflliche des Substrats 1a wurde nun
sine Diffusionssperrachicht tb aus TIN In einer Dicke von 1,6 um durch Kathodenzerstiubung aulgebracht. Die Diffu-
sionseperrachioht 1b wurde auf der dem Substrat 1a abgewandien, slsidriach lsitiihigen Oberfiiche durch ein imprit-
gniorveifahren mit Palladiumkeimen belogt, die keine geschlossene Schioht blideten, sondem in Insein voriagen. Nun
wurde dis bakeimis Oberfiiiche der Diffusionssperrechicht 1b gaivaniach direid mi einer 8,6 um dicken Membranschicht
1c aun Palladium baschichiset. Die galvaniche Abscheldung dos Palladium erfoigte aus einem aiimlisciven Elektirolyten.
AnschlleBend wurde die Kompositmermnbran lber ca. 10 min, in dest. Wasssr gakocht, um Rests des Elektrolyten zu
ontfamen.

Das Trennvarhalian diesar Komposimambran wurda durch separate Bestimmung dar Sticietofl- und Wassarstofl-
Durchfiussraten bestimmt  slehe Bespisl 1 ). Das Hy/Ny-Verhilitnis wies bel 300°C ainen Wert von 8000 und bel 400°C

smmegraiengs 1 o
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[0044] Zur Herslellung einer Kompositmembran 1 wurde ein offen-porSaes Substrat 1a aus Edalstahl in einer Dicke
von 0.3 mm gereinigt. Auf die gereinigte Oberfliche des Substrats 1a wurde nun eine Diffusionssperrschicht 1b aus
unterstdchiometriechem irQy 7 In ainer Dicka von 1,6 pm durch Kathodenzerstubung aufgebracht. Die aus nur einer
Einzelschicht bastehende Diffusionsapermachicht 1b wurde nun aul der daem Substrat 1a abg ewandten, elektrisch leit-
fahigan Oberfiliche galvanisch direkt mit einer 8 ym dicken Membranschicht 1c aue der Pulladium-Siber-Leglarung
emnthaltend 25 Gew.-% Ag beachichiet. AnschileBand wurde die Komposkmembran 1 dber ci. 10 min. in dast. Wasser
gekocht, um Roais des Elekirolyten zu entfamen.

Das Trennverhalien dieser Komnpositmembran wurde durch separate Bestimmung der St>katofi- und Wassaratofl-
Durchfiusaraten’ bastimmt ( slehe Belaplel 1 ).

Das Verhilinis Hy/N, wies bel dieser Kompositmembran bel 300°C einen Wenrt von 6000 und bel 400°C einen Wert
von > 8000 auf, was auf ein oplimales Trennverhalten schlieBen iisat.

[0045] Nachfeigende Tabella 1 zeigt die Wassaretoll-Permestionsraten { bel Normalbedingungen ) der Komposit-
membranen aus den Belaplaien 1, 3, 4 und 5 nach 50h Betriebsdauer bel unterschiediichen Temperaturen, wobel der
Gasadruck des zu trennenden Gases 3 einen Wert von 4 bar (absolut) und der Gasdruck des Permeats 4b ainen Wert
von 1 bar (absolul) aufwies. Die Fldche der gelesteten Komposiimembran betrug jewslis 10 cm?.

Tabelle 1
Hy-Permeationarate [m3/m2h]
+| Temperatur [*C] | Baisplel 1 | Belaplel 3 | Beisplel 4 | Belsplel 5
300 51 a2 24 72
400 85 54 42 a1
450 ] - - -

Patentsnaprilche

1. Komposiimembran, mi einem flexiblen metalischen Substrat und einem auf mindestans einer Oberfliche des
Substrats angeordneten Schichisystem, wobel das Schichteysiem aus einer starren, nicht-selbstiragenden, nichi-
metallisch anorganischen Diffusionsspermschicht und mindestens ¢iner wassersiofipermaablen, nichi-porSean me-
talilschen Membranschicht geblidet ist, wobel die DiTualonseperrachicht zwischen dem Substrat und der minde-
atens einen Membranschicht angeordnet ist und aus mindestens einer Einzeischicht gebildet ist, wobel mindestana
die direid an die Membranschicht angrenzende Einzelschicht dar Diffusionseperrachicint offen-poras st und/oder
Micgorisse aufwelst und auf threr dem Substrat ebgewandien Oberfiche bal ainer Temperatur von 20°C einen
spezifischen elekirischen Widerstand von kisiner als 10 Ocm aufwelst, und wobel daa Substrat sine offene Poro-
sitit im Bereich von 16% bis 60°% aufweist und die mindestens eine Membranschictt gaivanisch auf der dem
Subestral abgewandien Oberfliche der Diffuslonsapermschicht abgeschieden lsl.

2. Komposkmembran nach Anspruch 1, dedurch gekannzeichnet, dass die direit an die Mambranschicht angren-

zende Elnzelschicht der Diffusionsspemrachicht auf lhrer dem Substrat abgewandten Oberiiiche bel einer Tampe-
ratur von 20°C sinen spazifischen slekirischen Widerstand von Kialner als 10000 pOcm aufwelst.

3. Kompositmembran nach Anapruch 2, dadurch gelcsnnaeichnet, dess die direkt an die Membranschicht angren-

zende Einzelschicht der Diffusionssparrschicht auf threr dem Substrat abgewantten Obarfiiche bel einar Tampe-
ratur ven 20°C elnen speazifischen elekirischen Wideratand von Keinar ais 1000 uOcm aufwelst

4. Kompositmambran nach elnem der Anspriiche 1 bis 3, dadurch gakennasichnet, dasas das Subsirat aus Edelsiah!

gebiidet st.

5. Kompoakmembran nach einem der Anspriiche 1 bis 4, dadurch gekennzeichnet, dasa die direid an die Mem-

branachicht angrenzende Einzaischicht der Diffusionasperrechicht aus einam Metalinkirid geblidet ist.

8. Komposkmembran nach Anspruch 5, dadurch gekannzeichnet, dass das Matalinkrid mi mindestens elnem Me-
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tall der Gruppe Titan, Zirkon, Hafnlum, Vanadium, Niob, Tantal, Chram, MolybdAn und Wollram gablidet lst.

7. Kompositmembman nach Anspruch 8, dadurch gekennzeichnst, dass die direit an die Membranachicht angren-
zende Einzelachicht der Diffusionsaperrachicht aus Titannitrid TIN gebidet lst.

8. Komposkmambran nach Anspruch 6, dacurch geksnnzeichnet, desa das Matalinitrid neben dem mindestens
einen Matal der Gruppe Titan, Zirkon, Hafnlum, Vanadium, Niob, Tamal, Chrom, Molybdiin und Wollram 2usitzlich
Aluminium enthik.

9. Komposkmembran nach einem der Anspriiche 1 bis 4, dadurch geksnnzeichnest, dass die diveki an die Mem-
branachicht angrenzende Einzeiachicht der Diffusionssperrachicht aus sinem Metallaxid gabiidet lat,

10. Komposiimembran nach Anspruch 9, dadurch geksnnzeichnet, dass das Metalloxid eine Unterstdchiomeirie
aufwelsl.

11. Kompasiimamibran nach Anapruch 10, daciurch gekennzeichnet, dass das Metalloxid ein unterstichiometriaches
Titanoxid iat.

12. Komposiimembran nach einem der Anspriiche 9 bis 10, duclurch gekenmeeichnet, dass die direki an die Mem-
branschicht angrenzende Binzeischicht der Diffusionssperrechicht aus Ruthenlumoxid RuO oder AuOy oder

RugOy peblidet int.
13. Komposlimaniian nach sinam der Anapriiche @ bis 10, dadurch gelkannzeichnet, dase dis direid an die Mem-

branschicht shgrenzenda Einzcischicht der Diffusionssporrschicht aus Iridiumoxid irO oder irQ;, oder ir;O, gebiiist
st

14. Kompositmembran nach einem der Anspriiche 8 big 10, dadiwoh geksnnzeichnet, dass die direkt an die Mem-
branschicht angrenzende Einzeischicht der Diffusionssperrschicht aus oder Rhodiumexid RhO oder RhyO4 gebil-
det lst.

15. Kompashkmembran nach ainem der Anspriiche 1 bis 4, dadurch gelksnnasichnet, dess dia direkt an die Mem-
branschichl angrenzende Einzelschicht dar Difusionssperrschicht aus sinem Metalicarbid geblidet ist.

18. Kompositmembran nach Anapruch 15, dadurch gekennasichnet, dass daa Metalicarbid mit mindestans elnem
Metsil der Gruppe Titan, Zirkon, Hafnlum, Vanadium, Niob, Tantal, Chram, MolybdAn und Wolfram geblidet ist.

17. Komposkmembran nach Anspruch 186, dedurch gekennasichnet, dasa die dreit an die Membranschicht angren-
zende Elnrelachicht der Diffusianssperrechicht aus Woltramearbid WC geblidat lst.

18. Komposkmembran nach einem der Anspriiche 15 bis 17, dathurch gekennzeichnet, dase das Metalicarbid eln-
gelagerten Kohlenstoff enthalt.

19. Komposlimembran nach einem der Anspriche 1 bis 4, dadurch gekennasichnet, dass die direkt an die Mem-
branschicht angrenzends Einzelschicht der Diffusionssperrachicht aus einem Metaliaxiniirid geblidat ist.

20. Kompositmembran nach Anepruch 19, dadurch gekenrasichnet, dass das Metaloxinitrid mt mindestans einem
Metall der Gruppe Than, Zrkonh und Hafnlum geblidet lst.

1. Kompositmembran nach Anspruch 20, dadurch gekennasichnet, dass dis direkt an die Membranschichl angren-
zends Elnzelachicht der Difusionsspermachichit aus Titanoxinitrid geblidet iat.

22. Komposkmembran nach Anapruch 20, dedurch gekennasichnet, dass das Metaloxinitrid neben dem mindestens
sinen Metall der Gruppe Thtan, Zirken und Hafnlum zuadtzfich Akuminium enthak.

23. Kompositmembran nach einem der Anspriche 1 bis 4, dadurch gekennzeichnst, dssa die direki an die Mem-
brenachicht angrenxande Einzelschicht der Diffusionsspesrachicht sums sinam Matalicarbontirid gebilidet ist.

24. Komposimembran nach Anspruch 23, dedurch goksnnzaichnet, dess das Metalicarbonitrid mit mindestsns of-
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nem Metnll der Gruppe Vanadium, Niob, Tantal, Chrom, Molybdiin und Woifram gabiidat lat.

28. Komposkmembran nach Anspruch 24, dedurch gelannzsichnet, dass die direkt an die Membranschicht angren-
zende Einzetachicht der Diffusionssparrschicht aus Thancarbonltrid TICN gaeblidet ist.

26. Komposkmembran nach Anspruch 24, dedurch gekennxsichnet, dess die direkt an die Mambranschicht angren-
zende Einzeischicht der Diffusionasparrschicht aus NbC,N, peblidet ist.

21. Komposiimembran nach Anapruch ﬂ.:ulcll gekennzsichnet, dass die Wertigkeil x den Wert 0,3 und die
Wortigkelt y den Wert 0,7 annimmt.

28. Komposkmembran nach einem der Anspriiche 1 bis 4, dadurch gekennzesichnst, dess die direkt an die Mem-
branschicht angrenzenda Einzelschicht der Difusionsspermschicht aus alnem Metalborid gablidet lst.

29. Kompaosimembran nach Anspruch 28, dadurch gekennzeichnet, dass das Metaiborid mit mindestens einem
Matall der Gruppa Niob, Titan, Zirkon, Cer und Barlum gablidat ist.

30. Kompositmembran nach Anspruch 29, dadurch gekennreichnet, dess die direki an die Membranschicht angren-
zende Elnzelschichi der Diffusionssperschicht aus GeBy oder TiB, oder NbB oder NbEL, gabfidet let.

31. Komposimembran nach alnem der Anepriiche 1 bia 30, dadurch gekennzeichnet, dess das Substrat aus Mo-
tallfasern gebiidat ist, wobel dis Zwischanriums zwischen den Metallfasem eine Brofte und LAngs von jewells <
Spm aufwelsen oder dla frelen Lochfiichen zwischen den Metalifassm ein rundss Flichenliquivalent mit einem
Durchmeeser von < Gum aulwaison.

32. Komposimembran nach einam der Anspriche 1 bis 31, dadurch gekennzeichnet, dinss das Substrat als eine
Folle aus geaintartam Meatalipulver ausgeblidet ist.

33. Komposkmembran nach einem der Anaprilche 31 bia 32, dadurch geksnnzaichnet, dess die Zwischenriume
oder offenan Poren auf der, der mindestena einen Dilfusionaapemachicht zugewandien Selte des Subatrats, tell-
welse mit Matalpartikeln oder einer Mischung von Matalipartiksin mit Keramik- und/odar Glaspartikeln geflik sind,
weiche mit den Metakfasem oder der Folle versintert aind.

34. Kompositmambran nach einem der Anspriiche 1 bis 33, dadurch gekennzeichnet, dass mindestens die direit
an die Membranachicht angrenzende Einzeischicht der Diffusionsspemechichi eine offene Porositiit aufweist, wo-
bel ain Porendurchmeaser dar Poran 20 nm bls 500nm betriigt.

38. Komposktmembran nach einam der Anapriiche 1 bis 34, dadurch geksnnzeichnet, dass mindestens die direkd
an dle Membranschicht angrenzende Einzelschicht der Diffusionssperrachicht Mikrorisse aufwelst und dass die
Breite der Mioriase < Epm betrigt.

38. Kompositmembran nach einem der Anapriiche 1 bis 35, dadurch gekennzeichnet, dzss mindestens die direit
an die Membranschicht angrenrende Einzelachicht dar Diffusionasperrechicht durch PVD ( physikalische
Dampiphasenabecheldung ) gebiidet lat.

37. Kompositmembran nach Anapruch 38, dadurch gskannzeichnet, dass mindestens dle direit an die Membman-
schichl angrenzends Einzelschicht dsr Diffusionssperrachicht durch KathodenzersiAubung geblidet isL

38. Kompositmembran nach sinem der Anaprilche 1 bis 37, dadurch geksnnzeichnet, doss die direki an die Mem-
branschicht angrenzenda Einzelschicht der Diffusionsaparrschicht durh CVD  (chemiache
Dampiphasenabscheldung } geblidat lst.

39. Komposkmeombran nach einem der Anspriiche 1 bis 36, dadurch gekennasichnet, dasa mindestens die direkt
an die Membranachicht angrenzends Einzelschicht der Diffusionsaperrschicht durch ein Sol-Gel-Verfahren gebil-
det st

40. Komposimambran nach einem der Anapriiche 1 bis 35, dadurch gakennzeichnet, dass mindastans die direkt
an die Membranschicht angrenzende Einzelschicht der Diffusionssparmechicht durch 2artikel mit einer mittlsren



EP1 A1l
Komgrfe < 0.5 um geblidet ist, die miainander veraintart sind.

#1. Komposirnembran nach sinem der Ansprilche 1 bis 40, dadurch gekannzeichnet, dass die direld an dis Mem-
branschicht angrenzends Einzelachicht der Diffusionsspeirachicht sins Dicks im Bareich von 0.9 um bis 5 pm
aulwelst.

42. Kompoalimambran nach einem der Anspriche 1 bis 41, dedurch gekenmasichnet, dass die DifusionsepeiT-
schicht auf dar dam Substral abgewandten Oberfidche mit siner Keimschicht bolegt lst, deren chemische Zusam-
mensetrung 2umindost tellwelse der der Membmanschicht entspricht.

43. Komposimambren nach einem der Anspriiche 1 bla 42, dadurch gekennzeichnet, dess die mindestens olne
Membranachicht aus Paliadium oder einer Palladiumiegierung gablidet let.

44, Komposlimembran nach einem der Anapriiche 1 bis 43, dedurch gekennzeichnet, dass dis mindestans eine
Membranachicht eine Dicke im Bereich von 0.6 um bis 15 um aufweist.

45. Knrmunmurlnnnuulmdormmnhh«.dﬂlﬂhéhmldmﬂt.“donﬂnﬂmcm
Membranachici auf hrer der Diffusionssperrechicht abgewandien Oberfliche mit katalytisch aktivem Material

belegl laL

48. Komposimembran nach Ampruch 45, dadurch gekennzeichnat, dase das katalytisch altive Matarial aus Piatin
oder Ruthankum oder Rhodium geblidet let.

47. Komposimombran nach Anspruch 45, dadurch gekennasishnet, dass das katalytisch aktive Material sus einer
Platin-Paliadhum-Leglerung oder siner Ruthenium-Palladiun-Leglenmg oder elner Rhodium-Paladium-Leglerung
oder siner Palladivm-Selienerdmetali-Leglerung gebiidet lat.

48. Verfalvon zur Herstelung einer Komposttmembran nach elnem der Ansprilche 1 bis 47, dadurch gehannasich-
net, dass mindestons dle direld an die Membmanschicht angrenzenda Einzelachicht dar Dilfusionasparachicht
mitels PVD, CVD, einam Sol-Gel-Variahren odar durch Aufainiem von Pulverpartikeln mit einer mittleren Kom-
gréfe < 0.5um gebidet wird, und dass anachlieBend die mindesians eine Membranschicht gaivaniach aul der
dam Substrat abgewandian Oberfiiche der Difusionsspertechicht abgeachleden wird,

49. Vorfahren nach Anspruch 48, dadurch gekennzeichnet, dass die dem Substrat abgewandie Oberfiliche der DU-

fusionsspermchichi mi einer Keimschicht belegt wird, deren chemische Zusarmmensetzung zumnindest tellwelse
der Membranachicht antspricht.
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INTERNATIONAL PRELIMINARY EXAMINING AUTHORF-Y-

— Rewi]md inPAT | PCT
DE KEZEL, Erlc 21 JAN 2006

BP International Limited
Patents & Agreements, Chertsey Road NOTIFI OF TRANSMITTAL OF
Sunbury-on-Thames . THE | NATIONAL PRELIMINARY
Middlesex TW18 7LN RE| ON PATENTABILITY
GRANDE BRETAGNE (PCT Rule 71.1)

Date of maling

(dpinonthesr) 26.01.2008
Applicants or agent's fle reference
10227 IMPORTANT NOTIFICATION
intemational application No. Intsmetional fiing dale {deyénaoniijeer) Priority date (dnsinonihjear)
PCTAAB2005.000041 07.01 2006 08.01.2004
Applicant
BPP.LC.etal

1. The applicant is hereby notified thal this Intemational Preliminary Examining Authority transmits herewith. the
Intam.apgloml preliminary report on patentability and its annexes, if any, mhhlhhodonﬂ'lehtann':l:nnl

2. A copy of the report and its annexas, if any, Is being transmitted to the intemational Bureau for
communication to all the elected Offices.

3. Where required by any of the elected Officas, the International Bureau will prepare an English tranelation of
the report (but not of any annexes) and will transmit such translation to those Offices.

4. REMINDER

The applicant must enter the national phase before sach elected Office by parforming certain acts (filing
transiations and paying national fecs) within 30 months from the priority daie (or iater In some Offices)
(Article 38(1)) (mnho?he remindar sent by the International Bureau with Form PCTABS801).

Where a transiation of the intemational appication muat ba fumished to an elacted Office, that transiation
musi contaln a transiation of any annexes to the intemational prefiminary repcit on patentabiiity. It s the
applicant’s responsibility to prepare and fumish such translation directly to each elected Office concerned.

For further detalls on the applicable time limits and requirements of the elected Offices, see Volume i of the
PCT Applicant's Quide.

The appiicant's attention is drawn to Article 33(5), which that the critaria of novelly, inventive step

and industrial applicability described In Article 33(2) to (4) merely serve the purposes of intemational

preliminasry examination and that "any Contracting Stala may apply additional or different criteria for the
rposes of deciding whether, in that State, the claimed Inventions is patentale or not* (see also Article

pu
27(5)). Such additional criteria relate, for example, to exemptions sentability, rements for
ong)lng daebnum.chﬂlym":;mmmwtr:' om e roqul :

Name and maling address of e intemational Authorized Officar
== Eurppesn Palent Office - PB. 5816 Paientiaan 2 Smite, A ! Y
NL-2280 HV - Pays Baa
Tel. +31 70340 - 2040 Txc 31 651 epo nd Tel +31 70 340-3508 ,’
———  Fax +3170340- 2010 -

Form PCTAPEA/418 (January 2004)
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PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter |l of the Patent Cooparation Treaty)

(PCT Article 36 and Rule 70)
‘1‘;"2'27"""'“""“'"' reforence FOR FURTHER ACTION Boe Form PCTAPEAR1S
iemaional appiication No. iniemational fing Gute (dmsinontyear) Priority dale (daynonthjean)
PCT/GB2005000041 07.01.2005 09.01.2004

intemational Palent Chssification (IPC) or national classifieation and IPC
B01D71A2, BO1D5322, C01B3460

Applicam
BP P.LC. etal.

2
a

This report Is the Intemational preliminary sxamination report, esiablished by this Intamational Preiiminary Examining

Authority under Article 35 and transmitted to the appiicant according to Article 36.

This REPORT consists of a iotai of 6 shests, including this cover sheet.

This mport Is aleo accompanied by ANNEXES, compriaing:

a. [0 sent to the applicant and io the infemational Bureau) a total of sheets, as follows:

O sheeta of the deacription, claims andbr which have been amended and are the baais of this report

mmmmmi by this Authorfty (eee Flule 70.16 and Section 807 of the
Adminisirative instructions).

O sheets which earier shoets, but which this Authority considen contain an amendmeant that

supersede goss
beyond the disciosure In the intemational appiication as filed, as indicated in Item 4 of Box No. | and the
Supplemental Box.

b.O Mbhﬂmnmmm.huo:‘ummemnMdmwmsaMa
sequence andbr tables relatad thereto, euz:uhrmuule I, 88 indicated pplemantal
wm?mmmw mmﬂﬁ.;u-)

This report contains indications relating o the following Rems:

[E BoxNo.]  Baasls of the opinion

] BoxNo.ll  Priority

D BaxNo.ll  Non-establishment of opinion with regard 1o novelty, inventive step and Industrial applicabilty

D BoxNo. IV Lack of unity of Invention

B BoxNo.V mmummmmmumny.nnmmmmm
appiicabiity; cilations and axpianations supporting such statemerri

O BoxNo.Vl Ceriain documents clted

B Box No. VIl Certain defects in the intemnational appication

E 8ox No. Vill Certaln observations on the intemnational appication

Dt of submission of the demand Date of compietion of s report

08.08.2005 26.01.2008

Name and acirses of the Intamational Authortzed Officer —
—  European Pxient Offics - P.B, 5518 Putentamn 2 / \
NL-2280 HV - Pays Bas Bogaerts, M |
Tal. +31 70 340 - 2040 Txc 31 651 eponl }
Fax +31 70 340 - 3018 Telaphons No. +31 70 340- N

Formm PCTAPEAN 400 (Cover Sheaf) {January 2004)
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INTERNATIONAL PRELIMINARY REP RT Intemnational application No.
ON PATENTABILITY PCTA5B2005000041

Box No.| Baals of the report

1. With rd to the language, this report is based on the intemational epplication in the uage in which it was
m.mmmdemdumrmm. lengusg

O This report is based on translations from the original language into the following language ,

which s the language of a translation funished for the purposes of:

O intemational search {under Rulea 12.3 and 23.1(b))
O publication of the international application (under Rule 12.4)
O intemational preliminary examination (under Rules 55.2 andbr 55.3)

2. With regard to the slementa* of the inlernational application, this report is based on (raplacement sheets which

have been fumished io the receiving Office in response to an invitation under Ariicle 14 are referred io in this
report as "originally flled” and are not annexed io this report):

Description, Pages

1-14 as originaly filed
Claims, Numbere

1-16 as originally filed
Drawings, Shests

1M as originally filed

O asequence listing andbr any releted table(s) - see Supplemental Box Relating to Sequence Listing

8. 0 The amendmenis have resufted In the cancellation of-

4.0

O the description, pages

O the claims, Nos.

O the drawings, sheeisfigs

O the sequence listing (specify):

(O any table(s) related o saquence Rating (speciiy):

This report has been established as if (some of) the amendments annexed to this repon and listed below

had not been mads, since have been considered to go bayond the disclosure as filed, as indicated in the
Supplemental Box (Rule 70.2(c)).

|

O the description, pages

O the claims, Nos.

O the drawings, sheetsfigs

O the sequence listing (speciy): ] _
O any table{s} related to sequence ksting (specily):

If item 4 applies, some or all of these sheets may be marked "superseded.®

Form PCTAPEA/400 (January 2004)
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INTERNATIONAL PRELIMINARY REPORT Intemational epplication No.
ON PATENTABILITY PCTAGB2005000041

Box No.V Reasoned statement under Article with to - invent! 7
appiicabliity; citations and uphn:ﬂom lupporu,:?i-uda mnmﬂ Stop or induatria

1. Statement
Novelty (N) Yas: Claims 4,12-14
No: Claime 1-3,5-11,15,18
Inventive step (IS} Yes: Claims
Ne: Claims 1-18
Industrial applicabllity (1A) Yes: Claims 1-18
No: Claims

2. Chations and explanations (Rule 70.7):
soe separaie shest

Box No. Vil Ceriain defects In the iInternational appiication
The following defects in the form or contents of the Intemational application have been noted:
see separate shest

Box No. Vil  Certain observations on the international application

The following obeervations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

soo separeie sheet

Form PCTAPEA/409 {January 2004)



INTERNATIONAL PRELIMINARY international application Na.
REPORT ON PATENTABILITY

(SEPARATE SHEET) PCT/GB2005/00004 1
Be ltem V:

Reference is made to the following documents:
D1: JP-A-4349926 (Patent Abstracts of Japan)
D2: JP-A-10028850 (Patent Abstracts of Japan)
D3: EP-A-1180391

D4: EP-A-1342500

D5: EP-A-1362630

The present application does not meet the criteria of Articie 33(1) PCT, because the

subject-matter of independent claims 1,2 and 15 Is not new in the sense of Article 33(2)
PCT.

Documents D1-D5 disclose two layer metal Pd or Pd-alloy composite membranes
consisting of a porous substrate and a Pd or Pd-alloy membrane where the Pd
substantially exists on the outer surface of the porous substraie support with little or no
presence In the pore channels of the substrate.

D1-D5 avenly disclose processes for the preparation of the membranes comprising the
essontial steps of preparing the porous substrate, treating the porous substrate with a pore
filler, plating the support with a Pd solution and subjacting the membrane to a post-
processing (see the relevant passages as indicated in the intemational search report).

D1-D5 (one or more of these documents) also disclose the features as claimed In

dependent claims 3,5-11 and 18. The subject-matter of claims 3 and 5-11 is not new in the
sense of Article 33(2) PCT.

Dependent claims 4,12-14 do not contain any features which, in combination with the fea-
tures of any claim to which they refer, meet the requirements of the PCT In respect of
inventive step, the reasons being as follows:

No additional problem appears to have been solved by the additional technical feat.res.
The present application does not meet the criteria of Article 33(1) PCT, because the

subject-matter of claims 4,12-14 does not involve an inventive step in the sense of Article
33(3) PCT.

Form PCT/Separxis Sheet/400 (Sheet 1) (EPO-Jaruary 2004)



. ,)E“%

INTERNATIONAL PRELIMINARY international application No.
REPORT N PATENTABILITY

(SEPARATE SHEET) PCT/GB2005/000041

Be ltem VIi:

Present claim 13 does not make sense: the subject-matter of claim 13 Is in fact part of
claim 12.

Be ltem VHI:

The category of present claim 16 s not clear: it relates to a product or a process (Article 6
PCT).

Form PCT/Separsie Sheeti00 (Sheet 2) (EPO-January 2004)
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he demorst past be il direcly with the competent Insrationl Prelimincry Excemining Aty or, i two or more Aorites are corgers, O
with the ane chusen by the applicant. The fidl mune or two-letter code of hat Awhority may be indicated 'ty the gpplicant an the lime befow: ‘

IPEAM EP
PCT CHAPTER II

DEMAND

under Article 31 of the Patent Cooperation Tluze:
‘The undersigned requests that the international application specified below be the subject of
international preliminary examination ing to the Patent Cooperation Treaty.

For International Preliminary Examining Authority use only

| identificution of tPEA . Date of reseipt of DEMAND
BoxNo.I IDENTIFICATION OF THE INTERNATIONAL APPLICATION :‘::;;r' or egeal’s file reference
Intermetional application No. Iniemational filing datc (daymonthyear) | (Earliest) Pricrity date (day/month/year)
PCT/GB2005/000041 07/01/2005 08/01/2004

Title of invention
A metal palladium composite membrane or alloy palladium composite membrane and their

Bex No. Il APPLICANT(S) -

Name and address: mﬂnﬂgwdj:-?gvﬂﬂm Telephont No.

BP p.l.c. ’ Facgimile Na.

1 St James's Square

London Teleprinter No.

SW1Y 4PD .

United Kinadom Applicani’sregistration No. with the Office

State (thof Is, couniry) of nationality: State (thot &, country) of residence:
GB _ GB
Name and address: (Fanlly some filiownd by given name; for a legal entity, fill officiol degigration. The adkiness ma' includs postd cod and nome of caniry)

DALIAN INSTITUTE OF CHEMICAL PHYSICS
Chinese Academy of Sciences

457 Zhongshan Road

Dalian 116023

CHINA

Stxte {tha! is, country) of nationality: State (that i, country) of resichce:
CN CN

Name end address: (Ranily nows flowed by pivers e: for a kegal oy, fill official designation. The arkiress sasst inchude postol codk ond mame of coartry)

HOU, Shoufu

Room 1-202, Building 37
Xinhai 3rd Street.
Shahekou District

Dalian 116023

CHINA

State (thal is, counery) of nationality: State (that &5, country) of resider.ce:
CN. CN

[x] Further spplicants are indicated on » continustion sbeet

Forma PCYAIPEA/401 (first sheet) (April 2005) See Noter to the demand form
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International application No.

SheetNo. ..2 PCT/GB2005/000041

Coatinuaiion of Box No. [1 APPLICANT(S)

{f none of the following sub-boxes is used, this sheet should not be inclwded in the demand

JIANG, Kui

Room 3-201, Building 47
Lingxiu Road

Ganjingzl District

Dalian 116023

CHINA

Name and eddress: (Fanily s fllowed by givn naws; for o legal enity, fill oficil dulgrotion. Tha adkirexy mrst inchale potal code ond rewm of cowrery) |

Siate (that is, comnry) of netionality:
CN

State (et Is, cosmiry) of residence:
CN

LI, Wenzhao

Room 4-301, Building 82
Yangshu South Street
Shahekou District
‘Dalian 116023

CHINA

Name end address: (Famnly muw SSowed by gven mmne: for o legel ey, fid official designtion. The ackiress su st inchuke posted codds ond nowee of

State (that s, comntry) of netionality:
CN

State (that ix, country) of residence:
CN

cowry)

XU, Hengyong

Room 1-601, Bullding 45
Xinhai 3rd Street
Shahekou District

Dalian 116023

CHINA

Neme and addrexs: (Fanlly s followad by given nane; for a kgal sty Sl official diglprotion.  The ackivesy sas! bnchude postal codk ond nams of

State (that is, couniry) of pationality:
CN

Sixte {thai {x, counitry) of residence:
CN

YUAN, Lixiang
Room 1020, Bullding 59
Xinghai 3rd Street

Name and address: (Fosdly menw follkvwnd by given name; for a lepal eulty, fill official designation. The adiress mnat inchele postol code arel mawe of anewry)

Shahekou District
Dallan 1168023
CHINA
State (that i1, country) of nationality: State (ihor i3, coumnry) of residenze;
CN CN

[] Further applicants are indicsted on ancther continustion sheet,

Form PCTAPEA/401 (continustion sheet) (April 2005)

See Notes to the demand form



Intemational spplication No.

Sheet No. .3 PCT/GB2005/000041

Box No. lII AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The following person is E agent [] common representative
and{ 3] bas been appointed earlier and represents the applicant(s) also for international preliminary examination.
[7] is bereby appointed and sny earlicr appointment of (an) agent(sVcommon representative: is bereby revoked.

D is hereby appointed, specifically for the procedure before the Iniemational Preliminery Examining Authority, in addition 1o
the sgent(s)common representative appointed carlier.

Name and address: name fillowed by given nome; for a legal antiyy, full officil designation. | Telephone No.
e T o e o o) 01932 763201
DEKEZEL, Eric Facsimile No.
BP Intemational Limited 01932 762388
Patents & Agreements, Chertsey Road Teleprimter No.
Sunbury on Thames, Middlesex, TW16 7LN
United Kingdom Agen: s registration No. with the Office

D Address for correspondence: Mpkmhm&-huwhem?tummwmﬁnﬂmbmmumm
spece above is used instead o indicate u special address o which comrespondence shoul:] be sent.

Bex No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concerning amnendments:*
1. The applicant wishes the international preliminary examination to start on the basie of:

the international spplication as originally filed
the description as originally filed
es amended under Article 34

o originally filed
=3 emended under Article 19 (togeiher with any sccompamying statement)
s amended under Article 34

as originally filed
us amended under Article 34 .

the claims

the drawings

Ol O Test O

2. [[] The applicent wishes sny amendment to the clasims under Article 19 to be cousidered as reversed. :
Where the IPEA wishes to start the internstional preliminary caminstion «f the sam lime s the imternational search in

accordance with Ruleﬁ’.l(b).lh-wﬂiﬂﬂmﬂﬂhl?ﬂbpﬂrntﬁeﬂﬂofﬂninﬂnﬂuﬂpﬂimm

D examination until the-expiration of the applicsble tie limit under Rule 68.1(d).

4 : The applicant expressly wishes tho internationsl preliminary examination to start earller than st the expiration of the

lpplimeﬁmelimilunderllnle $4bis.1(u).

*  Whore no check-box is marked, international preliminery exsmination will start on the besis of the intcrnational spplication
s origk filed or, where a of amendments to the claimq under Article 19 sndfor amendioents of the international spplication
undex Article 34 are received by the Intcraationa] Preliminery Examining Authority before it has begun to draw up a written opinion
or the infernationsl preliminary exsxmination report, 85 $0 amended.

Langusge for the purposes of lnternational preliminary examination: English .
' which is the fanguege in which the internstiona application was filed.

[[] which is the tanguage of a transistion fumished for the purposes of intemational search.
[[] which s the tanguage of publication of the international application.

D which is the language of the translation (to be) furnished for the purposes of internalionsf preliminary examination.

Box Ne. ¥ ELECTION OF STATES

The filing of this demand constitutes the election of all Contracting States which are designated and are bound by Chapter Il of the
PCT.

Form PCTAPEA/401 (second sheet) (April 2005) See Notes to the demand form



International application No.
Sheet No. .. 4
° PCT/GB2005/00004 1
Box No. VI CHECK LIST
The demand is sccompanied by the follow ing clements, in the language refesred 1o in For laternational Preliminary
Box No. IV, for the purposes of intenationsl preliminary examination: Examining Authority use only
received pot received

I. translation of internationel application sheets (| 1
2. smendments under Article 34 shects [ O
). copy (or, where required], transiation) of

smendments under Article 19 : sheets O O
4. copy {or, where required, translation) of

statement under Article 19 shects . O
5. letter sheets (. 8
6. otber (zpecif) sheets - O

The demand is also sccompanied by the item(s) marked below:
1.0¢ fe cakulstion sheet 5.[] statement expluining .sck of rignature
2.[] original separate power of attorney 6.[] sequence listing in electronic form
3.[J original general power of attomey 7.[] tables in electronic form related to n
4.[] copy of general power of attorney;
reference number, if any: 8. other (gpecify: _

Box No. YII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Nat o each signoture, indicate the name of the person sigring and the cxpacily in which the person sigra (if zuch copa sty [ mox olwious from recxiing the deward).

N,

HYMERS,fonald Robson
Authoriséd Agent

For Intemationat Preliminary Examining Authority use only
1. Date of sctual receipt of DEMAND:

2. Adjusicd date of receipt of demand duc
to CORRECTIONS under Rule 60.1(b):

3.[] The date of receipt of the demand is AFTER the 6. D The daie of receipt of the demand is AFTER the
expirtion of 19 months from the priorily date and expirstion of the time Limit under Rule 54bis. 1(s)} and
item 4 or 5, below, does not apply. * item 7 or §, belowr, does not apply.

] Thespplicsnt has been informed sccordingly. | [[] Theduteofreccip:of the demandis WITHIN the time
lirmit under Rule $45is.1(x) a5 cxionded by virtue of

4. D The date of receipt of the demand s WITHIN the time Rule 80.5.
~ limit of 19 moaths from the priority date as extended
by virtve of Rule 80.5. . 8. D Althongh the date of receipt of the demand is afier the
5. D Although the date of receipt of the demand is after the iration of the time limit under Rule 545is.1(a), the
i of 19 months Fom the priorily date, the in arival is EXCUSED pursuant to Rule 32

deluy in amival is EXCUSED pursuant to Rule 82,

For Internationsl Bureau use only

Demand received from IPEA on:

Form PCT/IPEA/401 (last sheet) (April 2005) See Notes lo the demand form



CHAPTER 11

PCT

FEE CALCULATION SHEET

Annex to the Demand

—— —  For Intemtioral Prelimivery Exaining Adthoity vee cidy e
application No, PCT/GB2005/000041

licant’s or agent's
e vef 10227 Date stamp of the IPEA
Applicant

BP Exploration Operating Company Limited et al

CALCULATION OF PRESCRIBED FEES

1, Preliminary exsmination fee [ 1530.00[11

2. Handliog fee (Applicants from certain Stales are
enﬂlldloamducrbnﬂ'?”iqfﬂnhnﬂmg
Where the applicant is {or all appiicants are,
mﬂﬂdﬁeuaﬂbhmﬁuﬂd”b?’%q{h L H
handling fee) 1

3. Total of prescribed fees
Add the smounts entered ot P and H
and exter total in the TOTAL box ..........cccovrrmuremsccresns 1658,01)

MODE OF PAYMENT

1
EE

D
]
O
[

OO0®
1
!
;

other (specify)-

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT
{Thiz mode of paymeni may not be availabie ot all IPEAs)

_ IPEA/ EP_
Authorization 1o charge the total fees indicated shove. Deposit Account No.: 28050129
] (Thircheck-bax may be marked only if the condirions for pue: _5 August 2005
deport accounty of the IPEA 1o permil} Authorizetion to
charge any deficiency or credit any overpayment in the Name: S.J. Day

toial fees indicated sbove.

Signatuve: gm

-‘—-—-—J

Form PCTAPEA/401 (Annex) (April 2005) See Noies o ihe foe caiculation sheet
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P CT e For receivinj; Office use only

International Application No.

REQUEST
Iinternational Filing Date

The undersigned requests that the present
international lp;.i?cllion be processed
according to the Patent Cooperation Treaty. Name of receiving Office and “P_T International Application™ .

icant’ y referer.
TS (15 Eorer mictmmy BP 10227

Box No. I TITLE OF INVENTION

A METAL PALLADIUM COMPOSITE MEMBRANE OR ALLOY PALLADIUM COMPOSITE
MEMBRANE AND THEIR PREPARATION METHODS

BoxNo.Il  APPLICANT (] This person is also inventor

Name and address: (Family name followed by name; fora legal entity, fidl official devignation. | Telephon= No.

T e e e o ey 70

BP p.l.c. Faczimile No.

1 St James's Square

London Teleprinter No.

SW1Y 4PD

UNITED KINGDOM Applicant ‘s registration No. with the Office

"State (that is, country) of nationality: State (What ix, couniry) of residencs:
GB GB
'lﬂ'l.:.l:hmnulpglﬁnnt Dﬂ:pud ﬂm&:w Dgthus‘:l-; Dzmmng

BoxNo.llI FURTHERAPPLICANT(S) AND/OR (FURTHER) INVENTOR(S) .

Name and address: fa-ﬂy-:ﬁﬁn:.:y ml-faa.d-mﬂwm This person i
T T T T el
DALIAN INSTITUTE OF CHEMICAL PHYSICS ) ]
Chinese Academy of Sciences [ applicent and inveator
457 Zhongshan Road, ivemtor caly (If this check-boz ix
Dalian 116023 L i o
CHINA Applicant’s registration No. with the Office
Stute {that ir, country) of nationality: State (bhat is, coumtry) of residence.
CN CN
fo ik papsarst T [t [X] hnmrnne ey, [1ibemns [ eeease

Purther applicsnts and/or (further) inventors sre indicated on a continuation sheet,

BoxNe.lV AGENT OR COMMON REPRESENTATIVE; OR.ADDIESS FOR (.UliRESPCINDENCl

The persan Keatificd below is herebyhag been appoinied to act on behalf common
of the applicani(s) before the competent Intemational Authoritics s; [X] sgemt [Jrreadve

Name and address: (Family name given name; for a iegel entity, full official desipnation. | Telephone No.

DE KEZEL, Eric TFacsimile No.

BP INTERNATIONAL LIMITED 01932 752388

Chertsey Road T ——,
Sunbury-on-Thames '

lh;lllltlitqel(al s;(alxn'g:(v)vn: 67LN Agent's regisTation No. with the Office

spacc above is used instead to indicate a special address to w sent,

Form PCT/RO/101 (firat sheet) (January 2004)

D Address for correspondence; Mark this check-box where w O commdm ms:ltlmiw in/has been sppointed and the

See Notes to the request form
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Contluustion of Box No.IIl  FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S}
If mone of the following sub-boxes is used, this sheet should not be included in the request.

Name and address: (Family name follownd by given name; for o legal euity, full official designarion. | This eron is:
et T e b o = Aol
HOU, Shoufu _ .
Room 1-202, Building 37 [X] appticem o:ﬂ;*::
Xinhai 3rd Street inventor goly (i check b
Shahekou District
Dalian 116023 Appli :ant’sregistration No. with the Office
CHINA
Stete (that Is, country) of nationality: State (that s, cosntry) of residence:
CN CN
Diimmar= [am= [ifgitrot XSy [ ohmss
Name and address: (Fuonilysams foliowed by Ading; for a lagal entlly, full afficial devignation. | This pzreon ix:
.":m;-:ﬂﬁﬂﬁmaﬁé m's{q A e il [] applicant only
JIANG, Kui L .
Room 3-201, Building 47 [X] sppticsa o e
Iélngfiu RoDadtnct . L] mariact @ e in ety
anjingzi Dis
Dalian 116023 _ Applicant’s registration No. with the Office
CHINA
State (that i, counzry) of sationality: State (that is, couniry) of residence:
CN CN
Do yriont [ dimiped [t 7]t || et
Neme and addreas; (Familyname followed by given mame; for a legnl owity,full officiol designasion. | This pezon is:
Ehﬁw';m:* o) ek e (o S s ittt [ seplicant oaly
, Wenzhao _ ]
Room 4-301, Building 82 x] N
Yangshu South Street : [ renter ? ks Check-bax ,
Shahekou District
Dalian 1 16023 Appliczat’s registration No. with the Office
CHINA
State (that is, country) of mtionality: State (that is, country) of residence:
CN ' CN

mipe (= [ismstves, Froety (o

Name and addresss (Fomily same followed by givex name; a legul entity, fisl officiel darignasian. | This pecron is:
.";ﬁ':.:‘.‘:.“:‘ﬂ.ﬁ?ﬁw‘;‘im nmqmin”'nmhh? e D applicant only
XU, Hengyong ; iirventor
Room 1-601, Building 45 & ot (s chech b
Xinhai 3rd Street [ et e i e oy
Shahekou District e ———— -
Dalian 116023 Applican="s registration No. withthe Office
CHINA .
State {that is, couniry) of nationality: . Stute (that is, country} of residene:
CN CN

is persom is eppli all cesignated all designeted States cxcept the United States the Staley indicated in
Tf:'agp..,,:;"g'fm DM‘:' Dummam [X] SFamercanly [ (ho Scppameal Bex

[3] Funther applicants and/or (further) inventors are indicated on another continuation sheet.

Form PCT/RO/101 (continuation sheet) (January 2004) See Notes to the request form



Contioustion of Box No. 11l  FURTHER APPLICANT(S) ANDVOR (FURTHER) INVEMTOR(S)
If none of the Jollowing sub-boxes is uzed, this sheet should not be included in the requess.

Name and address; (Family nawe followed by given nawe; for a legal entity. full official devignation. | This person is:
ot e o Lt e e o T e L= Ml
YUAN, Lixiang o
Room 1020, Building 59 ] p— : ;‘L‘”
Xinghai 3rd Street invenor check-bax
Shahekou District : Jmﬁmm,)
Dalian 116023 Appliciat's egistration No. with the Office
CHINA
State (that is, country) of nationality: Stake {that is, country) of resid=mce:

CN CN

Tt Qs Ontmudees, Ml [(Eimans

N . . . .
s, o o et At T s e

Bax is the applicant s Ste (thatis, country) of resiilence ifo Siate of s dndicated below,) D spplicant anly

[] spplicant and isventor
inmoqlg(y‘mm
's marked, do not fill in belaw)

Applicant's registration No. with the Office

State (that Is, couniry) of nationality: State (that L1, coumry) of residenice:

irteppat Qs DhGediers, ok [kimaens

Name and sddress; (Fl-ﬁ'_-ﬁ*ﬂb:bmicuhdﬂixﬂﬂm This permn is:

The addrexs minst include pastal code and couniry of the addrems indicased in this
Mhh#ﬂ%ﬂhmﬂﬁ?ﬂh ..a....r..i....mm D mplicant only

[} smticant and inventor
[T it e ety

Applicant’s registration No. with the Office

State (that is, cowury) of nationality: State (that iy, counery) of residence:

o appcant ] ideiged [ ol dipmicd St moe [ s Uskmd S [ the ey indcwed in

Tl e e S P | s oo
Bax ls tha applicant's Siaie (that is, counsry) of rafidence {fwo Siass of s indicated beiow,) D appilicant caly

[] sprlicant and inventor
D ﬁnwﬂoﬂgﬁinw

Applicant's registration No. with the Office

State (that is, cosmtry) of nationality: State (ihat is, country) of residence:
Thi i i all designated all desi the United the indicated
for e purposc b [ saes [ e i S e e, of Americaontr. | e Supplemennl s

D Further applicants and/or {further) imventors are indicated on another eontinuation sheet.

Form PCT/RO/10) (continuation sheet) (January 2004) See Noies 1o the request form
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Shect No. 4

BoxNe.V  DESIGNATIONS

The filing of this request constitutes under Rule 4.9(a), ibe ation of all Conmcmﬁ’ tates bound by the PCT on the iternational
filing date, for the grant of every kind of protection available where applicable, for the grtnt of both regional and national patents,

Howeves,

D DE Germany I not deslgnated for any kind of national protection

[0 KR Republic of Korea i not designated for any kind of national protection
D RU Russian Federation ks not designated for any kind of national protection

(The check-baxes above may be wsed to exclude (i ) the designations concerned in orde to avoid the ceasing of the effect, under
the national law, of an earlier national ﬁwl priority is claimed See the Noier to Box No. Vuwﬂcmaqmq“
such national law provisions in these and ceriain other States }

BoxNo.VI PRIORITY CLAIM
“The pricrity of the following cartier application(s) is herebry claimed:

Filing date Number Where carlier application is:
of calier application of earlier application e el —— p—y
dayimonth/ecs ication: | e oional azplication® |
¢ ) of WTO regioml Office mgomee
m(lloom.m) 200410021025.6 CN
9 Jenuary 2004
itema (2)
item (3)

] Further priority claims are indicated in the Supplemental Box.

The receiving Office is requested to prepace and trangmuit to the International Buresu & certifiod copyy of the earlier application(s) fonly {f

wmmﬁHMM%Mﬁhmdﬁbmwuk&mwmm
as;

[ abiiseens [ iemq) O e 0 iem@) [ other, sce Supplamental Box

* Where the eartier application ARIPO incicare Country the} Comvention for the Protection
Inhwulhwwwﬂng:'d'ﬁlW:ﬂhmwﬂ%mhmzpﬂuﬁwﬂdmﬂﬂw...?.r

Box No. VII  INTERNATIONAL SEARCHING AUTHORITY

Cholee of lnmhnl Sn{"t:ll: Authgm" (ISA) (f o MWMAMMGEMwaﬁG
137, N = PP
Request 1o use resubls of enrlier search; reference to that search {}f an eariier search has been corried out by or requested from the
International Searching Autharity):

Date (dayrimorth/penr) Number Country {or regional Office)

Box No, VIII DECLARATIONS

The following deciaratlous ar contained in Boxes Nos- VIII (i) to (v) (inark the qpplicable Number of
check-baxes beiow and indicae in the right column the number of each type of declaraiion): declarstions
[ BexNe.vm() Declartion as to the identity of the inventor
[0 BoxNe.vm@@) Declamation as to the applicant’s entitlement, 83 af the intemational filing

date, 1o apply for and be granted a patent
D Box No. VIII (iif) Declaration as to the applicant’s entitlement, ag nt the international filing

date, to claim the priority of the earlier application
X Box No. vl Giv) Declamtion of inventorship (only for the purposes of the designatior of the

United States of America) : T2
] BoxNe. Vil (v) Declaration as to non-prejudicial disclosures or exceptions to lack of novelty

Form PCT/RO/101 (sccond sheet) (January 2004) See Notes to the request form
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Box No. VIll (iv) DECLARATION: INVENTORSHIP (oaly for the purposes of the desiynation of the United States of Americy)

Thedeclaration must conform to the following standardized wording provided for in Seciion 214 32 Notes to Boxes Nos. VIIT, VI (i) to (v)
(in general) and the specific Notes to Box No. VI (iv). if this Box i mot used, Oris sheet should nct be included in the request.

SheetNo, . &....

Declaration of inventorshlp (Rules 4.17(iv) and 51bis.1{a)(iv))
for the purposes of the deslgaation of the United States of Amerlea:

I hevebry declare that I believe 1 am the original, first and sole (if only one inventor is listed below) ar joint (if more than one inventor
is listed below) inventor of the subject matter which is claimed and for which a patent is souglit.

This declaration is directed to the internations] application of which it forms a part (if filing declaration with application).

This declaration is directed to international application No. PCY/ ......eoeuneernreienniensees (if furnishing declaration pursuant
to Rule 26ter).

[ hercby declare that my residence, mailing address, and citizenship are as stated next to my name.

I hereby state that I have reviewed and understand the contents of the above-identified internatimal application, including the claims
of sid application | have identified in the request of said application, in compliance with PCT Rule 4.10, any claim to foreign priority,
and 1 have identified below, under the heading “Prior Applications,” by spplication number, country or Member of the World Trade
Organization, day, month and year of filing, any epplication for s patent orinventor's certificate {iled in a country other than the United
States of America, inchuding amry PCT international application designating at least one country other than the Uniled States of America,
having u filing datc before that of the application on which foreign pricrity is claimed.

....................................................................................

I hercby acknowledge the duty to disclose information that is known by me to be material to patentability as defined by
37CF.R § 1.56, including for continuation-in-part applicationy, material information which became available between the filing date
of the prior application and the PCT intemational filing date of the continuation-in-part applicstion.

1 hereby declare that sll statements made herein of my own knowledge are true and that all statements made on informstion and belief
are belicved 10 be true; and further that these statements were made with the knowiedge that willful false statements and the like s0

made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the Uni-ed States Code and that such willful
false statements may jeopardize the validity of the application or any patent issued thereon, -

---------------------------------------------------------------------------------

Inventor's Signalure: ...........c.cciiiiancncnnnnasaas DB . i oo vviirevnneae ertiiasnarerrassasanarrrrna
(if not contained in the request, or if declaration is comrected or (oflisuunldliellilnumhimdinﬂnmust.wofﬂn
added under Rule 26ser after the filing of the international declaration that is corrected or added under Rule 26¢er after the
spplication. The signature must be that of the inventor, not thatof filing of the intemational application)

the agent)

Inventor’s Signature: .............cciiiiiiiii i iiae e DBIE: . ......cinneetatnrsr e
(if not contained in the request, or if declavation is corrected or  (of signature which is not contained in the request, or of the
added under Rule 26s¢r afier the filing of the international  declaration that is corrected or ndded under Rule 26ter after the
application. The signature must be that of the inventor, notthatof filing of the international spplication)

the agent)}

===

Farm PCT/RO/101 (declaration sheet (iv}) (Junuary 2004) See Notes to the request form

This declaration is contimucd on the following sheet, “Continuation of Box No, Vil (iv)™.




Sheet No. ...8..

Contlanuation of Box No. VIII([) to (v} DECLARATION

P Iz inswfficlentin amy of Boues Nos. VIIl ol the information, inchading i the case where more then two ln

:‘ﬁ:; md_h&ué?ﬂm).hm%%%ﬁ;ﬂmﬁm Wll’t.." Man:ﬁe::w l“?‘:’l:ﬂgm

Wy{‘m':rmmm:nmlmm! e e ke o e ek dect omon 1 hts B by ot oo, T e
not be included in the request

Continuation of Box No. VIil

Name: LI, Wenzhao

Residence: Dalian, China

Mailing Address: Room 4-301, Building 82, Yangshu South Streer, Shahekou District,
Dalian 116023, China

Citizenship: Chinese

Inventor's Signature: Date:

Name: XU, Hengyong

Residence: Dalian, China

Mailing -Address: Room 1-601, Buillding 45, Xinhai 3rd Street, Shahekou District, Dafian
116023, China

Citizenship: Chinese

Inventor's Signature: Date:

Name: YUAN, Lixiang
Residence: Dalian, China

Mailing Address: Room 1020, Building 59, Xinghai 3rd Street, Shah2kou District, Dallan
116023, China

Citizenship: Chinese

inventor's Signature: ' Date:

Form PCT/RO/101 (continuation sheet for declaration) (January 2004) See Notes to the request form
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drawings :
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sequence listing

tables related thereto
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Bl ww d

Tetal sumber of sheety
) O] oulyin readable form
® (Section (l)(')

® [ sequonce listing
(i) Dnblunlmdlheeto

Sheet No. .. 7 e
This international application is accompanied by the following
item(s) (inark the applicable check-boxes beknw and indicate in

right colunn the number of each item):
I. 08 feccalculation sheet
2. [& original sepamte power of attorncy
3. [J original general power of attomey
4 3 wpyofpml power of attorney; teference number,

5.0 st pinig o ot T
6.0 m document(s} identified in Box No. VI as

8. scparale mdmum concemn sited microorganism
O or other biological material ing depo

9. O sequcnce liting in comprtes readablo form

banitted for the purpozes of intemnational search wader .
® O wﬁl.;urmly(mdnotupma the international spplication) :

(ii) D(an{yuhudﬂ-h: @ or }nmﬂmlﬂuﬁnf#m
purpnl:ofmmnomlmchlu l?.ulel:il'urm|Iy :

together with relevant statement an to the iden the
G O mmmﬁ%ﬂmhﬂuﬁmﬁmm‘o’ l=|’W“:

10.0 nbhmmwuumbbhhmrﬂndhuqumellm
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ODuquenulumg ) LJ copy purposes of internati
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and qumber of carriers (diskene, il marked cohionny)
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e S @ O e
(aditional coples to be indicated under 1L [J other (pocif): « . ooo et ivvi i ieicnaasnanenas
items 9() and/or 10@), in right cohann)
Figure of the drawings which 1 Language of flllag of the lish
should sccompany the sbstract: international application: Englis
BaxNo.X  SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

Not i cach signatury, lhku.d‘ﬁpuﬂﬂk_#kMﬁm“ﬁaﬂmﬁyhddﬁjﬂ“ﬁw

)M%&N’\N

HAWKINS, Devid George
Additional Agent

1. Date of actual fthe
m.;;;'elmo purported

For receiving Office use only

uﬂ:ely muwed pepexs or drawings

3. Corrected date of actual receipt due to later but
sompleting

4. Dute of timely
corrections under

ipt of the required
Article [ 1(2):

5. Intemational

(1ftwno:mmcnmpelml) ISA/

Tranamittal of search copy delayed
unti{ search fee is pnldmp

“0O

Date of receipt of the record
by the lmm:ml Bureau: hiid

For International Bureau use only

Form PCT/RO/101 (last sheet) (January 2004)

See Notes to the request form




y PATENT COOPERATION TREATY Pcwsazoosmooda'M TS
¢ i o

- Ly
From the INTERNATIONAL BUREAU 4'\/
Lo PCE—
NOTIFICATION CONCERNING gllf- KEZEL, Eric
SUBMISSION OR TRANSMITTAL Chertay Road i
OF PRIORITY DOCUMENT Sunbury-on-Thames
Middlesex TW16 7LN
ROYAUME-UNI
(PCT Administrative Instructions, Section 411)
[ Date of mailing {dawmonth/year)
22 June 2005 {22.06.2005)
""';"'1;22"“7"’ file. refcrence IMPORTANT NOTIFICATION
Imemational application No. International filing date (dewimonshiear)
PCY/GB2005/000041 07 January 2005 (07.01.2005)
International publication date (davmanthfear) Priarity date (daymaonth/year)
09 January 2004 (09.01.2004)
! Applicant

BP P.LC. et al

l. By means of this Form, which replaces any previously issued notificstion concemning submission or transmittal of priority
documents, the spplicant is hereby notified of the date of receipt by the International Bureau of the priority document(s)
relating to all earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters “NR”, in the

ndlt-hlndcnlunnorbymnmd(lppmnngnmmadmﬂmnpuﬂwpnomydmmentmcmedwusmbmmedor
transmitied to the International Buresu in compliance with Rule 17.1(a) or (b).

2 (If applicable) The letters “NR" appearing in the right-hand column denote a priority document which, an_ the date of

Eocm, had not yet been received by the Internatiomal Barean under Rule 17.1(a) or (b). Where, under

Rule 17.1(n), the priority document must be submitted by the applicant (o the receiving Office or the Internations! Burcay,

but the applicant fails to submit the priority document within the spplicable time limit under thei Rule, the attention of the

applicant is directed 1o Rule 17.1(c) which provides that no designated Office may disrcgard the priority claim concerned

before gmng the applicant an opportunity, upon catry into the national phase, to furnish the pricrity document within a time
limit which is reasonable under the circumstances.

3. (If applicable)An asterisk (*) appearing next to a date of receipt, in the right-hand column, denoles a priority document
submitted or transmitted to the International Bureau but aot [n complisnce with Rule 17.1{a) or (b) (the priority

L. document was received afier the time limit prescribed in Rulc 17.1(n) or the request lo prepat and trinsmit the priority
document was submitted to the receiving Office afice the applicable time limit ander Rule 17.1(b)). Even though the priarity

document was pot furnished in compliance with Rule 17.1(a) or (b), the International Bureau “¥ill nevertheless transmit a

copy of the document to the designated Offices, forﬂ:eirconndmhmlnuumduwpylsnolmpwdhymedmpmd

Otrwcuthemmtydocmm IH(c)pmvlde:ﬂmnodmgnmdorﬁumydnmd tae priority claim concemed
before ;wmg the applicant an oppormmy. upon entry into the national phese, to furnish the priotity document within a time
limit which is reasonable under the circumstances,
Prioity datc Priority application Bo. Wzm vine OfF ED"&M.. .
00 January 2004 (09.01.2004) 200410021025.6 CN 17 June 2005 (17.06.2005)
The intcmnational Burcau of WIPO Authorizcd officer
34, chemin des Colombettes
1211 Geneva 20, Switzeriand Jean-Luc MARTIN
Facsimile No. (41-22) 338.87.40
Foesimile No. +41 22 338 82 70 Telephone No. +41 22 338 9387

Form PCTAR/304 (January 2004) CHMS3NBRSY
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R c ived in PAT

From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHOR|
T 05 SEP 2005

DE KEZEL, Eric

BP International Limited

Patents & Agreements, Chertsey Road
Sunbury-on-Thames

Niddlesex TW16 7IN g e o et g o W
GRANDE BRETAGNE

NOTIFICATION RECEIPT
OF DEMAND BY CO INTERNATIONAL
ARY EXAMINING AUTHORITY

% (titymomihiyes) %0-08-2005
'9"! Applicant’s or agent's file referunce IMPORTANT NOTIFICATION
10227
Intornational application No. International filing date {day/monsh/year) Priarity date (day/month]year)
PCT/GB2005/000041 07/01/2005 0970172004
Applicant

BP P.L.C. et al.

1. ﬂuzph:n tis motified that this iniernations] Preliminary Examining Authority considers the follo date as the
date wdmmmmmmndmmmmpm b

08/08/2005

2  ‘This date of receipt ix

the sctual date of receipt of the domand by this Authority {Rule 61.1(b)).
[C] the notual daze of receipt of the dernand on behalf of this Authority (Ruls 59.3(e))

[[] the date on which this Authority has, in response to the invkation (o correct defects in the demand
{Form PCT/IPEA/404), recelved the required corrections.

3. [[] ATTENTION: That datn of receipt s siter the expiration of 19 manths from the priority date. Consequently,
dmdh.hhﬂdumhwhdmdpﬂuiuhmwmmmwunlll!Omndul‘tm
tw date (or later in some Offices) (Articla 39(1 the acts for entry into the nati phase must therefare he

within 20 months from the priority dats (or in some Offices). Hawever, in 1espect of some other Offices,
the time limit of 30 months {or buer) may nevertheloss . See the Annex to Form PCT/1Bf301 and, for detalls about the
lpﬂiub::-nﬁnﬁu.oﬂhbym.uﬂl?cr ne's Gulds, Volume 11, Natioral Chapters and the WIPO

] gm;mmmmmmMﬁmwm.fmuMmhm

4.  Only where paragraph 3 spplicx, & copy of thiz notification has been sent to the Interoational Burean.

] Flhm‘%

=
Name and maifing sddress of the IPEA/ Autharized officer w

NL-2280 HY Rijrwljk - Netheriands
“Tel.: (+31-70) 340,204 SMITS A M

@ Europcan Patent Office, P.B. 5818 Patentlaan 2
: Fax: (+31-70) 340-3016

Tel. (+31-70) 340-359%
Form PCT/IPEA/402 (April 2002; reprint January 2004) 25/08/2005)

°
s a0 *



PATENT COOPERATION TREATY PCT’GBM@W@

o

, L T : From the INTERNATIONAL BUREAU M
l 4o M
PCT : e
———— e e
INFORMATION CONCERNING BLECTED DE KEZEL, Eric
OFFICES NOTTFIED OF THEIR ELECTION BP Intemational Limited
GChersey Road
Sunbury-on-Thames
(PCT Anticle 31(7) and Rule 61.3) VR TS TLN
Date of mailing {dayAmoniiyear)
10 November 2005 (10.11.2005)
Applicant's or agent’s file referenco
BP 10227 IMPORTAMNT INFORMATION
International application No. Imernational filing date (dayimnnth/year) Priorily date { daymonth/year)
PCT/GB2005/000041 07 Januaty 2005 (07.01.2005) 03 January 2004 (09.01.2004)
Applicant
BPP.LC.etal

‘. ‘The applican is herebry informed that the Interestional Buresn has, acconding 10 Article 31(7), notified each of the following Offices of s election:

SL, SK, TR
National: BG, CA, CN, CZ, DE, IP, KFP, KR, MN, NO, PL, RO, RU, SK, SM, US
2 mﬁhh‘qlhlhvuni\mlhmﬁmhﬂnmﬂkﬁmd‘ﬁre&hhnﬁfn-ﬁuﬁﬂh:umhbﬂh’hﬁ“
only npon thesr roquest:
AP: BW, GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW
EA: AM, AZ, BY, KG, KZ, MD, RU, TJ, TM
0A: BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG

National: AH, AG, AL, AM, AT, AU, AZ, BA, BB, BR, BW, BY, BZ, CH, CO, CR. CU.
D

MG, MK, MW, MX, MZ, NA, NI, NZ, OM, PG, PH, PT, SC, SD, SR, SG, SL, S§Y, TJ, TM, TN, TR, TT,
UG, UZ, VC, VN, YU, ZA, ZM, ZW

mdlbilﬂllﬁnllpdimimyl.qntup-nlh'l'nyI&wﬂdhmwnhﬂmnidelﬂﬂ(b)MMHJ).

6 updated mgularty.

'U. DK, DM, .EE,
ES, F1, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, KE, KG, KZ,LC,LK, LR, 1S,LT, LU, LV, MA, MD
v S TZ, UA

EP: AT, BB, BG, CH, CY, CZ, DE, DK, EE, ES, FL FR, GB, GR, HU, Ig, IS, IT, LT, LU, MC, NL. PL, PT, RO, SE,

Buresn

BGQ

3. Since the clection(s) wes (were) made before the expiration of 19 months from the priarity date, the spplicant is reminded ths he nmst enter te "oational
phase“beflore the expirniion of 30 months from the priority date befom each of the linted shave. This mx &2 be doue by paying the wational fee(s)
and furnishing, if prescribed, & translation of the internationsl spplication (Article 35(1)1)), as wull as, where spplicabls, by funishiag s trunslation of any

Some Officey have fixed time Limity expiring bty than the above-mestioned time Limit. Sco the Anaes %o Form PCT/IB/30] and, for dewils sbout the
appiicablo time mita, Offiee by Office, seo the PCT Apdiomt’s Guide, Volutoe T1, National Chapters, the PCT iNewslester and the WIPO Ixterset site,

The Imernational Bureau of WIPQ Authorized officer

M, chemin des Colombe! ¥
211 Ooneve 20, Swriteriand Dorothée Milhausen

Facsimile No.+41 22 740 14 35 Factimile No.+41 22 33887 40

¥orm PCTAR/A32 (Jarmary 2004)
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SUPENNTENDENCIA DE DU ' )
Rad: 06-065842- -00000.0000

Fec: 2006-07-07 .
Tia. 11 PATENTEIYY . O 2020 NUECREACIONES
Cve: 378 FASCNACIONALN -

Act411 PRESENTACION Fugee: g¢ .Y Comercio

SUrerinTENDENCIA

REQUISITOS MINIMOS PARA ADMISION A TRAMITE

PCY

PATENTE DE INVENCION H/ MODELO DE UTILIDAD [ ]

¢ Indicacién de que se solicita la concesion de una patente [ﬁ
¢ Datos de identificacién del solicitante o de la persona que presenta la solicitud [),
@ Descripcion de la Invencién P
¢ Dibujos de ser estos pertinentes '}
¢ Comprobante de pago de las tasas establecidas [4

COMPLETA [ ] INCOMPLETA [ ]

DISENO INDUSTRIAL [ . ]

€ Indicacién de que se solicita el registro de Disefio Industrial [ ]

& Datos de identificacién del solicitante o de la persona que presenta la solicitud [ ]

¢ Representacion grifica y fotogréfica del Disefio Industrial o muestra del [ ]

material que incorpora el disefio
4 Comprobante de pago de las tasas establecidas []
COMPLETA [ 1 INCOMPLETA [ ]

ESQUEMA DE TRAZADO | ]

4 Indicacién de que se solicita el registro de un Esquema de Trazado [
¢ Datos de identificacién del solicitante o de la persona que presenta la solicitud [
€ Rapresentacl6n gréfica del esquema trazado [
4 Comprobante de pago de las tasas establecidas I

Il Bod Bl el

COMPLETA [ ] INCOMPLETA [ ]
Firma Responsable
Fecha n 7 JUL' Zuns Carrera 13 No. 27-00 Piso 5,7y 10
Conmutador: 3 82 08 40
Fax: 350 52 20
E-mall: infofRelc.gov.co
www.slc.gov.co

Bogotd, D.C., Colombla
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REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO a ‘

Bogot4,

2020

Doctor (a)

RODRIGUEZ DILIA MARIA Ax
o5

REFERENCIA Radicacién No. 6 65942

Bolicitud internacicnal GB2005/000041
Fecha iniclio fase nacliomal 09/08/2006

Trimite 11

Evento a7s
Actuacifn 430

Oficioc No. o 11085

Como resultado dal examen de forma, realizado con fundamento en el articulo 39 das
la Decisifm 486 de la Comisifn de la Cominidad Andina, articulo 27 dal Tratado de
Cooperacién en Materia de Patemtes (PCT)}, regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Camarcio, se le camunica que:

1. B81i fuere el caso, el solicitante debe adjuntar la traduccifn de los anexos del
reporte de examen preliminar internaciomal (Art. 36.2.b) del tratado PCT.
1

2. ILa solicitud no contiene la copia del documento en que consta la ceaiSm desl
derecho a la patente del inventor al solicitante o a su causante. (Art. 26-k)
Dacisifn 486.

3. La golicitud no contieme el poder debidamente otorgado, con el lleno de loa
requisitos exigidos por loa articulos 63 y subsigulentes del Codigo de
Procedimiento Civil. Adicionalmente, deber& presentar el documsnto que acredita la
existencia y representaciém legal de la sociedad solicitante, cuando &sta fuere
persona juridica.

En cumplimiemto de lc dispuesto por al articulo 39 de la Declsifn 486, se le
requiere para que dentro del término de dos meses siguientes a la fecha de
notificacién del presente oficio, complate los requigitos anteriormente enunciados.
En caso da no dar cumplimiento al presente requerimiento, la solicitud se
congiderari abandomada y perderi su prelacidn.

Notifiquese el presente
e), dal capitulo g

oficio conforme & lo dispuesto en el numeral 5.2, literal
del jtitulo primero de la Clrcular Unica No.10 de 2001.

ALIX CARMENZA CESPEDES VERGEL
Jefe da laAivisién de Nuevas Creaciones

El anterior gquerimiento fue notificado por fijaciém en 1lista de
feacha

e 9 SET. 206



