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A netal palladium conposite nenbrane or alloy
pal | adi um conposite nmenbrane and their preparation
woreilkoasodhe present invention relates to a neP@l/GB2005/000041
pal | adium - or alloy palladium- conposite nmenbrane
whi ch exhi bits a high perneabl e hydrogen flux and high
hydr ogen selectivity for separation or purification.
The present invention further relates to a preparation
nmet hod for producing these said netal or alloy
pal | adi um conposi te nenbranes. The increased demand
for hydrogen in recent years in many sectors such as
petrol eum refining, petrochem cal and sem -conduct or
processi ng and in new energyrel ated applications such
as clean fuel for fuel cells and vehicles has led to a
hi gh interest in nmethods for separation and
purification of hydrogen from gas m xtures. Palladi um
menbranes or all oy palladi um nenbranes have been the
subj ect of many studies, due largely to their
unmat ched potential as hydrogen sel ective nenbranes
for separation or purification and menmbrane reactors

for. h orooenatlon /deh drOoena |on
glalpalladigm comnposife mex i all0y

perneability in gﬁﬁﬁ]emeggxgcmﬁ)gtmgbr anes is

necessary, as theneasured nyarogen permeation fl ux

t hrrg %P&Hﬁt 1B%tl%ﬁ 'r'gbt%sc' td z?ﬁ@!aﬂﬁﬂla\dﬁfrﬂ bX¥lo fiem -
significant problemfound in nenbrane studies is,

comPBERImehbRke whtihexpdlits adi ghpermeiislangdrogerslec el hlgh e to
cracki ng during the phase transformati on due to the

hyd@gen sﬁle@i‘wtwdr @ganuabsxqma”ntatxd'm e phesaoimenanion Suigliar eelates
termed ' hydrogen enbrittlenent'. It is known however

to a premtratipd neglerd fenbrodueing theae saidmetd or alloy palladium composite
dramatical | yreduced, even at roomtenperature, by the

menflgppast i on of an all oy pal | adi um menbrane such as Pd-Ag*

erHOE SRR e i oBr Raredy per S e,

e TSP R e L
relatel %B@%ytl'oﬁs QRH% Bread AR1 ?&rﬂiﬁ%@g@ %@&h‘id?ésq{%@ e&BtoQfhighe

ane nust e greater t han
interest in methods for separatlon and purlﬁca’uon of hydrogen from gas mixtures.

Palladium membranes or alloy palladium membranes have been the subject of many
studies, due Jargely to their unmatched potential as hydrogen selective membranes for
separation or purification and membrane reactors for hydrogenation /dehydrogenation
reactions. However, these studies show that improvement regarding hydrogen
permeability in pure and composite membranes is necessary, as the measured hydrogen
permeation flux throughout the studies remained very low.

Another signiﬁéant problem found in membrane studies is, under 275°C, pure
palladium membrane is susceptible to éracking during the phase transformation due to
the amount of hydrogen absorbed. This phenomenon is often termed ‘hydrogen

embrittlement’. It is known however that hydrogen embrittlement can be dramatically
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' palladismanembrape

mcrons in order to ensure enough nmechani cal strength
to sustain the reaction; consequently this specified
wOoresobiesses t hi ckness results in a | ow hydrogen Per/GBains®00041
flux and a very high production cost. Therefore
conposite menbranes are preferred, that is a supported
redub@, ledl AtTL SRITBHpEENIW) ©F €hd foempradd einimoygalidte thayeene
is connected to a porous substrate support, hence
suchr ®duicA pgliv eentgatier BAd-CGuhiliok messbrafie ¢rhid-palalllagimembrane.
menbrane | ayer and consequently reducing the expense
an @}/lliml‘pmmﬁi qag either dis ADYRRICHE Bire 40MPPSifelrasnbiang. | A pure
sti mai nt ai ni ng the nechani ¢cal. strength of t whol. e
pallafaprs maamebrang thgh éﬁ?\ﬁ? WsupiEtes PR} l*émtr{lere‘%ﬁ% At Wsﬁ iﬂpown in the

publ%iq; P B e PR e e s AR hEYE R G 200
. Substr at t d i i .
R B PR R A0S e eaon

cons%éﬁ%{d ﬁgisl% Lahith ReliBthe PRbLA HElRah AU A deYpermeable

. yer on porous substrates, an internedi ate
fiux! 289 @velPhigs Baddu¥ti bt ds@ dthe fdore RotpBsifY hembahks areietired,
results in a three-layer conposite nenbrane. However
thattid suppbfte@pilayarm heniadicorheagterpajiadsmnhembiaee teypois
probl em of a | ow hydrogen perneation flux. The present
conhaewerntd iaqgorasrsobsitatatupgonrhenheredhang tenefonsidhiskoess efthe
of the | ow hydrogen perneabl e flux _and high production
_ ﬁm@@g censesapthoeuang thesraensg 28d FRPICHERSIRS
e orRS ok it S SN o b S SRSt e whoe
internedi ate | ayer between the nenbrane and the
menghipPort. This technique will create a two |ayer

COMpPOgI L8 ; G2 §011Q/@ﬁ§(§1%9 c&rﬁg%sﬂ@ O Ets QR atn t,hret;

t hree ayer C osi t e nenbrane. e present I nvention

deﬁﬁaﬁﬁg&%f 18818 Dp Al 0P hfoy2RemBASY 14yer, aRehRtLe FRIshad shport
modi fy the porous substrate by preoccupying the pore

and GH MBS i RE 1Jeshtgtsmeaiigshobrevivas swbidyeat tndeed,fimorier to
Then it becones possible to produce a thin dense

obtghah tigid ipuliadub/maiadiusi allgy arengirect lnpdresgpopdustsubgirates, an
preparati on nethod. The known preparation nethod for

intetrhediato fapenisi whally mﬁpé@ceﬂa@&e prior art, which results in a three-layer

composite membrane. However this three layer formation again presents the major
problem of a low hydrogen permeation flux.

- The present invention concentrates on the aforementioned problems, of the low
hydrogen permeable flux and high production costs and proposes a technique for
forming a palladium composite membrane directly onto the surface of a porous
substrate support without use of an intermediate layer between the membrane and the
support. This technique will create a two layer composite membrane as opposed to the
conventional three layer composite membrane.

The present invention concentrates on a simple apd easy to operate method to
modify the porous substrate by preoccupying the pore channels or disfigurements of the

substrate surface. Then it becomes possible to produce a thin dense palladium
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pal | adi um pal | adi um al | oy conposite nenbrane conpri ses
of a nmethod wherein the porous substrate support is
WO 200sH6380dbj ected to ' Surface decoration' in orBP&r/GBR005/000041
overconme the problens associated with the existence of
Iaaaigg?res and di sfigurenment at the surface. These
e tSe ol &8 pRUae bR phigoRaRidddOgeneous nat ure
o n%?é bot hgteaﬁle surf acg a’n%lbo%) the pore di gt ribution of
t ge sutpROpiepatdoramethod €sitht corpleational diréd Jaged t to form
a dense pal?adiun1nenbrane on the surface of the
pallslippipatladidni ellog onspopiendnybrresieaesyiseh ef amrediogdngkerein the
per neabl e hydrogen selectivity, Surface decoration is
porous sebstratesvppdt isHistebiseien de BFiaehdeqoatipn goprdsr terfyercome
defects and can b e perforngd b either:. a) Using.a
the peblews awpw&éew%aaefﬁggﬁengae S TR 36%, ls(ﬁcg“%%’é?m ﬁpt[hﬁi n

| .
! Pl Q450 405 R SO PP 5000, sy
and éjg{hg %896 (Plgt%lgﬁﬁ?r}:glﬁ tﬁ% 'ﬁ@ipﬁﬂ%lﬂ %E a ?&%}t%aﬁi@q{ &i®ficult to form a

I ane ore channels f the substrate
denSURRMihm RHEPrafs o 1 suf@lcdof thE Support SVl cétfse Gl réduces
en%ﬁ@ﬁ fnﬂ?ﬁe P%rge por e channelség'cﬁsfigurenentz of
the fB@b&HES theAh @b Ef@R6En stherdtaserfhavdeertion ieussdité owusd the
probl ens associated with these two conventi onal
existening bfthe lageporat mohdefaws hobien begerforeed by eithersur f ace
decoration' nethod nentioned above, porous materials
gudFsingsa perahs Syfage wodefiqiseeh asy-0 bk, 1 cpH anthin layer over the
internedi ate | ayer over. the channels of substrate
b S G SRRSO Tl e o R PO B y
upon nmenprane formation the palladi um plating sol ution
ent¥FENGHRE Bk pore channels, resulting in palladi um

g)fef eS&S:I%%t Eil/ %Froh?mtaﬂ%a? Ranaels a&&aﬁ]@@p&é’-@?&ﬁ@&ﬁ ath HéSore

y calsing a second resistance to hydrogen

Ipe rcﬂﬁxﬂfeﬁsod'f RO UL SUHshH Beenndr ogen 26, "%, 0@ e, bxfill in

n the second decoration nmethod, porous materials,

whighiahavra csdmbls @ dpaitedhRiBlof thd shdsrdtbsurfere
channel's 'of the substrate support, such as g-A O,

Thé&e 2re Dviev2r eymdCatiods aroblensedsdetatéd Withithese heo Farvgational

pore channels or disfigurements of the substrate
‘surfee Hageation’ methods. For the first ‘surface decoration’ method mentioned

above, porous materials such as y-Al,;O3 were used to coat a thin intermediate layer over

the channels of substrate surface through coating or moulding. Unfortunately upon

- membrane formation the palladium plating solution enters into the pore channels,

resulting in palladium deposition in the chanﬁels of the substrate, thus effectively
causing a second resistance to hydrogen permeation and lowering the hydrogen
permeation flux.

In the second decoration method, porous materials, which have a smaller pore-
diameter than the pore channels of the substrate support, such as y-AlOs3, ZrO,, Si0; or
CeQ, are used to fill in the large pore channels or disfigurements of tﬁe substrate surface
before electroless plating. This method presents problems for the same reason as the

first method. The electroless plating solution inevitably enters into the pore channels of
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before electroless plating. This nethod presents
probl ens for the sane reason as the first nethod. The
webk®@sneshess pl ating sol ution inevitably enterBCT/GBR005/000041
the pore channel s ofthe chosen substrate. Thus, the
porous materials filled in the substrate pore channels

the Mobdn R8atHe. a"\l‘i‘%@ tﬂ E&Qﬁp afeSRlsHHRRAGE HeOuBYBHtO Y62 channels will

perneation t he hydrogen perneation flux is
agalﬁ‘%}h{‘a 6R054 fafsably td Pyro Jngleahertpntne tiakjteehydtogaf
his present invention is to provide a new efficient
pmm&ﬁhbﬂﬂexﬁﬁg@hﬁ&ﬁ@mkﬁﬁbmew'of t he porous substrate
support, for preparation of a two |ayer palladium or
Tﬁladréfarh theobjebioye afdhisgsésert imemion ietotriaide g ety eficignt surface
gh hydrogen perneable flux. To achieve the above
dec%&i]liébmﬁt‘b@d of the p@r%éﬁbStHaFﬁ/%‘ﬁPﬁ%rfoT RrepyaieR plat fyp 1&}’?1‘\/»0

| ayer netal | adi um conpo ne
pall%dlwapaagﬂa&aﬁg@b% &Olgaw%ﬁ@ﬂ trﬁe‘[ Xﬁ*ﬁ)&ﬁ%ﬁf@%ﬁ#

tal pall adi um conposite nenbrane 'S

pm“@ﬁg g@?%rlzed in that the palladi um netal

Y Qa Lantd %Ll{)%e% bebtive, Qe ﬁ@m%nﬁ {m e8GRty 4 Rfo layer metal

porous su rate su [jOI't e or no presence In

palﬁcﬁ@mf?:%ﬁf?oﬁ%ﬂ@xﬁbfan@f:oﬁs’?ﬁmé Bwoa 6?&1@ subsiate Suppy&DbhOA

al so includes a two | ayer palladium all oy conposite

pall ABHRAAAEbrafd T $dtdl pallhdiamponpusitsubsbraat és Supportzed ithat
‘a pal l adium al | oy nmenbrane. The pal | adi um al | oy
the E0hposi thetaireuiistaatially sxisthan ot erdrsedagepiithaponohesubstrate
pal | adi um al | oy nmenbrane substantially exists on the
supmert wlrth Sititef o rescoereingbe bRIS chamsts it %&lﬂéﬁé@i?t with
ittle or no presence |n t he C annels th
Ehis anvegtien alag wéltﬁeﬁ@ tyvg %Yﬁ—’épfalgg (?Yoﬁ?na%% P@“’%}e
rese i nventjgn.there is

confmRaR o pior et annepe i T RloL BsBl iR Efs uce
pallf 1um a?lrg %1'11&1 rHé %’1%&&' R c%%ra%&ﬁz&ﬁﬁﬁh&t:}ﬁ@gzﬁ a%llﬁ)lfl alloy

por ous revents the pa ium pl ati'ng

melﬁlﬂja{f'ﬂée éxf%@taﬁtrlﬁm e%mt@ oh BG Julﬂ% sSHRI IR EporOGLAILBIrALE stighodt with

preferred enbodi nent of the present invention, 'little
ittl®6r MPprREcRse TR pofe dhahhddbim kubstrbe. pore ¢ hannel s of

the support is defined as the porous substrate suppor t
gordraingito thel pessarstivarprbéédofe ditpeesent ialenpimhltheti imlid gho
present in the. whol e of
presence’ of palladium in the pore channels of the support because our pore filler
preoccupies the pore channels of porous substrate which prevents the palladium plating
solution from entering the substrate.

According to a preferred embodiment of the present invention, ‘little or no presence’
of palladium in the pore channels of the support is defined as the porous substrate
support containing less than 5% of the total palladium weight present in the whole of
the composite membrane and in particular less than 2% of the total palladium weight
present in the whole of the composite membrane.

The present invention relates to both of these aforementioned two layer composite

membranes which are both obtainable by the following preparation process. According

to a preferred embodiment of the present invention the process proceeds by the
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the conposite nmenbrane and in particular [ ess than 2%
of the total palladi umweight present in the whole of

W0 b@soesposi t e menbrane. The present i nventi onPCEGRR@S/000041

to both of these aforenentioned two | ayer conposite
menbr anes which are both obtai nable by the foll ow ng

folleivaRadoatdanvPsesess. According to a preferred

enbodi ment of t'hé present invention the process

fr oCleesisobysubhiefto blpottrig riagsdseciuh dilete SbrRipisn ol hydBehloric
porous substrate support is rinsed wwth a dilute

sol apd, ovesbéd, npskrdoetth e diloteaoiudion wa st hyidrnsede, wind thea
di l ute solution of sodium hydroxide, and then washed
wi t Washied i thy diedilleg vestter, Finsederithvg scivent &b ¢t and Keedouler
and ‘dried under anbient conditions. 2. The porous
sub@?@ﬁ@é”§ﬁﬁﬁﬁ?t prepared as above is then i mersed

Por Pasomie Hufis BsErigbrmeiq 11Es SR RySERcH fratwotution of
S ugéc;ré ?i'ilgr tﬁHire]; %;c%u}n co‘?)ﬁﬁfo%g |2¥)g{1§.nﬁ1\é?e%c9% prbr?e gﬁ{{' gsa}!img on

e su e surtace

Wasipe fé &é”%* f oL FleBhnt QI 1ol Wi
en@%d?ﬂ%%% Sgh?hé preggﬁgaﬁnventlonethﬁg ngfﬁgﬁégg %ﬂmng

dectpe alibstatel strhe@ad ednvlhéd WBB disBlled\varE. SebotdRLto 2
decoration the porous substrate support is sensitized

i n @afth2d solbudintmt ahithe pedsemat edhtion tiRel Gletisol aftdeosration is
respecti vel According to a preferred enbodi nent of
t herepepjechd+ n@ﬁls process 'is repeated 4 tinmes. The
PdO atonms, formed in the reduction of Pd2+ by Sn2+
3dsbRY Brare fa5eraigndbs BRIGUSHIP aRe SERRITIHB FSASHITER &7 SPGh
furt? r orous substrate i.s then

fog oA HY %f‘e%nﬁ”&lc Rotics g SBYUFdn :(;%crr@&grfs pegeferred
I P

( a%@lawgﬁﬁ?%ééoﬂfﬁﬁ B3 \pa By HaT e Ritafoms,

quo%ﬁe@ n(tﬁg%dgl:t/ic;ﬂ 0 2?:b% ggz“LSa@&R obB: thb §ubsg%fe sm face and

formati on of Pd exis in the chem cal ng

sol fgth @R clesfonBirt 2Aloeowt al conpl ex ion contlnuously

bei ng reduced to PdO by reduci ng agent
4. The porous substrate is then immersed in a chemical plating solution (electroless

plating) with a typical composition of [Pd(NH;),]Cl; (4g/1), EDTA-2Na (65g/1),
NHz-NH;-H,0(0.6¢/1), NH; - H,0(28%) (300 ml/l), pH = ~10, 50°C. In the
formation of Pd’, Pd** existed in the chemical plating solution as metastable
metal complex ion continuously being reduced to Pd° by reducing agent
hydrazine. Pd nuclei gradually become large to form the dense palladium
membrane.

5. The porous substrate is then subjected to post-processing where the pore fillers
residing in the pore-channels of the porous substrate are removed or reduced in
volume through either heating or physical/chemical dissolving. The Pd
membrane is then dried at ZOQOC in nitrogen for 60min, and then calcined at
500°C for 120min.

Figure 1 represents a schematic description of the preparation steps procedure and of
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hydrazi ne. Pd nuclei gradually becone large to form
t he dense pal |l adi um nenbrane. 5. The porous substrate

WO 20054063806 Ubj ect ed t o post-processi ng where t hECPGBe005/000041
fillers residing in the pore-channels of the porous
substrate are renoved or reduced in vol unme through

the siBE @Al Tk f@&y®h%@dnﬁg%?réﬁkatwn%$é§s%E@% follB@s;Pd

menbrane is then dried at 20 in nitrogen for 60mn,
and Subamtecabaifitedorat ThOaRdificatiod 80pardus fip@uttenblves
represents a schematic description of the preparation

st epseopcupyatithe chmohebfdities pesud tubsigpterbprppanidlery Her dxaurple
correspondi ng preparation steps are as follows; (1)

Su béﬂﬂglﬂla, Yhighfcpe A resmoved Phpatiy dpp e hIopPsbrqsessHs

ARl e o Bg o LB BBkt e o
whi CQ can..be r m%.ved rg% fx’ar-t I_y removed by _ ,
posls_rmtgggg%?rﬁg?c ](Vﬂo FPHEUm nucl ei for mation -

z%ld I]\}g%{{xﬁ%pfb%gﬁow- h’lall%zl.ﬂx 255 ?ﬁ?%iﬁ%nri gﬂgy @%ﬁﬁ)'r&ﬂeza% Fithed by

ivation techniqg rmati on

Pal l.adiyiyfiapal hagdloym al | oy nenbrane are fornmed by
el ectroless plating nethod. (4) Mdifier deconposition

(4 Theodéredebbmbediton £ Ohe ?mrmlees, A3 HnPleaA ROUBH S aposed
to porous Al 203 which will keep the channels of the

subsitecatsepnporute &R0 erbimakf witlekepp steagesndloof #H2 substrate

permeation. As indicated hereabove, the pore fillers

ar e operb sthagiciesmtftrstpassageciap &b ipermedatigneoccupyi ng t he

channel s of the porous substrate and optionally the
As gidipied heesrheites thsrparp 8lleis 9t yokstanesthddce during the

decorati on technigue step, and. " event pal |l adi um
e hchab s ush e A banls e b Sipstiie ana
Pr ef er abl y, i ' r or
par t 1y reisbP s Rl o St S R RRERHE 2T
(pref er allyrR¥h Blcksighd s@pnar physical dissol ution.

e prevent palladium ingress inside the pores during the preparation.

Preferably, the said pore fillers are then removed or partly removed by post-
processing, e.g. heat treatment (preferably pyrolysis) and/or physical dissolution.

The said pore fillers can preferably be gels sols, colloids or precipitates.

They are preferably chosen amongst Al-sol, Si-sol, Ti-sol, Zr-sol and/or Ce;sol.
They can also be preferably chosen amongst hydroxide-colloid, alkali carbonate colloid
and/or carbonate colloid.

They can also be preferably chosen amongst hydroxide-precipitates, alkali
carbonate precipitates and/or carbonate precipitates.

Most preferably, the pore fillers used according to the present invention are
characterised by a particle size lower than 0.2 micron, preferab]y lower than 0.1 micronﬂ,\
most preferably lower than 0.05 micron.

In the technique scenario of this invention, the chemical particles which could be

processed (such as pyrolysis) to porous tiny particles as pore fillers, or which could
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The said pore fillers can preferably be gels sols,
colloids or precipitates. They are preferably chosen
W@2WAH6IBOAl - sol , Si-sol, Ti-sol, Zr-sol and/ orP@EG82005/000041
They can al so be preferably chosen anongst
hydr oxi de-col | oi d, al kali carbonate colloid and/or
evidamtlp ahatleitc odlupedy phhaysicpidcedsSactbss gH,8bercalbyl, pRRepate
anmongst hydroxi de-precipitates, alkali carbonate
(Alpok Si-polt At-ed, - myviidide caltdidrditall qarteniiei cobies carbisdte precipitate,
preferably, the pore fillers used according to the
ctalgy g sppsiddodnt Pon fllee Wklar te vesuusedottshiticnspporpiicsubskitze
preferably |ower than 0.1

| ower than 0.2 nicron ] 1
MERPRAPE A ﬁff@?ﬂ%ﬁﬂép ety iflePr RTRERIGEDIPIHIQY Hfrfaid pre fllers,
.echni.que scenarj o of this inventign,. the chem cal .
the Y PRUPIEE of AREAT e flierbt b o Slond it pbft s SUSTHRET ssrecsanty
. ticle ) . ch _
the b R e e AR b B R R DR BBt WS BB S Bg g
benfiChle sn@Bbn of Bnse GAMARH mPIREAL DURLE HeAlyr S %)is rocess after
Si-sol, Ti-sol, hydroxide colloid, alkali "ca oﬁate
palle@uhOhembeat Bemation M6 i f@é glleShliag its M1nLeRaIddesBsbsed
as pore filler. Under the vacuum conditions, porous
to peus traadrei]syeviilame vida shesfispencheds for hyvtie gswbemosatih@tid,
or precipitates solution of said pore fillers, the
membraye,pagtali ppllediunf cqpaposité inebranealetivgdiommeogGeé porous
channel of porous substrate, especially the big
subgrpanal hayie higebyiregsngeraatne lisuch will decorate the

B B b S o PG by PR

_ Ge’ 6 HHEBH 6
porfl By B b o P O P e ARt o8B

: pallﬁ«?&?&d&@ﬁﬁsité"ﬂeﬁﬁrﬂeqy %éil@cté oth0B€ opﬁl%%?ﬁ’cg\giln%g)&r%ur% materials;

perneati ng the nmenorane, neta

por GRS s tdBE HF ARG EKRY, ipsRfhs I RTbIRALHI €FaRRE OMScording to 2
substrate wi'll have high hygrogen per meabl e f1l ux.

prefdgedembodinicat & the afventi @othe prdetraembtetihls tub&d fon IR ¥upPoit are
the material used for the porous substrate support of
poreusetamgtsslstqshhihdaplrons coomposi t e menbrane or al | oy
al | adi um conposite nenbrane is sel ected from one of
Eh%clfaéwqt@wﬁﬁ@ ohibe piesertapantian gre 35dplbeES; st ai nl ess

122 %{n’a}qgg&%fo‘ggl Icrmktﬁs'ine&tcigg,évagllll?llsisls de o?ﬂoyr condition needed for
pore filler particles entering the pore channels of porous substrate. Both the
operatibn and technology are very simple.

il.  Wide application. This invention is not limited to the substrate membrane
decoration for metal palladium/palladium alloy composite membrane
preparation; it can also be applied for the decoration of any porous substrates for
other metal membranes. However, the pore fillers are those which do not react
with the plating solution.

1.  Low production cost. In this invention, 4cheap pore fillers, which could be
decomposed by pyrolysis, are used such as sol, colloid, or precipitate. The raw

materials used are inexpensive, the preparation technology is simple, and easy to
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preferred enbodi nent of the invention the preferred
materials used for the support are porous stainless
wae@sloemne porous ceram cs, The characteri sti cBCDGBRIDS/000041
present invention are as follows; i. Sinple
technology. In this invention, vacuumis the only
conghirfor@nthergsiethd podRalod cobtl Jfeke Ratdss¢d BS,. ent eri ng
t he pore channel s of porous substrate. Both the
Exappleat i on and technol ogy are very sinple. ii. Wde
application. This invention is not limted to the
Thescgﬁéa;tsméﬁl@s myebiemwiliec desatibasiin e fodhewang examples. In the
palladiunipalladiun1al|o¥ composi te nenbrane
follgWEgerampEs; idrogeameanedlplwapisl peawerle selpeivily eoe mepsied
Sagmgny porous substrates for other netal nenbranes.
at ver, the pore fillers are those which do not react

the plating solution iii. Low production cost. In
El%ﬁéglinvention, cheap pore fillers, which could be

dRCAROS I 0P YEOL NSy ofATEN AT n AU RS S 9&111%0% (r)fe sodium

colloid, or precipitate. The raw materials usec
carbdHRHPLA S Gand ST RIrEPdah bRObERENRISOQYPHISS & HHhi8 anANEli
easy toperform therefore the production cost of the
alupimacag®nhis cobwd. Exaoqll s wiheadet @i tlrsesofith Bisglledwart.il0the
Wi Il be described in the followi ng exanples. In the
abofve kéloimefl sodamp tabondiy tregeredporthe sddhieord dilpotassthm carbonate,
per neabl e sel ectivity are neasured at 5000C. Exanple 1
amiggpipoiodivsk Bykpaide epd/of pelasssiny by @Rxige adPipsipiieion Bet r at e
and the solution aof sodiym carhonate are
CONSRANAISROGAK) §F RIFORFETE ¥ BsrbtdReker at 550G, pBD=8t 0

a_carb e

I I N T O

Por%%:suﬂgﬁa\f@wﬁg !ﬁgs? L0 25 Al &i‘]megs%‘mfbﬂ%tfg%@%ﬁﬁ @?l: gg@%rﬁnﬂle

S'O_ uti on pot assl| _um car ona_t e, v S
didy sB1@xdndsy s@@i%pmyd@%a?,%a MANFHRX H8h A%stMES Halir L1 3MRH with

the corresponding colloid or precipitates will be
CCRbdndith@ddried. The rinsed alumina porous ceramic tube were immerged in the
abové colloid solution at vacuum condition, colloid particles will enter the pore
channels and the surface disfigurements of alumina porous ceramic tube. The excess
surface pore filler residing on the surface of the support was then removed by
mechanical cleaning.

Palladium composite membrane preparation: Porous substrates after decoration
were sensitized in SnCl; solution and activated in PdCl, solution, respectively. The
above steps were repeatedly 4 times. Pd° atoms, formed in the reduction of Pd** by Sn**
adsorbed over the substrate surface.

Immerging the porous substrate into the electroless plating solution, whose typical
composition is [Pd(NH3);]Cl, (4g/1), EDTA-2Na (65g/1), NH,-NH,-H,0(0.6g/1), NH;-
H,0(28%) (300 ml/1), pH = 10, 50°C. In the catalysis of Pd nuclei, Pd** existed in the
electroless plating solution as métastable metal complex ion continuously being reduced

to Pd’ by reducing agent hydrazine. Pd’ gradually became large enough to form a dense
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Porous substrate surface decoration: substrate is
al um na porous ceram c tube. Porous substrate was
WO pooso6Isdeised with the dilute sol ution of hydrpchGari0s/000041
acid and the dilute solution of sodium hydroxi de, and
then washed with distilled water, rinsed with CCl 4,
pmnamnhhambﬂmbed. The rinsed al um na porous ceram c tube
were inmerged in the above colloid solution at vacuum
C dtodi fhriocassing OTheopadlapant carh@sitehrlembeniearastthen poj&ted to drying
channel s and the surface disfigurenents of alum na
at 2801 Cous] edaining ot $UVE. in Thier exdmempsser thaperepfiees b1 dlkai alumina
resi ding on the surface of the support was then
carboaais\red O Iinel Fasifles it the Permehsgnelpal hadotans subits. t e
Por ous substrate fter

ne pr ration: [ -
Gl ol B ToRe b RatC PSR GO LA B hgppositc
' Ln .pd ol yti.on, .respectively. The. ve
me i e R TESl R S Ut Rl SRR B e B e
porb &I CE00. (Rd 2+ by Sn2+ adsorbed over the
substrate sur%ace. | mrer gi ng the porous substrate into
the electroless plating solution, whose typica
conposition is [Pd(NH 3)2]CA 2 (49/1), EDTA -2Na
( G2glel 1) HyddgeNbtrgh ebl2©p0r 6@ dnkes dihidetal 202828 0rhR R0
m/1l), pH 10, 500C. In the catalysis of Pd nuclei,
merPi2resexi sted in the el ectroless plating solution as
metastablemetal—conptex—Ton—continuoust-y—betng
r edUCEEPHYOPdO by r edulyApeagdax hydr azithalrogaGelectivity
gradual |y becane | argg’epcugh gyp-'f orm a densqggﬁiadium
Menbr ane, _ Post processing: _ The pal tadiunmrconposite
menbr¥#mé-Qms then subjected*to drying at 20008808nd
cal ci Ri,ag@;at 500 OC in ordgy to deconpose thesppore

fillers gf~alkali alumna rbonate coll oid i ch

resi§g§3ﬁﬁgthe pore-channegz of the porous su rate.
Tabl eNaQH ves t he hydrogen5@er neabl e perf or neduoes of
D o o By chr o 1 L ) S
alum na ceram c tube. Table 1 Hydrogen perneabl e
performances of netal palladi um conposite nenbranes

Example 2

Colloid preparation: it is the same as that in example 1.

Porous substrate surface decoratioﬁ: substrate is porous stainless steel tube.
Dec‘oration method is the same as that in example 1. Post processing method is the same
as that in example 1.

Table 2 gives the hydrogen permeable performances of palladium composite
membrane prepared with AI(NOs); and different precipitators which modified the

porous stainless steel tube.
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Preci pitator Hydrogen flux Hydrogen selectivity In 3 m

-2 -bar 1 H2/ N2 Na2CO3 74 8800 K2CO3 69 5800 NH3 H20
W@ 7003A80Na0OH 56 4200 KOH 70 5900 Exanpl e 2 CobCDGH2005/000041

preparation: it is the sane as that in exanple 1.

Porous substrate surface decoration: substrate is

POTdUs? Sltydioye perusdaBRI petfdhfancBe6Omatal HA1aARIN @&nb@sltte he

same as that in exanple 1. Post processing nethod is
membmnsane as that in exanpl e 1. Tabl e 2 g| ves the

rrean@ﬁ@ltpiOépar ed with Hxﬂ(m)fBIXand di ffléydmgen se]ect1v1ty

preC| pitators which rrpfgl fi-egd-tihe -por ous st ai r@{qﬁs
steel_tube. Tabte 2 Hyor ogernr _per meabte pet f-ot ||u||t_.co of

met al Nﬁa(P@adl um conposi t e AEnbranes Preci pit af#i0
Hydr ogeirds;l ux Hydrogen sel ggtivity n8 -HT2 bagjgy H2/ N2

400 K2CB 34 51 NH3 H20 29 3500 NaO—I 33 .
3908%%}?’3@ 4100 Exanpl e 3%%)| | oi d preparatioftV% he
sol ut idaOBf ceriumnitrate3and the sol uti on ogg@odi um

KOH 34 4100

Example 3

Colloid preparation: the solution of cerium nitrate and the solution of sodium
carbonate are simultaneously dropped in one beaker at 55°C, PH=9 to obtain an alkali
cerium carbonate colloid. The colloid was washed 5 times with distilled water. If the
above solution of sodium carbonate is replaced by the solution of potassium carbonate,
ammonia, sodium hydroxide and/or potassium hydroxide as precipitator, the
corresponding colloid or precipitates will be obtained.

Porous substrate surface decoration: substrate is alumina porous ceramic tube.
Porous substrate was first rinsed with the dilute solution of hydrochloric acid and the
dilute solution of sodium hydroxide, and then washed with distilled water, rinsed with
CCly, and then dried. The rinsed alumina porous ceramic tube were immerged‘in the
above colloid solution at vacuum condition, colloid particles will enter the pore channel
channels and the surface disfigurements of alumina porous ceramic tube. The excess
surface pore filler residing on the surface of the support was then removed by
mechanical cleaning.

Palladium composite membrane preparation: the procedures are the same as those |
m example 1.

Post processing method is the same as that in example 1.

Table 3 gives the hydrogen permeable performances of palladium composite
membrane prepared with Ce(NO;3); and different precipitators which modified the
porous alumina ceramic tube.

10
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carbonate are sinultaneously dropped in one beaker at
550C, PH=9 to obtain an al kali cerium carbonate

W@ 005063806 The col | oi d was washed 5 tines w th PCHGBRI0SL00041
water. |If the above solution of sodiumcarbonate is
repl aced by the solution of potassium carbonate,
anmoni a, sodi um hydr oxi de and/ or potassi um hydr oxi de
as precipitator, the corresponding colloid or
prizdigd Hatlegempbimdablegletfaimedes Bometabpaladstnn adreposite
surface decoration: substrate is alum na porous

megbyaapd ¢ tube. Porous substrate was first rinsed with

—the ditute sofution of _hydrochjoric acid_and the —

di | ubECRYROEi on of sodiHHNI8FEALRI de, andiYdesenwsiibyity
with distilled water, nffimsed Wpdrh CCl 4, and tihgR,
dried gﬂﬁ rinsed alum na ggrous ceram Cc tube re
im’rerTg\Ié‘ h the above col | dfd sol ution at vacl
condi tHa1); colloid particl@® will enter the pée3@@
chan channel s and the suygface disfigurenen f
al umﬁﬁll§3 r%lgréous ceramc tubé@ The excess surfa%fegogore
fillerNa@Hdi di ng on the surffdce of the support3i®s then
removeg gy nechani cal cl eanjng. Pall adi um conppgjte

those in exanple 1. Post processing nmethod is the sane
as that in exanple 1. Table 3 gives the hydrogen
Exappledhabl e perfor mances of pal | adi um conposite nenbrane

pr r dvxdph(}%] ) .addif{Jﬁer recipitators

D PP e G AP BUE B 2 B S B OPRGRE0s
preﬁ%f?&é’ SRR e A0S rés%?i?{i‘i%ﬁﬁedofv tal pall adi um

conposi te nenbranes Precipi tator \—ﬁ‘/ rogen fl ux

Ryl ogelnsehe itk WY dRidh atntrelahinhitPphBudNB2ER nft.

7600 . K2CO3 70 4800 NH3 H20 69 6200
Porous substrate was first rinsed with the dilute solution of hydrochloric acid and the
dilute solution of sodium hydroxide, and then washed with distilled watef, rinsed with
CCly, and then dried. The rinsed alumina porous ceramic tube were immerged in the
above CaCOj precipitate suspending liquid at vacuoum condition, CaCOs3 precif)itate
particles will enter the pore channels and the surface disfigurements of alumina porous
ceramic tube. The excess surface pore filler residing on the surface of the support was
then removed by mechanical cleaning.

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

Post processing method is the same as that in example 1.

Palladium composite membrane, prepared By chemical plating method and porous
alumina ceramic substrate modified by CaCOs precipitate, exhibit a 66 m® -m *h ™ -bar’
! of hydrogen permeable flux and a 3800 of hydrogen permeation selectivity (Hz/Ny).
Example 5 ‘

Porous substrate surface decoration: y-AIOOH sol, derived from SB powder, is

- 11
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NaOH 62 3100 KOH 56 4100 Exanple 4 Colloid
preparation: CO2 is injected into the Ca(OH) 2 sol ution
W@ 200606380CaCO3 preci pitate, which were rinsed BCT/GBR®S/000041
with distilled water. Porous substrate surface
decoration: substrate is alum na porous ceramc tube.

beiffO4sQusla 84 PG e, sWBkdratd ik alunfihf p@duikdrimidi@bélifouhie substrate
sol uti on of hydrochlorlc acid and the dilute solution

wasdfirssidiied withyttie ddirdepluaing of hphrosidshiestidtdithdidsinid dobdion of
water, rinsed wwth CCU, and then dried. The rinsed
sodainyhydraxigder andghoewahed WlibthtW@ﬂ evatemprgddvitnCtheanthiboe
CaC® preC|p|tate suspendi n qui d at vacuu
driedohias HPEH, AlERBER OpE eFr@W%tug W&m m@gem fihe g}%?\éerAH»ﬂé

sonBiint kg o, Al oR ISR G IR EPE T Padissrgdahe
surffa&é h&ﬁ gl gf%'ef#s o9 aﬁﬁnﬁips W ée?grﬁlc%%e% ﬁgdgﬁ H&%&ﬁums?&ﬁaﬁg

ean n um co

The"%o srs%ﬂﬁfa )ﬁ:‘?@ F'@ltef ggldlrgglﬁj tBE 9&%@ ro?ﬁae%ﬁg@r@ & as LR ré&Roved

seine processing nethod is the sane

by;%cﬁah@h] +1BarBX %rrpl e 1. Pall adi um conposite nenbrane,
prepared by chem cal plating nmethod and porous al um na

Cc ePAhidituns uhap ssiteenamidhilid @dpdyti Ca W Bprpeeint piarathe,same as those
exhibit a 66 mmh -bar 1 of hydrogen perneable fl ux

m eamdpk 13800 of hydrogen perneation selectivity (H2/ N2).
Exanpl e 5 Porous substrate surface decoration: g-A OOH
sofost percessets MeibAd SEhpswares thaisBexmgPied- sur f ace pore

filler, substrate i al um na rous ceramc tu
P PY AL BRI DT AT PR SEADGER @ﬁ%ﬁfﬁ@?@ and porous

T G
hyda eﬁr erhLdb iV hid ' S50t @H%ﬁﬂg&nﬁj@akﬁg sﬂg—aﬁlltﬁrrg ?ﬂaove

mna por ous ceram c t i mrer ge
Exfhne® solution at vacuum condition, A OOH particles
‘“VW%T‘Enter the pore channel s and the

Colloid preparation: the procedure is the same as those in example 3.

Porous substrate surface decoration: the procedure is the same as those in example 3.
Palladium-silver alloy composite membrane preparation: First, the procedures are the
same as those in example 1. Then, palladium composite membrane obtained is
immerged into the chemical plating solution containing silver which component 1s
AgNO; (9g/1), sodium citrate (6.5g/1), formaldehyde (37W\t%) (18ml/1), buffer solution
(PH=10) (90ml/1). Pd-Ag alloy membrane was formed after 4h calcinations at 450°C of
composite membrane obtained.

Post processing method is the same as that in example 1.

Table 6 lists the hydrogen permeable performances of palladium-silver alloy
Compos;ite membrane i)repared with Ce(NOs); and different precipitators which

modified the porous alumina ceramic tube.
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surface disfigurenents of alum na porous ceram c tube
under the vacuum conditions. The excess surface pore

w0 pdosmesspesi di ng on the surface of the supportP@EEBRIVE/000041
renmoved by nechani cal cleaning. Palladi um conposite
menbr ane preparation: the procedures are the same as

t TaBR 6 Ry @¥aaPp&mbablPP&itoMeesS MUARRlbP ompodifien&alianes

pr epateagithiyr cheni cal  pHatliopgn fiet hod and Hyairogen seleativing
ceram ¢ substrate nmodjfied py,g9- Al OOH sol, exhihit a

3800 Bf0ydr ogen perneati oi2sel ectivity (H2/ NHOO
Exanpke6).Col | oi d preparat gon: the procedure kgt he
same as those in exanpl e 3. Porous substrate surface
decodliBe? the procedure P3 the same as t host¥d0n
examphe;@1 Pal |l adium silvesial | oy conposite meggor ane
ion: First, the prg

='a . - a . ~ -

obt ai ned i iged into’t cm'cal pl ati ng sol t io
i i ' whi ch t is AgNGB (9g/l),
el AN G U £ SprRonent | AR (00T
gﬁéf&{slsﬁbsn%g Ju?faccs@éc%}a‘t@g: $EFR Pr R ddobnddddn Aktitled

oy nmenbrane was forned after 4h cal ci hations at

5 watdDRstrafe 16 ANRAS pRowRIERmaia eulsd Paidue dlunkes boldlo E&aHid@be
nmethod is the sane as that in exanple 1. Table 6 lists

wert hamkyghddg ére ghevemabémrelipeldud pavecesmafondition, porous y-Al,O3
pal | adi umsilver all Oé conposi te nmenbrane prepared
partyaleshvillegiidghe pord cianhtlsred thegelecp disEgeemenisiod Rlumina porous
nodi fied the porous al um na ceram c tube. Table 6.
cery g fdyamdpethrrasiue gaditnnraticagleperatog ggulptrass 1t is the same
conposite ne es. Precipitator Hydrogen flux
Surfﬁﬁﬁg‘f&@tﬁﬁlogé 1@@@%\5}4 g i}? nd oy ézaﬂls‘g‘??ﬁ Q?Y"qu—@% N2 Na2COB 72
10 691%91adium composite membrane preparation: the procedures are the same as those
in example 1.
Table 7 lists the hydrogen permeability of palladium composite membrane
prepared with different pore fillers (y-AlyO3, CeOo, TiOz,'ZrOz) which modified the
porous alumina ceramic tube.

15

Table 7 Hydrogen permeable performances of composite palladium membranes

Pore fillers Hydrogen flux Hydrogen selectivity
M m ?h ' bar ! Hy/N,
v7-ALO; 12.8 2300
~Ce0O, 14.4 1800
Ti0, 13.7 1900
710, 10.8 2400

It is seen from table 7 that the conventional v-Al; 03, CeOy, TiO,, ZrO, modified
the surface of porous alumina ceramic tube will result in palladium deposit in the
20  channel of y-Al, O3, CeO,, TiO,, ZrO, during membrane formation, and further result
13



K2CO3 62 5200 NH3 H20O 53 4800 NaOH 51 5800 KCH 54 6200
Exanple 7 (for conparison) Porous substrate surface
waele@snetsdoOn: porous g-Al 20 i s suspended in di seCT/GB2005/000041
wat er, substrate is alum na porous ceranic tube.
Porous al um na porous ceram c tube were imerged in
the Idveeralyanges pspeable Mixl dfguilatiamn coagukin Gembidne @Btained.
porous g-Al 203 particles will enter the pore channels
ExanpletSdoiseonfigeodsod) sf i gur emrent s of al um na porous
ceram c tube under the vacuum conditions. Such
d esrustsEBstiesusiabe decrasion) subisyatenepwanestsinicbastee! tube.
ecoratl on \Mg&h Ce@, Ti2, and ZrQ2 instead of
AR PAnFthed FriPe S that Srlﬁé%‘r”&ﬁ?éa%l? éﬂar at| on the
ures are.the sane as those
5 n@%ﬁﬁagmcmwgaw B air Ao ot W ARt b in
exa qu){ane prepared with different pore fillers
%’g’ 208, Ce2, Ti2, zZrAR2) which nodified the porous

a'M‘BlerBihQ@ﬂﬁmy@rdoHQ BermcabiiRy zf FMAERSL BoRES R &RlnShrane

per formances of conposite pal l'adi um nenbranes Pore
prepared ®itE diyde.agere fillax (m@m g€r0s ghes 7o, WhiB nmdﬁzed%e
bar 1 H2/ N2 Y-Al 20C3 12.8 2300 CeO2 14.4 1800 Ti O2 13.
pordi®aidliePstded ihe2400 |t |s seen fromtable 7 that the
conventional g-A 203, Ce@, Ti2, ZrA2 nodified the
10 " surface of porous alumina ceramc tube will result in

pal | adi um deposit in the
Table 8 Hydrogen permeable performances of composite palladinm membranes

' Pore fillers Hydrogen flux Hydrogen selectivity
M m '2411 Lbar ! Hy/N,
v-Al, O3 6.2 3100
CeO, 9.8 3200
Ti0, 3.2 2200
71O, 5.1 1800

It is seen from table 8 that the conventional y-AlL O3, CeO,, TiO,, ZrO, modified
the surface of porous stainless steel tube will result in palladium deposit in the channel
15 of y-AlL 03, CeO,, TiO,, ZrO; during membrane formation, and further result the lower

hydrogen permeable flux of palladium composite membrane obtained.

20
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channel of g-Al 203, CeQ2, Ti @2, Zr2 during nmenbrane
formation, and further resultthe | ower hydrogen
w@erseedshe fl ux of pall adi um conposite nmenbr ankCT/GB2005/000041
obt ai ned. Exanple 8 (for conparison) Porous substrate
surface decoration: substrate is porous stainless
steel tube. Surface decoration nethod is the sane as
that shown in exanple 7. Palladi um conposite nenbrane
preparation: the procedure is the sane as that in
exanple 1. Table 8 lists the hydrogen perneability of
pal | adi um conposite nmenbrane prepared with different
pore fillers (g-Al2g 3, Ceq 2, TiGa, Zr2) which
nodi fied the porous stainless steel tube. Table 8
Hydr ogen perneabl e performances of conposite pall adi um
menbranes ' Pore fillers Hydrogen flux Hydrogen
selectivity M3 -m2 h 1-bar 1 H2/N2 Y-Al 233 6.2 3100
Ce2 9.8 3200 TiO2 3.2 2200 Zr2 5.1 1800 It is seen
fromtable 8 that the conventional g-A 2gq 3, CeQ2,
Ti 2, Zr2 nodified the surface of porous stainless
steel tube will result in palladiumdeposit in the
channel of g-Al2qg 3, Ce2, Ti 2, Zr2 during nenbrane
formation, and further result the | ower hydrogen
per neabl e flux of palladi um conposite nmenbrane
Claghsai ned. ains 1. A two |layer netal palladium- or
palladlun1allo conp05|te menbr ane consi sting of
a. pdrye éam@@ta?{ aeladaup poF palkadinnaaliel 1 eramrasite membrane

al.l adium al |l o menbr ane har erlzed n that_the
con 54%%4 SRR TP eb SRR AR POLR ST OrPA A A

YR8 Rl 2 RPHB SRR PePSPEBA A B oot
surface of the porous substrate support with little or no presence in the pore chanmnels of
the substrate.

2. A process for the preparation of a two layer metal palladium - or palladium alloy
- composite membrane consisting of a porous substrate support and a palladium — or
palladium alloy — membrane characterized by the following consecutive steps;

1) Rinsing/washing and drying the porous substrate support,

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

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

4) sensitising and activating with a palladium solution the decorated substrate
support, |

5) plating the resulting support with a palladiurﬁ solution to form the two layer

composite membrane,
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2. A process for the preparation of a two | ayer netal
pal | adium - or palladiumalloy - conposite nenbrane
w@emwsieIsdhrg of a porous substrate support and BCT/GB2005/000041
pal | adium - or pall adi um al | oy- menbrane characteri zed
by the foll ow ng consecutive steps; 1) Rinsing/washing
andeyddyying ahie por ous substrate support, 2) Treating
the porous substrate support with a pore filler in
or dér optomdlyosudiestinprepesdignmfonivsits mppdrinednd, post-
optionally, the disfigurenents of the substrate
sur f ageocesynmophers bl pore Mflpsieading it B ot-clipgpalsof fegrorous
resides on the substrate support surface, .cl eaning the
subst FRSFASBHBTROVEH ObF Fet i o SRR ER T Beng o
surfac ore. filler. . sensitising and activating
W th ggﬁsgﬁ]gg?lﬁﬁag%ﬁ?ﬁ]% the decorated substrate
sup : - r
3. Bg%(gceséaccp}d?ﬁéo{&%lélﬂ? Elﬁ%@téﬂz@@ irHEP s&eg"! Isgje?fonned under

pal rum solution to formthe two | ayer conposite
vacﬁﬁﬂp?ﬁﬂﬁ’alﬁ} by iYihiREsin Qt'hﬁg@ou@ Bits@aRlih ¥ soRtibh € hbdilldh ¢n
resulting conposite nmenbrane to a post processing
ordwhiere@siirh €hap e orésl dndl Sptiosil githgdisfgirbeepo be tiehabiels are
of the porous substrate are renoved or reduced in
prevaipred vitir the gllerartdibat theatis mgpaladpiny sigeab hgb éim patks during
di ssolving. 3. A process according to claim?2
the eprgcadtvemrgwartion stdpst in step 2 is perforned under

vacuum preferably by i rsing.the porous substrat
4 i n A PEeACHt GRS f,ys&\né of Faries 2 {0 shttattonzsdandi & tipnd the

porbiabr e ePt DB e TGl AP AR BT C kP uton

resé hergyis no palladiumingress into the pores during
ehe consecutive preparation steps. 4. A process

5. accRIEh ARG R0k %qt%fan‘}lo?ic%ngz 14 InahefeASL £l B8Anishp 5 the
that 'in step 4 the porous substrate support is

por&%@b@tkaﬁ@@ i epeedl i3 asdctbieonplatige agdtorat ed in Pdd
sol ution, '
6. A process according to claim 5 wherein the electroless plating solution has the

typical composition of [Pd(NH3),]Cl,, EDTA-2Na, NHg—NHZ»HgO, NH;-H,0.

7. A process according to any of claims 2 to 6 characterized in that the post-
processing step 7 is mandatory.

8. A process according to claim 7, wherein the composite membrane is dried and
then calcined at least 300 °C.

9. A process according to any of claims 2 to 8 characterized in that the pore fillers
used have a particle size lower than 0.2 micron, preferably lower than 0.1 micron, more
preferably lower than 0.05 micron.

10. A process according to any of claims 2 to 9 characterized in that the surface pore
fillers are chosen amongst gels, sols, colloids or precipitates.

11. A process according to claim 10 wherein the pore fillers are chosen amongst Al-
sol, Si-sol, Ti-sol, Zr-sol and/or Ce-sol.

12. A process according to claim 10 wherein the pore fillers are chosen amongst
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respectively. 5. A process according to any of clains
2 to 4 characterized in that in step 5 the porous

wGasvemde is i Mmersed in a el ectrol ess pl ati NBCT/GB2005/000041

solution. 6. A process according to claimb5 wherein
the el ectrol ess plating solution has the typica
13. conipaisixti d@eoltafid, [ AR iNEHE) R IEl cB ol RTAR Marb o2 e i d H2 O,
NH3 H2O. 7. A process according to any of claim 2 to
14.6 chareesscaaccoreng ta olayat 1 0pwecrppdie pare élyélwi ang clgasep amongst
mandatory., 8. A process according to claim7, wherein
hydrpiade-BispipEntce aletigainmated erpiEiesamd o KRR oBaP BrGray taks.
| east 300 0OC. 9. rocess cording to any of cl ains
15.° 05 S St e pe D - 5 R PO Ao iRt epdipe
mﬁ§§M§e8¥ﬁ§§6%&%ﬁm§i%ﬁs[°“Ef than 0.2 mcron, preferably
ower n 0.

m-cron, nore preferably | ower than 0.05

16.M CA%Gmgé&e_Iﬁmﬁwﬁ@é@com%{oddm& { 6r 8¥%r gfpfélfala |18 pRodeSs

9 characterized in that the surface pore ers-are
acc6lIRHa0 aaenesimIBtS13 gokfterzod h@tihﬁlsth\?\zowh@ Rk BPport is
11. A process according to claim10 erein the pore
seldeteld fems one ef thb ddtwiagpo@sas matesials; pGloussthinleks stgel, porous
Zr-sol and/or Ce-sol. 12. A process. according to claim
nicked, pehersgglass ohpoyeos ecrfiinidser s are chosen anongst 13. ‘
hydr oxi de-col | oi d, al kali carbonate colloid and/or
carbonate colloid. 14. A process according to claim 10
wherein the pore fillers are chosen anpngst
hydr oxi de-preci pitates, alkali carbonate precipitates
and/ or carbonate precipitates. 15. A tw |ayer netal
pal | adi um - or palladiumalloy - conposite menbrane
obt ai nabl e by any of clains 2 to 13. 16. A conposite
menbrane according to claim1 or 14, or a preparation
process according to any of clains 2 to 13
characterized in that the porous substrate support is
selected fromone of the follow ng porous materi al s;
porous stainless steel, porous nickel, porous glass or
por ous ceram CS.
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