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~lITHIT TIMIMIMITT ] ~~~~~ 1~ *@00002* A netal
pal | adi um conposite nenbrane or alloy pall adium

conposite menbrane and their preparation nethods The
et [T
hi gh permeabl e hydrogen flux and high hydrogen  «s9;59+
selectivity for separation or purification. The

Y
present invention further relates to a preparémwmnmmmmmmmw
nmet hod for producing these sai-d netal or alloy

pal | adi um conposite 5 nmenbranes. The increased denadoboz+
for hydrogen in recent years in many sectors such as
petrol eum refining, petrochem cal and sem -conductor
processi ng and in new energy- related applications

such as clean fuel for fuel cells and vehicles has |ed
to a high interest in nmethods for separation and
purification of hydrogen fromgas m xtures. 10

Pal | adi um nmenbranes or all oy pall adi um nenbranes have
been .the subject of many studies, due largely to
their _unmat ched potential as hydrogen sel ective
menbranes for separation or purification and nenbrane
A fiaal philfadierh copogaanahbiamne ot @DyypA1panah cémposite membrane
reactions. However, these studies show that

i nprovenent regaraiditheihpreragationpmetieddbi [ity in pure

o GO R RIS LTSGR SR 15 Tl o
TGS B9, SRR G0t Sl g

hy¥RsHh 808ctivity $o1SsesRdtioR o plndi i KinB gredétt iventidhenRh@ $8ates
transformation due to the anount of hydrogen

toalysenatrdign nEitios fptmodnvmgdhese said fretah or @loprwdlladinm corgegsite
enprittlenment’'. It is known however that hydrogen

mgRBaPEst | enent can be dramatically 1 reduced, even at

. i . I
R T T P T
pdt@diduth REhDY, JEBoBean@l Md R AbndilcloP Prob®RE aREin new energy-

Menbranes can either exist as a pure or as a conposite
reiatetiapalieatiods puch es clean fuel for fuel cells and vehicles has led to a high

interest in methods for separation and purification of hydrogen from gas mixtures.
Palladium membranes or alloy palladium membranes have been the subject Qf many
studies, due largely 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 significant problem found in membrane studies is, under 275°C, pure
palladium membrane is susceptible to cracking during the phase transformation due to
the amount of hydrogen absorbed. This phenomenon is often termed ‘hydrogen

embrittlement’. It is known however that hydrogen embrittiement can be dramatically
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pal | adi um menbrane, that is an unsupported pall adi um
menbrane, is well known in the 5 public domain. The
correspondi ng thickness of the nmenbrane nust be
greater than 200 microns in order to ensure enough
mechani cal strength to sustain the reaction
consequently this specified nenbrane thickness results
in a low hydrogen pernmeable flux and a very high

Bl BEA L oG] Mpel dE R ME LERERARY 4 oTBT BARIRS) BiGoranc
sudil 6 Bd-AB @1 PRk ABiaHE) FHEODAI R and®i ke drPalu SYNEEHEENd O

a porous substrate support, hence reducing the
r eqU¥eralrandsicek pigss exaft as h@urepalab a doraposite mzndinene| Aypere
and consequently reducing the -expense and inproving

paﬂlﬂ@umw%&ﬂthaﬁiﬁﬁﬁaflﬁuaﬁorfqd@@!law rgnbsgne is well known in the -

R e B o
mERIROS blasr HRARE ARS8 Medanich) SREAS tolRusART b Eéécﬂiay ers;
pal | adi unf pal | adi um al | oy nmenbrane | ayer, the surface
combdaatntBithis Spyeffdtmenditeheahickidseregsthiinh o Bydbgen permeable
interconnecting the previous two |ayers. Indeed, in
fhey andra vewy gl predvpctignichstn isatiprdomwpp pigImenaliranes atd masferred,
menbr ane | r .on porous substrates,. an internediate
PG B PPN P TR GO B LD GHemi e Iyt tn
i - i : .
cPRRA R gl ERE AR nACEROSh PSRBT Ria RN B
pdlla@inait@brate lagtahy BérRefienDelfeiBaid B8 ekpen¥e anBNBpRIvEEER
i nvention concentrates on the aforenenti oned probl ens,
hygfrogeh @etnmpatiorhihelr, od@st s mrassbihmg fheumechadicistrbogth of the whole
producti on costs and proposes a technique for formng
mgmBERt-adi um conposite menbrane directly onto the
surf - - - ' - L f
an 1 Aol P RakRLEy cSYRALEA CduRRE e b boU P,
deTiABP By brs; palllbGuibnfRhaticH QLYW inkmBiagalagerdthle WarfAR%EBstrate support
conposi te nmenbrane as opposed to the conventiona
anidrane eteingedinte leperpusicomneg@rgtha peviothovplepgedbddedyie ntdeoto
concentrates on a sinple and easy to operate nethod to
obfera 2t PrikedyBY prfleduhalioy peantyineavss 88 BpRPEHE e FRiCH B e
. channel r. dishi t.5 .0f th ubstrate surface,
i IR0 TyfLis SaB SHRIRRT R bl B POl G R85
cRPdsAdinbibAle. HARWEY 1B1RhbS1aNEt Binios 6E4iR bR3& P ane
.preparation nethod.
problem of a Jow 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 and easy to operate method to
modify the porous substrate by preoccupying the pore channels or disﬁguremeﬁts of the

substrate surface. Then it becomes possible to produce a thin dense palladium
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The known preparation nethod for the conventiona
three | ayer pal I adi un pal | adi um al | oy conposite
menbrane conpri ses of a nmethod wherein the por ous
substrate support is first subjected to "Surface
decoration' in order to overcone 5 the probl ens
associated with the existence of |arge pores and
disfigurenent at the surface. These sai d defects
mfP slflne a ]ec roless r]at nfollils Eur e of both the
MENPFACE gar’i’ac t hep 3}3&” PTBSC8n of the support
an@theﬁnawrﬁéwrtnmk&ht& foidthf:fcbxwébtoﬂapﬂ]teewe@ dense
pal I adi um menbrane on the surface of the support which
palladismepaiintitny alleggwsitd embrendeameses gfermehdl wherein the

~ hydrogen selectivity. Surface decoration is used to

pcwm sbsingie suppasiis S ﬁ@éec@fd tp Raurfagg dreoraipgn ardsr Wedversome
an be orous

g BRPRS e e o gy oRissttes g B SuBR R by or
su?%@{. gﬁ&% said ld@ﬁ:t:trs %?e cﬁtlérté %oﬁ H&ﬂ %‘ﬂe&g%ta Pegofoorofh the surface

Ing In order to pro uce an terrm|ate ay

antd) of s daa;ge @stHBitsSof Rt wppod and\wh b efduld atkait SnfEbdien foml a
pore-di aneter than the pore 15 channels of the

dgwbpdliedivte suppend on heekfasot ﬂ,‘le APPOR Whh@RnseGr @y oyduces

fill in _the hannel s.or.
thy ﬂ&frfbwﬁer?sﬂtgabt?rhy@f?&wg%tl? S 'gf O5ERaTOPHEpRd A gyoid the
{RX}%‘é%hhé?e{Ig o]?jo‘?gé a%‘dsde 89}106%% gg'j;%x?& td%gewrh these

ace ods. For

t hp Gdifst porsty usfase ﬂ@&iﬁé@hﬁ% 7-ABON @6l cdRe R tH; PGS over the
above, porous nmaterials such as r-Al1203 were. used to

coat substtake surfacy throwghl cedtieg bapewlding ér o@ér tb lpeodobaamnel s of
substrate surface through. coating or noul di ng.
Unf ofteimedass i2¥eipon  menbrane for mati on the pal | adi um-

pIb t‘;){hg%g' I%IHH Igﬁtlerq%t ¥hith hzﬂta%lrx{a % 813 ﬁ&lu the Pare ¢

gin i um depos |n t annel

t he &uhetsr@t& subktkite fph&E tshthJs)f AR z&aﬂg SADSR @aogto fll in
resi stance to hydrogen perneation and | owering the

hy drthgkarge poer cheatdloor disfigarenizbts lofithekebssretesndaatecor at i on
met hod, porous materials, which have a smaller pore-
d |T&1ﬁf@taéerh0w¢aw SRS SPRRUS PEsIIEASIOCIfedr il thesd 1P spryentional

R Getorpty Meflogh ol B 0 s5Hac IeERRRS msftiod renftofed

atohive ot GIFRMaR <Afh EJWAEBP%&%E& 13 ¢b4t3GEin iREMRBte ]ayer over
el ectroless plating. This method presents problens for

tHeltBarmalgef subaisae safact Heoughicbsting e idvatllingl Uafetuesatly ap@s s

plating solution inevitably enters into the pore
memirae fagmatiorgthe palladium plating solution enters into the pore channels,
resulting in palladium deposition in the channels 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-Al,03, ZrO,, Si0O; or
Ce0O, are used to fill in the large pore channels or disfigurements of the 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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the chosen substrate. Thus, the porous materials
filled in the substrate pore channels will again form
a second resistance to hydrogen perneation and thus

t he hydrogen perneation flux is again considerably

| ow. Therefore the objective of this present invention
is to provide a new efficient surface 5 decoration

met hod of the porous substrate support, for

R0 ot oe MR b el b iR g s son
agaﬁrfgﬁme%oﬁd Mistar @ (B EMEUE TeliReARYUEa L B ¥Bped Ne

present invention is essen ly a two aye
pefidakionl fiutise@npeshdideriByovane consi sting of a porous
substrate support and a 10 pal | adi um nenbrane. The
n“éhfabfomhq: eldeainye o6 hprau tsert inpgnition iselo ipsovideaa reo efficizmtcuiface
t hat E(g@%kadiun1 tal subst tlaII exi.sts on the
degraiam ‘EEF ¢ OPOTP YRS UB PR P PJ’F%’T 1og 058 Y0 {Hyeh
r
pelldin s BB PORS R Bt B G RIRBR, Fiefhydrllen
peRB¢dbRdiuym al | oy conposite nenbrane, consisting of a
porous substrate support and a pall adi um al |l oy
nEobelane. theldtovd bbjpaive Atlc presal invyntonnpesserttallyre oo hiyer metal
characterized in that the palladiumalloy nenbrane
paladam Ampesiteynearaiescopyisting ©f g ppews §Hh5‘F§% BURpPItERG2

Lous S bstr su with & or sen
ol PR AL mERDE TR b Bmpul o e B Sp R R o o
th& Bﬁlaﬁfuﬁpﬁéﬁf JuBStaM{0G i En @‘;e cﬂﬁé?%@x‘ﬂce loBMR Mot RS sﬁﬂgﬁ'ﬁt@
little or no presence' of palladiumin the pore

' mmﬁmmwahhﬁbbrhhpnsmppufmep@eahamebwfﬂmmmauhmlIer 20

preoccupi es the pore channels of porous substrate

wikhie hnwweaiwnﬁlnéesw é&ymmibﬂlam Alpy cempesite grenforans

enteri t he subst.rate. err
cofuGia T nbrS SURRHS Plebian 56 Rt S e B 7
paBb&RENESY 001gggos9é‘h‘leﬁ1@ldﬂms' dﬂalta@t%n@é?lr if thPaRRelseh A lie
support 1s defined as the porous substrate support
menrand substgntially exisBan thdound stifecetodtial populs lsatebtratesuggioghvith
present in the whole of 25 the conposite nenbrane and
litlpofeg presenecain themase elpancloob the subiateot al  pal | adi um

present in the %go e. of the co S
i R R R
%\%ﬁé f‘?zﬁf SR 't e EYBnd18Y $hdafise S FBLATRP
Pr ﬁo a{ggﬂngtaln%&n % ﬁg'ﬂjfiggﬁl ov% %eg pre ﬁaration
predcRGissSthe H6:e @hahned of berods @bﬁhﬁé waidh prevests fiepallafiurh PRiting
present invention the process proceeds by the
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

4
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30 4 follow ng consecutive steps; 1. The porous
substrate support is rinsed with a dilute solution of
hydrochloric acid, washed, rinsed with a dilute

sol uti on of sodi um hydroxide, and then washed with
distilled water, rinsed wth a solvent |ike CCl4, and
dried under 5 anbient conditions. 2. The porous
substrate support prepared as above is then inmersed

?lfb“ﬁ,é%ggnygch{% S(?%,S pore filler under vacuum conditions

xcess pore filler residing on the

subs Thép&osbubAGe supdt 8 Hasallh 4 SRV JFRG &}g
cleaning e.g. wiping the substrate surface,

was hedd,wrasheddiisset Wit dilatessolutibe obsodiunghitdpoxdde] @nd then
preferred embodi nent of the present invention this
net h¥ashe vt distiBed wefes, §nsqdéfﬁ6)a%t Wiy est 1§ketGGheond Sried\ider
surfacge ecoigtlon the porous substrate support is
sensftrzed TH"Ec12 sol ution and activated in PdC12

sol UrhOpbrodsSRGGH! s\‘ﬁﬂ rECaf aggve 19180 BRGESLE Y solusion of

enbodi nent of the i |on t process I's repea

ti mﬁore Tilier VRderataondn cdfditfonk Eﬂidomﬁh rheexcestustd ﬂﬂer%su? g on
2" ﬁ Sn2+ adsorb over the -substrate surface and form
nuc| 81 spisraie sprfase is wpeferpbbivemovet by Fheshpucad ulsasiupstgr atping
is t

[ h | . pl.at | ut
(o1 ol PBITRE s PGy B Lo ke bt occt

[F’d( fl 5al 1

NH2 Hszog%‘gOé‘ ﬁ?‘é &Mpi@@%% 9? Hsghemoq §f deggyation ij g
SOC repéatéd®-6dhdsor mat i on of Pd, Pd 2-1 eX|sted in the
chem cal plating solution as met astabl e et al conpl ex
i oh S8ersurfacuistyratie thgpwreuhmlbstrateosubmrbiﬁ semsttived RYSHEYent
hydr a |ne Pd nucl ei_gradually becone |large to form
the (REHYE 2p4PeiAREe i Potdniniufion; respectyry. @@w@glgggemfare@

is t Qﬁlgbd%g%‘t %Fﬁlg gwtef?tlc}%{ﬁs ﬁpd’cgscsei§ f?é ed %516(:35 }Iﬂfz ﬁg atoms

fillers r esi or e- anne

por ofésméedAshd RE:1iBH 6f PEMBY SﬁP‘L@HsoEI?@%PﬁQ shﬁbua%é%ﬁ%’e and
through either heating or physical/chemn cal

di sstminngei fohirtket Rdegrowthne i s then dried at 200C in

n I4t ' eegorgu%rsul?s(t)rgge Ts thgrl;] :jmrtngrggd 1g%|cgtlenqligl p?:tm g solution (electroless
plating) with a typical composition of [Pd(NH3),]Cl, (4g/1), EDTA 2Na (65g/1),
NHz-NH;-H,0(0.6g/), NH;-H,0(28%) (300 m/1), 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 P’ 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 Ior 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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500C for 120mn. Figure 1 represents a schematic
description of the preparation steps procedure and of
30 5 the resulting nmenbrane. The four correspondi ng
preparation steps are as follows; (1) Substrate

nodi fication - The nodification of porous support

i nvol ves preoccupyi ng the channels of the porous
substrate by pore fillers, for exanple Al (OH)3, which

post - processing. 5
5o R RS Thy R Lok B el B R R AR DOV |
be(1§ ubBehtdryiodifiCationeNMethddifidaBbn PbraE sl Bolves
techni que. (3) Menbrane formation -- Palladi um or
pal | gu¢asempainigdhe cremwlaoithapeofsoubedtdlyy poet Blles dbessimple
p|at2§%)nethqd, (4) Modifier deconposition - The pore
fill eMOHBovhigh sppdieaempyedigy parily semeyed by dagasectstine.

p ich will ep _the .channel s of the
DL PR YR Siadton - rS iR e ERRIR ARG ovibe

. per meaidiRtior shd i £3h ednfigheabove, the pore fillers
are substances that are capable of preoccupying the
c h@nrétsbrate fohreatjvar-dtaladiui st paltadivanslloyapéiaad dry fdrhed by
di sfigurenents of the substrate surface during the 15
decoﬁ%ﬁﬁéﬁ“ﬂ@ﬁﬁﬁmﬁﬂgmstep, and prevent palladi um

pr 8] QUGG et ot ioR " e oo 1 B arbr i Urbngived or

_ part |d§é<:cﬁ§ﬂ5@é’@t@ Youl S!2t03 »ﬁﬁ?ﬁc\gﬁl .e&gﬁla?%%‘ngﬁg)g{hg és,FbsUate

treatnent (preferably pyrolysis

di Ss@peit, ivdich e frsepabsdpes for H, bbeestigan preferably be
gels sols, colloids or precipitates. 20 They are
Asrrdieatedthieseabdvesiba persdiligsstargiubstances Biat so] , Ti - sol ,
Zr-sol and/or Ce-sol. They can also be preferably
chosen’aﬁﬁﬁﬁ@?mﬁngGRWHEWE%ﬂFGP§WeEPﬁﬁﬁmoﬁaﬁB@waWéaDd

col | oi d  RRe4y &@&i?ﬁ’g}ﬁ&ﬁeﬁ@tﬁé ﬂgs%@%rﬁ@@?lg{ngghébe

preferably choSen anonhgst r oxi de- preci pi

al kal i aktdetiai echni®eisppf aides and/ or car bonate

preci pitates. 25 Most preferably, the pore fillers
used aecdredenigpalladitmengresssenide thop@nt dwmgahepreparation.

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

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

They are preferably thosen amongst Al-sol, Si-sol, Ti-sol, Zr-sol and/or Ce;sol.
They can also be preferably chosen amongst hydroxide—coll-oid, 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 accordin g to the present invention are
characterised by a particle size lower than 0.2 micron, preferably lower than 0.1 microri,'
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

6
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- PQTPYs SEqnless ste

characterised by a particle size |lower than 0.2
mcron, preferably lower than 0.1 mcron, nost
preferably |ower than 0.05 micron. In the technique
scenario of this invention, the chem cal particles
whi ch could be processed (such as pyrolysis) to
porous tiny particles as pore fillers, or which could
6 evidently shrink. its volume by pyrolysis process

; Wels | 1Qid,. Qi tat (A;spl, . .
Bty R veifthe bEPROBUE RS S 3E a9l R pissipiete
(A3, Bi-gol, TREMD AAEcideIcBNbiR] dlledfliarbofbt@keloid afhonate precipitate
consi dered as pore filler. Under the vacuum ’

elabh dietcpumderedosipousiibauidtdeathe vacrembedmdtions $ofdus BERESE
in the sol, colloid, or.. precipitates solution of

MERIOEANG Biag Syspeded & thy selheollpidngr pra¢pitatesesslugipn pbsagd pore fillers,

[ red.t.he pore .channel of porous substrate,
ey Bh e b S0 oL I o) g ROrp BB onsciahy
thaitid cHARGP bathe disheuRkist &Rk i HEd: AN nefit

théi?ornation gfg%ense’palIé%iuﬁ?ﬁiﬁ%?gﬁgﬁkﬁﬁggggggﬁgl
bnefibthy SirmatioociieasafalediumpadnitasticuDuerrhe pROlysR pidki Qe

made t he gore fillers shrink its volume and deconposed
plpdpsy Bermbrang Prmaien madsiterpqse Hllerd shritkatstvobenpasisagesposed

for hydrogen: pernmeatin he 10 ne ane, netal
to a%*?ugémﬁ&%@owﬁg iPif%“‘#etﬂ%ﬁ%ﬁ@SSﬁéé%gx%lsdf%e@rﬁeﬁwtmg8@
i 1Ll ' r n abl e

PR sl paPAELR cHb i L Qe R roB el grons
sibavae tvilbive highBidsigeperisasle figf. the porous substrate
support of the netal palladi um conposite nenbrane or

al | ofyccoping tadi nueferedposidinentefithe amentien the heeiriabused Gthe
one OL tl rous, materials; 15 porous

he follown
PP PR syppf ?fﬂ%a%aﬁipﬂaéw compgpitRIg ey brassorllopor ous

RS o - di f th
pAiRERH c_%gqﬁo NeGRERD DG & Qeé@cte(ﬁ&cﬁg gflg 868 F?]?)gx{m?;%%oédrb%ﬁaes;

i nvent | the preferred materrals used

A stAdIER YRels paiol BEEel ForRk ghBHoMR Al LBEATAESrdil 6 a

characteristics of the present invention are as
P Mmbodimersof fiednteatibmthe pypferrddmmathrials bsed étthodupport are
vacuum.i s tqugnly condi ti on needed for 20 pore
PAPELOENE EFARYSt he pore channel s of porous

S-bméFﬂa%ﬁﬁ_sﬁﬁﬁggéﬁgieg&%{e%%gQﬂfﬂa?golf echnol ogy are very

si nple. Ication. °N§éntipn s not

lii M giggleti@hh B g URBlif YR REARE is tﬂ@&_g{/ @Bﬂd?ﬁbé)fr%%ded for

net al pal |'adi um pal | adi um al | oy conposite nenbrane

pr eperedilieopartickes eateriz thopdre chgmpkls @fpbrots substrAe Gafahe on

of any Porous substrates for

* operation and technology are very simple.

ii.  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.

ii.  Low production cost. In this invention, .cheap pore fillers, which could be

deconiposed by pyrolysis, are used such as sol, colloid, or precipitate. Theraw

materials used are inexpensive, the preparaﬁon techﬁolbgy 1s simple, and easy to

7
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25 other netal nenbranes. However, the pore fillers
are those which do not react wth the plating
solution. iii. Low production cost. In this invention,
cheap pore fillers, which could be deconposed by
pyrol ysis, are used such as sol, colloid, or
precipitate. The raw materials used are inexpensive,
the preparation technology is sinple, and easy to 30
-7 pe on_cost of the
or ocgérgfn:ﬁ‘ tlﬁteg%rgth%f?o&p? c?gt olf%é & PIOGeSS 1s§ov¥ hi's
Pxamphisi on Wi | | be descrlbed in the foll ow ng exanpl es.
In the- follow ng exanples, hydrogen perneable fl ux
Thpdetpids ofslzib Iinyentasinewitl ibe desyribadein teafoliowitlg eanailesSBOGe-
éﬁ“ﬂyle | Colloid preparation: the solution of
f PamPHE 1 PAragempgmerRle S0t erd ReFmerblessleptinity are measured
aé@f benate are simultaneously dropped in one beaker at
8,'pH:8 to obtain an alkali alum na carbonate
Bx@mpRid. The colloid was washed 6 tinmes with distilled
water. |If the 10 above sol ution of sodium carbonate is
r epCelbedpieyarttive: felsolntianofalurpiaiuassitrateatdihbesiatien of sodium
ammoni a, sodi um hydroxi de and/ or potassi um hydr oxi de
C%Ié%ﬂ“‘e@f? ﬁm%t@@ﬁouslv Heoppedon oae pesker at§5 €oPHaB to @btam an alkali
i,t at es ai ned Qrous s bstra

BFrRERaE Sl e SolBE Prarested Samirspih ol Bater. T e
a@We@HPuﬁoﬁ Hps% und ( it ‘?ﬁ%%l%eﬁtb? d{@':.%hft oggkg&%ﬂﬁlﬁg Ga\{r\ﬁcglate, '

the-dilute s uti on o ochlFori ¢ aci

| aftirontagsciiny hy@oxioé amsing lpUﬁEshMﬁj hpatb Qe as?ﬁéhﬁlﬁﬁﬂ tpeshed

with distilled water, rinsed wth CCl and then
cetFespendinpreellpidros erkcipitates wal tpmbwmdcer ami ¢ tube were

i rged jn the _above collQid solution at vacuum
c % ?‘P&H{’Sf@& IgReE FrETEH O BYSHAP IS abrpier PerREs GsERC tube.

PERANERLSt2 ;s K ﬁ?mgsléﬁ t@tﬁ%e%l%{é s@Hﬁlgﬁr@fﬁ ré)cfhlo%lc lﬂ?ndqad the

porous - ceramc tu € excess sur

dites bélitigh sModibf 1SdfokRie San@fthenReasBadopRl @1stﬂ@§ vstalf:b@ MNrinsed with
removed by 20 nechanical cleaning. Palladi um conposite

Crrpnrdethen gniaslp Zheatinsed aluPdragosous girsmicatieswat iremerged in the
decor at.i.o were sensitized in SnCl2 sol uti on and

BBRECHAE qP‘hOItﬁdéFszg“oqoaihP% colled putieley willenteries pore -

channels and the surface disfigurements of alumina porous ceramic tube. The excess
surface pore filler residing on ‘the surface of the suppcﬁ“c was then r_emdved by
mechanical cleaning.

Palladium composite membrane preparation: Porous substrates after d-ecoration
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 [PANH;),]Cl; (4g/1), EDTA-2Na (65g/1), NH,-NH;-H,0(0.6g/1), NH;-
H,0(28%) (300 ml/I), pH = 10, 50°C. In the catalysis of Pd nﬁc]ei, 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 fo‘nn a dense
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above steps were repeatedly 4 tines. Pd atons, forned
in the reduction of Pd 2-' by Sn2+ adsorbed over the
substrate surface. 25 Inmerging the porous substrate
into the electrol essplating solution, whose typical
conposition is [Pd(NH3)2] Cl12 (49/1), EDTA2Na (65g/1),
NH2- NH2H20( 0. 6g/ 1), NH3- H20(28% (300 m /1), pH = 10,
50C. In the catalysis of Pd nuclei, Pd2+ existed in

p&lﬂ@iun%%{;{aﬁé ess plating solution as netastable netal
conpl ex 1on continuously being reduced to Pd by

drist pc 'tTHB . (5] '
I edRigt FYPce3gLNTTHO Yl Ak €om tgfrﬁﬁlﬁﬁhé %ap&%gg%%é&gcgg Sd{ymg

enough to forma dense 30 8 palladiumne
a8t e s qalpinifithe 56810 indirdemtcc dnpmposeeha@IDABAE oVAKall 518Mina

subjected to drying  at 200C and cal cining at 500C in '
C?SIL’J%}%F“P O ithisEecsip thepreeciappglepighaporansebstrat. uni na

o PR B ahe BB P8 P tediod Bt Rgrsten

TREHIRAPBaRe iR m@m?%:ﬁfdif@ébdtgiﬂég@h%g%@g frnﬂ%diﬂed the

menbr ane prepared w Al (NO3)

peoecilpninatermiothbeh nodi fied the porous al um na

ceram c tube. Table | Hydrogen perneabl e perfornmances

of nmetal palladiumconposite 10 nmenbranes

Preci pitator- drogen fl ux drogen selectivity' n8

bty ﬁy&%‘i’l%ﬁﬁgﬁ SR PLT 150 PallesmeoBRosig 00

mNEB RO 67 7200 NaOH 56 4200 KOH 70 5900 Exanple 2
I d paration: it is the sane as that. in exanple

1. 15Pr|€cn'p'ma1§r- subst r at e IBMdfdges guglecor at i BdrogsPRidatis -
I's

i's porous stainless staeel 'i-_llljb%a 1 Decoration ggt hod

i s t heNa&ifs 74 8800

K2CO; - 69 5800

NH; H,0 67 - 7200

NaOH 56 4200

KOH 70 5900
Example 2

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

Porous substrate surface decoraﬁoﬁ: substrate is porous stainless steel tube. _
Decoration method is the same as that in exarrip]e 1. .Post processing method is the same
as that in example 1.

Table 2 gives the hydrogen permeable performances of péllad.ium composite
membrane prepared with AI(INOs); and different precipitators which modified the

porous stainless steel tube. -
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as that in exanple 1. Table 2 gives the hydrogen

per neabl e performances of palladi um conposite
menbrane prepared with Al (NOG3)3 and different

preci pitators which nodified the 20 porous stainless
steel tube. 9 Table 2 Hydrogen perneabl e performances
of netal palladiumconposite menbranes Precipitator
Hydrogen flux Hydrogen selectivity nmB in -2.h -' bar

NaGH 35, BO00E R S B e g M gpcsite 00

npnépaeat i on: the solution of ceriumnitrate an? t he
eous \I

dr oppB#cipHatehe beaker Hydsee fIRkE9 t 0 oﬁy&mgm&nkﬁhhqil
-cerium carbonat e collqhﬁnlﬂﬁelﬁphI0|d was Uﬁ? 5
t1nes t dl stilTTed water, tThe —above—sottation—of
sodi um éartonate i s replacéa by t he sol uti on4#0

pot assike®Czar bonat e, ammoA#a, sodi um hydroxisgw and/ or
pot assipymyhydr oxi de as pregppitator, the 10 %ﬂm

corres ng colloid or preC|p|tates wi |
obtain§§R%%orous substrat e33urface decorati oR900

substrak@H s al um na porous4cerani c tube. Pafqus )
substrate was first rinsed wth the diTute sofutiom of
hydrochloric acid and the dilute solution of sodium

BRifbRg de, and then washed with distilled water,
ritnsed with CCl4, and then dried. The rinsed al um na

porCeikidpeparativnt thegoMEsLoficBiiih gRfitd dﬂldtﬂ!ﬂﬁsoﬁloﬁ REYSRtium
colloid solution at vacuum condition, colloid

cHhpRAt AR S mpjtameonsly droppesdn pmleeahdlrraan FEIC, PHRAtmeltsn andikali
f f t na .porous ceramnic

cirli Seha e afud TP e pine Fiir ilgkstien gaton £ tre

al%’ll@ fs@lﬁ@orpctf sgﬁﬁm%é%ggtg 15\/}@1§acteh] 89 tﬂe%gﬂl\(xgn op gotassmm cagsongtl

cl eani ng.
ammonia, sodium hydroxide and/or potassium hydrox1de as prempltator the

2

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 nnsed alumina porous ceramic tube were 1mmerged in the
above colloid solution at vacuum condltlon colloid particles will enter the pore chanmel
channels and the surface disfigurements of alumina porous ceramic tube. The excess
surface pore filler residing on the surface of the supp.ort 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.

Table 3 gives the hydrogen permeable performances of palladium composite
membrane prepared with Ce(NOs); and different precipitators which modified the

porous alumina ceramic tube,

10



Pal | adi um conposi te nenbrane preparation: the
procedures are the sane as those 20 in exanple 1.

Post processing nmethod is the sanme as that in exanple
1. Table 3 gives the hydrogen perneabl e perfornmances
of palladi um conposite nenbrane prepared wth
Ce(NO3)3 and different precipitators which nodified
the porous alum na ceram c tube. 10 Table 3 Hydrogen
per meabl e performances of netal palladi um conposite
menbr anes Preci pitator Hydrogen flux Hydrogen
sel Batflé ¥iHydrogén pemdhblt PerfodRbncks bRAMNZ ammo%éoﬁéoo
K2CO8 70 4800 NH3 H20 69 6200 NaOH 62 3100 KOH 56
mEpg@anes Exanpl e 4 Colloid preparation: CO2 is injected
imto the. Taf Oy 2 sofution to formCatt8 —precipitate;
whi ch* WEPET nsed 5 ti meXIrogHI sti | | edividensen seleevys
substrate surface decahati 0 saibstrate is ajpyn,na

or ous mc tube. Poro substrate was Tif
Pinsedb%?§ >the dilute soljéion of hydrochlogp@Sacid
and t hed2Cy dilute sol uti orfO%f sodi um hydr ox48eQ and
then vighe”oOw th distilledgsater, rinsed wth§d 4,
and theg gpied. The rinsed gl um na porous ceramc tube
were inmerged in the above“CaCO3 precipitat
suspendi®d®di |l i quid at vacuurbbconditi on, CaCO84100
precipitate particles will enter the pore channels
and the surface disfigurenents of alum na porous -
xempli4 tube. The excess surface pore filler residing.
on the surface of the support wag 15 then renoved by
me chelifié aleparriem Gy is iRkted ity thecaPHYi sblatioetstfvam €aCO;

reparatj.on: th edures are the sane as those
ppemp tate, W]IHCh were nensgcg ? 8mes with distilled water.

- Porous substrate surface decoration: substrate is alumina porous ceramic tube.
Porous substrate was ﬁrst rinsed with the dilute solution I_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 CaCOs precipitate suspending liquid at vacuum condition, CaCOj; precipitate
particles will enter the pore channels and the surface disfigurements of alumina porous
ceramic tube. The excess surface pore filler residihg_ on the surface of the support was

~ then removed by mechanical cleaning.

Palladium composite membrane preparation: fhe proce.dures are the same as those
in example 1.

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

Palladrum composite membrane, prepared By chemical plating method and porous
alumina ceramic substrate modified by CaCOs precipitate, exhibita 66 m> -m Z-h -bar
Yof hydrogen permeable flux and a 3800 of hydrogen permeation selectivity (H2/Ny).
Exanigle 5 |

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

11
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in exanple 1. Post processing nethod is the sane as
that in exanple 1. Palladi um conposite nenbrane,
prepared by chem cal plating nethod and porous 20
al um na ceram c substrate nodified by CaCO3
precipitate, exhibit a 66 n8 m"2h "1 -bar 1 of
hydr ogen perneable flux and a 3800 of hydrogen

per neat i on- select|V|ty (H2/ N2) - Exanple 5 Porous

b?ﬁ‘lg §§ %Efa ﬂ&ff‘ svﬂ;@t‘ia%g %tea;h%rqlna orou§ ?erzggxc &Qedﬁ?ropﬁ %Jpstrate
wabl At flﬂieﬂ with tﬁé ﬂl‘lﬂt@é’bhﬁ%%ﬁy%l’:lﬁ%@a&djm th&@i Qﬁﬁ%‘ Solution of
substrate was first rinsed wwth the dilute solution

sediurh yapldros tdde canid ¢heaoiasheandtit distilthdlveite, Sokditvith ICQLf, and then
sod|$n1hydrOX|de and then washed with distill ed
€ ripped almifR PWOWZFmI‘éHHJCtVY?éWmTG?TB@HH thevborv e Aded

oG P2 BR PR A DI HRRC SR BT cdaBnbl R

swfdck dRAb@emERS opﬂﬁlﬁmﬁ BERNSLS A Rdubd EhdeStE (/%%lﬁm conditions.

di sfigurenents of alum na porous ceramc t
Thhexcesscutfaveqmnafilidroaiding diibe SuERS Sf fidlshioft WAl tBerf r'ean@é’d
residing on the surface of the support was then
by ewehasiral gganiigchani cal cl eani ng. Pal | adi um conposi te
e aration: the procedures are the sane as
t hgg%l?agi"é‘g)t’ﬂ# U pFabrpne pigReration, dieeossduish g dop Sagetan hose
is&dRmpps) that in exanple 1. Palladi um conposite
nenbrane prepared by chem cal plating nethod and
POF Buss prazbysiighetidinficGamelbSthhah @xsmslk i ed by’ y- Al OOH
sol, exhibit a 58 B .m.2-h -'-bar'" of hydrogen
er%la@)llu@ @WSlmCTdDT@&ODFCpﬁI ethy¥ clogeral plating atettod and porous
select|V|tyké J%gple 6 Colloid p{ep ration:
AR e RS RE ntoﬁg’leg BEnith s eexbibiteridimpl @ 3:h " bar” of

RS EHOR Ah s A RS IR AR ©

Eahhggtnonp03|te nmenbrane preparation: First, the
procedures are the sane as those in exanple 1. Then,
pal | g@lllkuﬁrpmpﬁp@@l ths prenetiura ieethe birag asdbose $n @Qmpléd 3mer ged
into the che pl.ating solution containing silver

POTAPS§1 516% g?cgratx%r(@gp ()9@/“59 1s thesgmeg s Bpse aeaample 3.
Pglgldﬁxt% 31 ver gl%}ﬂ%&n %p ye bs;Zr\{g /%pa(rélhonﬂ'lélrs)t "the procec{m 'es are the

same as those in example 1. Then, palladium composite membrane obtained is
immerged into the chemical plating solution containing silver which component is
AgNO; (9g/1), sodium citrate (6.5g/1), formaldehyde (37wt%) (18ml/l), buffer solution
(PH=10) (90mV/l). 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
composite membrane prepared with Ce(NOs); and different precipifators which

modified the porous alumina ceramic tube.

12



* - (PH=l 0) (90m/1). Pd-Ag alloy nenbrane was forned
after 4h cal cinations at 450C of conposite nenbrane
obt ai ned. Post processing nmethod is the sanme as that
in exanple 1. 25 Table 6 lists the hydrogen perneabl e
performances of palladiumsilver alloy conposite
menbrane prepared with Ce(N03)3 and different
precipitators which nodified the porous alunina

CergileSs i6gen rrﬁeaggl%k})le Pﬁrxe}ﬁ'}fgro‘?gﬂ mggﬁﬁ)g%wgﬁhgsite membranes

ormances o Qv r‘nrmnq
Pr eci pretipita6r Hydr ogen nyUibgbh’ﬂﬁﬂgen selley‘drbénts)éleh&lm

"2h - bar H21N2 cec 72 01 KZCGS 62

(for cUmﬁKhlson) Por ous suﬁétrate surface de@ﬁmatlon

porous g4c8, 203 is suspendegyin distilled 5 wyggyr,
substr. al um na porous_ceram c tube. Porous
al um H@&Sp]a% us ceranic tubg3 wer e i mrer ged i #°%he
above SWePéndi ng |iquid at Syacuum conditi on, 5§00r ous
7-A1203goparticles wll enkgr the pore chann@kﬁ and
the surface disfi gur eMENtS of —atumma POrous ceranm—c
tube under the vacuum conditions. Such decorates the

Esappler/afa. coltparisot)he same surface decoration with
Cei Ti 02, and ZrQ2 instead of A1203. 10 Pal | adi um
corP;sttSéb%ﬁréWﬁwé%fé ds?%mnarqrewv {-\ﬁ@s ﬁrséﬁ?@ti@ﬁdég digtiBed he

> Wﬁter rsubs ﬁteés a}’r‘@g’ﬁ PPy °P§/Qp?m‘5§\’tf faPﬁ %Wﬂ}%?ﬂo@s ﬁ?ﬁfﬂi‘éﬁ@
wileGRAlEd\Wh fHR aBldvef sﬁip%ﬂ&m@ﬁéiﬁd b Jab &S c&n\ﬂxt'%]-xrzng ous &R0,

Ti 2, Zr2) which nodified the porous a na ceram c
pdrtities wilBenter the pore channels and the surface disfigurements of alumina porous

ceramic tube under the vacuum conditions. Such decorates the substrate. It is the same
surface decoration with CeQ,, TiIOQ, and ZrO2 instead of y-A1,Os.
10 Palladium 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 ﬁllérs (y-Al;0s, CeO,, TiOz,‘ZrOz) which modified tﬁe B
porous alumina ceramic tube.

15

‘Table 7 Hydrogen permeable performances of composite palladium membranes

Pore fillers Hydrogen flux Hydrogen selectivity
M> m?2htbar! - H/N,
v-ALLO; 12.8 2300
CeO, 14.4 1800
TiO, : 13.7 1900
710, 10.8 2400

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

13
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Tabl e 7 Hydrogen perneabl e performances of conposite
pal | adi um nenbranes Pore fillers Hydrogen fl ux

Hydr ogen selectivity M m"2h -'.bar H2/ N2 ,y-A1203
12.8 2300 Ce2 14.4 1800 T102 13.7 1900 Zr 10.8
2400 It is seen fromtable 7 that the conventi onal
y-Al2G8i Ce@2, Ti2, Zr2 nodified the surface of
porous alumna ceranmc tube will result in palladium

g

Exmapled/or doyihaegen) per neabl e flux of pall adi um
osi te menbrane obtained. Exanple 8 (for
pussaprraipsges dsedygtionasubstate fgmeodetatrless iseel tube.

bstrate is poraus stainless steel tube. Surface
accgldggqrgwn ‘{ﬁi‘ﬂﬁid SRR asBAShawn iheemPoln i n exanpl e
7. rane preparation: the .
> OE%’PE*PWS B R ) e BGRB8 i
 edanillsl.t he hydr ogen perneability of palladium conposite
menbrane prepared with different pore fillers
(y- M&@lﬁstﬂé@ydr@@&enﬂafaﬁnl)ty vihpatiadiomdiofripesitetrhiémbrg ous
stainl ess. steel tube. 10 Table 8 Mrogen per meabl e
PrSRATES R AEEEenS Pore St §T-de Qs o ¢ Quel TP, A e gmodifdeshe
n flux Hydrogen selectivity M3 m-2-h
p‘gr}’%&*{&iwﬁgefﬁég? A1208 6.2 3100 CeCR 9.8 3200. Ti2
10 3.2 2200 Zr02511800 It is seen fromtable 8 that
t he conventional y-A1203, CeQ2, Ti 02, ZrQ2 nodified
Table 8 Hydrogen permeable performances of composite palladium membranes

Pore fillers Hydrogen flux _ I{};dro gen selectivity
M® m 2h Lbar ! Hy/N,
y-Al, 05 6.2 ‘3100
CeO, : 9.8 3200.
TiO; 3.2 2200
Zr0, ' 5.1 . 1800

It is seen from fable 8 that the conventional y-Al,0s, CeO,, TiO,, ZrO, modified
|  the surface of porous stainless steel tube will result in palladium deposit in-the channel
15 of Y-AL O3, CeO,, TiO,, ZrO, during membrane formation, and further result the lower

hydrogen permeable flux of palladium composite membrane obtained.

20
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the surface of porous stainless steel tube will result
i n palladi um deposit in-the channel 15 of y-A1203,

- Ce@2, Ti2, Zr2 during menbrane formation, and

further result the |ower hydrogen perneable flux of
pal | adi um conposi te nmenbrane obtained. 20 14 O ains
1. Atwo layer netal palladium- or palladiumalloy -
conposite nenbrane consisting of a.porous substrate
support and a palladium- or palladiumalloy- nenbrane
characterized in that the palladium neta
substantially exists on the outer 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 two [ayer netal palladium -
or palladium.alloy - conposite nenbrane consisting of
a porous substrate support-and a palladium- or
pal | adium al l oy - nmenbrane characterized by the
foll owm ng consecutive steps; 1) Ri nsing/washing and
dryi ng the porous substrate support, 10 2) Treating
t he porous substrate support with a pore filler in
order to decorate the pores of the support and,
optionally, the disfigurenents of the substrate
surface, 3) optionally, when an excess of pore filler
resides on the substrate support -surface, cleaning
Admssubstrate support in order to renove this excess
of 15 surface pore filler, 4) sensitising and
lact i &avo fmyemhtthl pallpdinhadh pall@UWATEN bRBoHR GRS
substrate support, 5) plating the resulti'ng support
copsFhn oo esisubaai§Isuptonent@ fabadivh heor paltadivay alioy — -
n%%_aggite @enbéagg t15 S&.drying}E and 7) optionally,
STHB; 8% PR e Pedfithg palr BB Rk subsianvplusrasts on theysuyter -
sRa0€ 655¢ P&to ith residing.in th
Doren haﬁﬂ’eyiﬁg%ﬁraﬁﬁpg%}g %hté 1t Sio p?e%nqle ﬂgthe Bote WBannels of
the substrate. '

2. A process for the preparation of a two layer metal palladium - or pal]adium 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 pbre filler in ordef to decorate
the pores of the support ahd, optionally, the disfigurements of the substrate
surface,

3) optionally, when an excess of pore filler resides on the s.ubstrate 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 palladium solution to form the two layer

. composite membrane,

15
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substrate are renoved or reduced in vol unme through

ei ther heating or 5 physical/chem cal dissolving. 3. A
process according to claim2 characterized in that in
step 2 is performed under vacuum preferably by

i mrersi ng the porous substrate in a solution of pore
filler in order to ensure that the pores and,
optionally, the disfigurenents of the substrates are
preogsuRiagd muth the filler and that there is no

pal | adi um rngress into the pores during 10 the

COoNs &Y uiptiveally, epREA 8O 1SHIERS corfpose REABASS tAFEQEdI Ng
to any of clains 2 to 3 characterized in that Tn step
4 the mowsURe whdstheqve Bleppesiting & he peietohsettls of tNIréus
solution, and activated in PdCd 2 sol ution,

r espect T UWAF argremaved aeduced momlameigroush sisier beatingai s
2to 4gﬁggggﬁhgﬁ&éqﬂﬁ&oﬁ&hat in step 5 the 15 porous
te 1s [

substr I mersed i nh~a el ectrol ess plating

350l UtA BcesSacchrdRizas Bkfin ACRREANAd &R L B ; '
the el ectrol ess glating sol Ution has fhé@bt9%?%§ﬁh&hmdﬂ

veopo ieférgny by irfiPeriNg HR) i} ik 2ubskrBIE AP NeolutNr2ofWoze #17Pin
NH3. H2O. 7. A process according to any of clainms 2 to
OBAE fRagngete dhat e doren andh aptienaBy phsdish pranetsifiie sbetpatd drs
FoIAYA 0.8, A process acc ing to claim?7, i
REOT A Vit gl sty PO ThEs AR BT I petesan e s curing
ti6eAdofibdRBvediredafinh St@gso C. 9. A process according to any
of clains 2 to 8 characterized in that the.pore

4 i | | érpgocessadordgeo anypafrcldigh 2 163 afrdcawesd nhadt ifstdp 4 the
mcron, preferably lower: than 0.1 micron, nore
PRRoEf SRty SUPBNR is semsaifed iI0SnGh satwivn 286 adyated ipPdCike slution,
n%ﬁ&%gging to any of clainms 2 to 9 characterized in

at 'the surface pore fillers are chosen anongst

sgel sa Jﬁr&!e% ac6&Hing ks vt REAEH B ﬁtgfngg'cte : gfxf&é&tri‘_’ng_r{%g%‘the

according to claim 10 wherein t ore rs
peieos sibstaoisdmimerkbd inendlectBlesSPhtingdon®igh., Zr - sol and/ or
Ce-sol. 12. A process according to cltaim10. wherein
6t he POFEcH ACFEEBE iy daighdwhercrtbngetirole8platoglSlution has the

ol S bt Bdin L mSRRBRA NG SRS, SRR,
7. A process according to any of claims 2 to 6 characterized in that the post-
processing step 7 is mandatory. B

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 10 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

16
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14. A process according to claim 10 wherein the pore
fillers- are chosen anobngst hydroxi de-precipitates,
al'kali carbonate precipitates and/ or carbonate
precipitates. 15. Atwo |ayer netal palladium- or
pal | adium al l oy - conposite nenbrane 5 obtai nabl e by
any of clains 2 to 13. 16. A conposite nenbrane
according to claiml or 14, or a preparation process
@cco% &ggdgglﬁny 0 characterize

that the porous s g{ght% !Fug%) @%ﬁ"é%bdr?’%"’é ¢4l aé%fcg@ ‘fr om
ldne @f prodess dc0bldmmi t0 @laRR N O WhertRLBE h&t %’Ileﬁ%{i@%sen amongst

st:ai nl ess steel, porous nickel, porous ass
hfyé];o@1g1g~p§q:§;pgzqﬁes_;galka11@arbm5ate ﬁ@mpﬁﬁes dhd/or carbonate precipitates.

15. A two layer metal palladium - or palladium alloy — composite membrane
obtainable by any of claims 2 to 13.

16. A composite membrane according to claim 1 or'14, or a preparation process
according to any of cléims 2 to 13 characterized in that the porous substrate supporf 1s

selected from one of the following porous materials; porous stainless steel, porous

nickel, porous glass or porous ceramics.
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