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A metal palladium composite membrane or alloy palladium composite
membrane and their preparation methods The present invention relates
to a metal palladium - or alloy palladium - composite membrane which
exhibits a high permeable hydrogen flux and high hydrogen selectivity for
separation or purification. The present invention further relates to a
preparation method for producing these said metal or alloy palladium
composite 5 membranes. The increased demand for hydrogen in recent
years in many sectors such as petroleum refining, petrochemical and
semi-conductor processing and in new energy- related applications such
as clean fuel for fuel cells and vehicles has led to a high interest in
methods for separation and purification of hydrogen from gas mixtures. 10
Palladium membranes or alloy palladium membranes have been the
subject of 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 h drogen 15”Permeat|on flux throughout the studies remained
Ametalpal compesite membrane of allov palladinm composite membrane
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275C, pure palladium mgm@@géﬁﬂmﬁggymkmg during the
phase transformation due to the amount of hydrogen absorbed. This
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membrane. Membranes can either exist asmfure or as a composite
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mbaliadim membrane; is well known in the 5 public domain. The
corresponding thickness of the membrane must be greater than 200
micrdis mordesd dearsdrehoiigbemacitapit acstsengtiniosseistaisntheas

reaction; . . . . . o
petrc?leum refining, petrochemical and semi-conductor processing and in new energy-

related applications such as clean fuel for fuel cells and vehicles has led to a high-
nterest in methods for separation and purification of hydrogen from gas mixtures.
Palladium membranes or alloy palladium membranes have been the subject of many
studies, due largely to their unmatched potential as hydrogen selective membranes for
separation of 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 embrittlement can be dramatically
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consequently this specified membrane thickness results in a low hydrogen
permeable flux and a very high production cost. Therefore composite
membranes are preferred, that is a supported palladium membrane
where the palladium membrane layer is 10 connected to a porous
substrate support, hence reducing the required thickness of the palladium

reMRMDIARE Jaysansheensaduenty recksing e, £XRepsa1aRcLIMpIOYIng..

the hydrogen permeation flux, whilst still maintaining the mechanical
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palladiumipalladiam alloy membrane layer, t urface s%gé%%t‘eAs%uﬁﬁort

pahdiam inienineciateatayen interpennettinig therprexitus Ve laye s dndeethe
in_order to obtain a thin palladium/palladium alloy membrane layer on
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three layer formation again presents the major 20 problem of a low
chiygrogetypernpetibpdflosnieplecemsiiesntiom edneemratesopetheable

aforeénentioneq ro Ie{ns, of ]éh?hlow hé/dro en.permeable flux an higgu
ﬂUX a& e%.very 131 1 PIroduciion Cost. Creiore Co 0S1i€ Imembranes i&ée R}'e e1rea,
production-costs‘and proposes a technique for forming a pallad
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support without use of an intermediate layer between the membrane and
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membrane. The présent invention concentrates on a simple an
hppeatepmetbodtdhmodifistvé oo sulpsthate dppriestonmdtigotiteepoiiele

channels or disfigurements of the substrate surface. Then it becomes
"585EBI& to produce a thin dense palladium 30 2 membrane using an

electrglesspiatingudsepasatiesmethod) Thedwawn srepalialionsmethed for
the conventional three layer palladium/palladium alloy composite

deRemdraise contsisas ol al atridry wirspBIADgiyer, the surface substrate support

and an intermediate layer interconnecting the previous two layers. Indeed, in order to
obtain a thin palladium/palladium alloy membrane layer on porous substrates, an
intermediate layer is usually introduced in the prior art, which resulis in a three-layer
composite membrane. However this three layer formation again presents the méj or
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 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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porous substrate support is first subjected to "Surface decoration' in order
to overcome 5 the problems associated with the existence of large pores
and disfigurement at the surface. These said defects arise due to the
non-homogeneous nature of both the surface and of the pore distribution
of the support and as a result make it difficult to form a dense palladium
nemhaneenhe.sutace plihe supparhwhich sensequently reduces  the
membranes” permeable hydrogen selectivity. Surface decoration is used
to aVbidkthe Orexdistencenofibbitarte porestandidéfectsyand can be
rformed_by. either: a) Using a porous surface modifier suc -A120a,
oD L8 51 0 LR B e W b g e o
prreuding iR Oseside Breguseaatdnie rmegiateiayenidy Usigeapoeu®me
material, which has a smaller pore-diameter than the pore 15 channels of
thparehlsatr afs SippbrtEUbm BesiKe 20 B g 01 sty disBsopns fintifcthe

sIF9e Pelg chanpels ordisfigurements, of e subsirate. aitae g, eI SR e

owever some serious problem=s associated with these two conventional
argdurfalcepdecdrationimethibdsoFonthedrst rsenfaceldecdréfiiont méthod

mentioned above, porous mateﬁ\als ch as y-A1203 were used to coat a
et ST
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tieoRRg-ardnaddiRgs I RiRrunNatel UpReR. ety ape MmN avoid the
palladium plating solution enters into the pore channels, resulting in

epalfnsiLeh e ot dh arbdsheninild efthe REBSREED G Etfectively
Ca%‘f"E%a%gsfc&%gsrﬁﬂé?ﬁ%'l%g&%y %?%%%%gggﬁ?%‘%&?@%iﬁh%ﬁ%@%e

hydrogen~permeation flux. 25 1n the sec ecoration method, porous
materialsithichthavgragrhabetiposendiddietan thaar theppahechannels of
the substrate support, such as y-A1203, Zr02, Si02 or CeO2 are used to
fill in tRETREASORE Thannels or disfigurements of the substrate surface

befgre;elecirplessspiatine smeibedpieseis Riablemsiiar thepsame
reason as the first method. The electroless plating solution inevitably

enterslintocihefibrechrmitretsmios. ek hbser ShbguateSithus, Ghezpofdhis

materjals filled i i
ate {ﬁlesiargg%opetc (PR Erza & 1%1%1%@1’1 rs]%%lt%élvs!{{bstrate surface.

There are however some serious problems associated with these two conventional
‘surface decoration’ methods. For the first ‘surface decoration’ method mentioned
above, porous materials such as y-AlO; 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 palladiuvm 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,, 510, or
CeO, 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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again form a second resistance to hydrogen permeation and thus the
hydrogen permeation flux is again considerably low. Therefore the
objective of this present invention is to provide a new efficient surface 5
decoration method of the porous substrate support, for preparation of a
two layer palladium or palladium alloy composite membrane that exhibits
m@BIRYEERIRN TREIMEAPIE A a-ArNEKE theiRRAYe,QRISEHY B dRGs will
present invention is essentially a two layer metal palladium composite
agate fbrenes consisting b dodurdugesubstrartisuppd thantiahyirpadiadium
'merqbra e. The metal R IIactI)'urp composite membrane is characterized in
pe neta{ 1?% W

1) UXI 1saa%am CO T

e palladiam meta uabgfa%tially exists on the outer surface of the

PUIRUS S stIet e cEip RO WItRlit el 0 e presensr IndhereerefabrRNSIS e
the substrate. This invention also includes a two layer palladium alloy

degpipisishodrb ahBOT BRI SRRIBIONS RIFBEHERS 8P PR EHE a

paiadinaliovmeniiang. e dapaledimalonsomngsie mambyane
is characterized in thaf the palladium alloy membrane substantially exists

peomdfigediliter surface of the porous substrate support with little or no
presence in theg)oore g}han,nels of the substrate. Accordin% to the

preparAfish BFSEaUE ST s BN PIRT ENEH TS s RS Bl sressn gaste!

p@hRRREID IR QeFe.chanNeIe0f dhe SuRROFRReAYSE R ReR filler 20
preoccupies the pore channels of porous substrate which prevents the
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adium in the pore charinels of the support is defined as the porous -
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present in the whole of 25 the composite membrane and in particular less
e G A S A B O U S RO ST ARB T

cRRMRRSHE hemlranguTRerssemdventionielates fe-hei.ef these

aforementioned two layer composite membranes which are both
radbaimable hycthe dolfowmgbpreprdtopcirotsss heldbedinbadoma pheterred
IR dimant oL RIS S L AN e R 9L RS RIS EIR PN N port with
little or no presence in the pore channels of the substrate.

According to the preparation procedure of present invention there is ‘little or no
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

4
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30 4 following consecutive steps; 1. The porous substrate support is
rinsed with a dilute solution of hydrochloric acid, washed, rinsed with a
dilute solution of sodium hydroxide, and then washed with distilled water,
rinsed with a solvent like CC14, and dried under 5 ambient conditions. 2.
The porous substrate support prepared as above: is then immersed in a

RSN 06npase; fillgf-ynder vacuum conditions for 20min. The excess
pore filler residing on " the substrate surface is preferably removed by

metharlieabtiuasig ety sipirgs thesstbstratdibusfadesandtheavashed

with distilled water..Accordin a 10 preferred embodiment of the
B S A e B et et er

washe
present INVention this te

surface daecomition; {R-RaLS SUBSINAte. SWIRAL S ISensitizeckin RAGIA.,
solution and activated in PdC12 solution, respectively. According to a

prefer%i@%%ﬂiﬁﬁ‘éﬁt of the invention this process is repeated 4 times.

The Pehatoms, 1o formed in the reduction of Pd2+ by Sn2+ adsorb over

the substrgte surface and. oggrr%pﬁ%%iéﬁoars %ﬁﬁ%?sﬁ%r}glvl\ﬁﬁr.sﬁ. Tha Sorae of

substratesi§ ibemitamersed toralchemioal phatingisolytion felectiplessiding on

plating) with a typical composition of [Pd(NH3)2]CI2 (4g/1), EDTA 2Na
NS Ao o

(659/1)" 56 (6 BN 2RI FTRP28, S80R P300S AFapiae=-a.oviping

50C. ImtherR@dermation sfRe Rk exisigdinihe chem iﬁ%LBlag%% E
ced to

solution as metastable metal complex ion continuously being re

NO by relgtiethefergeinchielr dximec et sk erads allstiveoniecargeids
form tp%gdq&sggqﬂgggym membrane. 5. The porous substrate is then
subjectéd to post-processing where the pore fillers 25 residing in the

pofe-channeisiot thedpaioushsybsiatenaiedemayest &f Fegused in yetume
through either heating or physical/chemical dissolving. The Pd
solution and activated in IydCh solution, respectively. According to a preferred
embodiment of the invention this process is repeated 4 times. The Pd° atoms,
formed in the reduction of Pd*" by Sn** adsorb over the substrate surface and
form nuclet for further Pd growth.

4. The porous substrate is then immersed in a chemical plating solution (electroless
plating) with a typical composition of [PA(NH3),]Cl, (4g/1), EDTA -2Na (65¢/1),
NHz-NH2-H,0(0.6g/1), NH;z-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 200°C 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

5
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membrane is then dried at 200C in nitrogen for 60min, and then calcined
at 500C for 120min. Figure 1 represents a schematic description of the
preparation steps procedure and of 30 5 the resulting membrane. The
four corresponding preparation steps are as follows; (1) Substrate
modification - The modification of porous support involves preoccupying

tibecshianpels:abiie Porous:substipte by Perg fillers: fepexample, BIOH)3,
which can be removed or partly removed by post-processing. 5 (2)

Pdlladiibs Frie okt hameninsatios ef rende TRt byoifies
sensitization, Ad.AIVAIORIeCPRIANS (D) Mﬁ)@#@gg}ﬁ fqumafion & SRS

Palladium or palladium alloy membrane are electroless p
method () odifiér dedempositidrr fangyparefiléis; forexamnplendl(OR)3

are 10 decomposed to porous A1203 which will keep the channels of the
i §adﬁﬁl}%ﬁhﬁ%ﬂ%ﬁé%"égﬂs@aa&uf&?pr@lb%?ﬁ?@gﬁs YRS
indicatedshererRave, dhe, pess fillgrgate substances that are capable of
preoccupying the channels of the porous substrate and optionally the

didfigursmarraedpime iubsiratie durf oo dladit il auseseorationd dotmd be
step, ae%tpgﬁ\ggg#a%%%q&ﬁgdpgress inside the pores during the

preparation. Preferably, the said pore fillers are then removed or partly

reii@oveD byl pastoprpesssing Tegy hiedl keatnentaafanabi pyrolysis)
and/or physical %issolution. The said pore fillers can preferably be gels

sols, cOSIBBFDIREPiItHTLS2S YhEY H FrerdhatibeReeat tinsgsete

Al-50l, o5l T SBhe?trs0bARELRE GE130be BN AN also be preferably
chosen amongst hydroxide-colloid, alkali carbonate colloid and/or

Asdpireane eoteiav e e nean st bee srdféradsly tbhiosen amongst
hyd roxidg-pg%: ic%%%‘%‘?? o} Ilalifeafl)iccupying the channels of the porous substrate and
optionally the disfigurements of the substrate surface during the
decoration technique step, and
o 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 accordin g to the present invention are
characterised by a particle size lower than 0.2 micron, preferably lower than 0.1 microﬁ,
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



10

15

20

25

30

carbonate precipitates and/or carbonate precipitates. 25 Most preferably,
the pore fillers used according to the present invention are characterised
by a particle size lower than 0.2 micron, preferably lower than 0.1 micron,
most preferably lower than 0.05 micron. In the technique scenario of this
invention, the chemical particles which could be processed (such as
epytalysis)inqarousiia pariclesas aeke fillarss gendychould Sevidently
shrink its volume by pyrolysisprocess such as gel, sol, colloid, precipitate
(CABSbISISios ol -$9lsBY o atdtalidirfic reIPeaiben s, collbitatarbohstee,
Cipj — ' iller. Under the vacuu
e Rl P B e
neotivieh cov precipitates ischuian, obsaid) pope:fillersesthatity paricies &f fillers,
ore fillers entefred the pore channel of porous substrate, especially the

B S EhBAHEIS RS idh T SHEHE B anriiPaRRdiate e S At Streaicdly
tarslgiabenefitihe: iarmationof dense prlladivmmeniiane, Rue fohe,

pyrolysis process after palladium membrane formation made the pore
bANENS R R A8 Aol S eer Brstirn prsselerats. poro ts theaterialsiswhochss after
pryide the free passages for rogen permeating.the 10 memprane,
Pmetal palladium composlﬂléWgé%%%éeﬁ%%eﬁré%&r%éﬁgg %Cféﬁ%omposed
tepbstrateawiizhavéhighroyiroge f-pepameakieitxy Accerdingd@ e the
n%rﬁ%%%ed embodiment of the invention the material used for the porous

S S S R HBRR P SR A SRR B e drestisise prratioy
sPaHadiHmIcRMNasHe, erbraRGIS.srlgRied from one of the following

porous materials; 15 porous stainless steel, porous nickel, porous glass or
poroudceerdintde aasetradg td adipaftefgtcemisotiméint ohthdaineationthe

r red materjals used fqr t upport are. porous stainless steel
P g?r% st§ %Ersﬁ %é?g?r%%s?%%%% tgqrg% S(r%hcsc %nglgg&%We%tﬂﬁyare as

- pititains; doSipagte teahbolog. sl IRYENIN, MACUBIHISABS QB materials;

condition needed for 20 pore filler particles entering the pore channels of

PRSHSTS LS ROTAHECkshaI1aBN Hikd fE Mo gyrars sefceimdiple.to a

preferred embodiment of the invention the preferred materials used for the support are
porous stainless steel and porous ceramics. |
The characteristics of the present invention are as follows;

1. Simple technology. In this invention, vacuum is the only condition needed for
pore filler particles entering the pore channels of porous substrate. Both the
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.

lii.  Low production cost. In this invention, cheap 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

7
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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 25 other metal membranes. However, the pore
fillers are those which do not react with the plating solution. in. Low

produgtidmeosielerdhishiayestietos bean Poesfiless whigh could be
decomposed by pyrolysis, are used such as sol, colloid, or precipitate.
materials used are inexpensive, the preparation technology is

HieWeianeHas9 R0 FRerion herefom Eam&%%%@%%ghe

process is low. Examples The details of this invention will'be described in
Tehle votlpwingeramplesantherddlloWingedamplet) hydrogeinypecmeahle:d
aﬂg%?loa d permeable selectivity are measured 5 at 500C. Example 1

E:o oid preparation: the solution of aluminium nitrate and the solution of
o jcarbonate are simultaneously dropped in one beaker at 55C,

pH=8 to obtain an alkali alumina carbonate colloid. The colloid was

washel ¥ rreeraion distinetivatetr airmaitn abte s ﬂt?cﬁ@j@fiéé@md_ium
Sathonatedis replaced By &Fg‘?gg ?&'air%%%%?%?Wa@%@%bﬁg%ﬁk&%

sodium hydroxide and/or p ydroxide as pf&lpl ator ‘
abornes parndirgecnllvid. o predipitates wilble! 6htaieeditP oralizsuhsiratethe

aEurfac decoration: substrate is alumina porous ceramic tube. Porous

GBS A Wl APSLFRSBRIDRIT tHL°BIGES 881 oo BF AY dF oTRA Srtbamate,
afgohi dibata solydionief sedirpobydiaxid dlesaﬂm%dwaﬁmgrwﬂb distilled

water, rinsed with CC14, and then dried. The rinsed alumina porous
cesintidinbsclete srmrsipEdchvtHeb apbiveredlloid solution at vacuum

condlian, salaid pariaes il enter (he.pare. channelsand e surfage.
|sf|gurements of alumina porous ceramic tube. e excess .
Porous substrate was first rinsed with the dilute solution of hydrochloric acid and the
dilute solution of sodiurh hydroxide, and then washed with distilled water, rinsed with
CCls, 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
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 [PA(NH;),]Cl; (4g/1), EDTA - 2Na (65g/1), NH,-NH, - Ho0(0.6g/1), NH;-
H,0(28%) (300 mi/I), pH = 10, 50°C. In the catalysis of Pd nﬁc]ei, Pd?* existed in the
electroless plating solution as metastable metal complex ion continuously being reduced

to Pd’ by reducing agent hydrazine. Pd° gradually became large enough to fo&m a dense
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surface pore filler residing on the surface of the support was then removed
by 20 mechanical cleaning. Palladium composite membrane preparation:
Porous substrates after decoration were sensitized in SnC12 solution and
activated in PdC12 solution, respectively. The above steps were
repeatedly 4 times. Pd atoms, formed in the reduction of Pd2T by Sn2+
padstthethavefthe substrate surface. 25 Immerging the porous substrate
into the electroless plating solution, whose typical composition is
[Pd(RAst 33?1‘@3@645)?1 @A@m%wmwﬁ@mmm@(@x@gdmydmmmg
W%I{B)C@QBI{E léi‘%’oeaé 1n]09€1€§qg dk@otil?leo(gg SIOSIGO grsncl)'}c aﬁ(alpdl%mma
existed in the electroless plating so lution as metastable meta comp
ciobooeistimtioushivdingideducdd: torRdiynrdduting pgent hyshazine. Pd
gra I beca e large enough to form a dense 30 8 palladium
mem %a%eggon{l |Jai9' %8%?{@9@?%8&85@%%%% AL FARB v HE
nibeorstbjgeted da.dnngNas, 2006 and:cal SRS @100 1M HISHIR the
decompose the pore fillers of alkali alumina carbonate colloid which
PREQTd S TS PaEcdlbipnels of the porous substrate. 5 Table | gives the
hydrogen permeable performances of palladium composite membrane
prepared with AI(NO3)3 and different precipitators which modified the
pordudlaluiiinaogenarnin table pEefbim dnttydmgeniprimeable papasmances
etal palladium composite 10 membranes Precipitator Hydrogen flux
6@?88%% selectivity in3.m -2-h ™ bar th/N2 Na2CO_3 74 8800 K2CO3

69 5800, Jubiving0 67 7200 Na@ld,56.440Q Hydrogen selectivity

' m® -m %-h " bar ! H,/N,
NayCO;4 74 8800

K,CO4 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 decoration: substrate is porous stainless steel tube.
Decoration 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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KOH 70 5900 Example 2 Colloid preparation: it is the same as that in
example 1. 15 Porous substrate surface decoration: substrate is porous
stainless steel tube. Decoration method is the same as that in example I.
Post processing method is the same as that in example 1. Table 2 gives
the hydrogen permeable performances of palladium composite
menmbidae Hiepasesuih-AlNCREand-diferenlnecpipipshish
modified the 20 porous stainless steel tube. 9 Table 2 Hydrogen
Iﬁmﬁfﬂe performances of metal palladium composite membranes
Precipitator: gen flux Hyd lecivity mS'Al(-S%-(P-' bar Hyd1Z '
Nazco?té%ﬂz%c%p K2CO3 34 r?;s%?zg 29 3500 Nadi %ﬁlﬁ’ﬁy
KO 44100 ample Colletd:-p 3 ~the solu f cerium
nitrate adtfth®solution of sodium cdfbonate are simultaneougiodropped
in one bekk€Dat 55C, PH=9 to obtaigan alkali cerium carboggig colloid-
The collgjgt wagwashed 5 times with glistilled water. If the a solution
of sodiun&\g%%%onate is replaced by the solt_Jtlon of potassium carpo_nate,
ammonia, Sodium hydroxide and/or potassium hydroxide as E)?@@lpltator,
the 10 corfégHonding colloid or preciditates will be obtained. £dfbus
substrate surface decoration: substrate is alumina porous ceramic tube-
Porous substrate was first rinsed with the dilute solution of hydrochloric
the

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
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(NO;); and different precipitators which modified the

porous alumina ceramic tube.
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dilute solution of sodium hydroxide, and then washed with distilled water,
rinsed with CCl4, and then dried. The rinsed alumina porous ceramic tube
were immerged in the 15 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
procEtilfed Ridreseipsmecdd s nedermaniresargi nalpdsprormesityg
sesthegkis the same as that in example 1. Table 3 gives the hydrogen

with Cé{NeB)8@nd different prétipitagenstiwhich modififgdhgcpetusvity
alumina ceramic tube. 10 Tabi¢ 34#droggp-permeable perfermances of
metal p WHn composite membranes Precipitator Hydrog ux
Hydrog?r%a%szdg{eﬁgtivity m3m'zh-' bZ?’?—IZ/NZ Na2CO3 72 76%&9T K2CO3
70 4800 413120 69 6200 NaOH 623100 KOH 56 4100 §%%ample 4
Colloid prEpdtation: C02 is injected o the Ca(OH)2 solutioszd0form
CaCO3 pigomitate, which were rinsgg 5 times with distilled waggr. Porous

substrate gyfface decoration: subst‘rgge is alumina porous ceﬁzm)ic tube.

acid and the 10 dilute solution of sodium hydroxide, and then washed

Ee{ggﬂ'@wled water, rinsed with

Colloid preparation: CO; Is injected into the Ca(OH), solution to form CaCO;

precipitate, which were rinsed 5 times with distilled water.

Porous substrate surface decoration: substrate is alumina porous ceramic tube.
Porous substrate was first rinsed with the dilute solution of hydrochloric acid and thé
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 CaCO; precipitate suspending liquid at vacuum condition, CaCOs precipitate
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 CaCQ; precipitate, exhibit a 66 m® -m 2h ™ -bar
Yof hydrogen permeable flux and a 3800 of hydrogen permeation selectivity (Hy/Ny).
Exmﬁgle 5

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

11
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CCJ4, and then dried. The rinsed alumina porous ceramic tube were
immerged in the above CaCO3 precipitate suspending liquid at vacuum
condition, CaCO3 precipitate 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 15 then

bEgpaves-Rydnechanical gleaning « Rallrdivmce npasitepe pRIgRC ubstrate
preparation: the procedures are the same as those in example 1. Post

waedosssirtyhethokridithie santemeflthadinchicampted RnP Hiradilute eotiposite
embrane, prepared by chemical plati ethod.and po 20 alumina
B S P AR R S

dhad. rat hydeogempermeabeditxiandia 3800 phhysiogempabmeatin]
selectivity (H2/N2). Example 5 Porous substrate surface decoration:

SQMAIPRT LT HE R Y SBURIECTS W haHe te sarrade s fdihe
sSMDSITaLe %R PIBR PAFAHS GRIJTNC. ube - RATOUS SHBRIAIG WASfiESk ons.

rinsed with the dilute solution of hydrochloric acid and the dilute solution of
Theditneshyetfosiderahd ahwesi dizs e thwithr Histile thomtaortinssdhwithe@Cded,
band)t en dlrlid The rinsed alumina porous ceramic tube were immerged

e absve” eﬁ%]]gS solution at vacuum condition, AIOOH particles will

entepilledperecehpprieisrnt e sufacadisiguemnantsokaluaine as those
_porous ceramic tube under the vacuum conditions. The excess surface

Hb@l"é@ﬂ’l?ﬂresiding on the surface of the support was then removed by
mechanical cleaning.Falladiin,6emposiig membiane preparation: the

procedures are the same as those 10 in example 1. Post processing
metRalaidthecsape idsithatbinexampled Ballediim] pompositéod and porous

e prepees by cheicl g iod and pprove ayina
nyeReeeh hvaregenmermeableotive apdri2800efhysieerBRaMBaNA),
selectivity (112/N2).
Example 6
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 composité 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 is
AgNOs (9g/1), sodium citrate (6.5g/1), formaldehyde (37W‘t%) (18ml/1), buffer solution
(PH=10) (90mV/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
compoéite membrane prepared with Ce(NOs)s and different precipifators which

modified the porous alumina ceramic tube.

12



15 Example 6 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 20 immerged into the

chemieal plaling g%glymetgm&%w@sr wb@mgqm@owﬁﬁ&néﬂﬁ%anes

s.olutloﬁD I¢FP{tef @) (90m1/1) Pé{ls@’%mﬂm’embrane Wﬁ@f@miewﬁﬁﬁ@ﬂ%
calcinations at 450C of compasite membsarie obtained. Postpocessing
method ﬁgt@)same as that in example 1. 25 Table 6 lists th%@@rogen
permeabk\eﬁgﬁ) ormances of palladium-silver alloy composite membrane
prepared Te(NO3)3 and dlffereﬁ‘t precipitators which misdified the
porous Altmif& ceramic tube. 12 Table 6 Hydrogen permeaBféd0
performabeégiof Pd-Ag alloy composite membranes Precipitgtor
Hydrogengityg Hydrogen selectivity Mid m™"h 'bar™ I-1Z/N2 Ngz£03 72
6900 KZ2CO3 6272 5200 NH3 HZ0 53 4800 NaOH 515800 KOH 546200
( Examle 7 (for comparlson) Porous substrate surface decoration: porous
“ 26 : dathh distilled 5 water, substrate is alumina porous
cerappig Q%SP%%%&J EUOARRFL Y CREANE, BIDE WUSES Almeraesn the
above suspending liquid at vacuum condition, porous y Ayi203 particles
5 wailiresitbsttite @@@mhamn@ssmwm sinf e disfijumementswf@lamingibe
JOrous  cergm e under th uum conditions. Sduch decorate%hg
SU S )n} rgft il %{1 OVG suspen ]q1.11 at vacuum condition porous y-.

particles will enter 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 CeOj, TiOy, and ZrO2 instead of y-AlLOs.

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 fillers (y-AL 03, CeOs, 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 Ha/Ny
v-AL O3 12.8 2300
CeO, 14.4 1800
TiO, 13.7 1900
Zr0, 10.8 2400

It is seen from table 7 that the conventional 1-Alx 03, CeOy, TiO,, ZrO, modified
the surface of porous alumina ceramic tube will result in palladiuim deposit in the
20 channel of y-AL O, CeO,, TiO,, ZrO, during membrane formation, and further result
13



surface decoration with CeO2, TiO2, and ZrO2 instead ofy-A1203. 10
Palladium composite membrane preparation: the procedures are the
same as those in example 1. Table 7 lists the hydrogen permeability
ofpalladiurn composite membrane prepared with different pore fillers
(y-r'1203, Ce02, TiO2, ZrO2) which modified the porous alumina ceramic

Heheyd D iablen/pEyagenpesmeanle e QEGAMRAR eq.
alladium membranes Pore fillers Hydrogen flux Hydrogen selectivity M3

m&_&ﬂmlzw 12.8 2300 CeO? 14.4 1800 TiO2 13.7

190 It 1 fro ble 7 that the conventio

A s B S RO ST
Sceframicdubeowithesudtisnipatiadi vitide phsitinthe20pthannel ofy-A1203,
CeOI%, Ti02, ZT02 during membrane formation, and further result 13 the
lower WAV YERDRTRHE ZBIE ROt BRMAHR T Ro RBEIIE HeuiaRas that in
epbtpired. Example 8 (for comparison) Porous substrate surface

decoration: substrate is porous stainless steel tube. Surface decoration

methaklad this Sheriey dio sharshesab ityexarmiidiTne-Patiasiamcobposite
r ration: the proc re is th m thatin ex le 1.
P e b A o DoLe e

ppreparedcwdthdiffarent pore fillers (y-A1203, CeO2, Ti02, ZrO2) which
modified the porous stainless steel tube. 10

Table 8 Hydrogen permeable performances of composite palladium membranes

Pore fillers Hydrogen flux I-I};dl'o gen selectivity
M3 ‘I —2-11 -l ‘bar 1 HQ/NZ
y-Alb O3 6.2 3100
CeO, 9.8 3200
TiO, 3.2 2200
710, 5.1 1800

It 1s seen {rom table 8§ that the conventional y-Al,Os, CeO,, TiO,, ZrO, modified
the surface of porous stainless stee} tube will result in palladium deposit in the channel
15 ofy-AlOs, CeOy, TiO,, ZrO, during membrane formation, and further result the lower

hydrogen permeable flux of palladium composite membrane obtained.

20

14



10

15

20

25

30

Table 8 Hydrogen permeable performances of composite palladium

membranes Pore fillers I-iydrogen flux Hydrogen selectivity M3 m

-2-h-".bar 1 H2/N2, Y-A1203 6.2 3100 CeO) 9.8 3200 TiO, 3.2 2200 MCSLLP
ZrO2 5.1 1800 It is seen from table 8 that the conventional y-A1203,

Ce02, TiO2, ZrO2 modified the surface of porous stainless steel tube will

result in palladium deposit in the channel 15 ofy-A1203, CeO2, TiO2,
Zradagluring membrane formation, and further result the lower hydrogen
permeable flux of palladium composite membrane obtained. 20 14

MCSLLP Claims 1. A process for the preparation of a two layer metal
halladidmpreosspdtiadiamrepoytiosolfiyposi¢ayee mistanebedisistingrgfaladium alloy
RoTaus subsias support and,a palladiumc o & pladium, a0V ey agiyey — or
niemprane wherein the paﬁ adium metal substan |aﬁ}§})gms S0 the “outer
sulidoerdlos porembrsubstiateisuppprllstithatiess thianablialdy thestotai the

(pu%gla (Sjlllu ac V\é)? g‘lhet (greosuesnstui?s%paiewlqc’l%f? fstg %1%9 {0 %iat.% g t'h%nt%tlzﬁ palladium
present in the pore channels o the Su Strate; and the niembrane 1S
weighigedsbyt tnettioliwhvilegof s contivei stopsn biaRérsingAwashiearde channels
ing t rous r ] r I i
i Rss AR MR [Anae R A SR,
optiondlly, thRdlistiggiveastengsaof iheying dstieaeoss falewrdy sepmitising and

actvatylo with AP, RN ARG Aapgaied: B Ut BIRIRR Bt )

plating the resulting support with a p solution to form the two
decorate the pores of the support and, optionally, the disfigurements of the

- substrate surface,
3) sensitising and activating with a palladium solution the decorated
substrate support,
4) plating the resulting support with a palladium solution to form the two
layer composite membrane,
5) drying, and
6) subjecting the resulting composite membrane to a post-processing where
the pore fillers residing in the pore-channels of the porous substrate are partly

removed or reduced in volume through heating .

2. A process according to claim 1, wherein step 2 is performed under vacuum,
preferably by immersing the porous substrate in a solution of pore filler in order to
ensure that the pores and, optionally the disfigurements of the substrates are
preoccupied with the filler and that there is no palladium ingress into the pores during

the consecutive preparation steps.
3. A process according to any of the preceding claims, wherein in step 3 the porous

substrate support is sensitised in SnCl, solution and activated in PdCl, solution,

respectively.
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layer composite membrane, 5) drying, and 6) subjecting the resulting
composite membrane to a post-processing where the pore fillers residing

in the pore-channels of the porous substrate are partly 20 removed or MCSLLP

reduced in volume through heating. 2. A process according to claim 1,

wherein step 2 is performed under vacuum, preferably by immersing the
porous substrate in a solution of pore filler in order to ensure that the

pores angrseptionalbrdhey @d»séiguwmhem&eédimg slidsisatdsessid Abstep 4 the porous
preoccupied Wltht e flller alladium ingress into the

at t
?}%Ea}fdﬁﬁﬁn?ﬁ@ H%%%ﬁ él}éﬁg gﬁ%%S On3 A process according to

any of the preceding claims, wherein in step 3 the porous substrate

upport is sensitise tion and acti at d.in PdC12 so

O Tos uERR: T VAR [ et B SRS By SRl mas he
prepeditigretd e NHepLNEMEADNe Dotod8 kb Adislithersed in
an electroless plating solution. 5. A process according to claim 4, wherein
the electroless plating solution has the 5 composition of [Pd(NH3)2]CI2,

&DTA- Ammmmmmzaﬁg@o A 3H P ﬁempimgekﬁmwmmltdlanympmée
rec d|n rein the cq %Wb ne is dried and then
ﬁ’] al'[S a{lf)e Cg rtca!j%nf proces G

saccording to any of the
precedlng claims, Whereln the pore fillers used have a particle size lower

ghan 0.2 Glicron. ye(efable QWS RN O L EI O 0!G IEIE (RO ers usea

han 0. micron. process accor ng to any e prece Ing laims,
Intve r@pamelserzadevmr@am@ flexistare m%@@hlado)mgéhge& lgvisron, more

c%}g}?ﬁljﬁ (sz%? glgts%s A Rocess according to claim 8, wherein the

ore fillers are c osen amongst Al- sol, Si-sol, Ti-sol, Zr-sol and/or Ce-sol.

8. A process according to any of the preceding claims, wherein the surface pore

fillers are chosen amongst gels, sols, colloids or precipitates.

9. A process according to claim 8, wherein the pore fillers are chosen amongst Al-

sol, Si-sol, Ti-sol, Zr-sol and/or Ce-sol.

10. A process according to claim 8, wherein the pore fillers are chosen amongst

hydroxide-colloid, alkali carbonate colloid and/or carbonate colloid.

11. A process according to claim 8, wherein the pore fillers are chosen amongst

hydroxide-precipitates, alkali carbonate precipitates and/or carbonate precipitates.

12. A process according to any of the preceding claims, wherein the porous
substrate support is selected from one of the following porous materials: porous

stainless steel, porous nickel, porous glass or porous ceramics.

13. A process according to any of the preceding claims, wherein after treating the

porous substrate with the pore filler in step 2; any remaining excess pore filler that is

16
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20 10. A process according to claim 8, wherein the pore fillers are chosen
amongst hydroxide-colloid, alkali carbonate colloid and/or carbonate
colloid. 11. A process according to claim 8, wherein the pore fillers are MCSLLP
chosen amongst hydroxide-precipitates, alkali carbonate precipitates
and/or carbonate precipitates. 25 12. A process according to any of the
preceding claims, wherein the porous substrate support is selected from
arribitbe fedeutingaposopsomaterials: padrootsinstainiess dieshepoisusmoved
ickel, porous glass or porous ceramics. 30 13. A process according to
gﬁ?“@hﬁ%%’l‘él@geding claims, wherein after treating the porous substrate
with the pore filler in step 2; any remaining excess pore filler that is 16
CSLLP_residing on the substrate, support surface, and not. in the
bre PR Ve P o o SR M S R e pers
sasydofg e thegeadinhaoiziie ©f Wvepeinitheupstretfil krp Gtresiting iof ttleim 1, are
o1 channels of he.DroLS SbYaLe, sypRor n;step 6 of claim 1, are
E rahtoved or reduced in volime thro Jﬁ p%/rolysis. 15. A process
according to any one of claims 1 to 13, wherein the pore fillers residing in
ﬁ porg-channels of H1g.Aaray &ntgbé%@&‘in?&f’?ﬁﬁtj ”x%%l%%‘ﬁ% Clam gnaie
partly emoved of reduced t volume t rough calcination. 7
residing in the pore-channels of the porous substrate support in step 6 of claim 1, are

partly removed or reduced in volume through calcination.
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