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Tihy S 589 Axe U B 5)EEEe SR 1dE FEY o AEHRIE A 29 ARA 29 9
o A3l = (elctroless plating technique)ell 2Jaf kg - YA - && Wt o 8 Tgdle FHE o] Fol Rtk kA<l
oA w54 ARAAE Z1wel 7] witel I AAZA Bl Aget AxFe] H717F oJH 1, Adte] gl Sk 5EE
o] Az7F A ot & ATl s w5 AAA G} Zeha Alolell S35 (intermediate layer)s @/d3t0] o]} 22 AR
& FEA SIGlTE S AaAl”l gt & ¢RI E oIS e F 5o IsRES YA ST £EEE
hg 24 AAA Slol T slo] wukg FAeT A% £ ThE Ak FaheE Zgska wlwshih SEM EA]
23l s} 571 E £ RNFe 94 BaE SPaUN, AZR $0% shed oRtseehy £ sl £
o] 7P B A FaEs) Ads 39ES eItk HER 0w YA Hejyte] 3 S5 0R o]Folxl &
thr-UA-& e 5ve Alxsta phs) A4 BAREE SASISIT 1715 olstellA] Aol gt 4 dEes F
R on FaF R 1 715k 500 TolA] 139 x 107 mol/m’ - s gh& WERICE

The Pd-Ni-Ag alloy composite membrane using modified porous stainless steel (PSS) as a substrate was prepared by a electro-
less plating technique. In this work, we have introduced the intermediate layer between Pd-based alloy and a metal substrate.
As an intermediate layer, the mixtures of nickel powder and inorganic sol such as SiO, sol, ALOs sol, and TiO, sol were
used. The intermediate layers were coated onto a PSS substrate according to various membrane preparation conditions and
then N; fluxes through the membranes with different intermediate layers were measured. The surface morphology of the inter-
mediate layer in the mixture of nickel powder and inorganic sol was analyzed using scanning electron microscope (SEM).
Finally, the Pd-Ni-Ag alloy composite membrane using the support coated with the mixture of nickel powder and silica as
an intermediate layer was fabricated and then the gas permeances for H, and N, through the Pd-based membrane were
investigated. The selectivity of HyN, was infinite and the Hy flux was 1.39 x 107 mol/m’ * s at the temperature of 500 C
and trans-membrane pressure difference of 1 bar.

Keywords: hydrogen separation, palladium composite membrane, intermediate layer, electroless plating
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Table 1. Typical Properties of Inorganic Sols

ALOs sol TiO; sol SiO; sol
Colloid Size (nm) 20 3~4 12
wt% 20 4.5 40
pH (25 C) 5 35 9.7
Source Ludox This work Ludox

2 2" 95 AR Fehgate] @8 AeAbrE A4 $2aL 7]

o O

e~ 28 FrRE 7o) Aoz Iy ¥Ho] AZFTH13,14].

AAAZA thad ARl 2" FRO ARS maslr] st
o AA A} Febg w5 Alole] vlAlakal 22 A= FAE 3t
Z(intermediate layer)= E=%3h= Fehr S-S Alxshke A9
FaElo] YTk Tong 5151 4K} &5 u)E AS FHel ¥9 7]
3o Qo s mEHo g Flo] 9l Pd-Ag I HETE &
W glupar BRSglt) Su 5161 tad AEQlEls 29 A
AA e A7t F3es EYste] £ Bekg v AT oA
T AEE(HYN,)7F 300~450 HE WollA 2.7x10° mol/m” - s - Pa
o] FREE Atk Nam ${17]2 7] T3l 93 Pd-Cu &=
Eohukg Azl QlojA] o] el Fx9 M-S AT ¢
sto] Z-A ol oJste] Aegt TS =UsIITE Gao S{18]2

oA AERIEA A9 AR 20,5 FHoE EYska 74
=

¥ QoA Aelt & AFEIL & olslelehs 29 2171e)
& Fof o] B2 TRy AudlEs A

Z golloll YA 2uE £ P
g Zx]Ae] T Qo] APz uhe}t IRt FHE 02 E818t
Ak FFel BYE ARAAL VA TS UEhiE HERA
A FAREE At vl e 305 AXA 2H 9
of] 733l =3 (electroless plating technique)ell o3 ZEhs, YA,
5 AHE A7 Bgdte] HFA R deke-uA-S S S
= Azt Fa9 da 7149 BedsS S
2.4 #

2.1. A=

Pek BRTe) AMAZ AEE EY 2Hedds 29 Fu
(Porous Stainless Steel tube, PSS)i= Z°] 30 x £17 9.5 x U 6.3 mm
(Mott Corp., separation grade 0.2 um) It} T35S FAdsk= Al
Az A7t Z(40% SiO; sol, Ludox), &1t Z(20% AlO; sol,

Table 3. Compositions of Aqueous Plating Solution
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Table 2. Compositions of Aqueous Activation Solution

Sensitization solution Activation solution

SnCl, - 2H,0 10 g/L PdCl, 0267 gL

HCI (37%) 4 mL/L HCI (37%) 025 mlL

Ludox), ©JAFSIEIERE 25(4.5% TiO, sol)¥ U #-2(submicron Ni
powder, Aldrich)& ARS-SIITE A XA B 9]0 15 FAdl AF
|8 771315 £2] /42 Table 1o Yeht Qi) Aest &3 &
Foluh & J8a YA FE Al Qe A AlES AR
SlEjERg &2 AAIF R A|xsto] ARSI o™ Al
EA[19,20]0 A =] Qe T4 Earel Qs dehe
t Alxgtel slolA dekg 539 Alx el ZekE F(seed)
A1717] 918 S A(Sensitization) 2} Ed 3HAl(Activa- tion)&-
tRom ol §-oo] A 24 Table 29} Atk et
B, UA, &5 5] Se Fds =u &9 ARy 2498

7]
Table 33} 2t} FA8)] TFol AFEE 7} A2k Junsei2} Aldrich 3]

[*]
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22. XIXIM BEH 2ol E2= By

S AR Yelid olET} 0.1 N9 2 GAte® 1 h A%
77y 253 Asdick AdE ARAE YA Bdy) §)ssE
A7 &, dFY F, oitgE el £)o) & s 21 Sl
A Aol 2 h B9 A 26l wEl 4 FH(dip-coating) 3T
o] wof] XA A FHO] YR Ay JEHE A8 FHo oF &
Hof] YAz} F7185HE0] EfEoe] TR0l & o]FolXEE ik
olg} o] F7HEo] FAE AAAE 120 TeolA 2 h &<t xS
AA skt Ajgtel] dist vA E2e] e nlg, 123 At
Z ol9lof] AdFuly} F, olilglEERE &S o] gste] T AEIQL
g 2" o] YAy 3785 £35S sl S
Az ek PSS A XA FHe] ZEE F7kE0] Ay L£EE 250
~550 T=, dA7 =% FA4 A7 20 minolA 2 h "] dlellA
W3} I, Ni/Si0, 2] FA] vl& WI3}E 0.11 ~046 02 ZE3IAT
$HH Ni/ALOs 9F Ni/Ti0, €] F7] ¥l&-2 0.23 0% AsHAl fA81lth

2.3. Pd-Ni-Ag S&H} H=

YAz Ayt £ F315o] B8 XA A B FEbE, YA,
&5 2R T8 Baeta dAste] HEHoR deha-UA-&
(Pd-Ni-Ag) $a H3d-s AxsiGith deHEs £a517] 9A] Table
29} 22 S3A 9 GAYSAE o] &-3sto] Tehw Hs st 2
F E70] go|3lE= stk Table 39 UER 2 240 =80
< ol8

o] g3to] ZaHE, YA, 29 EF250 C, 50 T, 90 Tl 1 h

Palladium Nickel Silver
PdClL, 109 gL NiCl, * 6H,O 30 g/L AgNO; 79 g/L
EDTA 140 g/L NaH,PO, 10 g/L NH,OH (28%) 1000 g/L
NH,OH (28%) 778 g/L HOC(COOH)(CH,COONHL4), 65 g/L EDTA 200 g/L
N2Hy (3.5%) 26.7 g/L NH4Cl 50 g/L NoHs (3.5%) 133 g/L
NH,OH(28%) 19 g/L
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1. Mass Flow Controller 2. Electrical furnace 3. Membrane
4. Temperature Controller 5. Bubble flow meter 6. Gas Chromatograph (GC)
TC : Thermocouple, PI : Pressure Indicator

Figure 1. Schematic apparatus diagram of gas permeation for pal-
ladium-based membrane.

e 22k oloIAn, Bera) & el Aol sfolehduy

2 7 350 BAAR LA YA B0 Aol Aojelit

F(NaHPO,)0] EHlAl2 ARg-E Q)T odql tjo }‘i AFOFAIE 2K eth-

ylenediamine tera acetic acid, EDTA)Z Zebg7} & Ta-gHoA <t

AR A7 o] BHGITE HFA R EuE 955 4 #4971

atoll 850 CollA 20 min &<t A 2]3to] Pd-Ni-Ag o SO =
A= 3l

2.4. Ea|ato| EnjAIE

Azd ebE-UA-> I 53] VAR F3E32 Figure
1o Yebd 53 253 WE 5 Al(bubbles flow meter)S AME-51S]
ok AR VAIE w5e AAl AN eH, Ha 7)AH e wed &
He= Ol"’ﬂﬂ 21 ()} o] A - & G V1A F39 Bl ARt
STk $HA £ FEE molm’ - 59 ©9E UERAITE A4
=8 ’d‘:%"lx:_‘: Noofl ot H, S80]|Z 23t 2449 e &
F 2EE 350~500 CollX, T34 71AISEL 02~1 bar] 9] el
S =g

F=Q/314d-L (1)
F : permeance (mL/cm2 * min)
Q : volumetric flow rate (mL/min)
d : diameter of membrane (cm)
L

: length of membrane (cm)

@, 09 ol ek U7 L #1989 £ F050
2 599 PSS AN SR Rt 548 AR ¢
HEF 25 C, 1 719k olsklN Ssc

2.5, 2AM

SEM (Scanning Electron Microscope, Jeol JSM-840A)S ©]-8-5}o]
MR XX 2] S35 B 347 Pd-Ni-Ag 3= 53eke] THAL
& FYsilnh ek YA 2E Ayt £ EFEE AE A
AA L] S35 wHe] BRI 24e Ed7] 9I5te] EDS (Energy
Dispersive X-ray Spectrometer) 2% 34 3}3ith

ZsrEt & 17 A M55, 2006

L
WD 7.9mm

Figure 2. SEM surface images of PSS (Porous Stainless Steel)
without intermediate layer (a), SiO; layer on PSS (b), and Ni+SiO,
layer on PSS (c).

3. 211 & nE

3.1. XXM} SZF5(Intermediate Layen?2| &M

OPEAE FEEA] ¢k A AEQE A AE(PSS) FHe 39
@74 Figure 2(a)°l4] Bz vkl ok {FH 3] 947 715 10
~50 pm FEolH U= Aelo] EAsE 71¥ A71= 10~20 pm
AEolar, XAA Q] 71E-E2 oF 40%°1tH16]. Figure 2(b)i= A&7+
(Si0,) Z=T FE S XA A& Bl Itk Figure 2(a)2] thad
2HRIH A A8 nwate] Hevte I8 E 497t 7ol AddHt
T o5 e As & 5 AUtk 4 Figure 2(c)© WA EH
AE)7F EFENISIO; = 0.23)& TR 2= E3iate] PSS A A Aol
FEEE Zlo|th AAe] &%= 250 Colal IH AR 1 ho® F
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Figure 3. EDS result of the Ni+SiO,/PSS support’s surface.

Table 4. Permeances of PSS, SiO,/PSS, and Ni+SiO,/PSS to N;
and He at 298 K (Knudsen flow of Pg./Pn2= 2.6)

Permeance
(rnL/cmz-min-bar)

Nz He
110 120

Substrate and intermediate layers Pre/Pr2

Support (PSS) 1.09

SiOy/PSS 1.78

Ni+SiO,/PSS
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g 250] H/dS(top layer) S 2A] To] g&s] o]Foix| 1 A
gho] gl &g AE(Hho] Hed FARTE XA A9 3EHHo|
ARAA ka1 7]5o] of Zrom PPAR] T 2E 7L glofof gt
ok 28R ke Agels Bekg v 5] AXAY VE £L
2 FEEAY hdgk Ego] o]Folx|A] gkol Hglo] wol whgsh
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40

Heat treatment temperature

35 4 /)
—8— 250°C <" a
ceQr-- 400 °C //

30 —¥— 550°C -~ -

25 4

20 4

2.
M, flux (ml'em®-minj)

08
P,-P_(bar)

0.2 0.4

Figure 4. N, permeance for the Ni+SiO./PSS support heat-treated
at different temperatures. Ni/SiO, wt. ratio = 0.23; heat treatment

time = 20 min.
60
Heat treatment time
501 —&—— 20 min
=} 40 min
——-%-—= 1h
z *1 ——=— 2n
5
5 1
=
E
= 204
3
=]
=
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im0 :
P . _.-_——--v-—————?—"—"
04 @ —v
T v ; . .
0.0 0.2 0.4 06 0.8 1.0 1.2
P,-P_(bar)

Figure 5. Nitrogen permeance for the Ni+SiO,/PSS support pre-
pared with different heat treatment times. Ni/SiO, wt. ratio = 0.23;
heat treatment temperature = 250 C.

3.2. 375 M=E =20 e

32.1. @Me 2Eo IE

Yz gy Ayt & £3ES PSS AAA xH
F9] dAg 2% et AxE AAA EEute] da FaEE o
& Figure 40l e} gtk GAE] 5E 250~550 C 49 ol
A et g 2EelA 9] dAE] AT 20 min O 2 YA f+
2)8kaL, NifSio, T H1&% 02302 11383tk Figure 4914 K=
uiel o] dxjg] %7 gk uhet A FHEs) tha Eojut
© A%E Holu & Aoliz HolA ¢skth 2 el wet Aelvt
Zo] A3} HHA XA xHzAo] o= F& AT 259
'O% Hh= 74 o7 ,4-1:}5]1—4- 7413;]_ v}xqoﬂ/q ‘}J} Lﬂ_‘?_ oy N;/]
7he dAE71E 94 Edo] Aska Aejgt sz o] ZukrA
ZIA7F Fshe SAF A= s 2AE = ST Figure 49
Aol 250 CollA] A sF0] 7H Whomz o]R& Al
AAe LR Bl o] FRi o] koA AFHE FIHA AR NS
Azt

A Eng

322. @XMl 25 AZto| FE

Figure 5 @]2] Al7tel] W Ni+SiO/PSS T35 0.2 78 A
AA ] A Faee] Mes HolEth dAE 2EE 250 T2 9
oA T YA Al 3 e 0230% fAsksich o
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—e— NiISIO= 0.1
- NiISI0,= 0.23
—w— NiISIO= 0.44

N, flux (mifcm’-min)

0.0 0.2 04 0.6 08 1.0 12
P,-P_(bar)

Figure 6. Nitrogen permeance for the Ni+SiO./PSS support pre-
pared according to the ratio of nickel to silica. Heat treatment tem-

perature = 250 C; heat treatment time = 1 h.
5
—e— SI0,+Ni Powder -
49 .o TiO+Ni Powder
—g—  AlLO+Ni Powder
E 4
3
E 21
=
2
1T -~ O
o - g

0.0 0.2 0.4 08 0.8 1.0 1.2
P,-P_(bar)

Figure 7. N, permeance for the Ni+inorganic/PSS support prepared
with different inorganic sols. Ni/inorganic wt. ratio = 0.23; heat
treatment temperature = 250 TT; heat treatment time = 1 h.

] AlIZE 20 min~2 h WS WelA dE AAAE Azst o A
20 B5& ¢ Ao IAe At Skl we AEE AXA
E TR N, 389] #ashs S Bk o)e |2 A
2 7k B9 2 A-SE g FrgRnh JdeA B A
¥} 7] 40 min ©13Fe] F FA ] AIRFETR= 1 h o)de] 71 AR
FALTE A4 FAGEE Wal 53 9he Ao mE 7)A 552
Wl A9leh A o2 AAer) o] Foi YAy Ayt 121
A A ko] AgHo] Bl A og B 4= Qltk dAE ARk 1 h
2 hollA Aa 359 WP A2 vlste] o] $REH: dAHZE |
ho® st A Aol F5S TSI

323, A2|7tof oist L2 ol g

NAE XA Aze] Q014 NifSio, HlEol 2 Ak 529 =
7 A= Figure 691 YERAITE Ni/SiO, 1] 0.11914 0442 57}
SrE N9 550] Aasiloy & #olE YeRlA] ekt oA
< YA o] Wold s /M E AAA 1uzdS B3t 7149
S W e o= AR Vlolg & & o YA g vt

QTS vHA S & 5 vk Ty YA EA fF=
Table 4014 K= v} o] 49| FHErF & Apol& vEpdch =
YAo] §li= 499} nlwate] YAo] Ql= Z-9-(Ni/Sio; = 0.23)7F &
2 BHEL oF V102 FolE0] /AR AAA Y FHe 49
1Al 35 27t @A EolE ZORE oA

e foe ¢

22518t M 173 H 5=, 2006

Figure 8. SEM surface images of the Ni+ALOs/PSS (a), Ni+SiO,/
PSS (b) and Ni+TiO2/PSS (c). Ni/inorganic wt. ratio = 0.23; heat
treatment temperature = 250 C; heat treatment time = 1 h.

324, RUIEHEE & ERe I

T3 £9] S5 wet Axgo] MdE AXA ] di
o] oj@A| Ge}{ =712 Figure 70 UERATE F7)385E %9

= AETKSI0y), EFTIHALOs), OIAFSFEIEHE(TiOy)olH A
ol T35 AR Z AREE T Aelrtet dFvuR F5S
3 A XA Ah TF0] A2 H|SE wke] o|AlSlEERE o ® F
S G A A 2] Ak BFo] Aelkel dFuuke] 15 2|4
Aok vlwste] T2 A 1 7IgelA 14 oo i Thaskich
Table 1914 K= uke} o] o] ibglElelre] ZRo|= §iake] A7)7}
Al 7HA F713138E & FollA 718 At Figure 89 Mxkdn A
(SEM) AP = o] AbslElEHE © & g F31 AR A9 g
A AE7F vl gdsta 22U Aoz Yyt o)alsleekE

=
=]
=
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Table 5. Comparison of Palladium-based Membranes with Intermediate Layer

. . Permeation Pressure Separation
Preparation Thickness . Ho-flux
Membrane Temperature difference 2 factor, Ho/N» References
method (pm) (mol/m™s)
®) (kPa) (-)
0.0237~
Pd/PSS ELP 19~28 623 100 0.0475 Up to 5000 [21]
Pd/PSS ELP 5 673 100 0.1500 100~200 [22]
Pd/CeO,/PSS ELP 13 823 100 0.0140 Infinite [12]
Pd/ALOs/PSS ELP 6 773 100 0.3000 Very high [23]
Pd/SiO»/PSS ELP 6 775 100 0.2700 300~450 [16]
Pd/ZrO,/PSS ELP 10 773 100 0.0830 160 [24]
Pd-Ni-Ag/Ni+SiO,/PSS ELP 10 773 100 0.0139 Infinite This work
PSS: porous stainless steel tube, ELP: electroless plating
3.3, EElE-LA-2 Sl
PSS AAAGEN A Bs) o} E EREE BFo2 o

Figure 9. SEM images of the Pd-Ni-Ag/Ni+SiO,/PSS composite
membrane’s surface.

0.014+ Gas permeation temperature _/V
—e— 350°C 4
0012 L. P 400°C .
——-y-—— 450°C Ve
0.010- —p—  sOD°C ST D
—_ ' &
!Iﬂ .
- -
£ ooos
£
2 o008
o
T
0.004 1
0.002 4
0.0 a2 0.4 0.6 0.8 1.0 12

F-P_(bar)
Figure 10. Hydrogen fluxes of the Pd-Ni-Ag/SiO,+Ni/PSS compo-

site membrane.
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A zHE v =7] vy vk g B 9 549 AR

=
oS FFH R T W] TS Fchs F Yo wM A

z
o
o
o
2
e
B
rlo
Sl
LZ

Mo X2 o fooml

Sk Sof] sl B o R =
AT} T AAA Az %\01"1 ‘45%]4 Azj7ts} H]%(Ni/SiOz)%
0.230]1 IAY & 54/\1{% 250 C, 1 he]ATh Figure 9= FA17F
©F 10 um<Q! Pd-Ni-Ag s 5518 39 SEM Aot} Figure 10
ol Pd-Ni-Ag H3uke] £3} o8 xpol] g 49 ZHAE e}
WIStk 350~500 T2l 7k~ T} 25 M9 dollA] dae] Z9-ell=
A9l =29 st glo] 00l 77k @ JEMIAL 40 A
Folls dgol S71ErE Bt S7HRe 31 Atk
2 59 A1 7Ieh 9 2% 500 CellA] 4 FrEE 139 x
107 mol/m” - s©]SIt}. Table 504 Hi= R} o] 7124 AHga}
A k2 deharuty) vus] By by Z-S e 53 2

= |

e A T3 3F0] fle Fae dEeE veho] Eeluhe
7ol Bk oA 2] deldo] rdE & 5 sl R
o] #= w9 e vlud e rsksivh #et
w D e Azl ol R By et ded] A
QRS AdEe] FEE v g glont & o] A 2
HUZA, & 29 Eu vl #dd FHxAe Alwste] dad
thet 0] P dEEE vERlgIT o]9h e AT gl e
Uhe el A e - A Aol £-88  Slnk

4.2 E
oA AHEA A" FHY) A 2 wet YA By
A7t F EFES FEo R Bolalo] Az T AAA Y Ax
FHEE FA5 vk das Belu £ V)E 7A2A
5 55 St Axg Beute] s g Agke] £4
ARE FRlsh=d o] &E <tk dAe vt Wi AAE AlZke]
24

ZO1EA Ykeh Ush Aeloh vlgeld U7 el W Ax F
o) WBRe 24 otk W RRe Aol & i olise)
Bhr E3E] daNE da Foheg Sgslel nlud dn )
Y EE A £9) 295} fAERlon oy e A9
Ml 7hel g ke e g depleh e o)
Hebr Eel A3 B4 s 4 Botoln el & o)
& S olels) A BESHH WA ATk Y e
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