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e ko o] AYME o-ALO; AAA Yol ZF F8(vacuum coating)?} B FB(dip-coating) 71'H-& AHE3t] GO/ y
-ALO; TS BN, FHNET BSB89 Pd-Ag 4 HEl9E Ak Pdet Age 4 FAHEES 53
AAA FH FHEHANCH, Fu3HE 98 E5 38 F Hy 9171 stellAl 500°CellA 18 h &<t SAEE st A
z9 2o 03 dHe SEME 53 EAH9oH, Pd-Ag EE9e FAE 1.88 um, GO/ y-ALO; F15S 717
Pd-Ag 22| T+ 1.07 pmE SAHEHITH EDS 45 B3 Pd-77%, Ag-23%2] A S Fao]l F4E AS gelst
Aok 7IAEL AFE H, DU7FA9 HN, EF7FAE o] &3t S AT H, TU7F2 FA A 450°C, 4 bar Z4
stoll A Pd £e]Ete] ol Hy, EY2E 0.53 mol/m>sZ, Pd-Ag E2]9e] 7 0.76 mol/m>sZ A=tk HyN, Eg7t~
Ao A ZA4E Ba|uko] separation factors 450°C, 4 bar 2ol 4 Pd #2]2to] 2626, Pd-Ag 2]t 13808 LIEFSITH
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Abstract: In this experimental, a GO/ y -ALO; intermediate layer was coated onto an «-Al,O; support using vacuum
coating and dip-coating methods, and a Pd-Ag membrane was fabricated via electroless plating. Pd and Ag were sequentially
coated onto the support through electroless plating, followed by heat treatment at 500°C for 18 h in an H, atmosphere to
form the alloy. The surface and cross-secsion of the fabricated membrane was observed using SEM and the thickness of the
Pd-Ag membrane was measured to be 1.88 pm, while the thickness of the GO/y Pd-Ag membrane was 1.07 pm. EDS
analyses confirmed the formation of a Pd-Ag alloy with a composition of Pd-77% and Ag-23%. Gas permeation experiments
were conducted with pure H, and Hy/N, mixed gases. The maximum H, flux of the Pd membrane was 0.53 mol/m?'s at
450°C and 4 bar, whereas the Pd-Ag membrane exhibited a higher flux of 0.76 mol/m*s under the same conditions. The
separation factor in the H,/N, mixed gas experiment was measured to be 2626 for the Pd membrane and 13,808 for the
Pd-Ag membrane at 450°C and 4 bar.

Keywords: ceramic substrate, electroless plating, Pd alloy membrane, hydrogen purification, intermediate layer
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Batdon, 1 9ol seeding FHAH £ R
= A4, annealingS A3 Pd-Ag o 54 2y
Az} T} ©]%F scanning electron microscope (SEM),

energy-dispersive X-ray spectroscopy (EDS) #4< &
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Pd 3= T4 w9 AAA = 2Tl Pd ¢
T ¥4 FAAHdAM B 5524 Tammann 2571 &
=3 AT} o] FARAA = 0-ALO; TFAML
o] &3tATE ¢-ALO; TEFAPLE Aol JIEE T
Az, AAAY W8S Folal, FHo 2F
A e 713-& F43t7] 91380 dimethyl sulfoxideE
Sl 2 ARSI T WA dimethyl sulfoxide (DMSO,
99.8%, Samchun Pure Chemical Co., Ltd, Korea) £l
o polyethersulfone (PESf, Ultrason® E 6020P, BASF,
Germany)< HIIT 2 718l &% 59k 300 rppm o2
Ao A akElH) ©]% alumina #2(99.9%, Kceracell,
Korea)# #4FAIQ] polyvinylpyrrolidone (PVP, Sigma
Aldrich, U.S.A)E #H7}ste a5 &<t 300 ippme] £=
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gz o]l B &4 N, gas (99.99%)F ©]-&3te]

ure)

21. a-ALO; E2Atet XXM M= Y Fo RE

o
-

| 2L o

N

Table 1. Dope Solution Composition

Component Component weight percent (wt%)
DMSO 335
PESf 6

@ -Al,O; powder
(0.3 um:0.5 pm)

PVP 0.5

30:30
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FUFoE =T 7-ALOSE 102 g9 ¥FHH
O] AZ 2 ZALO| E(aluminium isopropoxide, AIP, 98%,
Samchun Pure Chemical Co., Ltd, Korea)ﬂ- 90°Ce] &
FTE £t g7 AXE XS F 300 ipme] &
T2 82°CAlA 1 h B¢ wvlksla 0.0125 M HNO; =
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718] ARE dojEa vk EF A" oA

ﬂ%" 15 h EOP Zﬂé/\l o, FU% 2=F #A

qf\l%‘lﬂr SAE g ZEnid
AFEPVA, MW = 1800, Sigma Aldrich, USA) 0.5
W% Z7¥ska 80°Coll A 2 h B¢+ Wyl ¥ -ALO;
WedZt #datA B4 S4(Sol-Gel) £45 Al
Z3HA

Hummers 'H< 53 Axd 189 Salol=¢} 9
2o o AxH y-ALO; 2L ¢-ALO; F
A AR A 9] FH| IS I8 SAol=
= AAA L] Ui 2Fe A1 0.1 gL LA AL
ol 4t o) 10 mingt FAEtY ZH-S FYP3A
, 7-ALOE AAAE 7-ALO; Z29) | mm/so| &
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Support 15 cm

Sealing 11 cm Sealing 1 cm

e
( [

Pd alloy 3 cm

Fig. 1. @ -AlLO; ceramic hollow fiber substrate sealing
diagram.
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AU E PR EaE JPeth WA, AAA zHo|
Pd 3-& ¥A3t7] 13l seeding IS FHsAT o]
HAol A= stol=gtdls ARER Y &4 tetra-
aminepalladium (II) nitrate (Pd(NH3)s(NOs),, 99.99%,
Sigma Aldrich, USA)E A3 Pd &©| Table 29
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Korea), 2Na - EDTA (99.5%, Dojindo, Japan), N,H4
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Table 2. Sensitization Bath and Activation Bath Composition

Component Reduction bath Pd bath
(170 ml) (170 ml)
Pd(NH;)4(NO3), (ml) - 0.787
NyHy4 (ml) 1.658 -
NH4OH (ml) 56.3 -
HCI (ml) - 0.06

Table 3. Pd, Ag ELP Bath Composition

Component Pd bath Ag bath
(50°C) (55°C)
PdCl, (g/l) 3.85 -
AgNO; (g/1) - 1.09
2Na - EDTA (g/l) 40.1
NH4OH (ml/) 300
N>Hs (ml/1) 0.7

1 h &t APt 2422 FA =T Fo
6&1 B4 Eeutel &43tE 98l

°C/mine] £E& 500°C7HA €52 &9 & H, =4
o4 18 h &<t annealingS FH3}ITh npR|toZ
olgA Axd E9E 7A FAZA ] Y1 7)AH F
FAYES APt 7 Azd B RAEE
Fig. 2%} Zth.

24. 7|H FrAy 2 Fx= 24

#AdHE 4 B9 amealing A JF H
date] YRS g JHE 9= $ 4 h 5
H(leak test)= AAISFATE ©]F Fig. 3o Uehd 714
FaAA| o] AAste] F2lut 5o Ar #9171, 450°C,
4 barolA 4 h 5<% F7HEQ leak testE FYg & 7]
A FREEE FPIAT Feed 7F~E mass flow
controller (MFC, model 5860E, Brooks Instrument,
US.A)E &3l Alofste] FUstth H, GY7IAE A
3t 350~450°C, 1~4 bar M4 H, fluxE A4kt
HOH, Hy, Ny (50:50) E£47F25 ARt 450°C0
A separation factorg H7}st3ith E2l2ts el £33
H 7129 FEF2 bubble flow meter (BFM, Gilian
Gilibrator 2, Sensidyne, U.S.A)E AF&3le] S4319 1,
37t AFolM= gas chromatography (GC-TCD,
iGC 7200, DS Science, Korea)E %53 F49 d49
sheFS FAJ5le] separation factorE AHE3FSI T

> 2

o
A

4r (e

Pd Ag Pd-Ag
a-Al,0,
Substrate Pd-Ag Pd-Ag
membrane membrane membrane
Pd ELP m Ag ELP m Annealing ﬁ
GO/v «-Al,0, GO/y Pd GO/y Pd-Ag GO/y Pd-Ag
Substrate membrane membrane membrane

Fig. 2. Schematic diagram of manufacturing Pd, Pd-Ag,
GO/ y Pd-Ag membrane.

Reactor

BFM

Fig. 3. Schematic diagram of gas permeation experiment.

Egte] W3 9H- scanning electron micro-
scope (SEM)3} atomic force microscope (AFM)S A}
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Fig. 4. SEM of intermediate layers(a) 7y -AlLO; intermediate layer, (b) GO/ y-AlO; intermediate layer.

a) a-Al,O; substrate

b) y-Al,O; layer

c) GO/y-Al,0; layer
300.0 nm

Fig. 5. AFM of a) «-ALO; substrate, b) y-AlLO; layer, ¢) GO/ y-Al,Os layer.

Fig. 6. SEM of membranes surface (a) Pd membrane, (b) Pd-Ag membrane, (c) GO/ y Pd-Ag membrane

< Zy 249 Tammann 255
7o 2 AAHINOH, o-ALO; AAAC] Tammann
25(990°C)Et} e 500°CoNA W= Pde
Tammann 25& 640°C, Ag® Tammann 25+
345°CZ, ©]E9 Tammann 255 1#3te] 500°CE
AAsIG oM, O =& 2R = AAA S} FE Aol
o] GAAAT Aol2 Qlal FE(leak)o] TAE + U
o] annealing =5E 500°CE FAI3I5 T
Fig. 4914 v-ALO;2F GO/ 7 -ALO; FH50] =4
AAA L] ©@H SEM< 918 & Uk @] o
SEM #4125 kx Wl&2 AR eH y-ALO; ¥
3] A% $A7} 246 umel 3L, GO/7-ALO; F3
- FA7F 1.89 pmZ EJIF AT 183 F3
A oEg 2 9A flo] MngA 49 A& &
AT
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Fig. 5914 «-ALO; AAAS} 7-ALOs Tt GO/
7-ALO; TTe AFMS 1T &+ ot «-AlLO;
AAA L] FH AZA7(Rq)E 81.0 nm=Z 7HF Az A
< AT F QU3 GO/ y-ALO; T35 W A7)
7} 211 nmE 7 W AZVE @ AS g0
T Atk olE B3 59 ZRAANA GOE F7t
FOoEH 7-ALO; FXHTY FH 2EE MAANZE
Aol A=A o= GO7F 600°CoA AxEH
7-ALO; 59 a4 HAo| YT 7AE Ho=
Bl

Fig. 614 Pd #2|2t3} Pd-Ag, GO/y Pd-Ag &l
gho] FHS RIS o itk Pd #E7He] 75 EH
Z AT FAE e e AT 4 A, Pd-Ag,
GO/ y Pd-Ag ®&]9te] 74 Pd #e|utel vls) vlwd
ZHe QA AE e AL AT & 9t o=
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Fig. 7. SEM of membranes cross-section (a) Pd-Ag mem-
brane, (b) GO/y Pd-Ag membrane.

£ Pd £3 050 W 55 20N AgE =T
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2ok 84312 93 350°C Hy, 971914 1 h &
F A & AP ARG LoH, Pd-Ag HElT
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Fig. 9. H, Flux of Pd and Pd-Ag, GO/y Pd-Ag
membranes.
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2 ()9 JE H, fluxE 9rlsis, Q& H, F3E,
12 Pd 2229 74, P3P 44 3959 B34
5o H, FE4EES Yehdth o974 ne 4E A5
2, H, £ AAYUZY &5 Ao wet gho] gl
o} Tk Pd F4591A4 bulk diffusion®] &< THAIE}
™ Sievert's lawell &3] 4¥ A4 ne 0.57} F4
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