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Abstract
In this study, the intermediate layer in Pd-based hydrogen separation membrane was synthesized to minimize the surface

roughness and defects using powder-type and sol-type metal oxides. The surface properties and gas permeation characteristics
were analysed by SEM and N, gas permeation test. The coating layer composed of sol type metal oxides has smooth surface,
especially the layer coated by TiO; sol has little pin holes, cracks and defects. The binary layer composed of powder type
and sol type metal oxides has similar flux characteristics to a single sol type layer. The Pd-based composite membrane im-
proved by the binary intermediate layer exhibited 0.32 mol/m’ of the hydrogen permeation flux with a selectivity (H,/Na)
of ~10,890 at 672 K and a pressure difference of 1 bar.
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2.1. Substrate preparation

PdAl 5 FaEeve Azl A% AXAZ= 274 1 inch, F
7 1.2 mm 742 HAA2]E tha/d stainless steel disc (Mott Co. 0.5
um grade)5 AMESISITE U3 stainless steel disc?] A2 pol-
ishing, etching, coating, Pd seeding®] =A% 33}t

2.1.1. Polishing

Polishing<> A A A|2] FA} A A W] 225 2837 9%
0 F 600, 1,200, 1,500, 2,000 grit®] sand paperE TAZ ©]-&-
sto] aje Avtskela, 1§ olA|lE(Sigma-Aldrich Co.)d} o€t
-2(Sigma-Aldrich Co.) ©]-838lo] XX @ 2 715 Ue] ol&
A& A
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Table 1. Composition and Experimental Conditions of Pd Electroless
Plating Bath

Component Concentrations and condition
PdCl, 4 g/L
NH4OH (28%) 350 ml/L
EDTA - 2Na 67.2 g/L
N;H, - H,0 50 ml/L
Temperature 323 K
2.1.2. Etching
HCIZ HNOsE 3 @ 1% Este] Alx3 g8 aeolx 7194
stainless steel disc2] Jfﬂoﬂ dropping@te] ©F 5 min%t WEEA] HEEA]

71 % disc 32 2 7] 3ol ol P AR T SRTE A
43197 sonication¥} boilings 3l A|ASFSITE

2.1.3. Coating

Z7V5 coating TRFSE S5AME powder 4F9)(TiO,, SiO,,
710, CeO,, Sigma-Aldrich Co.) BN} FEHAEE sol 23(TiO,
sol, SiO; soly= AHg-3te] XFAFRI o2 F3sGiT ﬂ*ﬁ—z—‘%‘jg
etchingZ-g ol 4] &4+ X]XHH 7% Wil 213-& o] &3t =
AFSHE powderg A= WHO R, TS PRl e EE’iJ
Elgd bl 011*1 AFHEE o] g3t AFHHUE AT §, $15S 3
A O]:LX]- + XY Hel coating solutions droppings+e] powder”}F

18] 713 R §9E =S 94 AR fAE ek 29
°ﬂ ek powder: xo] wdsHA fA=E —/F NEF AANE
S = A W0
TS Fshe M LEVJOJ W 5 shdolnh W3Sl
AME-E= powder SENL 3 ¢9] powder®t TG 75 mLE &35}
o Ax3IAL, JAE HL3A FAAZ17] $18H] 30 minZt soni-
cation § /\}%5]-0313]- Si0, sol> A== REDOX (Sigma-Aldrich
Co)s} TFTE 1 1 12 ZF3te] ARSI O, TiO, sol] Z-tolle
STS-01, TPA (1sopr0py1 alcohol, Sigma-Aldrich Co.), TEOS (tetraethyl
orthosilicate, Sigma-Aldrich Co.), DMDMS (dimethyldimethoxysilane,
Sigma-Aldrich Co.) ¥ FTHFTE A3 sol-gelH .= A5 #|x3k
o] ARE3I3ATE Coating - air #$17]914 650 C=E 2 h F9F G2
3o coating layer?] W74 SR

2.1.4. Seeding

Pd layer®] 2378 571 913 Pd seedE coating layerell 3317 $]
3}Fo1 0.05 M Pd seeding solution (PdCl,, Alfa-Aesar Co.)= AFME3S]
ot HEFHOE seeding & Wl EAEHE Crol& AABH] 3l
H, gasE AME3t] 350 CollA 2 h B2t EAsdct

2.2. Electroless Pd plating

A A2le t}34d stainless steel disc®] Pd electroless plating= tef-
flon A& W75 ARESte] 2y S oM, 7 23
S Table 1°] YERASITE 1 inch discE 71522 15 mL2] Pd plating
solution®] 1 dropletmin®] &%= FAAR] 0.5 ME hydrazine
(Sigma Aldrich Co.)& #H7Fsle] wRFsFA L, 1 hwlth Pd plating sol-
utions WA F 4 h B FAEc
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Figure 1. Schematic of permeation test reactor.

2.3. Permeation test

e Tk B AR Rl pAe A TEAE ARSIt
7}~ T3} 288 9138k FX]+= MFC (mass flow controller), MFC con-
troller, pressure transmitter, reactor, bubble flowmeter® -3 %1310
o, By =54 73]—%]4 NFEE Figure 19 YERAATE T 7k20]
EL}‘: g Melc= HE2-7] Scho| A bubble flowmeterS ©]-83F0]
S S7sk] 74] detolal, T B4 Al 2% HelE 623~ 673 K,
et d Sk e el 0~1 bar® AEIC

2.4. Analysis
Bt apelet AX A el AEF F105 EY L%, defect 2

QA 2715 FA4s7] Y8l FAFAAEA Y] 7 (scanning electron micro-
g

scopy, SEM) 418 P33Tt
3. 44t 3 nE
3.1. 345 EaHof

AA7MA B paia|nte] S5l A3t Aol s F5
PAoh= BATH Zr02[17] YSZ[18], TiO:[19], TiN[20], CeOz[Zl],
ALOs[22], zeolites[23] Y graphite[24] 53} 22> thokst /1=t
U AREEIQITE QWA O 7 paA] B Saauke)

N
N,
ol
o
o

= a T KR tiro
SR ZehEa AAARE F5EE BAEE Vs S 1
A Qrgalot 2, ek 9 74 A Hawel WAL 7}

of gtk ol2|d AlFeLE e }oﬂ & 0 RS

lO Ml ox
oot
&
ooy T do N 2 b

9 EAEo] TS sk EEEA vwE] Ajet o= o
A 9t} Lak TAFEES 7o E & 79 Pd layer®] &7 Al
7+ %19 roughness @} defectol] w9~ AA] S W=t o|&

23817] s E YA 2717 Ao gdsior di
wba] A Uigtdo] stkal WhgAl o] W FEARSHES Tt
O 2 powder typeZ} sol type O & TSI F5S A3 4
=8 AAA L] EH SEM images Figure 20 YERNSIT
AFATHE ol &sh= A5 S35 19 B84 54L& coating
AHEEE ZEde] FAbEe) §IRke] 7] W wdA el A I
W=t} Figure 2914 818k 4= Q15 glost 548 powder
TiO, powderE ARE-3t] 255k F315-2] 3xHo] 7 ddatA
F/3=20n SEM A& sl A ZAFsHE powder YA U

ol ofN flo _>‘,

=
S
il

ol)]t ro(‘
ol Y

2518k Hl 29 A A 2 5, 2018

Figure 2. FE-SEM image of support surface after coating with various
type of metal oxides, (A) AlOs, (B) TiO,, (C) ZrO;, (D) CeQ,, (E)
TiO; sol, (F) SiO, sol.
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Figure 3. Nitrogen permeation fluxes of supports coated by various
type of metal oxides, (A) ALLO; powder, (B) TiO, powder, (C) Z1O,
powder, (D) CeO, powder, (E) TiO, sol, (F) SiO, sol, (G)
Non-treatment.
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Figure 4. Nitrogen permeation fluxes of supports coated by TiO,
based composites, (A) TiO, powder + TiO, sol, (B) TiO, powder, (C)
TiO; sol, (D) Non-treatment.
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