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2 2k UF4 LageSrosTiosFeo705.5% ZHE BagsSrosCoosFe20s5 T8 £ 22 AEAHE 2 dip coating YHOE
Az HAJo Z8E 38 Eefute] S XA SHEA7|(XRD)SY HA FAF @0l H(SEM)E o] §38te] B4ston, &
AR 2 ym8 GFA IZH T Ze HEFXIE F2RYS € F AAT ALRERTF EAL 750~950°C "N FF
%3"]' E"ﬂ' %’% EH7 ] = ‘3‘7 ]9]' ;f_]:c')"—o—i 5]'04 z\rﬁgﬂ 9}11—4’ ‘:]:6"}‘39] Lag6Sro4TiosFe 10552 5"—%% Bay 5Sro 5Coo.3Fe0205.5 3&
3 Hejute] AAEFHFL 950°Co A 3.2 mL/min - em’E FEHA &S Zwtrt B4 Jehgon, 119 599 A7)
AP AFgAz IZ” Fof o) Aol FUEE ¢ F AT

Abstract: Tubular BagsSrosCoosFep20s.s membranes with Lage¢Sro4TiosFeo70s.s porous coating layer were prepared by
extrusion and dip coating technique. XRD and SEM result showed the tubular membrane possessed the perovskite structure
and porouscoating layer (thickness= about 2 pum) in surface. The oxygen permeation test was measured at condition of am-
bient air (feed side) and vacuum (permeate side) in the temperature range from 750 to 950°C. The oxygen permeation flux
of BaysSrosCoosFe20s55 tubular membrane with LagSro4TiosFeo70ss porous coating layer reached maximum 3.2 mL/min *
em” at 950°C and was higher than non-coated BapsSrosCoosFeo20s.5 tubular membrane. Long-term stability test result in-
dicated that the oxygen permeation flux was quite stable during the 11 day.
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BaysSrosCoosFe20s.5 (BSCF) #d Eolu2 v/
WMo 2 A2H /4F-8E2(Grand Chemical & Material
Co., LTD., Korea)2 o] &3] & HAPIHOZ A=z
HAo. 22 AZE 98] BSCF T2 76.90 wit%
EdEon, A7 ZE 7.71 wt% YD-131D (Yuken
Industry Co., LTD., Japan), 5.78 wt% PEG &%(1 : 10
= PEG 400 : water, PEG 400: polyethylene glycol 400,
SAMCHUN, Korea), 1.93 wt% AMP 95 (2-Amino-2-
Methyl-1-Propanol, Dow Chemical, U.S.A.)& AH&3}%
t}. o714 YD-131D, PEG 400, AMP 95= Z+7} n}<l
H, £24), 7taAlolth. BSCF £¢3 H7hA o FHT
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B} EFEL A 961 wind FFF EF
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4.4 mm, W74 2.8 mm, T4 0.8 mm, Z2°] 300 mmE

i

B

oo
12
A=)

32
)

ox
ot
A,
N rloy
o e o

BN
~
Ny
o S

Q
2
=

Bol]l AF8-¥ LageSro4TiosFeos0s5.5 (LSTF) &
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Table 1. Composition for Fabrication of the LSTF Coating
Slurry

Composition

Mixing Additives Function .
ratio (wt%)

LSTF powder Material 29
Toluene Solvent 26
Ball milling Isopropanol Solvent 38
for 24 h Fish oil Dispersing agent 0.5
Triton x-100  Dispersing agent 0.5
Dibutyl phthalate  Plasticizer 1
Ball milling Polyvinyl butyral Binder 4
for 1 h Dibutyl phthalate  Plasticizer 1

B 3 Ay 2guhe 2447 B9 AdAAz HUo
1°C/min.& 3}o] 1,080°Col Al 2417+ 42
o34l LSTF7F Z¥ ¥ BSCF #3¥ g

93541
A

LSTF 3%} < wee 28 A4 &
A Addx £9 & ARgste E5F 24
(TGA, Thermal Analyzer-SDT600, TA instrument, U.S.A.)
< B3l AHAY EER S gttt £, LSTF
E FY¥ BSCF #3 Ze72 724 EA4& g3
7] 9l X-A 34 E47](XRD, Rigaku Co Model D/
Max 2200-Ultimaplus, Japan)E ©]-&3te] 24 2 4
&5 2 wetga, A FAF @4 (SEM, Model 1530,
LEO Co., Germany)S AH83te] #3¥ EE|2t 1H
FHE sk

2.3. At Eonjgt 24

ThEA 9] LSTFZ ZH ¥ BSCF #¥ Huhe] 4kAa
E3} ZAE Fig 29 2o AAES APS 9 #y
Y2 7t 2 A5 A DEASRE oF
Al(epoxy)E AHE3te] 4 F”o A4, 7t 7
Z o5& AGsy] 3 2o AEEE 99.999%)
< 3 amlE #Y T YR siqts] 29t 29
e +2& dF AV E g gt £243 i
3 A=A 9, obgeds 24 @ wES WA fg
G E AXEH o, AFEERFTE: 25 x 107 mmHg,

Augel A 2@ A 135, 2012
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Fig. 1. Photo images of the experimental apparatus for
dip coating.
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Fig. 2. Schematic diagram of the experimental apparatus
for oxygen permeation.

IDP3, VARIAN Inc., US.A)= |
ol AAANAHY. AaFdEg 24
A 750~950°Co A G338} o
T 3715 ARt BEY B9 A =EHE
Atk AAERF B 1.8 mY 5 A EAHA|(molecular
sieve)’} AZH GC-TCD (Agilent 6890, Hewlett-Pac-
kard, US.A)Z 434tk 7|F £E cracke 53 4
28} A4 ¥2S Knudsen 4 wlAYZ] o3
I ™ = (32/28)"7 x 0.79 : 0212 EAY
Aom, AAFEARFL of o A (HE AAsATH21].

Jo, (mL/min-cm?)

=[C,—C,, x 0.21/0.79 x (28/32)"*1x F/S (1)

714 Co%t Oy T FolA GCE £48 2H4as
A2 s=(%)eld, Fe A4 F38 fA49 &
(mL/min), $& g2t & @92 (cm’)o]
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Fig. 3. TGA result of LSTF coating slurry after drying
for 24 h.
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3.1, & 2elve ZE 84
T3¢l LSTFE :®® BSCF #% #2972 dip

HomM, Fig. 32 LSTF ¥
t}. TGA 4743 LSTF Z¥

LS Hgon, 1Al 150
°C ogtlMe AAAZ & A 718 S
o oJs] oF 2%9] FALAE BY, 204 FALA
= & 150~300°Ce] =W oA 4709 wdu] T}
A FASA delgth o] A BAkAl, 7taA ¢ E
A E3 9 Axed g Ao FALZALE ¢
18%E Byom, §7]8m7t Addx & 2% EAS
O3 7MgstA S 499 FA b9} gAEe AoE Y
ERTh T3, 300~1,100°C HEIolA o 1%9] FAZ
&7F yebg e, olgd At H7HA 9 800°Ce A
Sta¥l LSTF &2l dolfle g4t o] ng EA5hd
e Aoz gekdEtie].
1,080°Col A 2A17F &< &2 % A zH LSTFE =
BE BSCF #d E|dte] EA g
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Fig. 4. XRD pattern of LSTF coated BSCF tubular mem-
brane sintered at 1,080°C for 2 h.
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CO%t HHgsto] AP 7] 4% BaCO;s, SrCOs 59 &
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BSCF #2899 ZAA/d<(lattice parameter)’} 3.9917
ASZ LSTFO AAMd<s 39160 AXT 7] wfFo
TH17,22]. webA o34 Z® 59 XRD #4234
BSCF9} LSTF 725 EF #2T + YU Fig. 5+
FEHA %S BSCFY LSTFE #H ¥ BSCF #3 &
g]9e] SEM #4 Z¥}olt}, Fig. 5t ZLBHA ¥
BSCF #&9 WO 2 7] F(pore)°lt} crack §IR L
A% A (grain boundary)°] FE3sA E T Fig. 5(b)
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< Ut ZojH, I8 Fo] 89 FHYS &
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Fig. 5. SEM images of (a) feed side of BSCF tubular membrane, (b) feed side, and (c) fractured cross-section of LSTF

coated BSCF tubular membrane.

Table 2. Oxygen Permeation Flux of Non-coated and LSTF Coated BSCF Tubular Membrane

Tubular membranes Effectivezz area Temp. (0} producti'on rate (0} perme;ation leux
(cm”) (§(®) (mL/min) (mL/min + cm®)
BSCF 900 65.77 2.46
267 950 77.94 2.92
LSTF coated BSCF 900 68.68 2.57
950 84.22 3.16
(permeate s1de) 47l T 5719 AEoR sk o&f AujE ), LSTF 249 th34 W JFo| &H
A Bk 83 }gigrﬂ 750~950°Cl| A 4+AF 3} L 5 AaneS U 7 AAE B o}
E4E& A9t =9, g3 LSTF I8 F9 9 Uzt 94 COyell 9l B4 H7] 4% BaCOs 59
g AAaFI EAS W }71 93] LSTF7} FE XA 223 S A48T W o E AdET. ol g
%2 BSCF #d F7he ol &3t F7F A %hﬂr% Zhu 518191 ¢J&) ®R1¥d th34 BSCF (F7
Table 2= 900 % 950°Col| A} LSTF & of¥o] o2& pm)7} i%ﬂ BaCey isFess0s5 2 2He] 4T3
GAEINF BATeH, A77EE YoM FEE éﬁ?éﬂr B AFA710 o8 $A Hagk LSTF
AL 26.7 cm’o|th, AaFEHFe 257} FIles 7} Z¥H BSCF #3 Feute] AN 54 AP 5
£ LSTFE IBT A5 F7hske A0E Uggon, & HEd Bkeh & dA ST
LSTFE Z¥¥ BSCF #3 111‘1}01]/‘1 3.16 mL/min- Fig. 6& o349 LSTFE FH¥ BSCF #d £
cm’ (950°C)Y) E& MAEHRTFS BAY ZH LT} gto] AABERFS 250 G2 A Arrhenius plotd
A

9009 4] 950°CE =7} ﬁo%, LSTFZ ZE ¥ BSCF

7_ Haul-,] A]-/\EJ,].EI: 5‘7}&1_ 22 6%= F/JE];(]
%2 BSCF #¥ EE99] 18.5%HT =4 el
=3 LSTF7} IH¥ BSCF #¥ &9 IHEHA
e A vlwsled, 900 E 950°CoA 2+ 4.4%,
8.1% 4tAFEHRFol F7td ZACR YEyth. LSTFZ}
¥ BSCF &g #e|we ks Fago] iFJEM
e g Hle] =4 et AL 2 uyme| L
t3d ZH ol o FHAAY AAnd t&%ﬂr fH
7] & 71 ZF" COyol thgt 141*301 S7HE 7]
uj &o|t}h. &, BSCF #3 &Eajute] 4 %7/1]7} 0.8 mm
(L=L)E A4 E313o] bulk B4+a w3 uH-3-o
dugel A 2 3 A 13, 2012

Ad3}olt}, A3} oA (E,)= Arrhenius plotoZ 4H=
HAoH 6295 kl/mole] #< YRR olgid 2
s

BHFA 1.0 mm)e] E433) oA 52.47 kI/
=2 Zkolth23]. Tan 5[24]9 Bilel 9
3 U= 2o EAEA 9IS
93, meEtd B Aol E BSCF
*301 02 LSTFE ZH3A7] 9
g} oA 9] zpol7t YERG Ao 2 AdHET
Flg 7 LSTFE ZEE BSCF #3 &gt A4

s
\:l
L

3
l

E2FY A4 55 e Z o2, 750~900°C
HOM GCZE ZAHUY. A4 F£F9 F$ =49
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Fig. 6. Arrhenius plot calculated from oxygen permeation
flux of LSTF coated BSCF tubular membrane.
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Fig. 8. Long-term operation test of LSTF coated BSCF
tubular membrane at 900°C.

Fig. 9. SEM images of the feed side of (a) non-coated
and (b) LSTF coated BSCF tubular membrane after oxy-
gen permeation test.
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(7.6%)% frASHA YERS T o)A F55 7t2E o
7] & 3718 A8 A4S 28 FHTEE Ev A1)
7 A7) SRR F IFE FA Bes HEh
Fig. 9% 4AFH 43 & #¥ #e7 99 SEM
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(grain boundary)e UEN}A] 2ko ™, crackd &7
AAHoz x| HaE e Bt} whdl Fig
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