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ABSTRACT

Novel conductive CO, membranes composed of dual phases, molten carbonates and electronic conducting ceramics, were
investigated. As the microstructure control of electronic conducting ceramic supports is extremely important to keep the molten
carbonates stable in the membranes by a capillary force applied by the pore structure of the supports, we have scrutinized the
microstructure of the electronic conducting supports utilizing microscopic images and gas permeability measurement. From the
evaluation of the electrical conductivities of the molten carbonates and the electronic conducting ceramic supports, we found that the
ionic conductivity of the molten carbonates could determine CO, flux through the dual phase membranes if the surface exchange rate

were relatively high enough.
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Fig. 1. Schematic diagram of (a) a CO, concentrator and (b) a
CO, membrane.

o FatP ot HHEE COYN,=3.5, CO+0,/N,=1627
ZH A4 fAVUELE ZAFdhe YA ZdEHE
T3] Meido] dojx|A] ettt T CO0l &3 4
Y o o] BHdA A7 Ao &, oA 24
o] lithium ferrites”} A&V T 2333 YTh

£ doMe dA7E Had b Qle, §84H
gatdo] AR oz g s At ARHEHAEAE
T4 AROZ 3lE dual phase E2) Tl tiste] 12s}
Ak £3 Mgt ARAEA 7L 71FF2 o8] 2H8-H
= EA#E oz S5RNES FX e AXAEA
171 siM e vz -] mfe T35,
CO, E3RFd EAFEHY 71A leakE WAEH7] 9
A E Bgel AAAY 71Fg 4438 A& F U=
A1 o] Wedith B =RoMe HAHEA
2812 ©]-8% dual phase HEA CO, Egte] A3
S AlRbE, Az AAA AHTE HrHer

0

e

9.
=

O

Li.CO,
732°

K.CO, Na,CO,
896° 860°

Fig, 2. Phase diagram of Li,CO3-Na,CO;-K,COj; system.
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Fig. 3. Schematic diagram of gas permeation measuring
system.
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Fig. 4. Porosity variation of the membrane supports with
sintering temperatures.
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Fig. 5. SEM images of the membrane supports sintered at (a)
900°C, (b) 950°C, and (c) 1000°C, respectively.
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Fig. 6. Permeated gas flow rate as a function of the applied
pressure of membrane supports sintered at 900~ 1000°C.
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Fig. 7. Gas permeance as a function of the average pressure of
membrane supports sintered at 900~ 1000°C.
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Table 1. Linear Fitting Data, Y-axis Intercept (c) and Slope (/3), of the Permeance Presented in Fig. 7 and Grain Radius () Calculated

from the Data
Heat-treatment a Pa r
temperature ("C) (10_6 mol/m’secPa) (10_12 mo]/mzsecPaz) (10_6 Pa—l) (pm)
900 1.64 11.46 6.99 0.91
950 1.25 5.53 442 0.57
1000 0.64 2.32 3.63 0.47
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Fig. 8. Electrical conductivity of the specimens composed of

molten carbonate and YSZ matrix sintered at 1200°C
and 1300°C.

0.47~0.91 umZA], Fig. 59] SEM w42 A} 0 2 RE
2R 7130 3719 FA A D & glon, 714
3% 24029y Iy Agezd 713 2718 A
Ashe Pol 483 Aoz B

o i

33. 229 7N Ao MI|IMEE
Fig. 8& 1200°C ¥ 1300°CollA 473+ 8YSZE A]A|x
ste] ghaedg AR dual phase E3HA ] A7)
T 2% Ado|n, 24" F 4 glds FHAA
d2o| A et 8YSZ XA A9 ulHEEE Fig. 90l
ERARITE. 1200°ColM A28 §YSZE NAAZ e dual
phase AlH 2] 7% 460~600°C2] MM E 0.11~0.25
S/eme] ANAEEE Jepdo) o3k e AvkE<l
8YSZ9 A7|HEE(600014 <F 0.005 S/iem)BETH R =
& ZHolEZ | dual phase A1 A7 ALEE 8YSZe M
7] & (open poreye A$-I e T A== &§ B
Aol osl ARtz & & Ao} walx 8YSZ A A H)
o] 713 35%)0] BF S-gebge] o3 Az
738, B Aol AR S-8atd el 600°CelA ]
AA A7IHEEE S8E 34025 S/lem)yS FIEE(0.35)
2 U] oF 0.71 Slem £ FAHECH 9, 450°C F-2ol
MRE LE7 gold wet AriHzxe] 43 A
7t #FAE =, o]y AL Li-KA E3teAtde] Wzt
Holl M} HE=H488°C) F-2olA g H=ERE 3t
Holl upg} s e E Btk

3, 1300°CoA A48 8YSZ AA| A THEIAE
A A A Z3 dual phase AH2] A= 600°Col*

™

=
) =y
g
A

Lot e

—_

EER DAL R

B A
KIER 1005 11 6

Fig. 9. SEM images of 8YSZ supports sintered at (a) 1200°C
and (b) 1300°C. (¢) and (d) are the images of 8YSZ
supports infiltrated with molten carbonates for the
specimens (a) and (b) respectively.
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