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Abstract — La (St ,Ti, sFe ;05 5(LSTF) coated Ba, sSr, sCo, ¢Fe,,0;5(BSCF) membranes which has properties of
high oxygen permeability and stability to CO, were applied to a bench scale apparatus to conduct oxygen permeation
experiments. Also, the membranes of the laboratory and the bench scale device were divided into three regions accord-
ing to the temperature gradient in the membrane reactor for comparative analysis. While oxygen permeation experiment
were conducted up to 900 °C, temperature dependence of Cr deposition was investigated. As a result, it was confirmed
that the oxygen permeability was 2.37 ml/min-cm?, which was significantly lower than 3.79 ml/min-cm? measured in
the laboratory apparatus. It was found through XRD and SEM/EDS analysis that the decrease in oxygen permeability was
originated from the deposition of gaseous Cr on the membrane surface released from the alloy material of the housing.
In particular, a large amount of Cr was found in the medium temperature region.
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Fig. 1. The schematic diagram of permeation test equipment with
laboratory scale.
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Fig. 2. The schematic diagram of permeation test equipment with bench scale.
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Fig. 3. The temperature region of tubular membrane in the bench
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Fig. 4. XRD patterns of membrane at bench scale equipment after
permeation test according to temperature region.
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Table 1. Comparison of oxygen permeation of membrane at laboratory and bench scale equipment

Operating Temperature Pressure Effective area Oxygen permeation Oxygen flux Recovery ratio
(°C) (atm) (cm?) (ml/min) (ml/min-cm?) (%)
Lab 850 2 94 3.79 409
Bench 850 2 87 237 0.7
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Table 2. EDS atomic analysis of membrane at bench scale equipment
after oxygen peremation test

Atomic %
Element
HTR MTR LTR
Ba 5.16 5.57 6.48
Sr 10.14 4.33 3.34
Co 7.28 8.53 10.28
Fe 1.23 2.36 2.98
La -0.01 0.53 0.67
Ti 0.45 0.37 0.15
O 31.71 56.61 4431
C 10.05 14.05 31.78
Cr 3.96 7.22 -
S - 0.44 -
5
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Fig. 6. Temperature dependence on oxygen permeation flux of mem-
brane performed by oxygen permeation test in bench scale
appartus.
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Fig. 5. SEM and EDS results of membrane surface at bench scale equipment after permeation test: (a) High temperature region (b) Medium

temperature region (c) low temperature region.

Korean Chem. Eng. Res., Vol. 57, No. 1, February, 2019



Ak R E 1% Lag ¢Sty Tig sFeg 705,71 578 % Ba 581 sCop gFeg ;05,5 1A EA el ol Crawae] 25 o4 15

® BaNiO, ,,
© BaCrO,

Feed side

LTR

MTR

N . .

Intensity (a.u.)

HTR

Gum |

| I ] | I BaNi0;, 36 (00-047-0089) |
L ! PR I | | 1

| l BaCr0 4 (00-035-0642)
||| | IIll 1 !lhl L1 [T L . |

20 30 40 50 60 70 80
20 (%)
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Table 3. EDS atomic analysis of membrane at laboratory scale equipment
after oxygen peremation (This membrane was tested at bench
scale equipment before laboratory test)

Atomic %
Element
HTR MTR LTR
Ba 7.56 4.90 7.05
Sr 3.44 3.09 2.83
Co 7.51 6.54 12.84
Fe 1.94 1.73 3.21
La 0.06 0.38 0.50
Ti 0.49 0.22 0.37
0} 59.12 50.3 4433
C 16.93 24.28 25.55
Cr 2.95 8.03 2.98
S - 0.54 -
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Fig. 8. SEM images of membrane conducted permeation test at laboratory scale equipment (This membrane was tested at bench scale equip-
ment before laboratory test): (a) High temperature region (b) Medium temperature region (c) low temperature region.
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