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Abstract: In this study, propylene/propane separation mechanism through NaY zeolite membrane was investigated. As
permeation temperature increased, both propylene and propane permeances increased, saturated and decreased again, and a
maximum selectivity was shown at around 50 to 60°C. Propane permeance in mixed gas experiment was much smaller than
that in single gas experiment, and propylene/propane mixed gas selectivity was much larger than single gas permselectivity.
As permeation time increased in transient permeation experiment, propylene permeance initially increased and saturated,
while propane permeance decreased and saturated. All the experimental results announced that propylene/propane separation
through NaY zeolite membrane was from preferentially adsorbed propylene molecules. The adsorbed propylene molecules
efficiently prevented propane molecules from permeating through the membrane, and sufae diffused through the membrane.
NaY zeolite capillary membrane prepared in the present study showed a high mixed gas selectivity of 12 and high
propylene permeance of 497 GPU for a propylene/propane (89 : 11) mixture at 50°C and 4 bar. Therefore, it was concluded
that NaY zeolite membrane is one of promising membrane materials for propylene/propane separation due to the low cost
and high separation performance.
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port and (c), (d) as-synthesized NaY zeolite seed.
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Fig. 2. (a) DLS particle size distribution and (b) XRD pat-
tern of as-synthesized NaY zeolite seeds.

2% A3} 71 FE-S 41 vol%, B 71 84E 0.4 um©)
ATk =S Fig. 1(c), (d)°l NaY Aol E 29t A
ZZ 98ty Ax" Y719 Nay £Z242 A&
g anE& FARRAENE ARRLE YErITE
TAAL e 80 nmol L, FAAY B FEd
Al(bipyramidal) %2 2t YATh AZHA FxE=
dukx oz Fdo| HIUEE NaY AlefolE Uxb
W& 2K (equilibrium shape)©|th. FAHE F2A4He =
719k ARLE Wes] glaty] st 54 Ak &
A(DLS)o. 2 FAAS] 7] REEE Ry, X-A
3| AA|(X-ray diffraction)E o] &3t FAH 2 2A
729 “phase) <55 Flskth. 1 HAAE Fig
2% (b)oll YeRATE. F2749 A 7] BE=
50-100 nm©| %13, NaY Al&eto|EQ] X-A 34 5 7
=91 6.18, 10.1, 11.86, 15.6, 18.62, 20.289] 24 kol



Elucidation of the Mechanism of Propylene/Propane Separation through Faujasite Zeolite Membrane 355

Fig. 3. SEM images for (a), (b) seed-coated support and
(c), (d) as-synthesized NaY zeolite membrane.
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Fig. 4. Single-gas permeance and perm-selectivity of NaY
zeolite membrane as a function of permeation temperature.
The high purity of 4N C;Hes and CsHg gases were applied,
respectively.
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Table 1. Separation Performance of NaY Zeolite Membrane at Various Permeation Conditions for a Propylene/Propane Mixed

Gas (89 : 11)

Permeation Test Condition

Separation Performance

Tempoe‘rature Feed rate Feed Stage-cut Permeance (GPU) Selectivity
() (ccm) Pressure (bar) Total C;Hg C;Hg C3H¢/CsHg
30 100 2 0.001 9 6 3 1.70
40 100 2 0.030 189 139 51 2.74
50 100 2 0.120 698 584 114 5.10
50 100 3 0.086 549 503 46 10.86
50 100 4 0.086 539 497 43 11.60
60 100 2 0.090 958 816 142 5.75
70 100 2 0.300 1754 1453 301 4.83
80 100 2 0.370 2199 1772 428 4.14
90 100 2 0.500 3050 2356 694 3.40
100 100 2 0.570 3782 2819 963 2.92

10000 15 3.3, Zzoldl/==x E57|A £of
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—8-C H Permeance
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N
/

/

/
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N
AuAnoaas BHEY /oHE)

1 L 1 1 0
20 40 60 80 100 120
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Fig. 5. Mixed-gas permeance and selectivity of NaY zeolite
membrane as a function of permeation temperature. The
feed pressure was 2 bar and 89% C;He-11% C;Hg mixed
gas was applied.
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Fig. 6. Mixed-gas permeance and selectivity of NaY zeo-
lite membrane as a function of feed pressure. The per-
meation temperature was 50°C.
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Fig. 7. Transient mixed gas permeance and selectivity of
NaY zeolite membrane as a function of permeation time.
The permeation pressure and temperature was 50°C and 3
bar, respectively. Before permeation test, the membrane
was He cleaned at 70°C.
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