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Abstract — An efficient propylene/propane separation technology is needed to obtain high-purity propylene, which is a
raw material for polypropylene synthesis. Since conventional cryogenic distillation is an energy-intensive process due to
the similar physicochemical properties of propylene and propane, adsorptive separation has gained considerable interest.
In this study, we have computationally investigated the changes in adsorption separation performances by arbitrarily
controlling the adsorption strength of open metal sites in two different types of metal-organic frameworks (MOFs).
Through the evaluation of adsorptive separation performances in terms of working capacity, selectivity, and Adsorption
Figure of Merit (AFM), we have suggested proper density and strength of adsorption sites as well as appropriate
temperature condition to obtain optimal propylene/propane adsorptive separation performances.

Key words: Olefin/paraffin separation, Propylene/propane separation, Grand canonical Monte Carlo (GCMC), Metal-organic
framework (MOF), Adsorption
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Table 1. Surface area, pore volume and crystal density of Co-MOF-74
and HKUST-1 [10]

Surface area

Pore volume Crystal density

(m’/g) (cm’/g) (g/em’)
Co-MOF-74 1,324 0.49 118
HKUST-1 1,937 0.74 0.88

% 13} E-2 The Cambridge Crystallographic Data Centre (CCDC)
20E AU o] T {/IRUTTAL T2 BHE, 5 v
¥4, 7187 2 F7 U5 Table 19 Blawsto] YeRASITH10].
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Table 2. Working capacities and selectivities of pristine Co-MOF-74 and HKUST-1 materials at three different temperatures

Working capacity (5 bar — 0.3 bar, mmol/g)

Working capacity (5 bar — 0.5 bar, mmol/g)

298 K 323K 358 K 298 K 323K 358 K
Co-MOF-74 0.80 1.74 2.75 0.48 1.20 1.94
HKUST-1 1.56 3.20 542 1.06 2.02 3.75
Working capacity (5 bar — 1 bar, mmol/g) Selectivity (5 bar)
298 K 323 K 358 K 298 K 323K 358 K
Co-MOF-74 0.25 0.79 1.23 6.1 42 3.0
HKUST-1 0.65 1.04 1.89 23 1.9 1.8
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Fig. 1. Experimental and simulated (a) C;Hg and (b) C;H4 adsorp-
tion isotherms in Co-MOF-74 at 298 K.
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Fig. 2. Simulated single component C;Hg and C;Hg adsorption isotherms at three different temperatures: (a) C;Hg in Co-MOF-74; (b) C;H, in Co-

MOF-74; (c) C;Hg in HKUST-1; (d) C;H, in HKUST-1.
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Fig. 3. Simulated single component C;Hg and C;H, adsorption isotherms for Co-MOF-74 with varied L-J € parameters: (a) C;Hg at 298 K;
(b) C3H, at 298 K; (¢) C3Hg at 323 K; (d) C;H, at 323 K; (e) C;Hg at 348 K;; (b) C;Hg at 348 K.
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Fig. 4. Simulated single component C;Hg and C;Hg adsorption isotherms for HKUST-1 with varied L-J € parameters: (a) C;Hg at 298 K; (b) C;H¢
at 298 K; (c) C;Hy at 323 K; (d) C;H at 323 K; (e) C;Hg at 348 K; (b) C;H, at 348 K.
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Fig. 6. Relationships between multiplied ¢ parameters and adsorp-
tion figure of merit (AFM) for (a) Co-MOF-74 and (b)
HKUST-1 at three different temperatures.
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