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Novel Adsorptive Separation Process for Octane Improvement of Gasoline

The production of high-quality gasoline is currently achieved through the Total Isomerization Process [1] that separates n/iso-
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higher than 92. This work demonstrates two promising alternatives/strategies using metal-organic frameworks (MOF) that lead to

a novel adsorptive separation process to overcome this limitation. Here, the efficient discrimination of C5/C6 alkane isomers into
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valuable fractions of high RON (HRON — 2,3-dimethylbutane (23DMB; RON 105), 2,2-dimethylbutane (22DMB; RON 94), and (Lef?(;i\I e) ;hc/[; +n§31\6/[ ;
Isopentane (IC5; RON 93.5)) and low RON (LRON — n-pentane (nC5; RON 61.7), (nC6; RON 30), 2-methylpentane (2ZMP; RON
74.5), and 3-methylpentane (3MP; RON 75.5)) compounds Is achieved (Figure 1). Figure 1. Advanced process for separating HRON and LRON isomers.

Fixed Bed Adsorption — Breakthrough Curves

Case 1: Synergistic action between the Al-dicarboxylate MIL-160(Al), a bio-derived MOF that is easily scalable with a predicted low-cost industrial production, and the benchmark zeolite 5A [1].
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= Qutstanding property to separate C6 isomers into = Unwantedly, the LRON nC5 elutes almost = |deal sorption hierarchy of LRON over HRON alkanes, = The HRON 22DMB and iC5 has completely left the
valuable fractions according to the degree of branching; simultaneously with the HRON 23DMB; nC6 > nC5 >> 2MP = 3MP >> 23DMB > IC5 = 22DMB; column, while 23DMB is concentrated at the edge;
= 92 RON ideal productivity of 1.02 mol.dm=3, which = Substantial drop in the 92 RON ideal productivity = Excellent 92 RON ideal productivity of 1.14 mol.dms. = The other LRON molecules mostly remain inside the
outperforms all current adsorbent materials. (0.59 mol.dm™ compared to 1.02 mol.dm). bed.

Figure 2. a) Breakthrough data for an equimolar C6 mixture fed in MIL-160(Al). b) Breakthrough data for an equimolar C5/C6 mixture fed in MIL-160(Al). ¢) Breakthrough data for an equimolar C5/C6 mixture fed in the mixed-bed adsorber of 70 wt%
MIL-160(Al) and 30 wt% zeolite 5A. d) Cyclic steady-state data of a simplified 2-step pressure swing adsorption (PSA) experiment with an equimolar C5/C6 mixture fed in the mixed bed adsorber of 70 wt% MIL-160(Al) and 30 wt% zeolite 5A.

Case 2: Fe(lll)-MOF (referred to as MIP-214), easily synthesized and scalable under mild conditions [2].
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Figure 3. a) Breakthrough data for an equimolar C6 mixture fed in MIP-214. b) Breakthrough data for an equimolar C5/C6 mixture fed in MIP-214.
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Remarks and Future Directions

» Two promising alternatives/strategies with considerable potential for the octane improvement of gasoline

pools (RON > 92), which eliminate/reduce the need for additives in the petrochemical industry, are

presented,;

» As Both MOFs are easily scalable, while zeolite 5A is already commercially available, this gives the
building block for further pilot-scale testing before envisaging industrial commercialization;

» These advanced staged recycling technologies might not only provide the production of higher quality clean

gasoline but also fill the gap in the current industrial adsorption separation science (ALICE), UIDB/50020/2020 and UIDP/50020/2020 (LSRE-LCM) — funded by national funds through FCT/MCTES (PIDDAC).
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