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Abstract The conventional separation process of olefin/paraffin with cryogenic and high-pressure distillation usually ex-
hibits high energy consumption and low efficiency. The adsorption separation technology is widely promising in the field of
olefin/paraffin separation because of its mild operation conditions and high energy efficiency. In this work, high-throughput
screening was adopted to find the optimal adsorbents from 12723 real metal-organic framework (MOF) materials, which is
available for adsorption separation of 1,3-butadiene from C4 olefin/paraffin mixture. Firstly, 7681 adsorbents with suitable
pore size and specific surface area were selected from the total database according to their structural parameters. Then their
mechanical properties were computed by molecular mechanics. The mechanical properties of UIO-66 were used as the
threshold to obtain 959 candidate MOFs with stable structure. Secondly, the grand canonical Monte Carlo (GCMC) simula-
tion was performed to calculate the selective adsorption behavior of a quinary equimolar C4 olefin mixture in different can-
didate MOFs at 298 K and 0.1 MPa. According to their adsorption performance scores (APS) of 1,3-butadiene, the candidate
MOFs are ranked to obtain 8 MOFs with the optimal adsorption and separation performance. The structural characteristics of
MOFs with high adsorption and separation performance are revealed through quantitative structure-activity relationship, ad-
sorption isotherm and ideal adsorption solution theory. The breakthrough curve simulation further verified that 2-cis-butene
could effectively separate from 1,3-butadiene in the fixed bed filled with the optimal adsorbent RIGPEEOQ1. Finally, it is de-
termined that the preferential adsorption mechanism of 1,3-butadiene in RIGPEEO1 is mainly due to the strong adsorption
sites of Cu(I), = bond coupling effect and the size sieving effect based on the radial distribution function and binding energy
analysis. The high-throughput screening method and the molecule-level insights on the olefin separation mechanism of MOFs
proposed in this work have laid a theoretical foundation for the further development of new adsorbents for the separation of
olefin/paraffin mixtures.
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Figure 2 Flowsheet diagram for computational screening of
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Figure 4 Relationship plots of (a), (b) bulk modulus; (c), (d) shear
modulus versus LCD and VSA, respectively, for 1140 MOFs.
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Figure 5 Scatter plots and box plots of Ngp versus (a), (¢) LCD; (b), (d)
VSA. Ngp refers to adsorption capacity of 1,3-butadiene in 959 candidate
MOFs at 298 K and 100 kPa.
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7.3, {6 Nap R 0.66 molekg '. A T # U HIAUHT Nep A
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Figure 6 Relationship plots of Sgp versus Npp for 1,3-butadiene adsorp-
tion in 959 candidate MOFs at 298 K and 100 kPa. All points are colored
by adsorption performance score (APS) of 1,3-butadiene.
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T IR PR P RE, A TS RIGPEEOL 1 98 5t
WFE, K FH 533 ih A BRI R AL o AT ik — B 5 IE T
X C4 IR A A 4y B 5 VR B o 2 P e
323 BRMERESAT

RIGPEEO1 & HIFg R b EAPREHE T 2,4,6-

F2 AT 8 A EWHTERERTEL LR E AT S5 R
Table 2 Top 8 MOFs with high APS and their physical properties

= (4-MEmE IR - mE A BRI Cu(1)-MOF, RIGPEE NIZ& 5
RIGPEEO1 AHAR 55— Fh B i 4544, EAT13 BRI 1
KT E NS, B 7a &R THE 298 K K 1,3- T 20, 1-
T, 2- T, 2- AT M, TS S AN Al e
RIGPEEO1 H ()W fi &5 k. ] UK IR, 7EAH A % 7
AN TR e 28 0 R B B KNI N N > Noweis >
Na-rans > Niso™> Noutene. B 7b JE/R T7E 298 K F 1Lt C4
SR RIS IR IR A WIAE. RIGPEEOL W4k o (R W P 2505 22
f£ 1.0 MPa , HTHE# A1 RIGPEEOL #4 4} A (1) FF s 4
A7 Cu(FE A EAEH, RIGPEEOL A kX 1,3-T —
W7 R B i 2.1 molekg !, GG R H B PUAN
FR2H o IR B £, T RRCAE o BH S 1 55 S P I PR 28R
Te NTE 298 K NEREE/R 1,3- T —0/2- 0 T 1 — e &
Y){E RIGPEEO1 A [¥) 5% 4 PE N B 2R 28, R 3R AT TR A
TASTEH & 7a H 4l 2H 73 S50 B 26k B — eI &
YI{E RIGPEEO1 H (W 450 22, K I GCMC 48145 21
5 IAST HWR WIS RVi& RA4F. TAST Hg il /£
pyIAST At L4523, 4l 41 43 f Wi B 458 Ui 2% T 2
Langmuir 1584405 2 (60,

97 VPl MOF #PRME B0 C4 R B 1 e
HIRCIE, 22 IS UFE 3 MRt gl 7 4 Ff
MOF A 1,3-T WA 1- T I R B AR 26, 453 n
M 2 FIRHIE 3 B (S LSRG ), B ZR i 4
3R, SZOMRENITE UFE Bifih g 5, 45O EFE:
ISR, WTLUE Y, 7ESE 4 A BRI, SR
ARIE 1337553 3 T ) IRMOF-1 F1 ZIF-8 #1L% 1,3-
A TR AR SR BT — X, {H IRMOF-10 Al
IRMOF-16 % 1,3-T M A 1= 45 (1090 5 W B T A
S, VLI ZEZEMEXT C4 IR B I R R A TR KR
Mo, TEVR G 2H 20 R BB, SR FH SR M A 7337 43 ) Pt
) IRMOF R AIAEE 1,3-T 4 A0 1-7T 95 B4R 56 IR B it
Y RAT REE, R ZIF-8 X 1,3-T A 1- T H5iH
0 S IR BRI ARG SR AR RE — 55 Rk, AN X4l 43 i
VRS, B IRZEMEN) C4 IR B R R A7 AE B
SR, TR BEM DI AT F 1 AR I U V2 S SR
FU TR B AR L O ]

0
MOFs Zfl';/l ) Sep APS LCD/am  PLD/nm ﬁfc/m*) o OMS  Linker” (ij‘fi oy
RIGPEE(1 1.90 13.9 26.4 0.433 0345 566 0462  Cu L6 45.26
RIGPEE 1.86 115 20.9 0.437 0350 598 0468  Cu L6 50.84
ETIPII 228 6.57 15.0 0.441 0363 795 0523 Zn L1, L2 71.60
MORFEG 1.53 8.06 123 0.480 0349 714 0471 Cu L5 43.19
IWELIGO1 135 7.80 10.6 0.469 0450 512 0399  none L4 46.75
YUSGID 1.04 9.96 103 0.450 0372 753 0425  none L8, L9 55.54
CUVTIX 1.78 5.77 10.3 0.671 0.342 1159 0506  none L7 37.40
FITHIA 1.29 7.76 10.0 0.436 0385 941 0431 Sc L3 55.70

@ Linker A MOFs S5 M I A WIEEHAAS T, L1~1L9 M A WL IR 454 T W SRR B IR 4.
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Figure 7 At 298 K and in RIGPEEOI, (a) adsorption isotherms of vari-
ous pure C4 olefins; (b) adsorption isotherms of quinary equimolar mix-
ture; 1,3-butadiene/2-cis-butene binary equimolar mixture (c) adsorption
isotherms; (d) breakthrough curves in fixed column at 0.1 MPa.
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Figure 8 Radial distribution functions of interaction atom pairs between
various framework atoms of RIGPEEO] and 1,3-butadiene at 298 K and
0.1 MPa.
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B9 (a) 70 THUUA 1,3-T ) 7E RIGPEEOL TN M-PTH0 R, WIS CERR: BERIE T, M. KO KIE QLS5 A% RIGPEEOL T Cu. C
RN - 2 27 B EE I/ RIGPEEOT H(b) 1,3-T 0; (o) 1-TH; (d) 2B TH8; (o) 2-RATH; () 7 T/ a PRI R 544k, sk
N C T, IR WA Bk )08 RIGPEEOL #1KL C. NI Cu JR-7. oMl W, K24k H I TA %, 4ia6e E R -7 A B I S hn 0 il
A kJemol ! Al nm.

Figure 9 (a) Equilibrium configuration of 1,3-butadiene adsorbed in RIGPEEO] under molecular simulation, ice blue spheres refer to united carbon at-
oms of 1,3-butadiene; pink, grey and blue lines refer to Cu, C and N atoms, respectively; equilibrium configuration and binding energy of (b)
1,3-butadiene; (c) 1-butene; (d) 2-cis-butene; (e) 2-trans-butene; (f) isobutene adsorbed in RIGPEEO1, calculating by density functional theory for geomet-
rical optimization. Green sphere refers to carbon in guest molecule. Grey, blue and pink spheres refer to C, N and Cu atoms, respectively, in RIGPEEO1. H

atoms in guest molecule are omitted for clarity. The unit of binding energy E and distance of atom pairs are kJsmol ' and nm, respectively.
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