2 N ~ S Y v
M % b & 20254 HT70% 26 Hi: 4488 ~ 4500 ¢ CRIERRE Y Je it
B F AR . TSR R R S SCIENCE CHINA PRESS

CrossMark

& click for updates

B TR I e o IS E R i

BRI F582 288, 24, g’ 4254, SRK48
1. FREEFE T 25BE, AR5E 523808

2. Sk RBIRRLE SHAR T RA LR E, I 529599

3. BUNT SR REIR S HA B ST e, S 516003

* B ZA A, E-mail: hfdong@ipe.ac.cn

2024-08-26 Wk, 2024-09-25 &[0, 2024-10-26 457, 2024-10-26 MR &%
[E5 B SRRl 5E4:(U22A20416)F1) 754 FE0 -5 7 IER A 78 3£ 42 (2022A1515110244) %5 Bl

e FREAEENTIVAEFRMNZ —, EA MU TATNHEA) Z, B8 F BN THS &, 4800 S8 AFe £
FREY, ARWEFETT#E, B THEEMAEN, WAL, RN, BHAE UL S KA KEEN 5.
BTHRAELERT R, RAER, ARG FEERL, TELAANBAREARE S ELBR R
s e ER A FFR/ AR ERR o, B ZRATAEARE S BLE. AXRARBRT & FREEBRLTRE
AW B R A R, I T R R SRR, AT T AR B TR AR TR S B R R R, B
RITIR T BT REFARNET SR 2 BE, 2 EMERRPHER. W, AXETMT Ak E T REH A

AT RS R 7 E R RS, ) T T AR B T R BTT R R E R R

KR W, Bk, BTEE, 4%

PURAE I — AL TR, A Tl AR = b
P g R A, AR
WRARE, T FEESF A& S RIP(E 1(2). X
Beps S P2 AR TR B AT R, R, ERG T
KRR AW N, HAE Tk bRy dr & e, iy
2y A e % £ L A By T = W S-S AN i ¥4
S AN 5511 L 3 Y W NATSD o R W [y e o Y
L BEBFNIRINT(E (b)), (HZTCIEIRA A i R AR
PRt PR RIAEAES) TP e B 1 o B 4 ¥ 22
SERRRE/N, KIS Al R IRAG 4l A A —
FMEE, THIGEREFE R . A K . B RCRILSE P
UL R, SO SRR R BRI
P TN B 753 5.

YT NS NN BE R B AR LB P B AL A PE R, fL
FEAFTE RN E T I 8 122 RS (R R B4 M 3.8 x
4.0 x 6.5 A3}%3.8 x 42 x 6.8 A%) . BEUT AL S (RN

P4y R225.5 K F2231.0 K)FIAHE B fL2(6.26
1072 em ™ }26.29%10724~6.37x1072* cm™>), B A4S
BN R LAk the 5 B b4y g 22— 1810 Y iy
S/ TNt B 53 15 7 v B AU FE IR TERG 18 (K12(a)) . BEE4)
B (EI2(b)) WA B (1l 2(c)) R B 3 B (Pl 2(d)) !,

Ho, (RIERE IR R R B B AR, HFREok
IR EREICR 2 —40°C, FLAERS RIS N R iR R B2
7000 kPal'?!, ELATEIRERE . mAUAS . A4l AR A0 e
ML R, AR B A S T LS R
Wl B I FRARRE FE T RE A M. 140, AvilaZi ALVt
AR E S A TR IR ST, e BT RGE T AR LUk 3 kG
TR AT Ays /SRR EOR BAE EE, TRk /X F I e 1 fi
TRAESS, M8 E B E AR, Kazemi® AR
T IS EZRIB(DWHU), 743 B T /T e i 3
RHEESR b, THFERAE AN e 75%. A,
PR TR A BB AT AT v 40 B A

doi: 10.1360/TB-2024-0902

SRR ZE30RE, e, (AN, 55 B IR TR b o B OIS ik . Bl diz, 2025, 70: 4488-4500

© 2024 (PEPYE) Atk

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2024-0902&domain=pdf&date_stamp=2025-9-2
emailto:hfdong@ipe.ac.cn
https://doi.org/10.1360/TB-2024-0902
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/TB-2024-0902

Bl 1 TURTIRIT S () UG EA R T4 (b) TR 5 RO A IR A

Figure 1 Background of propylene research. (a) Propylene possesses a wide array of downstream derivatives; (b) propylene production methods and

corresponding production raw material distribution
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Figure 2 A typical separation of propylene/propane method!'!). (a) Cryogenic separation; (b) membrane separation; (c) liquid absorption separation;

(d) solid adsorption separation
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Table 1 Comparison of absorption performances among different types of ionic liquids

GiES =R RS P(kPa) T(K) Sy SrES R+ SCHR
P PEG 400 67 308.10 125 / [40]
NMP / 276.10 1.9 / [49]

[BMIM][T£,N] 1921 323.85 / 0.686 [38]

[EBIM][T£,N] 1855 324.05 / 0.680 [38]

[PBIM][T£,N] 1739 323.85 / 0.746 [38]

O —— [BBIM][T£,N] 1780 323.85 / 0.803 [38]
[MMIM][T£,N] 1741 323.15 / 0.586 [38]

[EMIM][DCA] 1849 323.85 / 0.639 [38]

[BMIM][BF,] 100 298.00 2.48 / [50]

[BMPY][BF,] 100 298.00 2.37 / [50]

[EMIM][C(CN);] 828 333.85 / 0.564 [38]

UIRefb s TR [MOIM][NOs] 100 298.00 1.2 / [35]
[P(14666][ TMPP] 90 313.00 / / [37]
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S TSNS, #8120 kPa R, &4 1.5 mol/L Cu™ 54/
£ Cu I [EMIM][SCN]-CuSCN X T P4 (4 W i e — 3,
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1%0.012 mol/L; & F124100 kPaf, &4 1.5 mol/L Cu'f¥
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it b JFE2 mol/LB, L& 70.064 mol/L. Alhu-
maydhi%E A P2 RREXT 5 A5 HILIA 70 A0 5 A 28 EA T 1R
7%, WN2.0 mol/LICu 2 )5, 7E[BMIM][SCN]-DMF-
CuSCN', MW H0.27 mol/L3G jm %
0.637 mol/L; [EMIM][SCN]-DMF-CuSCNX} T R4
W2 A28 D 1 0.24 mol/L¥E fiN%0.51 mol/L, XJ&H K
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Table 2 Comparison of absorption performance between ionic liquid and transition metal salt composite systems

T2 CERLLES PR A P(kPa) T(K) Ay BB SCifk
[EMIM][Br]-CuBr 0.11 mg/g 100 298.00 16.90 [39]

[EMIM][Br]-CuCl 0.08 mg/g 100 298.00 12.00 [39]

[BMIM][Br]-CuBr 0.68 mg/g 100 298.00 15.60 [39]

[BMIM][Br]-CuCl 0.12 mg/g 100 298.00 11.30 [39]

[BMIM][SCN]-CuSCN 0.12 mg/g 100 298.00 11.80 [53]

B IR L [EMIM][SCN]-CuSCN 0.09 mg/g 100 298.00 12.10 [53]
[TEAH][CuCl] 0.0128 mol/mol 100 313.20 2.38 [21]

[THAH][CuCl,] 0.0669 mol/mol 100 313.20 1.72 [21]

[TOAH][CuCl] 0.116 mol/mol 100 313.20 1.61 [21]

[Bmim][CI]-CuCl-2 M? 0.32 mol/L 100 298.00 12.1 [52]
[Bmim][Cl]-pyridine-CuCl-2 M 0.46 mol/L 100 298.00 6.1 [52]
[BMPY][BF,]-AgBF,;-0.1 M / 100 298.00 2.9 [17]
[BMPY][BF,]-AgBF,-0.25 M 1.05 mol/L 100 298.00 5.8 [17]
[BMPY][BF,]-AgBF,;-0.5 M / 100 298.00 10.6 [17]

T [BMPY][BF,]-AgBF,-1 M / 100 298.00 245 [17]
[BMIM][BF,]-AgBF4-0.1 M / 100 298.00 2.8 [17]
[BMIM][BF,]-AgBF,;-0.25 M 0.85 mol/L 100 298.00 5.4 [17]
[BMIM][BF,]-AgBF4-0.5 M / 100 298.00 9.8 [17]
[BMIM][BF,]-AgBF,-1 M / 100 298.00 18.6 [17]

a) [Bmim][CI]-CuCl-2 M, 2 MZFE/RCu' ¥ & }2 mol/L
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Figure 3 Comparison of separation selectivity and viscosity of
different ionic liquids
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Propylene is an important part of the petrochemical industry, and its global market size has exceeded $120 billion.
However, the existing propylene production process is frequently observed with the presence of propane. The separation
process of propylene and propane is one of the most energy consuming processes in industrial development because of the
similar structure and physical and chemical properties between them. Traditional cryogenic rectification techniques are
beset with limitations such as inadequate separation efficiency and high energy consumption. Given the carbon peaking
and carbon neutrality goals, it is imperative to develop environmentally friendly separation materials for propylene/
propane that not only conserve energy but also enhance separation efficiency. lonic liquids (ILs), with their characteristics
of adjustable physical and chemical properties of structure, lower volatility than other organic solvents and rich hydrogen
bond network, have wide significant interest in gas separation applications. ILs exhibit a unique absorption ability, which
can selectively separate between propylene and propane through strong hydrogen bonding interactions or via =«
complexation with transition metal salts. ILs have been recognized as a new generation of efficient separation materials for
propylene/propane separation, offering significant advantages in propylene absorption capacity, selectivity and cycle
stability, and more.

In this work, the current research on propylene/ propane separation processes by using ionic liquids was firstly
summarized, focusing on the optimal design of ILs, composite methods involving transition metal salts, and the underlying
adsorption mechanisms. Subsequently, the influences of the structure of ILs (including the groups on the cation and anion
of ILs, the length of side chain alkyl chain of cation, and the combination with transition metal salts), the properties of ILs
(viscosity and cycle stability) and absorption conditions (temperature, pressure, concentration of transition metal salts) on
the separation performance were discussed in detail. The results showed that the use of unsaturated groups on cations and
anions or the reduction of side chain length both strengthen selective absorption capacity for propylene. Simultaneously,
better gas separation performance can be achieved by reducing viscosity, increasing absorption pressure and increasing
transition metal content.

Secondly, this article also outlines two methods for researchers to explore ILs-based functional materials for the purpose
of making full use of the gas separation performance of ionic liquids and overcoming the influence of viscosity on gas
diffusion. The initial strategy is to be combined ILs with porous adsorbents (such as metal-organic frameworks (MOFs)) to
enhance their dispersion. For the second approach, ILs is utilized as raw material for membrane preparation to achieve
propylene/propane separation. These studies about membrane preparation by using ILs not only investigated the separation
properties of different ionic liquid composites, but also revealed the potential mechanism of their application in gas
separation processes.

Finally, propylene/propane separation and the feasibility study of industrial applications were reviewed, such as the
design and synthesis of ILs, the design and preparation of ILs membrane materials, the development of MOFs material
combination, the application research of screening simulation and machine learning technology and so on. Hoping to
provide useful reference for propylene/propane separation by using ILs. This work illustrates that the application of ILs
shows great potential in the field of propylene/propane separation. The feature research direction of propylene/propane
separation materials was proposed. In our opinion, many new ILs materials will be made great breakthrough in propylene/
propane separation and industrial application in the future.

propylene, propane, ionic liquid, separation
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