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Abstract ; In order to meet the requirements of low-carbon economy , the reduction and utilization of global-warming ga-
ses have become the focus of attention. There are a large amount of toxic and harmful gases being emitted from the
combustion of fossil fuels and syngas, as well as being released during mining activities. It is therefore necessary to trap
and separate these gases for eliminating their environmental contamination ,also increasing the feedstocks for industrial
production. For avoiding the contamination and safety problems raised from the conventional alkali absorbents,the ion-
ic liquids,namely “liquid molecular sieve” ,have become green alternatives to absorb and separate different gases. Ac-

cordingly , the research progress about separating gases by pure ionic liquids is reviewed in this paper. The influencing
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factors including temperature , pressure ,the properties of gas and ionic liquids, and the functional groups of ionic liq-
uids , were analyzed. It is stated that the ionic liquids with alkali groups on cation and anion are promising CO, solvents
and competent separator for removing CO, from some sparsely soluble gases. In order to separate CO, from strongly
acidic SO, and H,S, moderate basicity exhibits much better separating ability because strong alkali group could strong-
ly bind with both SO,(or H,S) and CO, ,leading to low SO,/CO, and H,S/CO, selectivities. lonic liquids with small
molecular weights and compact structures usually perform better selectivity, and low temperature and pressure are fa-
vorable for increasing the separation. Additionally, combining experimental results and molecular dynamic simulation,
the real selectivity of binary gases in ionic liquids was calculated based on Equations of State. It is concluded that feed

gas ratio, ionic liquid contents,temperature and pressure are significant factors required to be adjusted to approach a

great real gas selectivity.

Key words :ionic liquids;gas separation ;solubility ;ideal selectivity ;real selectivity
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P ILs B H,S/CO, EFEPEAR T 559801 1Ls, a0k 2 fir
A1) Z2 i i P ) K e R R 288 TLs T [ CCim ] [4-
CH,0-Ben ] H,S/CO, #EFEM(S=5. 6) i X TH 14
B[ CoC,im | [2-F-Ben] (S$=20.6) Fll[ C,C,im]

[2-Cl-Ben] (S=18.4)""" Wl AR T 4B (58 1 o
PEF, CLEFMAATE, B 55 128 H R BT 25 1 dk: , A
MREAL 7 =X COo, M2 m il ey, ] DL, i
P 35 AT ) i 5 555 RN S B o0 A EL B i L HL,S FI
CO, Mg G I, S 2= 7 W WA I Al R R

®2 REINEEUCE TG H,S MBER H,5/CO, B

R (333,15 K) (5!
Table 2 H,S Mole Ratio Solubility and H,S/CO, selectivity

in Carboxylate Ionic Liquids close to Ambient Pressure
at 333.15 K

BA S X MR 1Y

i i [ 155 ILs X(H,S)  S(H,S/C0,)
2.35 [Ny5,4][Cly] 0.67 1.1
4.76 [Ny,,4]0C,CO,] 0.50 1.5
2.08 [N;,,4][DMG] 0. 81 13
4.76 [Nyops JINIA] 0.40 16
3.49 [Nyp,4 ) [IMA] 0.40 26
4.47 [C¢C,im][4-CH;0-Ben] 0.42 5.6
4.34 [C¢C,im][4-CH;-Ben] 0.33 6.4
4.24 [C¢C,im][3-CH,-Ben]  0.33 6.0
4.20 [ CC,im] [ Ben] 0.31 7.7
4. 14 [C¢C im][4-F-Ben] 0.27 5.8
4.09  [C¢C,im][3-CH,0-Ben] 0.32 7.3
4.09 [C¢C,im][2-CH;0-Ben] 0.30 7.2
3.99 [ C4C,im] [4-Cl-Ben] 0.24 11.2
3.91 [C4C,im][2-CH;-Ben]  0.31 6.2
3.87 [C¢Cyim][3-F-Ben] 0.21 8.1
3.83 [ C4C,im] [3-Cl-Ben] 0.21 9.2
3.27 [C¢Cyim][2-F-Ben] 0.23 20.6
2.94 [C4C,im][2-Cl-Ben] 0.18 18. 4
0.23 [C¢C,im] [ CF,CO, ] 0.07 5.9

A, 7 %R BE ) JF e, H,S/C0, FE
[N,5s, JIDMG],[N,,, JIIMAJHI[N,,,, ][ NIA ]
VERRMERN S T R, X AT RB R S T ILs X CO, MM
W B A L o —Fha] Be N R

TOF e = [N3224][DMG]
o [N2224][IMA]
& & [Ny224][NIA]
H 501 -
& -
?ii{ 40
(™) .
Q 30F a4 =
2 N e
T 20t a
L A
101
1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

JE41/10°Pa
Bl 7 H,S/CO, e REtERE I A5 (LR

Fig7 H,S/CO0, solubility selectivity with pressures'>*’
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1o, TLs MRS AR I 320 7 28 75 B R A A A A T8, e
H, S (AL 7 WSO/ NP R

FE AT H,S/CO, /BT SR R T AR %,
3 NN ILs B9 H,S/CO, ¥ fif e 85 1L BE IR /Y 48
fkaEA AT UL B BE TR s RO R e B e A TR R
REAR, Hovh [ €,C im | [ CH,S0, ] M 293.15 K T+ &
333.15 K Ji, e BEPE M 12. 2 FE & 4. 08 ; Higx ILs FI%
MEEEAR 4 /N, [HO (C,H,) C,im ] [ BF, ] £ 303 K ~
333 K IR FERZ TR 0.79, K, SR E
ieSaRiib- A IBi NI

#£3 TEIBER H,S/CO, FEHSY ILs HEARE

brit2 3 AR
Table 3 H,S/CO, selectivity in some ionic liquids with

physical separation at different temperatures':" "%

ILs e 77K PP S
293. 15 12.20
[C,C,im][ CH;S80,]
333.15 4.08
303. 15 4.73
313. 15 4.53
[C,C,im] [ OTf]
323. 15 4.31
333. 15 4.07
303. 15 1.91
313. 15 1.85
[C,C im][eFAP]
323. 15 1.79
333.15 1.71
303. 15 1.61
313. 15 1. 56
[C,C,im] [ EtSO, ]
323. 15 1.53
333.15 1.52
303. 15 3.45
. 313. 15 3.11
[HO(C2H4)C1‘"‘J [BFJ
323.15 2.87
333.15 2. 66

SR H,S 1 CO, FEP BRI b i 5 At e B 1
5 IR I B T e T T R 3 ABAR S oy B i 4 R
/R Ts B9 H,S/CO, Y35 £ 1 bt 75 B T =5 1
. K8 KWI[N,,,, ][DMG],[N,,,, ] [IMA]HI
[N,,,,] [NIATH) H,S/CO, BE#EME(1x10° Pa A [ EE
IR B i B LU ) B T B T o B B, e p
[N,,,, ] [IMA]Z7E 350 K B} B9 26 8675 55 35 60, 5
298 K W3R AR L B2 T3 5 i, X FPAH B A
TRLBERON AT RE & O IR EE T R Ils 5 H,S 4k
W SR AL RE B, AT (75 H,S A1k 2 IR g 3o R B i
B R
2.2.2 S0,/CO, HAH e

A RIE K BURR E AKX pKa (HOM5100 2. 17,2, 94,

% # 2018 4F55 43 %
60[ = [NoxsJ[DMG] .
° [N2224][IMA]
+ 50F & [N,,,4][NIA]
40
-3
30t . '
O L ]
S ool
10r o

0 . s . s s s s
290 300 310 320 330 340 350 360 370
LT
P8 BRI TH T H,S/CO, RYBIA VA it vk )
Fig. 8 Solubility selectivity of H,S/CO, with increasing

temperatures 551

3.27,3.44,3.45 [ C,C,im ] [2-NO,-Ben ][ C,C,im ]
[2-Cl-Ben],[ C,C/im][2-F-Ben], [ C,C/im ] [4-
NO,-Ben],[ C,C,im][3-NO,-Ben ] SO,/CO, #E#
P ik 227.6,156.5,136.7,116.9 F1 154. 3, 1fi pKa
{549 4. 47 19 C,C,im ] [ 4-CH,0-Ben | FYIEEEMAL N
2190 i I A A M B P OF R RE A S B S0,/
CO, , VPR 55 55 0 BOAC JE 2 8 o R A R 1 <A e
PEEROCHE X 5 0 R H,S/CO, B Rk
M ATaS e —3, —MIEOLT , TR AL S
580, 454, FEES S0, AFMEHR T, CO, 7EH
FHe 1Ls M ICZBE, BIFTIE SO, X CO, M)« BTiE” 2L
R R RN BT A R S0,/ CO, W i 1
PR PR 75 2245 B PR A 1 5k 55, R 59 (b i 5
CO, MEEARES .

[FFP 1L A GEXT SO, Fl CO, HA A [ il Wz e Hll
A 2E IO SO, 1 [R] B 4 BRI IR CO, , AT 5K
A B M, A HMER T [ CClim |
[Nsz J ) s I: CsclPYJ I: Nsz J ] A I: C4C1im:| [ Me-
S0, ] AE COo, MBI SO,/ CO, HFEE, K
7 293.15 K [ C,C,im ] [ MeSO, ] 1 S0O,/CO, %k H
PER 444, 44 X FEIAHE T S0, 5P1EF[ MeSO, ]~
Z IR A AR A O S L RABIE (A 55 1
HESE T FHE T [ MeSO, 1™ % S0,/C0, FIME S FE:,
6 X R SRR IR S P B T TLs B 075 i 48 SO,
(L 111 BRIk Z AN, B T BB F [ SCN ] X
X} SO, fb2EM W, T [ Tetz ]~ 5 SO, 1 CO, HfiEfk#
A NMEA [ SCNT 2849 TLs ™ L[ Tetz ]~ 24HY
s iy 75 M e PEVE T 4 (R 4), X2
[C,C,im] [ C,CO, ] H SO,/CO, HEFEAL N 6.97
(298. 15 K) Ay s A 7

S(1/1) NIEJ1 1x10° Pa B (1) BE JR %5 fift JiE 1
{8, S AR HEECLH AN, HONG S Y S5 iE
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T2 RN T BRI B R BT i 711

PR A7 3 K Bk A ) TLs, 40 [ C, (C,H,0)4C,im ] [ Me-
SO, 1, % S0, HA A% fi#HE 71 (303 K,10° Pa Hf
i) SO, ¥ 15 6.3 mol SO,/mol TL) ™) T Bk 1
SIAXE NN CO, ¥ M B 0 8508 IF AN B I, BRI I 28
ILs WA BB A S0,/ CO, W o7,
£4 AEIBER S0,/C0, FEERSY ILs PHIARRE
i3 A
Table 4 SO,/CO, selectivity in some ionic liquids with

physical separation at different temperatures!!:*"%

ILs /K S
[C,C,im][C,CO,] 298. 15 6.97
[C,Py][BF,] 293.15 28.00

[ Et, NEMim ] [ NT¥, ] 293. 15 40. 14

[ Et, NEMim ] [ Tetz] 293.15 39.27

[ Pggors 1 [ Tetz] 293.15 46. 50

[E,Py]Cl 293.15 49.05

S(1/1) [E,Py]cCl 293.15 49.30
[E,Py]Cl 293.15 44. 60

[C,Py][SCN] 293.15 56. 67

[ Et,NC,Py] [ SCN] 293. 15 64. 88
[C,0Py][SCN] 293.15 70. 40
[C,CNPy][SCN] 293.15 79. 00
[CoC,Py][NTE, ] 298. 15 21.30

[ CoC,im] [ NTY, ] 298. 15 19. 30

Su [ C4C,im] [ NTE, ] 313.15 19.91
[C,C,im][ MeSO, ] 293.15 444. 44

[C,C,im][ MeSO, ] 333.15 73.91

3 SEEREFE

38 A B ERARTR A AT R OR B TR AR
() LSV A e B PR T RS H TR &L, 2 1Ls
FETE e VR FE T LI, FRAR PR PR 5 L S R 1) s 22
BRI B TR IR A R AR o 1 i A
moo&= AR ME %€ W{, GOMES, RAMDIN,
BRENNECKE , MAGINN, SHIFLETT %5 1455 46 & B 43
Tl 2Bl IL-—JCiR AR =R R, i =t
TR R A7 JEIF SR AN SR TE TLs A AH B
AL

SHIFLETT %53 Redlich—Kwong JR 7577 FE A4
T N,0/C0,-[ C,C,im ][ BF, | iy = eI & 451 5
ZNHEHN N, O BERFEL A C,Cim | [ BF, ] & & 0] LLIg 3
PEE R ; CO,/N, 0 FUHERIL N 1 : 9,1 : 1 F9 -
1 =Fp4E 5 F, CO/N,0 B 52k #8114 (298. 15 K,
10° Pa) & 1.493 ~ 1.518, 5 CO,/N,O HfAH % ¢ P
1.46 #24 CO,/CH, MEIEFMIERE K
R B 255 52 i 45 R, 5 FRALE B PE 2L,

CO,/CH, BLSCBEFEMEAE TLs (UN[ C,C,im ] [ NTY, ] FiI
[C,Cim] [dep] ™) rh il 35 58 T s 1 W 2 F %, 3%
MG FRE L AETE CO, 5 HEMER IR 53 25
o, HERT %X} CO,/CH, 7E[ C4C,im ] [ NTY, | HH i
ST 25 AR Y ) A & 1) CO, #ERHRBE T
FRA MR e R P B 47 BUDHATHOKI 45 3% T3 1
G S SRR P TFEXTANE €O,/ CH, KA
(4 :96,8 :92 F116 : 84)HHE] C,C,im ] [ NTY, ]
TR R E BRI AT TBLRL, E S5 B[ C,Clim ]
[ NTf, ] CO,/CH, FLSZEe M 5B (Wi
(R E) I HeER , 25 R o fE R EE €O, CH, =8 ¢
92 I, kI F N 7.5, ZJRBEE R CO, WRE
BT, CO,/CH, S B 5k 8 4 3% 7 B A1 5 T 2 AL 32k %
PE(HIB B W BE L) TEERELE 74« 26 B S #EPEAIR
F2.877 WL, 1E CO, HERMIR A G LT, B
MEEEME 5 S BR ik BE M (W o i 2 R L) i 25 8
PN

®5 [C,Cim][NTL,]H CO,/CH, AMREIXIEN
(iR 333 K, &JE 100 bar) ™
Table 5 CO,/CH, solubility selectivity in[ C,C,im]
[NTf,] at 333 K and total pressure of 100 bar!™

R CO, R} CH, €0,/CH, €0,/CH,
e WS MU e c PRAR PP
oy aeny P ETCS
CH,) CH,)
0. 038 0. 962 6.2 10.20
0.075 0. 924 7.5 9.01
0. 159 0. 840 6.1 7.63
0.417 0. 583 6.3 5.00
0. 744 0.257 5.6 2.87
0. 864 0. 136 5.4 —

IR IR WOR By HER R CO, VR BE BT
B BR BE E BE AR, X AT B2 T CO, T
VERILF L CH, W, AT S 3500 1 B2 LU (B T
BEP BR CH, AN, A2 E I CO, R HEXERS
(N, H, A1 0,) B3 5] ., KUMELAN, SOLINAS
F1 TOUSSAINT 452735 S 90 i 5% & B CO, REW8 i ik
Hz E%(%{& [ Czclim] [ NszJ s [ C4C1im] [ BF4:| Al
[ C,C,im ][ NTE, | A i E 7 0 HERT %0758 &
PR 298. 15 K 1 13 bar B, 765 CO, IAFHEH T, 0,
F1 CH, 7E[ C,C,im ] [ NTE, ] o iy o fig BE 8 ™) v
BUGX I A IR K AT B2 Y CO, SR F A A/
VI XEA PSR 5 PH B A e B4 =2 1] 1) 43
Y 13858, 55— 5 T, CO, SR T R4 & 115 T
ILs 43T -BHES I AR B AR, 530 1ls 2GR
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BAR, T ISR T H, ,0,, CH, ZEWRA I3 ., 5
AWFTINH CO, 25T Tls PR MK, TR LT £
A E Eas a7 R I, X R IR AT R A2 TR
SN B A, iR AR T 330 K B, H, 7E [ C,Cim ]
[ BE, J (0% i B2 B CO, ¥ ffe i 38 5 T 24 I8 % &
340 K I, H, M3 NI CO, WML .

&4 M1k, RF CO, 5 XER R I g R L
TEAE—e4 N . SHI %5 & BILTE CO, TEAE R TE
T 0, 5 N, ¥ RS AR /N I Al 28 CO, -0,
Z IR EAEFIRERRZ ) SR ASR] ) S 56 A5
FAFCANREE 77 .CO, Wk B4 ) LI 5 e 4 45
BN R, Bk, ILs AR IEE N TENLEEIA 7
FLLEA T Z SR 5 AU TR AR,
T 7R S-SR Z 0] LR SR - DL 22 8] i A AR
M.

55 CO, RPXEV SRRy < i 200 AH B2, SO, il
H,S 7& 1Ls & CO, b Rl “ Juis " 1EH , B 1H1F
TE¥ 5 CO, e Abaf WAL AL, TG CO, k2%
W SO, R B A U AR R PR . T Redlich
~Kwong AR A 75 F2, SHIFLETT %5 7 €O, - S0, -
[ CoC,im ] [ NTf, 1" €O, - SO, = [ C,C,im ] [ Me-
S0, 1™ €0,-H,S-[ C,C,im][ PF,]"*' &% CO,-H,S-
[C,C,im] [ MeSO, 1™ = JC ik & (9 #1 47 H, LL-
OVELL 25| F] ] Soft—SAFT k25 77 F& % 258l i1 = 7%
%48 €0,-S0,-[C,C,im] [ MeSO, ] #1 CO, -H,S -
[C,C,im] [ MeSO, ] RGkAT THAUTE ) Bl
LW RIEA FIT S0,/CO, Y 1E£EME I ; 3 5 44
T R o AR R A R AN B ) R/
) IL 8 AT LGk B R W om0y 2k g B an.
CO,/S0, ¥ i iy &t tb A 9/1 B MR EAR T 1% 1)
[C,C,im] [ MeSO, ] Y ¥ fif 3% % £ & 3k 2 3E 390
(298. 15 K) ", SHIFLETT %% JH Y Redlich—Kwong
B R 7R BEE [ C,C im | [ MeSO, ] BYEE /R
L3N, S e Bk S OR AB fka 341 B COo, WREE
BEREE, KA TL S AR A5 B R R e R
53—, L F D R SO, WRIE RIIRA
SISO, WREEMRANE A SIS B2/ M 2, -
BN, B IL R, A FEERE ) SO,/ CO, TR
BB TEPE R T A 22 B W08/, A0 Y 1L P 5
WREIT 80% I, #ERLHE SO,/CO, MO :1 51 :1H
PRI LI RS e B Y420 340 (T=298. 15 K, P=
10° Pa) "™ FUEAT L, AT DIARSE SR HERL H S0, e
FEIE S8 TL R B DA 3k 30 A Sk AR I I e 2o
P, &F CO,/H,S HE K W, 7E CO, - H,S -

[C,C,im] [ MeSO, ] B4l | Shiflett 5 Llovell PV 2%
I I MR LG XV A E PR VE I S e R, B
AL S, N W3R TR A SR A A 1 R I
KRB —HE g, F—HRTE CO,-H,S-
[C,C,im] [ eFAP] =JLIR R MY RK BRI TN 25 5 vt
AR,

R TR A AR 2 BRI At e Rk 52 SO BE T
Lo ILs & R SRR R LG R, T AR
A AR 190 81 WA WA ) 8 D B 18 5 3 O TRLE
T A BEARAT B o VA R e R

45 ®

(1) M N,,H,,0,,CO,CH, % XE&ESAKho8
CO, FFA W ME, JCH & & A PERER ([ OH ],
[MeSO, ] ™, [ CH;OHPO, ]~ 4% ) A ILs [AESE ILs (0
[C,C,im][BF,],[C,C,im] [ NTL, | 55) & fig )1 2=
B2 A% J3Ah, AT AR S A s D RE AL B S 1 (i
BRI EIERRZE ARR T A & R SR 25 B B
T) 5 BEEXT CO, fh2EmlichE J1, i o, 5
HEMERIAER T E,

(2) 7 A7 5 B M 3 AT 9 TLs XF €O, , SO, il H,S
o R RN NS I S o e Y N 4
C0,/50,,C0,/H,S 7 fifk P& 1 1 B AR 5 PR i 75 45 B9
9 1Ls BlPE S SE A 7 B, LASS Ak ILs 5 CO, %5
AR E S0,/C0, K& H,S/CO, HFEE,

(3) WA BHE G 3BT L BN L ILs DAK
IR AR S5 TG T i e Bk

(4) FFRHE G S ML bR il e BV I B 5T 24 3R
B SR AR I8 il B 1 1 32 SRR LE  TLs 75 5 IR
RIS R LR A 52, R T AR R S B i R A Ay
W EERfE G BN Is A A5 VR IR B 0 ) ok S8 I s

ZEG HNRITTEIUR A5 1S RRRATT
JRIY FE TN .

(1) 38 1 00 T AR A A ) T 4 v AUk ik
FEPE (T RO R B AR [Ls , T A2 5 A AR
PRV HA — & M2 HEVE T T B 28 TLs MU S
LW S 8 5 el S S A W, R R X R
VAR R WG B M s i A i — 2D SR 5E

(2) MmO ESURIR G Y, A LB RS T30
AR WA R ILs 55K SR 5k
[ (R AH ELVE R R 9 SR =2 [ 1) s/ B i a8 g S
MR Z T3 )RR RS 1Ls X £
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(3) XFIRA AR SEPR A i vE B0, th T8k
R S W o e AR IR T A SR 2 A i B
111 5 (5 B 22 A4 SR AVl 5 R AT RT3, R
[RPRAS Ty BB A 48 SR IR 58 4 — B0, W UR VS il
TERRE R0 PR 3R 1 25 SR S AAAE — Lo 38, IRL T EL A
ZFRAS TR AE 22 20 53 AR - 1L AH P-4 v i F 9 25
AR AR R UNE TLs FHE R 3k
STE R A EEWE L, HE A RRAER
TRAE TLs TR (AR B IR 3 /0, R 2 0 S Ak
S T RE L s XHE G S 4 B RIUCR 16 R UL
iH,

(4) T iR AR TSR, BB R 4323
XF T TLs WO IIFFE AR 373 K LU R 047, i it
A PR IR B v (AN S B i E R AR —
JBEE 383 ~ 413 K 22471 MY IE BB gE L0, SCEk
(8448 T K XJE F[TETA]L B EHE T RIAKAE
383 K W Xf CO, Y Ml JE 2 0.944 ¥y Jow 1) 5 1
(0.176 it tb); DA ¥ HEMIE T 10° Pa T
[C,C,im]L FI[N,,,, L X} SO, Ffb2Em 1k, 110 C
I BT AR BEYAE 1 mol/mollL 224710, R, X
SO SR oA 4 T AR B AR R S5 . 1T BAR-
BOTU %265 ([ C,C,im | [ NTY, ] 5B 2 15T B 45 5 T Wi 5
MR, FHASHAE 373 K B[ CO,/N, SARBESEME
%£35.6% ) HA L, SHE MR A 2R E
T TLs 1) AAR MR WAL 15 426 F 9 R A LA R o E 2
(AR S, IR X e 5 A 1 i | AR e M = i Dy g
1k ILs,

(5) A SC B R4l TLs 78RS 8 75 1 1Y 5256
AT DG 0T, BTEARE ILs B R IERA W] <
PRI 53 5 145 ) A v 50 4 B AR 1Y
ILs Z5 Bt it B 25 RS B4, 4R, A
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