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Efficient Absorption of 1,2-dichloroethane by Ionic Liquids

DAI Chengna, WANG Shuying, MU Mingli, XIAN Jing
(College of Environmental Science and Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: The traditional organic solvent absorption process is characterized by high energy consumption
and large solvent volatility lass. To solve this problem, this work proposes to use ionic liquids (ILs) for
efficient absorption of 1, 2-dichloroethane from waste gas, and guided by a predictive molecular
thermodynamic model, this paper systematically investigated the practical application prospects from the
molecular to system scales. The COSMO-RS model was used to screen 476 types of ILs. The effect of 1L
structure on the absorption of 1,2-dichloroethane was investigated from the cationic skeleton, the length
of carboxylate anion carbon chain and the degree of fluorination. It was found that the nonaromatic non

cyclic cations and the shorter carboxylate anion carbon chain length and the nonfluorinated anion structure
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were conducive to the better absorption of 1,2-dichloroethane by ILs. Finally, 1-butyl-3-methylimidazole
acetate ([ BMIM ][ Ac]) was determined as the appropriate absorbent. The optimization experiment of
absorption conditions was conducted at different temperatures and partial pressures, and the results
showed that the saturated absorption capacity of [ BMIM | [ Ac] for 1,2-dichloroethane reached 2177 mg/
g at 20°C and atmospheric pressure. Through quantum chemistry calculation and wave function analysis,
the microscopic mechanism of ionic liquid absorbing 1,2-dichloroethane was discussed. The reason for
enhanced absorption is due to the strong HB effect and vdW dispersion effect, which are significantly
contributed by anions. Cations are mainly combined with C—H--- Cl interaction and vdW dispersion
effect. Conceptual design and process simulation were conducted on the process of DCE absorption by
ILs. An equilibrium stage model (EQ) was established for the absorption process, and COSMO-SAC was
selected as the thermodynamic model. For the selected operating conditions, the removal rate of 1,2-
dichloroethane by ILs reached 99. 88% . Compared to traditional organic solvents, it was found that ILs
have lower product gas loss and energy consumption. This indicates that using ILs to absorb 1, 2-
dichloroethane is a good strategy and has certain industrial potential.
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chemistry calculation; process simulation
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40 118.78 285.51

3.3 JRE DCE YRS EXRKFEH MM

EFXHEEAY [ BMIM ] [ Ac ) B TR IE— 2 3Rt
TR EE SR DCE & & (40K po/ps, Horb p;
i DCE 7£ 20 °C WA A1 4 Fe ) X W 0 52 M, 4n
K6 Frs, Al UL, DCE /o 1 W e 75 o I 1 15 1) R A1
TG, R A A F 0 0 Bl i2E < DCE 43
JE A8 R 1 W 25 B TEAIRA I T R e 25
500 R IEARSE, Uk B G R A B, T R
T R B ARG T T B S B TR
A

0.2 014 0‘.6 018 110
plp?
Fl6 B ARIREMIES S X BMIM] [ Ac]H
DCE WRSUA it F5E
Fig.6  Effect of operating temperature and partial pressure
on the saturated absorption capacity of DCE in

[BMIM] [Ac]

3.4 Mo FKRFRG RICHLEER
3.4.1 53 F-3R1H A B2 A1 (o-profile ) 23 BT

o-profile T LA IR 43 101 1 Jey AR 1 5 ff
O3 FZ IRl AH AR BR3Pk 43 3R AT . AR i
53§ 1 o-profiles £k 53 7 BB AR AR A, 7] L
15 R R E e TR FL AT 43 A 15 0 LA K -2 L
AT R i v T 5 . o-profile 439 3 S IX e &
BRI (0 < —0.008 2 /(107" m)?) AR X
(=0.0082 ~0.0082 /(107" m)?) FIE k57 A IX
(6 >0.0082 /(107" m)*), W 7, DCE i o-
profile L) ( —=0.012 ~0.009 /(107" m)*), %>
SIFE -0.009 /(107" m)* F10.006 /(10" m)?
A7 B — N 5R I 7 0.002 e/ (107" m)* Ab 5L 3E
H—A550 1l UL DCE FE R B AR M I SRR I
TRRETT kXA [F] B 42 BH 2 1 #£47 o-profile 43
BT WA A T AR B X 3, B BH S F 5 DCE [7]
YERLISEPERR 1o 5 . FEEL IR B 1Y
AR X sl ] K T HAth 4 AP PR ES +, 5 DCE
(] ZRIHH B o A AR ) | 3 5 B T iR DCE 1
F T 255 Y COSMO-RS T (B Kz S 86 4% - — 3%,
[BF,]  .[EtSO,] .[CH,S0,] Fl1[ Ac] BB F4>
7 0.011.,0. 015 .0. 018 F10. 020 m Ab 52 B H I |
T H AR A 2R GE ), 72U DCE 2o B i AT
e SEAE A, RISl WL, B 75 DCE [8] (&
)M EAEH R & TR (BT U E
TN DCE T+ £ 5, 5 & 5 L gh R
—3,
3.4.2 SEERESHT

R T E RS TS R 454 12 W A& 5 DCE []AH



PR, 25 BT HUAR R RBORBUR TP Y 1,2-— 5 Lk 405

50 SHHUAR AFRILK ; AR
—DCE

40r vy |

— [BMPYR]:

. 30F —[BMPY]" |
=) [BMPIPF 1 [\

20F —[N4da47 | /A
—_[P4444T /4/

10} / |

0 7y N ‘ .

-0.03 -0.02 001 0 001 002 0.03
o/(e+ (1071 m)=)

(a) DCEFFH S T-o-profile&]

30T SEAUAK HERAEK AKX

—DCE

| —[Acl
208 _jenso,r!
s |—IEsOf
T [BF I
100

—(()).03 —()I.02 —0.01 0 (I).Ol 0.62 0.03
of(e+ (107 m)2)
(b) DCEFIBH S T-o-profile[d
K7 COSMO-RS #k43H) DCE 5 FFH B
o-profile Z3HT
Fig.7 o-profile analysis for DCE, caions and anions

obtained by COSMO-RS model

HAEH, % A Gaussian 09 Xt 45 & 6 3647 T 40 #7,
DCE 5 B/ BH &5 -/ &5 W 1A 5 1A AL Ak JLAn 235 44 4
8 7N M EAEHIRESS R ANE 9 Frzn . ml WL, BT
T3 DCE [AHEAE IR K T FH e 75 DCE A E
YEFIfE, VLRI S 15 DCE 254 RE T B, ESIE T
B S eSO Fle = R . PR RS e B B
K M E AR RERR /DN, 22 i T e A 1 1S K ARk
MR B 6 Tk U E H PN DT BOE iy 2
(C—H---C) 155, BIE ¥ 5 DCE #H H.AEFHRE (48
XHE) MREVIMEYCA Ac] ™ ([EiS0,] - ([ CH,80,] ™,
[BF, |~ AHEAE I RE B K 375 G 3 AH AR T R
X5 o-profile 43T M 25 W AL A i 75 2 R —
|, BTWAKRS DCE A EAE BN TH/ 1
5 DCE myAHEAEHIREZ 18], L2 Ay B BH &5 5[]
IMETERR L ) &V ) SR Ty, Bk
DCE [AJAH 5 A I BE R /NG 5 B B 7 — R 45281
355 VBRI SO i S B 4 R — B, BRI R A AR B
YEFHREBOR , W RE T B

3.4.3 Sy FufEARSR I E T

It ESP W] DUPR S B2 43 [RD08 AE 1Y A AR 45
B, TR R SRy 43— 1) R0 ) DA i 32 R Y
X454, K10 451 T DCE BIE T FHE This
Fo3 A, AL, DCE # i Sl X3 A 7 2 51
JE 7] e/ ME M - 21,33 x 4. 19 kJ/mol , X &
THARBRBAENEE 7 2R FRER o
WS IS, 1 T S LA i fr 2% B AL, s B0
BB R IE AR A 21 €6 X ek, L8 505 i
ESP i K, 4 )7 ESP fix K{E 50 29.42 x 4. 19
kJ/mol , 1] 5 Al /3717 ESP £ & ELAT s AH HAE .

XTI, T A B Rk ESP o Al
[Ac] ~BAES T ESP H/IME( - 155. 42 x4. 19 kJ/mol ) fii
T2 ANERETF R A], H A A B T fe/MEFR N,
LRI S DCE fesk i AHEAEH . X[ BF, ]~ A
BT, T U R LA, 2 )R LT 3 AN A A Y i
1 ESP {H A5 ( —121. 06 x 4. 19 kJ/mol ) , H# 2% i
), [CH,S0,]~ MI[ESO, ] ~ BHE 7 i ESP {H
SRR TR B 7, R T8 DCE AY1E ESP &b
JE RS AR E AR

SIE TR, FHES 120 1 3% 180 1) i 35850
IR AR, WK 3R] R 43 A1 A 2 AR R Y ESP )
KAH S, IE ESP {8 425 5 FE 2 357 H 307 DR e 34
AR R R 2 ), LR S ARG K IE
ESP (B K AR /)N , 3% J2 PR ok BH 85 7 b i) doe S 4 1
S B 3G I A5 KR R T B T IR R
(R HL T 2 2 AR
3.4.4  SMEAEHB AL BT

IGMH 43 B4 k43 1] 55 A0 BLAE F T 904k 20 B
(1) B LB, n LA o X 43 R B ) 45 A T 179 /)N
R te oy B A5 21 43 (8] 55 AH B AE FH 0 568 82 25 A2
(&5 JufER Ty A ER ) o K 11 R,
[Ac] B TFHEEF5 DCE 2 FHh &R AL 2
F B A A AR (E A, BDJE Y C—H -0 &, ESP
3BT B AU L AR B A S X
5, DCE &5+ I 5 A7 76 W1 b (%) v 35 1E (B IX B
R AT IR i B, LA BT B 7 5 DCE 43I LA
JAEAR A T AT R 3, [E A AE 59 Sk ([ BF, ] 1k
%M C—H---F &% [ CH,S0,] /[ ESO,] A& N
C—H---S fil C—H---0 &) ,

X F A F-DCE 1k &, DCE &7 F P & 1
I RLSZN S eV el s B N BN AV D S T
T, YA BT 2 0] 32 B DA AR AR (vdW ) EH/E H
HES, 5B T-DCE (KR M I, HE F-DCE &



406 d = T Wk Kk % % R

a) DCE-[EMIMJ*

£a~1

() DCE-[CH,SO,I

(h) DCE{{EMIM][Ac]

&) DCE-[EMIM][CHSSOS]

(b) DCE-[BMIMJ*

(i) DCE{BMIM][Ac]

fC’ "rf;j;

1) DCE-[EMIM][ELSO, ]

2%

(f) DCE-[BF |- (&) DCE-[ESO, I

(j) DCE-[EMIM][BF |

’("ﬁif #, $ieg.

DCE [OMIM][Ac]

K8 i Gaussian 09 BT HEAE AL LA 2544

Fig.8 Optimized geometrical configurations calculated by the Gaussian 09 software

FINHE O AFE RN FEART] Z0% X WA HB A
HAEREBUN, X W T BB 5 DCE R R4S
BREERFIHET5 DCE (KRR MYJAH

B TFWAR-DCE R &, LI FR vdW @1
Sk IR 22, 9 5 T LA 255 40 BAE
(7= 07 o, 5 B B/ BH 5 F--DCE AR 1 i 7= A=
NI, DCE 5587 85 22 18] (1% 55 A0 5 A 25 (1
e DCE 5 BH 5 2 [8) (%) 55 A0 AT 45 0 1 50 K,
FEUABA BT LU BH B X 5 FR-DCE 2 [8] i) AH B
YEHIBTBREE K, X AT & Z Hif COSMO-RS #5244 il ]
OESS

3.5 mEMZItS5Hhi
3.5.1 T ZEmEMEERT

KBS T WA [ BMIM | [ Ac | 4E hy W i 551 48 42
DCE #HATim AL &, &l 12 fros ., JEEHM
WA R R A 5 W ISR 0 3 12 M, BB DCE 2
Ji B0 i ARSI TOR AR A5, 35 IK B DCE WIS
LB RN ZEHATIIGR 542, JETF Aspen Plus #37
I MC — i W T A O B A AR | G e B 2 A e
COSMO-SAC 1Y, TEFRAAL S ikt # b s+
WARAE M B HUZH 4318 B COSMOthermX. #5447 4]
BIFA A Aspen B85, DCE N, /B0 FL2H 43



5 4 1]

PR, 25 BT HUAR R RBORBUR TP Y 1,2-— 5 Lk 407

[OMIM]*-DCE

-11.21

[BMIM]*-DCE

]-11.88

[EMIM]*-DCE

[-12.00

[Ac]-DCE

]-23.11

[EtSO,I-DCE

]-18.89

[CH,SO,]-DCE

1-18.78

[BF,|--DCE

]-16.53

[OMIM][Ac]-DCE

|-16.75

[BMIM][Ac]-DCE

|-16.48

[EMIM][Ac]-DCE

]-16.29

[-15.83

[EMIM][ELSO, |-DCE

[EMIM][CH,SO,]-DCE

[-15.14

[EMIM][BF ]-DCE

]-13.87

0 -5

1 1 |
-10 -15 -20 =25

ZE A HE/(4.19 KT - mol™)

9 PBABTF/MHEF/ B FRIKS DCE 4546

Fig.9

1.65
& A ~21.33
9 \4 1.64

A
29.41 y
29.42

22.97

(a) DCE

(b) [Ac]

121?61 1?0.59
-127.28

~128.44~

-119.44 _5‘*2_34
(e) [EtSO, I

() [EMIM]*

Interaction energies between anion/cation/IL and DCE

(g) [(BMIM]* (h) [OMIM]*

B ARk, ESP i A fH ;75 Bk, ESP fie/IME
10 DCE ¥ RIBH B F vdW SR #3508 (3007 24, 19 kJ/mol )
Fig. 10 ESP of the vdW surfaces on DCE, anions and cations in ILs (unit:4. 19 kJ/mol)

CIN-RENSR R € RE
3.5.2 T2tk

SR LS Tl B B EURE R  BE ARAR
I3 BN 1% B DCE F199% () N, 4L TR AU b
R 1000 kg/h, 2R W WOE TS 7 4 < b DCE
RSBy ) AKRT 1.5 x107°, AT 28 DCE 5
TR FH B RIN ZE AT P A= Horh — N 78
WL BE RN ) 43 A Ty, = 160 °C Rl py, =
10 7> MPa, Al SR REE 14088 B AR, 7 % DU 33 A
BAES BT S B AR B (V) BB TR
J1(py,MPa) GEE(T,,°C) JUGR A (Ui
W L/G) G INZETE R BRAE IR BE (T, ,°C) MR T
(ProsMPa) . SO RIIE T ™ i DCE & #1952
WA 13 FR

1l 13 (a) AT L, i W03 B0 395 Al 1 3

KBTS R DCE 5 2% i B A, (5 24 35 080
T 6 ZJ5,DCE & SEARKEAL HILER G % &
WA W E IS I AREGE R R 6 S, RIS
B IRRE XS T5 ™ 5P DCE & AR K R IR
AR, E R AR AR A 2 185 g W AR 1) 86
JE , DT HE IS 8 32 5 8 RS, e A () 4 T
JEWE R 25 °C, BlIGH 5T RBOBEREAERT1 (p,)
AW 90 9 o (R R LG LG ) R B T R
DCE H FRF - Ei sz, WL 13 (b)), i 28
A B R R AR DR A R, B R sR
(A T AW A ) R 2 4 R R 1K™ 0 DCE 19
HEARBUM L, BEE L/G B9 K, DCE (1) HHARF
Sy BB (H S FAE IR F] 2.5, BV SR 3t ik
£ 2 500 kg/h B, 3 — 2019 KB W AR =X E
PRFA B 5% AR S 55 . O HL A 1 L 0. 02



408 d = T Wk Kk % % R

(b) [BE, | -DCE

\?/&o"%"

() [Ac[-DCE

(i) [OMIMJ[A¢]-DCE

@) [BMIM][Ac]—]jCE

5%

e
>
()
P a
’ S
o -
£

%)

vd Wi
L

(m) [EMIM][EtSO, ]-DCE

¢

W [EMIM][CH3SOA]-]5CE

(k) [EMIM][BF J-DCE

o050 T 0.05
HBAI AR

11 BIBHES F-DCE #19 IGMH "] MAL I (bR LU 7207 B )

Fig. 11

; PR

., INZETEL DCE
LLbeiil B9 IS B2
: ~
: Tﬁ%b‘h%ﬁ_' INZERE2
JERHAL

HAH

K12 DCE Wiy T2 kit
Fig. 12 Process design for DCE absorption

MPa (1 E 3 G5 g e, 1A SO R R o3 BT g
KRBT S . IR T Ak, e 1 i
BAE e &N N=6,T, =25 C,p, =0.12

IGMH visualization for cation or anion-DCE clusters ( color scale shown in atomic units)

MPa,L/G =2.5,
AT WS e s Jo ) e 6 IR SO R
BRI, WA R T DCE B & B T N
FERER BRAE S CREERE ), W 13 (¢) (d)
Bl INZEHE 2 FE I RRAIG ( RP B2 I ), 7= i s
DCE Wy FHARBU M B 25 N R, SINZEHE 2 R
JIM 107 MPa [ 3) 10 ~* MPa B}, DCE 4 H H1 A&
FUEON 111 x 10 FRERI 1.2 x 1077, B INZE
P A R AR 5, DCE. A8 1 10 A FR 0 0 . 35
I, 4R M 80 °C 42151 %1 200 °C ), DCE JBi Bk % 2
T 99. 9% , 4R FE KT 160 °C I, i B R 16 K T
RS U A P IR B2 ) 4 v 6T DCE I 53% 2% 1Y) 5 e
BEWTIRIN o 38 1R 1A DN 2 U B RN A A 28 T A )
FRAE R (X35 A 1 o) 2 AR A R i R4
0 RE AR R LA, B2, BAE MR AL S Rk R



5541 BB, 5. B BRI Py 1,2- S Lk 409
¥,/10°¢
% 0.20 l 142.0
= 20°C  L/G=25 125.0
25 —eo—257% pA=0.12 MPa N=6 L 108.0
—h— 30 DC TR2=160 OC T\=25 OC
20 Pp,=107 MPa T =160 C 91.4
& Py=10 MPa l74.5
= -57.6
-40.8
23.9
15.0
7.0
N LG
(a) NHIT, (b) LIGHIp,
120 : -100.0 100~ —o—y/10¢ - 100.0
R > X —o- DCEBIHRF '
100 - D(‘Eﬁﬁ“%%: 80
80 995 §_ &
S & £ o N=6,T,=25"C 1995 ﬁ
S 60k = s . =
= 60 2 = L/6=2.5.p,=0.12 MPa =
apl 99.0 :5; r pmzl()' MPa 8
N=6, T,=25 C N
20} L/G=2.5,p,=0.12 MPa 20 199.0
T,,=160 C \
0 L 1 L 1 985 0 1 1
0 2 4 6 8 10 80 120 160 200
Pe,/107 MPa T,/
(¢) pps (d) Ty,

K13 TZHRAE2S8000H 0 DCE B 8

Fig. 13  Influence of process operating parameters on exported DCE content

Ty, =160 °C .py, =107 MPa, 7EML 414 T, DCE Y
JBLBR A 99. 88% , W W #5107 ¥y i DCE R 434K
H1.2x107°,
3.5.3  SEGAPLETIRI T 24 H

2T ORAEMBERRAE 5514 T B IR AR il
5w LA MG ( = H B, TEG ) W IehERE |
W B REAE S T EAT T HRAR S5 Rk 2 it
an, Hoh = HEE W UL DCE T 25 i 15 W i /P 6 2
o, 58 PRI T 2R Z A 7E T TEG [RIH
JC RIS, AR RS L Chen 25 98 5E . )
WHRAVE S S Tls 44 DCE T2 AH R, P4 250
PRAESRAF BB N, =6 T py =1 MPa B TR
b R=1, M2 0, SEHA A B 53 AT 55 (v, <
1.5x107°) B FRIARTLZMLEL TEG TR
RAGRE T AR . BNIRGEFRE A 24. 77 kW, A HEfE
FE M 28. 38 kW, #AZSHEFE N 36. 44 kW, MH L TEG
T AT 34.22% 11.15% F1 82.85% ,
A TAE X T8 TR AR DCE 1) g5 il A Fi4

GERA R IEATIRAMFT, (HAE Wu 252 R0 R T
WA — S e i TAE P R B R & AL ST
gt i A — W 3 B B A B s A B AR R AR
(349.493 J73E70) , ] B fig 1 W A 38 B F WK
[ BMIM ][ SCN ] ( 1-7T F-3-FFF 5L g s i 10 R 48 ) A
[C,Pip] [ C,CO0] (1-Z 3R b B IR ER ) 4351 =i
59. 88% Fl1 42. 71% ., % Ui W] 25 F VR AR AE BUAS AT A7
PE T RAE G R B, dlad T 2Rl
W DCE 43z 8 a] LA, 2 F- W VA LE R ISR) FH 1t F
T REREFE A Iy AR A K Tk i VS 1 [RIE AR
HAth CVOCs AU T4 vt o] LU 218 F AR 1)
Iz RS4RIk BT B R = Al B
S EE T 3 B AR B T A ok AT S R R A ke Y i)
R BRI T A Tl R R RS S B AN BRI
FEIR ST R bR T 225 R TR R R, 26
JE P E MRS Mt A | 3kt R R RS TR
PRI T AR IR A AR 1 I 2EE |



410 d = T Wk Kk % % R 2025 4F

*2 AEREFIHE DCE FiRB IR ERREEFELR

Table 2 Process simulation results and energy consumption comparison of different absorbents to capture DCE
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