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Separation for Azeotropic Mixture of Acetonitrile and

Water with Ionic Liquid Entrainer
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Abstract; The azeotropic mixture of acetonitrile and water is always encountered in industrial engineer-
ing, and it is difficult to separate them using ordinary separation method, where some special separa-
tion technologies like extractive separation must be employed. Therefore, the vapor-liquid equilibrium
(VLE) for the ternary mixture of acetonitrile + water + 1-ethyl-3-methylimidazolium glycolate
(LEMIM ][ GACY)) was firstly determined through experimental measurement and the ionic liquid of
LEMIM JLGAC] was verified to be effective in eliminating the azeotropy of acetonitrile and water mix-
ture. Based on VLE data, the binary interaction parameters in NRTL model were then obtained with

the overall average absolute deviations 0. 67 K and 0. 007 8 for equilibrium temperature and vapor
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phase composition, respectively. Finally, the separation process with one extractive distillation
column (EDC) and one solvent recovery column was built with Aspen Plus software. The simulation
results showed that the IL entrainer of [EMIM ][ GAC] could decrease the molar solvent ratio from
0.94 to 0. 20 and 9. 4% for the heating duty of EDC, meanwhile the number of theoretical stage for
EDC decreases from 53 to 20, comparing to ones of ethylene glycol entrainer.

Key words: extractive distillation; ionic liquid; acetonitrile; water; azeotropic mixture
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1.2 KA EMNE

 1ls B9 = 0% FE PP fir SE 98 78 ) el adk (0 35 7 0 - 28 0 A0 0B 7 . 1 2 38 a4 A K 4 93
FRE— 52 1 B B IR L G RK L B B 2 200 mL AYRESh L IF— UM 43 A S 17 78 08 43 B9 S A 2 o s T 9
TRAHVS BEAE 1 ¥8 E0K 5 TF R A 5 15 57 22 0 19 O 8 ST VARG R 5, 00458 1 i R B R VAH TR B 5 7 2 L
JESAE R JG R R G R 1217 30~60 min, I B C 53 T B VRO A6 B0 3 R 1 S L 43 il A
TRAH I VRAH 422 V00 2 ORI 8 1 0 B o o [R) A2 Si R AR - M R R 5 2508 E IR S e L AR B R OR
BAARASCRN S AH A 3 A ARl T 2 <7 T B AR A5 58 4 0 A - A B L RS B Db 3 . RIHAARHN
A% AL W W E 30 mL - min ' KN A L RS L OERE =R E A N 453. 15,423 15K Al
453.15 K,

S AT AERALEE - RIR BRIRAL S BE 0.1 1g, C20 KF, METTLER TOLEDO; B K°F  H5 BE 0. 1 mg,
METTLER TOLEDO; S # 4 3%, TECHCOMP GC7900; {4 i 4%, TCD % 4, TECHCOMP-OV-
101, K XN XIMER 0. 6 m X2 mm X 3 mm; KRR KW 0.1 K, iR B A R .

1.3 XREREHH

1.3.1 VLE SEI8¥4E
WET LW E T Ils BEJRZH M 0. 05 F1 0. 10 IF 25 (1) +7K (2) +[EMIM [ GACT(3) =84
WAV AR T3R8 1, Hoh T O PR o Fy 40 530 DR WRORH RIS BE R 2 s B AR exp” Fil* cal” 43 3]
FORELWATT A, FTEEAER AR A 2 U HER Ils J5H— LA AR A . iRm0, 2 TLs By EE
IR HCA 0. 05 B RIVAT 3 ok e i o
R1 ZE()+K(2)+[EMIMILGAC](3)EER K FE LI NRTL & R (p=101. 3 kPa)
Table 1 Experimental and correlated VLE results for acetonitrile (1) -+ water (2) +[EMIM][GAC](3) at p=101.3 kPa

x5 Tee /K zi Y Tel /K yol x3 Texe /K x1 Y5 Tel /K i
357.85 0.094 6  0.553 2  357.47 0.546 2 368.38  0.0757  0.472 8 365.56  0.495 8
354.02 0.1472  0.6225 354.14  0.617 5 360.17  0.1386  0.632 7 359.96  0.618 7
352.48  0.206 9  0.654 2  352.22 0.659 7 356.36  0.2254  0.718 6 356.25  0.696 7
351.56 0.2724  0.6932  351.18  0.687 3 354.52  0.3291  0.756 5 354.25  0.747 7
351.03 0.3449  0.698 9 350.64  0.709 0 0.10 353.50  0.4149  0.788 4 353.50  0.778 5
351.16 0.3927  0.702 9 350.48  0.721 4 353.50  0.5199  0.8050 353.19  0.812 0
0.05 351.44 04775  0.734 3 350.44  0.742 6 353.56  0.604 8  0.840 5 353.28  0.838 7
351.54  0.5453  0.756 7  350.57 0.760 6 354.50  0.7130  0.8694  353.74  0.874 9
351.58  0.6032  0.770 1 350.79 0.777 7 355.23  0.8016  0.908 1 354.39  0.907 6
352.29 0.676 4  0.8014  351.19 0.802 3
353.30  0.790 8  0.852 1 352.17 0.850 9
354.62 0.9012  0.9197  353.63 0.915 8
356.63 0.9214  0.9598  355.69 0.959 4
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Table 2 Binary interaction parameters in NRTL model

A i 2110 (gi—gj)/(J * mol™1) (gi—gi)/(J* mol™1) a;
NG K 2 214.21 5 202.99 0.354 5
NG [EMIM][GAC] 27 293.14 —16 326.17 0.107 7
K [EMIM][GAC] 16 035.48 —11 042.90 0.402 2
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Table 3 Interaction energy among different
molecular clusters
Eiv W/ (k] + mol 1) K/(kJ + mol )
[EMIM][GAC] —1.39 —30.57
4 —1.56 —23.03
K —10.16 —

(a) ZJE-[EMIM][GAC]

(b) 7K-[EMIM][GAC]

C

p(o)

-0.01 0 0.01 0.02 0.03
o x107%(e * nm?)

E1 BALCHENSFREEBEGTEESR
Fig.1

0
-0.03  -0.02

Profile of charge density on surface segment

2,396

(¢) ZE-EG

(d) /K-EG

B2 AESFHEMALEH

Fig.2 Optimized geometries for different molecular clusters
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Fig.3 Process flowsheet for extractive distillation
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Table 4 Basic thermophysical parameters for [EMIM][ GAC]

o> TR/ iVl WS T/ WFRE, AR/ I 54 AR/ .
Il 5 46 2 i 0> A5
(g mol™ 1) K (g+mL™1) K MPa (em® » mol™1)
186.21 671.00 1.141 9 890.43 3.071 596.72 0.244 1 0.951 9
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EG 1 145 kmol « h 'F&MK ] 30 kmol « h™ ', H EDC (3G T I 9. 4% , 8] TLs {23 2 15 5 K405
FIZCR BT EG, R0, T8 F R MOME 2 & F5 1 . S 80 SRC B 22 R i ad & il o i fr e . Ry
T AR SRC IR far , XHIZ S i — D AT TARE (p =2 kPa) BRI, 45 R WK 5, 5 ) B A %I
T SRC Y3 42 R B2 83258 AR B0 A A B3 500 v A 4 B r 19T B L PRI AR AR R T T 484 SRC B XF



%14 ERRF . BETREXRANGY 2B LI+ RKEHRYD - 19
1.0081 1.0081
E 1.000F E 0.996}
T 0992} E 0.984f
= i
% 0.984} % 0.972} =
ug m= —zE | =
b, 2
& 0.976 ;;E 0.960}- P 11 430
N 0.968 I I I | N 0.948 ! L L L L 1425
10 20 30 40 50 14 16 18 20 22 24 26
[EMIM][GAC#i % /(kmol + h™) HEORG 18 38 HS
(a) [EMIMJ[GACTHE R XF I 7= it 2 5 52 i) (b)) B GEIO 7™ i 2 B FO AR A 52 1)
1.0021 91 800 1.0021 91550
g VOO 11700 = i
& 1000 OO N = 0.998 1540
= =41 600 = = =
£ 0998} = £ 1530 <
5 41500% 3 0.994 e
2 0996} g 2 1520 &
ng e 41400 & - £
£ 0.904 == g5 ST = £ 0.990F == L i 4 1 =]
= S-S 1300 = S I 110
N (.992 L L L L 1200 N 0.986 L L L L 1 500
036 046 056 0.66 076 0.86 8 10 12 14 16 18
Wy 5 A R L JEURL R A7
() [0 bl X 7= it 2 135 A0 A £ Ao 5 Cd ) SRS X 77 it i 0 A 70 i 52 M
B4 ITESHMKEWK
Fig.4 Parameter optimization for process simulation
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Table 5 Key parameters and results in process simulation
4% E 10 [EMIM][GAC] EG
NE+ KR &/ (kmol « A= 1) 153.8 153.8
G BE IR 538/ (mol » mol 1) 0.65 0.65
JKJEE /R 43 %/ (mol « mol 1) 0.35 0.35
IR AL/ S 20 53
a7t/ (mol « mol ™ 1) 0.66 0.48
$#AE K 71 /kPa 101.3 101.3
EDC ‘
TR /K 354.8 354.8
EIKIRE /K 418.5 411.7
BT i/ (kmol « h™1) 99.975 99.975
BRI/ (kmol « h™1) 83.8 198.8
P& TR B 11 for / kW 1474 1279
B R At far / kW 1597 1762
PEAEE J1 /kPa 101.3/2.0 101.3
BN o 6/6 18
[A] 3 Fe / (mol « mol 1) 0.01/0.01 0.25
TR ¥ /K 373.1/17.4 373.1
SRC BRI /K 671.0/536.8 170.2
T i/ (kmol « h™ 1) 53.824/53.824 53.824
R A/ (kmol « h™1) 30.0/30.0 145.0
PE IOV BE £ Aof / kW 638/696 761
BRI i/ kW 1689/1 123 1155
BHI B/ kW 1166/638 868
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Fig.5 Balance of molar flow for extractive distillation process
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