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Abstract: In the process of producing ethyl formate
with formic acid and ethanol as raw materials, the 2 /ﬁ

Cation

unreacted ethanol and ethyl formate will form an
azeotrope, which is difficult to separate. In this work, 4 EMIM] BMIM]

the method of extractive distillation is used to separate Anion

the ethyl formate—ethanol azeotrope system with the Y > ‘ ‘
P - | (EMIM]

08 o 2 20 | | -~ [BMIM]
> iy [DEP]

ionic liquid as an extractant. The ionic liquid is
screened by the COSMO-RS model, and the ionic - ; e | £

0.4 * [BMIM][DEP]
—— Binary data 5

liquid is determined to be 1-ethyl-3-methylimidazole o /i
diethyl phosphate ([EMIM] [DEP]) and 1-butyl-3— " oo oo N I
methylimidazole diethyl phosphate ((BMIM] [DEP]).

The vapor-liquid equilibrium (VLE) data of the ethyl formate+ethanol binary system and the ethyl formate+ethanol+

ionic liquid ternary system are determined, and the experimental data are correlated with the NRTL model. Finally,
the separation mechanism is explored by excess enthalpy analysis and o —profile analysis (probability distribution of
surface charge density). The results show that the relative volatility of ethyl formate increases with the increase in the
molar fraction of two ionic liquids (ILs). When the ionic liquid concentration is 0.030, the relative volatility of ethyl
formate to ethanol is greater than 1, and it can be seen that the separation effect of [EMIM][DEP] is better than that
of [BMIM][DEP] ionic liquid. Through excessive enthalpy analysis, it is found that hydrogen bonds and van der
Waals forces are more easily formed between ionic liquid and ethanol molecules, and the interaction between
molecules is stronger than that between ionic liquid and ethyl formate, which promotes the separation of ethyl
formate and ethanol. With the increase in ionic liquid concentration, the interaction between molecules is enhanced.
Finally, the o—profile analysis shows that ionic liquid is more inclined to interact with ethanol to separate ethyl
formate, and it can be concluded that the shorter the cationic carbon chain of ionic liquid, the better the separation
effect.
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Table 1 The vapor-liquid equilibrium data of ethyl formate (1)
+ethanol (2)

*2 HBRZER(1)-ZB(2)-[EMIM][DEP] 3)=TiF R EY
SR T ERIE

Table 2 The vapor-liquid equilibrium data for the ternary

system of ethyl formate (1)-ethanol (2)-[EMIM][DEP] (3)

X, » a, 7, Y, T/K
0.015 0.075 5.465 2.379 0.947 351.25
0.035 0.158 5.233 2.310 0.989 348.35
0.073 0.286 5.101 2.208 1.004 344.95
0.125 0.411 4.886 2.064 1.015 341.45
0.182 0.500 4.508 1.878 1.029 338.85
0.356 0.652 3.398 1.470 1.127 333.95
0.433 0.702 3.078 1.365 1.175 332.45
0.600 0.772 2.262 1.166 1.398 330.35
0.730 0.828 1.780 1.078 1.669 328.95
0.785 0.855 1.614 1.057 1.818 328.35
0.898 0.919 1.292 1.015 2.193 327.75
0.953 0.955 1.065 0.998 2.619 327.65
0.969 0.969 0.999 0.998 2.797 327.55
0.972 0.971 0.980 1.001 2.864 327.45
0.990 0.990 0.969 0.994 2.869 327.65

1.0
0.8 -
0.6 -
=
0.4+
o2 " Literature datal®!
: ® Experimental value
‘ T Cf)rrela‘ted u§ing tl}e NR‘TL n‘lodel
O'00.0 0.2 0.4 0.6 0.8 1.0

X
3 WEOBR()+ OEE(2)—Ju ik RLE 101.3 kPa T IS
Fig.3 The vapor-liquid equilibrium data of ethyl formate (1)+
ethanol (2) binary system at 101.3 kPa
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B (1)+ LR (2) — JT WU P S 38 B 15 5 i 1 52—
k. JFEH van Ness —SUMER IR T AF45 5, A)=0.21<
1, SR 22 16 5 ER Y0 [ Y ARSI B HERf -
3.3 SiRETERIER KK

NRTL A5 R R 9 AR BEAL OGRS 5 72 A 4
R PR I VSRR AL S A LA =
FGEAR DL BT I AR, 5 A AR B AR

T/K X, x)' b a, 7, Y,
327.55 0.030 0.969 0.998 17.850 1.061 0.166
327.45 0.030 0.936 0.991 7.309 1.094 0.419
327.45 0.030 0.868 0.970 4.988 1.155 0.649
327.55 0.030 0.785 0.943 4.546 1.236 0.761
327.75 0.030 0.689 0.918 5.065 1.362 0.751
328.25 0.030 0.577 0.886 5.674 1.541 0.754
328.85 0.030 0.489 0.863 6.587 1.736 0.727
329.85 0.030 0.364 0.818 7.846 2.133 0.741
332.25 0.031 0.281 0.769 8.527 2.400 0.747
334.75 0.031 0.213 0.698 8.536 2.640 0.799
337.15 0.031 0.169 0.647 9.044 2.854 0.794
346.75 0.031 0.060 0.358 8.705 3.262 0.853
327.45 0.035 0.953 0.996 13.948 1.086 0.218
327.45 0.035 0.920 0.989 8.117 1.116 0.385
327.55 0.035 0.863 0.972 5.510 1.165 0.592
327.45 0.035 0.739 0.941 5.622 1.322 0.659
327.55 0.035 0.651 0.917 5.930 1.458 0.688
327.65 0.035 0.551 0.893 6.835 1.672 0.684
329.45 0.035 0.339 0.822 9.023 2.350 0.714
333.35 0.035 0.234 0.746 9.606 2.697 0.737
336.35 0.035 0.168 0.671 10.126 3.070 0.770
342.05 0.035 0.100 0.517 9.602 3.286 0.818
349.45 0.035 0.039 0.292 10.078 3.765 0.828
327.45 0.045 0.952 0.998 26.869 1.100 0.115
327.45 0.045 0.903 0.990 10.690 1.150 0.301
327.45 0.045 0.822 0.973 7.743 1.241 0.449
327.45 0.046 0.735 0.953 7.295 1.361 0.523
327.55 0.046 0.670 0.939 7.573 1.467 0.542
327.65 0.045 0.582 0.919 8.153 1.645 0.564
328.05 0.045 0.498 0.899 8.973 1.855 0.576
328.15 0.045 0.402 0.868 9.744 2.208 0.630
330.25 0.045 0.312 0.830 10.760 2.534 0.639
331.75 0.045 0.255 0.787 10.817 2.791 0.689
338.15 0.0447 0.183 0.692 10.013 2.758 0.686
341.15 0.045 0.111 0.569 10.573 3.401 0.776
347.95 0.045 0.058 0.395 10.577 3.643 0.775

A, AT TSR R AT R FE S P R BRI
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Fli7R . NRTL RS = o0 seiG 4od BoA )i — 35k,
JU R M = ouk R B T A& N [EMIM] [DEP] Y o
XF I KR AT B S R B PR RIS BAEH 28, 45
S 5, NRTL B b (1) 3P 251 K 6] 22 (ARD) 2 B8
<4%, 15 B NRTL A5 284 iy 75000 144 -5 S5 56 50408 10 i 22 3¢
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Table 3 The vapor-liquid equilibrium data for the ternary
system of ethyl formate (1)-ethanol (2)-[BMIM][DEP] (3)

F4 BHRZER0)+IEQ-THRANF—HNM
MIXEER
Table 4 Thermodynamic consistency test results of the
binary system of ethyl formate (1)+ethanol (2)

T/IK x, x' Y « Y1 Y2

327.55 0.030 0.929 0.983 2.532 1.056 1.168
327.55 0.030 0.889 0.958 2.083 1.076 1.446
327.85 0.030 0.839 0.927 2.001 1.092 1.523
328.75 0.030 0.771 0.887 2.026 1.101 1.501
329.85 0.030 0.681 0.843 2271 1.141 1.366
330.75 0.030 0.595 0.801 2.547 1.204 1.276
331.95 0.030 0.490 0.751 2.958 1.314 1.184
333.85 0.030 0.349 0.676 3.711 1.557 1.095
338.45 0.030 0.185 0.531 4.825 1.988 1.023
344.95 0.030 0.082 0.333 5.374 2.270 0.979
347.65 0.030 0.040 0.191 5.436 2.445 1.014
349.45 0.030 0.022 0.117 5.587 2.548 1.010
327.55 0.050 0.924 0.994 4.616 1.074 0.652
327.55 0.050 0.901 0.985 3.608 1.091 0.847
327.45 0.049 0.877 0.972 2.977 1.111 1.046
327.45 0.049 0.834 0.949 2.620 1.140 1.219
328.95 0.049 0.767 0.911 2.446 1.129 1.271
329.45 0.049 0.707 0.872 2.349 1.152 1.344
329.95 0.049 0.631 0.836 2.587 1.217 1.281
330.35 0.050 0.572 0.813 2.871 1.287 1.216
331.85 0.050 0.487 0.766 3.108 1.353 1.161
333.05 0.050 0.402 0.720 3.508 1.480 1.110
334.75 0.051 0.324 0.678 4.054 1.631 1.039
336.85 0.051 0.249 0.616 4.527 1.805 1.007
338.85 0.051 0.199 0.562 4.840 1.927 0.984
342.64 0.050 0.116 0.427 5.355 2222 0.985
327.55 0.069 0.979 0.995 4.030 1.078 0.747
327.55 0.070 0.976 0.994 4.024 1.086 0.754
327.45 0.070 0.968 0.991 3.836 1.096 0.799
327.45 0.070 0.954 0.987 3.675 1.115 0.850
327.65 0.070 0.923 0.975 3.254 1.126 0.966
327.85 0.070 0.870 0.955 3.148 1.166 1.033
328.25 0.070 0.802 0.923 2.964 1.206 1.130
329.05 0.070 0.720 0.880 2.850 1.258 1.218
329.55 0.070 0.661 0.858 3.105 1.287 1.130
330.75 0.070 0.582 0.822 3.315 1.342 1.090
331.35 0.070 0.551 0.808 3.434 1.380 1.078
332.05 0.070 0.479 0.768 3.599 1.425 1.042
333.65 0.070 0.359 0.690 3.981 1.566 1.006
337.55 0.070 0.228 0.564 4.379 1.772 0.993
342.65 0.070 0.134 0.418 4.636 1.985 1.010
349.45 0.070 0.059 0.232 3.109 1.340 1.164

N R ST R G R
3.4 BT iR RER CEE- ZE A R AE TR0

R R LB (1)~ S BF(2)— 3 TR ) B SBUAHF
TR » 22 1) 8 1 VUM R IR B AR X T L AR 4

Wisniak point test Wisniak area test van Ness test
F ey Result L W F Result Ay Result

Value 2.74 455 Pass 395 4.16 2.62 Pass 021 Pass

Method

. maximum value.

Note: F: average value; Fy -
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Table 5 Interaction parameters of NRTL model o °
[ ]
NRTL model 08 . 2
Component i  Component j ARD/%
o, Ag/(J/mol) Ag/(J/mol) o
Ethyl formate Ethanol 0.30  2578.64 699.71 1.64 _ 0.67 °
=
Ethyl formate [EMIM][DEP] 038 -13977.16 -12869.46  3.71 04 [EMIM][DEP]
G [ )
Ethanol ~ [EMIM][DEP] 0.53 -4402.80  7355.98 - ° gx%&gp ]
Ethyl formate [BMIM][DEP] 0.30 3533.42 —4487.50 1.72 021
Ethanol [BMIM][DEP] 0.30 11557.53 9831.64 -
. . . i L . 00 L 1 1 1
Note: o, relative volatility; Ag,, Ag,: interaction parameters. 0.0 0.2 0.4 0.6 08 1.0
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Fig.5 Effects of [EMIM][DEP] and [BMIM][DEP] on the
relative volatility of ethyl formate relative to ethanol
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®6 29815 K TARBETRIESRE B Z BT 248
Table 6 The excess enthalpy of different ILs with ethly formate and ethanol at 298.15 K

ILs Mole fraction H" (MF)/(kJ/mol) H" (HB)/(kJ/mol) H* (vdW)/(kJ/mol)

Ethly formate Ethanol Ethly formate Ethanol Ethly formate Ethanol

0.030 0.017 -0.024 0.040 -0.195 0.022 -0.001

[BMIM][DEP] 0.050 0.025 -0.039 0.057 -0.311 0.003 -0.001
0.070 0.030 -0.052 0.070 -0.415 0.008 -0.002

0.030 0.013 -0.026 0.041 -0.197 -0.002 -0.001

[EMIM][DEP] 0.035 0.015 -0.030 0.045 -0.224 -0.002 -0.001
0.045 0.017 -0.038 0.054 -0.282 -0.002 -0.001
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Fig.6 Excess enthalpy of ionic liquids (x,=0.030) with (a) ethyl formate and (b) ethanol
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