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Abstract

This paper investigates the vapor-liquid equilibrium (VLE) of the water-methyl mercaptan (MME)-
dimethyl sulfide (DMS) ternary system through simulation. The presence of an azeotrope in this
system leads to the inability to obtain pure methyl mercaptan at the top of the distillation column
during the production of methyl mercaptan sodium, which in turn affects the purity of downstream
dimethyl sulfoxide (DMSO) products. To address this issue, molecular models of water, MME, and
DMS were established using Material Studio and Gaussian 09W software. The structures were opti-
mized, and COSMO files were generated. The COSMO-RS method was employed to predict the inter-
actions and excess enthalpy of the ternary system at different temperatures. The results showed
that the excess enthalpy of the system varies with temperature, and van der Waals forces are the
primary contributors to the excess enthalpy, followed by electrostaticand hydrogen bonding forces.
Additionally, Aspen software was used to simulate the binary phase diagrams of the system, reveal-
ing that the NRTL equation provides good simulation results for this system. This study provides a
theoretical basis for the separation and recovery of the system, which is beneficial for improving
the purity of DMSO and promoting its application in emerging markets such as electronics.
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Table 1. Comparison of the results of MME molecular structure optimization using different calculation methods

#* 1. RAREHEGEXN MME & FEM ML Rttt

CH:SH SRR =1.52

Tk TR AR
M06-2X 6-311G++3d3p 1.5877
B3PW91 6-311G++3d3p 1.6027
HCTH 6-311G++3d3p 1.6107
MPWIPWO1 6-311G++3d3p 1.6123
HSEHIPBE 6-311G++3d3p 1.6145
TPSSTPSS  6-311G++3d3p 1.6155
WB97XD 6-311G++3d3p 1.6209
HF 6-311G++3d3p 1.7219
B3LYP 6-311G++2d2p 1.6320
B3LYP 6-311G++3d3p 1.5824

M T AT LSRR, @k AN [F AR B AR AR KON s 1 (B3BLYP-3d3p) < u (M06-2X-3d3p)
<u(B3LYP-2d2p) <u (HF-3d3p), HH HF 757545 H BB A 2 285 ey T HA P Mg vk o XFp 22 S 2 B8R T
XL ELE AT R BT AR AR AR R . HF iR Tk R BOHATIE 5, 1 M06-2X F1 B3LYP /572
MFE T B P EEE I8 5. 7F B3LYP 6-311G++3d3p 1 M06-2X 6-311G++3d3p 1%k, MME FIiH5
S5 W5 SRR IE BB AT, R ZE TN 4.11%H1 4.45%. % Tk, FRAT%ESE T B3LYP 6-311G++3d3p 1E
REEFIRACIEIEFNIE A . Wk 2 Fs, J&7R T HoO #1 DMS S5l (i 285 5

Table 2. Structural optimization results of H2O and DMS
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Figure 1. Chemical potential diagrams (o-profiles): DMS (green), MME (red), H20 (blue)
B 1. k33 E (o-profiles): DMS(4R), MME(4I), H.O(i#%)

M T R BLWEE S, AT 7K (H20), MME H1 DMS 78 SR 25 4 [X RN 40 58 52 A4 X R 4047 S B30,
KR T ENVFAZ AR R . X IR EFLET MME fiik = 55 bk B R R so M g+
(W F. O NMHEMAET. 2T DMS, Ho 7SR 785 E A%, MR -1 1 fU A
iX, ARUMEE. BN G AR T T =, RIEER A A, X — 575 LB aus
DURR BT HH AR AR 2 T AR

it o-surface, RIZrF AL EIMUEE, W LARIKS T RA 5 THEZE (U AXE)M S T4 H
TFOEAXIR)FEE. M2 T, MME fil DMS 20 G SREC I, 1 iE G XM EAE S A R . X &
ZUEHB) M T8 JJ(MF) = ZE /K7 F ok, X2 BN K T A Bom i v R, geig 5 oAb sy
T BAVEREFERERE: FE, Ko7 R iz fEs ML, XgE— e 7 e 2
TR EAE R RE 1. SRR SOt T 90 5 A BEANAL 2 1 R B B RS A . T4 R R K TR
MME FI DMS 7EJUAE4E ) (vdW) J5 TH I DTHR B R B35 [10]. X2 F D DMS 1B —Fh e 7, Hoa+
A EEARAE L Sy, XPVOfEE ST — E k. Ak, DMS 1A — R A s E A (B sk TR AL 17), 3
ST IREEBE S, AR MR E . R DMS 7 T4 MM s, (H 3L T R38R vT LLd@
ISR A B G AR o 1K — 45185 J5 SO AT DTk 1) 2 A s SR A — 2

3.2. RRBETS
H,O. MME F1 DMS 7EAN[EE A B9AH BAE ¢ R 2R 4y BSOS R 2. @i COSMO-RS 54,

DOI: 10.12677/ms.2025.153057 520 PR R


https://doi.org/10.12677/ms.2025.153057

HI5 5

FATIEM T AEA R SRAT T, AR EER DI R R BRE[11], BARGER, WFE 2 s,

—=—25°C H20+DMS+MME
-9 4 —o—50°C H20+DMS+MME
=4—75°C H20+DMS+MME

#BHEIIS Excess Enthalpy (kJ/mol)

Figure 2. Excess enthalpy of the system at 25/50/75°C in different proportions
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Figure 3. The contribution of the interaction force to the excess enthalpy when the excess enthalpy of the system is maximum
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Figure 4. P-x1-x2-x3 of the H-O-MME-DMS ternary system at 298.15 K
4.298.15 K B, H.0-MME-DMS =T & P-x1-x2-x3

4 PRI 3 PR

Table 3. Data of the HO-MME-DMS ternary system
%% 3. HO-MME-DMS = TiF R H 1B

Liquid Liquid Phase Liquid Phase Liquid Phase Liquid Phase Liquid Phase
Phase Mole Mole Fraction Mole Fraction Total Pressure Mole Fraction Mole Fraction Mole Fraction Total Pressure
Fraction x1 x2 x3 x1 x2 x3
0.000998 0.000998 0.99800399  643.27376689 0.3 0.25 0.45 1001.95066917
0.000999 0.04995005  0.94905095  682.99596385 0.3 0.3 0.4 1056.62614557
0.000999 0.0999001 0.8991009 723.83015946 0.3 0.35 0.35 1111.9107118
0.000999 0.14985015  0.84915085  764.95965075 0.3 0.4 0.3 1167.77705794
0.000999 0.1998002 0.7992008 806.36989766 0.3 0.45 0.25 1224.19831949
0.000999 0.24975025  0.74925075  848.04565063 0.3 0.5 0.2 1281.14855264
0.000999 0.2997003 0.6993007 889.9709759 0.3 0.55 0.15 1338.60328616
0.000999 0.34965035  0.64935065  932.12928662 0.3 0.6 0.1 1396.54012442
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0.000999 0.3996004 0.5994006 974.50338019 0.3 0.65 0.05 1454.93940052
0.000999 0.44955045  0.54945055 1017.07548184 0.2997003 0.6993007 0.000999 1512.60779059
0.000999 0.4995005 0.4995005  1059.82728968  0.34965035 0.000999 0.64935065  739.83183271
0.000999 0.54945055  0.44955045  1102.74005307 0.35 0.05 0.6 793.63539204
0.000999 0.5994006 0.3996004  1145.79460599 0.35 0.1 0.55 849.41883084
0.000999 0.64935065  0.34965035  1188.97145829 0.35 0.15 0.5 906.07749769
0.000999 0.6993007 0.2997003  1232.25086959 0.35 0.2 0.45 963.58757717
0.000999 0.74925075  0.24975025  1275.61293493 0.35 0.25 0.4 1021.92464796
0.000999 0.7992008 0.1998002  1319.03767745 0.35 0.3 0.35 1081.06416322
0.000999 0.84915085  0.14985015  1362.50514744 0.35 0.35 0.3 1140.98196067
0.000999 0.8991009 0.0999001 1405.99552738 0.35 0.4 0.25 1201.65487182
0.000999 0.94905095  0.04995005  1449.48924197 0.35 0.45 0.2 1263.06141017
0.000998 0.99800399 0.000998 1492.09565587 0.35 0.5 0.15 1325.18253
0.04995005 0.000999 0.94905095  714.94912425 0.35 0.55 0.1 1388.00248791
0.05 0.05 0.9 755.21103437 0.35 0.6 0.05 1451.50977458
0.05 0.1 0.85 796.61835252 0.34965035 0.64935065 0.000999 1514.37925755
0.05 0.15 0.8 838.36839799 0.3996004 0.000999 0.5994006 741.61723285
0.05 0.2 0.75 880.44356276 0.4 0.05 0.55 799.85461172
0.05 0.25 0.7 922.82536193 0.4 0.1 0.5 860.35895204
0.05 0.3 0.65 965.49446542 0.4 0.15 0.45 921.95880614
0.05 0.35 0.6 1008.43073549 0.4 0.2 0.4 984.63484209
0.05 0.4 0.55 1051.61327312 0.4 0.25 0.35 1048.36803584
0.05 0.45 0.5 1095.02047242 0.4 0.3 0.3 1113.14041603
0.05 0.5 0.45 1138.63008375 0.4 0.35 0.25 1178.93590253
0.05 0.55 0.4 1182.41928546 0.4 0.4 0.2 1245.74129139
0.05 0.6 0.35 1226.36476468 0.4 0.45 0.15 1313.54734517
0.05 0.65 0.3 1270.44280695 0.4 0.5 0.1 1382.35003745
0.05 0.7 0.25 1314.62939464 0.4 0.55 0.05 1452.1519166
0.05 0.75 0.2 1358.90031375 0.3996004 0.5994006 0.000999 1521.45739548
0.05 0.8 0.15 1403.23126869  0.44955045 0.000999 0.54945055  745.92102435
0.05 0.85 0.1 1447.59800441 0.45 0.05 0.5 809.70257203
0.05 0.9 0.05 1491.97643242 0.45 0.1 0.45 876.13083174
0.04995005  0.94905095 0.000999 1535.44870976 0.45 0.15 0.4 943.96382919
0.0999001 0.000999 0.8991009 733.15814168 0.45 0.2 0.35 1013.192497
0.1 0.05 0.85 774.55755244 0.45 0.25 0.3 1083.80991247
0.1 0.1 0.8 817.17927991 0.45 0.3 0.25 1155.8125297
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B3k
0.1 0.15 0.75 860.18503999 0.45 0.35 0.2 1229.20159316
0.1 0.2 0.7 903.55493492 0.45 0.4 0.15 1303.98475348
0.1 0.25 0.65 947.26805542 0.45 0.45 0.1 1380.17791247
0.1 0.3 0.6 991.30252789 0.45 0.5 0.05 1457.80727523
0.1 0.35 0.55 1035.63557226  0.44955045 0.54945055 0.000999 1535.15823702
0.1 0.4 0.5 1080.24357108  0.4995005 0.000999 0.4995005  753.82196112
0.1 0.45 0.45 1125.10215043 0.5 0.05 0.45 824.64828181
0.1 0.5 0.4 1170.18627298 0.5 0.1 0.4 898.63919839
0.1 0.55 0.35 1215.47034347 0.5 0.15 0.35 974.48077893
0.1 0.6 0.3 1260.92832761 0.5 0.2 0.3 1052.18503497
0.1 0.65 0.25 1306.53388086 0.5 0.25 0.25 1131.76980226
0.1 0.7 0.2 1352.26049479 0.5 0.3 0.2 1213.26085682
0.1 0.75 0.15 1398.08165051 0.5 0.35 0.15 1296.69436482
0.1 0.8 0.1 1443.97098621 0.5 0.4 0.1 1382.11970842
0.1 0.85 0.05 1489.90247097 0.5 0.45 0.05 1469.60266587
0.0999001 0.8991009 0.000999 1534.94338714 0.4995005 0.4995005 0.000999 1557.1479976
0.14985015 0.000999 0.84915085  739.15672077 0.54945055 0.000999 0.44955045  766.73561875
0.15 0.05 0.8 782.10197811 0.55 0.05 0.4 846.6962505
0.15 0.1 0.75 826.3663858 0.55 0.1 0.35 930.55297749
0.15 0.15 0.7 871.06763711 0.55 0.15 0.3 1016.92414443
0.15 0.2 0.65 916.18381966 0.55 0.2 0.25 1105.86359728
0.15 0.25 0.6 961.69190673 0.55 0.25 0.2 1197.43840169
0.15 0.3 0.55 1007.56783143 0.55 0.3 0.15 1291.73269354
0.15 0.35 0.5 1053.78657619 0.55 0.35 0.1 1388.85214508
0.15 0.4 0.45 1100.32227876 0.55 0.4 0.05 1488.92909925
0.15 0.45 0.4 1147.14835151  0.54945055 0.44955045 0.000999 1589.60933772
0.15 0.5 0.35 1194.23763051 0.5994006 0.000999 0.3996004 786.63939015
0.15 0.55 0.3 1241.56252058 0.6 0.05 0.35 878.74250359
0.15 0.6 0.25 1289.09518026 0.6 0.1 0.3 975.81769338
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Figure 5. MME-DMS binary phase diagram obtained by NRTL/UNIFAC/Wilson simulation
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