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Dimethyl carbonate(DMC)= S+ =413} w2 AJE-64] © 2 <18 MTBE(methyl fert-butyl ether)S thalgh &= Q1=
A7) AR FEIRs BA R £ methanol® carbonylationol] 2J3] T w1, A7FE7ES €18 methanol
ZUEAR 3 AR DMC AF3 Q) sfgo] W& Fof Qlt), o]of] L3k thakdt 2718+e] DMC B £33
A8 2k 2 A4S Dortmund Data Bank(DDB)A A A}, mj$ HEalm] 181314 A4l gk AgE=
53k Ao 7 Yelit), o] Zol| 4= methano+DMCAI2] 333.15 KolA| 2] o] 8A] 5-& 7). 33} S3FEA o
24 methanol+DMCA| 2] #F)iu] 2 HAEHXE 298.15 KollA =461t w28k, F-313| 24 el ol 4] DMC grfol|A]
9] methanol®] F3+3]4] SRE A 303.15, 313.15, 323.15 KollA 212} =381 0m), 245 modified UNIFAC
(Dortmund)2}ell 2J3+ AX} Zhk% vlwslsit).
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Abstract — Recently, dimethyl carbonate (DMC) is considered as an alternative of MTBE (methyl fert-butyl ether),
additive for non-leaded gasoline with their fast biodegradation rate and low toxicity. DMC is usually synthesized so far
by oxidative carbonylation of methanol, and recently developed synthetic process is also started with methanol. Since
the phase equilibria of the system, consisted of DMC and methanol or other reaction products on different temperature and
pressure is necessary for the optimum separation process design and operation. However the reported phase equilibria and
physical properties for DMC mixtures in the Dortmund Data Bank (DDB; thermodynamic property data bank) are quite
rare. Besides, infinitely dilute properties are not found. In this work, isothermal vapor-liquid equilibria at 333.15 K for
methanol+DMC binary system and mixing properties, excess molar volume and viscosity deviation at 298.15 K are directly
measured and correlated. Additionally, infinitely dilute activity coefficient of methanol in the DMC solvent at three
different temperatures are measured and compared with predicted values using modified UNIFAC (Dortmund).
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Fig. 1. Schematic diagram of the dilutor system.
A: Carrier gas H: Transfer line
B: Elec. flowmeter I: Sampling valve

C: Heating coil J: GC
D: Saturation cell K: PC
E: Equilibrium cell L: Bubble flowmeter

F: Septum TH1, TH2: thermostats

G: Stirring motor
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Table 1. Isothermal vapor-liquid equilibria for methanol(1)+DMC(2)
binary system at 333.15 K

Model eq. Ap Ay a Ay
Margules 0.9229 1.6189 0.0089
van Laar 0.9946 1.6959 0.0101
Wilson 626.3854 601.5509 0.0112
NRTL 1157.2653 -30.2960 0.3 0.0101
P/kPa X) Y1 T Y2
39.16 0.0402 0.1779 2.0540 0.9656
42.63 0.0581 0.2625 2.2786 0.9610
46.53 0.0789 0.3415 2.3828 0.9577
52.75 0.1181 0.4425 2.3401 0.9600
63.40 0.1894 0.5711 2.2632 0.9657
67.37 0.2269 0.6095 2.1419 0.9797
76.82 0.3479 0.6905 1.8043 1.0498
79.81 0.4098 0.7150 1.6481 1.1095
81.93 0.4686 0.7335 1.5176 1.1833
85.16 0.5904 0.7661 1.3078 1.4000
86.18 0.6491 0.7799 1.2255 1.5563
87.19 0.7096 0.7980 1.1606 1.7460
88.06 0.7704 0.8200 1.1094 1.9874
88.36 0.8302 0.8389 1.0567 2.4139
88.32 0.8798 0.8697 1.0333 2.7565
87.89 0.9202 0.8986 1.0158 3.2144
87.46 0.9395 09174 1.0108 3.4379
86.86 0.9598 0.9380 1.0047 3.8568
85.88 0.9804 0.9658 1.0012 4.3295
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Fig. 2. Isothermal VLE for methanol(1)+DMC(2) system at 333.15 K.
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Table 2. Experimental densities and excess molar volumes for the
methanol(1)+DMC(2) binary system at 298.15 K

X, p(g/em’)  VE(em*/mol) X, p(g/em’)  VE(em?’/mol)
0.0000 1.06339 0.0000 0.4943  0.97591 —0.0643
0.0445 1.05738 —-0.0037 0.5430  0.96378 —0.0640
0.1002  1.04948 -0.0122 0.5987  0.94882 —0.0629
0.1510  1.04190 —-0.0230 0.6598  0.93085 —0.0606
0.1984 1.03445 —-0.0356 0.6988  0.91843 —-0.0567
0.2488  1.02598 —0.0432 0.7493  0.90103 —0.0483
0.2994  1.01698 —0.0534 0.8110  0.87769 —0.0404
0.3495  1.00744 —-0.0595 0.8518  0.86080 —-0.0339
0.3967 0.99784 —0.0634 0.9019 0.83812 -0.0231
0.4474  0.98682 —0.0650 0.9621  0.80780 -0.0104
0.4475 0.98681 —-0.0644 1.0000  0.78664 0.0000
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Fig. 3. Measured densities and excess molar volumes for binary sys-
tem of methanol(1)+DMC(2) system at 298.15 K.
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Table 3. Measured kinematic viscosities and viscosity deviations for
the methanol(1)+DMC(2) binary system at 298.15 K

Table 4. The correlated Redlich-Kister parameters and standard
deviation for VE and An of the methanol(1)+DMC(2) system

at 298.15 K
Parameter A, A, Ay A, As Gy
VE 02620 0.0063 0.0047 -0.1320 0.1395 0.0010
An -0.1921 -0.0313 -0.1247  0.0111 0.0019

X; v (cSt) 1 (mPasec) An (mPa-sec)

0.0000 0.5843 0.6212 0.0000
0.0498 0.5703 0.6027 —-0.0158
0.1002 0.5637 0.5917 —-0.0239
0.2002 0.5591 0.5782 -0.0319
0.4000 0.5535 0.5518 —-0.0472
0.5000 0.5585 0.5442 —0.0492
0.6001 0.5692 0.5396 —0.0482
0.6999 0.5839 0.5359 —0.0464
0.8000 0.6092 0.5372 —0.0396
0.9500 0.6785 0.5524 -0.0160
1.0000 0.7189 0.5656 0.0000
OOO T T T T
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Fig. 4. Viscosity deviations for the binary system of methanol(1)+

DMC(2) at 298.15K.
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Fig. 5. Activity coefficients at infinite dilution of methanol in DMC at
303.15, 313.15 and 323.15 K.
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A, B, C : Antoine constant

A; : Redlich-Kister parameter

a : slope of chromatogram [1/sec.]

Frp : flow rate of He gas

H;Z* . partial molar excess enthalpy at infinite dilution
M, : real extensive property of component i

M : ideal extensive property

ME : excess property

fop : experimental excess property

ME, : calculated excess property

N : number of experimental data point

n : number of Redlich-Kister parameters

Ny : mole number of solvent

P : pressure [Pa]

P/ : saturated vapor pressure [Pa]

P : saturated vapor pressure of solvent [Pa]

R : universal gas constant [J/mol K]

T : absolute temperature [K]

vE : excess volume [cm®/mol]

V, : volume of gas space in the measuring cell [m®]
X Y; : vapor and liquid phase mole fraction

Y; : activity coefficient

v~ : activity coefficient at infinite dilution

n; : viscosity of component i [mPa-sec]

N, : viscosity of mixture component [mPa-sec]

An : deviation of viscosity between ideal and real mixture

lerast M43 H|3E 20054 62

p; : density of component i [g/cm®]

P : density of mixture component [g/cm®]

Gy : standard deviation

0; : fugacity coefficient

¢ : saturated fugacity coefficient
s
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