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ABSTRACT : The aim of this study is to provide vapor-liquid equilibrium (VLE) information for the study of
process which directly synthesize dimethyl carbonate (DMC) from COs. For this study we collected some necessary
VLE systems data of Methanol-Water, Methanol-DMC, CO,-DMC, CO>-Methanol, CO»-Methanol, and performed
VLE calculation with Peng-Robinson equation of state, Wong-Sandler mixing rules that widely used in chemical
industry. These calculation results relatively agreed with VLE data well. Optimized Parameters of EoS given through
this calculation will be used as some valuable information for fundamental study, process development and process

optimization of DMC direct synthesis.
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Table 1. Literature references for experimental data

Binary Isothermal  Isobaric
References . .

Systems conditions(K) conditions

DMC-Water S. Camy et al. [16] - 1.013bar

Mc Glashan M. L. and

Methanol- Williamson A.G.[11] 3381587315 )

Water
Reamer H.H. et al.[12] 323.15 -
Methanol- . .
DMC Shi Yunhai et al.[13] 337.35~411.15 -
CO,-DMC  Im et al.[14] 310.23~340.27 -
COx-
Methanol Leu A.-D. et al.[15] 323.2~394.2 -
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Table 2. Physical properties

CO;, DMC(GHeOs)  Water  Methanol

T./ K 304.12° 548.0° 647.13"  512.50°
P. / bar 73.74° 45.0° 22055"  80.84°
0.225" 0.384° 0.345" 0.566"

# Aspen Property databank
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Table 3. Optimized parameters
System Model P(bar) @ an az ki AADP(%)
DMC-Water |PRWS NRTL 1.013 0.2 722.7517 1900.3234 -0.1766 6.460
System Model T @ an az k12 AADP(%)
323.15 420.0699 -314.1868 0.3173 0.130
Methanol- 338.15 03 -155.9265 141.7383 0.3376 0.110
Water 373.15 347.4425 -449.1836 0.4500 1.370
overall -189.6494 447.8205 0.1309 1.200
337.35 769.1208 -38.6756 0.0737 0.250
377.15 1070.0223 31.6437 -0.1025 0.240
Methanol-DMC 391.15 0.3 1242.5889 31.6437 -0.1567 0.400
411.15 1902.0253 -22.2766 0.1733 0.570
overall 1103.9339 -3.5160 -0.0850 1.215
PRWS NRTL
310.23 758.7615 -370.6652 0.3290 1.670
320.36 585.6901 -336.4000 0.3577 0.890
CO,-DMC 330.3 0.3 598.7440 -349.2389 0.3551 0.620
340.27 626.5644 -365.5146 0.3576 0.330
overall 601.2792 -346.6403 0.3552 0.918
323.2 565.7296 -100.0028 0.3179 2.380
353.6 474.9728 0.0875 0.2965 1.160
CO:-Methanol 394.2 03 632.7233 12.1543 0.2199 0.900
overall 479.6637 -27.2048 0.3092 3.370
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Fig. 1. Vapor-liquid-liquid equilibria of the DMC(1) +
Water(2) system: @, 1.013bar , PRWS NRTL.
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Fig. 2. Vapor-liquid equilibria of the Methanol(1) +
Water(2) system: @, 373.15KA,338.15K; l,323.15K
, PRWS NRTL.
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Fig. 3. Vapor-liquid equilibria of the Methanol(1) +

DMC(2) system: @, 411.15KA,391.15K; ,377.15K;
€,337.35K , PRWS NRTL.
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Fig. 4. Vapor-liquid equilibria of the CO2(1) +
DMC(2) system: @, 340.27KA,330.3K; H,320.36K;
€, 310.23K , PRWS NRTL.
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Fig. 5. Vapor-liquid equilibria of the CO2(1) +
Methanol(2) system: @, 394.2KA 353.6K; l,323.2K;
, PRWS NRTL.
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R universal gas constant (1997) 2-29.

T temperature (6] S. Fang K. Fujimoto: Appl. Catal. A-Gen. 142

TR reduced temperature (T/Tc) (1996) L1-L3.

X mol fraction (liquid phase) [7] N. Isaacs ,B. O'Sullivan and C. Verhaelen :

mol fraction vapor phase

Greek letters

@ NRTL model parameter
z NRTL model parameter
w acentric factor

Superscripts
E excess property

Subscripts

cal calculated value

exp experimental value

ij molecular species
z Al

o] A7 mHAAAAF] BK21 A B =7
A7 <A+4(National Research Laboratory)e] =21
F Adog FPLHAFUT AH] Ao A=
Huoh

ro

!

[1] Y. Ono: Appl. Catal. A-Gen. 155 (1997) 133-166.

CLEAN TECHNOLOGY Vol.11 No.4

Tetrahedron. 55 (1999) 11949-11956.

(8] M4, vie=, FAdE, oz, op¥d: 3
s} 40 (D (2002) 9-15.

[9] G. Chu ,J. Park M. Cheong: Inorg. Chim. Acta.
307 (2000) 131-133.

[10] T. Sakakura ,J. Choi ,Y. Saito
Polyhedron. 19 (2000) 573-576.

[11] ML. Mc Glashan, A.G. Williamson: J. Chem.
Eng. Data, 21,196(1976).
[12] H.H. JBH. Sage
Ind.Eng.Chem., 44,609(1952).
[13] Y. Shi H. Liu K. Wang ,W. Xiao ,Y. Hu: Fluid
Phase Equilib. 234, 1(2005)

[141J. Im M Kim .,J Lee H Kim:
J.Chem.Eng.Data, 49, 243(2004)

[15] A.-D. Leu ,S.Y.-K. Chung ,D.B. Robinson:
J.Chem.Thermodyn., 23, 979(1991)

[16] S. Camy ,J.-S. Pic ,E. Badens ,J.-S. Condoret: J.
of Supercritical Fluids, 25, 19(2003)

[17] D.SH. Wong ,S.I. Sandler: AIChE J. 38 (1992)
671-680.

[18] H. Renon ,J. M. Prausnitz: AIChE J. 14 (1968)
135-144.

[19] D. Peng ,D. Robinson:Ind. Eng. Chem. Fundam.
15 (1) (1976) 59-64.

£
ol

,T.  Sako:

Reamer ,W.N.  Lacey:



