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Abstract — In this study, modeling and simulation works using Aspen Plus were carried out for DME
separation and purification process of pilot plant for the daily production of 50 kg of DME. For modeling
of the entire DME separation unit, NRTL liquid activity coefficient model was used for the prediction of
liquid phase non-idealities, Henry's law option was also used for the estimation of solubilities of light gases
in solvents and SRK equation of state model was utilized for the description of vapor phase non-idealities.
DME having over 98 wit% purity was obtained as a side distillate product in a DME purification column.
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Table 2. Henry constants.

£ Weg % DME Alole] agelre] mopgs | Solue| Solvent | & | & | & | G
ol AAFL 2437] 914 Renondt Prausnitz 50) H, H,0 180.07 | =6,993.5| —26.3 | 0.015
A|2FeE NRTL 9A] SF AT 2d4S AHsI 1] H, CH;OH | —61.43| 1,867.4] 12.6 | -0.027
NRTL 9% &F5=Al 2d49 o A& g &5 CO, | H0 171.78 | -8,296.8| 233 | 0.000
CA B8A2 B2 4 ()t Zo] @€ ¢ CO, | CH;OH| 421| 1,1444| 00 | 0.000

CO | H0 159.87| -8,741.6 | 21.7 | 0.001
Table 1. NRTL binary interaction parameters, CcO CH;0H 15.47| -3,426.7 1.2 | -0.025

Comp. i | Comp. j By Bj; ay CH, | H;0 183.78{ -9,111.7{ -25.0 | 0.0001

H,0 |CH;OH | 367.67 | -112.99 | 0.3000 CH, | CH;OH | -73.63| 1,1402| 152 | -0.032

DME |CH,OH | 38656 | —128.66 | 0.2951 N, H0 164.99| -8,432.8| —21.6 | —0.008

H,0 |DME 772.04 | -139.78 | 0.3000 N, CH:OH | —034| -396| 19 |-0.008
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Fig. 1. A schematic diagram of pilot plant for DME
purification unit.

Fig. 2. A flow sheet diagram for DME purification unit
using Aspen Plus.
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Table 3. Coefficients in alpha function.

Component L M N
H, 1.2528 13.2690 0.0400
CO 0.2079 0.8607 1.7188
CO, 1.2341 1.3268 0.6499
CH, 0.5144 0.9903 1.0000
N, 0.1523 0.8945 2.3404
H,O 0.3569 0.8743 2.4807
DME 0.1423 0.9009 4.0606
CH;0H 0.6797 0.9097 1.9996
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Fig. 3. A plot of DME liquid mass fraction versus tray
number.

Table 5. Design conditions for DME purification unit.

3tH DME Purification Column®] Side productA] Item Value
DME®] H&Eof thet FrE&2 71.8%°[H, CO,Y 35 EA-103 duty (Kcal/hr) -1,419.6 Kcal/hr
EL 464% AEZE F5EH CO,2 FES g@AtolA EA-105 duty (Kcal/hr) -89.4
dojui= Ale] "}, Side productZx= DMEZ} 99.2 wt% EA-106 duty (Kcal/hr) ~6,087.0
o ¢E8 dolrt 28X HEEL gAddA] 947 DA-103 pressure (bar) 50.047
wi%d] 52 347t H0Y. ol DME Absorberol DA-104 pressure (bar) 30433
A FHE e 29 72, ol Fig. 3o= DA-104 condenser duty 13443
FHde] wald Ao e] DMES A 282 U ,
BRIITh. Fig 391 S151% Side draw @l j5ahs DA-104 reboiler duty 7,249.8
4ol 992%2) FEIt e T ZRE SEdae Solvent to feed molar ratio 2.0
DMEZ} A9 UoA &= AL ¢ 5 Uth DME purity (wt%) 99.2

E3 Table 591 DME Absorber2t DME Purification Methanol purity *wt%) 94.7
Table 4. Heat and material balance around DME purification process.

1 2 3 4 5 6 7 8 9 10

Temp. (°C) 280.0 | 40.0 46.8 45.0 52.8 40.0 90.7 1884 | 400 40.0
Press. (bar) 50.047 | 50.047 | 50.047 | 50.047 | 50.047 | 30.433 | 30.660 | 30.825 | 30.660 | 30.825
Flow (kg/hr) 1177 | 11177 | 6.526 | 38475 | 43.126 | 2394 | 2.099 | 38.633 | 2.099 | 38.633
l(ixnltg?lgycamﬂ) —0.012 | —0.013 | -0.007 | -0.072 | —0.078 | —0.004 | -0.002 | —0.066 | -0.0022 |-0.07234
Mass Flow (K/hr)
H, 0.646 | 0.646 | 0.626 | 0.000 | 0.020 | 0.020 [<0.001 | 0.000 | 0.000 | 0.000
co 4259 | 4259 | 4.000| 0.000 | 025 | 0258 | 0001 | 0.000 | 0000 | 0.000
CO, 2767 | 2767 1472 0000 | 1295 | 1285 | 0009 | 0.000| 0009 | 0000
CH, 0216 | 0216 | 0.198 | 0.000 { 0.018 | 0.017 |<0.001 | 0000 | 0.000 | 0.000
N, 0.091 | 0.091 | 0.088 | 0.000 | 0.003| 0.003| 0000 | 0000 0000 0.000
H,0 0.019 | 0.019 [ 0003 [ 2207 | 2043 | 0000 | 0000 | 2043 | 0.000 | 2.043
DME 2899 | 2899 [ 0.001 | 0000 | 2899 | 0810 2082 | 0007 | 2082 | 0.007
CH,OH 0.280 | 0280 | 0.139 | 36.448 | 36.589 | 0.000 | 0.007 | 36.583 | 0.007 | 36.583

—25_

S 7 28ks] X)) A 108 Al2E 2006 69



249 - g7l - A%

Column®| &-=27 2 Ztzte] dwd7]of t]§ heat
duty =& 71319 th. DME Absorber®] U8 S
50.0 kg/em’GE ¥ Z-& DME $4 wh37] Fehe] ¢
g2 7|Fo 2 3l zlo]H, DME Purification Columne]
24 ¢4EL 300 kg/em’GE g 2 WzprE Yzt
7hegt 2591 40°CollM Yol 75t sheolr] W&
olt}, o]i= B F71H-9 A A 40°CAlA ¢ o]&F
$gt 2.

vd £

2 doME DME 34 w87 &7Fd X3
o] 9 CO% DMEE Werg Suj2 E5ale] o4k
sletrs @4 £712 34238l DMES Side product
E 98 mole% °1d2 Lol Fa|FAo digh AR
AFE Aspen Plus 13.1% |83t 33l ohg3} 2
< FAEE AU

1) DME 22|30 233t 4938 ndio 2= o
te] Hlo] A& F43s8l7] 984 NRTL 4A &5 =
Al A8 LS8 0H, light gasE<] gullel] o
g Bal e FARS A Henryd HA-S A4S
ok =3 A2 o] ul F7] miEe] 7]de] H]o]
43& 9314 SRK e AS AMEskg T

2) Y8 EFE 9T 99 B FFE 202
2 3 43 DMEY £5& 992 wit%E dglew o

AF 50 kg®] DMEE A4te 4= Qe AHlE HAAARAL

Eipii= 3
3) B e2-9} 34 DME purification column -

KIGAS Vol. 10. No. 2. June. 2006

= ATt - 2%

A ggen, FrEAA AARE 7FE3EES 94.7 wt%
o =2 F3Anh

4) B AFol|lA] F3%t pilot plant HA AAE o]&
8led £ 1 scale-up® Demo plante] AA % 4 &o]
7Fed Aoz w|erH

Ao 2
B A7e AR oAl de gete] NI

o] “HA 71 Y FTETALY R Yo 3T
Qemn oo e =YY

1]

=3

[1]1 Renon, H. and Prausnitz, J. M., “Local Composition
in Thermodynamic Excess Functions for Liquid
Mixtures”, AIChE J., 14, 135-144, (1968)

[2] Simulation Science Inc., Reference Manual vol. 1,
“Component and Thermophysical Porpoerties Manual”,
(2002)

[3] Soave, G, “Equilibrium Constants from a Modified
Redlich-kwong Equation of State”, Chem. Eng. Sci.,
27, 1197-1203, (1972)

[4] Twu, C. H,, D. Bluck, J. R. Cunningham, and J. E.
Coon, “A Cubic Equation of State with a New Alpha
Function and New Mixing Rule”, Fluid Phase Equil.,
69, 33-50, (1991)

[5] Aspen Technology Inc., Technical Report, “Physical
Property Methods and Models”, (2003)

-26—



