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Abstract : In order to separate the fuel-grade DME from the product of a direct DME synthesise reaction,
containing 19~20% of DME, an absorption column and a purification column were employed. In the DME
absorption column, the flow rate of the methanol required to recover more than 99% of DME at 50 bar was
estimated by the correlation obtained from the lab-scale experiments. In the DME purification column, the
maximum DME recovery of 98.2% could be obtained even from the side stream at the 3rd stage above the feed
stage, since the feed stream originated from the product of the absorption column had already contained a large
amount of DME (20~30 mol%) and only a small amount of light products such as COz and N; (5~10 mol%).
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Table 1. NRTL binary interaction parameters for methanol-water-DME system

; i aZ bZ ZZ’ @y Unit
Water Methanol -4286222) -8123 32 9395 ggg 0.3 K
Water DME ggg _717329();:3 ggg 03 K

Methanol DME _212572165 284019828 ggg 0.3 K




Table 2. Coefficients in the 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;y 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;OH 0.6797 0.9097 1.9996
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Table 3. Binary interaction parameters for Peng-Robinson
equation of state

Component i Component j . k;
H, CO 0.0919
H, CO; -0.1622
H, CHy 0.0156
H N2 0.1030
CcO CH,4 0.0300
cO N2 0.0307
CO, CHy 0.0919
CO; N, -0.0170
o, HO 0.1200
CO, CH;y 0.0230
CHy N: . 0.0311
N2 CH;0H -0.2141
H,O CH;OH -.07780
b=Y,z,b, (10)
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Table 4. Heat and material balances for the DME purification process

1 2 3 4 5 6 7

Temperature (K) | 553.2 319.8 318.2 325.9 313.2 313.2 313.2

Pressure (MPa) 5.005 5.005 5.005 5.005 3.043 3.066 3.083
Flow (kg/hr) 11.177 6.521 38471  43.123 2.392 2.098 38.633
(le)%‘dl?clglylhr) 0012 -0.007 0072 0076  -0.004 -0.0022 -0.07234

Mass flow (Kg/hr)

H; 0.646 0.626 0.000 0.020 0.020 0.000 0.000
co 4.259 4.000 0.000 0.259 0.258 0.000 0.000

CO, 2.767 1.472 0.000 1.295 1.285 0.009 0.000

CH; 0.216 0.198 0.000 0.018 0.017 0.000 0.000

N 0.091 0.088 0.000 0.003 0.003 0.000 0.000

H,0O 0.019 0.003 2.207 2.043 0.000 0.000 2.043
DME 2.899 0.001 0.000 2.899 0.810 2.082 0.007
CH,0H 0.280 0.139 36.448 36589  0.000 0.007 36.583
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Figure 1. Schematic of the DME mixture separation process.
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Figure 4. Schematic of the lab-scale DME absorption
equipment.
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Table 5. Feedstock composition for laboratory scale DME

absorber
Feed rate
Component | Mole fraction
. mol/hr kg/hr
CO, 0.20 1.41 0.061
N, 060 436 0.122
DME 0.20 1.41 0.065
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Figure 6. Equipment to prepare DME-methanol mixtures.
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Table 6. The results of GC data for DME from the purification

column
BT  Peak Peak area Peak height Mass fraction
(min) name percentage (%) percentage (%) (wt%)
0.665 CcO 0.008 0.0514 0.010
0.910 CHy4 0.0454 0.3341 0.031
1672 CO: 0.9054 2.6296 1.701
3.788 C, 0.0191 0.0348 0.009
8.742 DME 94.767 93.789 98.25
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Figure 10. Amount of pure DME in 1 g of methanol with various
methanol compositions (101.3 kPa, 296.2 K).
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