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Abstract — Mass transfer characteristics have been experimentally investigated for liquid phase synthesis of dimethyl ether
using a slurry reactor with mechanical agitation. This investigation has been necessitated on clarifying the mass transfer phe-
nomena in the liquid phase dimethyl ether process for the commercialization of the process. By varying loading amounts of
Cu-ZnO-Al,O5 and y-alumina, =100 pm in diameter, the effects of reaction temperature, impeller speed, and gas flow rate on
the overall gas-liquid mass transfer coefficient(K ;ag) have been investigated. While ignoring the internal mass transfer resis-
tance, the rate-controlling step of overal kinetic rate among gas-liquid mass transfer step, solid-film mass transfer step, and
reaction rate step can be varied by changing the value of durry ratio from very low to very high value. The surry concentra-
tion is one of the most important process variables in the operation of aslurry reactor and it must be decided to get economical
efficiency and optimum producitivity of the process.
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Fig. 1. Concentration profiles and notations.
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Fig. 2. Graphical expression of various cases of rate determining step.
(8) The case where the overal gasliquid mass transfer limits the
overall kinetic rate. (b) The case where the overal gas-liquid mass
transfer don’t limits the overall kinetic rate. (c) A graphica repre-
sentation for determination of K ;a5 and Kg.
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Fig. 3. Surry phase reaction system.

1. Vent line 10. Filter
2. Liquid/gas separator 11. Oxygen trap
3. Cooler 12. Reduction gas
4. Dry gas meter 13. Reaction gas
5. Recirculation pump 14. Pressure transducer & indicator
6. PID temperature controller  15. Motor controller
7. Reactor 16. Back pressure regulator
8. Mass flow controller 17. Cooling line
9. Check valve
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Table 1. Experimental scheme and operating conditions at feed composition
(H,/CO=1)

Run  Pressure Temperature Impeller speed Feedrate  Catayst wt.
no. P(atm) T(K) N(rpm) Vi(ml/min)  W(grams)
1 30 523 800 600 2.500
5.625
18.500
30.000
2 30 523 1000 600 2,500
5.625
18.500
30.000
3 30 523 1200 600 2.500
5.625
18.500
30.000
4 30 523 800 300 2.500
5.625
18.500
30.000
5 30 523 1000 300 2,500
5.625
18.500
30.000
6 30 523 1200 300 2.500
5.625
18.500
30.000
7 30 553 800 600 2.500
5.625
18.500
30.000
10 30 553 800 300 2.500
5.625
18.500
30.000
ik 30 553 1000 300 2.500
5.625
18.500
30.000
12 30 553 1200 300 2.500
5.625
18.500
30.000
13 30 503 1200 300 2.500
5.625
18.500
30.000
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Table 2. Calculation of K| ;ag and Ky

A4 -

oVdE - A

AR - AL

Run no. Reo(mol/kg-cat/hr) Reo(mol/mi/s) w(g-cat/ml) Lw(ml/g-cat) (CcoCroeq’Reo

1 56.955 0.0264x107° 0.0167 60.000 203

65.741 0.0685x107° 0.0375 26.667 78

19.078 0.0654x107° 0.1233 8.108 82

15.308 0.0850x107° 0.200 5.000 63

2 46.297 0.0264x107° 0.0167 60.000 250

51.363 0.0685x107° 0.0375 26.667 100

21.343 0.0654x107° 0.1233 8.108 73

13.297 0.0850x107° 0.200 5.000 73

3 45,052 0.0209x107° 0.0167 60.000 257

40.683 0.0424x107° 0.0375 26.667 126

20.466 0.0701x107° 0.1233 8.108 76

11.732 0.0852x107° 0.200 5.000 82

4 59.963 0.0278x107° 0.0167 60.000 193

31.208 0.0325x107° 0.0375 26.667 165

11.909 0.0408x107° 0.1233 8.108 131

8.961 0.0498x107° 0.200 5.000 108

5 52.221 0.0242x107° 0.0167 60.000 222

35.768 0.0373x107° 0.0375 26.667 144

13.912 0.0477x107° 0.1233 8.108 12

7.948 0.0442x107° 0.200 5.000 121

6 33.416 0.0155x107° 0.0167 60.000 346

36.442 0.0380x107° 0.0375 26.667 141

13.163 0.0451x107° 0.1233 8.108 19

8.495 0.0472x107° 0.200 5.000 14

7 75.648 0.0350x107° 0.0167 60.000 67

51.433 0.0533x107° 0.0375 26.667 44

15.045 0.0515x107° 0.1233 8.108 45

13.825 0.0768x107° 0.200 5.000 30

10 65.422 0.0303x107° 0.0167 60.000 77

30,513 0.0318x107° 0.0375 26.667 73

10.844 0.0372x107° 0.1233 8.108 63

8.553 0.0475x107° 0.200 5.000 49

n 72.961 0.0338x107° 0.0167 60.000 69

31.239 0.0325x107° 0.0375 26.667 72

11.332 0.0388x107° 0.1233 8.108 60

6.446 0.0358x107° 0.200 5.000 65

12 68.692 0.0318x107° 0.0167 60.000 73

27.223 0.0284x107° 0.0375 26.667 82

11.476 0.0393x107° 0.1233 8.108 59

7.673 0.0426x107° 0.200 5.000 55

13 13.333 0.0062x107° 0.0167 60.000 977

8.836 0.0093x10" 0.0375 26.667 651

8.115 0.0278x107° 0.1233 8.108 217

6.6695 0.0371x107° 0.200 5.000 163
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Fig. 5. Calculation of mass transfer coefficients.
(a) 600 cc/min, 800 rpm, (b) 250 °C, 1,200 rpm, (€) 250 °C, 600 cc/min.
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Table 3. Mass transfer coefficients

Runno. K ag(1/hr) kg(x107%) dp /6Ky Lky(g-cat - Sml)
1 60 0.567 1528 17.668
2 85 0.602 14.40 17.668
3 83 0.614 1413 17.668
4 37 0599 14.47 17.668
5 39 0558 1552 17.668
6 48 0.645 1344 17.668
7 m 1781 487 10.338
10 77 0.919 943 10.338
11 60 0.875 9.90 10.338
12 60 0.8653 10.02 10.338
13 28 0.1687 51.40 66.282
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Fig. 6. Overall productivity versus durry ratio.
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R : overall rate [mol/ml/s)
K : gas-side mass transfer coefficient [cm/s)
Kii : liquid-side mass transfer coefficient [crm/g]
Ky : liquid-particle mass transfer coefficient [cm/s]
Kii : intrinsic reaction rate constant [ml/g-cat/sec]
ag : gas-liquid interfacial area [cm?ml]
a : exteral surface area of catalyst pellets/particles [cm?/ml]
w : catalyst mass per unit volume of reactor [g-cat/ml]
n : effectiveness factor based on pore diffusional limitation [-]
c : physical saturated concentration of i species [mol/ml]
Cig : cConcentration of i species at chemical equilibrium [mol/ml]
Kiag : overal gas-liquid mass transfer coefficient [sec]
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