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A Study of Methanol Conversion Reaction over ZSM-5 Catalyst
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Abstract— The kinetics of the methanol conversion over a ZSM-5 catalyst were studied. While various hydrocar-
bons could be produced from methanol conversion, here the contact time were adjusted in such a way that the main
products were Cy, C3 and C4 hydrocarbons. Then the concept of lumping was introduced to determine the proper
reaction pathway and the related reaction rate constants. This treatment suggests that methanol is first converted to di-
methyl ether, which then produces C, and C4 hydrocarbons by parallel reaction paths, and finally C3 hydrocarbons are

produced from the mixture of Cy and C4 hydrocarbons.
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Fig. 1. X-ray diffraction pattern of the H-ZSM-5
under investigation.

stEtEs M27TH X5z 198943 10

=

Qo o
w1

- o] KH-TL

Fig. 2. Scanning electron microgram of the
H-ZSM-5 (X 10%.
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Fig. 3. Schematic diagram of the experimental
apparatus.
1. Rotameter 2. Microfeeder

3. Pre-heating Zone 4. Reactor
5. Thermocouple (C/A)

6. Heater 7. Temp. Controller
8. Recorder 9. Post-heating Zone
10. Transformer 11. Sampling Loop
12. Flowmeter 13. GC

14. Recorder 15. Integrator
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Fig. 4. Chromatogram for the product sample
taken from methanol conversion to hydro-
carbons over H-ZSM-5 catalyst at 400°C.
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Fig. 5. Catalytic activity of the H-ZSM-5 as a
function of time (DME: dimethyl ether).
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Fig. 6. Effect of the space time on methanol, dimethyl ether and light olefin concentrations at 325°C.
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Fig. 7. Effect of the space time on methanol, dimethyl ether and light olefin concentrations at 340°C.
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Fig. 8. Effect of the space time on methanol, dimethyl ether and light olefin concentrations at 350°C.
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Fig. 9. Effect of the space time on methanol, dimethyl ether and light olefin concentrations at 360°C.
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Fig. 10. Effect of the space time on methanol, dimethyl ether and light olefin concentrations at 375°C.
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Table 1. Reaction rate constant of the lumped
model I at various temperatures
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Table 2. Reaction rate constant of the lumped
model II at various temperature
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Table 3. Reaction rate constant of the lumped
model IIT at various temperature

Temp. (°C)
325 340 350 360 375
Rate Const.

\. Temp. (°C)
325 340 350 360 375

Rate Const. \

kl(cm3/hr-gcat) 1.05 1.18 130 1484 1.65
kolcm3/hr-gcat) 3.83 391 438 579 6.57
kilcm3/hr-gcat) 0.10 030 051 054 059
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Fig. 11. Arrhenius plots for the rate constants of
the reactions between methanol and di-
methyl ether.
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Table 4. Reaction rate constant of the lumped
mode] IV at various temperature
ot Temp. (°C)
325 340 350 360 375
Rate Const.
ky(cm3/hr-gcat) 1.05 1.18 130 146 1.64
kylcm3/hr-gcat) 3.85 4.02 451 558 6.49
kelemd/hr-gcat) 0.034 0.130 0.157 0.255 0.644
5 kAcm3/hr-gcat) 0.0058 0.037 0.069 0.0875 0.142
27
k’a
= Table 5. Reaction rate constant of the lumped
= model V at various temperature
Temp. (°C)
325 340 350 360 375
-4} Rate Const.
kicm3/hrgcat) 1.05 118 1.30 148 1.65
ko(cm3/hr-gcat) 3.85 3.97 4.51 558 6.49
o kglcm3/hr-geat) 0.034 0.133 0.157 0.255 0.644
kAcm3/hr-gecat) 0.0058 0.037 0.069 0.0875 0.142
ks(cm3/hr-gcat) 0.905 0.952 1.03 1.17 1.41
1
1.5 1.6 1.7

VT(°K)x 103

Fig. 12. Arrhenius plots for the rate constants of
the reactions producing hydrocarbons.
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NOMENCLATURE
A . methanol
B : dimethyl ether
C : G

C, : ethylene+ethane
C; : propylene+ propane
C, : butenes

D : C

¢ Gy

¢ Cy+C,

: reaction rate constant
: product

: methanol + dimethyl ether
: gas constant

. absolute temperature

1 oo —m

Subscript
1,2,3,4,5,i: chemical component
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