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Figure 1. Estimation of the kinetic parameters by the hybrid genetic algorithm. LM, local minimum; GM, global minimum
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Figure 2. The effect of space time on product yield at different temperature. (Si/Al=25)
Methane(+), Ethene (■), Propane (●) , Propylene (▲), Butene (▼), Pentene (◆), cyclopentene (◀), hexene (►), Heptene (  ), Benzene +cyclhexene(★), Toluene+cycloheptene (  ) and Xylene (●).
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Figure 3. Residual diagrams for the yields of products as function of temperature(a), space-time(b) and predicted values of the response(c). (Si/Al = 25).
Methane(+), Ethene (■), Propane (●) , Propylene (▲), Butene (▼), Pentene (◆), cyclopentene (◀), hexene (►), Heptene (  ), Benzene +cyclhexene(★), Toluene+cycloheptene (  ) and Xylene (●).
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Figure 4. Parity plots for the yields of products between experimental and calculate data for temperatures ranging of 623, 673, 723, 773, 823 K. (Si/Al = 25).
Methane(+), Ethene (■), Propane (●) , Propylene (▲), Butene (▼), Pentene (◆), cyclopentene (◀), hexene (►), Heptene (  ), Benzene +cyclhexene(★), Toluene+cycloheptene (  ) and Xylene (●).
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Figure 5. The relationship between the calculated activation energy and the Si/Al ratio of the ZSM-5.
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Figure 6. The relationship between catalytic activity of different products with the amount of acid strength site of E = 124, 175 kJ mol-1 based on the NH3-TPD deconvolution results of H-ZSM-5 with different Si/Al ratio. (■: Alkanes, ●:Propylene, ▲:Butene, ▼: High carbon olifens, ◆:Aromatics)
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[bookmark: _GoBack]Figure 7. The effect of space time on product yield at temperature of 723 K. (Si/Al=19).
Methane(+), Ethene (■), Propane (●) , Propylene (▲), Butene (▼), Pentene (◆), cyclopentene (◀), hexene (►), Heptene (  ), Benzene +cyclhexene(★), Toluene+cycloheptene (  ) and Xylene (●).
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