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Pyrolysis Experiment and Kinetics Study of Ethanol and
Dimethyl Ether in Shock Tube

LU Enyu, MA Zhihao, WANG Xin, DONG Yongchao, LI Xin, JIN Yifan

(College of Vehicle & Transportation Engineering, Henan University of Science and Technology, Luoyang, Henan 471003, China)

Abstract: In order to explore the pyrolysis characteristics of oxygenated fuels under high
temperature and low pressure conditions, ethanol and dimethyl ether (DME) were used as the
research objects in shock tubes to conduct the pyrolysis experiment. The concentrations of four
pyrolysis products of methane, acetylene, ethylene and formaldehyde in ethanol and dimethyl
ether pyrolysis at 1 200—1 700 K and 0. 20—0. 25 MPa were tested by gas chromatograph. Also,
direct relationship graph method was used to establish a detailed, combined and simplified model
(DME-Ethanol model) , then ROP analysis and sensitivity analysis were performed. The results
show that dimethyl ether and ethanol are mainly consumed by the H-abstraction reactions
initiated by H and CH;, etc.; the proportion of dimethyl ether consumed by unimolecular
dissociation reactions is larger than that of ethanol due to its unique symmetrical structure. More
methyl groups increase the reactivity of dimethyl ether pyrolysis. The concentration prediction
errors of the DME-Ethanol model for the pyrolysis products are within 10%.
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Fig. 1 Shock tube experiment device
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Table 1 Species and reaction number of different models

A 2 535 SN E
Zhang 433 1004
Mittal 113 710
Kaiser 79 351
Burke 113 710

DME-Ethanol 65 359
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Table 2 Some reaction rate constants for DME-Ethanol model

S, A n E,/(J « mol ")

R1 C,H;OH=CH, +CH,OH 1. 2X10" —12.90 4.19X10°
R2 CH, +OH=CH; +H,0O 5.83X 10" 2. 60 9.17X10°
R3 C;H;OH=C,H, +H,0 3.41X10% —14. 20 3.50X10°
R4 C;H,+OH=C,H; +H,0 2.23X10 2.75 9.25X10°
R5 C;H,+H=C.H; +H, 5.07 X107 1. 93 5. 44X 10"
R6 C,H,+CH;=C,H; +CH, 9. 76X 10° 2.95 6. 32X 10"
R7 C,;H, +H(+M)=C, H; (+M) 1. 71X10" 1. 26 1.13X10*
R8 CH; +CH.O0=C,H; 0O 3.01x10" 0 2. 65X10
R9 SC,H;OH=C,H;0 5.48X10" —11.63 1.85X10°
R10 CH,O+H=HCO+H, 5. 74X 107 1. 90 1. 15X 10*
R11 CH,O+OH=HCO+H,0O 7.82X107 1.63 —4.40X10°?
R12 CH,O+CH; =HCO-+CH, 3.83 3. 36 1. 80X 10*
R13 SC,H,OH=CH;CHO+H 5.69X10% —13.38 1. 88

R14 SC,H,OH=C,H;OH+H 5.40X10" —11.63 1. 85

R15 CH;OCH; =CH; +CH; 0 4.86X10% —11.56 4. 27

R16 CH;OCH; + H=CH; OCH, +H, 7.72X10° 2.09 1.41X10*
R17 CH;OCH; +CH; =CH; OCH, +CH, 1.44X10°° 5.73 2.38X10'
R18 C;Hs +H=C,H; +H, 1.15X10° 1. 90 3. 15X 10!
R19 CH; +CH; (+M)=C, H; 2.277X10" —0.69 7.32X10*
R20 C;H; OH+H=SC,H,OH+ H, 8.79X 10 2. 60 1. 22X 10"
R21 CH;CHO+H=CH;CO+H, 1.31X10° 2.58 5.11X10°
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Fig. 2 Concentration variation of ethanol pyrolysis products

with temperature
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Fig. 3 ROP analysis of ethanol pyrolysis
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